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ABSTRACT
Previous work on New Zealand fossil Cetacea is reviewed.
The formally described specimens of Kekenodon onamata, Squalodon
serratus, a protosqualodontid, Austrosqualodon trirhizodonta,
Prosqualodon hamiltoni, Prosqualodon marplesi, Squalodon andrewi,
Microcetus hectori, Tangaroasaurus kakanuiensis, Phocaenopsis mantelli,
an "archaeocete" braincast, an odontocete braincast, Mauicetus parki,
M. brevicollis, M. lophocephalus, and M. waitakiensis are redescribed
and/or reappraised.

Other New Zealand fossil Cetacea, predominantly

Oligocene in age, are redescribed.
Three Late Eocene specimens include aff. Dorudon, and indicate
the early presence of archaeocetes in New Zealand.

Four Early Oligocene

Cetacea comprise one Cetacea incertae sedis, the earliest recorded
odontocete, and. the two earliest recorded mysticetes.

Evolution of

odontocetes and mysticetesin southern oceans at this time reflects
the advent of new feeding strategies triggered by changes in oceanic
trophic regimes.
Mid Oligocene Cetacea include archaeocetes {Kekenodon}, odontocetes
{e.g. squalodonts} and mysticetes {e.g. "Mauicetus"}.

Mysticete

radiation was influenced further by trophic resource changes.
The Late Oligocene fauna is diverse.

Archaeocetes are not recorded

in New Zealand, but occur in Australia {Mammalodon}.

Squalodontid

odontocetes include Prosqualodon s. s., "P." hamil toni, "P." marplesi,
a Phoberodon-like form, and indeterminate taxa.

Nonsqualodonts include

eurhinodelphinids{?} and platanistoids{?}, and mysticetes include
Mauicetus parki {Cetotheriidae} and an uncertain number of other
cetotheres.

Late Oligocene Cetacea are more abundant than their

antecedents, and similarities with those from elsewhere suggest a
diverse and cosmopolitan global fauna.
The relatively poorly studied Neogene fauna comprises squalodonts,
platanistoids?, ziphioids, delphinoids, indeterminate odontocetes, and
indeterminate mysticetes.

Amongst more recent forms are mysticetes and

delphinids of modern appearance.
Some phases of cetacean evolution were saltatory, not gradualistic.
The Oligocene was not necessarily a time of low diversity, especially in
the Southwest Pacific.

Cetacean evolution then {e.g. the appearance of

odontocetes and mysticetes} was rapid, and linked with Southern
Hemisphere oceanic changes.
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I,

INTRODUCTION

New Zealand has a diverse fauna of extant whales and dolphins
(Cetacea), but it is not realised generally that fossil Cetacea also
are well represented.

The 16 forms described from New Zealand encompass

13 nominal species and three un-named specimens which represent all
three cetacean suborders, Archaeoceti (primitive toothed whales) ,
Odontoceti (advanced toothed whales) and Mysticeti (baleen whales)
(see Table 1 for nomenclature).
1973.

These were described between 1859 and

In the last twenty or so years, work both in New Zealand and

elsewhere has focussed attention on the importance to cetacean
systematics of the often inadequately-described New Zealand fossil
Cetacea, particularly Oligocene taxa.

It became apparent to

Dr F.M. Climo (NMNZ) that the New Zealand fauna as a whole should be
re-examined and, as a result of his encouragement, the present work
was initiated in March 1975.

Originally, the aims of the work were to:

1.

Determine the scope of previous work on New Zealand specimens.

2.

Review briefly the morphology (with particular emphasis on
taxonomically-important features) and taxonomy of fossil Cetacea.

3.

Redescribe or reassess the taxonomic position of all previouslydescribed New Zealand fossil Cetacea, and describe new specimens
which add to an understanding of the local fauna.

4.

Discuss the morphological, taxonomic, phylogenetic, and
stratigraphic implications of the New Zealand fossil fauna.
I had hoped to look at all of New Zealand's Eocene to Holocene

Cetacea, but it became apparent early on that this goal was unrealistic,
and subsequently I concentrated on Oligocene and Early Miocene forms.
Most New Zealand specimens collected are of this age, and these forms
are of more than usual importance to cetacean paleontology, so this
approach is justified easily.
The thesis is broken into three major portions.

The introduction

reviews previous work on morphology and systematics in New Zealand and
elsewhere.

The descriptive section presents both formal and summary

descriptions, and the synthesis deals with the succession of faunas in
New Zealand and with major phases of cetacean evolution.
At this stage, it is worth recording a few of my own comments about
the thesis.

This topic turned out to be so large that it should be

regarded only as a preliminary study.

Many minor points about the

3

TABLE 1.

Vernacular names of the major cetacean taxa
discussed in the thesis.

Order Cetacea - whales, dolphins, and porpoises
Suborder Archaeoc'eti - primitive toothed whales (extinct)
Family Protocetidae
Family Dorudontidae
Family Basilosauridae - zeuglodonts
Suborder Odontoceti - advanced or modern toothed whales (extant)
Superfamily Squalodontoidea - shark-toothed dolphins (extinct)
Sup~rfamily

Platanistoidea - river dolphins (extant)

Superfamily Delphinoidea - true dolphins (extant)
Superfamily Monodontoidea - white whales (extant)
Superfamily Physeteroidea - sperm whales (extant)
Superfamily Ziphioidea - beaked whales (extant)
Suborder Mysticeti - baleen whales (extant)
Family Cetotheriidae - cetotheres (extinct)
Family Eschrichtidae - gray whales (extant)
Family Balaenopteridae - rorquals (extant)
Family Balaenidae - right whales (extant)
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New Zealand fauna are included as, although these may not be worthy of
formal publication, they ought to be recorded somewhere for future
reference.
It was only recently that I became aware of the value of
phylogenetic systematics in work such as this.

While a wholly cladistic

approach is of debatable merit in systematics, there is no doubt that
the guidelines set down by Schaeffer et al. (1972:

41) are valuable.

They observed that assessments of affinity are based more reliably on
shared, derived (synapomorph) characters, rather than on common
primitive (plesiomorph) characters.

This approach has been incorporated

in the thesis as far as is possible without an extensive rewrite.
Application of cladistic principles allows reinterpretation of
previously-outlined morphological trends in different groups, and also
allows recognition of widespread mosaic evolution in the higher taxa.
The cladistic approach indicates that previous generalisations on
morphocline polarity are suspect.
The assembly of literature has been challenging.

Only a few

translations were available, and a number of older works could not be
consulted.

Preparation of specimens would have been easier had Rixon's

book (1976) been available before 1978.

Finally, the lack of

comparative material, apart from ziphiid and delphinid skulls, was
frustrating at times .. In spite of these few problems, I can state
confidently that I would attempt such a program again, and hope to
continue this work in future.
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2. METHODS
PREPARATION OF SPECIMENS
Preparation methods used in this study follow Camp (in Camp &
Hanna 1937) and Rixon (1976).

No new noteworthy techniques were used.

Rixon's book was found to be particularly useful, and it is hoped in
future to further prepare some of the previously-described New Zealand
specimens using techniques (outlined by him) that were not employed
during the thesis work.
FIGURE PREPARATION AND FORMAT
Both line diagrams and photographs are presented.

Ideally, figures

should be placed immediately adjacent to the text which refers to them,
but the cost of this format prevents its use here.

Line diagrams (Figs

1-119) are distributed throughout the text, and each page of figures is
incorporated in the section to which it refers.

All photographs (Figs

120-539) are assembled on plates, which follow the literature cited at
the end of the thesis.

Because of the cost of producing plates, space

has been utilised fully.
Figures are numbered consecutively as they appear, and this more
or less corresponds to the sequence in which they are discussed in the
text.

Some minor changes in sequence were made as the result of

last-minute changes in the position of figures on plates.

On each

plate, the figures are numbered generally from top to bottom.
All photographs, and all line drawings of actual specimens (as
opposed to reconstructions) are to scale.

Scale bars in all figures

represent 10 mm unless specified in the figure caption.
specified, the sequence of figures for any one
to be at the same scale.

speci~en

Unless
can be assumed

In illustrations of reconstructions, where

the aim is to compare gross morphology rather than absolute size, the
figures on anyone page are drawn roughly to the same final proportions
for convenience, and rarely are scale bars used.

Sizes of such

specimens may be determined from my photographs and/or the original
source articles.
A Wild microscope with a camera lucida was used to produce most
of the detailed illustrations.

Specimens over about 30 mm long were

drawn as composites, but even this technique led to distortions which
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could not be overcome.

Camera 1ucida illustrations were reduced on a

xerox machine and/or Grant Projector, and final illustrations were
traced from the reductions.

A few illustrations (noted in figure

captions) were traced from photographs.
Most photographs were taken on an Asahi Pentax SP II 35 mm camera
with a 50 mm Macro lens.
used sometimes.

A 100 mm Macro lens and extension tubes were

Most shots were made on I1ford FP4 film, although

Ag£apan 100 and Agfapan 25 were used occasionally.

Initially, a

standardised photographic technique was not used, but later all
photographs were taken with tungsten light, highlighted from the upper
left.

Specimens were placed on black velvet.

used to determine exposures.

Neutral grey card was

Some specimens were coated with ammonium

chloride before being photographed.
LITERATURE
An initial guide to the literature was provided by articles such
as those by Kellogg (1923a, 1928, 1936), Keyes (1973) and Winge (1921).
Further information on specific groups was found by cross-referencing
generic names and authors cited by Romer (1966) and Simpson (1945) with
Neave (e.g. 1940), the Geological Society of America Bibliography of
Fossil Vertebrates ... series (e.g. Romer et ale 1962) and bibliographies

on North American fossil vertebrates (Hay 1901, 1929-1930).

Details of

current literature were obtained primarily from the Geological Society
of America Bibliography and Index ... , Zoological Records, and the
Journal of Mammalogy "Recent Literature in Mamma1ogy".

Sources of

New Zealand literature are discussed in the annotated chronological
bibliography (section 4.2).
In a few cases, citations are not presented for authors of
suprageneric names:

Brisson 1762, Linnaeus 1766, and others which were

not consulted, which are only of historical interest, and which may be
found in catalogues or nomenc1ators.

All other references are cited.

Those not seen are marked with an asterisk

*

in the text and/or

literature cited.
STYLE
A few comments are necessary on the style followed in this thesis.
Authors are cited for most uses of taxonomic names to avoid confusion,
and citation and punctuation follows that recommended by the
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International Code of Zoological Nomenclature, 1964 (cited hereafter as
the "Code"):

the name of the original author follows the scientific

name without any intervening punctuation mark, and the year of
publication is preceded by a comma.

Alternative citations are used

where the author cited is not the author of a name.
alphabetically, then chronologically.
style of taxonomic terms.

Authors are cited

The Code is followed also for

Otherwise, the New Zealand Government

Printing Office Style Book (1972) and the Concise Oxford Dictionary
(1974) are followed.
(except N.Z.

= New

Publication titles are cited without abbreviation

Zealand), and volume number and pagination are cited.

Each descriptive section follows a standardised format:
introduction, outline of previous work and/or annotated chronological
bibliography, taxonomic section, discussion.

The taxonomic

sectio~

starts with a selected synonymy and bibliography, in which important
citations are listed:

those in which a name was cited in a new

combination or where new data or new interpretations were associated
with the name.

In a few cases where it is particularly useful,

diagnoses follow.

Collection data list known details of the specimen,

collection number and repository, collector and date, locality, horizon
and age, New Zealand fossil record number, and comments on these.
Grid references for each locality are given in terms of the New Zealand
Map Series (NZMS) 260 metric 1000 m grid (1975), which is now mandatory
for use with the New Zealand fossil record file.

Because this map

series is not available widely, references are given also to the NZMS 1
(1000 yard) grid (determined from the 1975 NZMS 260 maps), which is
still used commonly.

These grid references are used conventionally by

New Zealand geologists in preference to latitude and longitude.

The

horizon and age encompass the name of the rock unit, and its presently
known age in terms of New Zealand and international stages.

The

New Zealand fossil record number, administered by the Geological Society
of New Zealand, consists of a grid square prefix (e.g. M34) followed by
consecutive but otherwise arbitrarily assigned collection numbers
(e.g. fl, f2) for each fossil collection from a single locality in
that grid square.

The number is unique for each collection.

Further explanation of style will be given where necessary.
Institution names are abbreviated as shown in Table 2.
abbreviations not in common use are:
M.y., million years; y, year(s).

B.P., before present;

Other
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TABLE 2.

Institution and collection number abbreviations
used in this thesis.

BMNH

British Museum (Natural History), London, England.

C

specimen number prefix, SM.

C.

specimen number prefix, OM.

CM

Canterbury Museum, Christchurch.

D.W.

specimen number prefix, UODZ.

G.

specimen number prefix, UODZ.

GS

specimen number prefix, NZGS.

M

specimen number prefix, Mammals section, BMNH.

Ma

specimen number prefix, Mammals section, NMNZ.

MUGD

Geology Department, Melbourne University, Australia.

N

specimen number prefix, NZOI.

NMNZ

National Museum of New Zealand, Wellington.

NMV

National Museum of Victoria, Melbourne, Australia.

NOM

North Otago

NZGS

New Zealand Geological Survey, Lower Hutt.

NZOI

New Zealand Oceanographic Institute, Wellington.

OM

Otago Museum, Dunedin.

OU

specimen number prefix, UODG.

p

specimen number prefix, NMV.

REF

specimen number prefix, R.E. Fordyce collection.

SM

Southland Museum, Invercargill.

UADG

University of Auckland, Department of Geology.

UODG

University of Otago, Department of Geology.

UODZ

University of Otago, Department of Zoology.

V

specimen number prefix, UADG.

WM

Wanganui Museum, Wanganui.

Museum, Oamaru.
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3, A REVIEW OF CETACEAN MORPHOLOGY AND SYSTEMATICS
3.1. INTRODUCTION
The aim of this section is to provide a summary of cetacean
morphology and systematics as an introduction to the main descriptive
part of the thesis (section 5).
into two parts:

This review is broken down informally

the first outlines general features of cetacean

morphology and systematics, while the second deals with morphology and
systematics of higher taxa.
The general section outlines important features of morphology:
the characteristics of Cetacea, and the morphology of taxonomicallyimportant structures:

skull, teeth, and ear.

I have mentioned

postcranial and visceral anatomy only briefly, as, in comparison with
the cranial skeleton, these structures are relatively unimportant in
fossil cetacean taxonomy.

Cetacean postcranial anatomy is discussed

in a range of monographs (e.g. Andrews 1914, 1916, Kellogg 1936,
Neuville 1928, Slijper 1936) and in a range of smaller articles which
will be referred to when necessary.
Also in this first part, the affinities of Cetacea with other
mammal groups are discussed.

This is succeeded by a guide to the major

subdivisions of the Cetacea and a synopsis of the characteristics of
the three suborders.
The more-detailed part on the three suborders has two main aims:
to review previous work on the morphology and, particularly, on the
development of higher systematics, and secondly, to summarise current
ideas on the morphology and systematics of these groups.

10

3.2

GENERAL FEATURES OF CETACEAN MORPHOIJOGY

The diagnostic features of Cetacea are outlined here in order to
provide a guide to osteology and visceral anatomy.
Body fusiform, streamlined, no neck, sometimes grooved ventrally;
often coloured dark dorsally, light ventrally (Fig. 1); paddle-shaped
forelimbs lack external digits and claws; no external hindlimbs; no
external reproductive organs; dorsal fin may be present; tail flattened
laterally, flukes expanded horizontally; no external ear pinna; more or
less hairless, with a few oral tactile hairs; sweat glands absent; thin
epidermis and dermis underlain by thick blubber.
Skull with elongate rostrum (Figs 2, 3), arched and widened or
lengthened variably; skull telescoped in modern whales; with posterior
movement of rostral bones and nares, reduction of jugals, elevation of
braincase, and development of asymmetry in odontocetes; with anterior
movement of braincase bones but no cranial elevation or asymmetry in
mysticetes; supraorbital process prominent, pterygoid region enlarged
and protruding into palatine region; zygomatic process excavated for
tympanoperiotic recess, basioccipital with lateral crests, glenoid
cavity and glenoid process vertical; teeth always present in embryos
and in adult odontocetes, derived from secodont condition and now
homodont and polydont (sometimes secondarily reduced) and adapted for
grasping; teeth not present in adult mysticetes, baleen present on
rostrum, oral cavity enlarged.
Brain large, convolute cerebral hemispheres and cerebellum large
and with well developed interconnections; trigeminal and auditory nerves
large, auditory centres large; olfactory nerves well developed in
archaeocetes but reduced or absent in modern whales; optic nerve and eye
reduced in some forms; eye nonaccommodating in mysticetes and some
odontocetes.
Ear with external muscles and cartilage very reduced; external
auditory meatus tiny or closed; tensor tympani muscle very reduced;
malleus fused with bulla, stapes often fused with periotic; tympapic
and periotic bones always fused at posterior (and sometimes at anterior)
pedicles, situated ventrally, tend to become acoustically isolated from
skull by reduction of contact with skull bones and by development of
large pterygoid and middle ear sinuses; ear adapted for directional
hearing and often for high-frequency reception.

FIG. 1.

Some external features of the small cetacean, Cephalorhynchus

hectori.
FIG. 2.

From a photograph of specimen REF 105.

The cetacean skeleton:

After Kellogg 1936:
FIG. 3.

the archaeocete Zygorhiza kochii.

Plate 1 B.

Detail of the anterior of the skeleton of Zygorhiza kochii.
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Forelimbs tend to become short and broad; skeleton lacks clavicle,
large scapula has variably-developed acromion and coracoid processes;
shoulder joint synovial, elbow joint originally synovial but now fused;
five digits present although first may be vestigial, hyperpha1angy
(number of digits >3) occurs in middle digits.
Reduced pelvic girdle present internally and posteriorly, vestigial
femur rarely present (Fig. 2); pelvis not attached to sacral vertebrae.
Laterally-expanded flukes formed of strong connective tissue, supported
in midline by caudal vertebrae, move dorsoventrally and provide main
propulsive thrust.
Vertebrae with tall neural spines and variably-developed
zygapophyses; cervica1s tend to shorten, fuse, become immobile;
thoracics possess generally 9-18 pairs of ribs, more anterior ribs
two-headed; 1umbars and sacra1s generally not differentiated.
External nares generally at vertex of head; closed when naria1
muscles relax; naria1 passages do not open into throat but are connected
with trachea by epiglottic and arytenoid cartilages; lungs not lobed,
diaphragm oblique.

Intracranial, basicranial, cervical, thoracic, and

other rete mirabi1e common; intracranial rete often associated with
optic and trigeminal nerves, and sometimes cerebellum; function as blood
reservoirs, in thermal regulation, and pressure change regulation.
Stomach with three or more chambers, intestine long; gall bladder
absent, liver bilobed; kidneys with separate multiple lobes.
abdominal, penis retractile, no baculum.
of mammae ventrally and posteriorly.

Testes

Uterus bipartite, one pair

Young born tail-first, well

developed, and large.
The diagnostic features listed above are discussed in much more
detail in a variety of texts and papers, which include:

Anderson 1969,

Breathnach 1960, Flower & Lydekker 1891, Fraser 1952, Fraser & Purves
1960b, Gaskin 1976, Harrison 1972, 1974, Harrison & King 1965, Howell
1930, Kellogg 1928, 1936, 1938, Mchedlidze 1970, Miller 1923, Norris
1966, Rice 1967, Romer 1966, Slijper 1936, 1962, 1976, and Winge 1921.
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3.3. THE MORPHOLOGY OF THE CETACEAN SKULL
INTRODUCTION
Van Valen (1968) and others have contended that the Cetacea are
monophyletic, and that the odontocetes and mysticetes are derivable from
archaeocetes.

So, theoretically, a general outline of the cetacean skull

could be compiled.

But, as skull characters of archaeocetes are quite

different from those of extant odontocetes and mysticetes, it is
difficult to present an all-encompassing description of the cetacean
skull.

A few important features were mentioned earlier in the summary

of diagnostic features but here the skull morphology for each suborder
is, of necessity, presented separately.
ARCHAEOCETI
The rostral and cranial parts of the skull retain their normal
mammalian relationships (Figs 2-5).
narrow and elongate.

Both the rostrum and braincase are

The premaxillaries do not reach the frontals,

while the maxillaries reach back to contact, but not overthrust, them.
An orbital plate of the maxillary projects ventrally below the frontal.
The nasals are elongated, and lie in front of the anterior of the
supraorbital process.

The nasal cavity is large, and turbinals and

olfactory tracts are present.
The forehead is flattened.

The choanae are roughly horizontal.

A long, tubular, intertemporal region is

formed by the parietals, which meet in the midline at the sagittal
crest.

The temporal fossae are large and elongated, and the zygomatic

process is slender.

The supraoccipital is vertical, is not thrust

forward, and has strong lambqoid crests.
maxillaries are toothed.

Both the premaxillaries and

Teeth are not increased in number above the

typical eutherian 44, and premolars and molars are differentiated.
The dentition is diphyodont.

ODONTOCETI
The rostral and cranial parts of the skull have departed from the
normal mammalian relationships:

the skull is telescoped (Figs 6, 7).

The braincase shortens and widens, while rostral structure varies.
Thin ascending processes of the premaxillaries reach generally far

FIG. 4.

Dorsal view of the skull of the archaeocete Zygorhiza kochii.

after Kellogg 1936:

Fig. 29.

This and Fig. 5 are labelled in

more detail than Figs 6-9.
FIG. 5.

Ventral view of the skull of the archaeocete Zygorhiza kochii,

after Kellogg 1936:
FIG. 6.

Fig. 30.

Dorsal view of the skull of an odontocete, Mesoplodon europaeus,

after Raven 1937:

Fig. 2a.

Only the more important features are

labelled on this and Figs 7-9.
FIG. 7.

Ventral view of the skull of Mesoplodon europaeus, after

Rankin 1956:
FIG. 8.

Fig. 1.

Dorsal view of the skull of a mysticete, Pelocetus calvertensis,

after Kellogg 1965:
FIG. 9.

Fig. 1.

Ventral view of the skull of Pelocetus calvertensis, after

Kellogg 1965:

Fig. 3.
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behind the anterior of the frontals.

The maxillaries lack a ventral

orbital plate, but each ascending process expands laterally and
posteriorly dorsally over the expanded supraorbital processes.

The

nasals are short, and do not conspicuously roof the choanae or
mesethmoid, the nasal cavity is shortened, and the choanae tend to
become vertical.

Olfactory tracts, turbinals, and the cribriform plate

are reduced or absent.
choanae.

The palatines may form part of the walls of the

The forehead is elevated.

In the intertemporal region, the

short, wide parietals tend to be excluded from the skull roof, and there
is no sagittal crest.

The frontals and maxillaries tend to thrust back

over the top of the parietals, while the supraoccipital generally is
thrust forward over the parietals to contact the frontals.
Consequently, the parietals and an intertemporal constriction rarely
are present on the vertex.

The temporal fossae tend to reduce in size,

and become roofed by dorsal elements.

The premaxillaries are toothed

rarely in advanced forms, and teeth increase in number above the typical
eutherian 44.

There is a trend towards homodonty, and premolars and

molars cannot be differentiated.

Odontocetes eventually become

monophyodont, generally polydont, and homodont.

Baleen is never

present.
MYSTICETI
Mysticete skulls are telescoped (Figs 8, 9).

The braincase

shortens and widens, and the rostrum (especially the maxillaries) may
widen, or become narrow and arched.

It is elongate.

Thin ascending

processes of the premaxillaries contact and may reach behind the level
of the front of the supraorbital processes.

Each maxilla has an

expanded ventral infraorbital plate and a generally-thin ascending
process.

The nasals and narial region differ little from those of

archaeocetes.

While they may shorten, the nasals roof the choanae, and

the choanae are roughly horizontal.

Olfactory tracts, vestigial

turbinals, and a cribriform plate often are present.

The palatines do

not participate in the anterior walls of the choanae.

The forehead is

flat.

Posteriorly, a tubular inter temporal region is formed by the

parietals, which meet at the sagittal crest.

This region tends to

shorten, and the parietals are excluded from the vertex by the forward
thrust of the supraoccipital towards or beyond the level of the orbit.
The supraoccipital becomes more horizontal.

The temporal fossae are

large, wider than long, and the zygomatic processes are stout.

Teeth
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are absent, and baleen is always present, in extant adult mysticetes.
Presumably this was the case also in most fossils.

Vestigial teeth

are present in the embryos of extant mysticetes.

SUMMARY

In general, it may be said that archaeocetes have a non-telescoped
skull and a well differentiated dentition, not radically different from
those of other mammals.
two trends:

Odontocetes differ from this most obviously in

primarily, posterior telescoping and elevation of rostral

and anterior cranial elements (and associated changes in the olfactory
system), and, secondarily, anterior telescoping of posterior elements,
with the result that the parietals and intertemporal constriction are
excluded from the vertex.

Also, the teeth simplify and become polydont.

Mysticetes are characterised by different combinations of lengthening,
widening, and flattening of the rostrum to facilitate the use of baleen
in feeding.

This is associated with variable posterior thrust of median

rostral elements and anterior thrust of both the supraoccipital and
parietals.
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3.4. THE MORPHOLOGY OF CETACEAN TEETH
GENERAL

All fossil and recent Cetacea possess teeth during some stage of
their life.

Modern and, presumably, fossil mysticetes possess small

unerupted teeth during embryonic stages, but these are resorbed

in utero, and baleen develops as the functional feeding apparatus.
Embryonic teeth and baleen are not important in the taxonomy of fossil
mysticetes, although the nature of the transition from a tooth to baleen
feeding system is of interest.

In the two other suborders, Odontoceti

and Archaeoceti, teeth are present nearly always.
The histology of cetacean teeth does not differ markedly from that
of other mammals (e.g. Carter 1948, Keil & Nolting 1969, Peyer 1968)
and is not reviewed here.

Terminology of tooth orientation follows that

used by Butler (1956).

ARCHAEOCETE AND SQUALODONT ODONTOCETE TEETH

The earliest archaeocetes, the Protocetidae, have primitive
secodont teeth, similar to those of the presumed mesonychid ancestors
(Van Va1en 1966).

They lack the pronounced protocone of mesonychid

teeth (e.g. compare Szalay & Gould 1966:
1904:

Plate 16, Fig. 1 with Fraas

Fig. 2), and also lack the accessory dentic1es seen in later

Cetacea.
The later archaeocetes have high-crowned teeth with serrated
profiles (e.g. Figs 148-183).

Kellogg (1936) described them in detail.

He noted that there is no increase in the number of teeth above the
normal eutherian complement, and that typically there are three
incisors, a canine, four premolars, two or three upper molars, and
three lower molars.

All are preceded by milk teeth.

The mandibular

and most of the upper cheek-teeth are two-rooted, while the upper PM3
and PM4 may be three-rooted.

The anterior teeth are sing1erooted, and

the anterior cheek-teeth tend to become caniniform.

Accessory dentic1es

typically are developed best in the mid cheek-teeth, and may reduce to
vestigial serrations on the more anterior and posterior teeth.
dentic1es are conical and generally are keeled.

The

Archaeocete teeth are

similar in many ways to those of squa1odonts, which typicallY are highcrowned, triangular, laterally-flattened, and with a pointed apex.
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The upper teeth often are curved lingually, while the mandibular teeth
are not.

The crowns are carinate, and usually the buccal and lingual

faces are ornamented.

One to three roots are present.

The anterior

teeth of squalodonts tend to simplify more so than those of
archaeocetes, and the premolars and molars intergrade.

Because they

cannot be differentiated easily, if at all, the premolars and molars
together are termed cheek-teeth ("buccal" teeth of Rothausen 1968a,
but this term is not used here because of confusion with buccal sensu
facial, external, lateral, or labial orientation; see Butler 1956).
Also, cheek-tooth roots tend to fuse and simplify.

Tooth complements

are increased above the typical eutherian number (44), probably by the
addition of teeth in the mid cheek-tooth series.
when wholly monophyodont dentitions appeared.

It is not certain

Details of squalodont

tooth morphology and nomenclature were given by Rothausen (1968a) and
Pledge & Rothausen (1977).
It is not apparent from the work of Kellogg (1936) on archaeocetes
or Rothausen (1968a) on

squ~lodonts,

what features, if any, may be used

positively to identify isolated teeth as those of the correct suborder.
Rothausen (1968a) and Pledge & Rothausen (1977) have discussed what they
consider relatively primitive and advanced or specialised tooth
characters of squalodonts, but a perusal of the literature and the study
of some New Zealand early toothed Cetacea indicate that, on the basis of
their criteria, some archaeocete teeth could be described also as
advanced.

It is difficult to understand how "advanced" archaeocete

teeth could have preceded "primitive" squalodont teeth from which
"advanced" squalodont teeth later were derived, and this issue is
discussed later herein.

A detailed quantitative analysis is needed to

determine the morphocline polarity and the differences, if any, between
the teeth of these two suborders on the basis of primitive and derived
specialised characters.

until this is done, the assignment of isolated

teeth to suborder must be facilitated only by purely morphological
comparisons.

NONSQUALODONT ODONTOCETES

The teeth of these forms are unlike those of archaeocetes or
squalodonts, although, in view of the fact that modern odontocetes may
have arisen from a squalodont stock, teeth of transitional morphology
may well be found.

Modern odontocete teeth are monophyodont and

generally polydont and homodont.

The teeth are little differentiated,
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generally are simple cones with single roots, and sometimes are
compressed laterally.

They may range in number from none erupted

(female ziphiids, Figs 6, 7) to over 200.

Structure is variable.

Modern odontocete teeth have been discussed in many articles, and are
well known, but the study of their morphology has formed only a minor
part of this thesis.
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3.5. THE MORPHOLOGY AND FUNCTION OF THE CETACEAN EAR
These topics have been the subject of much research, some of which
is of particular interest to paleontological studies.

The method of

hearing, and the structure of the middle and inner ear appear to be very
complex, and some clue as to their mechanisms has been obtained only
recently.

The paleontological aspects of hearing in Cetacea, such as

have been initiated by Fleischer, are an obvious extension of studies in
gross morphology of earbones, but are too complex to have been dealt
with in the present research.

I have concentrated on the study of the

tympanoperiotic and ossicles, with particular reference to their
taxonomic utility.
Cetacean earbones have been discussed by many authors, but the most
informative articles probably are those of Boenninghaus 1904, Denker
1902, Doran 1879, Fleischer 1976a, Fraser & Purves 1960b, Kasuya 1973,
Kellogg 1927, 1928, 1931, 1936, 1944, Klaauw 1931, Pompeckj 1922,
Purves 1966, and Yamada 1953.

The bulla was described in Klaauw's

(1931) monograph on mammal bullae, but his descriptions are incorrect in
places.

I have followed mostly Kellogg's interpretations of bulla

morphology.

The taxonomically most-important features of the bulla, and

those which will be stressed in the text (e.g. sections 3.9, 5.18; Figs
100-102), are regarded conventionally as the profiles and relative sizes
of the involucrum, tympanic

cavity (including eustachian cavity and

posterior foramen or vertical cleft), posterior pedicle, conical or
median process, sigmoid process, point of fusion with the malleus,
anterior pedicle, ventral ridge and groove, and horizontal posterior
ridge.

Periotic morphology is much more complex, and here I follow

Kasuya's and Kellogg's interpretations.

Taxonomically more important

structures include the shape, size, and position of the anterior,
superior, and posterior processes, the pars cochlearis, the anterior and
posterior pedicles, groove for the tensor tympani muscle, fossa for the
head. of the malleus, fossa incudis, fovea epitubaria, hiatus
epitympanicus, epitympanic orifice of the Fallopian aqueduct, canal for
the facial nerve, stapedial muscle fossa, fenestra ovalis, fenestra
rotunda, groove for the' internal carotid artery, apertures for the
aquaeductus cochlearis and ductus endolymphaticus, and internal auditory
meatus structures (the tractus spiralis foraminosus, foramen centrale,
foramen singulare, and internal aperture of the Fallopian aqueduct) .
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Rugosities and surface sculpture (apart from sutures and fossae) on the
tympanoperiotic bones, are regarded generally as age-related, and not
worthy of detailed documentation.

See, e.g. Figs 34-44, for earbone

morphology.
The tympanic bulla rarely is used in taxonomy at the species level.
Too little is known about the taxonomic reliability of its features, and
it appears that morphology may vary considerably within a species.
Although most modern workers take a cautious approach in the use of this
bone, there are still some who have erected new species on the basis of
incomplete isolated bullae only (e.g. Huang 1966).

until species

variation in bullae, especiallY in Mysticeti, is quantified, as has been
done for some Odontoceti (Kasuya 1973), the bone will be of limited
taxonomic use.
The periotic bone is known better, although variation has been
analysed only in some species.

Kasuya (1973) demonstrated that the

tympanoperiotic bones are taxonomically useful to species level in most
extant odontocetes, but only to generic level in some delphinids.
Barnes (1977) cautioned in the over-reliance in taxonomy on isolated
periotics, and cited the example of Kellogg (1931), normally regarded as
a cautious and thorough worker, who misidentified a platanistid periotic
as that of a nominal new species of Squalodon, S. errabundus.
Fleischer (e.g. 1976a) has shown that differences exist in cochlear
structure between different groups of Cetacea.

He considered the

differences to relate to apparent taxonomically-specific hearing
capacities (Fleischer 1976c, 1976d).

This research was not pursued in

the present study.
Differences in auditory ossicles between different taxa are poorly
understood.

Fleischer (1976d) showed that the area of insertion of the

annular ligament on the footplate of the stapes increases negatively
allometrically in relation to the weight of the stapes.

In the

odontocetes (high-frequency receivers) the stapes is small and light,
with a relatively large area of attachment for the annular ligament,
while in mysticetes (low-frequency receivers) the stapes is heavy and
has a relatively small area of attachment for the annular ligament.

In

view of the fact that taxonomically-important differences related to
different sound-detection capacities have been recognised in the cochlea
(Fleischer 1976a), it could be expected that examination of ossicles
might also result in the recognition of taxonomically-diagnostic
features related to the acoustic characteristics of each taxon.

The

greatest drawback to this type of work is the tiny size of the ossicles
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and the as-yet incomplete knowledge about how they function.
Theories of cetacean hearing differ from the theory of sound
detection in many other mammals.

Kellogg (1928, 1938) considered

resonance within the ear to be important.

He stated that waterborne

sound transmitted to the bulla would cause vibration of the bulla and
hence relatiye movement of the malleus and detection of sound.
Reysenbach de Haan (1957) concluded that the external auditory meatus
had lost its function.

Like Yamada (1953), he considered the bulla to

receive sound through the sides of the head.

Sound would be transmitted

to the tympanic membrane and thence to the malleus.

The airfilled

cavities of the middle and outer ear would provide acoustic isolation.
He considered the ankylosed middle-ear ossicles adapted to highfrequency reception, as is the bulla:

the bulla is massive and,

relative to the surrounding tissue and skull, does not vibrate when
sound is received at the head.

An opposing view

w~s

taken by Fraser

& Purves (1960a, 1960b), who stated that hearing is by means of the

external auditory meatus, as in other mammals.

They agreed with earlier

works in their conclusion that ear structures are adapted perfectly for
underwater hearing, and that the ear is sensitive and directionally
discriminative.

Purves (1966) again stated their earlier observations,

and considered that resonant vibrations of the bulla play no part in
hearing.
Evolutionary aspects of odontocete hearing were presented by Norris
(1968).

He discussed the probable development in early odontocetes of

airsacs (which functioned as acoustic barriers and reflectors), the
reorganisation of the middle ear, and the telescoping of the skull
associated with hearing capacities.

The evolution of sound-producing

musculature in the forehead contributed to .the reduction and loss of
smell in odontocetes.

Norris considered that odontocetes receive sound

via the mandible, in which a thin bony "acoustic window", acoustically
transparent to high frequencies, is pres,ent.

Behind this is a fatfilled

mandibular canal, from which a mandibular fat body leads directly to the
bulla.
Fleischer (1973) reported that the lateral wall of the bulla
probably acts as a receiver for sound vibrations which set up relative
movements of the stapes and periotic.

At low frequencies, all of the

bulla acts as a receiver, and resonates and moves relative to the
periotic.

At high frequencies, only the thin part of the lateral wall

receives sound, for only this type of thin structure can operate at
those frequencies.

In an analysis of cetacean periotics, Fleischer
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(l976a) noted that cochlea structure relates to the frequencies
received.

The development of high-frequency reception, first seen in

Oligocene squalodonts, was associated with cochlea changes, the
development of a multilayer acoustic shield, and telescoping.
Conversely, the archaeocetes and mysticetes, which receive low
frequencies, lack these features (see also Fleischer 1976b).

The

structure of the primary and secondary lamellae, to which the basilar
membrane of the cochlea is attached, varies along their length
(Fleischer 1976c).

The lamellae vibrate within the cochlea, and are

not immobile, as previously thought.

The more-distal portions of

odontocete lamellae are more rigid and the cochlea smaller - an
adaptation to high-frequency reception.
Sound production in Cetacea has been the topic of much discussion,
some of which is included in the papers cited above.

The most recent

and comprehensive work is that of Mead (l975a), which summarises past
and present theories.

As this topic is of little importance to my

study, it is not discussed here.
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3.6. THE HIGHER TAXONOMY OF CETACEA
Most authors accept that the Cetacea probably is a monophyletic
I

order which encompasses three suborders, Archaeoceti, Odontoceti, and
Mysticeti.

However, Kleinenberg (1959) proposed that marked differences

between the mysticetes and odontocetes indicate that these two suborders
are diphyletic, and that similarities are the result of convergent
evolution.

However, he did not discuss the possible origins of these

suborders, even though this may have clarified the nature of their
relationships with each other.

Kleinenberg's suggestion that the two

suborders are distinct is reflected in some works in which the
mysticetes and odontocetes are given ordinal status (e.g. Rice 1967,
Rice & Scheffer 1968).

The observations on diphyly in Cetacea were

countered well by Van Valen ,(1968), who argued for a monophyletic
origin, and Van Valen's conclusion has been followed by others who have
discussed cetacean phylogeny (e.g. Gaskin 1976, Mchedlidze 1970,
McKenna 1975).

My observations on early mysticetes and odontocetes

support the concept of the monophyly of Cetacea, and this assumption of
monophyly is a useful foundation on which to base an outline of the
higher relationships of the order.
The Order Cetacea Brisson, 1762,

was regarded by Linnaeus to be

distinct enough from other mammals to warrant its independence as the
Cohort Mutica Linnaeus, 1766 (see Simpson 1945).

However, as Simpson

noted, it was not until near the end of the nineteenth century that it
was realised generally that the Sirenia and Pinnipedia are not related
to the Cetacea.

This invalid assumption is reflected in articles by

J.A. Allen (1882), Cope (1890), D.W. Thompson (1890) and others.
Recently, there has been some new evidence obtained as to the higher
relationships of the order.

For example, Kellogg (1936) considered the

Archaeoceti to have had an uncertain, ,probably insectivore-creodont,
ancestry.
(1945).

A creodont origin, possibly in Africa, was favoured by Romer
Simpson (1945) noted that the Cetacea are particularly aberrant

mammals of ancient origin, which probably arose
undifferentiated eutherian stock.

earlyfro~

an

A comparison of cetacean blood serum

proteins with those of 14 other mammalian orders demonstrated that the
Cetacea are more similar to the Artiodactyla than to other mammals, and
suggested close relationships (Boyden & Gemeroy 1950).

Van Valen (1966)

showed that the archaeocete Protocetus is very similar to some members
of the Mesonychidae, a family of the Condylarthra

(archaic carnivorous
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ungulates).

Subsequently, he concluded that the archaeocetes could

have given rise to both of the extant suborders (Van Valen 1968).
Finally, McKenna (1975), in a preliminary phylogenetic (cladistic)
analysis of mammal classification, observed that ungulates divided
into five great groups at the end of the Cretaceous, one of which,
the Mirorder Cete, encompasses the extinct Order Acreodi and the
Order Cetacea.
In summary, the Order Cetacea is considered a monophyletic group
which arose from an ungulate stock, probably the Deltatheridia.

It

is accepted currently that there are three suborders, the Archaeoceti,
Mysticeti, and Odontoceti.
first.

The latter two probably arose from the
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3.7. THE MORPHOLOGY AND SYSTEMATICS OF ARCHAEOCETI
INTRODUCTION
Kellogg's monumental "Review of the Archaeoceti" (1936) obviates
the need for a detailed discussion of the morphology and systematics
of this suborder.

The few changes which have been made to Kellogg's

interpretations and which are of interest to the present study mainly
involve opinions of classification, and are discussed below.

Little

important morphological work has been published since 1936.
PREVIOUS WORK:

AN ANNOTATED CHRONOLOGICAL GUIDE

TO THE LITERATURE ON ARCHAEOCETI, 1935 -1977
Kellogg's (1936) "Review of the Archaeoceti" includes references
to archaeocete literature and research up to 1935.

Since this time,

there has been no comprehensive review of the archaeocetes and, for
this reason, this annotated chronological guide to the literature
was compiled.
The guide contains references likely to be of use to the
researcher, viz. redescriptions, reinterpretations, or new records.
Its scope is world-wide, although many of the more-obscure or littleknown foreign publications (particularly those from the Soviet Union)
may have been missed.

It does not list the many popular articles or

review papers which merely duplicate older works.

The format follows

that of the annotated chronological bibliography of New Zealand fossil
Cetacea (section 4.2.) and full citations are given in the literature
cited at the end of the thesis.

1935 - Kuhn.

Review of North European archaeocetes.

Van Beneden, 1883, not a mysticete:
cf. isis; P. humilus

=

Pachycetus

P. robustus

=

"Zeuglodon"

"Zeuglodon" cf. osiris.

1936 - Kellogg.

Review of the Archaeoceti:

1936 - Slijper.

Comprehensive review of cetacean morphology and

phylogeny includes discussion of Archaeoceti.
1937 - Benham 1937a.

Description of Lophocephalus parki, a new

genus and species of "Zeuglodont" from the New Zealand
Oligocene.
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1937 - Benham 1937c.

Description of two specimens apparently of

Kekenodon onamata from Duntroonian (Mid Oligocene) greensands

at Wharekuri, New Zealand.
1938 - Riabinin.

Description of Late Oligocene Microzeuglodon aff.

caucasicum (see Mchedlidze 1970).

- Simpson.
1939 - Anon.

Review of Kellogg (1936).

Review of Pritchard (1939).

- Palmer.

First record of Basilosaurus from the Jackson Eocene

of Alabama, U.S.A.
Pritchard.

Description of new genus and species of archaeocete,

Mammalodon colliveri [Dorudontidae], of reported Eocene but

actually Late Oligocene age, from Victoria, Australia.
1942 - Benham.

Identified the skulls of the "zeuglodont" Mauicetus

parki (Benham, 1937a) as those of Mysticeti.

Reassigned

specimens described earlier as Kekenodon (by Benham 1937c)
to Mauicetus parki.
1943 - Kellogg.
1945 - Romer.

Discussion of Kekenodon and Phococetus.
Presented classification of Archaeoceti.

Followed

Kellogg (1936) except placed Prozeuglodon in Protocetidae, and
Pontogeneus, Mammalodon, and Pachycetus in Basilosauridae.

- Simpson.

Presented classification of Archaeoceti.

Followed

Kellogg (1936), but did not list Mammalodon, Pontogeneus,
Pontobasileus, and placed Microzeuglodon, Archaeodelphis,
Patriocetus, and Agorophius as incertae sedis.

1948 - Carter.

Microstructure of archaeocete teeth discussed and

figured.
- Flynn.

Morphology and relationships of Prosqualodon with

archaeocetes discussed.
1949 - Marples 1949b.

Described archaeocete (?) natural endocranial

cast from New Zealand Oligocene.

Speculated that archaeocete

cerebellum may not have been any more massive than in modern
Cetacea, and that large size of cerebellum may reflect presence
of a mass of blood vessels.
1950 - Gubkin*.

"Zeuglodons" in Koun beds, Azerbaydzhan, U.S.S.R.
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1954 - Moustafa.

Stated that use of vertebrae characteristics in

suprageneric taxonomy of archaeocetes is unreliable.

Proposed

incorporation of Basilosauridae and Dorudontidae into one family,
Prozeuglodontidae, characterised by presence of serrated cheekteeth.
1955 - Breathnach.

Confirmed, on basis of study of fossil endocasts

and modern morphology and neuroanatomy, Marples's (1949b)
suggestion that the allegedly massive cerebellum of archaeocetes
is probably a misinterpretation of large intracranial rete.
- Edinger.

Extraordinarily large cerebellum in archaeocetes

reflects importance of vestibular branch of auditory nerve.
- Glaessner.

Brief discussion of Kekenodon, Microzeuglodon and

other archaeocetes.
1959 - Bogachev*.

Oligocene "Zeuglodon" paulsoni from Tsimlyan,

U.S.S.R.
1963 - Aslanova.

Review of history of Soviet paleocetology includes

discussion of archaeocetes.
- Davies.
- Jones.

Archaeoceti were restricted to warm waters.
Brief review of work in progress on Basilosaurus,

Zygorhiza and Pontogeneus from Eocene of Alabama, U.S.A.

- Wallace*.

Alabama archaeocetes.

1964 - Mchedlidze 1964a.

Description of Microzeuglodon and Zeuglodon

from Caucasus, U.S.S.R.
- Tarlo.

A new genus and species of archaeocete, Anglocetus

beatsoni, based on a few bone fragments from Lower Eocene in

England, is the earliest cetacean.
1965

Reyment*.

1966 - Elouard.
- Emlong.

Pappocetus occurrences in Nigeria.
Dorudon cf. osiris reported from Senegal, Africa.

A Late Oligocene new genus and species, Aetiocetus

cotylalveus, is a mysticete-like archaeocete from Oregon, U.S.A.'

Placed in new family Aetiocetidae.
- Romer.

Brief discussion and classification.

Places Anglocetus

in Protocetidae; Mammalodon, Pontogeneus, and Pontobasileus in
Basilosauridae.
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- Van Valen.

Pappocetus features. very similar to archaic

ungulates, Mesonychidae, from which Cetacea were probably
derived.

Pappocetus and Protocetus closely related, probably

congeneric.
1967 - Rothausen.
- Savage.

Archaeoceti show warm-water stenothermy.

Earliest recorded archaeocete is Early Eocene

Anglocetus; latest records are Early Miocene Kekenodon and
Phococetus.
1968 - Rothausen 1968a.

Microzeuglodon, Archaeodelphis, Agriocetus,

Patriocetus included in Squalodontoidea (cf. Romer 1966,
Simpson 1945).
- Russell.

A Late Oligocene new genus and species, Chonecetus

sookensis from British Columbia, Canada, is classified
Archaeoceti incertae sedis.
- Van Valen.
stock.

Mysticeti and Odontoceti descended from protocetid

Aetiocetusis a mysticete.

1969 - Applegate.

Describes excavation of Late Eocene Basilosaurus

in U.S.A.
1970 - Mchedlidze.

Review of cetacean phylogeny and morphology,

including archaeocetes.

New genera

Miroc~tus

(=

Microzeuglodon

aff. caucasicum) and Ferecetotherium erected.
1972 - Halstead & Middleton 1972a*.

Abstract of Halstead & Middleton

1972b.
- Halstead & Middleton 1972b.

Describe Zygorhiza wanklyni and

first record of Basilosaurus sp., from Late Eocene of England.
- Reel*.

Excavation and preparation of Late Eocene archaeocetes,

Mississippi, U.S.A.
Sahni & Mishra.
Eocene.

New species, Protocetus sloani, from Indian Mid

Pappocetus and Protocetus closely related but not

congeneric.
1973 - Coryndon & Savage.
- Keyes.

Brief discussion of African archaeocetes.

Stratigraphic position of Kekenodon from New Zealand

mentioned.
- Wilson, L.E.
1974 - Dockery.

Figured Kekenodon onamata periotic and stapes.

New find of Zygorhiza kochii in Mississippi.

32

- Halstead & Middleton.

Nigerian Mid Eocene dorsal vertebrae of

Pappocetus (?) described.
- Moustafa.

Stratigraphy and paleoenvironments of Egyptian Fayum

Prozeuglodon beds outlined.
1975 - Elliot et ale "Zeuglodon" of probable Eocene age, from Seymour
Island, Antarctic Peninsula.
- Orr & Faulhaber.

Described vertebrae of Aetiocetus from

Oligocene of Oregon, U.S.A., and briefly discussed diversity
changes in Tertiary whales.
- Sahni & Mishra.

Described Mid Eocene whales from India:

a new

species of Protocetus, a new archaeocete genus, Indocetus, and
a new "odontocete" genus, Andrewsiphius.

The last was based on

incomplete mandibles, and its possible identity as an archaeocete
was not disproven adequately.
- Satsangi & MUkhopadhyay.

Briefly described a small Protocetus-

like archaeocete, and an odontocete (?) from Indian Mid Eocene.
1976 - Fleischer 1976a.

Archaeocete cochlea described.

No evidence of

capacity for high-frequency sound reception.
- Fleischer 1976b.

Archaeocetes lack cranial adaptations for

production of high-frequency sound.
- Gaskin.

Brief outline of archaeocete morphology, evolution,

and diversity changes.
Lipps & Mitchell.

A decline in the diversity of Archaeoceti

and other Cetacea during the Oligocene reflects decreased
oceanic productivity.
- Mchedlidze.
Mi rocetus
1977 - Barnes.

I

Discusses Oligocene archaeocete aetiocetids
Aetiocetus, and Ferecetother i um.

Late Eocene archaeocetes from Western North America

discussed.
- Fordyce 1977b.

Kekenodon onamata holotype periotic figured.

- Fordyce 1977c.

Abstract:

- Ray.

archaeocetes from New Zealand Oligocene.

Listed archaeocetes from Oligocene of Oregon, U.S.A.

- Whitmore & Sanders.
archaeocetes.

Listed and discussed briefly Oligocene
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CURRENTLY ACCEPTED CLASSIFICATION
FAMILY CLASSIFICATION
The family classification used here (Table 3) follows that
of Kellogg (1936) which still is accepted widely.

Moustafa (1954)

proposed a new archaeocete family, the Prozeuglodontidae, to encompass
those archaeocetes with serrated cheek-teeth which had been included
by Kellogg in the Dorudontidae and Basilosauridae.

He based this

proposal on the observation that the elongated vertebrae of the
Basilosauridae probably reflect an adaptation to a specific environment,
rather than an important taxonomic difference.

However, the elongate

vertebrae may be interpreted also as relatively specialised, derived
(apomorph) characters which might well typify an independent taxon.
I am not familiar enough with archaeocete morphology and systematics
to appraise this problem, and, as Moustafa's classification has not
been followed by others, I follow Kellogg's recognition of the
Basilosauridae and Dorudontidae.
A new archaeocete family, Aetiocetidae, was proposed by
Emlong (1966) to include a new genus, Aetiocetus, of primitive,
mysticete-like, toothed Late Oligocene cetacean.
later assigned Aetiocetus to the Mysticeti.
that

Van Valen (1968)

Russell (1968) suggested

his new genus Chonecetus could be related to Aetiocetus.

Two

more genera, Ferecetotherium Mchedlidze, 1970, and Mirocetus Mchedlidze,
1970, were included in the Aetiocetidae by Mchedlidze (1976).
Rothausen (1971) described these four genera as "mysticetoid
archaeocetes", while Whitmore & Sanders (1977:
four genera in the Cetacea incertae sedis.

Table 1) included all

They considered that there

is not enough evidence as to affinities available to allow more precise
assignment.
The discovery of the "Aetiocetidae" (used in future herein

sensu an informal, polyphyletic, group taxon) raises the question of
the reliability of the currently accepted diagnostic characteristics
of the cetacean suborders.

None of the "aetiocetids" is an archaeocete

in the strict sense, as they possess telescoped skulls, so the
definition of archaeocetes as proposed by Kellogg (1936:
still is quite acceptable.

12-13)
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TABLE 3.

Familial and generic classification of the Archaeoceti,
based on Kellogg (1936), Sahni & Mishra (1975), and
personal observations.

Family Protocetidae
Eocetus Fraas, 1904
Indocetus Sahni & Mishra, 1975
Pappocetus Andrews, 1920
Protocetus Fraas, 1904

Family Dorudontidae
Dorudon Gibbes, 1845
Kekenodon Hector, 1881
Mammalodon Pritchard, 1939
Phococetus Gervais, 1876
Zygorhiza True, -1908b

Family Basilosauridae
Basilosaurus Harlan, 1834
Platyosphys Kellogg, 1936
Prozeuglodon Andrews, 1906
Incertae sedis
Pontogeneus Leidy, 1852
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GENERIC CLASSIFICATION
The protocetid genus Pappocetus was regarded by Van Va1en (1966)
as probably congeneric with Protocetus, but Sahni & Mishra (1972)
concluded that the two genera, although closely related, are distinct.
Later (1975) they described a newprotocetid genus, Indocetus, which
has a skull apparently intermediate between those of Mesonychidae
(which Van Va1en (1966) regarded as ancestral to protocetids) and
other protocetids.

Another new Middle Eocene genus, Andrewsiphius, was

described by them as a member of the odontocete family Agorophiidae,
but the type specimen is too incomplete to be certain of its
relationships, and is placed better, at present, in the Cetacea incertae

sedis.

Odontocete affinities were not demonstrated adequately by Sahni

& Mishra (1975), and most likely Andrewsiphius is an archaeocete.

Anglocetus Tar10, 1964, was described as an Early Eocene
archaeocete, and, as such, would have been the earliest-known cetacean.
Romer (1966) placed it in the Protocetidae.

Subsequently, it has proven

to be a turtle (Ha1stead,pers. comm., 1975) and need not be considered
in further discussions.
I have no comments to make on the Basi1osauridae.

Kekenodon

Hector, 1881, appears to be a distinct genus of Dorudontidae (see
section 5.2) but its relationship with Phococetus still is not clear.
Kellogg (1936) speculated that these genera could be congeneric.

Mammalodon colli veri Pritchard, 1939 (the ho1otype of which I studied
briefly), is a poorly-described form from the Australian Janjukian
(Late Oligocene).

The incomplete teeth of the ho1otype are

superficially squa1odont-1ike, but the periotic is very similar to
those of Kekenodon and Zygorhiza, and it appears that Mammalodon may
belong to the Dorudontidae.
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3.8. THE MORPHOLOGY AND

SYSTE~1ATICS

OF ODONTOCETI

INTRODUCTION
The review and discussion of odontocete morphology and systematics
is broken into two sections, in which the squalodontoids are treated
separately from the nonsqualodontoid, or 'modern', odontocetes.
are three main reasons for this.

There

Firstly, the squalodonts are extinct,

while representatives of the five modern superfamilies are extant.
Secondly, the squalodonts differ in skull and tooth morphology from
other odontocetes.

Finally, the squalodonts constitute by far the most

important odontocete group from New Zealand discussed in this thesis.
REVIEW OF THE MORPHOLOGY AND SYSTEMATICS OF SQUALODONTS
PREVIOUS WORK
Two important works which summarise much of the knowledge about
squalodonts are those of Kellogg (1923a) and Rothausen (1968a).
Kellogg's article was the first to define the limits of the morphology
of the shark-toothed dolphins, fix species, provide key characteristics,
and assemble literature.
paper.

It is still probably the single most useful

The second, that of Rothausen, is a preliminary revision of the

European squalodonts which promised to rectify some of the problems of
taxonomy as a result of the recognition of basic morphological characters
of squalodonts.

In particular, Rothausen considered the relationships

of the later European squalodonts to early (presumed ancestral)
odontocetes.

Recently, Whitmore & Sanders (1977) reappraised the age

of these presumed'Late Eocene forms, and concluded that it is Late
Oligocene.

This necessitates a reappraisal of squalodont classification,

as was done partly by them and is done also here.

The development of a

classification of squalodonts is best presented as a chronological
summary of the most important works.

Translations of some of these

(e.g. Abel 1914, Slijper 1936) unfortunately were not available.
Early research on cetacean paleontology in Europe and North America
involved the description_of many often-incomplete elements and led to a
proliferation of new names.

As a result, until the assessment of

squalodonts by Kellogg (1923a) it was not certain upon which specimens
names were based, or to which taxa supposed squalodonts should be
referred.

For example, the genus SqualodonGrateloup, 1840, was based
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on a fragment of supposed reptile, as was Tangaroasaurus Benham 1935(a).
Furthermore, the generic name Squalodon was used interchangeably with
that of the pinniped genus Phoca Linnaeus, 1758, for many years (Kellogg
1923a, Ray 1976).

Kellogg listed many other examples of these problems.

Winge (1921) provided the first modern summary of squalodont
characteristics:

the number of teeth often more than the typical

eutherian number, braincase telescoped and shortened, nasal bones
pressed into forewall of braincase, nasals scarcely roof any of the
nasal cavity, and maxillaries cover frontals.
were placed into three different groups:

Four squalodont genera

the slightly-telescoped

Agorophius; strongly-telescoped longirostral Squalodon and Neosqualodoni
and strongly-telescoped brevirostral Prosqualodon.

Agorophius was

regarded as atypical because of its intertemporal constriction and the
presence of parietals on the skull roof.

The other genera have a

broader, more telescoped braincase but, compared with, other odontocetes,
still are quite primitive.
Miller (1923) noted that the odontocete family Squalodontidae is
characterised by:

combined enlarging of the brain and pushing together

of the braincase and anterior part of the skull so that no trace of the
primitive postorbital constriction is visible; parietals not in contact
on the vertex; maxillaries do not form part of the anterior rim of the
orbit; palatines not normal in position and form part of the anterior
wall of the more or less vertical choanaei anterior teeth single-rooted,
posterior teeth double-rooted, crowns flattened laterally, with serrate
margins.

He commented (p. 46) that, mainly on account of their peculiar

teeth, the Squalodontidae can be recognised as a special family.

The

position of the frontal in the braincase, and the degree of telescoping
is quite iniid-like, and Miller stated that the relationship between the
iniids and squalodonts is not understood properly.

He observed that if

Prosqualodon possessed a broad band of parietals across the skull
between the frontals and supraoccipital (see Abel 1912), then this
would warrant the establishment of a new family.

As Miller did not

establish such a family, he must have doubted Abel's interpretation.
The key to the shark-toothed cetaceans presented by Kellogg (1923a)
was based both on skull and tooth characteristics, although Kellogg was
aware of the problems of the use of teeth alone in taxonomy.

He divided

the shark-toothed cetaceans (apart from archaeocetes) into four families:
1.

Microzeuglodontidae, based on teeth only, which includes
Neosqualodon and Microzeuglodon.

2.

Squalodontidae, in which the braincase is telescoped, the frontals
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contact the supraoccipital posteriorly, the parietals are excluded
from the vertex of the skull, and the molars possess rugose,
laterally-flattened crowns with serrated accessory cusps.
a.

Longbeaked forms - Squalodon:

in which the external choanae

are placed far back, the nasals are short, there is no intertemporal constriction, the frontals contact the supraoccipital
posteriorly and, internally, receive the ascending processes
of the maxillaries, the cheek-teeth have increased above the
normal eutherian number (44), the mesorostral canal is open,
and the mesethmoid separates the nasal passages.
b.

Shortbeaked forms - Prosqualodon:

these differ from the

longbeaked forms in that the frontals apparently are separated
from the supraoccipital on the vertex by the parietals
(Kellogg based this conclusion on Abel's interpretation).
3.

Patriocetidae, based on Patriocetus.

This was listed, with

Prosqualodon, as a shortbeaked form, in which the intertemporal
constriction is reduced or absent and the parietals form a broad
strip on the vertex.
4.

Agorophiidae, represented by Agorophius, also placed with
Prosqualodon and Patriocetus as a shortbeaked form.

On the skull

of this genus, there is a distinct, intertemporal constriction
formed by the parietals, the maxillaries do not extend posteriorly
to the level of the temporal fossa, the external choanae are placed
forward, and the premaxillaries extend on to the frontals but do
not reach the parietals.
Later, Kellogg (1928) figured Prosqualodon without the parietals on
the vertex, and summarised briefly features of squalodonts.

He noted

that the postorbital constriction, and parietals on the vertex, were
lost when the maxillaries thrust back towards the supraoccipital, and
the latter was contacted also by the frontal.
A new superfamily, Squalodontoidea, was erected by Simpson (1945)
to encompass two families:
1.

Agorophiidae Abel, 1914, which included two "Upper Eocene" genera,
Agorophius and Xenorophus.

2.

Squalodontidae Brandt, 1873, which encompassed 12 genera of Late
Oligocene to Late Miocene age.

Simpson did not define the characteristics of the new superfamily.
included (without discussion) in the Archaeoceti incertae sedis four
other genera of interest here:

Microzeuglodon (Early Miocene) ,

Archaeodelphis (Late Eocene), Patriocetus, and Agriocetus (both Late

He
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Oligocene).

This action followed that of Slijper (1936).

Rothausen (1968a) emphasised the difficulty of interpreting
squa1odont phylogeny based on teeth,. and proposed a standardised tooth
nomenclature for use in discussion of squa1odont systematics.
most of his comparisons on skull material.

He based

Rothausen noted that the

apparent oldest, most primitive odontocetes, those of the Family
Agorophiidae, are related to the Squa1odontidae.

Even those early forms

have telescoped, compressed skulls, and heterodont po1ydont dentitions
with flattened triangular teeth in which the lingual third root tends to
become suppressed.

Within the Squa1odontoidea, the Agorophiidae were

thought to represent early stages through which all odontocetes passed,
while the Squa1odontidae represent a more progressive stage.

Compared

with the Agorophiidae, according to Rothausen, the Squa1odontidae have
choanae further back, the premaxi11aries and maxi11aries extend further
back over the fronta1s, the cranial profile is more compressed, and the
rostral base is lower.

The parieta1s apparently are not connected in

the intertempora1 region, and the postorbital constriction is lost.
Rothausen divided the Squa1odontidae into two subfamilies.

In the

Patriocetinae, the Iprotosqua1odont" stage, the parieta1s are separate
but still form part of the cranium roof, where they separate the
maxi11aries from the supraoccipital.

The maxi11aries overlap the

fronta1s normally (Figs 10, 11).
The Squa1odontinae (n. subfam.), the leusqua1odont" stage, show
more advanced telescoping.

The parieta1s are excluded from the skull

roof, the maxi11aries and supraoccipital are not separated, and the
intertempora1 constriction is eliminated.

Of the three European

Squa1odontinae genera, Eosqualodon Rothausen, 1968a, has a widebased
rostrum, the maxi11aries reach the suproccipita1, the premaxi11aries are
moderately wide, and the intertempora1 constriction is weak (Figs 12,
13).

The more progressive Squalodon has a narrower rostral base, the

choanae and maxi11aries are further backwards, and the intertempora1
constriction is lost completely (Figs 14, 15).

Rothausen considered

that the Late Oligocene Eosqualodon gave rise to the Miocene Squalodon,
and could discern two groupings:
E. latirostris - S. catulli.

E. langewieschei - S. bariensis, and,

Neosqualodon he regarded as a eusqua1odont

derived independently from the Agorophiidae.

He considered the

Patriocetinae to bridge the gap between the Agorophiidae and the later
squa1odonts and other odontocetes, and regarded them as Late Oligocene
survivors of an early protosqua1odont stage.

By the Late Oligocene,

eusqua1odont stages had appeared, and in the Miocene the squa1odonts

FIG. 10.

Reconstructed skull of Patriocetus, dorsal view, after

Rothausen 1968a:
FIG. 11.

Reconstructed skull of Patriocetus, lateral view, after

Rothausen 1968b:
FIG. 12.

Fig. 2c.

Reconstructed skull of Squalodon, lateral view, after Rothausen

1968b:
FIG. 16.

Fig. 1.

Reconstructed skull of Squalodon, dorsal view, after Rothausen

1968a:
FIG. 15.

Fig. 2b.

Reconstructed skull of Eosqualodon, lateral view, after

Rothausen 1968b:
FIG. 14.

Fig. 1.

Reconstructed skull of Eosqualodon, dorsal view, after

Rothausen 1968a:
FIG. 13.

Fig. 2a.

Fig. 1.

Reconstructed skull of Phoberodon, dorsal view.

Cabrera 1926:

Fig. 10.

Based on
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FIG. 17.

Reconstructed skull of Atropatenocetus, dorsal view, after

Aslanova 1977:
FIG. 18.

Reconstructed skull of Agorophius, dorsal view, after Whitmore

& Sanders 1977:
FIG. 19.
1928:
FIG. 20.

Fig. lb.

Fig. lb.

Reconstructed skull of Prosqualodon, dorsal view, after Kellogg
Fig. 5.
Reconstructed skull of Sachalinocetus, dorsal view, based on

Dubrovo 1971:

Fig. 1.
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showed specialised trends (e.g. strongly-toothed premaxillaries) which,
with their coexistence with more "modern" odontocete groups, indicated
to Rothausen that they had become a "blind branch".

Rothausen

speculated that the Physeteroidea and Delphinoidea arose independently
from agorophiid stages, and that the Platanistoidea could have branched
off a protosqualodont stage.
Rothausen's (1970) paper added little new to his earlier work,
although it made a few comments about Austral faunas.

For example, the

"Late Oligocene" Prosqualodon davidis Flynn, 1923 (1948) may represent
an early eusqualodont, distinct from the Miocene Prosqualodon australis
Lydekker, 1894 (analogous to the relationship of the Late Oligocene
Eosqualodon and Early Miocene Squalodon).

"Prosqualodon"? hamiltoni

Benham, 1937b, may represent another early eusqualodont of Early
Oligocene origin.

Advanced Austral Miocene eusqualodonts are

Prosqualodon and Phoberodon.

Whitmore & Sanders's (1977) review of the Oligocene Cetacea is
timely, as it focusses attention on squalodont phylogeny.

Xenorophus

Kellogg, 1923b is shown to be Late Oligocene (not Late Eocene) in age,
and new material shows that its postorbital region is unlike that of
any other odontocete:

the parietals meet at the vertex to form a

sagittal crest, and the supraoccipital

is more or less vertical, yet

the anterior elements are telescoped posteriorly.

The choanae slope

back, and the lacrimals overspread the supraorbital processes.

Agorophius

Cope, 1895, also a Late Oligocene (not Late Eocene) genus formed the
basis for Rothausen's family Agorophiidae, in which Xenorophus also was
placed.

However, Whitmore & Sanders suggested that radical differences

between these genera indicate that they belong in different families.
Archaeodelphis Allen, 1921 (Late Oligocene, not Late Eocene) probably

is not related to Agorophius, so this would leave the latter in a
monotypic family.

Whitmore & Sanders preferred to place it, with the

other genera mentioned, as Cetacea incertae sedis.

The Late Oligocene

age of Agorophius and its coexistence with advanced Cetacea makes it an
unlikely candidate as an ancestral squalodont, although early
squalodonts may have passed through stages similar to those represented,
by Agorophius.

Whitmore & Sanders also described two other unusual Late

Oligocene odontocetes which, like Agorophius, also have the parietals
exposed well on the skull roof.
Whitmore & Sanders made some important observations on the
elimination of the parietals from the skull roof in squalodonts.

It is

obvious from earlier papers (above) that the position of these elements
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is considered important in squalodont taxonomy, and it is thought that
parietal elimination was attained by the backward thrust of the
maxillaries and forward thrust of the supraoccipital.

New forms

described briefly by Whitmore & Sanders give some idea as to how
parietal elimination occurred.

In different ontogenetic stages of

their squalodont Genus Y, which still possesses a slight intertemporal
constriction, the supraoccipital, which initially does not contact the
frontal, grows forward to contact the frontal at the apex.

Then, the

sides of the frontal grow back, and the parietals gradually are
eliminated from the vertex.

Genus X has triangular parietals exposed

at the edge of the skull in a relatively broad intertemporal region.
They are exposed across the vertex in young animals but are overlapped
in older specimens by the supraoccipital, and the maxillaries extend
back to contact the supraoccipital.

In Patriocetus, the frontals

contact the supraoccipital in the midline.

Whitmore & Sanders disputed

Rothausen's interpretation that the parietals were wedged apart by the
frontals and, instead, proposed that the parietals were over-ridden.
Finally, they described Genus A, in which the

anteroposteri~rlY

elongate

parietals are overlapped partly both by the frontals and the
supraoccipital, in a condition similar to that of Agorophius.
SUMMARY:

SQUALODONT CHARACTERISTICS

The Squalodontidae sensu stricto are odontocetes with a telescoped
skull and heterodont dentition.

The nasals are short, and roof the

choanae slightly or not at all.

The mesorostral canal is open, and the

mesethmoid separates the more or less vertical choanae.
form part of the anterior walls of the choanae.

The palatines

The rostrum may be

long or short, and its base tends to be depressed so that the forehead
steepens.

The maxillaries do not form part of the anterior wall of the

orbit, and both they and the premaxillaries extend posteriorly.

Here,

the maxillaries widen, and may contact the supraoccipital, while the
thin ascending processes of the premaxillaries are received by the
frontals.

Th~

parietals are not wedged apart, but are covered by the

backward extension of the frontals and sometimes the maxillaries, and
by the forward movement of the supraoccipital.

At least in mature

animals (according to the strict definition of Squalodontidae) the
parietals are not exposed at the vertex

but are visible sometimes as

triangles at the anteroexternal corners of the supraoccipital.

As a

consequence of reduced parietal exposure, the intertemporal constriction
is reduced or absent.
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Both the premaxillaries and maxillaries are toothed.

The teeth have

increased in number above the typical eutherian 44, and are heterodont.
Typically, they are high, triangular, and flattened laterally, and
the cheek-teeth possess accessory denticles.

Premolars cannot be

differentiated from molars.
More details of squalodont morphology will be introduced where
necessary in the text.

Further reference to skull morphology will be

found in the papers cited above, and mention of squalodont tooth
morphology already has been made (section 3.4).
discussed in detail by Pledge

&

Tooth morphology was

Rothausen (1977) and Rothausen (l968a),

and is not described further here.

Squalodont tooth morphology is

illustrated in, for example, Figs 49-52, 217-227, 247-280.

The higher

classification of squalodonts also will be discussed in the text.
SUBDIVISION OF THE SQUALODONTOIDS AND SQUALODONT GENERA
Two main problems have been encountered in the review of
squalodonts.

The first relates to the lack of a widely-accepted

subdivision of the Superfamily Squalodontoidea.

For some time, it

appeared as if Rothausen's (1968a) classification would become used
widely, but Whitmore & Sanders have shown that some revision of it is
required.

Secondly, it is uncertain which of a range of cetacean genera

which at various times have been referred to the squalodonts (directly
or by implication) are actually Squalodontoidea.
The subdivision of the Squalodontoidea proposed by Rothausen is
useful in that its major divisions (Agorophiidae, Patriocetinae,
Squalodontinae) correspond to progressively more-specialised
morphological stages in cetacean evolution, but still it requires
reappraisal.

There is no evidence that the classification is

phylogenetic, and it is unlikely that enough evidence is available at
the moment to formulate a phylogenetic classification.

At present, I

prefer to regard the Squalodontidae as the only family of the
Squalodontoidea, more or less equivalent to Rothausen's "eusqualodont"
group Squalodontinae.

It is not possible to assess if the Patriocetinae

(sensu Rothausen) belongs to the Squalodontidae or the Squalodontoidea.
Agorophius may belong to the Squalodontoidea.

I have not made a

complete enough study of the squalodonts to come to any positive
conclusion about taxonomic groupings, and for this reason often will
employ the loose term squalodont

(=

shark-toothed odontocete) in the

thesis.
The problem of which genera belong to the squalodonts is dealt
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TABLE 4.

List of genera which have been referred to the squalodonts.
An asterisk * indicates the assignment accepted herein.

GENUS AND AUTHOR

ASSIGNMENT

ADDITIONAL
REFERENCES, COMMENTS
True 1907a.

Agorophius Cope, 1895.

Agorophiidae, Rothausen 1968a;
Odontoceti incertae sedis,
Whitmore & Sanders 1977.

Agriocetus Abel, 1914.

Patriocetidae Abel, 1914;
Patrioc.etinae (Squalodontidae),
Rothausen 1968a; Odontoceti
incertae sedis, Whitmore &
Sanders 1977.

Andrewsiphius Sahni & Mishra,
1975.

Agorophiidae, Sahni & Mishra
1975; *Archaeoceti incertae
sedis.

Archaeodelphis Allen, 1921.

Agorophiidae, Allen 1921,
Miller 1923, Rothausen 1968a;
Archaeoceti incertae sedis,
Simpson 1945; *Cetacea incertae
sedis Whitmore & Sanders 1977.

Argyrodelphis Lydekker, l894a.

= Notocetus Moreno, 1892.

Arionus Meyer, 1841.

*

Atropatenocetus Aslanova,
1977.

Agorophiidae, Aslanova 1977;
*Odontoceti incertae sedis.

Austrosqualodon Climo &
Baker, 1972.

*Squalodontidae, Climo & Baker
1972.

See section 5.6.

Balaenodon Owen, 1846.

*Physeteridae, Kellogg 1923a.

B. lintianus Meyer, 1849,
based in part on a skull
later referred to
Cetotheriopsis and on
tooth later referred to
Squalodon (see Kellogg
1923a) .

Ceterhinops Leidy, 1877.

= Squalodon; True 1907a;

Cetotheriopsis Brandt, 1871.

* Cetotheriidae, Kellogg 1923a.

Champsodelphis Gervais,
(1848-) 1852.

* Acrodelphidae; Kellogg 1923a.

= Squalodon;

See comments below.

See Notocetus. Proposed by
Lydekker on erroneous
assumption that Notocetus
preoccupied by Notiocetus
Ameghino, 1891.

Kellogg 1923a.

* = Eurhinodelphis; Kellogg
1923a.
See Balaenodon.
Relationship of
C. macrogenius to Squalodon

grateloupi discussed by
Kellogg (1923a).
Colophonodon Leidy, 1853.

= Squalodon; Cope l868a;
* Cetacea incertae sedis,
Kellogg 1923a.

Crenidelphinus Laurillard,
1846.

Squalodon; Cope l868a;
* Cetacea incertae sedis.

Not listed by Kellogg 1923a,
Romer 1966, Simpson 1945.
Allocation unknown.

Cynorca Cope, l868a.

Cynorcidae Cope l868a; Cetacea
incertae sedis; Kellogg 1923a;
* Artiodactyla: Tayassuidae;
Kellogg 1966: 67.

Cynorca proposed for
Squalodon protervus.
Kellogg (1923a) noted use
of protervus invalid.

Delphinodon Leidy, 1869.

* ? Delphinidae, Kellogg'1923a.

Includes Squalodon mento
and Phoca wymani, according
to Leidy (1869). Ray
(1976) discussed P. wymani.

48
TABLE 4 (Contd.)

Delphinoides Pedroni, 1845.

* = Squalodon; S. typicus
Kellogg, 1923a.

New genus proposed to
replace Squalodon on
grounds that latter is
improperly derived.
Kellogg (1923a) discussed
nomenclature.

Delphinus Linnaeus, 1758.

* De1phinidae; Hershkovitz
1966.

D. bordae Gervais, (1848-)
1852, based in part on
Delphinoides grateloupi
Pedroni, 1848. See
Kellogg's discussion of
Delphinoides.

Diochotichus Ameghino, 1894.

*

Eosqualodon Rothausen, 1968a.

Squa1odontinae; Rothausen
1968a; Squa1odontidae;
Whitmore & Sanders 1977.

Ferecetotherium Mched1idze,
1970.

Patriocetidae; Mchedlidze 1970;
Aetiocetidae; Mched1idze 1976;
*Cetacea incertae sedis;
Whitmore & Sanders 1977.

Graphiodon Leidy, 1870.

= Squalodon; Cope 1890;

Notocetus Moreno, 1892.

*

See Notocetus. Proposed
by Ameghino on erroneous
assumption that Notocetus
preoccupied by Notiocetus
Ameghino, 1891.

?

Physeteridae; Kellogg 1928.
Kekenodon Hector, 1881.

Squa1odontidae; Hall 1911.
*Archaeoceti; Kellogg 1936.

Kelloggia Mched1idze, 1976.

* Squa1odontidae;
Mched1idze 1976.

Macrophoca Leidy, 1856.

* = Squalodon; Cope 1868a,
Kellogg 1923a.

Metasqualodon Hall, 1911.

* Squa1odontidae; Hall 1911,
Pledge & Rothausen 1977.

Microcetus Kellogg, 1923a.

* Squa1odontidae; Kellogg 1923a,
Rothausen 1961.

Microsqualodon Abel, 1905b.

*

Microzeuglodon Stromer, 1903.

Microzeug1odontidae
(Archaeoceti); Abel 1914.
Archaeoceti incertae sedis;
Simpson 1945. Squalodontidae;
Kellogg 1928, Rothausen 1968a.
*Cetacea incertae sedis.

See Lydekker 1893. Does
not include M. aff.
caucasicus Riabinin, 1938,
on which Mched1idze (1970)
based the new genus
Mirocetus.

Mirocetus Mched1idze, 1970.

Patriocetidae; Mched1idze 1970.
Aetiocetidae; Mched1idze 1976.
* Incertae sedis, Whitmore &
Sanders 1977.

See Microzeuglodon.

Neosqualodon Da1 Piaz, 1904.

Microzeug1odontidae; Kellogg
1923a. * Squalodontidae;
Rothausen 1968a.

See Fabiani 1949.

Notocetus Moreno, 1892.

Squa1odontidae; True 1910.
Squa1ode1phidae; Da1 piaz 1917.
* Ziphiidae; Simpson 1945.

See also Diochotichus
Ameghino, 1894;
Argyrodelphis Lydekker,
1894a, 1894b.

=

See section 5.2.

Neosqualodon; Kellogg 1923a. Junior synonym of
Neosqualodon, proposed
by Abel for Squalodon
gastaldtii Brandt, 1873.
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Oligosqualodon Rothausen, 1970.

*

Pachyodon Meyer, 1838.

*

Parasqualodon Hall, 1911.

* Squalodontidael Hall 1911.

Patriocetus Abel" 1914.

Patriocetidael Abel 1914.
Patriocetinael Rothausen 1968a.
Odontoceti incertae sedisl
Whitmore & Sanders 1977.

Phoberodon Cabrera, 1926.

* Squalodontidael Cabrera 1926,
Rothausen 1970.

Phoca Linnaeus, 1758.

*

Phocageneus Leidy, 1869.

Includes Squalodon mento, in
part, of Cope 1868a,
Leidy 1869. * Incertae sedis.

Leidy's description is
uninformative as regards
the affinities of this
genus. Based on the
Phocodon of Wyman.

Phococetus Gervais, 1876.

*

Discussed in Kellogg's
review (1923a) of sharktoothed cetaceans.

Phocodon Agassiz, 1841.

*

Squalodontidael Ravn 1926.

Squalodonl Rothausen 1968a.

Pinnipedia.

Archaeocetil Kellogg 1936.

Squalodonl Kellogg 1923a.

Nomen nudum proposed
for "Squalodon (Microzeuglodon?)" wingei
Ravn, 1926.
Kellogg (1923a) designated
P. catulli as the typespecies of Trirhizodon
Cope, 1890. Subsequently,
Rothausen (1968a)
synonymised Trirhizodon
with Squalodon.
See Pledge & Rothausen
1977. Related closely to
Prosqualodon (pers. obs.).

Kellogg (1923a) gave details
of the complex nomenclature
of five nominal species of
"Phoca" which subsequently
have been shown to be squalodonts. See also Ray 1976.

Type-species, P. scillae,
Squalodon melitensis.

=

Physotherium Portis, 1886.

Squalodont, Portis 1886,
Abel 1905a. * Incertae sedis,
based on Kellogg 1923a.

Pontogeneus Leidy, 1852.

= Zeuglodon (Agorophius)

Kellogg observed that it is
not possible to determine
or compare this genus with
others.

pygmaeusl Cope 1868a.
Delphinoidl Cope 1868b.
* Archaeocetil Kellogg 1936.
Prionodelphis Frenguilli, 1922. Squalodontidae; Frenguil1i
1922, Kellogg 1928.
* Pinnipedia; Hendey &
Repenning 1972.
Pristiphoca Gervais, 1852.

* Pinnipedial Kellogg 1923a,
Simpson 1945.

Prosqualodon Lydekker, 1894a.

*

Proterocetus Ameghino, 1899.

Squalodontidael True 1907a.

Rhizoprion Jourdan, 1861.

* = Squalodonl Zittel 1877,
Rothausen 1968a.

Rhytisodon Costa, 1853.

Squalodontidael Costa 1864.
* = Squalodonl Rothausen 1968a.

Squalodontidael Flynn 1948.

Compared by Meyer with the
squalodont Phoca ambigua
(see Kellogg 1923a).
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Sachalinocetus Dubrovo, 1971.

*

Saurocetus Agassiz, 1848.

Archaeoceti; Hay 1902.
* Squalodontidae; Allen 1924.

Smilocomptus Gervais, 1849.,

* = Squalodon; Van Beneden 1865, See also Kellogg 1923a.
Trouessart 1898.

Squalodelphis Dal Piaz, 1917.

Squalooelphidae Dal Piaz, 1917.
* Ziphiidae; Kellogg 1928,
Simpson 1945.

Squalodon Grateloup, 1840.

* Squalodontidae; Kellogg 1923a,
Rothausen 1968a.

Stenodon Van Beneden, 1865.

* = Cetotheriopsis Brandt, 1871, S. lentianus Van Beneden,
1865, based in part on
in part.
'skull later referred to
Cetotheriopsis and on tooth
and tympanic bulla later
referred to Squalodon (see
Kellogg 1923a).

Stereodelphis Gervais,
(1848-) 1852.

= Squalodon; Van Beneden 1865.

Sulakocetus Mchedlidze, 1976.

*

Tangaroasaurus Benham, 1935a.

Reptilia; Benham 1935a.
* Squalodontidae;
Kellogg in Camp 1942.

Trirhizodon Cope, 1890.

Squalodontidae; Cope 1890,
Kellogg 1923a. * Squalodon;
Rothausen 1968a.

Uncamentodon Rothausen, 1970.

Squalodontidae; Benham 1935b.
Squalodontidae?; section 5.10.

Xenorophus Kellogg, 1923b.

Agorophiidae; Kellogg 1928,
Simpson 1945. * Odontoceti
incertae sedis; Whitmore &
Sanders 1977.

Squalodontidae; Dubrovo 1971.
Kellogg (1923a) regarded
this as possibly congeneric
with Colophonodon.

See also Slijper (1936).

* = cf. Eurhinodelphis; Kellogg
1923a.
Squalodontidae; Mchedlidze
1976.
See section'5.l3.

See section 5.10. Nomen
nudum for "Microcetus"
hectori.
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with in Table 4, which lists genera alphabetically, together with past
and presently recognised suprageneric assignments, and comments and
references where appropriate.

To summarise this table, the formally

and informally described genera of Squalodontidae (which, as far as is
known, constitutes the only family of the Squalodontoidea) are as
follow:
Austrosqua1odon Climo & Baker, 1972
Co1ophonodon Leidy, 1853
Eosqua1odon Rothausen, 1968a
Ke110ggia Mchedlidze, 1976
Metasqua1odon Hall, 1911
Microcetus Kellogg, 1923a
Neosqua1odon Dal Piaz, 1904
Parasqua1odon Hall, 1911
Phoberodon Cabrera, 1926
Prosqua1odon Lydekker, 1894a
Sacha1inocetus Dubrovo, 1971
Saurocetus Agassiz, 1848
Squalodon Grateloup, 1840
Su1akocetus Mchedlidze, 1976
Tangaroasaurus Benham, 1935a

Genus A Whitmore & Sanders, 1977
Genus X Whitmore & Sanders, 1977
Genus Y Whitmore & Sanders, 1977
Genus Z Whitmore & Sanders, 1977
Oligosqua1odon Rothausen, 1970 (nomen nudum for Squa1odon
(Microzeug1odon?) wingei Ravn, 1926)
Uncamentodon Rothausen, 1970 (nomen nudum for Microcetus hectori

Benham, 1935b)
REVIEW OF THE MORPHOLOGY AND SYSTEMATICS OF
NONSQUALODONT ODONTOCETES
THE HIGHER CLASSIFICATION OF MODERN ODONTOCETES
Nonsqualodont or "modern" odontocetes, in which telescoping is
well developed, are known from the latest Oligocene to the Recent.
They comprise five main groups:

beaked whales, sperm whales, river

dolphins, true dolphins, and monodontoids (the latter with no collective
vernacular name).

The extinct squalodonts (s. 1.) form the sixth

odontocete group, on which I have focussed my attention increasingly, to
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the detriment of the study of "modern" odontocetes.

Certainly, there

is scope in New Zealand for expansion of studies on fossil "modern"
odontocetes, particularly in their comparison with the Northern
Hemisphere forms on which various odontocete phylogenies have been
based.

As was the case with the squalodonts, the classification of

nonsqualodont odontocetes is best presented as a guide (and summary)
to the more-recent literature.
True (1908a) reviewed the odontocete classification proposed by
Abel (1905b).

Within the odontocetes, Abel placed the archaeocetes and

Squalodontidae (both groups characterised by three-rooted molars and
linked to each other by Microzeuglodon), Physeteridae, Ziphiidae,
Eurhinodelphinidae (new family), Acrodelphidae (new family, including
Argyrocetinae, Acrodelphinae, Iniinae, Beluginae), Saurodelphidae (new
family), Platanistidae, and Delphinidae.

True concluded that the

Physeteridae, Ziphiidae, and Eurhinodelphinidae probably are quite
distinct.

Abel's Acrodelphinidae True called the Iniidae, and he

recognised within this family the Argyrocetinae, Acrodelphinae, Iniinae,
and Beluginae.

True considered Abel's breakup of the families

Platanistidae and Delphinidae to be radical, as the river dolphins Inia,
Stenodelphis, and Platanista, usually had been united.
Abel's rejection of the Beluginae from the Delphinidae.

True discounted
He proposed a

revised classification which recognised six odontocete families:
Squalodontidae, Physeteridae (Physeterinae, Kogiinae), Ziphiidae,
Eurhinodelphinidae, Iniidae (Iniinae, Argyrocetinae, Acrodelphinae) and
Delphinidae (Stenodelphininae, Delphinapterinae, Delphininae).
Winge (1921) separated the archaeocetes from the odontocetes, and
recognised among the latter the Squalodontidae, Platanistidae,
Delphinidae, and Physeteridae.

The Platanistidae probably were derived

from the Squalodontidae, for their skulls possess squalodont-like
features (e.g. narrow facial depression, temporal fossae large and not
roofed markedly).
here.

He included Pontoporia, Lipotes, Inia, and Platanista

The Delphinidae differ from the Platanistidae in their wider

face, and smaller, roofed temporal fossae, and include Eurhinodelphinini,
Monodontes, Delphini, Lagenorhynchi, Globiocipites, and Phocaenae.
regarded the Physeteridae as possibly derived from Delphinidae.
(1923) followed Winge's classification fairly closely.

He

Miller

He recognised

the Squalodontidae, Agorophiidae, Physeteridae, Kogiidae, Platanistidae
(Platanista only), Iniidae (Inia, Lipotes), Ziphiidae, and Delphinidae.
The latter includes Delphininae, Eurhinodelphininae, Monodontinae,
Stenodelphinae (e.g. Stenodelphis) and the Delphinapterinae.
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A detailed account was given of skull morphology in these groups.
Kellogg (1928:

Table 1) recognised eight odontocete families:

Agorophiidae, Squalodontidae, Iniidae, Ziphiidae, Delphinidae,
Platanistidae, Kogiidae, and Physeteridae, and briefly discussed
their characteristics.

Slijper (1936) listed 10 families.

He united

the Agorophiidae with the Squalodontidae, placed Platanista, Inia,
Lipotes, and Stenodelphis in the Platanistidae, and listed also
Ziphiidae, Physeteridae, Eurhinodelphinidae, Hemisyntrachelidae,
Acrodelphinidae, Delphinapterinae, Delphinidae, and Phocaenidae.
Romer (1945) followed Kellogg (1928), and placed Slijper's
Eurhinodelphinidae, Hemisyntrachelidae, and Acrodelphidae in the
Delphinidae.
Simpson (1945) proposed a classification in which four superfamilies
of odontocete were recognised.
already.

The Squalodontoidea have been discussed

The Platanistoidea contains only one ,family, the Platanistidae,

which encompasses the Platanistinae, Stenodelphinae, and Iniinae.

The

Physeteroidea includes the Ziphiidae and Physeteridae (Hoplocetinae,
Physeterinae, Kogiinae) and the Delphinoidea comprises six families:
Eurhinodelphinidae, Hemisyntrachelidae, Acrodelphidae, Monodontidae,
Delphinidae, and Phocaenidae.
Fraser & Purves (1960b) discussed the taxonomy of extant Cetacea
only a little.

They recognised five extant superfamilies, Ziphioidea,

Physeteroidea, Platanistoidea (Platanista, Inia, Lipotes, Stenodelphis),
a new superfamily Monodontoidea, and the Delphinoidea (Delphinidae,
Phocaenidae).

A catalogue of living whales produced by Hershkovitz

(1966), cited commonly as the present authority, recognises the Susuidae
(=

Platanistidae), Delphinidae, Monodontidae, Physeteridae, and

Hyperoodontidae, but did not deal with superfamilies.
classification also ignores superfamilies.

Romer's (1966)

The families listed by

Trofimov & Gromova (1968) follow those cited by Romer.
Kasuya (1973) proposed a classification of odontocetes based on
the tympanoperiotic;

Here, the Physeteroidea contains the Ziphiidae,

Physeteridae, and Kogiidae; the Platanistoidea encompasses the
Platanistidae, Iniidae, and Pontoporiidae; and the Delphinoidea contains
the Delphinapteridae (Delphinapterus, Orcaella), Phocaenidae,
Delphinidae (Sotaliinae, Delphininae, Orcininae, Globiocephalinae) and
Monodontidae (Monodon only) .
Mead (1975a) presented and discussed a classification of modern
odontocetes.

He listed three superfamilies, Physeteroidea,

Platanistoidea, and Delphinoidea.

The first encompassed Physeteridae
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(Kogiinae, Physeteridae), the second, Platanistidae (Platanistinae,
Iniinae, Stenodelphininae), and the third, Monodontidae, Phocaenidae,
and Delphinidae (Delphininae, Orcininae, Steninae, Lissodelphinae,
Cephalorhynchinae) •
SUIllIl\ary
There is little doubt that there are at least three distinct groups
of modern odontocetes:
Delphinoidea.

the Physeteroidea, Platanistoidea, and

Whether or not the ziphiids should be placed within the

Physeteroidea, and the monodontids in the Delphinoidea is open to debate.
I follow Fraser & Purves (1960b), who recognise them as separate
superfamilies, Ziphioidea and Monodontoidea, and this brings the number
of superfamilies to five.
CHARACTERISTICS OF THE MODERN SUPERFAMILIES
Platanistoidea
The Platanistoidea is presently regarded as a coherent group,
although previously some of its members have been interpreted as quite
unrelated to each other even at the family level.

Four extant genera,

Lipotes, Inia, Platanista, and Stenodelphis, have distinct distributions,

and only recently have become reasonably well known.

The fossil

platanistoids, some of which were listed by Barnes (1977) and Simpson
(1945) are not known as well, probably because many genera are based on
incomplete specimens.
Platanistoids have a long narrow rostrum with a depressed rostral
base.

The maxillaries and premaxillaries tend to fuse anteriorly over

the mesethmoid, and the maxillaries push forward towards the tip of the
rostrum.

The nasals are short, and do not roof the choanae.

The facial

depression is narrow and elongate, and is elevated posteriorly.
elevated sides often are formed into crests.

Its

The large temporal fossae

are covered only slightly, and the former position of the intertemporal
constriction may be recognisable.
are typical.
choanae.
variably.

Robust and long zygomatic processes

The palatines form part of the anterior wall of the

The external reduplication of the pterygoid is developed
The basioccipital crests are stout but not prominent.

In

extant forms, the tympanoperiotics appear not fused with the skull,
although there has been some debate about this.
and show little differentiation.
flattened.

The symphysis is long.

The teeth are homodont

They are nonserrate, and rarely are
The cervical vertebrae are not
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fused, and the ribs are not simplified.
Monodontoidea
The Monodontoidea, as recognised by Fraser & Purves (1960b)
'included only two extant genera:
northern forms.

Monodon and Delphinapterus, both

Recently, ,Kasuya (1973) excluded Monodon from this

group, but included Orcaella which formerly was thought to be a
delphinoid.

The former decision was not supported by Barnes (1977:

337) while the latter was.
fossil monodontoids.

Little is known about all but the youngest

Barnes mentioned, but gave no details of

undetermined Delphinapterinae from the Californian Late Tertiary.
Monodontoids have a flat, broad face, and a rostrum which is not
deepened or solidified.

The teeth have a tusklike growth of cementum,

and the enamel cap is small.

This is particularly so for male Monodon,

in which the upper left canine forms a long tusk.
dentition is reduced.

Otherwise, the

The pterygoids are not greatly enlarged, and the

orbits lie moderately well in front of the choanae.
are small.

The temporal fossae

The cervical vertebrae are free, and the spinous and

transverse processes of the vertebrae are reduced.
Ziphioidea
The morphology and systematics of extant ziphiids were reviewed by
Moore (1968), who recognised six extant genera.

Fossil ziphiids never

have been reviewed in the detail that other odontocetes have, but a
brief guide to previous work was provided by Mead (1975b).

He noted

that many nominal genera had been based on incomplete material of
uncertain affinities.

The affinities of two reasonably complete early

genera, Notocetus (= Diochotichus, Argyrodelphis) and Squalodelphis have
not been determined conclusively.
The ziphioid skull is well-telescoped, with, an elevated synvertex
on which the nasals and premaxillaries are elevated behind the nares.
The face roofs the small temporal fossae.
posteriorly, about level with the choanae.

The orbits are placed
The palatines form part of

the anterior walls of the choanae, are in contact medially, and are not
covered completely by the pterytoids.
often cover the alisphenoid.

The pterygoids are enlarged, and

Always the external reduplication is low

and ridge-like, and the hamulus disproportionately enlarged.

The

mastoid process interdigitates, but does not fuse, with the squamosal.
The rostrum is solid and deep, primitively with many teeth, but usually
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with no teeth or one or two pairs in modern genera.

The symphysis is

long.
Physeteroidea
The extant physeteroids encompass two genera, Physeter and Kogia.
Many extinct physeteroid genera are known, although no described genus
can be identified positively from New Zealand.

Kellogg (1925a) provided

a guide to the morphology of fossil physeterines and hoplocetines
(including a key to skulls), while Barnes (1973a) discussed kogiines.
The physeteroid skull tends to develop an intracranial basin and
an elevated anterior braincase wall.

The temporal fossae are roofed,

and the zygomatic processes are large.

The parietals are not visible

as separate elements on the side of the braincase.

The palatines are

in the normal mammalian position, and do not form part of the anterior
wall of the choanae, while the pterygoids are large.
are well developed.

Basicranial crests

The mastoid process is large, and interdigitates

but does not fuse, with the squamosal.

The upper dentition tends to

reduce, and the rostrum may lengthen or shorten, as the skulls of
Physeter and Kogia attest.

These two genera have quite different

cranial construction.
Delphinoidea
Opinions differ on the subdivisions of the extant delphinoids
(e.g. Kasuya 1973, Nishiwaki 1963).

Mead (1975a) noted that, although

the Delphinidae is a diverse family, it constitutes a coherent
assemblage.

He recognised five delphinid subfamilies, which he regarded

as quite different from the other delphinoid families, Phocaenidae and
Monodontidae (cf. the alternative classification of Monodontidae, above).
The three extant families, and the Eurhinodelphinidae,
Hemisyntrachelidae, and Acrodelphinidae have not been appraised recently,
and I am not in a position to comment on them.
The delphinoid skull is well telescoped.

The maxillaries expand

over the frontals, and the nasals do not roof the choanae, but are tiny.
and pushed back into the frontals.

The facial depression is wide, and

the face roofs the tiny temporal fossae.

The zygomatic processes are

small and not robust.

The orbits lie well posteriorly, at about the

level of the choanae.

The palatines form part of the anterior walls of

the choanae, and are not covered completely by the pterygoids, which are
variable in structure and possess a large internal reduplication.
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The rostrum is not deepened or solidified.

It may lengthen or shorten,

and the premaxillaries tend to lose their ventral position at the tip
as they are covered by a forward extension of the maxillaries.

Teeth

vary in number from a few pairs to a total of over 200, and are not
differentiated~

Symphysial length is variable, but generally is short

in extant genera.

The atlas and axis always are coalesced, and the

other cervicals also tend to fuse.

The thoracic and lumbar vertebrae

have long transverse processes.
Concluding remarks
This review of modern odontocetes is not nearly as detailed as
that of the squalodonts, for the reason that the study of the morphology
and systematics of modern odontocetes forms a much smaller part of this
thesis than does that of the squalodonts.

Diagnoses for the modern

odontocete groups were presented by many of the authors cited above
and, where necessary, further reference to diagnostic features of these
groups will be given elsewhere in the text.
The suprageneric taxonomy of extant modern odontocetes, although
by no means completely understood, is relatively straightforward when
compared with that of squalodonts and similar extinct forms.

Problems

encountered in the study of extinct representatives of modern
superfamilies centre mainly on the vast number of incomplete specimens
for which new names were proposed.

The affinities of all these forms

cannot be determined unequivocally until more specimens are found, and
many specimens possess probably no useful diagnostic features.
Furthermore, a consistent approach to the analysis of odontocete
systematics is not evident amongst work on the fossil groups,perhaps
because few workers have dealt with groups of specimens rather than
isolated fossils.

Some of these problems may be resolved when new

material is assessed in terms of phylogenetic systematics instead of
by a purely morphological approach.
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3.9. THE

~10RPHOLOGY

AND SYSTEMATICS OF MYSTICETI
INTRODUCTION

The skeletal morphology of mysticetes is more uniform than that of
odontocetes and, as a result, classification is not so uncertain a
process.

This is particularly so for extant mysticetes, in which the

six genera are recognised relatively easily.

The family most important

to this study is the Cetotheriidae (the cetotheres) which encompass some
of the first mysticetes, and probably gave rise to the extant families.
The families of extant mysticetes have been relatively less important in
this study.

As was the case with other New Zealand groups, I will

outline briefly some changes in the higher taxonomy of mysticetes as a
prelude to the summary of currently-accepted classification and
morphology.

PREVIOUS WORK:

REVIEW OF THE HIGHER CLASSIFICATION

Early workers, such as Lydekker, recognised only one family of
Mysticeti, the Balaenidae.

Lydekker (1887a, 1887b) divided this into

two parts, the Balaenine and Balaenopterine sections, on the basis of
the structure of the tympanic bulla and cervical vertebrae.

He

recognised two cetothere genera, Cetotherium and Herpetocetus, which
he placed with the extant Balaenopterines.
Cope (1890) also recognised only the Balaenidae.

He divided this

family into two, to encompass forms with "frontal and parietal bones
elongated on the median line" (Plesiocetus) , and those with these bones
shortened.

He divided the latter into two groups:

cervicals (e.g. Balaena) , and those without

(e~g.

those with fused
Balaenoptera).

Flower & Lydekker (1891) divided the Balaenidae into four main
groups:

the right whales (Balaena, Neobalaena) , Rhachianectes (with

characters intermediate between those of Balaena and
Megaptera, and the rorquals (Balaenoptera).

Bala~noptera)

,

They placed Cetotherium

near the rorquals.
True (1912) translated and summarised an earlier article by Winge
(1910).

He listed recognised and doubtfully valid extinct and extant

genera, and provided diagnoses for some genera.
was not given.

A guide to families

Abel (1914) published some detailed observations on the

origins of mysticetes.

He considered that mysticetes had arisen from a

59

Patriocetus-like stock, but this idea was discarded soon after
(e.g. winge 1921).
Andrews (1914) placed the extant "living fossil", Rhachianectes
(=

Eschrichtius; Hershkovitz 1966) in the monotypic family

Rhachianectidae, as it could not be placed in either subfamily of the
Balaenidae.

He considered that its primitive characters showed some

affinities with "Pliocene whales of the genus Plesiocetus which is
allied to existing Balaenopterinae ... ".
Winge (1921) recognised only one family of mysticetes, the
Balaenidae, which differ from other Cetacea in that the nasals roof the
nasal cavity, the maxillaries do not cover the frontals, teeth are
absent and baleen is present, the supraoccipital slopes forward, and
the ribs lose the capitulum.

The Balaenini include Balaena and

Neobalaena, and the Balaenopterini include Balaenoptera, Cetotherium,
and Rhachianectes.

He regarded the Balaenini as more primitive, and

typified by the arched mouth and fused cervicals.
a flat rostrum and free cervical vertebrae.

Balaenopterini have

Within this group,

Rhachianectes is primitive, as the supraorbital process of the frontal
is not flattened strongly, the frontal obviously participates in the
skull roof, and some ribs have a capitulum.

Plesiocetus and Cetotherium

are similar to each other and to Rhachianectes, while Balaenoptera has
smaller nasals, broader premaxillaries and maxillaries, a flatter
supraorbital process, and a telescoped braincase in which the frontal
is covered and the supraoccipital telescoped forward.
Winge appears to have been the first to introduce this use of the
term telescope, and Miller (1923) expanded the application of this
concept.

He recognised that mysticete skulls were telescoped quite

differently from those of odontocetes, and that two types of mysticete
structure are present.

Balaenoid skulls show mainly a forward movement

of posterior elements, with little or no interdigitation of rostral and
cranial elements, and no ascending process of the maxillary.

The

Balaenidae have a narrow supraorbital process, while in Neobalaenidae
it is wide.

In Balaenopteroids has occurred a combined forward movement

of posterior elements and backward movement of anterior elements.
Median rostral bones (nasals, premaxillaries, ascending processes of
maxillaries) extend behind the level of the anterior of the frontals,
and some interdigitation may occur with the

po~terior

recognised three groups of balaenopteroid.

The Cetotheriidae have

elements.

Miller

supraorbital processes which slope gradually down and out, the
supraoccipital does not extend forward over the level of the orbit,
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and the parietals meet at the vertex or nearly so.

The supraorbital

process is depressed abruptly in the Rhachianectidae, and the parietals
are not in conta'ct on the vertex.

The nasals are enlarged.

In

Balaenopteridae, the parietals extend forward laterally beyond the
level of the back of the nasals, and the supraoccipital extends forward
past the level of the orbit.

The frontal is only slightly or not

exposed on the vertex.
Kellogg (1925b) observed that not all the 35 genera of Tertiary
mysticetes are valid.

He stressed the use of cranial characters in

taxonomy, and stated that interdigitation of the rostrum and cranium
are apparent

only after the Early Miocene.

He dismissed the origin

of mysticetes from a patriocetid stock, and noted that cetotheres were
present by the Late Oligocene.

Later, Kellogg (1928) provided a more

detailed review of mysticete evolution.
differentiated by the Early Miocene.

The Balaenidae was

Neobalaena is little advanced from

cetotheres, for its rostrum is not greatly elongated or bowed.
agreed with Miller's diagnosis of cetotheres:

Kellogg

the gently-sloping

supraorbital process and well-defined intertemporal region.

The

Oligocene must have been a time of great elaboration of cetotheres,
although the incomplete record is puzzling.

The Rhachianectidae

represent the least-modified of extant mysticetes, and are derivable
easily from cetotheres.

The Balaenopteridae appeared later in the

Miocene, and became well developed during the Pliocene.
Another review of the Cetotheriidae was given by Kellogg in 1931.
He confirmed the validity of cetothere diagnostic features, and their
distinctness from the Balaenopteridae.

In a list of the genotypes,

type-specimens, and ages of fossil cetotheres and balaenopterids, only
one genus from each of the Mid Oligocene, Late Oligocene, and Early
Miocene was listed.

Most of the genera were discussed in detail, and

this paper provides a useful summary of cetothere evolution.
Kellogg (1931) reviewed the subdivision of cetotheres proposed by
Cabrera (1926).

Cabrera's first group, typified by Cetotherium rathkii,

Kellogg considered valid, but the second (Plesiocetus) and third
(Heterocetus) groups are invalid, as they contain cetotheres and
balaenopterids with different types of cranial remodelling.

Kellogg

(1944) added further to cetothere systematics with a discussion of
tympanic bullae.
The classification of Mysticeti by Simpson (1945) was based on
Kellogg, Miller, and Slijper.

Simpson recognised four families:

Cetotheriidae, Rhachianectidae, Balaenopteridae, and Balaenidae.
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He placed Neobalaena in the Balaenidae.
cited for early forms were:

Amongst the cetotheres, ages

Mid Oligocene - Pachycetusi Late

Oligocene - Cetotheriopsis; Early Miocene - Aglaocetus, Mauicetus.
Kellogg (1965) briefly reviewed the work on fossil mysticetes over
the last twenty-five years.

He noted that while Abel did not separate

the Cetotheriidae and Balaenopteridae by characters proposed by Miller,
the slope of the supraorbital process still is a useful character in
family diagnosis.

He observed also that cetothere genera often were

distinguished only on cranial characteristics, and sometimes only on the
basis of one feature.
Hershkovitz (1966) listed in the catalogue of living whales three
mysticete families:

Eschrichtidae (Eschrichtius) , Balaenopteridae

(Balaenoptera, Megaptera) , and Balaenidae (Caperea, Eubalaena, Balaena).

This catalogue is used commonly as the main reference to modern whales.
Romer (1966) provided a classification of whales which mainly followed
Hershkovitz (1966) for recent mysticetes and Simpson (1945) for fossil
mysticetes, but differed from the latter in that the Patriocetidae were
placed with the Mysticeti.

This assignment of the patriocetids was

proposed by Abel (1914; see also Mchedlidze 1970) but was dismissed
conclusively by later authors (e.g. Miller 1923, Rothausen 1968a,
Whitmore & Sanders 1977, Winge 1921).
Kellogg (1968a, b, d) further reviewed extinct mysticete taxonomy.
He confirmed the importance of skull telescoping in taxonomy, and
dismissed the importance of features such as the mandibular condyle
and opening for the mandibular canal.

Also he observed that too much

importance had been placed on the tympanic bulla.

Conversely, the inner

ear (periotic) probably is an important element, for it is of more
uniform function, and is less susceptible to ontogenetic and accidental
modification than is the bulla.

He considered that the structure of the

cerebral aqueducts and internal auditory meatus may be important, but
cautioned that the anterior and posterior processes may be more variable.
The balaenopterid skull, in which the supraorbital process is depressed
more rapidly than is that of the cetotheres, appeared geologically
abruptly, without intermediate stages, and Kellogg (1968d) could not
propose a morphological-functional reason for this.

He noted that

Eschrichtius is intermediate (with robust ribs) in the derivation of the

balaenopterid postcranial skeleton from the cetotheres, and that all
fossil and recent mysticetes have grooves on the ventral surface of the
rostrum along which nerves and bloodvessels run to the baleen.

Kellogg

observed that, in the periotic, little ontogenetic change occurs in the
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pars cochlearis, while the posterior process changes markedly.

The

fossa for the accessory airsac is of variable depth, and the cerebral
face of the pars cochlearis may be smooth, porous, or rugose, and flat
or concave.

The internal auditory meatus varies in outline, and the

opening of the Fallopian aqueduct may lie outside, at, or inside its
border.
Van Valen (1968) suggested that the Late Oligocene genus,
Aetiocetus Emlong, 1966 (see my Fig. 21), described originally as the
sole member of a new archaeocete family, Aetiocetidae, is a mysticete.
Kellogg (1969) observed that Aetiocetus has archaeocete and mysticete
affinities, but cannot be considered to be directly on the mysticete
line.

He regarded it as representing an ancestral mysticete stage.

Subsequently, Whitmore & Sanders (1977) placed this genus in the
Cetacea incertae sedis.
Rothausen (1971) summarised recent advances in the systematics
of early mysticetes (Cetotheriidae) and the "mysticetoid" archaeocetes,
Aetiocetus, Chonecetus (my Fig. 22), Mirocetus (Fig. 23), and
Ferecetotherium.

He regarded the Cetotheriidae as a polyphyletic

family of small mysticetes which require much further study.
Further reference to the higher taxonomy of mysticetes will be
made throughout the text.
CURRENTLY-ACCEPTED CLASSIFICATION
Normally, it is accepted that there are three

families into which

the six genera of extant mysticetes are placed:
Eschrichtidae:
Balaenidae:

Eschrichtius

Balaena, Eubalaena, Caperea

Balaenopteridae:

Balaenoptera, Megaptera

Most of the extinct genera which cannot be placed in the three modern
families are Cetotheriidae (sensu Miller and Kellogg), although there
are some forms whose relationships still are dubious (e. g. "Mauicetus"
lophocephalus Marples, 19561 section 5.18, Fig. 96).

A revision of the

Cetotheriidae,as was called for by Rothausen (1971) may clarify the
position of such forms.

Also of uncertain relationships are the

"Aetiocetidae", the mysticetoid archaeocetes Aetiocetus, Chonecetus,
Ferecetotherium, and Mirocetus, the first of which Van Valen (1968)
placed in the Mysticeti.

Whitmore & Sanders (1977) placed these four

genera as Cetacea incertae sedis.

Perhaps they are Mysticeti sensu

lata, but this cannot be determined until the morphological limits of

FIG. 21.

Reconstructed skull of Aetiocetus, dorsal view, based on Emlong

1966:
FIG. 22.

Fig. 4.
Reconstructed skull of Chonecetus, dorsal view, after Russell

1968:
FIG. 23.

Fig. 1.
Reconstructed skull of Mirocetus, dorsal view, after Mchedlidze

1970:
FIG. 24.

Fig. 18, and Riabinin 1938:

Reconstructed skull of Cetotheriopsis tobieni, dorsal view, after

Rothausen 1971:
FIG. 25.

Fig. 2.

Reconstructed skull of cf. Aglaocetus, dorsal view, after

Glaessner 1955:
FIG. 26.

Fig. 4.

Fig. 6.

Reconstructed skull of Aglaocetus, dorsal view, after Kellogg

1934a:

Fig. 1.
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the early mysticetes are redefined.

Presently, these four genera are

best regarded as a polyphyletic assemblage of archaeocetoid-mysticetoid
forms, and can be placed in the Cetacea incertae sedis.

Probably, it

is reasonable to regard Aetiocetus as the sole member of the cetacean
(mysticete ?) family Aetiocetidae.
Commonly, genera are referred to in the literature without any
statement as to their family affinities.

This is particularly so for

the balaenopterids and cetotheres, between which important differences
can be demonstrated best in terms of skull structure (slope of the
supraorbital process).

Currently, there is not much doubt as to the

family position of fossil and recent specimens assigned to the
Eschrichtidae and Balaenidae.

However, the different opinions on the

assignments of cetothere-balaenopterid genera suggest reappraisal of
these genera is needed.

Such a job is beyond the scope of this thesis,

but a guide to the family affinities of the more commonly-cited genera
is presented here in Table 5.
The table is based mostly on Kellogg (1931), but other references
are cited.

Most genera listed do not require further discussion.

However, there are some genera which were founded on elements that do
not give a reliable guide to their affinities, and these require further
brief mention.

Archaeocetus was based on vertebrae which Macarovici

regarded as mysticete.

However, Mchedlidze (1964a:

it with the odontocete Delphinapterus.

57, 58) compared

Herpetocetus and

Cetotheriomorphus were founded respectively on an incomplete mandible
and vertebra (Kellogg 1931) so their affinities are dubious.

Mioceta

was based on an incomplete sixth cervical vertebra which Kellogg (cited
by Deraniyagala 1969) thought might be from a cetothere, and the
description of it is too poor to be certain of its affinities.
Deraniyagaladid not prove it to be a cetothere.

The relationships of

Notiocetus, which was based on an incomplete bulla, have not been
assessed recently.

Siphonocetus, Tretulias, and Ulias were considered

by Kellogg (1968a) to be unrecognisable genera, although further
material has been ascribed to Siphonocetus since Kellogg's conclusion
(Baum & Wheeler 1977).

The list of genera is reduced further by the

removal of genera which have been or might be synonymised:

Burtinopsis,

Cetotheriophanes, and Megapteropsis.
A detailed revision of the Cetotheriidae must await a massive study
of both type-specimens and literature.
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TABLE 5.

List of genera which have been referred to the Balaenopteridae and Cetotheriidae.
An asterisk * indicates the assignment accepted herein.

ASSIGNMENT

GENUS AND AUTHOR

ADDITIONAL
REFERENCES, COMMENTS

Aglaocetus Kellogg, 1934a.

* Cetotheriidae; Kellogg 1934a.

See Lydekker 1894a, 1894b,
Kellogg 1968c.

Amphicetus Van Beneden, 1880b.

* Cetotheriidae; Simpson 1945.

Archaeocetus Sintzov, 1897.

Balaenopteridae; Macarovici
1944. Mysticeti; Macarovici
& Zaharia 1968.

Based on vertebrae of
inconclusive affinities.
See Mchedlidze 1964a.

Aulocetus Van Beneden 1875.

* Cetotheriidae; Kellogg 1931,
1941.

Kellogg (1941) commented
that this name is formally
not available, but used it
provisionally.

Balaenoptera Lacepede, 1804.

Balaenidae; Flower & Lydekker
1891, Cope 1895.*Balaenopteridae; Hershkovitz 1966.

See, e.g., Caretto 1970.

Burtinopsis Van Beneden, 1872.

* Balaenopteridae; Kellogg
1922, 1931, Simpson 1945.

Closely related (congeneric?)
with Megaptera; Kelloqg 1922,
1931, Lydekker 1887b.

Cephalotropis Cope, 1895.

* Cetotheriidae; Kellogg 1931,
1941, Simpson 1945.

Cetotheriomorphus Brandt,
1873.

Cetotheriidae; Simpson 1945.
* Mysticeti incertae sedis.

Kellogg (1931) noted status
dubious, as founded on
incomplete vertebra.

Cetotheriophanes Brandt, 1873.

* = Balaenoptera; Kellogg 1931:
311.

Founded erroneously;
Kellogg 1931.

Cetotheriopsis Brandt, 1871.

* Cetotheriidae; Kellogg 1931.

Reviewed by Rothausen 1971.

Cetotherium Brandt, 1843.

Balaenidae; Flower & Lydekker
1891, Cope 1895. * Cetotheriidae; Kellogg 1928, 1931.

Cophocetus Packard & Kellogg,
1934.

* Cetotheriidae; Packard &
Kellogg 1934.

See also Packard 1935,
1962.

Diorocetus Kellogg, 1968b.

* Cetotheriidae

Not assigned to family by
Kellogg. Assigned here on
basis of characters described by Kellogg (1968b).

Eucetotherium Brandt, 1873.

* Cetotheriidae; Kellogg 1931.

Halicetus Kellogg, 1969.

* Cetotheriidae; Kellogg 1969.

Herpetocetus Van Beneden, 1872. Probably = Plesiocetus; True
1912. Cetotheriidae or
Balaenopteridae; Kellogg 1931.
Cetotheriidae; Simpson 1945.
* Mysticeti incertae sedis.

As genus cannot be assigned,
it is best left incertae
sedis.

Heterocetus Van Beneden, 1880.

Plesiocetus; Winge 1910,
True 1912. * Cetotheriidae or
Balaenopteridae; Kellogg 1931.

See discussion by Kellogg
1968a, 1968b.

Idiocetus Capellini, 1876.

* Balaenopteridae; Kellogg
1931, 1934a, 1968b.

Type-species is a balaenopterid, while referred
species include cetotheres
(Kellogg 1934a).

Imerocetus Mchedlidze, 1964a.

* Cetotheriidae; Mchedlidze
1964a.

See also Mchedlidze 1970.

Isocetus Van Beneden, 1880b.

*

Cetotheriidae; Kellogg 1944.
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Mauicetus Benham, 1939.
Megaptera Gray, 1846.

See section 5.18.

* Cetotheriidae; Benham 1942.
* Balaenopteridae;
1966.

H~rshkovitz

Megapteropsis Van Beneden,
1872.

Closely related with Megaptera;
Kellogg 1922, Lydekker 1887b.
* Ba1aenopteridae; Simpson 1945.

Mesocetus Van Beneden, 1880b.

* Cetotheriidae; Kellogg 1931.

Mesoteras Cope, 1870.

Ba1aenopteridae or
Cetotheriidae; Kellogg 1931.
*Ba1aenopteridae; USNM 1971.

Metopocetus Cope, 1895.

* Cetotheriidae; Kellogg 1931.
(= close to Mesocetus;
Kellogg 1944).

Mioceta Deraniyagala, 1967.

Cetotheriidae; Deraniyaga1a
1967, 1969. *Mysticeti
incertae sedis.

Mixocetus Kellogg, 1934b.

* Cetotheriidae; Kellogg 1934b.

Nannocetus Kellogg, 1929.

* Cetotheriidae; Kellogg 1929.

Notiocetus Ameghino, 1891.

Mysticeti; Ameghino 1891.
Ba1aenidae; Kellogg 1928.
* Balaenopteridae or
Cetotheriidae; Kellogg 1931.

Pachyacanthus Brandt, 1871.

Balaenopteridae or Cetotheriidae;
Kellogg 1931. * P1atanistoidea;
Slijper 1936, Simpson 1945.

Pachycetus Van Beneden, 1873.

Cetotheriidae; Kellogg 1931,
Simpson 1945. * Archaeoceti;
Kuhn 1935, Rothausen 1971.

Palaeocetus Seeley, 1865.

"Right whale" (Balaenidae s.s.);
Flower & Lydekker 1891, Kellogg
1928. Balaenopteridae;
Simpson 1945.

Parietobalaena Kellogg, 1924a.

* Cetotheriidae; Kellogg 1924a,
1928, 1968d.

Pelocetus Kellogg, 1965.

* Cetotheriidae.

Peripolocetus Kellogg, 1931.

* Cetotheriidae; Kellogg 1931.

Plesiocetus Van Beneden, 1859.

* Balaenopteridae; Kellogg 1931, Kellogg noted that Van
1934a.
Beneden (1872) restricted
the name to P. garopii, a
balaenopterid. See
Plesiocetopsis.

Plesiocetopsis Brandt, 1873.

* Cetotheriidae; Kellogg 1931,
1934a.

Rhegnopsis Cope, 1895.

* Cetotheriidae; Kellogg 1928,
Simpson 1945.

Sibbaldus Gray, 1864.

* = Balaenoptera (Balaenopteridae); Hershkovitz 1966.

See also Kellogg 1944,
1968a.

Founded on an incomplete
cervical vertebra, and
hence of dubious status.

Flower & Lydekker stated
that, if it belongs to the
Mysticeti, it indicates a
"Right Whale".

Not assigned to family by
Kellogg.

'According to Kellogg (1934a)
Plesiocetopsis = Plesiocetus
Auct.
Winge (see True 1912)
doubted the validity of
this genus.
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Siphonocetus Cope, 1895.

Ba1aenidae; Cope 1895.
* Cetotheriidae; Kellogg 1928,
USNM 1971, Baum & Wheeler 1977.

Thinocetus Kellogg, 1969.

*

Cetotheriidae; Kellogg 1969.

Tiphyocetus Kellogg, 1931.

*

Cetotheriidae; Kellogg 1931.

Tretulias Cope, 1895.

Ba1aenidae; Cope 1895.
* Cetotheriidae; Kellogg 1928.

Kellogg (1968a) concluded
that this is not a
recognisable g~nus.

Ulias Cope, 1895.

Ba1aenidae; Cope 1895.
* Cetotheriidae; Kellogg 1928.

Kellogg (1968a) concluded
that this is not a
recognisable genus.

Kellogg (1968a: 127)
concluded that this is
not a recognisable genus.

69

4.

PREVIOUS NEW ZEALAND WORK

4.1. A REVIEW OF NEW ZEALAND WORK
The first work on New Zealand fossil cetacea was initiated by
Mantell, the discoverer of the holotype of Phocaenopsis mantelli, and
by Hochstetter, who commented on fossil bone in the Waitaki district.
Hochstetter's contemporary, Julius von Haast, together with F.W. Hutton
(both of whom were associated with the University of Canterbury), and
two members of the Geological Survey, Hector and McKay, were local
geologists whose activities during the latter half of last century
signalled the start of New Zealand paleontology.

All were involved

with fossil cetaceans in some way.
The latter half of last century was a time when paleontology and
stratigraphy flourished in Europe and North America - a time of proposal
and testing of new concepts.

It was of some interest to paleontologists

when, amongst the presumed "archaic" fossil biotas of the South, were
discovered "zeuglodont" Cetacea similar to those of the Northern
Hemispher~:

Kekenodon onamata Hector, 1881, from New Zealand, and

Zeuglodon harwoodi Sanger, 1881, from Australia.

Kekenodon onamata was

discovered during what Burton (1965) termed the reconnaissance phase of
New Zealand geology, about the time when a New Zealand Tertiary
biostratigraphy was first established.

At this stage, research on the

Tertiary had concentrated almost entirely on the South Island,
particularly in Canterbury and Otago, and this is reflected by the
number of cetacean records from these areas (Figs 27-30).

Many

specimens collected at this time were curated by the Geological Survey,
although extant collections in the Canterbury and Otago Museums also
attest to the discoveries made then.
Towards the end of the century, government finance for almost all
but economic geology in New Zealand tapered off.

Paleontology underwent

a recession and, probably at this time, many collections fell into

dec~y.

Another factor which influenced fossil cetacean research was the
separation of the Geological Survey from the then Colonial Museum (later
the Dominion, then National, Museum) for, at this time, collections were
split up (Burton 1965).

Early this century, attention was focussed on

problems of New Zealand Tertiary biostratigraphy by Park and others,
with particular respect to Otago and Canterbury.
discoveries of fossil Cetacea were made.

Consequently, new

Also at this time, lime and
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phosphate quarries were established at Milburn and Clarendon (South
Otago), and these became a source of fragmentary Waitakian Cetacea
for over 50 years.

Most specimens from this area now are curated

in the Otago Museum.
From the 1900's onwards, workers overseas started to recognise
the probable importance of New Zealand fossils in cetacean phylogeny
and paleobiology although, at this stage, few biologists realised that
the Austral fauna was not merely a primitive archaic fauna, unimportant
in comparison with that of the North.

The work of probably the most

famous paleocetologist, Remington Kellogg, focussed further attention
on New Zealand from the 1920's to the 1960's.

Kellogg's interest is

reflected in letters to Benham and Oliver (the director of the Dominion
Museum) between 1930 and 1950 (unpublished MSS, held by Marine Mammals
section, NMNZ).
local fauna.

In the 1930's, William Benham started his work on the

He described five nominal new species, and discussed a

number of others, in a series of seven papers, and an unpublished MS
(held by the Geology section, Canterbury Museum, Christchurch).
Benham's work, although inconsistent and of much lower quality than
that of people like Kellogg, at least documented the diversity of the
New Zealand Oligocene fauna and, by virtue of its faults (if nothing
else) inspired later work.

Unfortunately, Benham's careless approach

lowered the credibility of his work, and thus doomed'it to relative
obscurity.
The establishment of a practical New Zealand Tertiary
biostratigraphy by Finlay and Marwick in the 1940's, and its refinement
by later workers like Fleming and Hornibrook, paved the way to the
recognition of one of the best marine Tertiary stratigraphic sequences
in the world.

Also at this time, B.J. Marples (Professor of Zoology,

University of Otago) started fieldwork around the Duntroon area, North
Otago.

This work was to continue for some 20 years.

Undoubtedly,

Marples was the most significant recent worker here, and it is a pity
that details of only a few of his discoveries were published.

After

Marples left New Zealand in the mid 1960's, his collections fell into
decay, and at least one valuable specimen, the skull of the holotype of
Mauicetus lopbocepbalus Marples, 1956, was lost.

Others of his

collections were split between the Departments of Zoology and Geology,
University of Otago, and the Otago Museum, and it is only during the
present work that these specimens have been documented fully.

Parts of

some specimens still are curated in two institutions.
In the last 20 years, a few overseas workers, such as Glaessner,
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Kellogg, and Rothausen, have discussed New Zealand species.
Undoubtedly, it was their work which inspired F.M. Climo, A.N. Baker,
and I.W. Keyes to continue this research.

Dr Climo, in particular,

has assembled significant collections of fossil Cetacea over the last
10 years, and was responsible for stimulating the present study.
Further details of the work mentioned here are documented in the
second part to this section, the annotated chronological bibliography.
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4.2. AN ANNOTATED CHRONOLOGICAL BIBLIOGRAPHY
OF NEW ZEALAND FOSSIL CETACEA
AIM AND INTRODUCTION
The aim of this bibliography is to introduce the scope of previous
published work in New Zealand.

The bibliography chronologically lists

and summarises articles which present a guide to the taxonomy,
stratigraphy, regional distribution, and history of research on fossil
Cetacea in New Zealand.

The data are better presented as an annotated

bibliography than as a detailed review, for a review would, of necessity,
be long, and would duplicate discussions and review work presented later
in the taxonomic sections of the thesis.
important points of each article.

The annotations summarise the

The bibliography is presented

chronologically, with the authors for each year presented alphabetically.
A full bibliographic reference for each entry is not included here, but
is listed in the literature cited at the end of the thesis.
The scope of the present bibliography follows closely that of Adkin
and Collins (1967) and Warren et al. (1977).

All known local

publications on New Zealand fossil Cetacea (including reprints and
republications of original articles, abstracts, and appendices) are
listed, as are overseas publications with important comment on the topic.
Those overseas publications with only incidental comment are not
included, although details of many of these are presented in the
detailed

bibliographies of the

taxonomic section of the thesis.

Also not included are articles in daily and weekly publications of an
ephemeral nature.
Only literature which covers the area of New Zealand proper (the
North and South Islands, adjacent islands, and the Chatham Islands) was
searched, for it was not an aim of my thesis to study fossil cetacean
remains from New Zealand territories further afield.

New Zealand

localities mentioned here and throughout the thesis are shown on
Figs 27-30.
SOURCES
It was not difficult to find references to literature in which
formal taxonomic descriptions were presented, for these are listed in
many indexes, e.g. Zoological Record, BioAbstracts, the Geological
Society of America Bibliography of Fossil Vertebrates ••• Series.

FIG. 27.

North Island, New Zealand, fossil cetacean localities mentioned

in text.
FIG. 28.

South Island, New Zealand, fossil cetacean localities mentioned

in text.
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FIG. 29.

North Canterbury (South Island) fossil cetacean localities

mentioned in text.
FIG. 30.

North Otago (South Island) fossil cetacean localities

mentioned in text.
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The more obscure literature, which often contains important comment,
was more difficult to find.

The bibliographies of Adkin and Collins

(1967) and Warren et al. (1977), the former supplemented by
D.L. Jenkins' (1976) index, were invaluable for this task.

Articles

included in these New Zealand bibliographies were cross-checked with
those listed in the comprehensive but un-indexed vertebrate paleontology
bibliography of Romer et al. (1962).

Inclusion of a New Zealand entry

in the Romer et al. volume indicated that the article discussed
vertebrate paleontology, and all such articles then were checked.
Further articles potentially worthwhile for examination were found by
perusing the bibliographies of Adkin and Collins (1967) and Warren et al.
(1977) to obtain titles of articles on New Zealand Tertiary stratigraphy
and paleontology.

These articles were then checked for mention of

fossil Cetacea.
Complete runs of some New Zealand journals were quickly checked for
references.

They include publications of the New Zealand Institute

(Transactions •.. and Proceedings .•. ) and its successor, the Royal

Society of New Zealand (Transactions •.. , Proceedings .•. , and Journal ..• ),
the New Zealand Journal of Science and Technology, and its successors,
the New Zealand Journal of Science and New Zealand Journal of Geology
and Geophysics.

New Zealand Geological Survey publications checked were

the Reports of Geological Explorations ... , Bulletins, Palaeontology
Bulletins, Memoirs, and Reports.

A number of articles not recorded elsewhere as referring to fossil
Cetacea were found in the above publications.

However, because many

references were only discovered by reading the original articles, I am
certain that there will be a number of others which I have missed, and
I do not claim that the bibliography is complete.

It contains most of

the important references to the topic published before the cutoff date
for inclusion of articles (31 December 1977) and, as such, is the most
complete guide to the literature of New Zealand fossil Cetacea yet
assembled.
EXPLANATORY NOTES
As in the rest of the thesis text, the date of publication used
herein is the date at which the pUblication became available for
purchase or free distribution, as this is sometimes different from the
cover date.

Particularly relevant authors' quotes are included in the

annotations in quotation marks.

Page and figure numbers are included

in parentheses ( ) where these may be useful.

My comments or

interpretations, or references to other relevant articles are placed
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in square brackets [ ], and articles not seen are asterisked *
BIBLIOGRAPHY
1859 - Huxley 1859a.

Description of type "left humerus" of Phocaenopsis

mantelli, a new genus and species from "Parimoa", near Kakaunui,
Otago.

Age:

younger than the "Pliocene or older ..• Kakaunui

Limestone" .
- Huxley 1859b.

Abstract:

description of Phocaenopsis mantelli.

Age cited as definitely Tertiary [See Huxley 1859a] .
- Huxley 1859c*.

Abstract:

description of Phocaenopsis mantelli.

[See Huxley 1859a ].
1864 - Hochstetter [Translated and edited by Fleming 1959a].
Huxley's (1859a) paper (p. 20).

Noted

The waitaki beds, "on the

Waitaki River, forming the boundary between Otago and Canterbury"
contain whale bones (p. 40).
1867 - Hochstetter*.
1873 - Anon.

English translation of Hochstetter 1864.

Subrecent [?] cetacean bones from Burnham Water,

Mirimar, Wellington.
1874 - Thomson, J.T.

Cetacean bones from "Caversham freestone",

Dunedin, in otago Museum (p. 310).
1875 - Anon.

Skeleton of small whale "found embedded in ground that

had been excavated for the railway at Westport".
1877 - McKay 1877a.

Whale bone at Tokomairiro QUarry, Otago (p. 60).

Subrecent [?] whale at "Cannibal Bay", Otago (p. 62).
- McKay 1877b.

In Weka Pass Stone of the Waipara District, ribs

and vertebrae of what appear to have been a cetacean (p. 44).
cetacean bones plentiful along junction of Weka Pass Stone and
Ototara Limestone with underlying greensands in Oamaru District
(p. 48).
1879 - Haast.

Cetacean bones of Cretaceo - Tertiary age in Canterbury

Museum (p. 298).

Recorded opening of White Rock Quarries, Okuku

River [from which the holotype of Squalodon serratus Davis, 1888,
was subsequently obtained?]

(p. 306).

Shop, Rakaia River (pp. 306-307).

Bone present at Curiosity

Portions of cetacean bones

collected from Oamaru Formation (p. 311).
sp. [subsequently proven

~o

Teeth of Crocodilus

be those of aff. Dorudon; see

section 5.1] collected from Oamaru Formation, Waihao (p. 311).
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Cetacean bones from Pareora Formation include vertebrae and lower
jaw from Lower Waipara, and unspecified bone from Kanieri and
Waimea, Westland.

Kanieri beds contain cetacean bone and are

overlain by conglomerate with cetacean bone (pp. 318-319).
1881 - Hector.

Abstract.

Skull of whale allied to Balaenoptera from

Middle Miocene of Westland; includes occipital, frontal, and
parietal bones (p. 435).

Holotype of a new genus and species of

archaeocete, Kekenodon onamata, described and illustrated:
"Fragments of the lower jaw and some ten teeth •.. one tympanic
bulla ..• ", a periotic, and stapes, of "upper eocene" age, from
Wharekuri, North otago (pp. 435-6, Plate 18).
- McKay 1881a.

Fragments of cetacean bones seen, Pareora beds,

Castle Hill Basin (p. 70).
McKay 188lb.

Skeleton of considerable size in marly sandstone

[of Oligocene age], Lake Wakatipu.

Fragments of jaw with long,

"Plesiosaurus-like" teeth obtained (p. 145).

[Subsequently shown

to be cetacean; see McKay 1894, Hutton 1939.]
1882 - Hector 1882a.

Proposed term "Kekenodon beds" for Lower or

Mid Eocene beds local to Mid waitaki Valley, and from which
Kekenodon onamata collected (p. xxviii).

- Hector 1882b.

Abstract.

Remains of seventeen fossil Cetacea

from New Zealand include one Upper Cretaceous, seven Lower
Eocene, five Upper Eocene, and four Lower Miocene.
- McKay 1882a.
Wharekuri.

Kekenodon beds confined to waitaki Valley at

Description of collection of holotype and referred

specimens of Kekenodon onamata, and type locality (p. 67).
Other remains nearby (p. 68).

Type locality defined (p. 87;

appended map) .
- McKay 1882b.

Stratigraphic column at Wharekuri includes

Kekenodon beds (p. 98).

Limestone (p. 103).

Kekenodon onamata from Otakaika

Fragmentary bones, without teeth, of

Kekenodon onamata from Hutchinsons Quarry Beds, Oamaru (p. 103).

specimens of Kekenodon onamata from Kekenodon beds at Wharekuri
include "No.1", [Holotype:] teeth, skull fragments, tympanic
I

bones, atlas, rib fragments; "No. 18", principally caudal
vertebrae; "No.3", a 23 foot long almost entire specimen;
"No.4", skull fragments, tympanic bones, scapulae, sternum,
atlas, axis, other vertebrae, ribs; and "No.5", axis, cervical
vertebrae, ribs (p. 104).

From Otakaika Limestone, locality

unspecified, part of skull and lower jaws of a "young individual"
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of Kekenodon onamata (p. 104).

Other unidentified Cetacea in

Maerewhenua Limestone and Cretaceo - Tertiary greensands
(p. 104).
1885 - Hutton, F.W. 1885a.

Noted McKay's (188lb) find of apparent

reptile skeleton at Lake Wakatipu (p. 206).
found at "Caversham

Remains of Cetacea

Including a skull in the Otago Museum

... , at Weka Pass ••. a Zeuglodont (Kekenodon onamata) has been
found at the Wai taki" (p. 207).

Phocaenopsis lCI3.ntelli holotype

found "at Awamoa", [cf. Huxley 1859] near Oamaru, in rocks of
Pareora System (p. 210).
- Hutton, F.W. 1885b.
Canterbury (p. 554).

Cetacean bones from Weka Pass Stone, North
Kekenodon onamata and other Cetacea from

lower part of Maerewhenua Limestone, Waitaki Valley (p. 558).
Cetacean bone in marly greensand below limestone at Maerewhenua
(p. 559).

Age of Kekenodon - bearing strata uncertain

(pp. 562-564).
1886 - Hector 1886a.

Specimens of Kekenodon onamata held by the Colonial

Museum include molar and incisor teeth, sternum, earbone, section
of jaw, portion of jaw of young specimen (pp. 33-34).

Kekenodon

onamata tooth figured (Fig. 5, p. 54).

- Hector 1886b*.

Separately published reprint, in part, of

Hector 1886a.
1887 - Hutton, F.W.

"Teeth of crocodile (?)" collected from Waihao

Forks (p. 431).
- McKay 1887a.

[See Haast 1879:

311].

Fragments of cetacean or possibly reptile bone

from "grey marls" at Kaikoura (p. 77).
- McKay 1887b.

"Crocodilus sp. Haast" from Oamaru Formation,

Waihao Greensand (pp. 113, 118)

[See Haast 1879, Hutton 1887,

above] .
1888 - Davis.

Description of holotype, a single tooth, of Squalodon

serratus, Davis 1888.

From Oamaru Formation, White Rock.

Similar to Miocene Squalodon from Victoria, Australia, and
included provisionally in Family Zeuglodontidae, Genus Squalodon.
- Hutton, F.W. 188Sa.

Bones of Kekenodon found in Weka Pass Stone

at Waikari (pp. 259-260).

utility of Kekenodon and other

nektonic organisms in stratigraphy (p. 260).

Kekenodon source

strata Oligocene or Miocene age (p. 260).
- Hutton, F.W. 1888b.

"Ziphioid" cetacean vertebrae from Cobden

Limestone of Oligocene age at Greymouth.
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1890 - Park.

Ototara Series limestone of Collingwood - Takaka district

contains numerous cetacean bones (p. 239, 241).
1892 - Hector l892a.

Locality 476, Kekenodon beds, Waitaki River,

otago, mentioned (p. 135).
- Hector l892b.

Eocene beds in the Waitaki Valley yield

"abundantly" remains of Kekenodon onamata Hector (p. 173).
1894 - Davis.

Reprint of Davis 1888.

- Hector.

Squalodon serratus Davis, 1888, probably from White Rock

Quarries, Okuku River, Canterbury, and probably conspecific with
Kekenodon onamata Hector, 1881 (p. 119).

Details of holotype and

two referred specimens of Kekenodon onamata from Wharekuri, and
remains of young individual from Maerewhenua Limestone given.
- McKay.

Skeleton from sandy marls at Lake Wakatipu "contain

remains of vertebrate animals, cetacean or reptile" (p. 13).
[See McKay l88lb:
1899 - Huxley*.
1900 - Hill.

145, Hutton 1939].

Reprint of Huxley 1859a.

Shelly conglomerate of probable later Pliocene age between

Patoka and Rissington, Hawkes Bay, contains large apparently
cetacean bones (pp. 186-187).
- Hutton, F.W.

Kekenodon onamata and Squalodon serratus from

Oligocene Oamaru System (p. 170).
- Smith.

Cetacean bones from Hangaroa River, East Coast (p. 424).

1901 - Dieseldorff.

Ziphius cranium from top of mountain, Marlborough

(p.57).
1903 - Hamilton 1903a.

Lists papers on New Zealand geology.

Phocaenopsis from Pareora [Miocene] beds at Awamoa (p. 510).

- Hamilton 1903b.
- Park.

Cetacean teeth from Milburn and Oamaru (p. 567).

Jaw and teeth of "zeuglodont whale" from Milburn (p. 395).

1904 - Hamilton.

Kekenodon onamata type locality, at junction of

Wharekuri Creek with Waitaki River, recently eroded away.
1905 - Park.

Distinctive fauna of Mount Brown beds (Oamaru Series)

includes Kekenodon onamata (pp. 495, 502-503).

Kekenodon onamata

characteristic of Mount Brown beds, and of "Oamaru Stone" at
Ngapara and Marawhenua (p. 495).

Kekenodon onamata collected

from Marawhenua (p. 522), Wharekuri (pp. 522, 523,525), Waihao
Forks (p. 529), Mount Donald (Weka Pass)
1906 - Andrew.

(p. 540).

"Squalodon grateloupi (?)" teeth from "band C",
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Milburn Quarry (p. 456; Plate 4, Figs la - f).

Squalodon and

Zeuglodon teeth and bones from Round Hill Quarry near Milburn

(p. 470).

Jaw of "Balaenid" whale from Milburn Phosphate

Quarry (pp. 471, 482; Plate 4, Figs 2a, b).
- Thomson.

"A whale was also found" in the blue clay, Pareora age,

All Day Bay, Kakanui, Otago (p. 490)

[Subsequently described as

Tangaroasaurus kakanuiensis Benham, 1935; see also Thomson 1926].

1908 - Stromer.

Description and discussion of Kekenodon onamata

(pp. 147, 152, 158).
1910 - Hamilton.

Review of New Zealand paleontology includes Huxley

1859, Hector 1881, Andrew 1906 (pp. 55,56,59).
- Marshall.

Probable whale bone from Whatatutu Series, Upper

Miocene, Raukumara Subdivision (p. 22).
- Park.

Kekenodon onamata discussed, figured (pp. Ill, 129,

Fig. 65).

Kekenodon localities include waitaki Valley, Waihao,

Ngapara, Waikouaiti, Milburn (p. 129).

Mentioned

"seal" bones

and vertebrae [archaeocete?] from the blue estuarine mud of the
Burnside Marl, Dunedin [Late Eocene]
1911 - Bell et ale

(p. 128).

Cetacean bones from Jenkins Hill Series, (Oamaru

Series), Port Hills, Nelson (p. 25).
- Hall.

Kekenodon onamata, of doubtful Eocene age, referred to

Squalodontidae (p. 262).

Squalodon serratus doubtfully

synonymised with Sanger's Zeuglodon harwoodi (p. 258).
- Morgan.

Mentions Hutton's (1888b) ziphioid whale (p. 70).

Single whale tooth from Blue Bottom Formation, Callaghans Creek,
Westland (p. 73).

Tail-race tunnel in Blue Bottom Formation near

Goldsborough, Westland, is cut through remains of whale (p. 73).
- Park.

Kekenodon onamata present in Upper Oamaruian, Kaitangata

district (p. 545), in Ototara Stone at Oamaru, and Mount Brown
Beds at Waipara (pp. 547-548).
1912 - Marshall 1912a.

Fauna of Oamaru System includes Kekenodon

onamata, Squalodon serratus, and frequent whale remains not

specifically identified (pp. 24, 43).
- Marshall 1912b.
Oamaru System.
- Speight.
1913 - Thomson.

Bones and teeth of various whales frequent in
Squalodon and Kekenodon are most common (p.143).

Ribs of Cetacea from Lower Waipara (p. 231).
Review of New Zealand paleontology.

Parimoa, the type

locality for Phocaenopsis mantelli Huxley, 1859, identified as
Awamoa (p. 9).

Otago Museum Tertiary Cetacea (p. 21).
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Mentions papers by Hector, McKay, Huxley, Andrew, Hall.
1914 - Chapman.

Kekenodon onamata mentioned (pp. 291, 295, 296,

Fig. 143e).
1915 - Marshall.

Kekenodon beds (p. 380).

1918 - Chapman.

Squalodon serratus Davis, 1888, referred to

Parasqualodon Hall, 1911.

Possibly conspecific with

Parasqualodon harwoodi (figure caption, Plate VII, Fig. 9).

- Gudex.

Kekenodon onamata from Squires Farm and Craigmore,

South Canterbury (pp. 253, 258).
- Morgan.

Identity of Parasqualodon serratus with Kekenodon

onamata (p. v).

Squalodon serratus Davis, 1888, from White

Rock Quarries (p. 37).
- Park.

Kekenodon onamata and other Cetacea, Oamaru district

(pp. 5, 16, 17, 24).

Cetacean bone at Hutchinsons Quarry

(p. 61) and Deborah Road (p. 72).
Speight & wild.
(p. 79).

Cetacean bone in Weka Pass Stone, Waikari Creek

Cetacean (?) bone in nodular layer just above Amuri

Limestone at Amuri Bluff (p. 82).
1920 - Thomson.

Earbone of whale at Onepunga (p. 355).

rediscover Park's (1905:

Unable to

540) locality at Mount Donald [from

which Kekenodon was reported]

(p. 363).

- Uttley 1920a.

Kekenodon greensand (p. 141).

- Utt1ey 1920b.

McKay's and Hector's collections from Kekenodon

greensand (p. 158).
1921 - Park.

Cetacean bones in Mid Tertiary, Mussel Beach, Southland.

Fauna similar to that at Wharekuri (p. 51).
1923 - Kellogg 1923a.

Kekenodon onamata is Dorudon-like archaeocete

of Oligocene or Early Miocene age (pp. 26-27).
serratus Oligocene or Early Miocene age (p. 31).

Squalodon

Localities

of both species discussed.
Park.

Cetacean bones fairly abundant in Flume Gully, Oamaru

(p. 81).
1926 - Henderson & Grange.

Vertebra of mammal [Cetacea?] from Waikawau

Beds, Waikawau Stream (p. 56).
Thomson.

Clarendon Limestone rich in cetacean bone (p. 143).

Fossil whale at All Day Bay, Kakanui, recorded earlier by Thomson
(1906:

490) had been washed away (p. 145; Figs 1 and 2 show

locality).

Fragments of bone near McCulloch's Bridge, Waihao
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(p. 157).
1927 - Grange.

Mammalian bone from locality 1045, Mokau Beds, Otamati

Trig Station (p. 21).
1934 - Service.

Mentioned "seal" from Burnside Mudstone [see Park

1910] .
1935 - Anon. 1935a*.

Review of Benham 1935a.

- Anon. 1935b*.

Abstract of Benham 1935b.

- Benham 1935a.

Description of Tangaroasaurus kakanuiensis, a new

genus and species of apparent reptile, from "Mid Tertiary".
Collected from All Day Bay by Thomson [see Thomson 1906:

490].

Holotype comprised teeth, part of rostrum, parts of mandible
[subsequently proven to be a cetacean r see section 5.13, and,
for example, Camp 1942, Marples 1949a].
Benham 1935b.

Microcetus hectori, a new species of fossil

Cetacea described from a jaw and teeth collected by McKay
(1882b:

104:

"from the Otakaika Limestone

part of the

skull and lower jaws of a young individual" [of Kekenodon
onamata]), from Wharekuri or Otekaike [see section 5.10].
- Marwick.

Discussion of stratigraphy at Wharekuri refers to

Kekenodon beds.
1936 - Heune*.

Reports no bone found (p. 328).

Review of Benham 19 35a .

- Kellogg.

Description and discussion of archaeocete Kekenodon

onamata Hector, 1881.

Age:

Early Miocene (pp. 226-230,

Plate 32).
1937 - Benham 1937a.

Description of Lophocephalus parki, a new genus

and species of "Zeuglodont" from the New Zealand Oligocene.
Type and referred material includes a large skull, small skull,
premaxilla, mandible, caudal vertebra, caudal v?rtebrae from
Waimate, four blocks of teeth from Waimate, three blocks of teeth
from Clarendon, and a tooth figured by Andrew (1906:
Fig. le)

Plate 4,

[see Benham (1942) and sections 4.4, 5.9, 5.19, for

detailed discussion] •
Benham 1937b.

Description of a new species of squalodont,

Prosqualodon hamiltoni, of "Hutchinsonian" age, Caversham.
Type and referred material includes skull, ten teeth, periotics,
bulla, atlas, axis, two anterior cervical vertebrae, scapula,
lumbar vertebrae, caudal vertebrae, and natural endocranial
casts.

[See sections 4.4, 5.7, for detailed discussion].
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Benham 1937c.

Description of two specimens from Wharekuri

collected by McKay (1882b:

104, specimens "No. 18" [?] and

"No.4") and identified by both McKay and Benham as Kekenodon
Material includes atlas, axis, thoracic vertebrae,

onamata.

humerus, scapula, sternum, pelvis of "No.2", thoracic vertebrae,
sternum, pelvis of "No.4", and ribs, no number.

[See Benham

(1942) and section 4.4 for detailed discussion].
1939 - Benham.

Proposed new generic name, Mauicetus Benham, 1939, to

replace Lophocephalus Benham, 1937 (preoccupied)

[see Benham

1937a, 1942].
- Hutton, c.o.

cited report by Benham that "reptile" remains found

at Lake Wakatipu by McKay [see McKay 1881b, 1894] were cetacean
(p. 77).

1940 - Finlay & Marwick.

Discuss Microcetus in waitakian Maerewhenua

Limestone, and squalodonts and zeuglodonts at Waihao and
Wharekuri (p. 87).
1941 - Pater son.

Mentioned" seal" from Burnside Mudstone [see Park

1910] .
1942 - Benham.

Identified the skulls of the "zeuglodont" Mauicetus

parki (Benham, 1937) as those of Mysticeti.

Reassigned specimens

described as Kekenodon by Benham (1937c) to Mauicetus parki, and
specimens described by Andrew (1906:
Benham (1937a:

Plate 4, Fig. Ie) and

teeth from Clarendon) to Squalodon andrewi

Benham, 1942, a new species.

Referred mandibles, fragment of

palate, and tympanic bulla from Balfour, Southland, to Mauicetus
parki (Benham, 1937).

- Camp.

Tangaroasaurus is a squalodont.

- Camp et ale

Indicated that Tangaroasaurus is a squalodont, and

that the bones of Kekenodon onamata described by Benham (1937c)
may be those of Mauicetus (pp. 558, 631).
1945 - MacPherson.
1946 - Marples.

Cetacean bones at Milburn phosphate workings.

Fauna of Maerewhenua Greensand, North Otago, includes'

toothed and whalebone whales (p. 133).
1948 - Finlay & Marwick.

Whale remains, e.g. Kekenodon onamata, common

in Waitakian and Duntroonian greensands and limestones (p. 34).
- Flynn.

Historical review of work on genus Prosqualodon includes

New Zealand references (pp. 153-154).
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1949 - Fleming.

Kekenodon onamata tooth figured (p. 80).

- Marples 1949a.
(pp. 106-107).
(p. 107).

Brief review of New Zealand fossil Cetacea
Identity of Tangaroasaurus as a cetacean

New finds of Mauicetus (p. 107).

Figure of skull

subsequently described as Mauicetus lophocephalus Marples, 1956
(p. 106).
- Marples 1949b.

Natural endocranial casts of Oligocene age,

referred by Benham (1937b) to Prosqualodon, described and figured.
Large cast is archaeocete-like, smaller is odontocete-like.
1952 - Gage.

Fossil cetacean found at Cobden Quarry, Greymouth,

"a few years ago" (p. 49).
1955 - Glaessner.
(p. 366).

Kekenodon onamata related to Squalodon serratus
Squalodon andrewi mentioned (p. 367).

Mauicetus

similar to Aglaocetus (p. 369).
1956 - Kellogg.

Ages of eight species and two unclassified New Zealand

fossil Cetacea presented.
- Marples.

All Mid or Early Miocene.

Description of three new species of cetothere:

Mauicetus lophocephalus (skull, bullae, part periotic, incomplete
mandible, atlas, axis, seven vertebrae, two scapulae; Duntroonian,
Duntroon), M. waitakiensis (part skull, bullae, atlas, axis, three
vertebrae; Duntroonian, Duntroon), M. brevicollis (atlas, axis,
twelve vertebrae, two scapulae, two humeri, radius; Waitakian,
Duntroon) •
1957 - Gage.

Fossil Cetacea from Waitaki Subdivision (pp. 52, 80, 81).

1958 - Rothausen.

Diagnoses of some New Zealand Cetacea (pp. 372, 373,

379) .
1959 - Benson in Fleming 1959c:

67-68.

Mauicetus parki from Caversham

Sandstone [See also Benson 1968].
- Fleming 1959a.

Translation of Hochstetter 1864.

- Fleming 1959b.

Pliocene whale-barnacle from Hawke's Bay.

- Fleming 1959c.

New Zealand stratigraphic lexicon mentions

fossil Cetacea [see other entries for 1959].
- Gage in Fleming 1959c:

179.

Kokoamu Greensand, Waitaki

Subdivision, contains cetacean bones.
- Gage in Fleming 1959c:

480, 481.

Greensand includes Kekenodon beds.
- Gregg.

Wharekuri (Wharekauri)
Wharekuri Series discussed.

Mentions Haast'a (1879) finds and cetacean vertebra of

Waiauan age from Lower Waipara (pp. 504, 511).
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- Hornibrook in Fleming 1959c:

95.

Squalodonts and zeuglodonts

from Duntroonian Stage.
- Marwick in Fleming 1959c:

173.

Discussion of history of use

of name "Kekenodon beds".
- Thenius.

Brief discussion of New Zealand fossil Cetacea

(pp. 274-275).
1961 - Rothausen.

Microcetus hectori Benham, 1935, from New Zealand

not congeneric with Microcetus ambiguus (Meyer, 1840).
1962 - Fleming.

Oligocene and Pleistocene New Zealand fossil Cetacea

(pp. 75, 92).
1963 - Wilson, D.D.
1964 - Dickson.

Cetacea at Waipara (p. 40).

Description of Prosqualodon marplesi Dickson, 1964, a

new species from the Late Oligocene, Waitaki Valley.

Holotype a

skull, mandibles, teeth, bulla, scapula, ulna, digit, cervical
and thoracic vertebrae, ribs [see section 4.4 for detailed
discussion ].
1966 - Hornibrook.

Cetacean bulla in Duntroonian strata, Landon Creek,

Oamaru (p. 467).
1967 - Savage.

Last global records of Archaeoceti include Kekenodon

onamata; first global record of Mysticeti is that of Mauicetus
spp., from New Zealand.
1968 - Benson.

Mauicetus parki from Caversham Sandstone [see Benson

in Fleming 1959c:

1970 - Grant - Mackie.

67-68].
"porpoise" skull, teeth, vertebrae and other

bones from Waitakian

Te

Kuiti Group limestone, Port Waikato.

Unidentified lumbar vertebrae from same strata nearby.
- Rothausen.

Lists stratigraphic ages of some New Zealand species

(p. 187).
1971 - Beu.

Pliocene and Pleistocene whale barnacles from New Zealand.

- Kingma.

Mysticete mandible in Nukumaruan gravels, Te Aute

Subdivision (p. 83, Fig. 24).
- Rothausen.

Mauicetus is oldest mysticete (pp. 132, 141).

1972 - Carter & Landis.
- Climo & Baker.

Cetacea common in New Zealand Duntroonian.
Description of new genus and species of

squalodont, Austrosqualodon trirhizodonta, from Duntroonian,
Northwest Nelson.
- Gaskin 1972.

Holotype a pair' of mandibles.

"Cetothere" skull from Taihape (p. 5, Fig. 3).
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- Glaessner.

Squalodon serratus Davis, 1888, redescribed.

Original generic assignment probably correct.
1973 - Keyes.

Described "protosqualodont" teeth of Early Oligocene age

from New Zealand.

Revised age assignments of previously

described New Zealand fossil Cetacea.
- weston et ale

Tursiops (?) scapula of probable Waipipian age

from Atene, Wanganui (p. 595).
- Wilson, L.E.

Kekenodon onamata holotype periotic figured.

1974 - Maxwell in Nathan 1974:

27.

Noted fossil Cetacea from Greymouth

mentioned by Hutton (1888b) and Gage (1952).

Present whereabouts

of Hutton's specimen unknown.
1975 - Rothausen 1975a.
- Rothausen 1975b.
- Ward & Lewis.

Review of Glaessner 1972.
Review of Keyes 1973.

Cetacean gastroliths and abundant bones in

Whaingaroan-Duntroonian greensand, Waihao (p. 884).
1976 - Lewis.

Cetacean remains common in dolomitised lithoclasts from

Nukumaruan debris flows, Motunau (p. 545).
- Turnbull et ale

Noted odontocete teeth from Bobs Cove, Lake

Wakatipu, described by Hutton (1939) and McKay (188lb, 1894)
(p.

25).

1977 - Fordyce 1977a.

Mysticete evolution, reflected by appearance of

Mauicetus spp. in New Zealand, triggered by Circum-Antarctic
Current development.
Fordyce 1977b.

Brief review of New Zealand fossil Cetacea.

Kekenodon onamata periotic figured.
- Fordyce 1977c.

Abstract.

Review of New Zealand Oligocene

Cetacea.
- Pledge & Rothausen.

Review of Australasian Squalodontoidea

includes New Zealand species.
- Whitmore & Sanders.
New Zealand species.

Review of Oligocene Cetacea includes
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4,3,

NEW ZEALAND TERTIARY BIOSTRATIGRAPHY

The New Zealand Tertiary stages used in this study are those
proposed by Finlay and Marwick (1940, 1947) and subsequently refined
by other local paleontologists such as Fleming, Hornibrook, Jenkins and
Scott.

Although there are differences of opinion about the status of

some stages (e.g. the recognition of the Duntroonian stage boundaries;
Jenkins 1971, cf. Hornibrook and Edwards 1971; and the Wanganui Series
subdivisions, Beu 1969, 1970; Boreham 1963), the New Zealand Tertiary
biostratigraphic stages are used widely.
The New Zealand TertiarY stages are shown in Table 6.

They follow

Fleming (1975) and Hornibrook (1977), and include Scott's (1968, 1969,
1971, 1972) emendation of the Altonian.

Overseas correlations are based

on Berggren (1972) and Van Eysinga (1975).

I have found it convenient

to follow many other workers in regarding the Landon Series as providing
a useful local tripartite division of the Oligocene.

In some cases in

the text, ages may be given in terms of subdivided local stages (e.g.
early or late).

These are presented in a biostratigraphic sense, and do

not necessarily correlate with absolute chronostratigraphic boundaries,
as biostratigraphic subdivisions may be refined as research continues
(e.g. Scott 1971, 1972).
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TABLE 6.

New Zealand Tertiary Series and Stages and their correlations.
After Berggren 1972, Fleming 1975, Hornibrook 1977, and
Van Eysinga 1975.

SERIES

STAGE

SYMBOL

HAWERA

[various]

H

Late

Castlecliffian

Wc

Middle

Okehauan

Wk

Nukumaruan

Wn

Waitotaran

Ww

Waipipian

Wp

Opoitian

Wo

Kapitean

Tk

Tongaporutuan

Tt

Waiauan

Sw

Lillburnian

Sl

Clifdenian

Sc

Altonian

PI

otaian

Po

Waitakian

Lw

Late

Duntroonian

Ld

Middle

Whaingaroan

Lwh

Early

Runangan

Ar

Late

Kaiatan

Ak

Bartonian

Ab

Porangan

Dp

Heretaungan

Dh

Mangaorapan

Dm

Waipawan

Dw

Teurian

Dt

WANGANUI

TARANAKI

SOUTHLAND

PAREORA

LANDON

ARNOLD

DANNEVIRKE

AGE

EPOCH/SERIES
HOLOCENE

M.Y.B.P.

0.01_

PLEISTOCENE

Early
1.8 -

Late
PLIOCENE
Early

5 -

Late

Middle·

MIOCENE

Early
22.5-

Middle

OLIGOCENE
37.5_

EOCENE

Early
55 _
PALEOCENE
65 -
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4.4. A CATALOGUE TO THE FORMALLY DESCRIBED
FOSSIL CETACEA OF NEW ZEAlAND
INTRODUCTION

This section lists data on the formally described species and
genera of New Zealand fossil Cetacea and, with the "Annotated
Chronological Bibliography ... " (section 4.2), should provide a
historical review of the topic.

The "List of genera and species of

Tertiary Cetacea described from New Zealand ... " of Keyes (1973) provided
a useful starting point on which this section is based, and the index
of Australian Mammals, by Mahoney and Ride (1975), initially provided a
guide to format.
AIM
The aim of this section is not to question the validity and
assignments of earlier taxonomic work, but to summarise New Zealand
fossil cetacean taxonomy, particularly the identity of types, as a
prelude to the descriptive part (section 5) of the thesis.

It is in

the later descriptive section that my opinions as to the affinities of
specimens of the type-series of different species will be presented.
Citation in the present-section of specimens as members of type-series
of a species summarises or interprets only the opinions of earlier
authors, and not my own.

On the other hand, my opinions as to the kind

of type-designation of different specimens of some type-series are
presented.

In only the more recent literature have type-designations

been cited, and this has necessitated my interpretation (based on the
provisions of the Code) of the type-designation of different specimens
of some type-series, as stated in the original or subsequent
pUblications.

In this way, the type-designations reflect, as near as

possible, those implied by the authors of the original descriptions.
Although taxonomic revision is not an aim of this section, in one case
where a holotype was not designated (Prosqualodon hamiltoni Benham,
]937) a lectotype has been selected from the syntypes.
SCOPE
Only generic and specific names have been considered in detail in
this catalogue.

Keyes (1973) assigned New Zealand species to families,
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and his conclusions arc summarised in Table 7.

As the diagnostic

features of some of the families to which New Zealand species have been
assignt.><l arc not well known, discussion of family relationships will be
left until later (section 5).
The list of generic names includes only New Zealand and overseas
genera to which local species were first assigned (e.g. Lophocephalus
Benham, 1937), or to which they are now assigned (e.g. Mauicetus Benham,
1939; type species Lophocephalus parki Benham, 1937).

The list does not

include genera to which local species have been assigned provisionally
or without explanation, and to which they are no longer regarded as
belonging (e.g. Parasqualodon, in the case of 8qualodon serratus Davis,
1888; see Chapman 1918).

Details of the latter generic names will be

found later in the thesis.

Also not included in the catalogue as such

are overseas-described species mentioned or listed from New Zealand
(e~g.

"8qualodon grateloupi

(?)

Pedroni", of Andrew 1906).

FORMAT
It is normal in this type of catalogue to present data on genera
and species according to their family position.

However, as the family

positions of many New Zealand species are doubtful, the genera and
species are listed alphabetically.
For each genus, the author, date, bibliographic reference, and
type-species is cited.
Code, is stated.

The kind of type-designation, according to the

Comments and discussion on the data are appended,

where necessary, to the details of each generic name.
Species names are listed, followed by citation of the original
combination of generic and specific names, author, date, and
bibliographic reference.

Details of the designation of elements of

the type-series are presented in descending order:

ho1otype, probable

ho1otype, lectotype, paratype, and para1ectotype, of the original author,
and referred specimens of the original or subsequent authors.

A brief

description of the particular speGimen of the type-series to be
discussed includes a description of its elements as originally cited,
aided, where necessary, by reference to pagination and figures of the
original description and by observations of later authors and myself as
to the identity of previously undescribed elements of the specimen.
The collection number and repository for all specimens are cited,
together with details of specimens whose whereabouts are unknown.

The

collector and date of collection, or, where these are not known, the
donor and date of curation, are stated.

The locality is described as

accurately as possible, and a grid reference on the metric grid of the
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NZMS 260 (1975) series is cited.

Grid references given in the original

articles, and details of published geological maps or photographs of
localities, are cited if known.

In cases where the exact grid reference

cannot be determined, an arbitrary reference has been assigned.
Generally, the reference cited in the se cases is that of the 1 km
coordinates nearest the suspected locality.

When a review of literature

has been used to determine the whereabouts of the locality, sources are
cited.
The most recent or best known lithostratigraphic unit, the New
Zealand Tertiary stage, and its overseas equivalent are stated under
horizon and age.

Details of correlations between New Zealand and

overseas stages are given in Table 6.

As above, details of confirmatory

evidence from the literature may be quoted as to the horizon and age.
The New Zealand

(=

N.Z.) fossil record number refers to the number

assigned to each collection whose details have been recorded on the
Geological Society of New Zealand "Fossil Record Form" file system.
Comments or discussion, based both on the literature and my own
observations, are appended where necessary to substantiate the collection
data.

In some cases, where earlier confusing descriptions have

necessitated a review of the history of description of a species, a
review may be appended at the end of the section on that species.
The explanatory notes which refer to the "Annotated Chronological
Bibliography ... " (section 4.2) also apply to this section.

PREVIOUS CLASSIFICATION OF NEW ZEALAND GENERA
AND SPECIES AT FAMILY LEVEL
This classification (Table 7) summarises that of Keyes (1973:
389-390).

Keyes did not mention Phocaenopsis mantelli, but a perusal

of literature indicates that it has been referred to both the
Delphinidae and the Phocaenidae.
Romer's (1966:

For the purposes of this catalogue,

393) assignment of Phocaenopsis to the Phocaenidae is

arbitrarily followed.
followed in the thesis.

Note, however, that this classification is not
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TABLE 7.

Classification of

New

Zealand genera and species

at family level.

Suborder Archaeoceti
Family Dorudontidae
Kekenodon onamata Hector, 1881.
Indeterminate endocranial cast, of Marples 1949b.

Suborder Odontoceti
Family Squalodontidae
Austrosqualodon trirhizodonta Climo & Baker, 1972.
Microcetus hectori Benham, 1935b.
Prosqualodon hamiltoni Benham, 1937b.
Prosqualodon marplesi Dickson, 1964.
Squalodon andrewi Benham, 1942.
Squalodon serratus Davis, 1888.
Tangaroasaurus kakanuiensis Benham, 1935a.
Protosqualodont, of Keyes 1973.
Indeterminate endocranial cast, of Marples 1949b.
Family Phocaenidae
Phocaenopsis mantelli Huxley, 1859a.

Suborder Mysticeti
Family Cetotheriidae
Mauicetus brevicollis Marples, 1956.
Mauicetus lophocephalus Marples, 1956.
Mauicetus parki (Benham, 1937a).
Mauicetus waitakiensis Marples, 1956.
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CATALOGUE OF GENERIC NAMES
1.

Austrosqualodon Climo and Baker, 1972.

Society of N.Z. 2 (1):

66.

Journal of the Royal

Type-species by original designation,

Austrosqualodon trirhizodonta Climo and Baker, 1972.·
2.

Kekenodon Hector, 1881.

Transactions of the N.Z. Institute 13:

435.

Type-species by indication (type by monotypy) Kekenodon onamata Hector,
1881.
3.

Lophocephalus Benham, 1937.

N.Z. 67 (1):

2.

Transactions of the Royal Society of

[non Kuwert, 1896; Labbe, 1899; Osorio, 1906].

Type-species by original designation Lophocephalus parki Benham, 1937.
See Mauicetus Benham, 1939.
4.

Mauicetus Benham, 1939.

Nature (London) 143 (3627):

765.

nom.

subst. [pro Lophocephalus Benham, 1937 (non Kuwert, 1896; Labbe, 1899;

Osorio, 1906)].

Type-species by indication (type by monotypy)

Lophocephalus parki Benham, 1937.

Discussion:

See Lophocephalus Benham, 1937.

Benham proposed the new name Mauicetus Benham, 1939, as

a substitute for the preoccupied name Lophocephalus Benham, 1937.

As

Lophocephalus Benham, 1937, was established with a single species
(L. parki Benham, 1937) which was originally designated as the

"type-species of the genus," then L. parki Benham, 1937, is the
type-species by indication of Mauicetus Benham, 1939 (type by monotypy) .
5.

Microcetus Kellogg, 1923.

Museum 62 (16):

5-6.

Proceedings of the United States National

Type-species by original designation Phoca

ambi gua Meyer, 1840.

6.

Phocaenopsis. Iiuxley, 1859..

Society, London 15:

677.

Quarterly Journal of the Geological

Type-species by original designation

~)ocaenopsis

mantelli Huxley, 1859.

Discussion:

Huxley (1859a:

677) considered the type-specimen to

"indicate a distinct [new] genus of Cetacea, which may be called
Phocaenopsis and ,[which may be called] after its discoverer,
P. Mantelli".

Thus, he cited, in combination with the new genus-group

name Phocaenopsis, the specific name P. mantelli.

I interpret this as

definite designation of the species mantelli as the type-species of the
new genus Phocaenopsis, and hence the type-species by original
designation of Phocaenopsis.
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7.

Prosqualodon Lydokker, 1894.

Nat-ural Scic'nce 4:

125.

Type-species

by subsequent designation Prosqualodon australis Lydekker, 1894 (b).
8.

Squalodon Grate1oup, 1840.

Actus de l'Academie nationale des

sciences, belles-lettres et arts de Bordeaux 2:

208.

Type-species

by subsequent designation Squalodon typicus Kellogg, 1923.
9.

Tangaroasaurus Benham, 1935.

N.Z. 65 (3):

238.

Transactions of the Royal Society of

Type-species by original designation Tangaroasaurus

kakanuiensis Benham, 1935.
10.

Uncamentodon Rothausen, 1970.

Giornale di Geologia (2) 35 (I):

186, Fig. 1, nomen nudum.
Discussion:

The new generic name Uncamentodon was proposed by Rothausen

(1970) without explanation in combination with the specific name hectori.
The only squalodontoid with the specific name hectori is Microcetus
hectori Benham, 1935, a New Zealand specimen which Rothausen (1961) had

earlier declared required a new generic name.

It could be implied from

this that Rothausen (1970) proposed Uncamentodon as a new generic name
for the species M.i,crocetus hectori Benham, and this was confirmed by
Rothausen (pers. comm., 1976).

Publication of the name Uncamentodon

Rothausen, 1970, does not satisfy Article l3a of the Code and,
consequently, the-name is a nomen nudum.
(1977:

See also Whitmore and Sanders

305, footnote to Table 1), and Microcetus hectori Benham, 1935,

this section.

CATALOGUE OF SPECIFIC NAMES

1.

andrewi.

Squalodon andrewi Benham, 1942.

Royal Society of N.Z. 71 (4):

Holotype:

Transactions of the

267-268.

a single "molar" tooth originally figured by Andrew (1906:

Plate 4, Fig. Ie), and described initially by Benham (1937a:

7)

as that of Lophocephalus parki.
Collection number and repository:

the present whereabouts of the

holotype tooth is not known, but the natural limestone cast of the
tooth, an adjacent tooth, and part of the palate, is held as
C.77.21, OM, formerly part of collection C.75.25, OM.
Collector and date:
Locality:

A.R. Andrew, 1903.

Milburn Quarry, Milburn, South Otago.

reference NZMS 260 H45:
See McKellar 1966.

775560; NZMS 1 S172:

Approximate grid
727475.
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Horizon and age:

"Band C, ... the principal band at the Milburn Quarry"

(Andrew 1906:

455), the Milburn Limestone of various authors (see,

for example, Cooper 1966, and Harrington in Fleming 1959c:

235),

Waitakian, Late Oligocene.
N.Z. fossil record number:
Paratype:

H45/f22.

a collection of 19 incomplete teeth or natural limestone

casts of teeth, and natural casts of palate, originally described
by Benham (1937a:

6-7, Figs 5, 6, 7) as blocks "A, B, and COl,

teeth of Lophocephalus parki.
Collection number and repository:

C.77.22, OM; formerly collection

C.75.25, OM.
Collector and date:
Locality:

Collector unknown, collected before 1937.

"Clarendon", South Otago.

260 H45:

784570; NZMS 1 S172:

Approximate grid reference NZMS
738487.

Exact locality unknown.

See McKellar 1966.
Horizon and age:

probably the Milburn Limestone (see discussion

of holotype horizon, above), Waitakian, Late Oligocene.
N.Z. fossil record number:
Referred specimen:

H45/f19.

"a number of lumps .•. from Waimate, •.• four blocks"

which contain "portions of teeth" described by Benham (1937a:

5-6)

as remains of Lophocephalus parki.
Collection number and repository:

the four blocks which "contain

portions of teeth" are collection C. 77.23, OM; former;Ly collection
C.75.25, OM.
Collector and date:
Locality:

J.A. Hurst, in or before 1936.

"Waimate", South Canterbury.

Exact locality unknown.

Probable localities (see below) are the old quarry ("Locality A"
of Ward

&

Lewis 1975:

503987; NZMS 1 S128:
1966:

885, Fig. 3) at grid reference NZMS .260 J40:
552022, or the Waimate Lime Quarry (Cooper

32) at grid reference NZMS 260 J40:

496027; NZMS 1 S127:

544066.
Discussion:

Benham (1937 a:

5) stated that the "Waimate" blocks

came from a quarry, and the matrix of the blocks indicates that the
quarry was probably in the Arno Limestone of Ward & Lewis 1975
(discussed below under horizon and age).

Only two quarries in this

lithology can be identified in the Waimate area (see, for example,
Cooper 1966, Mutch 1963, Ward & Lewis 1975):

Ward & Lewis's (1975)

"Locality A", and the "Waimate Lime Quarries" (Cooper 1966), as
stated above.
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Horizon and age:

Arno Limestone Formation (see Ward & Lewis 1975),

Waitakian, Late Oligocene.
Discussion:

The most recent appraisal of Tertiary lithologies of

the Waimate district is that of Ward & Lewis (1975).

Their paper

indicates that the most likely source stratum for the blocks
described by Benham is the Duntroonian - Waitakian Arno Limestone,
a yellow-grey well-indurated

bioturbat~

ca] C!armlite which is the

only limestone of the Waimate district.
litho~ogical

Ward & Lewis's (1975)

description of the Arno Limestone also applies to

Benham's four blocks.

The limestone also has been described by

Allan (1927, Waihao Limestone), Cooper (1966), Gage (in Fleming
1959c:

430-431) and Wilson (1953).

N.Z. fossil record 'number:
Discussion:

J40/f19.

A brief review of the history of description of

Squalodon andrewl seems necessary in view of the difficulty of

interpreting Benham's descriptions.

In 1906,

~ndrew

(p. 456) listed

"Squalodon grateloupi (?). Pedroni" from "Band C" at Milburn Quarry,

South otago.

The specimens attributed to this species, and figured

on Andrew's (1906) Plate 4, were a premolar (Fig. la), a worn molar
(Figs lb, c, d), a molar (Fig. le) and a molar (Fig. If); see also
figure caption, p. 482.

It is uncertain if any of the teeth figured

were deposited in the Otago Museum, although the museum holds now the
natural limestone cast of a palate and two teeth, one of which was the
Catalogue "c" of the

tooth illustrated by Andrew in Plate 4, Fig. le.

otago Museum shows that in December 1903, A.R. Andrew deposited in the
museum specimens from Milburn which were assigned the numbers C.03.20
to C .03.29, inclusive, but no cetacean teeth were listed amongst the
specimens.

It seems likely that the natural cast (subsequently

numbered C.77.2l) was deposited by Andrew in or about 1903.
Benham (1937a) included in his description of the new genus of
"zeuglodont" , Lophocephalus Benham, 1937, reference to three
collections of teeth, as follows:
1.

"a number of lumps of limestone from Waimate. ..

In four of the

blocks there are portions of teeth; in one the imperfect crowns
are visible, and in another the broken roots.

The roots of the

molars are not united as they are in Prosqualodon ... in the
impression left by one tooth in the matrix, it seems to be
similar to that of the Clarendon teeth ...

I must rely on the

Clarendon teeth for a fuller account of the teeth of Lophocephalus"
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(pp. 5-6).
2.

The Waimate teeth were not figured.

"The material from Clarendon consists of three pieces of rock
containing teeth ...

Block A bears the imprint of a bone ••.

It

carries a series of six teeth [Fig. 5] ... [Block B] not figured
is 19 cm in length and bears evidence of six teeth .•• [also] a
conical pit left by the crown of what is probably the canine .•.
[and] the hollow left by the upper part of a crown •..
[Fig. 7], whose length is but 11 em .•.

Block C

I think I am justified

in associating these teeth [viz. the Clarendon Blocks A, B, and
C] with those from Waimate, and attributing them to Lophocephalus
parki" (pp. 6-7).
3.

"Of the four fragments of teeth figured... by Andrew [1906], one
of them (fig. Ie) has widely divergent fangs and lacks a crown
and much of the fang ..•

This may be attributed to the same

whale [viz. to Lophocephalus parld]" (p. 7, not figured) •
The collect'ions from Waimate and Clarendon were examined directly
by Benham, but he does not appear to have examined Andrew's (1906)
collection of teeth.
(1937b:

11)

with regard to the latter collection, he stated

"The three teeth figured ([by Andrew 1906:] fig. la, b,

c, d, and f) belong to P. hamiltoni ... that drawn in [Andrew 1906]
fig. e belongs to the new genus Lophocephalus ...~"
In 1939, Beriham proposed the new generic name Mauicetus to replace
Lophocephalus Benham, 1937 (preoccupied), and in 1942 he identified the
two skulls fonnerly attributed to the "zeuglodont" Lophocephalus parki
Be riham , 1937, as those of Mysticeti.

Of importance here was the

reassignment of the teeth identified fonnerly (Beriham 1937a:
th~se

of Lophocephalus parki.

Benham (1942:

5-7) as

267-268) stated:

"In my article on Lophoce phal us (1937 a) I attributed to that
skull [probably the larger skull, regarded by Beriham as the
"type of the genus"] certain teeth obtained years ago from the
Clarendon Quarry as well as some fragments from Waimate ... the
skull is now recognised as being that of a Cetothere ... but
since I was under the impression that the new skull under
description [in 1937a] belonged to the Archaeoceti ...

I saw

no inconsistency in regarding them [the teeth] as probably
those of Lophocephalus ... we must re-examine the matter of
these teeth.

They [viz. the Clarendon and Waimate teeth]

differ from those of P. hamiltoni ..• in details of pattern
[and] ... in the fact that the two fangs of the root are not
THE tlBjf'(ft,Y
UNfVERSITY OF CANTERBU~R:Y
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united by cement ...

This seems to be the only difference

between the two genera Squalodon and Prosqualodon ... at the
end of that [1937a] article I referred to a tooth figured,
but not described, by Andrew ... of the four more or less
fragmentary teeth [figured by Andrew 1906] one of them
[Fig. Ie] shows quite clearly that the fangs are widely
divergent.

Other resemblances [between the Waimate and

Clarendon teeth, and that figured by Andrew] are to be seen,
and I wrote: "This (tooth) may be attributed to the same
whale," meaning that described as Lophocepha1us.
[viz. Andrew's 1906:

As this

Plate 4, Fig. Ie tooth] is the first

two-fanged Squalodont tooth to be figured and recorded from
New Zealand, I propose for this new toothed whale, whose
skull is at present unknown, the title of Squalodon andrewi
n.sp. to which the Clarendon teeth, figured by me, also belong."
In the last sentence, Benham specifically designated Andrew's
( 1906:

Plate 4 ,Fig . Ie) tooth as the holotype of Squalodon andrewi.

There is no doubt, from this sentence, that Benham considered the
Clarendon teeth important elements conspecific with the holotype,
and this is reinforced by the title to his section C on p. 267:
"The Clarendon Teeth - of Squa1odon andrewi n. sp."

I conclude that

Benham regarded the Clarendon teeth as paratypes.
The designation of the Waimate teeth is not clear, for they were
not discussed in any detail by Benham in 1942.

In 1937(a) Benham had

definitely regarded the Waimate teeth as conspecific with those from
Clarendon, but possibly by 1942, Benham did not regard the Waimate and
Clarendon teeth as conspecific.

Inasmuch as the conspecificity of the

Waimate and Clarendon teeth proposed by Benham in 1937(a) was not
subsequently rejected by him,' and yet the Waimate teeth were not
specifically discussed by him in 1942, the Waimate teeth are best
designated as referred specimens .of Squa1odon andrewi Benham, 1942.
2.

brevicol1is.

Mauicetus brevicollis Marples, 1956.

of the Zoological Society of London 126 (4):
Holotype:

Proceedings

565-580, Figs 4, 5, 6.

atlas, axis, twelve vertebrae and some fragments including

transverse processes, heads of ribs, two scapulae, two humeri,
radius, pelvis (?) and vestigial femur (?); Marples's "specimen 3",
Collection number and repository:

atlas, axis, vertebrae, humeri and

radius, C.62.3, OM; one scapula is part of C.62.4, OM; transverse
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processes, OU 11543, UODG; heads of ribs, OU 11535, UODG; pelvis
and femur, OU 11522, UODG.
Collector and date:
Locality:

B.J. Marples, 1948.

5 km west of Duntroon, North Otago.

NZMS 260 I40:
238957.

218922.

Marples cited grid reference NZMS 1 S127:

See Gage 1957:

Horizon and age:
Oligocene.

Grid reference

Geological Map No.2.

Otekaike Limestone Formation, Waitakian, Late
Marples did not name the formation from which the

specimen came, but stated that it was from the waitakian limestone
which overlies the Kokoamu Greensand.

Almost certainly it was from

the Otekaike Limestone, defined and mapped by Gage (1957:

50, 53,

Geological Map No.2) •
N.Z. fossil recotd number:
Discussion:

I40/f28.

The holotype collection, C.62.3, OM, also formerly

contained a single incomplete ri'ght tympanic bulla which bears the UODZ
number G.48.4 and has been assigned New Zealand fossil record number
I40/f26.

As this specimen bears' a different UODZ number than does the

holotype of M. brevicollis, and was not mentioned by Marples in his
description of the latter, it is almost certainly an element which was
wrongly curated when Marples's collections were deposited in the otago
Museum in 1962.
3.

hamiltoni.

It is now catalG)gued as C.78.2, OM.
Prosqualodon hamiltoni Benham, 1937.

the Royal Society of N.Z. 67 (1):

Lectotype:

Transactions of

8-14, Figs 1-14.

skull with five teeth in place, five loose teeth, part of

posterior of left mandible, right and left periotics, right (and
left?) tympanic bulla, atlas, axis, third and fourth cervical
vertebrae, right scapula, proximal end of right humerus.

See

comment below.
Collection number and repository:

C.02.8, OM (all elements except

fourth cervical vertebra); C.77.l0, OM (fourth cervical vertebra).
Collector and date:
Locality:

"Caversham Quarry", Dunedin.

NZMS 260 I44:
Horizon and age:
]1].

A. Hamilton, August 1902.
127755; NZMS 1 S164:

117684.

See Benson 1968.

Caversham Sandstone, Waitakian, Late Oligocene.

Z. fossil record number:

Paralectotype:

Grid reference at or near

I44/fl1.

three teeth of "Squalodon grateloupi (?) Pedroni"

figured by Andrew (1906:

Plate 4):

a "premolar" (Fig. la),
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a "worn molar" (Figs lb, c, d) and a "molar" (Fig. If)
(Bonham 1937b:

11).

Collection number and repository:

none.

Pre sent whereabouts

of specimens unknown.
Collector and date:

A.R. Andrew, 1903; see discussion of

Squalodon andrewi Benham, 1942 for further details.
Locality:

Milburn Quarry, Milburn, South otago.

re ference NZMS 260 H45:
Horizon and age:

775560; NZMS 1 Sl72:

727475.

"Band C", Milburn Limestone, Waitakian, Late Oligocene.

N.Z. fossil record number:
Paralectotype:

Approximate grid

H45/f22.

"mid-lumbar" vertebra (Benham 1937b:

Collection number and repository:
Collector and date:

13).

C.13.2, OM.

collector unknown; curated January 1913,

according to Otago Museum Catalogue "C".
Locali ty:

"Milburn", South Otago (Benham 1937b:

assigned grid reference NZMS 260 H45:

13).

Arbitrarily

775560; NZMS 1 S172:

727475.

Horizon and age:possibiy Milburn Limestone, Waitakian, Late Oligocene.
N.Z. fossil record number:
Paralectotype:

H45/f28.

seven caudal vertebrae (Benham 1937b:

Collection number and repository:
Collector and date:
Locality:

C.20.12, OM.

"Mr Stewart", 1920.

"Milburn", South Otago (Benham 1937b:

grid reference NZMS 260 H45:
Horizon and age:

13).

775560; NZMS 1 S172:

Approximate
727475.

Milburn Limestone, Waitakian, Late Oligocene.

N. Z. fossil record number:
Paralectotype:

13-14).

H45/f27.

"several other caudal vertebrae from Milburn"

(Benham 1937h:

14).

Collection number and repository:

no number, present whereabouts

unknown; formerly OM.
Collector and date:
Locality:

unknown.

"Milburn", South Otago.

NZMS 260 H45:
Horizon and age:

Arbitrarily assigned grid reference

775560; NZMS 1 Sl72:
~nknown.

727475.

Possibly from Milburn Limestone, Waitakian,

Late Oligocene.
N.Z. fossil record number:
Discussion:

none assigned.

As was the case with Benham's description of Squalodon

andrewi Benham, 1942, a brief review of his paper "The skull and other
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parts of the skeleton of Prosqualodon hamiltoni n. sp." seems necessary
to justify the designations stated above.

The (1937b) paper was centred

around the description of specimen C.02.8, OM.

Details of this specimen

are written, in Benham's handwriting, in Otago Museum Catalogue "C", and
read as follows:
"C.02.8 Aug.

ProSqualodon hamiltoni

Oamaru Stone

? Caversham

Old block skull etc cleaned out of matrix by [indecipherable]"
Elements attributable to the individual catalogued as C.02.8, which
probably is that referred to by Benham (1935b:

242) as the skull of

Prosqualodon from Caversham, are, according to Benham's (1937b) text

and the Otago Museum collections, as follows:
1.

skull (pp. 9-10, Figs 1, 2, 3).

2.

right "tympanoperiotic" in position on the skull (p. 10).

3.

left "tympanoperiotic" found isolated in the matrix (p. 10).
The present whereabouts of the left tympanic bulla (presumed
by Benham's description to have constituted, together with
the left periotic, the tympanoperiotic) is unknown.

4.

ten teeth (pp. 10-11) five of which were in situ on the skull
(includes Fig. 4) and five which were found in the debris
(Figs 5, 6, 6a, 7, 8, 9).

The present whereabouts of the

teeth illustrated in Figs 5, 6, 6a, 7, and 8 is unknown.
5.

atlas vertebra (p. 11, Figs 10, 11).

6.

axis vertebra (pp. 11-12, Figs 12, 13).

7.

third cervical vertebra (p. 12).

8.

fourth cervical vertebra (p. 12).

Until June 1977 the

whereabouts of this element was unknown.

In June 1977

I discovered in the basement of the Otago Museum an unlabelled
cervical vertebra, which was provisionally accorded collection
number C.77.10 until such time as its relationships could be
determined.

Subsequent comparison of the vertebra with

dimensions cited for the fourth cervical vertebra by Benham
(1937b:

12), an examination of the fit of the third cervical

and the new vertebra, and examination of the matrix of the new
vertebra, indicate its identity as the formerly lost

fo~th

cervical vertebra of specimen C.02.8.
9.
10.

right scapula (pp. 12-13, Fig. 14).
proximal end of right humerus, not mentioned by Benham.
In June 1977, a display board bearing the proximal end of a
right humerus and the label "Head of Arm-bone

Squalodon sp

[in ink] C.02.8 [in pencil]" was discovered in the basement,
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otago Museum.

The curation number and characteristics of the

matrix are quite compatible with it having been associated
with the right scapula of specimen C.02.8.
11.

part of posterior of left mandible, not mentioned by Benham.
It was found in the basement in June 1977, and, like the head
of the humerus mentioned above, was attached to a display
board labelled "Portion of Lower-Jaw
C.02.B [in pencil] ".

Squalodon sp [in ink]

The curation number and characteristics

of the matrix indicate that it is certainly an element
belonging, with the elements listed above, to the lectotype.
In the middle of his description of specimen C .02.B, Benham stated
without explanation that the three teeth figured by Andrew (1906:
Plate 4, Figs la, b, c, d, f) "belong to P. hamiltoni" (Benham 1937b:
11).

There is nothing in the associated text to suggest that Benham

did not accord these teeth a type-status equivalent to that accorded
C.02.B.
The description of other type-elements later in the text follows
the conclusion of the discussion of specimen C .02. B, and begins "other
material from Milburn of Upper Oligocene age ... " (p. 13).

As was the

case for the teeth first mentioned by Andrew (see above), Benham did not
comment on the type-designation of the "mid-lumbar vertebra ..• C.13.2",
the "caudal vertebrae ... C.20.12 ... five ... isolated,' together with two
smaller ones" or the "several other caudal vertebrae from Milburn .•. ",
and nowhere stated that these elements were not conspecific with
Prosqualodon hamiltoni.
The "two intra,cranial casts of brain" briefly mentioned on p. 14
were not unequivocally described as those of Prosqualodon hamiltoni.
The larger

cast was described as very probably that of Prosqualodon,

although no species was cited.

Benham was uncertain if the smaller cast

belonged to Prosqualodon or "some other [genus of] whale".

Although

Benham referred the larger cast definitely to Prosqualodon, and
speculated on the affinities of the smaller, he avoided mention of
specific names.

It seems that he did not regard the casts as

conspecific with Prosqualodon hamiltoni, and the casts need not be
considered as part of the type-series of P. hamil toni.

Both the larger

cast (number C.4B.70, OM; N.Z. fossil record number H45/f3) and smaller
cast (number C.34.7, OM; N.Z. fossil record number H45/flB) were
described by Marples (1949b), and are also described later in this
catalogue.

The "relics C?f this whale" which Benham mentioned (p. 14)
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were in other museums cannot be identified, and need not be discussed
further.
Benham's description of Prosqualodon hamiltoni may be summarised as
follows.

The description was based primarily on

although it was not nominated as a ho1otype.

(1.)

specimen C .02 .8,

Further material which

must be interpreted as having been attributed to Prosqualodon hamiltoni
by Benham, in the absence of any evidence to the contrary, consists of
(2.) the three teeth figured by Andrew, (3.) mid-lumbar vertebra
C.13.2, (4.) caudal vertebrae C.20.12, and (5.) "several other caudal
vertebrae ... ".

Benham appears to have attributed to these five

collections equal type-designation, viz. that of syntypes, for no
ho1otype was specified.

Because the two intracranial casts were

assigned only to genus, they need not be regarded as part of the
type-series.
De signation of Lectotype.
Inasmuch as Benham (1937b) did not specify a ho1otype for
Prosqualodon hamiltoni, and thus all elements of the type-series are
syntypes under the provision of Article 73(c) of the Code, then a
lectotype may be chosen.

I designate specimen C.02.8, OM, as the

1ectoty'pe of the species Prosqualodon hamiltoni Benham, 1937.

The

nominal para1ectotypes are:
1.

The three teeth figured by Andrew (1906:

Plate 4, Figs la,

b, c, d, f), present whereabouts unknown.
2.

"Mid-Lumbar vertebra", ·C.13.2, OM.

3.

Seven caudal vertebrae, C.20.12, OM.

4.

"Several other caudal vertebrae", no number, formerly

OMi

present whereabouts unknown.

4.

hectori.

Micrbcetus hectori Benham, 1935.

Royal Society of N.Z. 65 (3):
Ho1otype:

Transactions of the

239-243, Plates 28, 29, Figs 1-10.

six isolated incisor, canine, and cheek-teeth, incomplete

right mandible with five cheek-teeth in si tu (the "left maxilla"
and five of the six "molars" mentioned by Benham) and an incomplete
skull, originally described by McKay (1882b:

104) as a young

individual of Kekenodon onamata.
Collection number and repository:
Collector and date:

Ma 653, NMNZ.

A. McKay, June - August 1881 (see McKay 1882b:

98, 104).
Locality:

exact locality unknown.

Probably from one of two localities:
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1.

from limestone outcrops northeast of Trig I between Wharekuri
Creek and Awahokomo Creek, Wharekuri, North otago.
Approximate grid reference NZMS 260 140:
NZMS 1 S117:

2.

015095;

020150.

from limestone outcrops northwest of the otekaike River,
11 km - 12 km west of Duntroon, North otago .. pos·sibly at
or near Trig Z, grid reference NZMS 260 140:
Gage 1957:

Geological Map No.2, S127:

146975.

See

160015, Mutch 1963.

See discussion below for further details.
Horizon and age:

otekaike Limestone Formation (member uncertain) ,

Waitakian, Late Oligocene.
N.Z. fossil record number:
Discussion:

I40/f25.

The holotype, described by McKay as a young individual

of Kekenodon onamata, was collected from an unspecified locality of
"Otakaika Limestone", which was implied by McKay (1882b:

104) as

stratigraphically equivalent to the mid part of the "Maerewhenua
Limestone".

Recently, Gage (1957:

50) has shown that the Otakaika and

Maerewhenua LimestOnes are synonymous with the otekaike Limestone
Formation (of Gage, 1957) which includes four members, all of Waitakian
age.

Formerly, the Otakaika and Maerewhenua Limestones were regarded as

lithologically distinct units of different regional distribution, but
possible age equivalence (see, for example, Hector l882a:
McKay l882a:

65-66, McKay l882b:

in Fleming 1959c:

xxvii-xxviii,

103, 104; and recent review by Gage

199, 299) and this gives some indication of the

whereabouts of the type-locality.
McKay stated that typical outcrops of the Maerewhenua Limestone
occur at the junction of the Maerewhenua River with the Waitaki, and
extend to their terinination "3 miles" northwest of here.

He recorded a

large outcrop to the east, between the Maerewhenua River and the coast.
The otakaika Limestone was stated by McKay to occur only to the north of
the Otekaike River (west of the most western outcrop of the Maerewhenua
Limestone) and at Wharekuri, and he observed that at the otekaike River
it is quite distinct lithologically from the Maerewhenua Limestone.
is important to note that McKay (1882b:

It

104) used the term otakaika

Limestone in a regional and lithological sense, and thus indicated that
the type-specimen carne from either the otekaike River or Wharekuri Basin
outcrops.
Hector (1894:

120, and on label cited by Benham 1935b:

239)

stated that the specimen was from the Maerewhenua Limestone (cf. McKay),
and Benham cited the locality written by Hector on the specimen label as

107
"Maorewhenua River".
Keyes (1973:

389).

'rllis was followed by nage (1957:

52) and

Keyes deduced that, if the specimen was from the

Maerewhenua River, it was probably derived from the Maerewhenua
Glauconitic Limestone Member of the Otekaike Limestone Formation.
I conclude that, on the basis of McKay's evidence, the holotype of
Microcetus hectori Benham, 1935, was derived from a locality west of

the Otekaike River, and probably did not come from the Maerewhenua
River.
McKay was aware of the presence of Otakaika Limestone at Wharekuri,
considered here to be one of the two potential type-localities.

He

probably examined it, for although he did not map it, he included it in
a geological cross-section of Wharekuri Basin (McKay l882a:
Marwick (1935:

68).

32"2) provided a detailed geological map of Wharekuri

Basin, and showed an outcrop of unnamed limeston'e of the "Wharekuri
Series" northeast of Trig I between Wharekuri and Awahokomo Creeks.
It cannot be determined from McKay's (1882a) "Geological Map of the
Wai taki Valley ... ';'which outcrops of Otakaika Limestone irronediately to
the 'north of the Otekaike River were studied by l?-im.

For example, it

is l,1ncertain if he examined both the outcrops mapped by Gage (1957:
Geological Map NO.,,2) at otekaike Special School and Trig Z.

In view

of t:.he prominent exposure of the Otekaike Limestone (sensu Gage) at the
locality near Trig.Z (the type locality of the Waitakian Stage; see Gage
1957:

Fig. 25), 13 km west

north~west

of Duntroon, this is more likely

to have been examined in detail than other outcrops more distant from the
Waibaki River.

without further evidence it is not possible to determine

the type-locality any more accurately than has been stated.
It is worthy of mention here that the new generic name Uncamentodon
Rothausen, 1970, pl:'oposed without explanation for Microcetus hectori
Benham, 1935, is a nomen nudum.

5.

kakanuiensis.

As such, it is unavailable.

'Tangaroasaurus kakanuiensis B(;mham, 1935.

Transactions of the Royal Society of N.Z. 65 (3):

Holotype:

232-238, Figs 1-8.

an incomplete rostrum with two or more teeth in situ

(Benham's block "b... two mandible s "), a mandible (Benham's block
"a . •. jawbone") which included one or more teeth, and an

unspecified number of "isolated teeth" which included two
incomplete crowns; originally described by J.A. Thomson (1906:
490) as "A whale ... ".
Collection number and repository:

C.03.l8, OM.

Only three incomplete

tooth crowns and four fragments of roots are still in the
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collection.

The whereabouts of the other elements is unknown.

Collector and date:
Locality:

J.A. Thomson, curated 1903.

All Day Bay, at the north end of Campbclls Beach, Kakanui,

North Otago.
480545.

Grid reference NZMS 260 J42:

See Thomson 1906:

490, and 1926:

446549; NZMS 1

S~36:

145, and discussion

below.
Horizon and age:

slightly glauconitic blue clay of the (basal ?) Rifle

Butts Formation, Otaian or Altonian, Early Miocene (see below) .
N.Z. fossil record number J42/f12.
Discussion:

Benham (1935a) wrongly identified his new genus and

species as an "Ichthyosaurid reptile with a long narrow rostrum".
Subsequent authors, for example, Camp (1942), Kellogg (1956), Keyes
(1973), Marples (1949a), and Romer (1945, 1966) confirmed J.A. Thomson's
(1906, 1926) identification of the specimen as a whale.

Not only did

Benham assign the holotype to the wrong vertebrate class but he wrongly
identified the elements of the h6lotype.

He described block "a" as a

jawbone which included one tooth and which was 11.5 cm long (pp. 232-233,
Figs I, 2),' but it is not certain from his description if he regarded the
fragment as mandibular or rostral.

Almost certainly it was a fragment of

mandible, although as the present whereabouts of the specimen is not
known, and its description was vague, it is not certain whether it was
right or left mandible.

Block "b", part' of the rostrum, was described

as two mandibles, which Benham separated into two parts:

the 12 cm long

"right mandible" (left maxilla and premaxilla) which contained one tooth
(Figs 4, 8; pp. 233-235), and the 9 cm long "left mandible" (right
maxilla and premaxilla) which contained one tooth (Figs 5-8, pp.
235-236).

An unspecified number of isolated teeth included two teeth

figured in Fig. 3 (see also p. 233).
Until recently, the exact whereabouts of the holotype of
T. kakanuiensis was unknown.

In 1975, Ms D. Lee, Department of Geology,

University of Otago, discovered in the collections of the otago Museum
three tooth crowns and four tooth roots associated with the label:

~1~.'~
I~~~
IWd~./J~

I(~~IA;-'.

.,.

"

~. t!J.J.
" . "'
\.......

,I"

T~f("
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It is certain that these remains are part of the collection reported by
Thomson (1906), for they are associated with a label similar or
identical with that reported by Benham (l935a:

232).

I have no doubt

that the teeth represent part of the holotype of T. kakanuiensis, even
though they were not specifically described or figured by Benham.
Thomson (1906, 1926) provided useful information about the
type-locality and horizon.

In 1926, he stated "Unfortunately the fossil

whale whose presence in the blue clays I recorded in 1906 has apparently
been washed away [from the exposure at All Day Bay]".
in the same

articl~,

Thomson observed,

that recent heavy marine erosion at that locality

had exposed the limestone-greensand and greensand-blue clay contact
(illustrated by him, 1926:

Figs 1, 2).

This suggests that the area

shown in his Figs 1 and 2 had formerly (c. 1903) been covered by
sediments which had included the blue clay from which parts of "the
whale" (Thomson 1906:
type-locality of

490) were ·extracted, and indicates that the

T. kakanuiensis.is

at the northernmost end of the

be(ich.
Thomson (1906:

490; 1926:

145) stated that "the whale" was from

the "blue clay" of Pareora Age, at All Day Bay.

The lithologies of the

Gee. Greensand and Rifle Butts Formations, which both occur at All Day
Bay, were described by Gage (1957), who noted that the Rifle Butts
Formation included blue clay.

Laird & Lewis (1976:

Fig. 7) published

a stratigraphic column (compiled by Gage) for All Day Bay (= Campbells
Beach) on which they noted that the Gee Greensand is markedly
glauconitic, while the Rifle Butts Formation includes fine sandstone,
bluegrey siltstone, concretionary sandstone, and blue mudstone.

These

three descriptions suggest that the holotype was derived from blue clay
of the Rifle Butts Formation.

Dr N. de B. Hornibrook (pers. comm.,

14 July 1977), who examined the microfauna from matrix off the extant
holotype teeth, stated that the small amount of glauconite in the sample
was suggestive of the basal Rifle Butts Formation, rather than the Gee
Greensand.

An age of otaian or Altonian (sensu Scott 1972) was obtained

from an analysis of the microfauna.

6.

lophocephalus.

Mauicetus lophocephalus

of the Zoological Society of London 126

(4):

Marples, 1956.

Proceedings

565-580, Figs 1, 2, 3,

Plate lA, 18.
Holotype:

an incomplete skull, two tympanic bullae, a fragment of the

pars cochlearis of right periotic, right mandible, atlas, axis,
seven vertebrae, two scapulae:

Marples's "Specimen 1".

110

Collection number and repository:

C.62.1, OM (all elements except one

scapula); C.62.4, OM, in part (one scapula); all formerly D.W.l,
UODZ.

The whereabouts of the skull and one scapula is unknown

(see comment below) •
Collector and date:
Locality:
Otago.

B.J. Marples, 1942.

Kokoamu Cliffs, 3 km north southeast of Duntroon, North
Grid reference NZMS 260 I40:

cited grid reference NZMS 1 S127:

298903.

326941.

Marples (1956)

See Gage 1957:

Geological Map No.2.
Horizon and age:
Oligocene.

Kokoamu Greensand Formation, Duntroonian, Mid
Marples cited an Early Oligocene age, but the

Duntroonian is now regarded as Mid Oligocene.

See Gage 1957:

48-50, 80.
N.Z. fossil record number:
Referred specimen:

I40/f27.

incomplete right tympanic bulla, part of skull (?),

part of mandible (?).

The bulla was cited by Marples (1956:

570)

as "specimen 4".
Collection number and repository:

C.78.1, OM (incomplete bulla;

formerly, in part, C.62.1, OM); OU 11548, UODG (part of skull ?,
part of mandible).
Collector and date:
Locality:

All formerly D.W.4, UODZ.

B.J. Marples, date unknown (before 1956).

exact locality not specified, Duntroon, North Otago.

Arbitrarily assigned grid reference of the probable nearest 1 km
coordinate:NZMS 260 I40:
S127:

320940.

Horizon and age:

290910; nearest NZMS 1 coordinate:

See Gage 1957:

not specified.

Waitakian, Late Oligocene.

Geological Map No.2.

Probably Otekaike Limestone Formation,
The few grains of matrix left on the

specimen are consistent with derivation from the Otekaike Limestqne.
N.Z. fossil record number I40/f26A.
Discussion: . According to B.J. Marples (pers. comm., 15 November
1977) the holotype skull of M. lophocephalus was deposited in the Otago
Museum, but searches of the museum made by me on a number of occasions
failed to locate the skull or scapulae.

No bones of the holotype were

found in the collections of the Departments of Zoology or Geology,
T1niversity of Otago, Dunedin.

J

.T. Darby (pers. comm., May 1978)

r· '''orted that the skull probably was discarded by University maintenance
staff not long before 1962.
Marples did not state the locality of the referred "specimen 4"
(=

C. 78 .1, D.W .4), but commented· (p. 565) that the portions of skeletons
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of the three individuals described were all from the vicinity of
Duntroon.

In view of this comment, and of the knowledge that Marples

worked predominantly close to Duntroon (J.D. Campbell, pers. comm.),
the referred specimen 4 probably came from the vicinity of Duntroon.
Marples did not state that specimen 4 was conspecific with the holotype
of M. lophocephalus, but only commented that "it resembles specimen 1"
(p. 570).

7.

mantelli.

Phocaenopsis mantelli Huxley, 1859.

of the Geological Society, London, 15:
Holotype:

Quarterly Journal

670-677, Figs 3, 4.

a single right humerus (described by Huxley 1859a as a left

humerus) .
Collection number and repository:

M 11091, Fossil Mammalia, Department

of Paleontology, BMNH.
Collector and date:
Locality:

W.B.D. Mantell, before 1859.

at or near "Old Rifle Butts", at the south end of Oamaru

Cape, about 3 km south of Gamaru, North otago.
NZMS 260 J4~i
542628.

500628; Gage 1957:

Grid reference

Geological Map No.1, S136:

See>discussion below.

Horizon and age: ,Rifle Butts Formation, Altonian, Early Miocene.
N.Z. fossil record number:

J42/f39.

Discussion: 'Huxley (l859a:" 676) stated that the "left h1;lnerus"
w~s "obtained at Parimoa, about five miles north of Kakaunui, from the
,blu~

clay above referred to ... ".

Kakaunui is an old alternative

spelling for Kaka,nui, a coastal +ocality 11.5 km southwest of Oamaru.
The nane Parimoa or Paramoa is not now in use,
G~ge

~nd

was not mentioned by

(1957) in his description of the geology of the Oamaru area.

Hm:lever, Huxley's reference to a: locality "five miles north of Kakaunui"
suggests that it \:las at or near the south end of Oamaru Cape.

Further

evidence as to the identity of the type-locality was given by
F.W. Hutton (1885a:

210), who observed that the humerus of Phdcaenopsis

was found at "Awarri'oa, near Oamaru", and J.A. Thomson (1913:

9) who

stated "Parimoa ,the locality quoted by Huxley... cannot be otherwise
than that usually known as
also Hamilton (1903:

I

AwamQa I by New Zealand geologists."

510, and 1910:

59).

Oliver (1949:

See

Fig. 4)

published an old illustration of the Awamoa area which bears the name
Parimoa.

perusal of Gage I s (1957) "Geological Map No.1" indicates that

the locality stated by Huxley to lie about five miles north of Kakanui
is nearer to tha t marked by Gage' as "Old Rifle Butts" tha"- to Awamoa.
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The latter is some 3 km southwest of "Old Rifle Butts", and I consider
it most likely that "Old Rifle Butts" is the type-locality.
A brief review of the age assigned to Phocaenopsis mantelli appears
warranted in view of the wide range of ages previously cited.

Huxley

(1859a) observed that the blue clay from which the humerus was derived
overlay the "Kakaunui Limestone", which was regarded as "of Pliocene
age .•. or much older".

The blue clay was succeeded by a bed containing

freshwater shells, then by alluvium containing Dinornis remains.

Huxley

was certain that Phocaenopsis was Tertiary in age (1859b) and much older
than Dinornis.

F.W. Hutton (1885a:

210) realised that Phocaenopsis was

from the "Pareora system", then, as now, regarded as Miocene in age,
and Hamilton (1903, 1910) also cited a Pare ora age.

A Pareora or

Miocene age contrasts with the Pleistocene or later age cited by, for
example, Kellogg (1928), Romer (1945, 1966), Simpson (1945), and Walker
(1964) •
The work of Gage (1957) gives fUrther insight into the age and
stratigraphic horizon of the holotype.

A stratigraphic column for

Old Rifle Butts, the probable type-locality, was given by Gage (1957:
83 ~ Column S136/5), and the Rifle Butts Formation, of Hutchinsonian and
Awamoan age (equivalent to the emended Altonian of Scott 1972), was
also defined by him.

The formation includes greygreen fossiliferous

glauconitic sandstone, bluegrey siltstone and mudstone, and has been
described at some localities as blue clay (e.g. Old Rifle Butts, Gage
1957; All Day Bay, Thomson 1906).

The blue clay of the Rifle Butts

Formation is almost certainly that referred to by Huxley, particularly
when it is observed that the formation encompasses the youngest marine
Tertiary rocks to the south of Oamaru Cape and, as such, is the youngest
possible source stratum of the holotype.
A sample

of~trix

off the holotype of P. mantelli was sent to me

byA.P. Currant, BMNH, and was forwarded to N. de B. Hornibrook for an
ana.lysis of the microfauna.

Dr Hornibrook reported (pers. comm., June

1977) that the fauna of the sample is consistent with derivation from
the Rifle Butts Formation of the Oamaru district and an Altonian age.
8.

marplesi.

Prosqualodon marplesi Dickson, 1964.

Geology and Geophysics 7 (3):
Holotype:

N.Z. Journal of

626-635, Figs 1-16.

a skull, incomplete posteriors of both mandibles, parts of

six teeth, incomplete right tympanic bulla, part of posterior
process of right periotic, atlas, axis, three cervical vertebrae,
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seven thoracic vertebrae, two epiphyseal discs, scapula, ulna,
digit, three ribs.
Collection number and repository:

C.75.27, OM; formerly collection

G.54.3, UODZ.
Collector and date:
Locality:

T.G. Marples, 1954.

near Trig Z, 13 km west northwest of Duntroon, North Otago.

Grid reference NZMS 260 I40:
NZMS 1 S127:

160015.

146975; Dickson cited grid reference

See Gage 1957:

Geological Map No.2.

The type-locality lies at or near the right side of Gage's (1957:
Fig. 25) photograph of the type-locality of the Waitakian Stage.
Horizon and age: ,upper part of Otekaike Limestone, Waitakian,
Late Oligocene.
N.Z. fossil record number:

I40/f30.

Discussion: ,'Dickson (1964:

626) stated that the holotype was from

a· calcareous shell bed which "overlies" the Otekaike Limestone, but the
shell bed (commonly known as the "Main Shell Bed") and succeeding
sediments were identified by Gage (1957:
Limestone Formation.

50-52) as part of the Otekaike

Dickson incorrectly stated (abstract, p.626) that

the age is Early Oligocene, and later on the same page cited a Mid
Oligocene age.

The currently recognised equivalent of the Waitakian is

Late Oligocene.
9.

onamata.

Kekenodon onamata Hector, 1881.

N.Z. Institute 13:

Transactions of the

434-436, Plate 18, Figs 1-7 and 9-10 [Fig. 8

missing] .
Holotype:

(figure numbers refer.to Hector's 1881:

Plate 18) left

tympanic bull.a (Figs 9, 9'), left periotic (Fig. 10), left stapes
(Fig. 10), right supraorbital process of frontal and fused
lacrimal, lower right canine (Fig. 1), incisor or canine crown
(Fig. 1'), sectioned canine or incisor (Figs 1", l' "), upper left
canine (Fig. 2) , upper left fourth premolar (Fig. 3), upper left
second premolar (Fig. 4), lower right second premolar (Fig. 5),
lower right f9urth premolar (Figs 6, 6', 6"), upper right third
premolar (Figs 7, 7'), atlas, fragments of the lower jaw, fragments
of ribs.

A detailed discussion of the type-designation of these

and other elements of the type-series, and referred specimens, is
given below.
Collection number 'and repository.(of holotype):
Ma 69, NMNZ.

Ma 306, NMNZ; formerly

The whereabouts of the upper left second premolar,
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the fragments of the lower jaw (see discussion below), and the
fragments of ribs is unknown.
Probable holotype:

incomplete incisor or canine root, lower left first

premolar, lower right first molar (Kellogg 1936:

Plate 32,

Fig. 13), upper left second molar.
Collection number and repository (of probable holotype):

Ma 306, NMNZi

formerly Ma 69, NMNZ.
Probable holotype:

lower right third premolar, upper left first molar.

Collection number and repository (of probable holotype):
Collector and date:

A. McKay, November 1880

GS 476, NZGS.

(see McKay 1882a:

56).

In the absence of evidence to the contrary (see below), it is
presumed that the holotype and probable holotypes all were
collected at- this time.
Locality:

near river level, at or near the junction of Wharekuri Creek

with the Waitaki River, North Otago.
NZMS 260 I40:
Discussion:

010122; NZMS 1 S117:

Approximate grid reference
015180.

McKay presented evidence which allows the

type-locality of Kekenodon onamata to be determined.
(1882a:

He stated

68) that the type-specimen of K. onamata was obtained

from the banks of the river at a point where the Kekenodon beds
were sometimes washed by the river during high floods, and also
showed on the "Section across Tertiary Basin ... " that the
type-locality was near high cliffs of Kekenodon beds (viz. point H
on the sect ibn).

Later he commented that the type-specimen was

obtained from the point where his "section-line crosses ••• the
river" (1882a:

87), and a perusal of his "Geological Map of the

Waitaki

Vall~y .••

Creek.

The type-locality was also referred to as "Wharekauri"

(McKay 1882b:

" indicates that this point was near Wharekuri

104).

Hamilton (1904:

466) considered the

type-specimen to have come from or near the junction of Wharekuri
Creek with the waitaki River, where the latter makes a sharp turn
northwards .He stated that the beds had recently been eroded, and
that no bone was found.

Benham (1937c) reported that Marwick

unscuccessfully searched for bone in the area, and that the exact
spot described by McKay was uncertain and had been differently
located by different people-.

Subsequently, the river level has

been raised as a result of the construction of the waitaki Power
station and Lake Waitaki, and the probable type-locality is now
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under water.

It is certain that the type-locality is at or near

the junction of Wharekuri Creek with the Waitaki River.

In the

absence of evidence to the contrary, it is presumed that the
holotype and probable holotypes all were collected from this
locality.
Horizon and age:

Kekenodon beds, a lateral equivalent of the Kokoamu

Greensand Formation, Duntroonian, Mid Oligocene.
48, Marwick in Fleming 1959c:

173.

See Gage 1957:

In the absence of evidence to

the contrary, it is presumed that the holotype and probable
holotypes were all collected from this horizon.
N.Z. fossil record number:

I40/f35 (holotype and probable holotypes) .

Discussion of the type-status of holotype and probable holotypes:
Collection Ma 306, NMNZ, contain's, a number of elements curated as the
type-specimen of K. onamata, not all of which can be identified on the
basis of Hector's (1881) description, aided by those of McKay (1882a, b),
as definitely holotype elements.

The only holotype elements which

definitely can be identified are those which Hector specifically
mentioned or figured in his 1881 description, and those which McKay
(the collector of the holotype) definitely stated were part of the
type-specimen.

However, as will appear from the discussion which

follows, caution should be used before the elements which cannot be
assigned unequivocally to the holotype are accorded some other status.
The only description of the holotype provided by Hector was his
1881 abstract.

A perusal of the abstract indicates some important

points:
1.

It is certain that Hector was not the author of the part of
the abstract which appears on pp. 434-435.

For example, it

was stated (p. 434) that Hector's paper was read in abstract,
and the abstract starts

"Dr Hector explained ••• ".

Comments

which may be definitely attributed to Hector are appended to
the abstract on pp. 435-436, and start
foregoing was written ... ".

"Note. - Since the

Almost certainly Hector appended

the latter comments to his abstract when he edited volume 13
of the '1'ransactions •.. before its publication (Hector was
editor of the Transactions ... at this time; see Burton 1965:
38).

Although Hector probably did not write the first part of

the abstract, it is certain that under the provisions of
Article 50 (a) of the Code Hector is the author of the name
Kekenodon onamata.
2.

It is likely that either Hector had not studied in detail the
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holotype of K. onamata, or did not have it in front of him
when he made the notes which he present('d subsequently to the
Wellington Philosophical Society and which were reported as
his abstract.
3.

Although Hector may have been aware of all the elements or the
holotype of K. onamata, he may have simplified his description
for the benefit of the audience at the Wellington
Philosophical Society Meeting.

4.

Hector's description of K. onamata may have been condensed or
not fully documented by the reporter who recorded the notes
which s1.,lbsequently formed the basis of Hector's (1881)
abstract.

Had any of these actions occurred, they would have resulted in the loss
of . important info~ation about th·e identity of all the holotype elements.
Portions of the 1881 abstract which are worthy of citation and
discussion with regard to points 2, 3, and 4 above are:
5.

The statement "Fragments of the lower jaw ••. " is vague; it
does not specify the number of fragments and does not present
conclusive evidence as to the identity of the fragments.

6.

" .•. some ten teeth ..• " could refer to more (or less) than ten
teeth, and gives no indication of whether the teeth were whole
or fragmentary.

7.

The statement that "only a few" of the ten or so teeth are
complete reasonably suggests less than half, perhaps three or
four, reasonably complete teeth.

This conflicts with the fact

that six teeth (Figs 1, 2, 3, 4, 5, 7) on Plate 18 could be
described as complete.

If Hector referred to the six complete

teeth as a "few", then this suggests that there may have been
the remains of more than ten teeth.
8.

A total 9f nine teeth may be identified on Plate 18 (Figs 1,
1', I", 2, 3, 4, 5, 6, 7) and yet Hector stated that he had
figured only the best preserved portions.

This suggests that

there may have been a number of other, more poorly preserved,
teeth.
9.

"the largest incisors" suggests that there were one or more
reasonably complete smaller incisors apart from those figured.

10.

"Fragments of bone indicate a massive solid jaw, one portion
showing. the posterior part of the ramus as having a depth of
6 or 7 inches .•• " [my italics] suggests that there was some
doubt as to the identity of the fragments (see below) .
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11.

The "number of teeth cannot be ascertained ... " suggests a
rapid or casual appraisal of the holotype, for a careful
study of the teeth would allow an accurate minimum number
of teeth to be determined.

12.

There is no evidence that more than one specimen formed the
basis of Hector's (1881) description.
indt~ated

McKay (1882a:

56, 68)

that the holotype was collected in November 1880,

while the referred specimens (McKay's l882b:

"No. 18, No.3,

No.4, No.5, and young individual") were not collected
until June - August 1881 (McKay l882b:

98).

Hector's (1881)

abstract was read to the Wellington Philosophical Society
on 12 February 1881, and the Transactions and Proceedings ...
for 1880 were issued in April 1881.

There is no evidence to

suggest that more than one individual described as K. onamata
was collected before June 1881.
McKay presented further evidence important in the identification of
el~ments

13.

of the holotype:
He stated originally (1882a:

68) that only "the teeth and

part of a jaw" of the holotype were collected, but later
identified the elements of the holotype as "No.1, the
original specimen, teeth, fragments of the skull, tympanic
bones, atlas, and fragments of ribs" (1882b:

104).

In the

latter description, McKay did not mention fragments of the
jaw, and recorded for the first time the existence of
fragments of the skull and the atlas (neither of which were
mentioned by Hector).

A right supraorbital process and atlas,

both of which bear (McKay's original ?) collection label "I",
are still extant in collection Ma 306, NMNZ.
that Hector (1881:

435) and McKay (1882a:

It is likely
68) wrongly

i.dentified the supraorbital process as the posterior part of a
mandible:

the bone is just over 7 inches (c. 175 rom) long

(see section 5.2) and could be interpreted by those unfamiliar
with archaeocete morphology as perhaps part of the coronoid
process.

Furthermore, when excavated, the bone was probably

in close 'contact with molar tooth roots in the posterior of
the max;Ula, and this may have led McKay to suggest that it
was part of the jaw.
Collection GS 476, NZGS, contains two teeth of K. onamata (lower right
third premolar, and upper left first molar) which still bear the old
inked labels "476".

Hector (1892a:

135, and1892b:

173) stated that
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collection 476 was from the Kekenodon beds, Waitaki River, Otago, and
was collected by McKay in 1880.

It is clear from descriptions of the

Kekenodon beds that this name was applied only to greensands local to
Wharekuri, in the Mid Waitaki Valley (see Hector l882a:
l882a:

67-68, and l882b:

xxviii; McKay

104; and Marwick in Fleming 1959c:

173),

so collection 476 must have been made in 1880 at or near Wharekuri.
Furthermore, as discussed above (see 12) the only remains of K. onamata
collected from this locality before June 1881 appear to have been those
of the holotype.

The two teeth in collection GS 476 were probably

transferred from the old Colonial Museum collections to those of the
Geological Survey when the Survey separated from the Museum in 1903
(see Burton 1965:

34).

There is little doubt that, on the basis of

the above observations, these teeth probably belong to the holotype.
This interpretation is consistent with the similarities of preservation
and matrix shown by the Ma 306 NMNZ and GS 476 NZGS specimens.
Referred specimen:

"No. 18 .•• caudal vertebrae" from Wharekuri, of

McKay (1882b:
l882a:

104; probably his planed-down vertebral centra of

68) ,who referred it to Kekenodon onamata.

specimen "2"), and Kellogg (1936:

Benham (1937c,

227, referred specimen "4")

initially also assigned it to K. onamata, but later Benham (1942)
referred it to Mauicetus parki.

Further details of the specimen

(in part curated as Ma 649, NMNZ; N.Z. fossil record number
I40/f35A) are given under Mauicetus parki (Benham, 1937).
Re'ferred specimen:

"No. 3 ••• a nearly entire specimen, 23 feet in

length" of McKay (1882b:

104), which included toothless jaws,

cervical vertebrae, other vertebrae, and ribs (Hector 1894:
an atlas and part of a pelvis.

See Kellogg 1936:

120),

227, referred

specimen "1".
Collection number and repository:

the only known extant specimen is an

atlas vertebra labelled "3"; in part, Ma 650, NMNZ.

The

whereabouts of the other elements is unknown.
Collector and date:
T,ocal i

ty :

near

th~

A. McKay, June - August l88l.
type-locality of the holotype of K. onama ta, near

the junction of Wharekuri Creek with the Waitaki River, North Otago.
Approximate grid reference NZMS 260 r40:
015180.

010122; NZMS Sl17:

See Marwick 1935, Mutch 1963.

Horizon and age:

Kekenodon beds, a lateral equivalent of the Kokoamu

Greensand Formation, Duntroonian, Mid Oligocene.
N.Z. fossil record number:

I40/f35B.
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Discussion:

According to both the accounts of McKay (1882b:

and Hector (1894:

104)

120), the "23 foot" skeleton of specimen "3" suffered

damage in transit to Wellington, and could not be reassembled.
commented (1894:

Hector

120) that the specimen was "a perfect example, save

that the jaws contained no teeth".
Referred specimen:

"No.4 ..• fragments of the skull .•• " of Kekenodon

onamata from Wharekuri (McKay 1882b:

104).

Also described by

Benham (1937c) as K. onamata specimen "4", and Kellogg (1936:

227)

as referred specimen "2", but subsequently referred by Benham
(1942) to Mqqicetus parki.

Further details of the specimen

(Ma 651, NMNZ; N.Z. fossil record number I40/f35C) are given under
Mauicetus parki (Benha~, 1937).
Referred specimen:
1882b:

104).

"No.5:

axis, cervical vertebrae, and ribs" (McKay

See also Kellogg 1936:

Collection number and repository:

227, referred specimen "3".

Ma 652, NMNZ.

The whereabouts of

one cervical vertebra is unknown.
Collector and date.:
Locality:

A. McKay, June - August 188l.

near the type-locality of the ho1otype of K. onamata, near

the junction of Wharekuri Creek with the Waitaki River, North Otago.
Approximate grid reference NZMS 260 I40:
015180.

010122; NZMS 1 Sl17:

See Marwick 1935, Mutch 1963.

Horizon and age:

·Kekenodon beds, a lateral equivalent of the Kokoamu

Greensand Formation, Duntroonian, Mid Oligocene.
N.Z. fossil record number:
Referred specimen:

I40/f35D.

"part of the skull and jaws of a young individual

[of K. onamata] " (McKay 1882b:

104) were subsequently described

by Benham as the squa1odont Microcetus hectori.

Further details

of the specimen (Ma 653, NMNZ; N.Z. fossil record number I40/f25)
are given under Microcetus hectori Benham, 1935.
Referred specimen:

the ho1otype of Squalodon serratus Davis, 1888, was

referred by Hector (1894:

119) to K. onamata.

Further details of

this specimen (ZMT 32, CM; N.Z. fossil record number S67/f27) are
given under Squalodon serratus Davis, 1888.
Other specimens referred to Kekenodon onamata.

A number of

specimens in addition to those already listed have been referred to
K. onamata in New Zealand, and details are given below.

The data are

not presented formally (cf. above) and, as no repositories or collection
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numbers are known, none of the specimens have been assiqned New 7.ealand
fossil record numbers.
1.

McKay (1882b:

They are presented chronoloqically as follows:
103) reported fragmentary bones (but no teeth)

of Kekenodon in the Hutchinsons Quarry beds at Oamaru.
2.

"Bones of Kekenodon" were reported by J.D. Enys to F.W. Hutton
(1888a:

259-260) from the Weka Pass Stone "near the caves

behind the Waikari Railway Station", North Canterbury.
3.

Kekenodon was recorded from the Oamaru Stone at Ngapara,

North Otago (Park 1905:
4.

495).

KekenoGlon onamata was collected from "bed No.5", about "15

chains North" of the quarry at Kakanui, North Otago (Park
1905:
5.

511).

Park (1905:

522) collected Kekenodon onamata from the

glauconitic greensand [Kokoamu Greensand Formation] at the
base of the Waitaki Stone

"l~

miles" east of a place in the

cliffs facing the Maerewhenua railway station, North Otago.
6.

KekenodQn onamata was collected from the shelly sands of the

Mount Brown Beds, at a locality about

"~

mile" below the

junction of Wharekuri Creek with the waitaki River, North
Otago (Park 1905:
7.

Park (1905:

525).

529) collected Kekenodon onamata from the

greensand immediately under the Waitaki Stone at Waihao Forks,
South Canterbury.
8.

Kekenodon onamata was doubtfully identified in a collection

from about

"~

mile" north of Weka Pass, near the summit of

Mount Donald, North Canterbury (Park 1905:
9.

540).

Kekonodon onamata was recorded by Park (1910:

129) from

Waikouaiti, North Otago.
10.

Park (1910:

129) collected Kekenodon onamata at Milburn,

South Otago.
11.

The "Upper Oamaruian" of the Kaitangata district, South Otago,
was stated by Park (1911:

545) to include Kekenodon onamata

as one of the more characteristic fossils.
12.

Kekenodon onamata was cited as one of the more abundant

fossils from the Mount Brown Beds, Waipara, North Canterbury
(Park 1911:
13.

Gudex (1918:

547-8).
253) doubtfully identified Kekenodon from the

"Dark Limestone" on Squires Farm, Pareora, South Canterbury.
14.

Kekenodon onamata was doubtfully identified by Gudex (1918:

258) from the limestone at Craigmore, Pareora, South
Canterbury.
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10.

parki.

Lophocephalus parki Benham, 1937.

Royal Society of N.Z. 67 (1):
Holotype:

Transactions of the

1-7.

an incomplete skull and left periotic, "the larger cranium"

of Benham (1937a:

1-3, Figs 1, 2) subsequently referred to as "a

portion of a skulL .• " (Benham 1939) and as "Skull A" (Benham 1942:
260-265, Fig. 1).

See discussion below.

Collection number and repository:
Collector and date:
Locality:

OU 11573, UODG.

collector unknown, collected before 1937.

probably Milburn or Clarendon, South Otago.

assigned grid reference of Milburn Quarry:
NZMS 1 S172:

727475.

Arbitrarily

NZMS 260 H45:

775560;

Benham stated that there was no record of

the actual locality at which the skull was found, but that it
probably came from either the Milburn or Clarendon Quarry (1937a:
1).

See McKellar 1966.

Horizon and age:

probably the Milburn Limestone, Waitakian, Late

Oligocene.
N.Z. fossil record number:
Paratype:

H45/f5.

an incomplete skull, the "smaller cranium" of Benham (1937a:

1-3) subsequently referred to as "Skull B" (Benham 1942:
Fig. 2).

See discussion below.

Collection number and repository:
Collector and date:
Locality:

260-265,

C.75.26, OM.

collector unknown; collected before 1937.

probably Milburn or Clarendon, South Otago.

assigned grid reference of Milburn Quarry:
NZMS 1 S172:

727475.

Arbitrarily

NZMS 260 H45:

775560;

Benham stated that there was no record of

the actual locality at which the skull was found, but that it
probably came from either the Milburn or Clarendon Quarry
(1937a:

1'> •

Horizon and age:

probably the Milburn Limestone, Waitakian, Late

Oligocene.
N.Z. fossil record number:
Paratype:

H45/f4.

a "premaxilla" (Benham 1937a:

Collection number and repository:
Collector and date:
Incality:

3-4).

C.34.8, OM.

"Mr Casey"; collected in or before 1934.

"Milburn Lime C9 Quarry", Milburn, South Otago.

reference NZMS 260 H45:
Horizon and age:
Oligocene.

775560; NZMS 1 S172:

Grid

727475.

probably the Milburn Limestone, Waitakian, Late
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N.Z. fossil record numbor:
Paratype:

H45/f2fi.

a mandible (Benham 1937a:

Collection number and repository:
Collector and date:
Locality:

4-5, Figs 4, 4a).

C.77.18, OM.

no data, collected before 1937.

probably Milburn, South Otago.

reference of Milburn Quarry:

Arbitrarily assigned grid

NZMS 260 H45:

775560; NZMS 1 S172:

727475.
Horizon and age:

probably the Milburn Limestone, Waitakian, Late

Oligocene.
N.Z. fossil record number:
Paratype:

H45/f23.

a thoracic vertebra, identified as a "caudal vertebra"by

Benham (1937a:

5).

Collection number and repository:
Collector and date:
Locality:

C.09.5, OM.

"Miss Reid", 1909.

Milburn., South Otago.

. of Milburn Quarry:

Arbitrarily assigned grid reference

NZMS 260 H45:

775560; .NZMS 1 Sl72:

727475.

Horizon and age: .:[)robab1y the Milburn Limestone, Wai takian, Late
Oligocene.
N.Z. fossil record number:
Paratype:

H45/£24.

four blocks from Waimate which contain portions of teeth

(Benham 1937a:

5-6, 7) and which were subsequently referred to

Squalodon andrewi Benham, 1942.

Further details of the specimens

(C.77.23, OM; formerly number C.75.25, OM; N.Z. fossil record
number J40/f19) are given under Squalodon andrewi Benham, 1942.
Paratype:

three blocks, "A, B, C", with ,19 teeth, from Clarendpn

(Benha~

1937a:

6-7, Figs 5,.6, 7) and which were subsequently

designated a paratype of Squalodon andrewiBenham, 1942.

Further

details of the specimen (C.77.22, OM; formerly C.75.25, OM; N.Z.
fossil record number H45/f19 are given under Squalodon andrewi
Benham, 1942.'
Paratype:

one worn cheek-tooth from Milburn,

d~scribed

as "Squalodon

grateloupi (?) Pedroni" and figured by Andrew (1906:

456, 482;

Plate 4, Fig. Ie), was attributed by Benham (1937a:

7, 1937b:

to Lophocephalus parki.

268) it was

Subsequently (Benham 1942:

designated the holotype of Squalodon andrewi Benham, 1942.
details of

th~

11)

Further

specimen (present whereabouts unknown, but a natural

limestone cast is extant aSC.77.2l, OM; formerly C.75.25, OM;
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N.Z. fossil record number H45/f22) are given under Squalodon
andrewi Benham, 1942.
Heferred Hpecimen:

natura] r.ast (wi th HOm(' hone), formorly in two

pieces, of the posterior of a left mandible; labelled
"Lophocephalus", and probably that described by Benham (1937a:

5)

as "two pieces which fit tpgether ••• parts of the mandible ••• ".
Collection number and repository:
Collector and date:
Locality:

C.77.l5, OM.

J.A. Hurst, in or before 1936.

"Waimate", South Canterbury.

Exact locality unknown.

Probable localities are Waimate Lime Quarry, grid reference NZMS
260 J40:

496027; NZMS 1 S127:

544066, and an old quarry at NZMS

260 J40:

503987; NZMS 1 S128:

552022 ("locality A" of Ward &

Lewis 1975:

885, Fig. 3).

See referred specimen of Squalodon

andrewi (number C.77.23, OM; N.Z. fossil record number J40/f19)
elsewhere in the catalogue for discussion of locality, horizon,
and age.
Horizon and age:
&

Arno Limestone, Waitakian, Late Oligocene.

See Ward

Lewis 1975 ..

N.Z. fossil record. number:
Referred specimen:

J40/f19.

the collection of "a number of lumps of limestone

from Waimate", which included, in part, "three cases of vertebrae
from the caudal region •.. ".
Collection number and repository:

two fractured caudal (?) vertebrae

are catalogued as C.77.20, OM.

The whereabouts of other elements

is unknown.
Col~ector

Locality:

and date:

J.A. Hurst, in or before 1936.

"Waimate", South Canterbury.

grid reference NZMS 260 J40:

Probably at an old quarry at

503987; NZMS 1 S128:

Waimate Lime Quarry at grid reference NZMS 260 J40:
1 S127:

544066.

552022, or at
496027; NZMS

See referred specimen (C.77.23, OM; N.Z.' fossil

record number J40/f19) of Squalodon andrewi Benham, 1942, for
discussion of locality, horizon, and age.
Horizon and age:

Arno Limestone, Duntroonian - Waitakian, Mid-Late

Oligocene.
N.Z. fossil record number:
Referred specimen:

J40/fl8.

left supraorhital process (?), left periotic, left

and right posterior processes of periotics, left stapes, left
tympanic bulla, atlas, axis, five cervical vertebrae, five
incomplete or complete thoracic vertebrae, fragments of ribs, one

124
element of sternum, scapula, head of humerus, ulna:
caudal vertebrae" of McKay (1882b:
centra •.• planed down" of l882a:

"No. 18 ...

104, probably his "vertebral
68).

Subsequently referred to

Kekenodon onamata by Kellogg (1936:

227) and Benham (1937c), and

to Mauicetus parki by Benham (1942).

Described by Kellogg (1956)

as Cetotheriidae indet.
Collection number and repository:
Collector and date:
Locality:

Mq 649, NMNZ.

A. McKay, June - August 1881.

near the type-locality of the holotype of Kekenodon onamata,

near the junction of Wharekuri Creek with the Waitaki River, North
Otago.
S117:

Approximate grid reference NZMS 260 140:
015180.

Horizon and age:

010122; NZMS 1

See Marwick 1935, and Mutch 1963.

Kekenodon beds, a lateral equivalent of the Kokoamu

Greensand Formation, Duntroonian, Mid Oligocene.
N.Z. fossil record number:
Discussion:

I40/f35A.

the identity of McKay's specimen "No. 18" with

Benham's specimen number "2" is not absolutely certain.

Benham (1937c:

15) stated that McKay had collected from Wharekuri four individuals of
K. onamata in addition to the holotype, and that McKay had labelled them

2, 3, 4, and 5.

However, McKay (1882b) did not mention a "No. 2", and

his description of the second specimen listed ("No. 18 ••• caudal
vertebrae") does not correspond with the elements attributed by Benham
(1937c) to number "2".

The discrepancies between McKay's and Benham's

descriptions may have arisen in two ways.

Firstly McKay may have wrongly

identified the specimen as " caudal vertebrae" before it was extracted,
and subsequently did not rectify his original description.

Secondly, it

is known that McKay and an assistant "reticketed" Colonial Museum and
Geological Survey specimens in 1904 (Burton 1965: 34), and it is
possible that McKay may have retrospectively numbered his (1882b:

104)

specimen "No. 18" with the new number "2" to indicate that it was the
second specimen found by him.

It is unlikely that McKay's "No. 18" and

Benham I s specimen "2" collections represent two different individuals,
of which the discovery of the latter was never recorded.

Although

1"ellogg (1956) mentioned this specimen as Cetotheriidae indet., Benham's
(1942) assignment of it to Mauicetus parki (Benham, 1937) has not been
challenged.
Referred specimen:

"skull fragments", left and right periotics, right

tympanic bulla, "atlas", "axis", five cervical vertebrae, five
thoracic vertebrae, ribs, fragment of sternum, "scapulae", distal
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end of right humerus, pelvis:

"No.4 .•. fragments of the skull

with tympanic bones, but no teeth, both scapulars, sternum,
numerous vertebrae (including atlas and axis), ribs" referred'by
McKay (1882b:

104), Kellogg (1936:

Kekenodon onamata.
Mauicetus parki.

227), and Benham (1937c) to

Benham (1942) referred this specimen to
Described by Kellogg (1956) as Cetotheriidae

indet.
Collection number and repository:

Ma 651, NMNZ (left and right

periotics, right tympanic bulla, ribs, fragment of sternum,
right humerus); Ma 650, NMNZ (pelvis); Ma 1665, NMNZ (cervical
and thoracic vertebrae).
Collector and date:
Locality:

A. McKay, June - August 1881.

near the type-locality of the holotype of Kekenodon onamata,

near the junction of Wharekuri Creek with the Waitaki River, North
Otago.

Approximate grid reference NZMS 260 I40:

S117:

010122; NZMS 1

015180.

Horizon and age:

Kekenodon beds, a lateral equivalent of the Kokoamu

Greensand Formation, Duntroonian, Mid Oligocene.
N.Z. fossil record number:
Referred specimen:

I40/f35C.

parts of mandibles, natural cast of mandibles,

basicranium, fragments of palate, tympanic bulla, vertebrae
(Benham 1942:

268-270, Figs 3-6).

Collection number and repository:

C76.737.6, 8M (contains only distal

end of block figured by Benham 1942:

Fig. 3, and fragments of

palate) .
Collector and date:
Locality:

J.H. Sorensen, October 1938.

"the limestone quarry at Balfour" (Benham 1942:

Southland.
542665.

Gr~d

reference NZMS 260 E44:

268),

688715; NZMS 1 S160:

See willett 1950, Wood 1966.

Horizon and age:

unnamed limestone, Waitakian (?) (Willett 1950:

4),

Late Oligocene.
N.Z. fossil record number:

E44/f5.

Referred specimen: . Benson (in Fleming 1959c:

67, and 1968:

8) stated

that "locally, bones of the Cetacean Mauicetus parki Benham" occur
in the Caversham Sandstone, Waitakian-Otaian, Late Oligocene Early Miocene, of the Dunedin district.
data were cited.

No locality or repository

Vertebrae of OU 6840, UODG, may have been those

referred to (see section 5.18).
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Discussion:

As was the case for some other species named by

Benham, a brief review of the history of description of Mauicetus parki
(Benham, 1937) (= Lophocephalus parki Benham, 1937) seems necessary.
In 1937, Benham described Lophocephalus parki, a new genus and species
of apparent toothed archaeocete.

As mentioned above, Lophocephalus

parki was based on two skulls, a premaxilla, a mandible, a caudal
vertebra, caudal vertebrae and mandible fragments from Waimate, four
blocks containing teeth from Waimate, three blocks containing teeth
from Clarendon, and a single tooth from Milburn described by Andrew
(Benham 1937a).

Benham (1937c) published concurrently also descriptions

of McKay's (1882b:

104) specimens "No. 18" or "2", and "No.4", both

apparently individuals of Kekenodon onamata Hector, 1881.

In 1939,

Benham proposed the new generic name Mauicetus for Lophocephalus Benham,
1937 (preoccupied).

Later, in his 1942 paper, Benham correctly

identified the two type skulls of Mauicetus parki (Benham, 1937) as
those of Mysticeti, not Archaeoceti.

The teeth from Clarendon, and

that tooth described by Andrew (1906:

Plate 4, Fig. Ie) from Milburn,

were specifically assigned to a new species of odontocete, Squalodon
andrewi Benham, 1942, while the teeth from Waimate which had been
assigned in 1937(a) to the "zeuglodont" Lophocephalus were not mentioned.
No other elements of the type-series of Lophocephalus parki Benham, 1937,
were specifically mentioned.

In the same paper, Benham (1942) stated

that the remains identified by him in 1937(c) as those of Kekenodon
onamata were those of Mauicetus parki, and he also assigned the remains
of a mysticete from Balfour, Southland, to M. parki.

Subsequently,

Kellogg (1956) referred to remains from Wharekuri, presumably those of
McKay's (1882b:

104) specimens No. 18 and No.4, which were referred

by Benham (1942) to Mauicetus parki, as those of Cetotheriidae indet.
Keyes (1973) listed the latter two specimens as individuals of M. parki.
11.

serratus.

Squalodon serratus Davis, 1888.

Royal Dublin Society (series 2) 4:
Holotype:

a single

46-48, Plate 7, Fig. 9.

ch~ek-tooth.

(:ollection number and repository:
Collector and date:

Transactions of the

not known.

ZMT 32, CM.
Possibly collected by J. von Haast,

between 1879 and 1888.
Locality:

at or near a point 1.3 km north northeast of the present

Karetu (= "Whiterock") Quarry, Karetu River, a branch of Okuku
River, North Canterbury.

Approximate grid reference NZMS 260 M34:
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662841; NZMS 1 S67:

856027.

See Gregg (1964), and Mason

(1941, Map).
Horizon and age:

Weka Pass Stone (sensu Wilson 1963), probably the

Berrydale Greensand Member of (Andrew's 1963) Omihi Formation,
Whaingaroan-Duntroonian, Early-Middle Oligocene.

See

discussion below.
N.Z. fossil record number:
Discussion:

S67/f27.

Haast (1879) observed that the quarry at White Rock

had then just recently opened, and it is unlikely that the holotype
was collected before that time.

Haast may have collected the tooth.

The most recent discussion of the locality, horizon and age is that
of Glaessner (1972), who also reviewed the history of description and
verified the original generic assignment of Squalodon serratus.
Glaessner concluded that the holo'type was from the WhaingaroanDuntroonian Weka Pass Stone, between the Karetu and Grey Rivers.
An examination of about 1. 5 km of "Weka Pass Stone" outc:r;op which crops
out on the east bank of the Karetu River resulted in the recognition of
one small old

qua~ry

at a point 1'.3 kID north northeast of the present

Karetu Quarry (my,field observattc:ms, 1976), and the holotype probably
/

'

came from this or a nearby locality.

Andrews (1963, 1968) described

the "Duntroonian rocks at Karetu River as the Berrydale Greensand (a
lat~ral

equivalent of the emended Weka Pass Stone Member, of Andrews

1963), which belon9's to the OmihiFormation.

Discontinuous exposures

and pronounced facies changes in the Duntroonian rocks at the Karetu
River make it difficult to define' accurately the ,source member or the
stratigraphic position with regard to a well-established plane.
12.

trirhizodonta.

Austrosqualodon trirhizodonta Climo and aaker, 1972.

Journal of the Royal Society of N.Z. 2 (1):
Hol,btype:

61-68, Figs 1, 7..

a pair ,of incomplete toothless mandibles.

According' to

Dr F.M. Climo, (pers. corom., .December 1977), ,more of the holotype
may be still,in situ at the type-locality.
Collection number and repository:
Collectors and date:
Locality:

Ma 1627, NMNZ.

F.M. Climo and K. Elworthy, August 1970. '

Fossil ,point, Puponga,. Northwest Nelson.

NZMS 260 M24:
51, S3, 54:
Horizon and age:

Grid reference

863777; Climo and Baker's (1972) reference NZMS 1
132233.

See also Bishop 1971, map.

Abel Head Formation (Bishop 1971), Duntroonian,

Mid Oligocene.
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N.Z. fossil record number:
13~

waitakiensis.

Sl, S3, S4/f526.

Mauicetus waitakiensis Marples, 1956.

of the Zoological Society of London 126 (4):
Holotype:

Proceedings

565-580, Fig. 3.

the posterior of a skull, two tympanic bullae, atlas, axis,

three vertebrae; Marples's "specimen 2".
Collection number and repository:
Collector and date:
Locality:

C.62.2, OM; formerly G.47.2, UODZ.

B.J. Marples, 1947.

Kokoamu Cliffs, 4.5 km southeast of Duntroon, North,Otago.

Grid reference NZMS 260 J40:
S127:

338932.

Horizon and age:
Oligocene.

310901.

See Gage 1957:

Marples (1956) cited NZMS 1

Geological Map No.2.

Kokoamu Greensand Formation, Duntroonian,

Mid

Marples stated that the age was Early Oligocene,

but the Duntroonian is now regarded as Mid Oligocene.

See Gage

1957:48-50, 80.
N.Zr fossil record number:

J40/f17.

CATALOGUE OF DESCRIBED BUT UN-NAMED SPECIMENS
1.

"archaeocete"indet.

247 (7):

Marples, 1949.

American Journal of Science

462-471, Figs la-ld, 2c.
I

Hypotype:

a cranial natural endocast.

Collection number and repository:
Collector and date:

C.48.70, OM.

not known; curated 1948.

A comment ("Old Stock")

in Otago MuseUm Catalogue "c" suggests that the specimen was
collected some years before 1948.
LOcality:

unknown.

The matrix (see below) is probably Milburn

whichsugg~sts

Limestone,

derivation from Milburn, South Otago.

Arbitrarily assigned the grid reference of Milburn Quarry, NZMS
260 H45:

775560; NZMS 1 S172:

Horizon and age:

"odontocete" indet.

247 (7):
Hypotype:

See McKellar 1966.

probably Milburn Limestone, Waitakian, Late Oligocene.

N.Z. fossil record number:
2.

727475.

H45/f3.

Marples, 1949.

American Journal of Science

462-471, Figs 2d, 3a-3d.
~ c~ani~l ~atural

endocast.

Collection number and repository:
Collector and date:

C.34.7, OM.

Mr Carr, curated 7 January 1934.
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Locality:

Dominion Lime Works, Milburn, South Otago.

NZMS 260 H45:

773568; NZMS 1 S172:

727484.

Grid reference

See Macpherson 1945,

map.
Horizon and age:

Milburn Limestone, Waitakian, Late Oligocene.

N.Z. fossil record number:
3.

H45/f18.

"protosqualodont"; Keyes, 1973.

Freshwater Research 7 (4):
Hypotype:

N.Z. Journal of Marine and

381-390, Figs 1-6.

two cheek teeth described by Keyes (1973:

Figs 1-6),

two or more undescribed teeth, undescribed posterior dorsal
part of skull.
Collection number and repository:
Collector and date:
Locality:

GS 10897, NZGS.

A.M.A. Engelbrecht, P. Beauchamp, 28 June 1970.

Gays Limestone Quarry(= Parkside Quarry), Weston, Oamaru,

North Otago.
486701.

Grid reference'NZMS 260 J4l:

448693; NZMS 1 S136:

See Gage 1957, Geological Map No.1.

Horizon and age:

upper part of McDonald Limestone Formation,

Whaingaroan" Early Oligocene.
N.Z. fossil record number:

See Edwards 1968.

S136/f61lA.
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5.

DESCRIPTIONS AND REAPPRAISALS

5.1. TEETH OF AFF. DORUDON

(ARCHAEOCETI:

DORUPONTIDAE) FROM

THE LATE EOCENE, WAIHAO, SOUTH CANTERBURY
INTRODUCTION
The specimen of aff. Dorudon described herein was reported by
Haast (1879), who identified it as the reptile Crocodilus and thus
doomed it to 100 years of neglect, with its identity unquestioned and
its scientific value unrecognised.

Its identification as aff. Dorudon

is of interest because:
1.

,It extends the reported

strat~graphic

record of New Zealand

fossil Cetacea undoubtedly into the Eocene.
2.

It is the first Southern Hemisphere record of what could be
regarded as an unequivocal typical Late Eocene Northern
Hemisphere arc?aeocete.
A description of the history and morphology of the specimen

follows.
DISCOVERY AND CURATION
The teeth and tooth root described below were recorded initially
by Haast (1879:

311), in a list of fossils collected from the "Oamaru

Formation" in South Canterbury, as "REPTILIA - Teeth of
Waihao".

Crocodil~s,

sp.

No evidence was given as to the date or exact place of

coliection.

F.W. Hutton (1887:

131) commented that "Teeth of

crocodile(?)" were collected from Waihao Forks and, in the same year,
McKay (1887b:

113, 118) stated that "Crocodilus sp. Haast" was recorded

from the Waihao Greensand of the Oamaru Formation.

No further mention

of the "crocodile" has been found in the literature.
I examined

th~

type-collection of the New Zealand Mid Oligocene

archa.,eocete Kekenod6n onamata Hector, 1881, in July 1975, at the
National Museum of New Zealand.

The collection, Ma 306, NMNZ, contained

one tooth (that described here as the premolar) of markedly different
morphology and preservation to the holotype elements of K. onamata, and
I.W. Keyes (pers. comm.) drew attention to the similarity of this tooth
with those of Dorudon osiris (e.g. Kellogg 1936:
a PM2).

Plate 22, Fig. 2a;

At that stage, the absence of information on the tooth'$ origin

prevented its description.
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In July 1977, I noticed in the fossil reptile collections of the
Canterbury Museum a tooth and bone (?) fragment (the incisor or canine,
and root, described here) labelled "Zfr 110. Crocodile. Waihao", and
comparison of these two fragments with the premelar from the K. enamata
type-cellectien suggested that all derive from the same individual.
Evidence fer this is as fellews:
1.

The gross anatomy of the teeth is similar, e.g. enamel thickness,
lustre, colour, weathering, and the degree of preservation of
.ornament and other fine structures, as are constituents .of the
matrix.

These features also indicate no affinity with the

K. enamata holotype.
2.

The glue attached to all three fragments appeared identical.

3.

The Canterbury Museum label and card bears three silheuettes net
darkened by light te which the three extant fragments can be
matched.

At some stage after the remains had been en display for some time,
th~ir

pessible identity as an arthaeocete must have been considered

and, undoubtedly, it was at this time that the premolar was taken te
Wellingten fer cemparisen with K,. enamata.

It is unlikely that this

was. during the 1880's when Heeter's interest in fossil Cetacea was
obvious (e.g. Hector 1881, 1882b), fer the faded display card ihdicates
that all three specimens had been displayed

tog~ther

Ne records have yet. been found which indicate the

for some time.

transf~r

of the

premelar.

TAXONOMY
Suberder

ARCHAEOCETI Flower, 1883

Family

DORUDONTIDAE Miller, 1923

aff. Deruden Gibbes, 1845
COLLECTION DATA
Specimen:

the incomplete crown of a lower right or upper left incisor

or canine, the incomplete crown of a lewer left .or upper right
secend premolar, and a fragment .of teoth root(?); formerly
described by Haast (1879:

311) as "Teeth of Crecodilus".

Cellection number and repository:

ZMT 79, CM.Formerly, the inciser

or canine, and the tooth root, were curated as Zfr 110, CM, while
the premolar was curated, in part, as Ma 306, NMNZ.

The label on

the display card which accompanies the teeth reads "Crocodile
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Waihao" (type-written), and the other side of the card bears the
pencilled number "296".
Collector and date:
Locality:

J. von Haast(?), before 1879.

"Waihao", probably near Waihao Forks, Waimate district,

South Canterbury, New Zealand.
NZMS 260 J40:

Arbitrarily assigned grid reference

470000, equivalent to NZMS 1 S127:

maps by Mutch (1963) and Ward & Lewis (1975:
Horizon and age:

516037.

See

Fig. 3).

probably McCullough Formation, Bortonian - Runangan,

Late Eocene (see comment below) .
N.~.

fossil record number:

J40/f16.

Comment
This specimen could not be assigned an accurate age, for the matrix
associated with it aid not contain any microfossils (A.R. Edwards, pers.
corom.).

However, some idea as to the source horizon is given by

Hutton's (1887) reference to the locality as Waihao Forks, and to
McKay's (1887b) comment that the specimen was from the Waihao Greensand
of the Oamaru Formation.
The Waiho district was mapped recently by Ward & Lewis (1975:
Fig. 3), who showed that a large area of McCullough Formation crops out
at and around Waihao Forks.

They ?oted (Fig. 1) that this formation

encompasses glauconitic sandstone, siltstone, and mudstone, with
concretions and concretionary layers, and cited a Bortonian to Runangan
age.

The formation is succeeded by greenish-grey to light yellow-grey,

fine calcareous greensand and quartzose biomicrite of the Whaingaroan to
Duntroonian Waikakahi Formation.

The application of McKay's term,

Waihao Greensand, was reviewed by Gage (in Fleming 1959c:
noted that the greensands were mentioned first by Haast.

430), who
They were

described later by McKay as dark greensands which, lower down, include
concretionary boulders (this agrees with the description of Ward & Lewis
1975).

Gage concluded that the Waihao Greensand appears to be a distinct

lithological unit in the Waihao valley, and that it is of KaiatanRunangan age.
These observations, although not conclusive, suggest derivation of
the fossil from the McCullough Formation.

The significance of the

probable Eocene age will be discussed later.
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DESCRIPTION
General
The enamel of the teeth has a shiny lustre and is black or grey to
tan-brown.

It is under I rom thick.

brown, and appears homogeneous.

The underlying dentine is black-

Crown dentine shows traces of lamellae

concentric around a central axis which may be a remnant pulp cavity.
The ornament consists of cristae rugosae (cr. rug.) analogous to
those described in squalodonts (Pledge & Rothausen 1977).

The cr. rug.

are ridges of round to sharp cross-section, and a length up to half the
height of the crown (although most are much shorter).
vertically elongate, and converge apically.

They are

Basally, where they are

most developed, the cr. rug. may bifurcate repeatedly.

The density is

3-5 per 5 rom.
The crowns are laterally compressed and concave lingually.

They

are ornamented basally and possess smooth or finely rippled enamel
apically.
roots.

Anterior and posterior keels are present.

Both teeth lack

They are too incomplete to warrant tabulation of measurements.

Dimensions are derivable from the figures.
Incisor or canine crown (Figs 347, 348)
The axis is concave lingually and posteriorly.

Apically, the

tooth is compressed laterally, but the basal cross-section is almost
circular.

The anterior keel is concave lingually and the posterior

more or less straight, and both are smooth (noncrenelate, nondenticulate).
A minute bifurcation (analogous to the secondary ramus, sensu Pledge &
Rothausen, of squalodonts) is present at the base of the anterior keel.
On the buccal face, cr. rug. are absent anteriorly but are well
developed posteriorly.

They extend about 17 rom up the crown.

anterior of the crown is finely wrinkled.

The

The anterior quarter of the

lingual face is relatively unornamented, while the posterior cr. rug.
are developed well.

The lingual cr. rug. appear more prominent than

those of the buccal face, but it is not possible to quantify this.
A smooth, nonelevated cingulum is present on both faces, and is most
prominent on the anterior of the lingual face where its apical edge is
ornamented with fine papillae which mark the basal limit of the cr. rug.
In lateral view, the enamelocementum boundary is sinuous:

on both the

lingual and buccal faces, it is elevated apicallY at the front, and
basally depressed posteriorly.
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Premolar crown (Figs 31-33, 345, 346)
The premolar has a large main denticle and two smaller posterior
denticles.

In anterior and occlusal views, the axis is concave

lingually.

The axes of the two posterior denticles are inclined

backwards.

The tooth is prominently flattened laterally.

In lateral view, the anterior keel is roughly straight.

It has

three small tubercules at its base, analogous to reduced primary nodules
of squalodonts (Pledge & Rothausen 1977).

The posterior keel of the

main denticle is convex, as are both anterior and posterior keels of the
two posterior dentic1es.

Faint traces of crenelation on the main

denticle's posterior keel are viSible in reflected light.
There are no anterior dentic1es, although it is not certain if the
primary nodules represent their remnants.
1ar~er

and taller than others.

The main denticle is much

The first posterior denticle is

separated from the former on both the buccal and lingual faces by
prominent sulci, which, on the lingual face, extend to the crown base.
It is separated

f~om

the second posterior denticle by a similarly deep,

prominent sulcus.
Buccal ornament is short, and consists of wavy, roughly parallel
cr; rug. which are developed on the basal half of the tooth.

The

cr. rug. bifurcate sporadically, and some possess traces of possible
papillae.

Lingual cr. rug., particularly the more posterior, are

longer, more elevated, and with a sharper cross-section than the buccal
cr. rug.

They encroach on to the bases of the posterior dentic1es and,

on the second, extend up on to its crown.

The cr. rug. on the latter

are curved so that'they are concave posteriorly.
Root (Fig. 349)
The identity of this broken, weathered element is uncertain.
However, its basal cross-section suggests the presence of a thickened
outer layer of cementum, and an occluded inner pulp cavity.
is cylindrical and is laterally compressed.

The root

It lacks its anterior or

posterior half (its orientation is uncertain).

Prominent nodules are

present on the anterior (or posterior) and lateral faces about two
thirds of the way down the root.

FIG. 31-

= 10

Second premolar of ZM'I' 79, aff. Dorudon, buccal view.
mm.

Note:

in all figures that follow, scale bar

= 10

specified otherwise in caption (see also section 2).
FIG. 32.

Second premolar of

ZMT

79, aff. Dorudon, occlusal view.

FIG. 33.

Second premolar of

ZMT

79, aff. Dorudon, lingual view.

Scale bar
mm unless

MAIN DENTICLE

BASAL TUBERCULES
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1t::::I:::~~MAIN

DENTICLE

CR. RUG,
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DISCUSSION
AFFINITIES
There is little doubt that the teeth are the incisor or canine,
and an anterior premolar (PM2).

Basi10sauridae (e.g. Basilosaurus)

possess a subconica1 PM1; PM2 to M2 and PM2to PM4 have conspicuous
anterior and posterior dentic1es, while Ml to M3 have steep, vertical,
nondenticulate keels (Kellogg 1936).

Protocetidae (e.g. Protocetus)

are typified by secodont cheek-teeth which lack anterior and posterior
steplike denticles.

The present teeth are similar to those of Dorudon

and Zygorhiza in tpe relative

si~e,

and shape of the crowns and

dentic1es, the type of ornament, the presence of two or more posterior
dentic1es, and the reduction in anterior denticles.
Since Kellogg (1936) summarised and figured the morphology of
do~udontid

cheek-teeth, there have been published no further major

papers on this group, so the comparisons below are based on Kellogg
(1936).

Plate numbers also refer to Kellogg's monograph.

The incisor

or canine tooth need not be discussed here, for such teeth generally
lac~

useful diagnostic features and there is little detailed information

published on their morphology.
The upper premolars of Zygorhiza possess a conspicuous crenelated
buccal and lingual cingulum.

The three or more anterior denticles,

although smaller than the posteriors, are prominent even in

PM~,

and

increase in relative size posteriorly (Plate 12) .. Posterior denticles
are relatively large.

Buccal ornament is not prominent, but lingual

cr. rug. are strongly developed, vertical, roughly parallel, and
bifurcate.

The first premolars are quite caniniform, with vestigial

posterior denticles.

A cingulum is not as prominent in PM2 - PM4, and

the posterior denticles are relatively smaller than in the upper teeth
(Plate 13).

Dorudon upper premolars (Plate 22) have a maximum of three anterior
and posterior denticles, while lower premolars have two or three
anterior and three or four posterior denticles.

A cingulum may be

present but is not. as ornamented or as conspicuous as that of Zygorhiza.
The anterior keel may be crenelated, and the main denticle is relatively
larger than in Zygorhiza.

Buccal ornament is not prominent.

The present premolar tooth is almost certainly an upper or lower
PM2, as only this tooth shows the cheek-tooth form (PMl tends to be
caniniform) together with a reduced number of anterior denticles.
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It ·differs from the teeth of Zygorhiza in its relatively smaller size,
no evidence of a prominently ornamented cingulum (although this may have
been destroyed), more prominent buccal cr. rug., relatively larger main
denticle, and the absence of well-developed anterior denticles.

It

differs also from Dorudon in the possible absence of a cingulum, its
more prominent buccal cr. rug., and the absence of well-developed
anterior denticles.

Inasmuch as the anterior denticles of Dorudon are

smaller arid fewer in number than those of Zygorhiza, this suggests a
closer relationship of the tooth with the former.

It is of note that

a PM2 of D. osiris on which the anterior denticles are broken (Kellogg
19J6:

Plate 22, ·Fig. 2a) is strikingly similar in appearance to the

present specimen.·
The reduced anterior

denticl~s

and the prominent buccal ornament

are features not possessed by Dorydon and, presumably, are relatively
apomorph features, so the present specimen cannot be referred undoubtedly
to that genus.

A more precise determination must await the discovery of

new material.
SIGNIFICANCE OF SPECIMEN TO EOCENE ARCHAEOCETE BIOGEOGRAPHY
Although an Eocene age cannot be demonstrated conclusively for the
pr~sent

specimen, it is suggested strongly by the observations on its

horizon and locality.
an Eocene age.

The morphology of the specimen is,consistent with

Had it been found, for example, in a North American

marine sequence, a,lmost certainly it would have been regarded as an
indicator of a Lat~ Eocene age, for its morphology is similar to that
of the North American Late Eocene genera Dorudon and Zygorhiza.

The

Oligocene Dorudontidae (Kekenodon, Mammalodon) are known too poorly to
be certain of howdorudontid tooth morphology changed in the later
Palaeogene.

However, while it is debatable if the tooth structure of

Kekenodon and Mammalodon is typical of Oligocene Dorudontidae, there is
little doubt that their teeth are more specialised than those of ZMT 79
and North American Eocene dorudontids.

This is consistent with the

nlder age of Dorudon, Zygorhiza and, presumably, ZMT 79.
The spatial ahd temporal distribution of described archaeocetes is
'mmmarised in Table 8, and additional references are, given in the
unnotated chronol;gical guide to archaeocete literature (section 3.7).
It ir;

of interest that no readily-identifiable Southern Hemisphere forms

undoubtedly older than Mid Oligocene have been recorded.

until the

present study was undertaken, only a provisionally-identified archaeocete
("Zeuglodon"?) of Eocene (or Miocene) age, had been recorded from
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Seymour Island, Antarctica (Elliot et ale 1975).

The only serious

recent discussion 'of the temporal and spatial distribution of
archaeocetes is that of Kellogg, whose brief observations on the
invasion of the Southern Hemisphere by the archaeocetes were summarised
in his statement that "so far as is known, the archaeocetes did not
reach the seas bordering New Zealand until Mid-Tertiary time ••. "
(Kellogg 1936:

293).

More-recent comment has been more of an

incidental nature, rather than the result of a serious reappraisal of
archaeocete biogeography.

For example, Davies (1963:

107) speculated

but did not substantiate that "zeug10donts" probably had spread south
to, Australia and New Zealand by the end of the Eocene, and correctly
observed that certainly they were in southern waters by the Oligocene,
while Mchedlidze ,(1970:

Microzeuglodon

ha~woodi

65) incorrectly listed the "archaeocete"
from the Australian Late Eocene.

This record indicates the presence of a dorudontid in the Southern
Hemisphere probably before the Oligocene.

It is unfortunate that the

remains are too incomplete to allow their accurate identification, and
that the stratigraphic position is uncertain, for further details of
these would provide a better idea as to the temporal and spatial
relationships of the specimen.

The presence of a Late Eocene

archaeocete in New Zealand is not surprising, for already there are
known four New Zealand specimens of Early to Late Whaingaroan (Early
Oligocene) age.
allowed contact

The paleogeography of this time presumably would have
b~tween

marine faunas of New Zealand and western North

America, the latter a Late Eocene or Early Oligocene archaeocete
locality (Barnes 1977, Kellogg 1936), and between New Zealand and India,
where Mid Eocene protocetids have been recorded (Sahni & Mishra 1975).
Observations on the New Zealand marine invertebrate fauna of the Eocene
indicate both Indo-West Pacific and American fauna origins (Fleming
1975) which are compatible with those expected for the predecessors of
the present specimen.

SUMMARY

The dorudontid archaeocete of presumed Late Eocene age described
here is similar to the genera Dorudon and Zygorhiza.
affinities cannot be determined.

Its exact

It is the first Eocene cetacean

I."(,corded from New Zealand, and is the first undoubted archaeocete
older than Mid Oligocene known from the South Pacific and perhaps the
Southern Hemisphere.

TABLE 8.

AGE

Summary of spatial and temporal distribution of described archaeocetes

TAXON AND COUNTRY

REFERENCES

EARLY MIOCENE

Phococetus

France

Kellogg 1936

LATE OLIGOCENE

Mammalodon

Australia

My observations

MID OLIGOCENE

Kekenodon

New Zealand

My observations, section 5.2.

Platyosphys

Ukraine

Kellogg 1936

Indet. archaeocete

N. America

Kellogg 1936

Zeuglodon

Seymour Island

Elliot et al. 1975, Kellogg 1936

Dorudontidae
and
Basilosauridae

N. America,
Europe,
Africa

Elouard 1966, Kellogg 1936,

Protocetidae

Africa, India,
N. America

Kellogg 1936, Sahni &
Mishra 1975

EARLY OLIGOCENE

LATE EOCENE

MID EOCENE

Kuhn 1935
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5.2. A REDESCRIPTION OF THE MID OLIGOCENE ARCHAEOCETE
KEKENODON ONAMATA HECTOR,

1881

(DORUDONTIDAE)

INTRODUCTION
The ho10type of Kekenodon onamata Hector, 1881 is the only known
positively identified Mid Oligocene archaeocete.

It was described

in abstract by Hector (1881), and later, primarily qn the basis of
Hector's figures and from photographs, by Kellogg (1936).

No other

specimens have been found, and the incompleteness of the descriptions
of ,the ho10type has been a

barrie~

to an understanding of the

relationships of Kekenodon onamata.

As is evident from the literature,

this has led to cO:nfusion both as to the affini t'ies of the species and
in an appreciation of archaeocete evolution during the Oligocene.

The

aim of this sectiQn is to redesciibe and discuss the relationships of
K. onamata.
PREVIOUS WORK
Details of the discovery, the early study, and later important
contributions on Kekenodon onamata are presented here in an annotated
chronological form.

Only articles which presented new facts or

interpretation are listed.

Details of previous New Zealand work

on K. onamata are presented also in the Catalogue (section 4.4).
1880 - (November).

Ho10type of K. onamata (later included, in part,

in collections Ma 69, NMNZ, Ma 306, NMNZ, and GS 476, NZGS)
collected from New Zealand Geological Survey Locality GS 476,
Wharekuri Creek, North Otago, by A. McKay (see Catalogue;
Hector 1892a, 1892b, McKay 1882a, 1882b).
1881 - (12 February).

Hector presented, at a meeting of the Wellington

Philosophical Society, th'e description, in abstract, of
K. onamata (see Transactions and Proceedings of the N.Z.
Institute for 1880, 13:
- (April).

432).

Description of the new genus and species Kekenodon.

onamata Hector, 1881, published.

The specimen included.

"Fragments of the lower jaw and some ten teeth... one

t~panic

bulla ••. ," a periotic and stapes, of "upper eocene" age, from
Wharekuri; North Otago.
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1881 - (June - August).

McKay obtained, in addition to the ho1otype,

five further specimens, apparently of K. onamata, from the
Wharekuri district (see McKay 1882b, below).
1882 - Hector (1882a) proposed the term "Kekenodon beds" for "Lower
or Mid Eocene" beds local to the Mid Waitaki Valley, and from
which K. onamata was collected.
- McKay (1882a) stated that the Kekenodon beds are confined to
the WaitakiVa11ey at Wharekuri.

He described the collection

and type-locality of K. onamata, and recorded, but did not
collect, other remains from nearby.
- McKay (1882b) presented a stratigraphic column for Wharekuri
which included the Kekenodop beds.

He recorded K. onamata from

the Otakaika Limestone, and the Hutchinsons Quarry beds at
Oamaru.

Specimens of K. onamata listed from Wharekuri included

"No.1", the ho1otype; "No: 18" (which was probably
retrospectively labelled "No.2"; see section 4.4), "caudal
vertebrae"; "No.3", a 23 foot (c. 7.5 m) long specimen; "No.4",
skull and postcrania1 fragments; "No.5", ribs and vertebrae;
and an unnumbered small individual from an unspecified locality
in the Otakaika Limestone.
1885 - F.W. Hutton (1885b) commented that the age of Kekenodon-bearing
strata is uncertain.
1886 - Hector (1886a, 1886b) presented a list of K. onamata specimens
held by the Colonial Museum (now NMNZ).

They included an

uncertain number of molars and incisors, a sternum, an earbone,
the section of a jaw, and the portion of a jaw of a young
individual.

A tooth was figured.

1888 - Hutton (188Sa) recorded K. onamata from waikari, commented on
its stratigraphic utility, and assigned the species an Oligocene
or Miocene age.
1892 - Hector (1892a, 1892b) briefly commented on the collection of the
ho1otype and that K. onamata is abundant in the waitaki Valley.
189·3 - Lydekker stated that Kekenodon is a Zeuglodon-1ike archaeocete.
189Ll - Hector regarded Squalodon serratus Davis, 1888, as conspecific
with K. onamata.

Hector cited further details of specimens of

K. onamata.

1900 - Hutton regarded Kekenodon as Oligocene in age.
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1903 - According to Burton (1965:

34), the collections of the old

Colonial Museum were split up at about this time.

It was

probably then that the holotype of K. onamata was split into,two
collections which were housed subsequently in the Dominion (now
National) Museum (as Ma 69) and the N.Z. Geological Survey
(GS 476).

Also at this time, or in 1904, McKay's (1882b:

104)

specimen "No. 18", the second specimen of K. onamata found and
collected by McKay, may have been numbered retrospectively
"No.2" by McKay.

See section 4.4 for discussion.

1904 - Hamilton concluded that the type-locality, of K. onamata, which
had recently been eroded during a flood, was at the junction of
Wharekuri Creek with the Waitaki River.
1905 - Park collected specimens identified as

K~.

onamata from the

Mt. Brown Beds and waitaki or Oamaru Stone at Ngapara (p. 495),
Marawhenua (p. 495), Wharekuri (pp. 522, 523, 525), Waihao
(p. 529) ,?l-nd Mt. Donald (p. 540).
1908 - Stomer considered the remains of K. onamata too incomplete
to determine if it was a squalodont or archaeocete.
1910 - Park recorded K. onamata from Waikouaiti and Milburn.
1911 - Hall referred K. onamata, of doubtful Eocene age, to the
Squalodontidae.
- Park recorded K. onamata from Kaitangata and Waipara.
1914 - Abel

revie~ed

the morphology and affinities of Kekenodon.

19i8 - Gudex collected K. onamata from Craigmore and Squires Farm,
South Canterbury.
- Morgan noted that K. onamata may be relat,ed to Squalodon
serratus.
1921 - Winge considered K. onamata to be an archaeocete.
1923 - Kellogg (1923a) regarded Kekenodon as an archaeocete of Oligocene
or Early Miocene age, related to Dorudon;
- Miller stated that Kekenodon is too poorly known to be certain
of its rela:tionships.
1925 - Zittel stated that Kekenodon is probably a squalodont.
1928 - Kellogg cited a Late Oligocene age for Kekenodon.
1935 - Benham (19'35b) described McKay's (1882b:

104) "young individual"

of K. onamata from the Otakaika Limestone of North Otago as a new
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species of squalodont, Microcetus hectori.
1936 - Kellogg diagnosed, described, and discussed K. onamata.

He

confirmed its identity as a distinct species, probably related
to Phococetus vasconum (Early Miocene, France), and related
closely to Dorudon and other Dorudontidae.

He cited an Early

Miocene age.
1937 - Benham (1937c) described the remains of two specimens referred
to K. onamata by McKay (1882b:

104):

"No.2" [= "No. 18" of

McKay?] atlas, axis, thoracic vertebrae,
. sternum,

pelvis~

~umerus,

scapula,

and "No.4", thoracic vertebrae, sternum,

pelvis, ribs.
1939

Pritchard stated that Kekenodon is Eocene in age.

1942 - Benham redescribed the specimens ("No.2"· and "No.4"), earlier
described by him (1937c) as those.of K. onamata, as probably
those of the mysticete Mauicetus parki (Benham, 1937a).
- Camp et ala observed that the specimens of K. onamata described
by Benham (1937c) may represent Mauicetus.
1943 - Kellogg considered K. onamata to bear an "unmistakable
resemblance" to Phococetus vasconum, and thus concluded that
the former also is probably Early Miocene in age.
1945 - Romer cited. an Oligocene age for Kekenodon.
- Simpson cited an Early Miocene age for Kekenodon.
194$ - Flynn briefly reviewed Australasian odontocetes and archaeocetes
including Kekenodon.
1949 - Marples (1949a) included Kekenodon in his review of New Zealand
fossil vertebrates.
1954 - Moustafa placed Kekenodon in the new family Prozeuglodontidae
Moustafa, 1954.
1955 - Glaessner considered K. onamata related to Squalodon serratus
Davis, 1888.
1956 - Kellogg revised probable ages of New Zealand fossil Cetacea,
and cited a "lower Lower Miocene" age for K. onamata.
1957 - Gage presented synonymy of "Kekenodon beds".
1958 - Rothausen considered Kekenodon and Phococetus similar in
morphology •.
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1959 - Gage (in Fleming 1959c:

480-481) discussed the Wharekuri

Greensand and Wharekuri Series.
- Marwick (in Fleming 1959c:

173) described the "Kekenodon beds"

and reviewed briefly the history of use of the term.
1966 - Emlong compared Aetiocetus with Kekenodon.
- Romer cited an Early Miocene age for Kekenodon.
1967 - Savage noted Kekenodon onamata and Phococetus vasconum, both
apparently of Early Miocene age, are the youngest-known
archaeocetes.
1972 - Glaessner regarded Squalodon serratus Davis, 1888, as unrelated
to K. onamata.
1973 - Keyes summarised collection and stratigraphic data of K. onamata.
- L.E. Wilson figured the ventral face of the holotype left
periotic and stapes of K. onamata.
1977 - Fordyce (1977b) figured both the dorsal

~nd

ventral faces of

the holotype leftperiotic of K. onamata.
- Pledge and Rothausen stated that K. onamata is not related to
Squalodon serratus.
- Whitmore & Sanders briefly mentioned K. onamata and confirmed
that it is the only known Mid Oligocene archaeocete.
TAXONOMY
Suborder ARCHAEOCETI Flower, 1883
Family DORUDONTIDAE Miller, 1923
Kekenodon Hector, 1881
Kekenodon onamata Hector, 1881
1881

Kekenodon Hector:

1893

Kokenodon Lydekker:

1908

Xekenodon Stromer:

147

1949a

Kakenodon Marples:

106

1958

Kekenoden Rothausen:

1977b

Kekonodon Fordyce:

1881

Kekenodon onamata Hector

1882a

Kekenodon onamata; McKay

1882b

Kekenodon onamata; McKay

1886a

Kekenodon onomata Hector: .54

1893

Kokenodon onomata; Lydekker:

435
561

372
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1894

Kekenodon onamata: Hector

1894

Squalodon serratus Davis, 1888: Hector:

1905

Kekenodon onomata; Park

1908

Xekenodon onamata: Stromer:

1910

Kekenodon onemata Park:

1911

Kekenodon onamata; Hall

1923a

Kekenodon onamata: Kellogg

1925

Kekenodon omata Zittel:

1935b

Kekenodon onamata; Benham

1936

Kekenodon onamata: Kellogg

1937c

Kekenodon onamata; Benham

1942

Kekenodon <:mamataj Benham

119

147

111

85

.1955

Kekenodon onamata; Glaessner

1972

Kekenodon ohamata; G1aessner

1973

Kekenodon onamata: Keyes

1973

Kekenodon onamata; Wilson, L.E.

1977b

Kekonodon onamata: Fordyce:

22

DIAGNOSIS
Differs from Mysticeti, Odontoceti, and "Aetiocetidae" in inferred
absence of telescoping and heterodont, nonpo1ydont, massive dentition;
differs from Protocetidae (Archaeoceti) in presence of steplike
accessory denticles, larger orbit, orbit roofed by lacrimal, smaller
. groove for tensor tympani muscle: differs from Basi10sauridae in
presence of 3-rooted PMl and PM!, fusion of roots of cheek-teeth,
relatively small superior process, narrow internal auditory meatus,
fenestra ova1is prominently sunk below pars coch1earis, orbit roofed
by lacrimal: differs from Zygorhiza (Dorudontidae) in absence of
backward extension'of maxilla over frontal, in presence of fused roots
in cheek-teeth and 3 roots in PM3 and PM!, relatively larger anterior
denticles, narrower groove for tensor tympani muscle, larger fossa for
head of malleus, narrower internal auditory meatus: differs from Dorudon
(Dorudontidae) in more symmetrical tooth crowns, more and larger
anterior dentic1es, M1 - M3 with anterior dentic1es, orbit roofed by
lacrimal, groove for tensor tympani muscle longer and narrower, pars
cochlearis wider: differs from Phococetus (Dorudontidae) in more
symmetrical crown, more massive roots, narrower isthmus.
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COLLECTION DATA
Holotype:

(figures refer to Hector's 1881:

Plate 18; cross-references

to my Figs given in descriptive text) a left tympanic bulla
(Figs 9, 9'), a left periotic (Fiq. 10), left stapes (Fig. 10),
right supraorbital process of front.al and fmwn lacrimal, lower

right canine Wig. 1), incisor or canine crown (Fig. 1'),
sectioned incisor or canine crown (Figs 1", 1"'), upper left
canine (Fig. 2), upper left fourth premolar (Fig. 3), upper left
second premolar (Fig. 4, 4'), lower right second premolar (Fig. 5),
lower right fourth premolar (Figs 6,6',6"), upper right third
premolar (Figs 7,7'), atlas, "fragments of the lower jaw" (see
comment below), fragments of ribs.
Collection number and repository: Ma 306, NMNZ; formerly Ma 69, NMNZ.
Probable holotype: incomplete incisor or canine root, lower left first
premolar, lower right first molar (Kellogg 1936:

Plate 32, Fig.

13), upper left second molar.
Collection number and repository:
Probable holotype:

lower right third premolar,upper left first molar.

Collection number and repository:
Collector and date:
Locality:

Ma 306, NMNZ; formerly Ma 69, NMNZ.

GS 476, NZGS.

A. McKay, November 1880 (see McKay l882a:56).

near river level, at or near the junction of Wharekuri Creek

with the Waitaki River, North Otago.
NZMS 260 140:

010122; NZMS 1 8117:

Approximate grid reference
015180.

See Marwick 1935,

Mutch 1963.
Horizon and age:

Kekenodon beds, a lateral equivalent of the Kokoamu

Greensand Formation, Duntroonian, Mid Oligocene.
N.Z. fossil record number:

I40/f35.

Formerly, this collection was

assigned number S127/f379, but it was realised that the reference
was made to the wrong NZM8 1 map (viz. to 8127, rather than to
8117).

In order to rectify this, a new number was assigned.

Discussion
All the above data are discussed in detail in the Catalogue
(section 4.4), but comments made_there about the type-status of the
ho1otype and probable holotypes are summarised here.

The list of

elements of the holotype above includes all elements which Hector (1881)
described or figured as holotype elements, and those which McKay (1882a,
l882b), who collected the holotype, stated were part of that individual.
Of the holotype elements, the alleged "fragments of the lower jaw"
included almost certainly the right supraorbital process of the frontal,
which probably was misidentified by Hector (1881) and McKay (1882a:
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68), and is probably that later identified by McKay (1882b: 104) "as
part of the skull. The whereabouts of the fragments of ribs is unknown.
The probable holotype teeth (also Ma 306, NMNZ) show no evidence
of having been curated in any collection other than the holotype
collection, and their preservation and matrix are consistent with their
identity as holotype elements.

Hector (1892a, 1892b) stated that

collection number GS 476, to which belong the teeth held by the New
Zealand Geological Survey, was made in November 1880 at Wharekuri by
A. McKay.

As the only specimen of K. onamata known to have been

collected before June 1881 is the holotype, and there is evidence that
the holotype collection (along with other collections) may have been
split up in 1903 or 1904 when the Geological Survey became independent
from the old Colonial Museum (Burton 1965), it is very likely that the
GS 476 (NZGS) specimens are part of the holotype individual.
DESCRIPTION
Supraorbital process (Figs 128, 129)
The supraorbital process is broad, flattened dorsoventrally, is
arched at its extremity to produce a ventrally concave orbit and
probably was extended laterally beyond the jugal bone.
and post-orbital angles bound the orbit.
co~tacted

Prominent pre-

The internal face probably

the left supraorbital process at the midline of the skull,

and the anterointernal corner was in sutured contact with the posterior
of the right nasal.

Anteromedially, the frontal probably contacted the

maxillary, and anteroexternally, the lacrimal.

Apparently unlike other

archaeocetes, a thin veneer of the lacrimal extends posteriorly over
the anterior of the ventral face of the orbit.
borie contacted the parietal.

Posterointernally, the

See Table 9 for measurements.

Dorsal view (Fig. 128)
The bone is not perfectly flat:

the elevated region of the

nasofrontal suture is bounded posteriorly by a shallow depression,
which runs anteroexternally from the internal to the anterior edge.
Behind the depression, a small ridge runs externally, parallel to the
posterior border, about two-thirds of the way across the bone.
external half of the bone is depressed ventrally.

The

The nasofrontal

suture is represented by 10 parallel longitudinal sutures at the
anterointernal corner, and the convex anterior profile lateral to this
curves gently to the preorbital angle.

In the anteroexternal corner,
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TABLE 9.

Dimensions of right supraorbital process and atlas
of Kekenodon onamata holotype, Ma 306, NMNZ

Supraorbital process

rom

Transverse width, at preorbital angle

>177

Transverse width, at postorbital angle

>190

Distance between preorbital and postorbital angles

est. 100

Anteroposterior width at midpoint

111

Atlas
Maximum vertical diameter

>119

Maximum transverse width

>179

Anteroposterior diameter of centrum

>32

Vertical diameter of centrum

>36

Maximum vertical diameter of neural canal

>60

Maximum transverse diameter of neural canal

TABLE 10.

67

Dimensions of periotic and tympanic bulla of
Kekenodon onamata holotype, Ma 306, NMNZ

Periotic

rom

Maximum length, tip of anterior process
to base of posterior process

58.0

Maximum transverse diameter, level of fenestra ovalis

28.1

Maximum dorsoventral depth

>30.8

Maximum anteroposterior length of pars cochlear is

30.7

Maximum transverse diameter of pars cochlearis,
fenestra ovalis to internal face

11.6

Maximum anteroposterior length, internal auditory meatus

12.4

Maximum width, internal auditory meatus

>3.3

Distance, internal auditory meatus to
aperture of aquaeductus cochleae

5.7

Distance, internal auditory meatus to
aperture of ductus endolymphaticus

4.8

Tympanic bulla
Maximum anteroposterior length

>73.0

Maximum transverse diameter

>55.0

Maximum transverse width of involucrum

39.5

Maximum dorsoventral depth of involucrum

33.4
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a thin veneer of frontal is lQst to reveal the underlying lacrimal
which, together with the frontal, formed the preorbital angle.
The incomplete external margin appears to have sloped anteriorly
and internally from the postorbital angle, while the posterior face
is gently concave.

The posterointernal corner is damaged.

Posterior view
The face is perpendicular to both the dorsal and ventral surfaces;
both its horizontal and vertical profiles are concave posteriorly, and
it is gently concave ventrally.
Lateral view
The postorbital process probably was more massive and dorsoventrally
thickened than the preorbital process.
part of the dorsal surface is

Both are broken.

The posterior

gently concave, and the anterior markedly

so, as a result of the downward extension of the preorbital angle.

The

roof of the orbit is thin.
Anterior view
The exact relationship of the frontal to the rostrum is unknown.
Ventrally, in the mid portion of the anterior face, a channel extends
dorsally and internally across the face to open on the dorsal surface,
probably adjacent to the maxilla.

External to this, the lacrimal and

frontal are indistinguishably sutured.
Ventral view (Fig. 129)
Internally, where the ventral surface is destroyed, are revealed
horizontal vascular and nerve(?) canals directed both dorsally into
the porous bone of the frontal and externally to foramina in the orbit.
They swing round on to the mid part of the ventral face from their
origins on the internal face of the supraorbital process.

Externally,

a thin sheet of lacrimal covers the orbit, and appears to have extended
back to the posterior face of the frontal, thus isolating the triangular
postorbital process.
Periotic (Figs 34-36, 39-42, 120, 122-125)
The only known periotic, the left periotic of the holotype, is
incomplete.

It lacks part of the posterior and anterior processes,

and both ventral and dorsal faces are damaged.

Its diagnostic features

FIG. 34.

Left periotic of Kekenodon onamata, Ma 306 (Ho1otype), dorsal

view.
FIG. 35.

Detail of internal auditory meatus of left periotic of K. onamata,

Ma 306.

FIG. 36.
FIC.

37.

Scale bar = 5 mm.

Left periotic of K. onamata, Ma 306, ventral view.
Left stapes of K. onamata, Ma 306, internal view.

1 mm.
FIG. 38.

Left stapes of K. onamata, Ma 306, external view.

FIG. 39.

Left periotic of K. onamata, Ma 306, internal view.

Scale bar
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are the large anterior process, the distinct separation of the anterior
process from the body on the ventral face, a short posterior section
(=

base of posterior process ?) of the body, a narrow deep groove for the

tensor tympani muscle which separates the anterior process and body from
the pars cochlearis, an elevated fossa for the head of the malleus, and
a narrow deep internal auditory meatus.

See Table 10 for measurements.

Dorsal view (Figs 34, 35, 120, 125)
The surface of the anterior process is lost.

The remnant present

at about the posterior of the anterior process (at the anterior end of
the body) is strongly elevated dorsally.

Vascular canals are visible

here in the broken bone.
The surface of the pars cochlearis is roughened, and is dominated
by the internal auditory meatus, of which the posteroexternal and part
of the internal margins are broken.

The meatus is oriented

anteroexternally, and is long and narrow.
decreases with depth.

Its lateral diameter

Th.e posteroexternal face overhangs the meatus

markedly, and conceals the internal structure from direct dorsal view.
A high transverse crest separates the oval, anteroposteriorly elongate,
internal aperture for the Fallopian aqueduct from the rest of the meatus.
The small, anteroposteriorly elongate foramen singulare lies behind,
and below the level of, the transverse crest.

Details of the tractus

spiralis foraminosus, which lies posterointernal to and below the
foramen singulare, are obscured by encrusted fine sediments, and by
the overhanging posterior and internal faces of the meatus.

Anteriorly

and internally, the rim of the meatus is bounded by a small, elevated
ridge, internal to which lies a narrow, deep groove.

Anterointernal to

the groove, the surface of the pars cochlear is is rugose and irregularly
depressed.

Posterior to, and level with, the internal auditory meatus,

is the small square aperture for the aquaeductus cochleae, bounded
posterointernally by a small dorsal projection.

External to this, about

level with the internal aperture of the Fal'lopian aqueduct, is the
aperture for the ductus endolymphaticus.
oriented anterointernally.

It is a deep, elongate foramen,

Posteriorly, the surface of the pars

cochlearis is irregularly rugose.
The rugose surface of the body possesses three indistinct,
parallel, anteroposteriorly elongate channels:
to the anterior

e~d

one immediately external

of the internal auditory meatus, one in the midline

of the body, and one (the path of the arteriae meningiae spinalis?; see
Kellogg 1936:

192) near the external face.

The latter two are

FIG. 40.
FIG. 41.

Left periotic of K. onamata, Ma 306, anterior view.
Left periotic of K. onamata, Ma 306, posterior view.

FIG. 42.

Left periotic of K. onamata, Ma 306, external view.

FIG. 43.

Left tympanic bulla of K. onamata, Ma 306, posterior view.

FIG. 44.

Left tympanic bulla of K. onamata,

Ma 306,

dorsal view.
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separated posteriorly by a marked dorsal elevation.

At the posterior

of the body appears a small, triangular projection, which extends back
from the midline of the body and is bounded both externally and
internally by vertical grooves.

It appears to be the dorsal end of a

vertical posterior keel which was associated with the posterior process.
Ventral view (Figs 36, 122, 123)
The laterally-compressed anterior process, which constitutes over
one third of the length of the periotic, is attenuated abruptly
anteriorly.

Its ventral face is convex, and possesses an indistinct

anteroposterior ridge.

The internal face is very slightly convex.

The anterior and anteroexternal faces, which probably contacted the
squamosal, are rugose.

The hiatus epitympanicus on the external face

has an irregularly concave posteroexternal profile.

The limits of the

anterior process are defined by the hiatus epitympanicus (on the
external face), the fovea epitubaria in front of the steeply-eleva"t'ed
anterior face of the fossa for the head of the malleus upon which lies
a broken area of bone which represents the base of the anterior pedicle
(which was fused to the tympanic bulla via the processus tubariusi
ventral face), and the deep, narrow, posteriorly-extending groove for
the tensor tympani muscle (internal face).
The fossa for the head of the malleus is large, shallow, rounded,
concave, and bounded anteriorly and posteriorly by rounded ridges which
converge, and become elevated, externally.

A small vascular foramen is

present in the anterointernal corner of the fossa, and immediately
internal to this, are the posteriormost extensions of a vascular channel
and (further internally) the groove for the tensor tympani muscle.
Posteroexternal to the fossa for the head of the malleus is the small
fossa incudis, which has a roughened, elevated
the process breve of the incus.

centre, and receives

Internal to the fossa incudis, and

posterointernal to the fossa for the head of the malleus is the
epitympanic orifice of the Fallopian aqueduct, through which the facial
nerve emerges.
of bone.

It is roofed externally partly by a thin, broken sheet

The short, wide channel for the facial nerve runs posteriorly

to a transverse crest which marks the anterior of the stapedial muscle
fossa.

The latter is rugose, and extends on to the elevated external

face of the pars cochlearis, as well as posteriorly along the body.
The part of the ventral face external to the previously-mentioned body
structures is destroyed.

The posterior process probably ran postero-

externally and ventrally from the posterior of the body, and was
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associated with the vertical posterior keel.
The pearshaped, anterointernally-elongate fenestra ovalis, in which
. the footplate of the stapes was lodged, lies between the anterior of the
stapedial muscle fossa and the most internal portion of the fossa for
the head of the malleus.

On the external face, it is bounded by a small

ridge which lies between it and the channel for the facial nerve.
The smooth, external wall of the pars cochlearis rises steeply,
immediately internal to the fenestra ovalis, to the highest ventral
point on its profile.

The rounded ventral crest parallels the

longitudinal axis of the periotic from the most posterior portion of
the pars cochlearis to its anterior border.

Internal to and parallel

with the ridge, on the smooth anterior aspect of the pars cochlearis,
is a faint, wide groove which runs anteriorly from about the level of
the fenestra ovalis.

Kellogg (1936) identified this as probably the

groove for the internal carotid artery.

The fenestra rotunda is just

visible on the steep posterointernal face of the pars cochlearis.
Internal view (Figs 39, 124)
The lateral face of the anterior process is convex towards the
viewer, the ventral profile is convex anteriorly, the posterior profile
is concave at the position of the fovea epitubaria, and the dorsal
profile is damaged.

The remnants of the dorsal surface of the anterior

process (at its posterior) suggest that it may have extended some way
dorsally.

The dorsal end of the groove for the tensor tympani muscle

is visible in front of the pars cochlearis.

Ventral and anterior to

the groove, an irregular vascular(?) channel meanders forward to
bifurcate at the level of the front of the pars cochlearis.

From the

bifurcation, two parallel shallow vascular channels rUn forward across
the internal face to the tip of the anterior process.

The elevated

triangular fossa for the head of the malleus, and the broken base for
the posterior process, are the only ventral body structures visible.
Anteriorly, the pars cochlear is slopes gently dorsally, but the
posterior face, on which the fenestra rotunda is visible, is abruptly
depressed dorsally.

Behind the level of the fenestra rotunda, the pars

cochlearis forms a ventrally elevated ridge.

The ventral surface of

the pars cochlearis is rounded, while the rugose dorsal surface is
irregularly convex.
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External view (Fig. 42)
The rugose faces of the anterointernal portion of the anterior
process, and the external and concave dorsal portions of the superior
process, dominate this view.

Posteriorly, the vertical groove which

externally bounds the vertical keel of the posterior process is
pronounced.
Posterior view (Fig. 41)
The most apparent features here are the oval fenestra

rotunda,

from which faint grooves radiate dorsally on the pars cochlearisi the
ventrally elevated ridge onto which the internal wall of the fossa for
the stapedial muscle extends, and the prominent vertical keel of the
base of the posterior process.

The keel is bounded internally and

externally by pronounced vertical grooves, of which the larger (external)
posSesses a foramen.
Anterior view (Fig.40)
Here, the convex ventral profile of the anterior process, and the
steep external face of the pars cochlearis are apparent.

A piece of

broken bone on the internal part of the anterior face of the elevated
fossa for the head of the malleus indicates the probable position of
the junction of the periotic with the anterior process of the tympanic
bulla.
Internal structure (Fig. 125)
An idea of the internal structure of the holotype periotic\was
obtained from an x-ray.

The cochlea possesses

anteroposterior diameter c. 6 rom.
and ventrally.

2-2~

turns, of

Its axis is oriented anterointernally

TWo of the semicircular canals visible behind the

vestibule have diameters of c. 4 rom.

A vascular(?) canal runs antero-

internally towards the vestibule from a foramen in the large ventral
groove external to the posterior vertical keel of the periotic.

Two

parallel elongate canals run forward in the pars cochlearis anterior
of the cochlea, and a canal runs forward from the Fallopian aqueduct.
stapes (Figs 37, 38, 121)
The left stapes was loose in the fenestra ovalis of the holotype
periotic, and was able to be removed undamaged.

Its footplate is pear-

shaped and elongated anterointernally, with the posterior end widest.
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The footplate is thinnest at the anteroexternal corner, thickest at the
posterior, and concave dorsally.

A round intercrural (or stapedial)

foramen, through which passed the stapedial artery, is well-developed.
Its axis is oriented obliquely internally and ventrally.

The anterior

crus of the stapes is markedly larger than the posterior crus, and is
oriented more or less perpendicular to the footplate, while the
posterior crus converges distally towards the anterior.
large and heavy.

The head is

It has a flattened top, slightly depressed anteriorly,

for articulation with the crus longum of the incus.

A roughened, oval

fossa for the stapedial muscle extends dorsally from the head down the
posterointernal face of the posterior crus.
Tympanic Bulla (Figs 43, 44, 126, 127)
The only known tympanic bulla, the incomplete left bulla of the
holotype, is massive, dorsoventrally compressed; heartshaped, and with
the eustachian cavity not deepened markedly.

The internal face is

straight, and parallelled by the posterior half of the external face.
Anterior to its midpoint, the external face converges inwards, and
accordingly, the anterior apex is pointed.

All structures of the dorsal

edge of the thin outer lip are destroyed, and the bases of both the
internal and external posterior pedicles are broken.
portion of the outer lip is fractured in places.

The ventral

See Table 10 for

measurements.
The ventral surface is relatively smooth.

Rough patches on its

anteroexternal aspect may be weathering structures, while rugosities on
the flattened internal face may be age-related.

The surface is medially

grooved posteriorly, and the groove, which parallels roughly the inner
edge of the bulla, separates a wide, rounded, posterointernal lobe from a
more narrow, rounded, posteroexternal lobe.

Posteriorly, the groove

deepens and curves up towards the dorsal surface.

However, it does not

reach the dorsal surface, but stops just ventral to a lateral transverse
ridge which runs horizontally across the posterior end of the bulla
(Fig. 43).

Accordingly, the posterior profile of the bulla, as seen

ventrally, is not medially indented.
In dorsal view, the involucrum constitutes about two thirds of the
width of the bulla.

It has roughly parallel sides posteriorly, but

anteriorly, its external margin (which bounds the tympanic cavity)
converges towards the internal face and thus parallels
the outer lip.

t~e

profile of

As a result, the tympanic cavity is concave with respect

to the inner face of the bulla.

The involucrum is heavy and massive,

arid is smooth or faintly roughened posteriorly.

The broken base of the
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internal posterior pedicle lies at its posteroexternal angle.

The

internal face is smooth and rounded, while the external face, which is
depressed rapidly into the tympanic cavity, is vertical just anteroexternal to the base of the posterior pedicle.

About halfway along its

length, the involucrum is transversely depressed:

the depression runs

anterointernally from just in front of the posterior pedicle, and
branches at its deepest about halfway across the involucrum.

Indistinct

internal and external furrows radiate from here, while the main furrow
continues anterointernally.
rugose.

Anteroexternally, the involucrum is more

Its most elevated portion curves forward to bound the anterior

end of the tympanic cavity and join the anterior end of the thin outer
lip.

The tympanic cavity is separated into anterior (eustachian) and
posterior parts by a broad, slightly elevated, irregularly rugose ridge
which runs anteroexternally from the involucrum.

The posterior end of

the tympanic cavity is widest and deepest at a level just anterior to
the forward edge of the inner posterior pedicle.

Behind this, the axis

of the cavity curves internally then posteriorly as the floor of the
cavity is elevated dorsally.

Internally, the anterior of the cavity is

bounded indistinctly by the involucrum,
it is bounded by the thin outer lip.

~hile

anteriorly and externally

Posteriorly, the broken cross-

section of the lip shows that it was relatively thick in the region of
the external portion of the posterior pedicle.

Anteriorly, at the apex,

the lip does not appear to be depressed for the passage of the
eustachian tube.
Teeth (Figs 132-186)
Of the 15 known teeth of K. onamata, nine undoubtedly belong to the
holotype.

The other six teeth (four curated in NMNZ, two curated in

NZGS) cannot be identified positively as those of the holotype, but are
most likely from the holotype individual.
below.

One tooth, a left

PM~

These 15 teeth are described

which was figured by Hector (1881:

Figs 4, 4') as a "second(?) molar" is lost, and is described here from
Hector's figure.

Measurements of teeth are given in Table 11, and

allocations of previous authors are compared in Table 12 with those
used here.

TABLE 11.

Dimensions of teeth (nun), Kekenodon onamata holotY]2e (Ma 306, NMNZ) and probable holotype (Ma 306, NMNZ, GS 476, NZGS).

Calculated values, shown in brackets

or C
crown

I

I or C

root

I or C
root

1£

[L

for left Ml are derived from the tooth as preserved.

LPM2

RPM.:!..

LPM~

L?M!.

RC
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33.5

>33.2

n.8[37]

23.6

Maximum anteroposterior length of crown

>17.2

22.3

Anteroposterior length at crown base (a)

>17 .2

22.3

500_55°

45 0 _50°

19

22.2

19.0

>15.3

>14.9

20.0

18.5

17°_23°

25°_30 0

Maximum lateral width of crown

>17.2

20.9

Lateral width at crown base, at anterior root (b)

>17.2

20.9

Apical angle

19
2(-4?)

Number of anterior denticles

Denticle index,

,

(10 a

sd/a

X

100)

Density of cr. rug. per 5 nun, buccal face

Basal index,

(B = b/e x 100)

94

Maximum lateral width of anterior root
Maximum lateral width of internal and/or posterior roots

29.7

45°_50°

45°-50°

22.0

18.6

20.0

22.0

>16.8

>17.3

>18.0

>18.0

4

4

est. 16

4

6.6

9.3

'::'25

26

>71

c. 45

>71

23.4

21.3

28

32.3

31.0

31.9

>2

9.6

10.0

<45

14.2

4

28

46

50°_55°

19.2

>4

10.2

est. 44

50°-55°

5

8.4

8- 9

>27.4

4

[est.23]

7 -8

RM2

c. 13.6

32

Number of roots

Maximum length of isthmus

50°-55 0

10.6

4
100

35.3

9.8

Cingulum width Maximum

,

>40.0

est. 23
7 -8

8

36.4

RM?

40.8

>2 (>3?)
5(?)

Number of posterior denUcles

Anteroposterior diameter, largest posterior denticle (ad)

RPM3

25°-30°

14.7

15.0
4

15.6

LPM4

RPM2

23.6

Lateral width at crown base, at internal root
Lateral width at crown base, at posterior root

LPMl

24

8-9

7

8-9

7-9

7- 8

7-9

8

9

3'

4

3

4

4

4

4

4

46

43

2?

2

2

2

2

34.5

c. 25

41

85

>37

25.8

30.1

27.4

25.3

28.6

29.1

[est.401

93

36.0
24.1

<50

I-'

'"

I-'

TABLE 12.

Hector 1881

lower right canine (part)
lower right canine
upper left canine

Summary of allocations of teeth of Kekenodon onamata.

Kellogg 1936

Present section

lower right canine (part)

incisor or canine root

lower right canine

lower right canine

upper left canine

upper left canin-e

upper left second premolar

upper left second premolar

molar

upper right third premolar

upper right third premolar

?

molar

upper left fourth premolar

upper left fourth premolar

third

?

molar

lower right third premolar

lower right second premolar

fourth

?

molar

lower right fourth premolar

lower left ? fourth premolar

lower right second molar

lower right ? first molar

second

?

fifth

?

first

molar
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Incisors and Canines
General
These are single-rooted, with a simple, conical crown, the axis of
which is concave posteriorly and lingually.

The crown is covered with

thin, brown, shiny enamel under 1 rom thick, and underlain by massive,
concentrically ringed, grey-brown dentine.
.of the apical end of the pulp cavity.

An

axis marks the position

The crown is keeled anteriorly

and posteriorly, and has a round to oval (anteroposteriorly elongate)
cross-section.

Its length constitutes up to about 30% of the tooth.

Ornament
Ornament covers both faces of the incisor and canine crowns,
although it is worn in places by tooth to tooth contact and probably
by the abrasive action of food.

The buccal cristae rugosae (cr. rug.)

are fine, of density 7-8 per 5 rom.

They are more or less parallel, and

converge apically, but basally are irregular, and may anastamose and
bifurcate.

Their cross-sections are rounded.

A few prominently

elevated cr. rug. extend and converge further apically, and are almost
as developed as the anterior and posterior keels.

The basal c. 5 rom

and apical 10+ rom of the crown is relatively unornamented except for
very fine, random, irregular pitting.
The lingual cr. rug. are stronger, coarser (less dense; 4-6 per
5 mm) and more elevated than those of the buccal face.

As on the buccal

face, they are vertical, roughly parallel, converge apically, and
bifurcate basally.

Two types of cr. rug. are present basally.

Large,

strongly elevated cr. rug. dominate and are most pronounced in the
midpoint of the crown.

Basally, they become less elevated, widen, and

attain a more-rounded profile.

On the basal part of the crown, finer

cr. rug. may lie between the larger cr. rug.
Roots
The roots are curved concave posteriorly, elongate, cylindrical,
and have a smooth or irregularly rugose light-brown cementum surface.
The cross-section is more or less rounded, and waisted at the crown

r'.) so.

Here, on the apical third of the root immediately below the

crown, are traces of concentric ridges of secondary cementum.

Basally,

the anteroposterior and buccolingual diameter increases to reach a
maximum at the "belly" or basal swelling (Pledge & Rothausen 1977:

292)
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of the root, about halfway down the tooth.
is oval:

Generally, the cross-section

the anteroposterior diameter exceeds the buccolingual.

The

basal half of the root may possess one or more vascular channels which,
on two teeth, are longitudinal grooves on the posterobuccal face.

The

base of the root may be expanded slightly then attenuated abruptly, and
oriented posteriorly.
at the root tip.
concentric

An apical pulp cavity opens via a small foramen

A cross-section of an incisor or canine root shows

annula~deposits

of variable longitudinal continuity, both

in the more external light brown cementum and in the internal dark brown
dentine (Figs 135, 136, 184, 185).
Cheek-teeth
General structure of the crown
The crowns are roughly triangular in lateral view, and most are
laterally flattened in anterior view.

However, the three-rooted upper

premolar crowns are thickened lingually by an expanded median "buttress"

(sensu Kellogg 1936) which is associated with the apical end of the
third, median root.

The crown (and tooth) axis is straight and vertical

(mandibular cheek-teeth) or curved concave lingually (upper cheek-teeth).
All crowns are anteroposteriorly keeled, and possess multiple denticles,
of .which the apical (main) denticle is generally the largest.

The

cr. rug. of the buccal and lingual faces are less prominent than those
of the incisors and canines.
The enamelocementum boundary at the crown base presents, in lateral
view, an inverted V-shape, and is parallelled on the crown by the smooth
cingulum and the bases of the cr. rug.
sulcate.

The base of the crown is medially

The lingual face has one sulcus which extends apically past

the level of the cingulum, and continues below between the anterior and
posterior, or anterior and combined posterior and posterointernal roots.
One or two sulci may be present on the buccal face of the crown:

two

sulci result from the bifurcation, at some distance below the crown, of
the apical end of the sulcus which lies between the two roots.

The two

arms of the sulci extend apically to or beyond the level of the bases
of the cr. rug.
Denticles
The denticles are arranged anteroposteriorly on the crown, and each
denticle has a crown (that portion which stands free) and a base (the
portion basal to the crown, and bounded by vertical sulci).
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However, the most basal denticles, which are small nodules on the
basal, anterior or posterior faces of the tooth crowns, may not have
bases bounded by sulci.
The denticle crowns are conical, high, free-standing, and variably
but not closely apposed.

They are round to oval in cross-section, and

possess prominent anterior or posterior keels.

Most

dent~cle

apices

have been lost ~s a result of fracture or wear, and the few which remain
are sharply conical but not needle-pointed.

The broken, worn denticle

crowns have rounded enamel edges, worn keels, and concavely excavated
dentine.

Their crowns are relatively unornamented on the lingual faces,

but may possess ornament on the buccal faces.

Ornament appears to have

worn off most crowns or was never very prominent.
The sulci which separate the bases of successive denticles extend
down on to the tooth crowns.

They do not appear deeper or longer on one

side of the teeth than the other, but vary away from the main (apical)
denticle:

the sulci of the more apical denticles are narrower, longer,

and deeper than those of the more basal denticles, and this reflects an
increased separation basally of denticle crowns.
On all teeth, the anterior face of the crown has the same number
or fewer denticles than the posterior face.

Generally, the main

denticle is the largest, and the adjacent denticles, while they may be
of similar size, are always smaller.

Invariably, the successive, more.

basal, denticles are smaller, and the most basal denticles may be only
tiny nodules.

In lateral view, the more basal denticles on both faces

are inclined away from the vertical axis of the tooth at progressively
greater angles.

Similarly, while the more apical denticles have more

or less straight vertical axes, the more basal denticles have curved
axes concave with respect to the main apical denticle.

In either the

posterior or anterior view, the denticle axes are generally concave
lingually.

Furthermore, the first and second anterior and posterior

denticles are inclined generally further lingually than are the
successive denticles, and the more basal denticles may be inclined
buccally.

Denticle inclination is obvious also in an occlusal view.

The main axis of the crown, if not vertical, also is inclined lingually.
Curvature lingually is not pronounced in the mandibular and anterior
upper teeth, but is marked in the posterior upper cheek-teeth.
Ornament
All cheek-teeth are ornamented (mostly inconspicuously) buccally
and lingually.

In places, particularly on the crown apex, cr. rug. may
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be worn away by tooth-tooth contact or food abrasion, and consequently
ornament patterns are difficult to determine.

Differences between

buccal and lingual ornaments are not as marked as on the incisors and
canines.
Buccal cr. rug. are vertical, roughly parallel, elongate, and
converge towards the apex.

The length, equal at a maximum to about

half the crown height, varies between teeth and on different parts of
the crown.

The cr. rug. are wavy, may anastamose, and sporadically

bifurcate basally.

Elevation varies, even on anyone tooth, and the

cross-sections are rounded.

Apically, the cr. rug. become shorter,

and they merge into minutely rugose, random depressions.
seen on all teeth.

This is not

Some cr. rug. may enter the bases of the more basal

dentic1es, and often are more developed and elevated than those adjacent
to the apical denticle.

They are curved generally convex to the axis of

the tooth.
Some features of the lingual ornament are similar to those of the
buccal face.

The cr. rug. are vertical, elongate, sporadically

bifurcated basally, of variable elevation, and enter into the bases of
the more basal dentic1es.

They differ from the buccal cr. rug. in that

they reach a greater maximum length (they may exceed half the height of
the crown), are not as anastamosing, are more consistently parallel and
vertica1~

and apparently are not succeeded apically by the minutely

rugose, random depressions such as are found on the buccal face.
Furthermore, rounded, elongate ridges (which are not cr. rug.), of
height about and width over 1 rom, are present on the lingual face.
It is not certain to what degree differences in ornament between buccal
and lingual faces could reflect food-induced abrasion.
Cingulum
The cingulum, sensu P1edge.& Rothausen (1977:

297, "smooth,

encircling zone of thickened enamel at the base of the crown") is the
most laterally thickened part of the tooth crown, parallel and just
apical to the crown base.

It is normally smooth, unornamented, of

variable width (2 rom-5 rom), and succeeded apically by the bases of the
cr. rug.

A smooth cingulum· is present on most teeth, while an apica11y-

papillate elevated ring of enamel present on one tooth, and an elevated
ring on to which the cr. rug. bases extend on another, are more like the
cingulum of comparative anatomy:

the basal, ring-shaped enlargement of

the tooth crown, from which cusps or marginal pillars may arise (see
Peyer 1968:

189).

167
Roots
The PM3 and PM! are three-rooted, while all other cheek-teeth
possess two roots.

All roots are elongate, cylindrical or oval (not as

markedly laterally-compressed as the crown), over twice the length
(height) of the crown, and covered with light brown cementum.

At the

ename10cementum boundary, root diameters are markedly less than those
of the adjacent crown and, further distally, the roots are even more
waisted.

In all cases, the roots then increase to maximum antero-

posterior and bucco1ingua1 diameters at a belly about halfway between
the crown base and 'the root tip.

Distally, the roots decrease in

diameter again, but may be expanded slightly at the tip to form a
nodular spherical base.

Beyond this, they are attenuated abruptly at

the tip.
An isthmus is_present between the anterior and posterior roots of
all, teeth.

Posteriorly in the mandibular teeth, the roots become more

closely approximated, and the isthmus extends further basally, so that
only the basal tips of the roots are not fused.

The upper teeth

probably all had roots closely approximated, partly or completely fused.
The roots are separated at the position of the isthmus on the buccal and
lingual faces by deep sulci, which extend apically, shallow, may
bifurcate, and may extend on to the crown.

The three-rooted teeth have,

on the lingual face, a deep sulcus between the anterior and two
posterior roots, but none between the posterior and posterointernal
roots.
In lateral view, the root axes are more or less vertical, and
parallel to that of the axis of the main denticle.

The

PM~

Fig. 4) appears to "have had an axis concave anteriorly.

(Hector's

In anterior or

posterior view, the root axes of the mandibular teeth are straight,
while those of the upper teeth behind PM2 are concave lingually.
Surface features of the roots
Vascular and nerve(?) channels run vertically and obliquely over
the root surfaces, especially below the belly (e.g. Figs 148-151).
A basal complex of ,vertical channels seems to have been associated on
all sides of most roots with the basal opening of the axial pulp cavity,
and possibly was associated with a basal vascular plexus.

Details of

the foramina of the pulp cavities are obscured by glauconite and
haematite or are broken.
obl~quely

A network of vessels appears to have entered

and apically, from the buccal and lingual faces, the cavity
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between the two or three roots.
Some of the mandibular teeth have a concave depression on the
anterobuccal face of the root, between the tooth crown and the belly.
On one tooth, a cross-section of cementum near the depression indicates
that on this tooth, and probably others, the depression truncates the
concentric laminae of the cementum.

Consequently, the depressions are

not muscle- or tendon bases but probably reflect tooth-tooth wear.
Indistinct concentric rings of variably thickened secondary
cementum are present on the surface of most roots between the tooth
crown and the belly.

They appear to have covered all of the apical

surface of the roots but on most teeth, only the thickened rings are
now preserved.

The rings parallel the shape of the crown base, and

are thickest nearest to the belly.

They may have been associated with

a strengthening of the periodontal membrane tendons in response to
geriatric crown apex wear and tooth eruption, and this will be discussed
later.
The morphology and preservation of individual teeth
General aspects of tooth morphology have been covered in the
previous section.

Only the characteristic features and preservation

of each tooth will be noted here, and some points which will be obvious
from the figures of the teeth will not be documented.

Measurements of

the teeth are given in Table 11, and the allocations of the teeth within
the jaws are summarised in Table 12, together with those cited by
Hector (1881) and Kellogg (1936).
1.

Incisor or canine crown (Figs 132-134):

lacks base and apex;

crown sectioned by person unknown, and cross-sections polished;
cementum concentrically ringed around position of apical extension
of pulp cavity; lingual and buccal faces ornamented, large
prominent cr. rug. of lingual surface underlain by corresponding
ridges in cementum; axis curved concave lingually.
2.

Incisor or canine root (Figs 141-143):

root broken and worn just

below belly; apical end laterally flattened, crown probably
similarly flattened; axis concave lingually (posterior view) ,
concave posteriorly (lateral view); posterolingual face with
shallow, vertical, vascular(?) groove.
3.

Incisor or canine root (Figs 135, 136, 184, 185):

formerly

circular or oval, cut and polished to show transverse and
longitudinal sections; other faces shattered, and dimensions and
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relation to rest of tooth indeterminate; dark brown bands visible
in cementum, dentine dark and homogeneous.
4.

Left upper canine (Figs 137-140):

lacks crown tip, and root below

belly; crown strongly ornamented and keeled; prominent vertical
keel (a ridge, not cr. rug.) on posterior of buccal surface of
crown; secondary cementum prominent on root anterior; broken
cross-section of root oval; shallow, vertical, vascular grooves
present on buccal, posterobuccal, and anterolingual faces of root.
5.

Left upper second premolar:

whereabouts unknown, description based

on Hector's (1881) Figs 4, 4'; denticle crowns and root tips
broken; main denticle prominent, 5 posterior denticles, and 2 or
more anterior denticles present; tooth axis concave anteriorly
(lateral view), straight (posterior view); roots closely apposed,
isthmus extends full length of roots, sulcus extends on to crown;
anterior
6.

roo~

prominently waisted; no evidence of third root.

Right upper third premolar (Figs 169-173):

tips of all denticles,

second and third anterior denticle crowns, bases of internal and
posterior roots lost; crown symmetrical, triangular, relatively
high, tooth axis not curved (lateral view); tooth axis concave
lingually, crown internally buttressed, crown and roots laterally
thickened (anterior view); main denticle large and prominent,
4 anterior denticles, 4 posterior denticles, fourth posterior
denticle larger than fourth anterior denticle, and succeeded by
tiny basal nodule; 2 arms of sulci extend on to ornamented buccal
face; lingual face has large internal buttress below main denticle
and continuous basally with third (internal) root; deep sulcus
between internal and anterior roots extends on to crown; internal
and posterior roots fused; anterior and posterior faces of anterior
root possess vascular grooves; differs from PM4 in more symmetrical
crown and more massive roots.
7.

Left upper fourth premolar (Figs 174-179):

crowns of all but 3

most posterior denticles completely lost, tips of roots lost;
crown not high, axis slightly concave posteriorly (lateral view) ,
tooth and denticle axes concave lingually (anterior view); main
denticle base large, supported by internal buttress apical to third
(internal) root; of 5(?) posterior denticles, third and second to
last are carinate and small, last is tiny, acarinate, nodular;
probably 3+ anterior denticles; on posterobuccal surface of crown,
cr. rug. bases extend on to cingulum; cr. rug. of posterolingual
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face prominently elevated; all roots closely approximated,
posterior and posterointernal roots fused; deep sulci between
anterior and other roots on both lateral faces; basally,
posterolingual surface of roots possess vascular grooves.
8.

Left(?) upper first molar (Figs 180-183):

only posterior(?) half

of tooth preserved, apices of all denticles broken, extremity of
root lost; axis straight (lateral view), strongly concave lingually
(posterior view); crown probably similar in height to left PM!;
main denticle markedly larger than others, 3 successivelY smaller
posterior denticles precede tiny nodular fourth posterior denticle
which sits on cingulum; cingulum adjacent to fourth posterior
denticle ornamented with papillae on apical edge (on both buccal
and lingual faces) but otherwise smooth; tip of root anteroposteriorly flattened, isthmus present on apical half of root,
no evidence of third root.
9.

Right lower canine (Figs 144-147):

lacks small amount of crown

apex and root tip, crown and root broken and chipped; prominent
keels on anterior and posterior of crown, anterior keel diminishes
basally; sporadic secondary cementum on root; root cross-section
oval, prominent rounded keel on posterior surface of root near tip;
root tip rounded; vertical vascular channels present on anterolingual face near belly and posterobuccal face below belly.
10.

Left(?) lower first premolar (Figs 148-151):

allocation and

orientation only provisional; only anterior half of tooth
preserved, split vertically through main denticle and isthmus,
only median part of buccal surface of crown preserved; number of
denticles indeterminate; belly prominent on upper third of root,
root tip directed ventrally and posteriorly; isthmus short, about
a third of root length; all faces of root possess vertical and
oblique vascular(?) grooves; anterobuccal (posterolingual?) surface
of root cementum worn into concave depression.
11.

Right lower second premolar (Figs 152-155):

root tips and all

denticle crowns lost; crown roughly triangular, symmetrical, high
(lateral view); tooth and denticle axes inclined slightly lingually
(anterior view); 4 anterior denticles and 5 posterior denticles
include a tiny basal nodule on each face; roots larger than in PMl,
united under half of length by isthmus, base of crown above isthmus
strongly sulcate; basal to isthmus roots diverge; belly at level of
base of isthmus; all faces of roots possess vertical and oblique
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vascular (?) grooves; anterobuccal surface of root cementum wo.rn
into concave, vertically elongate depression.
12.

Right lower third premolar (Figs 156-159):

crowns of all denticles

lost; crown roughly symmetrical, triangular, not as high as PM2 in
lateral view; tooth and denticle axes slightly inclined lingually
(anterior view); 5(?) anteridr denticles (4 anterior denticle bases
and 1 possible base); 5 posterior denticles, of which fifth is
small, nodular; fourth and fifth posterior denticles have tiny
nodules at their bases; roots closely approximated, isthmus

over

five-sixths of root length, base of crown above isthmus strongly
sulcate, sUlcus bifurcated buccallYi all faces of roots possess
vertical and oblique vascular(?) grooves; anterobuccal and
posterobuccal faces of crown and roots worn into concave,
vertically elongate depression.
13.

Left lower fourth premolar (Figs 160-162):

tips of all denticle

crowns lost, much of buccal face of crown lost, only apical portion
of lingual face of roots left; height similar to PM3, crown
triangular, more or less symmetrical (lateral view); denticle axes
slightly oriented lingually (anterior view); 5 or more posterior
denticles present, of which the first is similar in size to the
main denticle, and the smallest is nodular; 4 anterior denticles,
of which the most basal possesses a tiny nodule; ornament well
developed, first anterior denticle has vertical keel (not a cr.
rug.) on lingual face; base of crown sulcate lingually; buccal face
of fourth anterior denticle and anterobuccal face of crown worn
into concave, vertically elongate depression.
14.

Right lower premolar(?) or first molar(?)

(Figs 167, 168):

only

crown of third posterior denticle complete; both roots broken,
anterior near the belly, posterior near the crown; crown relatively
higher than PM4, more asymmetrical with relatively short anterior
edge; main denticle large, first posterior denticle of similar
size; remains of 4 posterior denticles preserved, portions of bases
of 3 anterior denticles preserved; base of buccal face of crown has
bifurcated sulci which indicate position of isthmus; enamel below
base of first posterior denticle and all of anterobuccal face of
crown and root cementum adjacent to it worn away to leave
vertically elongate scar.
15.

Right lower second molar(?)

(Figs 163-166):

small, relatively

high, triangular crown with axis possibly inclined anteriorly
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(lateral view) which lacks anterior denticle crowns and which has
been sectioned and polished above the crown base; crown thickened
at base but apparently not with curved axis (anterior view); main
denticle large, probably 3+ anterior denticles, 4 posterior
denticlesj most of buccal face indistinctly ornamented,
sporadically depressed (ontogenetic damage or malformation ?);
allocation uncertain but suggested on basis of un curved crown axis
and small size.
Atlas (Figs 130, 131)
The unfused atlas is incomplete.

Its anterior surface is eroded,

and the neural arches, transverse processes, and hypapophysis are lost.
The bone is solution-pitted.

Measurements are given in Table 9.

Anterior view (Fig. 130)
The profile is oval.

Bases of both the neural arches and

transverse processes are p:t:;'esent.
with an eroded, oval profile.
the left is preserved.

The neural canal is higher than wide,

Of the anterior facets, only a remnant of

The facets probably were reniform, concave in

both horizontal and vertical axes, vertically elongate, and widest at
about the level of the ventral part of the base of the transverse
processes.

They slope obliquely forward and upwards, probably were

bounded laterally by well-developed, anteriorly-projecting lips, and
probably were continuous ventrally.
A remnant of the posterior face of the left dorsal foramen for the
first cranial nerve is preserved at the anterior of the base of the left
neural arch, about level with the dorsal part of the base of the
transverse process.
Lateral view
A maximum anteroposterior thickness is attained at the level of the
dorsal edges of the anterior and posterior facets.

The transverse

processes, laterally flattened at their bases, are almost twice as high
as broad, with a dorsal edge thinner than the ventral.
inclined probably posteriorly and dorsally.

They were

No remnants of the

vertebrarterial canals, which would be seen in an anterior view, are
present.

The neural arch bases slope upwards and forwards, and the

incomplete wall of the foramen for the first cranial nerve is seen at
the base of the left arch.
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Posterior view (Fig. 131)
The ventral hypapophysis is lost, and its structure is unknown,
although the remnant of the hypapophysis base suggests that it was not
large.

The posterior facets are flat, reniform, and slope, relative to

the anterior facets, backwards and upwards.

Like the anterior facets,

they are widest at the level of the ventral bases of the transverse
processes.

The facets are dorsally elevated, or set off, from the

posterior of the vertebra behind the neural arches.

They are not

continuous dorsally or ventrally; traces of posteriorly-elevated ventral
ridge are present between them, but the bone is covered with solution
pits or age-induced rugosities which make interpretation difficult.
DISCUSSION
MORPHOLOGY
As only the one incomplete specimen is known, and no archaeocete
comparative material is available in New Zealand, it is difficult to
discuss the functional morphology of Kekenodon onamata.

However, a few

points are worthy of note.
Frontal
There is no evidence of prominent posterior telescoping of rostral
elements dorsally over the frontal, and the maxil1aries and nasals
appear to have overlapped it only a little.

As it is not certain how

much of the median portion of the frontal was lost, the structure of the
anterointernal internasal septum cannot be determined.

The significance

of the posterior telescoping (albeit limited) of rostral elements is
uncertain, for it occurs variably in Dorudon and Zygorhiza.
The lacrimal bone does not appear to roof the orbit prominently
in forms discussed by Kellogg (1936) and it is unlikely that this is
a common feature deemed by him not worthy of mention.
of this lacrimal position is uncertain.

The significance

The orbit was well supplied

with blood vessels, but details of the nerve foramina are not known.
Periotic, Stapes, and Tympanic Bulla
In a dorsal view of the periotic, the superior process is
strikingly smaller than in other archaeocetes, and does not form a
dorsal plate which, in some species, extended up the squamosal (e.g.
Dorudon osiris; Pompeckj 1922:

Plate 2, Fig. 4).

In this feature,
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it is like those of Mammalodon colliveri (Figs 197-199).

The internal

auditory meatus is narrower and deeper than those of some other
archaeocetes and, in this respect, is similar to those of some
squalodonts.

The small foramen singulare negates the notion of Edinger

(1955) and others that the large archaeocete "cerebellum" reflected the
dominance of the vestibular branch of the acoustic nerve.

Conversely,

it. supports Breathnach's (1955) conclusion that the cerebellum was small
and vestibular function not necessarily highly developed.

Rugositieson

the dorsal surface surface of the body and pars cochlearis probably are
age-related, analogous to those of tympanic bullae of other Cetacea
(e.g. Kellogg 1944).
The groove for the tensor tympani muscle, apparent in ventral view,
is narrow, deep, and long - a condition typical of later archaeocetes
and all more-advanced Cetacea.

The deeply sunk fenestra ovalis, and the

dorsoventrally- and laterally-inflated pars cochlearis are advanced
features which foreshadow similar structures in odontocetes, but which
do not necessarily indicate close relationships with the latter.
anterior pedicle base is small.

The

The large fossa for the head of the

malleus has a large surface area, which may be a fUnction of the mallear
mass, in turn related to the species-specific hearing capacity
(Fleischer (1976d) has shown that mass ratios of the periotic and stapes
are related to frequency responses, and perhaps malleus mass also is
important).

The posterior portion of the periotic (behind the level of

the pars cochlearis) is short and vertically-keeled.

It is possible

that the cross-section of the ventrally-produced posterior process also
was small, and this, together with the small superior process, suggests
a reduction in the degree of periotic-skull contact.

The relatively

massive stapes was firmly placed, but not fused, in the fenestra ovalis.
Its open stapedial foramen is typical of archaeocetes.

The insertion on

the stapes for the stapedial muscle is small, while the fossa on the
periotic is large.

The cochlea has 2 to

2~

turns.

The features are

typical of archaeocetes and, according to Fleischer (1976a), reflect a
low-frequency-adapted acoustic system.
It is difficult to interpret the morphology of the bulla, for
important outer lip structures are lost.

The bulla is relatively wider

than those of other archaeocetes (see Kellogg 1936:

112).

The anterior

end of the eustachian cavity is not deepened, and the involucrum does
not overhang the cavity.

This suggests that differentiation of the

middle ear air sinuses involved in underwater hearing was not as
advanced as in odontocetes and mysticetes.
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Teeth
The teeth are larger, more robust, and more massive than those of
other archaeocetes (see Kellogg 1936).

Anterior teeth have sharp

conical crowns, very similar to those of some odontocetes (e.g.
Scaldicetus; Menesini & Tavani 1968:

Plate 17, Figs 2, 3).

perhaps

they were similar in function (grasping) to physeterid teeth, and they
may have been slightly prognathous.

The cheek-tooth crowns are similar

to those of other archaeocetes but perhaps are adapted better for
violent shearing, e.g. of bone.

They are symmetrical, keeled, and

denticulate, and the denticles are large, sharp, robust cones.

The

crowns are compressed laterally, but decrease only slowly in their
lateral diameter towards the apex.

Consequently, they are robust.

The roots of all teeth are bellied prominently.

Their expanded

bellies probably cushioned them against vertical stresses very
effectively in the sockets, and the roots were probably well anchored.
Blood vessel traces on the root surfaces suggest that the periodontal
membrane was well vascularised.
The trend in K. onamata towards fusion of the posterior cheek-tooth
roots and the development of an isthmus is seen also in the squalodonts,
and in the relatively poorly-known Australian dorudontid, Mammalodon
colliveri (Figs 200-202).

Perhaps it is an adaptation to vertical

stressing which would act through the central tooth axes and which, as
is suggested by the increased robustness of the hind premolars,
increased posteriorly.
Kekenodon onamata is the only archaeocete apart from the Mid Eocene
protocetids in which 3-rooted cheek-teeth are present in the adult.
The morpho functional significance of the well-developed third root is
unknown:

perhaps it provides an additional buttress against stresses

which occur in mastication, and occurs in the upper cheek-teeth because
skull structure prevents stress dissipation by the development of the
long, straight, bellied root in a deep socket.

Apparently, it does not

occur in other dorudontids, to which Kekenodon undoubtedly is related,
although it is present in some dorudontid deciduous cheek-teeth.

A

third root occurs also sporadically in the posterior cheek-teeth of some
squalodonts (e.g. Squalodon) but, as it is a variable feature (Rothausen
1968a), its functional and taxonomic significance is uncertain.

If the

3-rooted teeth in K. onamata are part of the permanent dentition (and
there is no reason to suggest otherwise), this indicates the variable
persistence of a 3-rooted condition in an archaeocete group, in which
the cheek-tooth roots changed little between the Mid Eocene and Mid
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Oligocene.

This is a plesiomorph condition, and is unlikely to be of

taxonomic importance.
A record of ontogenetic change is preserved in the teeth.
Denticle crowns are lost as a result of masticatory (not postmortem)
wear.

Undoubted vertical occlusally-induced wear is apparent on the

crowns:

the buccal faces of the lower cheek-teeth and the lingual faces

of the uppers are worn as a result of tooth-tooth contact during
forceps-like actions of the jaws.

Initial stages of wear are seen in

some teeth, in which small flat facets are present on the crowns (e.g.
Fig. 182).

On other teeth, the contact areas have broken through into

the underlying dentine, and are strongly eroded (e.g. Figs 167, 168).
Denticle wear and breakage, and consequent reduction in height of the
functional cutting surface (the denticulate

k~el)

of the tooth was

compensated for by gradual and continuous eruption of the teeth out of
their sockets.

Up to one third of the height of some roots appear to

have been exposed.

Gradual eruption is indicated by progressively

thickened concentric bands of secondary cementum present on the root
surfaces.

These appear to have been present over all the upper part

of the root adjacent to the crown, although they are worn off many
teeth.

They are thicker and more prominent down the root.

The cementum

bands reflect changes in the attachment positions of ligaments of the
periodontal membrane aSqociated with tooth eruption in response to crown
wear.

Wear is seen only on the denticles and crowns of the posterior

cheek-teeth, and this reflects their shearing-crushing function.

The

grasping anterior teeth, conversely, were not subjected to the same
degree of wear.
Other evidence of ontogenetic change is the presumed annual growth
bands of an incisor or canine root.
Mitchell & Kozicki 1975:

As in other whales (e.g. Hyperoodon;

Fig. 6), the pulp cavity was occluded by the

addition of layers-on its walls, so that the dentine became thickened
and the pulp cavity became smaller in diameter and height.

Cementum was

thickened secondarily by the addition of layers on the outside of the
root.

Although it was not possible to study the internal structure of

other teeth, presumably they also possess thickened dentine and cementum.
The bands in the one sectioned tooth indicate an age of over 20 years,
a confirmation of the advanced age suggested by the observations above
and by rugosities on the periotic, bulla, and atlas.
Tooth structure indicates that Kekenodon onamata was a large
carnivore.

The long roots of the mandibular cheek-teeth suggest a

deep mandible, and it is likely that the mandible also had a strong
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coronoid process and condyle.

Temporal muscles and temporal fossae

were probably large.
Atlas
The atlas is typically archaeocetan, but otherwise is not preserved
completely enough to be easily interpreted.

The significance of the

apparent small hypapophysis is uncertain.
RELATIONSHIPS OF KEKENODON ONAMATA
The morphology of K. onamata indicates that it is a typical
archaeocete.
follows.

An outline of its relationships with other archaeocetes

Unfortunately, I am too unfamiliar with archaeocete morphology

to be able to determine morphocline polarity and hence identify
plesiomorph and synapomorph factors which would be of value in this
discussion.
Protocetidae
The morphology of the Protocetidae was discussed by Kellogg (1936)
and, in less detail, by Sahni and Mishra (1972, 1975) and Van Valen
(1966).

The comments which follow are based on the observations of

those authors.

The Protocetidae are not well known, but appear to

differ from Kekenodon in their simple cheek-teeth, without steplike
cusps (denticles) on their anterior and posterior keels.

Eocetus Fraas,

1904, possesses a thickened preorbital angle of the supraorbital process,
and a relatively small orbit which opens posteriorly and ventrally.
Indocetus Sahni & Mishra, 1975, possesses a supraorbital process which

is not as wide as, and a less developed postorbital process than, in
later archaeocetes.

The known dentition of Indocetus includes upper

posterior cheek-teeth with three roots.

Pappocetus Andrews, 1920, was

regarded by Van Valen (1966) as congeneric with Protocetus Fraas, 1904,
but Sahni & Mishra (1972) concluded that the two genera were distinct,
although closely related.

Pappocetus has a keel-like posterointernal

ridge on PM2, and few or no accessory denticles.

Protocetus Fraas, 1904,

has three-rooted upper posterior cheek-teeth, as does Kekenodon, but
differs from the latter in its smooth tooth crowns, absence of accessory
denticles, small orbit, indistinct lacrimal, and large groove for the
tensor tympani on the periotic.
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Basi10sauridae
The morphology of the three basilosaurid genera, Basilosaurus,

Platyosphys, and Prozeuglodon, was detailed by Kellogg (1936).
Pertinent characteristics of the Basilosauridae include their large
size, absence of three-rooted teeth, absence of anterior denticles on
the lower molars, and conspicuously elongated centra in the more
posterior vertebrae.

Basilosaurus Harlan, 1834, differs from Kekenodon

in, for example the anteriorly-constricted involucrum and convex ventral
surface of the bulla, the relatively large superior process of the
periotic, fenestra ovalis not markedly sunk below the level of the pars
cochlearis, fossa for the stapedial muscle sunk below the level of the
facial nerve canal, internal auditory meatus relatively wide, and the
atlas with dorsally strongly divergent anterior and posterior facets
and a large hypapophysis.

No anterior vertebrae or cranial remains of

Platyosphys Kellogg, 1936, have yet been found, so the genus cannot be
compared with Kekenodon.

The structure of the known vertebrae of

Platyosphys suggests a close relationship with other Basilosauridae.
Prozeuglodon Andrews, 1906 (e.g. Moustafa 1954) has DPMl and DPM! teeth
similar, in their possession of an internal buttress on the crown and
of three roots, to Kekenodon.

However, no permanent teeth are three-

rooted, the hypapophysis of the atlas is large, the supraorbital
processes have a large anterointernal narial process, the lacrimal is
not extended back to roof the orbit, the superior process of the
periotic is large and platelike, the fenestra ovalis is not sunk
markedly below the level of the pars cochlearis, the facial nerve
channel is not abruptly truncated posteriorly by the fossa for the
stapedial muscle, a large hypapophysis is present, and the anterior
facets of the atlas project dorsally above the level of the foramen
for the first cranial nerve.
Dorudontidae
Characteristics of the Dorudontidae (apart from Kekenodon and

Mammalodon, and according to Kellogg 1936) relevant to this discussion
include:

PM2 to MI and PM2 to PM4 with laterally-compressed denticulate

crowns, and two roots, Ml to M3 without anterior denticles, with
vertically-grooved anterior edge of crown, and two roots, neck
relatively short, vertebrae free. Kellogg (1936) included with Kekenodon
in the Dorudontidae the genera Zygorhiza, Dorudon, and Phococetus, and
some of the features of the latter three genera warrant more than just
brief mention.
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Zygorhiza True, 1908b, has a supraorbital process different from

that of Kekenodon; a median, wedgelike, anterointernal process of the
combined frontals separates the posteriors of the two nasals, the
maxillaries extend about halfway back across the process,the anterior
profile slopes obliquely internally and anteriorly, the postorbital
angle is produced far backwards, and the posterior profile is strongly
concave.

The teeth differ in that the anterior denticles are markedly

smaller and fewer in number than the posterior, ornament (cr. rug.) is
not as widespread on the crowns but is more prominent, only two widely
separated roots without an isthmus are present, and a conspicuous
distinctly crenelated wide cingulum is present at the anterior and
posterior ends of the crown.

The more posterior lower teeth occlude

inside the posteriors, as in Kekenodon, and a possible vestige of a
posterointernal third root is suggested by the transversely-thickened,
vertically furrowed hinder root in the PM3 and PM4.

Given the range

of variation in morphology indicated by Kellogg's (1936) Figs 35, 36,
and 37, the periotics of Zygorhiza and Kekenodon are quite similar.
Zygorhiza differs notably from Kekenodon in that the base of the fossa

for the head of the malleus is less extensive and does not cover the
aperture of the Fallopian aqueduct or approach the fenestra ovalis as
much (although the fossa is raised similarly), the fossa incudis is
smaller, the groove for the tensor tympani is shorter and wider, the
fenestra rotunda is oriented less posteriorly and overhung less by its
ventral lip (hence more visible from the ventral face), and the ridge
on the internal face of the stapedial muscle fossa is less pronounced.
Differences of the dorsal face of the periotic include:

the relatively

smooth surface of the pars cochlearis and the body (particularly above
the superior process), the less-distinct boundary between the anterior
process and the pars cochlearis, the relatively wide and less-obliquely
oriented internal auditory meatus, the closeness of the apertures for
the cochlear aqueduct and endolymphatic duct to the meatus, and the
prominent posterior extension of the dorsal base for the posterior
process.
Kekenodon.

The bulla of Zygorhiza is relatively more narrow than that of
The atlas differs in the presence of a stout hypapophysis

with a pronounced ventral base, relatively high transverse processes, a
more robust and anteroposteriorly thickened neural arch, and relatively
shorter posterior facets.
Some of the diagnostic features of the genus Dorudon Gibbes, 1845
(which. includes seven nominal species; Kellogg 1936) are similar to
those of Kekenodon:

no obvious wide cingulum present on cheek-teeth,
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PM~

the largest upper tooth, canines and incisors vertically keeled,

PM2 to PM4 with laterally compressed denticulate crowns and two roots,
and lower cheek-teeth occlude inside upper cheek-teeth.
include:

Differences

steeper anterior face of crowns, anterior denticles smaller

and fewer in number than posterior denticles,

PM~

with no more than

three anterior and posterior denticles, cheek-teeth with no more than
two roots, Ml to M3 without anterior denticles and with vertically
grooved anterior face.
well known.

Of seven species of Dorudon, only D. osiris is

Kellogg's (1936) observations on the other six species

justify the inclusion of all species in the genus Dorudon for the
present time, so the diagnostic characteristics used here in the
discussion of the relationship of Dorudon with Kekenodon were taken
primarily from Kellogg's (1936), Pompeckj's (1922) and Stromer's (1908)
descriptions of D. osiris (Dames, 1894).

The supraorbital process of

the frontal differs in the more markedly concave orbit not roofed by
a posterior extension of the lacrimal, a small anterointernal narial
process, and a more obliquely anteriorly-directed anterior face than
in Kekenodon.

The posterior process is of variable profile, gently

concave to concavoconvex.

Obvious differences seen in a ventral view·

of the periotics of Dorudon include:

fovea epitubaria not as prominent,

groove for tensor tympani shorter and wider, a more anteriorly narrowed
pars cochlearis, roughened inner border of the pars cochlearis, facial
nerve canal not covered as far posteriorly by base of fossa incudis,
and facial nerve canal straight.

The dorsal surface of the periotics

of Dorudon differ in the large, concave, dorsal projection of the
superior process, and in the less obliquely anteroexternally-oriented
internal auditory meatus.

In the bulla of D. osiris, the involucrum

overhangs the tympanic cavity, its anterior end is relatively thickened
(cf. the anteriorly attenuated involucrum of Kekenodon) , the internal
pedicle of the posterior process is small, the anterior (eustachian)
end of the tympanic cavity is not depressed or hollowed, and the bulla
is relatively rectangular (in Kekenodon, the anteroexternal face is
oblique).

As mentioned above, Dorudon lacks a third root in PM3 and

PM!, and Ml - M3 lack anterior denticles.

Furthermore, the anterior

denticles are generally smaller than the posterior, a ridgelike cingulum
may be present, and the main (apical) denticle may have crenelated keels.
Although differences exist between Kekenodon and Dorudon, similarities
indicate a close relationship.

For example, within the notoriously-

conservative periotic, similarities include:

a more or less vertical

keel below the base of the posterior process, ventral surface of the
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pars cochlearis is prominently convex, the fenestra rotunda is located
on the ventral posterointernal face, the fenestra ovalis is sunk well
below the surface of the pars cochlearis, and the fossa for the
stapedial muscle is depressed below the level of the facial nerve canal
and extends on to the external face of the pars cochlearis.
The last genus listed by Kellogg (1936) in the Dorudontidae is
Phococetus Gervais, 1876, type-species Zeuglodon vasconum Delfortrie,
1873.

The genus is represented by a single tooth, a right PM3.

The

crown and denticles, including the main denticle, are markedly more
asymmetric than those of Kekenodon, the roots are less massive, and the
posterior root is larger than the anterior.

The two roots are joined

.by an isthmus, but are not closely apposed, so there is no narrow sulcus
which marks the position of the isthmus.

Kellogg (1936, 1943) stressed

the similarities with Kekenodon, which include:

the absence of a

prominent cingulum, and of ornament on the accessory denticles, the
presence of short vertical striae around the base of the crown, the
size and shape of the crown and, in parti9ular, the anterior denticles,
and the presence of an isthmus.
The relatively poorly-known Late Oligocene Australian archaeocete,
Mammalodon colliveri Pritchard, 1939, has not been described critically,
and has never been compared with Kekenodon.

My recent observations

suggest that probably it is a dorudontid archaeocete, perhaps related
closely to Kekenodon onamata.

The periotics of M. colliveri are

remarkably like those of Zygorhiza (cf. my Figs 197-199 with Kellogg
1936:

35-37) and are quite like that of K. onamata.

The holotype teeth

of M. colliveri are worn, but at least one tooth (Figs 200-202)
possesses the prominent isthmus seen also in K. onamata.

However, the

crowns of the Mammalodon teeth are ornamented strongly, like those
figured by Kellogg for Zygorhiza, but unlike the smooth crowns of
Kekenodon.

Further work is required in order to determine the

relationships of Mammalodon.

Summary of relationships
On the basis of sometimes-incomplete descriptions, it appears that
the relationships of Kekenodon onamata lie with the Dorudontidae.
Particularly striking are the similarities of the periotic with that of
Zygorhiza and perhaps 'Mammalodon, and of the teeth with Phococetus.
There is no doubt that, on the basis of the application of generica11ydiagnostic characteristics (according to Kellogg 1936), Kekenodon is not
congeneric with Zygorhiza and Dorudon, but the relationship with
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Phococetus is more uncertain.

Kellogg queried the significance of

minor differences between Kekenodon and Phococetus, but provisionally
recognised the two genera until further material is found.

I

follow

his conclusion.
Squalodon serratus Davis, 1888, occasionally has been referred to
K. onamata.

As the identity of S. serratus does not affect the

conclusions of this section, it is discussed elsewhere (section 5.3),
CONCLUSIONS
The Mid Oligocene holotype, and only known specimen, of Kekenodon
onamata represents a genus of dorudontid Archaeoceti (sensu stricto)
distinct from all other archaeocete genera with the possible exception
of Phococetus.

Morphology of the skull, teeth, earbones, and atlas is

typically archaeocete like, but possesses some specialisations.
orbit is roofed partly by the lacrimal.

The

A trend towards fusion of

cheek-tooth roots and the presence of a third root in PM3 and PM4 serve
to buttress the teeth.

The latter plesiomorph condition was probably

derived without marked change from the Mid Eocene protocetids.

The

periotic shows some features (e.g. inflated pars cochlearis, reduced
superior process) seen also in odontocetes.

The holotype represents a

geriatric animal, and it is debatable to what extent its morphology is
typical of the species.
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5.3. A REDESCRIPTION OF THE MID OLIGOCENE ARCHAEOCETE,
SQUALODON SERRATUS DAVI S, 1 88 (t ( DORUDONT I DAE? )
INTRODUCTION
Squalodon serratus Davis, 1888 (reprinted 1894) was described as
a new species on the basis of a single tooth.

The identity of the

specimen subsequently has been of considerable interest, for Hector
(1894) considered it conspecific with Kekenodon onamata Hector, 1881,
.and thus implied that it was an archaeocete.

Glaessner (1955) initially

considered it closely related to Kekenodon, but later (1972), in the
only detailed redescription of the tooth yet published, stated that
Davis's original generic assignment probably was correct.

Further

attention has been focussed on the species since revisions of the
Squalodontoidea by Rothausen (e.g. 1958, 1968a, 1970), who observed
that Squalodon (sensu stricto) is an advanced Miocene genus known only
from the Northern Hemisphere.

The recent complete preparation of the

holotype now allows all the characteristics of Squalodon serratus to
be defined and compared with those of other Oligocene toothed Cetacea.
The new evidence suggests affinities with Kekenodon Hector, 1881
(Archaeoceti) rather than Squalodon Grateloup, 1840 (Odontoceti), and
the redescription and discussion of the identity of the holotype are
necessary.

PREVIOUS WORK
Squalodon serratus was described by Davis (1888), who included it
in the Family Zeuglodontidae.

Davis recognised as apparently typically

squalodont features of the holotype the laterally compressed tooth
crown, the presence of anterior and posterior denticles, the presence
of cr. rug., and two or three roots.

His description indicates one

confused aspect of the taxonomy of extinct toothed Cetacea at that time:
the difficulty in differentiation of Archaeoceti and Squalodontoidea,
both of which have similar teeth, and which were finally diagnosed by
Kellogg (1936), Miller (1923) and Rothausen (1968a) on the basis of
skull and tooth morphology.

Davis stated that the species was similar

to, but not conspecific with, Squalodon wilkinsoni McCoy, 1867.
In the 1894 reprint of Davis's paper, an appendix was added by
Hector, who identified the type-locality of S. serratus as White Rock
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Quarries, Okuku River, Canterbury, and the horizon as bed V.a (Oamaru
Formation) of the Geological Survey classification.

He regarded

S. serratus as conspecific with Kekenodon onamata Hector, 1881, but
later authors (e.g. F.W. Hutton 1900, and Marshall 1912) did not follow
this assignment.
The systematic positions of Kekenodon onamata and Squalodon
serratus were considered also by Hall (1911), who placed Kekenodon in
the Squalodontidae (p. 262) and "doubtfully" synonymised S. serratus
with Sanger's (1881) Zeuglodon (= Metasqualodon) harwoodi.
(1918:

caption to Plate VII, Fig. 9) and Morgan (1918:

S. serratus in Hall's (1911) genus Parasqualodon.

Chapman

v) placed

The assignment of

S. serratus to Squalodon was followed, and queried, by Kellogg
although he mentioned Hall's allocation.

(192~a),

According to Kellogg (1923a:

40), the diagnostic features of the species are the distinct and freelyprojecting accessory cusps on the cutting edges of the molars.

He

erroneously stated that the species was from Australia.
An undated and unpublished MS, "Report on the fossil remains of
Cetacea in the Canterbury Museum", by W.B. Benham (c. 1934) refers to
the type of Squalodon serratus as "neither Squalodon nor other
Archaeocetan [sic] but is one of the lower teeth of a species of
Notidanid Sharks".

Benham based his conclusion on the observation that

not all the cusps (denticles) are in the one plane, the cusps are high
and bend towards the apex, and the tooth is only faintly corrugated.
In view of Hector's (1894) contention that the holotype of Squalodon
serratus represents a tooth of Kekenodon onamata, it is strange that
Kellogg did not mention this assignment in his 1936 "Review of the
Archaeoceti".

Flynn (1948:

186) commented that Squalodon serratus and

Metasqualodon harwoodi in future might be found to be conspecific with
Parasqualodon wilkinsoni, but otherwise did not discuss S. serratus.
Flynn's suggestion of conspecificity with P. wilkinsoni subsequently was
dismissed by Glaessner (1955), who placed S. serratus "in the vicinity"
of Kekenodon on the basis of the similarities in ornament and accessory
cusps.

A Hutchinsonian, or "upper Lower Miocene" age, was cited for

S. serratus by Kellogg (1956).
The holotype of S. serratus was redescribed by Glaessner (1972).
He concluded that the original generic assignment probably was correct,
and that the ho1otype should be referred provisionally to Squalodon.
The ho1otype could belong to the same genus as Squalodon gambierensis
Glaessner, 1955 (see my Fig. 421), but was considered unlikely to be
conspecific.

A brief literature review was given.

No comment was made

further to that of 1955, when G1aessner suggested relationships with
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Kekenodon.

Collection and age data for New Zealand species

including Squalodon ? serratus were summarised by Keyes (1973).
Rothausen (1975a) reviewed Glaessner's (1972) redescription, and
later withoPledge (Pledge & Rothausen 1977) placed S. serratus in the
"Prosqualodon - Parasqualodon? - Squalodon ? andrewi" group, which is
"completely unrelated" to Kekenodon.
TAXONOMY
Suborder ARCHAEOCETI Flower, 1883
Family? DORUDONTIDAE Miller, 1923
? Kekenodon Hector, 1881
Squalodon serratus Davis, 1888
1888

Squalodon serratus Davis

1894

Squalodon serratus; Davis

1894

Kekenodon onamata Hector, 1881; Hector:· 119.

1900

Squalodon serratus; Hutton

1911

Zeuglodon harwoodi

1918

Parasqualodon serratus; Chapman

1923a

Squalodon serratus; Kellogg

1948

Squalodon serratus; Flynn

1955

Squalodon serratus; Glaessner

1972

Squalodon serratus; Glaessner

1973

Squalodon (?) serratus; Keyes

1977

Squalodon (?) serratus; Pledge & Rothausen

Sanger, 1881; Hall:
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COLLECTION DATA
Holotype:

a single deciduous cheek-tooth with almost completely

resorbed roots.
Collection number and repository:
Collector and date:

ZMT 32, CM.

collector not known; probably curated by

J. von Haast, between 1879 and 1888.

Locality:
Karetu

at or near a point 1.3 km north north-east of the present
(=

White Rock) Quarry, Karetu River, a branch of the 'Okuku

River, North Canterbury.
662841; NZMS 1 S67:

Approximate grid reference NZMS 260 M34:

856027.

See Gregg (1964) and Mason (1941,

map) .
Horizon and age:

Weka Pass Stone (sensu Wilson 1963), probably the

unit described by Andrews (1963) as the Berrydale Greensand Member
of the Omihi Formation, Whaingaroan-Duntroonian, Early - Middle
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Oligocene.

Discontinuous exposures and pronounced local facies

changes at the type-locality make it difficult to define accurately
the source member or stratigraphic position with regard to a wellestablished plane.
N.Z. fossil record number:

S67/f27.

Collection data are discussed further in section 4.4.
DESCRIPTION
General
The tooth roots are almost completely resorbed, and only a little
of them remains.

The hollow crown received the tip of the crown of the

permanent tooth, and is deeply excavated internally and infilled with
matrix.

The crown enamel is weak, and is collapsed or crushed on the

lingual face.

The basal structure of the denticles on the lingual face

is preserved, but basally on the crown the cementum and enamel is
chipped and the position .of the enamelocementum boundary is uncertain.
The matrix which infills the tooth is visible in places.

The tips of

some denticles are broken.
The buccal face is preserved relatively well.

A little enamel has

been lost from the denticle bases, and some of the denticles are
cracked.

Root cementum has been worn away anteriorly.

Dimensions of the tooth are:
base = c. 17.8 rom; apical angle

=

crown

anteroposterior length of crown

= 33 0

_36

0

maximum lateral width of

;

>9.4 rom (crown crushed); lateral width of crown base, at

anterior root (= b) = >8.1 rom (crown crushed); lateral width of crown
base, at posterior root

= >5.5

number of posterior denticles
(=

third) posterior denticle

cr. rug. on buccal face
2 rom; number of roots

=6

rom; number of anterior denticles

= 5;

= 4;

anteroposterior diameter of largest

= 5.B rom; denticle index = 33%; density of

-7 per 5 rom; maximum cingulum width

= c.

= 2 or 3.

Morphology of the buccal face (Figs 45, 186)
The tooth is high-crowned with gently convex denticulate keels.
It is gently convex towards the observer.

The dark brown enamel-covered

crown is separated from the light brown cementum-covered root remnants
by an inverted V-shape enamelocementum boundary.

The boundary is

sulcate, viz. concave medially, and this probably represents the partial
fusion of, or presence of an isthmus between, the posterior and anterior
roots.

The sulcus extends on to the crown.

The exact shape of the

FIG. 45.

Cheek-tooth (deciduous PM,J or

PM~?)

of "Squalodon" serratus,

ZMT 32 (holotype), buccal view.
FIG. 46.

Cheek-tooth of "5." serratus, ZMT 32, anterior view.

FIG. 47.

Cheek-tooth of "5." serratus, ZMT 32, lingual view.
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enamelocementum boundary is uncertain, for it is not preserved
completely anteriorly or posteriorly.
The root cementum is pale grey and very finely ornamented.

There

is no concentric regular ornament, unlike on the lingual face.

The

cementum is preserved downwards for only 6 mm, and presumably was
resorbed below this level.

In occlusal or basal view, the crown

overhangs the root, and reaches a maximum lateral diameter at or just
above the cingulum.
The crown is finely ornamented.

There is present a relatively

smooth basal cingulum on to which the cr. rug. do not extend.
extensions of the cr. rug. (equivalent to the syst.

Basal

cr. rug.?, defined

by Pledge & Rothausen 1977) terminate just above the cingulum.
Anteriorly, the cingulum is broken, while posteriorly it is crushed.
The.cr. rug. cover the rest of the buccal face except for the apices of
the denticles.

They are faintly elevated enamel ridges which do not

appear to divaricate, are triangular in cross-section rather than
rounded, more or less parallel each other, and converge apically.
They are oriented near-vertical, with typical lengths of 5 rom - 7 mm.
A few cr. rug. diverge anteriorly and posteriorly from the vertical to
enter the denticle bases.

Apically, the cr. rug. are succeeded by a

zone of finely undulating enamel, and the limits of the cr. rug. are
difficult to define.
present.

No undation (sensu Pledge & Rothausen 1977) is

The cr. rug. are most apparent on the more apical denticles.

Denticle morphology
The denticles are preserved best on, and hence best-described from,
the buccal face.

They form the serrate anterior and posterior margins

of the tooth, and are keeled cones triangular in buccal or lingual view.
The relative height of the denticles increases basally, and concurrently
their apices become more pointed and their bases more widely separated.
The keels of all denticles are irregular in morphology, but distinct
secondary nodules can be identified only on the second and third
anterior denticles, while no unequivocal crenelation is present on any.
All denticle crowns are separated well from each other, and the denticle
bases are sulcate.

The denticles further away from the main denticle

have axes oriented at progressively greater angles to the vertical, and
also progressively more concave with reference to the vertical midline
of the tooth.
The main denticle is symmetrical and bluntly rounded, and is the
largest.

The first posterior denticle is smaller and also rounded.
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The second posterior denticle has a curved axis and a more pointed apex
than the proximal denticles, and, posteriorly (distally) beyond an
inflection point at its base, has a vertical keel c. 2.5 mm long.
profile is thus concave posteriorly.
on the posterior keel.
markedly convex.

The

The third denticle is the largest

The posterior keel of the fourth denticle is

The crown of the ftfth (basal ?) denticle is broken,

but suggests a size similar to the fourth (basal ?) anterior denticle.
Trends similar to the above are seen in the four anterior denticles.
The apex of the first denticle does not reach the level of that of
the first posterior denticle.

Like the second posterior denticle, the

corresponding anterior denticle has a vertical anterior keel below
an inflection point at its base, but, unlike the former, possesses a
(secondary?) nodule on its anterior keel.

The anterior profile of the

crown of the third anterior denticle is markedly convex and possesses
a (secondary?) nodule just above the inflection point which marks the
upper limit of a vertical anterior keel similar to that of the previous
denticle.

Its posterior face is markedly concave.

The fourth (basal ?)

denticle has concave anterior and convex posterior profiles, and is
smaller and inclined further outwards than the previous denticles.

A

prominent keel which runs down its anterior surface first swings round
on to the buccal surface then curves back towards the lingual surface,
so that, in anterior view, its path is concave lingually.
The lingual view adds little to the description of the morphology
of.the denticles.

The sulci which bound the bases of the denticles
on
,

the tooth crown are not as marked as those of the buccal face:
shallow, rounded and shorter.

they are

The bases of the denticles are ornamented

less than on the buccal face.
Morphology of the lingual face (Figs 47, 187)
Most of the lingual surface is destroyed.

The remnants possess

cr. rug. which extend upward on to the bases of the anterior denticles
(posterior denticle bases are destroyed).
Glaessner (1972:

Although described by

l85) as "strong vertical ridges", most of the cr. rug.

are fine, vertically elongate anastamosing, finely papillate cr. rug.,
and are more rounded, shorter, and not as elevated as those of the
buccal face.

A few short (but very prominently elevated) cr. rug.,

distinct from the associated fine cr. rug., are present at the base of
the sulcus between the main denticle and first anterior denticle, and
below the first anterior denticle about level with the crown of the
third anterior denticle.

At the base of the crown, ornament is very
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fine or absent.

No cr. rug. are present on the lingual bases of the

fourth and fifth anterior denticles.
Anterior view (Fig. 46)
The flat, forward-facing, anterolingual face of the tooth dominates
this view.

The profile of the lingual face is not determinable, as it

is broken away, but probably was slightly

conve~.

The profile of the

buccal face, reflected by that of the anterior keel on which the
denticles are located, is slightly convex.

The transverse diameter of

the tooth viewed thus appears to have increased gradually to a maximum
adjacent to the level of the base of the third anterior denticle, then
decreased.

The anterior denticles are inclined progressively outwards

(buccally) from their positions on the anterior keel of the tooth, as
indicated by the orientation of the anterior keel of each denticle.
Both fine and coarse cr. rug. are prominent on this face of the tooth.
Posterior view
Little of either the buccal or lingual faces is visible.
Orientation of the denticles is reflected by their posterior keels:
the second, fourth, and fifth denticle axes are more or less vertical,
while that of the first posterior denticle is inclined slightly lingual
and that of the third buccally.
Occlusal view
The tooth is markedly triangular.

The buccal face is slightly

convex, and the posterolingual and anterolingual faces are relatively
flat.

The anterolingual face is about half as long as, and oriented at

about 90° to, the posterolingual face.

The denticles are slightly

laterally-compressed cones, with marked anteroposterior carinae.

A

line connecting the apices of all denticles is slightly concave buccally.
Root structure
The roots are incompletely preserved, and on all faces extend for
only a few millimetres below the enamelocementum boundary.

The matrix

around the tooth was carefully removed in case extensive roots were
present, but no evidence of them was found.

The thin cementum present

is probably the remainder of previously larger roots which were resorbed
before the tooth was shed.

Because only a little thin cementum is left,

it is impossible to determine exactly the number of roots, but the crown
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base cross-section indicates two or three.

Three seems more likely in

view of the prominently expanded lingual face.
/

DISCUSSION
Squalodon serratus conventionally has been thought to be a

squalodont, although its assignment to the genus Squalodon often has
been regarded as provisional.

The only challenges to this subordinal

association have been those of Hector (1894) and Glaessner (1955).
The former implied conspecificity of Squalodon serratus with Kekenodon
onamata, while the latter regarded S. serratus as "in the vicinity of
Kekenodon".

Later, Glaessner (1972) concluded that the species could

be referred provisionally to Squalodon.

The aim of this discussion is

to demonstrate that S. serratus Davis, 1888, probably is related closer
to Kekenodon Hector, 1881 (Archaeoceti) than to Squalodon Grateloup,
1840 (Odontoceti).

Elsewhere (section 5.9) it is shown that the

affinities of Squalodon andrewi Benham, 1942 do not lie with Squalodon
Grateloup, 1840, and it appears from this thesis work that Squalodon
(sensu stricto) is not known from New Zealand.

This section is broken into four main parts.

Firstly, Squalodon

serratus is compared with Squalodontoidea, then with Archaeoceti

including Kekenodon onamata.

Thirdly, the position of the holotype

tooth within the toothrow of S. serratus is discussed, and a summary
of the relationships concludes the section.
A COMPARISON OF SQUALODON SERRATUS WITH OTHER SQUALODONTOIDEA
Squalodont tooth morphology has been studied in detail recently by
Rothausen, but only brief summaries of his results have been published
(e.g. Pledge & Rothausen 1977, Rothausen 1968a).

Further data on the

dentitions of unequivocal Squalodontidae have been provided by, for
example, Flynn 1948 (Prosqualodon davidis) and Kellogg 1923a (Squalodon
calvertensis).

Rothausen's work on squalodonts, predominantly those of

the Northern later Oligocene and Miocene, have resulted in the
recognition of apparently primitive (plesiomorph, although he did not
use this term) and advanced (apomorph) tooth characters which, in turn,
allowed recognition of apparent morphocline polarity.

The discussion

below was compiled before I was aware of the value of assessment of
taxonomic relationships on the basis of synapomorph rather than
plesiomorph features (Schaeffer et al. 1972) and before my studies on
Southern specimens had thrown doubt on some of the trends discussed by
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Rothausen.

Although the discussion does not employ an obvious

cladistic approach, it still focusses attention on the problems of
determination of squa1odont and archaeocete tooth morphoc1ine polarity.
The employment of a phylogenetic approach in the discussion is not
possible without further study at present beyond the scope of this
thesis.

The aim of this first part of the discussion is to interpret

the ho1otype tooth of S. serratus in terms of previously-published
notions of squa1odont tooth evolution.
1.

The main apical denticle is not markedly larger than the
anterior and posterior dentic1es.
This feature appears typical of the more posterior cheek-teeth of

primitive squa1odontoids, e.g. the protosqua1odont of Keyes (1973:
Figs 3-6, my Figs 222-226), and "Squalodon (Microzeuglodon 1)" wingei
Ravn, 1926 (Plate 1, Fig. 11).

A trend towards an increase in the

relative size of the main denticle (compared with the anterior and
posterior dentic1es) on all but the most-posterior cheek-teeth is seen
in most advanced forms, e.g. Prosqualodon davidisi Flynn 1948:
Squalodon antverpiensis; Rothausen 1968a:
atlanticus; Case 1904:

Plate 10, Fig. i

Plate 3;

Plate 12, Fig. 7', Squalodon
(but cf. the specialised

Lobodon-1ike teeth of Neosqualodon; Rothausen 1968b:

Plate 12).

This

trend probably reflects the gradual development of the simplified teeth
characteristic of the later homodont Odontoceti (in which accessory
dentic1es are very reduced or absent).

In apparently all squa1odontoids

(even the primitive teeth described by Keyes 1973; section 5.5) and in
most archaeocetes, the more anterior cheek-teeth (e.g. the
PM1-equiva1ent) are simplified, and the main denticle is usually large.
compared with the accessory dentic1es (if
2.

the latter are present).

The crown is relatively high, there are 4 anterior and 5 posterior
dentic1es, and a high denticle index.
In primitive squa1odonts, the crown in all the cheek-teeth is

thought to have been relatively low, while in more advanced forms,
only the most posterior cheek-teeth are low-crowned.

The ho1otype tooth

is probably a more anterior cheek-tooth (DPM lor DPM 4; see later), and
was probably succeeded posteriorly by teeth with lower crowns.
The number of accessory dentic1es is of uncertain significance.
Primitive squa1odonts are thought to have had 3 anterior and 3 posterior
dentic1es, while later forms generally had slightly increased or no
anterior dentic1es and greatly increased posterior dentic1es (to 6 or
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more in Squalodon (sensu stricto», e.g. Pledge & Rothausen 1977:
Rothausen 1968a, Zittel 1877:

Fig. 1.

295,

The apparently advanced number

of denticles (4 anterior, 5 posterior) in the relatively ancient (early
Middle Oligocene)holotype of S. serratus is unusual for a squalodont
(but not for an archaeocete), and is greater than in other forms of
comparable age, e.g. the Early

O~igocene

protosqualodont of Keyes

(1973; note, however, that 4 posterior denticles are present; see
section 5.5), the early Middle Oligocene "Squalodon" gambierensis
Glaessner, 1955.

However, the Middle Oligocene "Squalodon

(Microzeuglodon ?)" wingei Ravn, 1926, has high-crowned teeth with
denticle numbers increased.
of uncertain significance.

The relatively high denticle index is also
According to Pledge & Rothausen (1977:

297)

this value is calculated best from the more posterior cheek-teeth if it
is to be used for comparative taxonomic purposes.
which has a high

~entic1e

The holotype tooth,

index, is probably a more anterior cheek-tooth,

and hence possesses, relative to its anteroposterior diameter, a high
crown and correspOndingly long anterior and posterior keels on which the
denticles are sited.

It is likely that the denticle bases on high-

crowned teeth are longer, in general (and hence the denticle index
higher) than on low-crowned teeth with a similar number of denticles
and, if it is assumed that in the holotype, individual tooth crown
height decreased posteriorly, then the species-characteristic denticle
index is likely to have been lower than is indicated by the holotype.
Denticle index measurements have been used by Rothausen in squalodont
taxonomy, but do not appear to have been used to discriminate between
the squalodont or archaeocete affinities of isolated teeth.
3.

The crown is asymmetrical.
The slightly asymmetrical crown reflects an increase by 1 posterior

denticle over the number of anterior dentic1es.

According to Rothausen

(1968a, Pledge & Rothausen 1977), primitive squalodonts characteristically
hctve symmetrical cheek-tooth crowns, with equal numbers of anterior and
posterior dentic1es:

the Middle Oligocene "Squalodon

(Microzeuglodon ?)" wingei Ravn, 1926, and the Late Oligocene
Agorophius pygmaeusj True

1907a, for example, appear to have had

symmetrical-crowned cheek-teeth, although by the Late Oligocene a trend
towards tooth asymmetry began which was to continue during the Miocene,
e.g. in Eosqualodon Rothausen, 1968a:
catulli (Molin, 1859:

Plate 1).

Plate 11, Fig. 1; and Squalodon

Note that the cheek-teeth of the Early

Oligocene odontocete described in section 5.5 are asymmetrical.
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Asymmetry is associated with increases in the length of the posterior
part of the crown and in the number of posterior denticles.
4.

Characteristic number of cr. rug. G - 7 per

~i

mm,

morphology variable.
The low density of cr. rug. is apparently primitive, although
the significance of variation in cr. rug. morphology is uncertain
(both fine, low, and more coarse, elevated, cr. rug. are present).
Pledge & Rothausen (1977:

293) observed that cr. rug. density in

squalodonts is of uncertain taxonomic significance, but used it to
substantiate the advanced-squalodont affinities of Metasqualodon
harwoodi.

It was used also by Rothausen (1968a) to differentiate

subspecies of Squalodon.

According to these authors, some general

trends in cr. rug. density may be seen in squalodonts:

Middle and

Late Oligocene squalodontoids, and the Early Miocene Prosqualodon spp.,
have cr. rug. densities of around 7, while Late Oligocene Squalodontidae
have 8-10, and Miocene Squalodon spp. have 10+.

The absence of marked

bending of the cr. rug. bases below the posterior denticles in
S. serratus is, according to Rothausen's interpretation, a relatively
primitive feature.
5.

Basal index about 45%.
Few data are available on basal index (crown length:

trends in Squalodontoidea.

crown width)

Basal index (B) measurements decrease as

teeth become more flattened.

Primitive squalodonts apparently have

higher B values than do more advanced forms, and in any individual
B values decrease posteriorly:

they are high in the almost-circular

anterior cheek-teeth, and low in the flattened posterior cheek-teeth,
e.g. in Metasqualodon harwoodi (see Pledge & Rothausen 1977:
Table 2).

289,

The high value of B for S. serratus reflects the presence of

the anterolingual thickening or "buttress" (remnant of protocone base ?)
on the crown, and perhaps also the third (?) root.
6.

Probably three roots present.
The cross-section of the crown (e.g. seen in occlusal view)

indicates that there were present probably three roots:.
(antero) lingual, and posterior.

anterior,

The almost complete resorption and

collapse of the roots prevents verification of this.

They may have been

variably fused together, and the median lingual root was associated
probably closer to the anterior than to the posterior root.

Presumably,
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the persistence of a third root is a relatively plesiomorph feature.
Rothausen (1968a) stressed that the number of roots in squalodontteeth
is not as significant as was previously thought, and cautioned about
the use of root characteristics as diagnostic features.

A third

(internal, lingual) root is retained in the upper molar-equivalents
(=

posterior cheek-teeth) in some species of Squalodon but occurs

variably, and never occurs in the more anterior (= premolar-equivalent)
cheek-teeth.

Austrosqualodon Climo & Baker, 1972, possesses a median

lingual third root in its more posterior mandibular cheek-teeth, while
Prosqualodon davidis (see Flynn 1948:

Plate 3) has vestigial median

lingual third roots incorporated in the isthmus of all the "molar"
teeth.

If S. serratus were a squalodont then, conventionally, the

presence of a third root would indicate the designation of the tooth
as probably a posterior (hind premolar-equivalent) cheek-tooth.
However, the crown morphology suggests that it is an anterior
premolar-equivalent.

Some features of this cetacean could appear typical of advanced
Miocene squalodonts, some 8 M.y. younger than the early Mid Oligocene
Squalodon serratus, while other features are characteristic of
relatively primitive forms.

For example, the presence in the cheek-

teeth of a relatively high-crowned tooth, with a low apical angle,
slightly asymmetrical crown and elongate posterior face, and with the
number of denticles (4 anterior, 5 posterior) increased above the
apparently primitive number (3), suggest that if this were a squalodont,
it might be interpreted as a relatively advanced form.

Other features,

for example, a relatively high denticle index and basal index, and a
low cr. rug. density, are more characteristic of primitive squa1odonts,
and might be expected in a specimen of this age.

The presence of

probably three roots (normally characteristic of the more posterior
cheek-teeth of squalodonts) and a crown buttress, is unusual, as the
high crown is typical of a squa1odont anterior tooth.

An increase in

the number of anterior and posterior dentic1es would be expected to be
associated in squa1odonts with a decrease in size, and relative
separation of the denticle crowns and a posterior bending of the
posterior cr. rug. bases, but the dentic1es are relatively large (cf.
dC'ntic1e index) and well separated, and the cr. rug. are not bent.
The discussion above illustrates that none of the diagnostic
features of the ho1otype of Squalodon serratus Davis, 1888 indicates
with any certainty that it is a squalodontoid (let alone a member of
the advanced eusqua1odont Miocene genus Squalodon, sensu stricto),
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rather than some other cetacean.

Conversely, its characteristics

suggest that S. serratus may be an archaeocete.
A COMPARISON OF SQUALODON SERRATUS WITH ARCHAEOCETI

Morphology of archaeocete deciduous premolars
The morphology of archaeocete deciduous teeth was presented in
detail by Kellogg (1936:

86-87, 127-129, 197-198, 207-208) whose

descriptions, summarised below, have not been revised subsequently.
According to Kellogg, the deciduous dentition of archaeocetes is known

Prozeuglodon isis,

from only a few individuals of four species:

zygorhiza kochii, Dorudon osiris, and D. stromeri.

His data indicate

that only a discussion of DPM 3 and DPM 4 is important here, for only
these deciduous teeth show evidence of three roots.
In the three species apart from D. stromeri, the DPM 3 and DPM 4
have a pronounced posterointernal buttress of the crown, which probably
In D. stromeri there i~

reflects the position of the remnant protocone.

a laterally widened posterior root which was formed probably by the
fusion of the posterior and posterointernal roots.

In all cases, these

are the only deciduous teeth with evidence of more than two roots.

The

more anterior upper teeth possess only two roots, as does all of thE;!
mandibular dentition.
In Prozeuglodon isis, the two-rooted DPM

~

is the largest tooth.

It has a high laterally-compressed crown, with four anterior and
posterior cusps (denticles).

DPM

thr~e

l has three large anterior and

posterior cusps, while DPM 4 has a lower principal cusp with three
anterior cusps larger than the three posterior, and a smaller third root
and buttress than DPM 3.

The deciduous teeth are more "primitive" than

the permanent teeth.

Zygorhiza kochii has a DPM

l larger than the

DPM~.

Its enamel is

smooth, there are three anterior and posterior cusps, and a short,
atrophied, posterointernal root.

All the deciduous teeth are less

ornamented and have smaller crowns than the permanent teeth, and are
replaced relatively late.
The deciduous dentition of Dorudon osiris is replaced relatively
late, and the deciduous teeth have a configuration similar to the
permanent teeth.

DPM 3 has a thickened crown with three anterior cusps

(number of posterior cusps not stated) and DPM
three posterior cusps.
two-rooted.

!

has two anterior and

The permanent successors of both teeth are

Kellogg was uncertain how to interpret the presence of
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three roots, a laterally compressed crown, and serrate-edged teeth in
this and other archaeocetes.
the largest tooth.
while DPM

!

In D. stromeri, the two-rooted DPM 3 is

It has two anterior and three posterior cusps,

has three on both the anterior and posterior.

The ancient, primitive, protocetid Protocetus atavus (see Kellogg
1936:

235), and the younger Kekenodon onamata (section 5.2) are the

only archaeocetes
three roots.

~nown

to possess permanent PM

l and PM 4 teeth with

In both these species, the permanent teeth probably

succeeded three-rooted deciduous teeth.
A COMPARISON OF SQUALODON SERRATUS WITH KEKENODON ONAMATA
The morphology of Kekenodon onamata is presented in section 5.2.
There are some marked similarities between K. onamata and S. serratus.
In both, the crowns are relatively high, triangular, and possess
multiple denticles.

The upper premolars of K. onamata have a gently

convex buccal profile and a concavo-convex lingual profile similar to
that of S. serratus.

The. inverted V-shape ename10cementum boundary at

the base of the crown extends further apically on the buccal face than
on the lingual.

Both species have an internally thickened (buttressed)

crown base, with a maximum lateral diameter at about the level of the
cingulum, and a lateral root diameter immediately below the crown much
less than that of the adjacent crown.

There is a definite internal

third root in some of the permanent upper premolars of K. onamata, and
evidence of a third root in S. serratus.
A smooth, unornamented, basal cingulum is present on the crowns of
both, although in K. onamata it is not obvious on all teeth.

The buccal

ornament consists of fine, rounded, elongate, more or less parallel,
vertical cr. rug., which are not present on the cingulum and are more
or less absent on the denticle crowns.

Some irregular pitted, wrinkled

enamel, with no obvious pattern, is present on the denticle bases, but
the buccal faces of the denticle crowns are smooth.
lingual ornament of S. serratus is preserved.

Little of the

The lingual faces of the

denticle crowns are irregularly wrinkled and pitted as are some of those
of K. onamata.

Lingual ornament in both includes fine cr. rug. and a

few large, heavy, cr. rug. present, for example, on the antero1ingual
face of S. serratus and the lingual face of the right PM

l of

K. onamata.

Multiple dentic1es are present and, as in most other archaeocetes,
the number of anterior denticles does not exceed the number of posterior
denticles.

All denticles are prominent, coneshaped, slightly 1atera11y-

flattened, and anteroposterior1y carinate.

The denticle crowns are well

199
separated from each other, and the bases are defined by well-developed
vertical sulci.

The more basal denticles decrease in size, and have

longitudinal axes oriented at progressively greater angles to the
vertical axis of the tooth.

In occlusal view, the denticle apices are

oriented so that they form a profile concave buccally.
The holotype of S. serratus possesses some features different from
those of K. onamata.

The tooth is smaller in absolute dimensions than

thQse of K. onamata.

The crown is relatively higher, and hence the

apical angle smaller, and the orientation outwards (buccally) of the
longitudinal axes 'of the more basal denticles is much more marked.

The

denticle keels are more pronounced, although this could reflect
ontogenetic wear in K. onamata, and the second and third anterior and
posterior denticles are separated from each other by a marked vertical
keel on the tooth-crown, below the seconddenticles.

The basal

denticles, and the crown below them, are strongly keeled in S. serratus.
Two strong, large; vertical cr. rug. of triangular cross-section are
present on the buccal face:
denticle, and one immediately

one below the base of the second posterior
poster~or

to the basal extension of the

sulcus between the second and third anterior denticle.

The maximum

lateral diameter of the crown, which reflects the presence of the
buttress for the presumed third root, lies slightly anterior of the
midline of the tooth of S. serratus, while in K. onamata it lies at or
posterior to the midline of the tooth.
Although Kekenodon onamata and Squalodon serratus are not
completely identical in morphology, their similarities suggest a close
relationship.

The two species are similar enough to obviate the need

for any discussion of the possible relationships of Squalodon serratus
with the other Archaeoceti discussed by Kellogg (1936).

Such discussion

would focus attention on the similarities, rather than the differences,
between K. onamata and S. serratus.

The only other species worthy of

mention here is Phococetus vasconum (Delfortrie, 1873), known from a
single tooth of Burdigalian (Early Miocene) age from France.

According

to Kellogg (1936,1943), Phococetus may be related to Kekenodon, so some
relationship with S. serratus might be expected.

The relationship

between Kekenodon and Phococetus has been discussed already (section
5.2) but it is not possible to come to any conclusions about this until
photographs or a cast of the single specimen of P. vasconum can be
examined.

At present, it does not seem worthwhile to duplicate previous

discussions (above, and section 5.2) on the Squalodon serratus Kekenodon - Phococetus relationship.

Further work on this is planned
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by me and E.D. Mitchell.
THE POSITION OF THE HOLOTYPE TOOTH OF S. SERRATUS WITHIN THE TOOTHROW
The recognition of similarities between K. onamata and S. serratus
aids the

dete~mination

of the position of the holotype tooth of the

latter within the tooth series of the individual from which it came.
If, as in the deciduous and permanent dentitions of K. onamata and most
other Archaeoceti, the number of anterior denticles does not exceed the
number of posterior denticles, then the face of the holotype tooth with
four denticles is probably the anterior.

Three roots are known to occur

in archaeocete deciduous teeth only in DPM land DPM

!,

and in permanent

teeth only in the PM l and PM 4 of Kekenodon onamata and Protocetus
atavus.

The curved buccal profile of the crown, similar to that of the

PM 3 of K. onamata, further suggests an upper tooth.

The position of

the third inner (lingual) root is difficult to interpret, for, in
K. onamata and in the species whose deciduous premolar teeth were

reviewed briefly earlier, the third inner root often is associated with
the posterior root.

This is reflected in the presence of a postero-

internal buttress on the crown of these species.

It is not known if

the third internal root of S. serratus was free, or associated (partially
or completely fused) with the anterior or posterior roots.

The holotype

tooth of S. serratus is regarded provisionally as a right DPM

~

or DPM

!,

although the exact determination of its position will have to wait until
further finds are made.
A SUMMARY OF THE RELATIONSHIPS OF SQUALODON SERRATUS
The identification of the holotype, a unique specimen, of Squalodon
serratus Davis, 1888, as a member of the advanced Northern Hemisphere

Miocene genus Squalodon, is almost certainly incorrect.

Its features,

which, on superficial examination, could be interpreted as those of an
"advanced" squalodpnt, are more consistent with its relationship with
the New Zealand archaeocete Kekenodon onamata Hector, 1881.

In the

absence of well-identified comparative material of either archaeocetes
or squalodonts and, in particular, the absence of information on tooth
morphoclines and the application of tooth indices in the differentiation
of

~~qualodont

from archaeocete teeth, the taxonomic position of

Squalodon serratus cannot be determined unequivocally.

It is related

closely to Kekenodon onamata, although probably is not conspecific.
Squalodon serratus Davis, 1888, is best transferred provisionally to

the archaeocete genus Kekenodon Hector, 1881, and referred to as
Kekenodon ? serratus (Davis, 1888).
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5.4. A TOOTHED CETACEAN (SUBORDER INCER'l'AR SEDIS) FROM
THE EARLY OLIGOCENE, WAIKARI, NORTH CANTERBURY
INTRODUCTION

This section describes an incomplete mandible of a toothed cetacean
from the Early Oligocene Amber1ey Limestone Formation at Waikari, North
Canterbury.

The importance of this and other Early Oligocene New

Zealand specimens may be appreciated more when it is realised that
Cetacea of this age are more rare than during any other Tertiary epoch
from the Mid Eocene to Recent.

Whitmore & Sanders (1977) who reviewed

the Oligocene Cetacea, listed Platyosphys Kellogg, 1936 (Archaeoceti:
Basi10sauridae ?, or incertae sedis) as the only formally described
Early Oligocene genus.

Kellogg (1936:

270, 272) cited the age of the

four individuals of Platyosphys as Lattorfian, regarded now by some
(Van Eysinga 1975) as lat.est Eocene.

Kellogg (1936:

258, 272) recorded

also a single single individual of indeterminate archaeocete from the
"Lower Oligocene" or "Late Upper Eocene" of Vancouver Island, Northeast
Pacific.

In addition to the present specimen, other New Zealand

Whainga:r:oan forms are the "protosqua1odont", GS 10897, described by
Keyes (1973) and the two primitive mysticetes REF 1 and REF 2, described
in sections 5.5 and 5.18 herein.

These New Zealand specimens, although

incomplete, are critical to the understanding of the Early Oligocene
development of the Cetacea.

TAXONOMY
Suborder INCERTAE SEVIS
Genus and species indet.

COLLECTION DATA
Specimen:

midpart of a left mandible with remains of five cheek-teeth,

of which the anteriormost and hindmost teeth are represented only
by their roots, and the three others by incomplete crowns
(Figs 188-196).
Collection number and repository:
Collector and date:
Locality:

ZMT 62, CM.

presented by A.P. Strany, 1949.

"Waikari lime works", Waikari, North Canterbury.

reference NZMS 260 M33:

801043~

NZMS 1 S61:

024245.

Grid
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See Gregg 1964, for map.
Horizon and age:

Aroberley Limestone Formation, "lower" Whaingaroan

(angiporoides-zone; N. de B. Hornibrook, pers. comm., December
1976), Early Oligocene.

See Andrews 1963, Gregg 1964, Wilson 1963.

My Fig. 536 shows a typical outcrop of this lithology.
N.Z. fossil record number:

M33/fl.

Comment
Dr Hornibrook reported that microfossils indicate that the sample
must have corne from the Arnberley Limestone.

However, a small gastropod

in the sample was identified by Dr P. Maxwell as Merelina, an inner
shelf form more suggestive of a Waitakian to Pareora age in North
Canterbury.

Dr Hornibrook speculated that, because of this, the sample

may have corne from just above the Arnberley Limestone - Weka Pass Stone
contact, and that the microfossils could be reworked.

I briefly visited

Waikari Lime Works on 26 November 1977, and observed that the quarry
lies almost completely in Arnberley Limestone, which reaches a thickness
of many tens of metres.

Only a few metres of the overlying Weka Pass

Stone Formation (or its lateral equivalent) are present at the most
eastern side of the quarry.

This lithology was differentiated with

difficulty from the Arnberley Limestone by its slightly more yellow.
colour and greater sand component.

No prominent "bored" contact at the

top of the Arnberley Limestone (such as that reported from localities
nearby; my Fig. 536, Andrews 1963, Wilson 1963) was seen during the
visit.

No cetacean bone was seen in either lithology, and it could not

be established from field evidence from which lithology the present
specimen came.

In 1949, the quarry would not have been excavated as

deeply, which suggests that the bone probably came from the upper part
of the, sequence.

At present, the Whaingaroanage is accepted

provisionally, because it is indicated by the microfossils which also
do not indicate any reworking.
DESCRIPTION

General
The specimen is a 154 rom long fragment of left mandible with the
remains of five cheek-teeth in situ:

the teeth are numbered arbitrarily

for the purposes of description tooth 1 (anteriormost) to tooth 5
(hindmost).

Of tooth 1, only the posterior root is present, and of

tooth 5, only the anterior root.

Teeth 2, 3, arid 4 still possess
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crowns, but these lack apices and some accessory denticles.

The

assignment of the specimen as a left mandible is based on the presence
of mental foramina on the buccal face, a convex dorsoventral buccal
profile, and relatively poorly-developed buccal ornament on the teeth.
Mandible
In buccal or lingual view

(Fi~s

194, 195) the ventral surface is

flat, and the more or less straight dorsal profile is elevated
posteriorly.

In dorsal (occlusal) view (Fig. 196) the buccal face is

gently expanded posteriorly, while the lingual face is flat.
Consequently, while the anterior of the mandible is deep and compressed
laterally with an oval cross-section, posteriorly, as a result of the
more convex buccal face and flattened ventral surface, the cross-section
is roughly triangular.
lingual face.

The toothrow parallels the flat, straight,

The rounded dorsal crest of the mandible lies just

internal to the teeth, and posteriorly becomes sharper and more elevated
dorsally relative to the level of the basal denticles of the teeth.
There are present on the dorsal surface four pits for reception of upper
cheek-tooth apices.

The pits become more shallow and smaller

posteriorly, and lie on the external side of the dorsal crest, just
external or adjacent to the teeth.

The first lies between teeth 1 and

2, the second between teeth 2 and 3, the third between teeth 3 and 4
(overhung by the posterobuccal face of tooth 3) and the fourth just
external to the back of tooth 4.

These indicate that all of the upper

tooth apices occluded outside of the lower posterior cheek-teeth.

The

posterior teeth are apposed more closely than the anteriors, and the
diastemae between adjacent teeth decrease posteriorly from 16.1 mm to
11.4 mm, c. 5.8 mm and c. 5.5 mm.
The mandibular canal is seen in the broken cross-sections.
Anteriorly, it is compressed laterally, and filled mostly with vascular
bone.

The tooth root (tooth I) extends the full depth of the canal.

Posteriorly, the canal is expanded ventrobuccally, and is filled with
matrix.

The toothroot (tooth 5) protrudes down into it for about half

the depth.
Teeth
General
The teeth (Figs 188-193, Table 13) are elongate, symmetrical,
laterally-compressed and, in anterior view, not obviously inclined

TABLE 13.

Dimensions of teeth (rom), specimen ZMT 62, OM.

Tooth 4

Tooth 2

Tooth 3

Maximum anteroposterior width of crown

28.4

34.2

>33

Anteroposterior length at crown base (a)

25.6

27.0

30.6

8.0

7.9

8.9

<8.0

<8.4

7.8

Number of anterior denticles

~3

~4

Number of posterior denticles

~4

~5

Anteroposterior diameter, largest posterior denticle (ad)

2.3

2.1

Denticle

9.0

7.8

Apical angle
Lateral width at crown base, at anterior root (b)
Lateral width at crown base, at posterior root

index, % (ID = ad/a x 100)

Density of cr. rug. per 5

rom,

buccal face

Cingulum width
Basal index, % (B

= b/a

x 100)

Number· of roots
Maximum extent of isthmus
Maximum lateral width of anterior root
Maximum lateral width of posterior root

8-9

est. 10

~3.5

~4

~4

32.0

34.2

34.4

2

2

2
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buccally or lingually.

In dorsal view (Fig. 196), the anterior of each

tooth is skewed buccally.

An impression is gained from the relatively

steep anterior and posterior faces that the crowns were triangular
before the apices were lost.

Maximum anteroposterior diameters of the

crown base, and maximum lateral thicknesses, increase posteriorly.
The apparently equal-lengthed ante+ior and posterior keels are
denticulate.

Only the more basal denticles are present.

in length and height apically.

These increase

They are small, conical, smooth, and

laterally-compressed, with convex keels, and straight (posterior
denticles) or concave (with respect to midline; anterior denticles)
axes.

The anterior denticles do not appear as closely spaced as do the

posterior denticles.

They are separated by relatively wider sulci, but

on all teeth the denticle sulci on the crowns are not prominent.

There

are no obvious size differences in denticles between the different teeth.
The denticles lack nodules, cr. rug., or other ornament.
The tooth crowns are relatively unornamented.
enamel is wavy, and this may be undation.

Apically, the smooth

On both the buccal and

lingual faces, the most prominent ornament is that on the cingulum.
On each tooth, the cingUlum more or less parallels the inverted V-shape
enamelocementum boundary, so that it rises furthest apically in the
lateral midline of the tooth, at the apical end of the sulcus which
extends up the midline.

Presumably, this reflects the position of union

of the two roots at the isthmus.

The cingulum is not ornamented at the

anterior and posterior extremities.

It is most prominent on the lingual

faces, where it is ornamented with fine, close spaced, elongate papillae,
which are abruptly truncated apically to form a prominent cingulum shelf.
Basally, they widen and become elevated less, and merge into smooth
enamel.

The cingUlum papillae on the more posterior teeth become

coarser.

A few (at the most, perhaps a quarter) of the cingulum

papillae are continuous apically with elongated fine cr. rug. which
converge apically.

These are more obvious anteriorly.

the buccal faces is almost smooth.

The enamel on

A few sporadic, irregularly placed

papillae mark a cingUlum in a position similar to that on the lingual
face, but there is no obvious shelf at the apical edge of the cingulum,
as the papillae are not abruptly attenuated apically.

The papillae

alternate sporadically with elongate cr. rug., which converge apically.
'rhe papillae are smaller and the cr. rug. finer than on the buccal
faces, and become more prominent on the posterior teeth.

On both buccal

and lingual faces a few elongate cr. rug. are not continuous basally
with cingUlum papillae.
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Both the longitudinal and lateral diameters of the crowns decrease
at the enamelocementum boundary.

The boundary, as mentioned previously,

is an inverted V shape, with its most apical extension about level with
the denticle second from base.

Anteriorly and posteriorly, the boundary

is not elevated markedly.
Little can be determined about root structure.

The roots probably

are united proximally by a short isthmus, as is suggested by broad sulci
which run up on to the crowns on both the buccal and lingual faces.
X-rays indicate that each of the three relatively complete teeth
possesses two roughly straight, tapered, slightly divergent roots.
There is no evidence of a third root or prominent isthmus.
Tooth 1 (Figs 194-196)
This is represented only by the posterior of presumably two roots,
of length >22 mm and diameter about 6.5 mm.
Tooth 2 (Figs 188, 189)
This has the 'smallest of the preserved crowns.

It is separated

wei1 from the adjacent teeth, and the basal crown sulci are filled more
with mandibular bone than on the other teeth.

The crown may have had

four anterior, one main, and five posterior dentic1es.

Buccal ornament

consists of poorly-developed fine cingulum papillae and associated
cr. rug., and lingual ornament consists of relatively more-developed
cingulum papillae and prominent vertical cr. rug.
Tooth 3 (Figs 190, 191)
The profile of this tooth suggests that it was slightly larger
than tooth 2.

It had at least four, probably five, anterior denticles,

a main denticle, and probably five posterior denticles.

The buccal

ornament is more coarse than that of the previous tooth, although
developed less on the posterior half of the cingulum.
present posteriorly.

Undation is

The cingulum papillae are more prominent, and

the cingulum apex less pointed, on the lingual face than on the previous
tooth.
Tooth 4 (Figs 192, 193)
This appears larger (longer, higher) than the previous teeth,
although accurately-measured comparisons cannot be made.
were more than five anterior denticles.

Probably there

The anterior of the buccal face
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is ornamented more with cr. rug. than the posterior.

On the lingual

face, the cingulum apex is pointed less, and the cr. rug. associated
with the cingulum papillae are less prominent, shorter, and elevated
less than on the other teeth.
Tooth 5 (Figs 194-196)
The presumed anterior of two roots is c. 20 rnrn long, and c. 7.5 rnrn
in diameter.
DISCUSSION
AFFINITIES
Discussion of the problems involved in the determination of
subordinal affirtities of tooth specimens such as this is presented in
some detail in the reappraisal of Keyes's (1973) "proto-squa1odont"
(GS 10897) from the Early Oligocene McDonald Limestone (section 5.5).
with that specimen, assignment to the suborder Odontoceti is followed
because of the presence of specialised odontocete features, particularly
the forward-telescoped supraoccipital.

The greatest problem at present

in taxonomy based on teeth is that a comparative study of archaeocete
and squalodontoid teeth has not been carried out to determine the nature
and direction of evolution (morphocline polarity) of taxonomical1yuseful specialisations.

This is compounded by the fact that, at

present, the only known global Early Oligocene squalodontoid form is
the Oarnaru specimen (GS 10897), Mid Oligocene squalodonts also are very
rare and incomplete, and the reiatively complete specimens of Late
Oligocene squalodonts (in which tooth morphology can be linked with
different skull types) indicate that already considerable differentiationand specialisation had taken place within the superfamily
Squa1odontoidea.

Those characters proposed by Rothausen (e.g. Pledge &

Rothausen 1977) as primitive squa1odontoid characters need reappraisal
in order to demonstrate that they can be used as reliably as can be
skull features to differentiate squa1odontoids from archaeocetes, and
to subdivide squa1odonts.

Although archaeocete and squa1odont taxonomy

is based primarily on skull morphology, aided by tooth mor-phology, it is
likely that mosaic evolution occurred in these morphological systems.
Consequently, one stage of skull evolution need not correspond with any
particular stage of tooth evolution.
The present specimen does not possess any characters that can be
regarded conclusively as specialised odontocete features.

This does
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not preclude the possibility that it is an odontocete, for, if mosaic
evolution occurred in early odontocetes, it is possible that the
characteristic odontocete skull (in which strong posterior telescoping
of the rostral and anterior cranial elements, and anterior telescoping
of the supraoccipital results in the gradual elimination of the
parieta1s from the vertex) mar have been accompanied, for example, by
A comparable situation is seen in Xenorophus,

archaeocete-1ike teeth.

in which the anterior of the cranium is odontocete-1ike but, posteriorly,
the parieta1s are exposed prominently on the vertex and the
supraoccipital is vertical, as in the archaeocetes (Whitmore & Sanders
1977).

As was the case with specimen GS 10897, strictly morphological

comparison with described genera (as opposed to the assessment of
p1esiomorph : apomorph characters) must be resorted to in order to
determine relationships.
COMPARISONS WITH ARCHAEOCETES
The archaeocetes were described in detail by Kellogg (1936) and,
subsequently, there have been published no important morphological
studies of Archaeoceti (5.5.) relevant to the present problem (see
section 3.7).

Perusal of Kellogg's text indicates a number of

similarities between undoubted archaeocetes and the present specimen.
These include a dorsoventral convex outer profile and flat inner profile
of the mandible (his pp. 119, 206), gentle increase in mandibular depth
posteriorly (pp. 29, 108), occlusion of the lower posterior cheek-teeth
inside the upper posterior cheek-teeth (pp. 30, 194), closer spacing of
cheek-teeth posteriorly (pp. 84, 108), and relatively high, symmetrical,
premolar crowns with three to five anterior and posterior dentic1es,
sulcate crown bases, no more than two roots, and ornament (cr. rug.)
and cingulum generally not well developed but generally more pronounced
lingually than bucca11y (pp. 23, 108, 179; Plates 8, 12, 13, 22).

No

archaeocete was figured by Kellogg or any later author which is
identical (or nearly so) with the present specimen.
COMPARISON WITH "AETIOCETIDS"
The teeth of the "aetiocetid" genera Aetiocetus Em10ng, 1966 (the
only undoubted member of the Aetiocetidae 5.5.), and Ferecetotherium
Mched1idze, 1970, are relatively simp1ecrowned and sing1erooted, unlike
the present specimen.

Teeth of Mirocetus Mched1idze, 1970, were figured

by Riabinin (1938) but a detailed description in English is not
available.

Riabinin indicated that the crowns have multiple dentic1es,
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but also that the teeth are spaced widely, and have crowns elevated
markedly above the jaw.

Teeth of Chonccetus Russell, 1968, are unknown.

The present specimen does not seem to correspond with any of these
"mysticetoid archaeocetes".

COMPARISON WITH SQUALODONTOIDS

A~ O~ER

TOOTHED CETACEA

A number of relatively well known genera of Squalodontidae do not
appear similar to specimen ZMT 62.

Eosqualodon Rothausen, 1968a, 1968b;

Kelloggia Mchedlidze, 1976; Microcetus Kellogg, 1923a, Rothausen 1961;
Neosqualodon Dal Piaz, 1904, Fabiani 1949, Rothausen 1968b;
Parasqualodon Hall, 1911 (pers. obs., Figs 353, 354); Phoberodon
Cabrera, 1926; Prosqualodon Lydekker, 1894a, 1894b, Flynn 1948;

Sachalinocetus Dubrovo, 1971; Squalodon Grateloup, 1840, Kellogg 1923a,
Rothausen 1968a, 1968b; Sulakocetus Mchedlidze, 1976; and Tangaroasaurus
Benham, 1935a (see section 5.13) all differ from the present specimen
in one or more of the following:

mandible profiles, spacing of cheek-

teeth, cheek-tooth profiles, number, shape and size of denticles, degree
of ornamentation of cingulum and rest of crown, and fusion of roots.
Details of the dentition of four genera of Squalodontidae (Genera A, X,
Y and Z) described by Whitmore & Sanders (1977) were not given.
There are a number of other taxa of apparent Squalodontidae (or
forms closely related to squalodontids) which also may be compared with
specimen ZMT 62.

Austrosqualodon Climo

presence of three-rooted cheek-teeth.

&

Baker, 1972, differs in the

"Microcetus" hectori Benham,

1935b (section 5.10) has tiny, laterally-compressed cheek-teeth, with
two posterior denticles and no anterior denticles.

The ornament and

relative proportions of the crowns and denticles of ZMT 62 differ from
those of the nominal squalodont "Squalodon" serratus Davis, 1888
(=

(:

Kekenodon ?, section 5.3) and from those of Patriocetus Abel, 1914
Figs 4, 9) and presumably the related genus Agriocetus Abel, 1914.
The cheek-teeth of Xenorophus Kellogg, 1923b were figured poorly,

and were described by Kellogg (p. 6) as with a distinct cingulum marked
by "minute cusps" which arise from it (= papillae), two slender roots
united at the base by an isthmus, crown of the sixth cheek-tooth with
rugose enamel, and cheek-teeth 4-6 with anterior and posterior denticles.
The relationship of this genus to ZMT 62 cannot be determined.

The

teeth of Archaeodelphis Allen, 1921, a genus previously thought related
to Xenorophus, are unknown.
The holotype tooth of "Squalodon" gambierensis Glaessner, 1955
(Pledge & Rothausen 1977) has more sharply-pointed, triangular denticles,
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apparently a higher crown, and much less prominent ornament than the
present specimen.

Another previously unrecorded tooth (P48803, NMVi

pers. obs., Figs 421,422) is very similar to Glaessner's tooth (it
is probably congeneric), except that both the buccal and lingual faces
possess fine cr. rug. and a few papillae on the cingulum, rather like
ZMT 62.

It differs from the latter in t4at the more apical cr. rug.

are well developed, and the denticle bases are not approximated as
closely.

Metasqualodon Hall, 1911, was redescribed by Pledge &

Rothausen (1977).

The holotype has denticles relatively larger than

those of ZMT 62, while the buccal cr. rug. similarly are developed
poorly.

Obvious differences are the conspicuous anterobuccal cingulum

papillae, the well developed lingual cr. rug. which enter into the
denticle bases, and the poorly-developed lingual cingulum.

In both

Metasqualodon and the present specimen, a prominent basal sulcus is
present on the crown.
The poorly-known teeth of "Squalodon (Microzeuglodon?) " wingei Ravn,
1926, for which Rothausen (1970) proposed the nomen nudum,
Oligosqualodon, appear relatively higher than in the present specimen.
The basal crown sulcus and cingulum are less distinct.

Similarities

appear to be the relative length of the denticles, poorly developed
cr. rug., and the shape of the enamelocementum boundary.

Because both

specimens are incomplete, and only a poor copy of Ravn's figures is
available, I cannot speculate further on these relationships.
single figured tooth of Agorophius Cope, 1895 (True 1907a:
is similar to those figured by Ravn (1926).

The

Plate 6)

Like the present specimen,

it appears to have had poorly developed cr. rug., a papillate cingulum;
and a relatively symmetrical, laterally-compressed, sulcate crown.

The

denticles are much smaller, and have less distinct and differently
oriented crowns.
Microzeuglodon causasicum (Lydekker, 1893) (Abel 1914:
Kellogg 1923a:
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39, Mchedlidze 1964a) is known from the incomplete

posterior of the left mandible and four teeth, and postcranial remains.
It

is of uncertain relationships.

Lydekker's (1893:

Plate 36) Fig. 1

indicates that they are triangular-crowned and tall, with multiple (4-5)
close-spaced conical accessory denticles, a prominent cingulum above a
sulcate crown base, and are otherwise little-ornamented on the lingual
face.

The teeth are separated by diastemae.

Many of these characters

are seen also in ZMT 62, but the profiles of these two specimens appear
different, soa close relationship seems unlikely.

The Oligocene

odontocete Atropatenocetus Aslanova, 1977 (my Fig. 17), like
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M. caucasicum, has teeth with some similarities with the present
specimen.

The mandible is not dorsoventrally thickened, and the teeth

are separated by diastemae.

Each tooth has multiple, small, conical

accessory donticlos, which (unli.ko ?oM'J' 02) are not spaced closely, a
prominent, inverted V-shape papillate cingulum, and relatively poorly
developed ornament.

No other details are discernible.

The present specimen shows no obvious similarities with the other
New Zealand forms discussed herein (e.g. "Prosqualodon" hamiltoni,
"Prosqualodon" marplesi, "Squalodon" andrewi, and other specimens of
Prosqualodon and related genera), and can not be compared with the
Oamaru "protosqualodont", GS 10897 as comparable (serially homologous)
elements are not present.

In both ZMT 62 and GS 10897, cheek-tooth

roots taper to a point, diverge gently, and the cingulum is prominent.
However, in GS 10897 (section 5.5), the cingulum is ornamented much
more obviously at the anterior and posterior but relatively little. in
the midpoint, and the cr. rug. are developed well.

Also, the accessory

denticles are spaced more widely, and the posterior cheek-tooth crowns
are lower.

Close relationship seems unlikely.

CONCLUSIONS
The present specimen does not appear to be identical with any
described genus of archaeocete or odontocete.

It possesses

characteristics seen in representatives of both suborders, particularly
some of the less well known odontocetes.

However, because no

undoubtedly specialised features can be recognised, the specimen cannot
be placed with the squalodonts in the odontocetes.

Because it is

incomplete, it must be placed as suborder incertae sedis until such time
as further specimens are found.

This description has been presented

primarily to add to the knowledge of morphology of Early Oligocene
whales.
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5.5. A REDESCRIPTION OF AN EARLY OLIGOCENE "PROTOSQUALODONT"
(KEYES 1973)

(ODONTOCETI:

SQUALODONTOIDEA?)

FROM OAHARU, NORTH OTAGO
INTRODUCTION
The aim of this section is to redescribe the morphology and
systematics of the Early Oligocene "protosqua1odont" described by
Keyes (1973).

This is required because of the discovery of two more

teeth and of preparation of part of the skull (parieta1s and
supraoccipital) of the specimen, and as a result of information
published elsewhere which allows reassessment of the two described
teeth.
In terms of skull telescoping, this individual is considerably more
primitive than other odontocetes and it appears to represent the oldest
odontocete yet known.
PREVIOUS WORK
Keyes (1973) described two teeth of this "proto-squa1odontid" from
the McDonald Limestone Formation (Whaingaroan, or Early Oligocene),
Oamaru, North Otago.

The description emphasised mainly the two teeth:

an "incisor" (Keyes's p. 382, Figs 1, 2) and a "molar" (pp. 382-383,
Figs 3-6), although a "coronoid process" of a mandible was mentioned
(pp. 382, 384).

Rothausen (1975b) briefly reviewed the find (see Pledge

& Rothausen 1977) and mention of it was made by Mched1idze (1976).

Whitmore & Sanders (1977) mentioned that the specimen is the oldest
squa1odont known (the only Early Oligocene form) but otherwise did not
discuss it.

Pledge & Rothausen (1977) reviewed Keyes's observations.

They still recognised an agorophiid stage in squa1odontoid evolution,
although the concept of a Family Agorophiidae (sensu Rothausen 1968a)
had been queried recently by Whitmore and Sanders.

They observed that

the squa1odontoid cheek-tooth described by Keyes had weak cr. rug. of
density 6-7, a symmetrical crown, three anterior and posterior dentic1es,
a denticle index of about 25°, and a specialised (large) apical ~ng1e
(which reflects the low crown).

They confirmed Keyes's observation

that the specimen is not related to Prosqualodon, Parasqualodon,
Metasqualodon, or Microcetus.
specimen have been found.

No further important references to this
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TAXONOMY
Suborder ODONTOCETI Flower, 1867
Superfamily aff. SQUALODONTOIDEA Simpson, 1945
Genus and species indet.
COLLECTION DATA
Specimen:

two teeth (an anterior-most and an upper left mid cheek-tooth)

described by Keyes (1973:

Figs 1-6), a lower left anterior cheek-

tooth, an upper leftposterior-most cheek-tooth, and the dorsal
posterior of the cranium (Figs 48-52, 205-226).
Collection number and repository:
Collector and date:
Locality:

GS 10897, NZGS.

A.M.A. Engelbrecht, P. Beauchamp, 28 June 1970.

Gays Limestone Quarry (= Parkside Quarry), Weston, Oamaru,

North Otago.
486701.

Grid reference NZMS 260 J4l:

See Gage 1957:

Horizon and age:

448693; NZMS 1 S136:

Geological Map No.1.

upper part of McDonald Limestone Formation, early

Whaingaroan, Early Oligocene.
N.Z. fossil record number:

See Edwards 1968:

75.

S136/f6llA.

DESCRIPTION
Skull
The largest fragment of skull (maximum length 191 rom, maximum width
176 rom) consists of the dorsal posterior part of the cranium:
parietals and the supraoccipital.

the fused

Other fragments of presumed skull

also are present (see below) .
Dorsal view (Figs 48, 205, 206)
The blunt triangular apex of the supraoccipital is thrust well
forward over and into the parietals.
is depressed internally.

It has raised lateral edges and

The posterior profile suggests that it was

quite flattened posteriorly.

The supraoccipital is divided

asymmetrically into two by a dorsally-elevated median longitudinal
ridge, which runs forward skewed just to the right of the apex.

The

supraoccipital is fused with the elevated posterior edges of the
pareitals to form prominent lambdoid crests.

Anteriorly on the crest,

the apex of the supraoccipital is succeeded by the round apex of the
parietals, which participate on the medial half of the crest.
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A parietosupraoccipital suture is prominent on the medial half of the
dorsal edge of the crest.

Anteriorly, the crest apex overhangs the

ascending anterior face of the parietals, but further posteroexternally
the crest becomes more narrow and vertical.

Consequently, the

supraoccipital is more steep posteroexternally than anteriorly.
of the supraoccipital is broken away

~~om t~e

Part

lambdoid crest on the

right side to reveal the nature of the suture with the parietal:

the

parietal is steep and inclined anterodorsally, with strong elevated
suture ridges which run laterally and anterodorsally.

The platelike

supraoccipital here was extended forward over the parietals.
The parietals are fused into one at the midline and, posteriorly,
they are elevated dorsally.

Posteroexternally, they are more or less

vertical and here, on each side, two posteriorly- and ventrally-curved
vascular canals open from small foramina.
the midline, the parietals are less steep.
in their anterior half.

Anterointernally, towards
The parietals are constricted

Behind this the profile is gently convex, while

in front it is more steep, and gives the impression that the parietals
had parallel walls.
under 2 rom high.

The sagittal crest is more or less straight, and

It runs forward from the apex of the supraoccipital

along the crest of the parietals.

Posteriorly, three foramina open

adjacent to it (one right, two left) while anteriorly it becomes
depressed ventrally below the level of the more dorsally elevated,
rounded lateral regions about 10 rom either side of the midline.
Details of the midline are lost further forward, but the curvature of
the more lateral part of tl1e left parietal indicates that it was quite
concave.

There is no evidence of the frontoparietal suture.

Lateral view (Fig. 20B)
The lambdoid crests rise up steeply from behind, and shallow
forwards, so that posteriorly they are convex and are horizontal
anteriorly.

The most forward-thrust part of the lambdoid crests is

that at the midline, where the elevated parietals form all of the
anterior face of the crest.

The apex of the parietals is thrust forward

so that it overhangs the start of the sagittal crest.

The sagittal

crest runs down the steep face of the lambdoid crest, then curves
forward to run horizontally along the vertex.
further forward.

It is depressed ventrally

FIG. 48.

Skull fragment of GS 10897, dorsal view.

Scale bar

= 100

Traced from Fi9. 205.

rom.

FIG. 49.

Left lower anterior cheek-tooth, GS 10897, buccal view.

FIG. 50.

Left lower anterior cheek-tooth, GS 10897, lin9ual view.

FIG. Sl.

Left upper mid cheek-tooth, GS 10897, buccal view.

FIG. 52.

Left upper mid cheek-tooth, GS 10897, lin9ual view.
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Anterior view (Fig. 207)
This emphasises the forward-thrust apex of the lambdoid crests
and the constricted anterior parietal region.
Ventral view
All the bone is broken here, and the surface is uninformative.
Two small smooth areas posteroexterna11y may represent part of the
braincase.
other fragments of bone (Figs 209-216)
An incomplete vertebral epiphysis, not separated completely from
the matrix, was found associated with the anterior of the skull fragment
(not figured).

Its diameter is over 65 mm and thickness under 6 mm.

Of eight other large fragments, two appear to be pieces of a rib or
hyoid bone (Figs 215, 216).

Three others are elongate, curved in

lateral profile, and possess variably-developed vascular grooves, but
do not contact each other or other bones, and possess no sutures which
would aid identification.
or rostral bones.

Either they are more-anterior cranial elements

Two smaller fragments similarly are vascu1arised and

of uncertain relationships.

Finally, a large, wide fragment, which lacks

vascular grooves, has one surface gently convex and the other broken to
reveal porous bone.

Along part of one edge, a natural surface

perpendicular to the convex face is preserved.
Teeth
General
Morphology of two of the teeth was given by Keyes but is repeated
here.

Measurements are given in Table 14, and morphology is shown in

Figs 49-52, 217-226.

All four teeth have laterally-compressed,

triangular crowns, which are concave lingually.

All roots are straight

in buccal view but, in anterior view, the roots of the two posterior
cheek-teeth are inclined lingually.

Maximum anteroposterior diameters

of crowns increase from the anteriormost cheek-tooth to the upper left
mid cheek-tooth, while the last tooth is smaller than the former.
Apical angles decrease posteriorly as tooth height

(especially height

of the main denticle) decreases, and the hind teeth are more flattened,
while the third tooth, the upper left mid cheek-tooth, has the widest
roots.

All crowns are slightly asymmetrical:

the posterior keels are

TABLE 14.

Dimensions of teeth, specimen GS 10897, NZGS.

Anteriormost
cheek-tooth

Left
anterior
cheek-tooth

Left
mid
cheek-tooth

Left
posterior
cheek-tooth

Maximum anteroposterior length of crown

13.7

26.8

38.3

30.8

Anteroposterior length at crown base (a)

13.0

23.2

32.1

<27

Apical angle

37°

52°

76°

65°

Lateral width at crown base, at anterior root (b)

11.0

9.4

11.0

9.8

18.0

Lateral width at crown base, at posterior root

est. <12

Number of anterior denticles

1

1

3

3

Number of posterior denticles

0

4

4

3

6.3

7.0

c. 6.2

27.2

22.5

5-6

7

7-8

<4

<4

Anteroposterior diameter, largest posterior denticle (ad)
Denticle index, % (ID

=

ad/a x 100)

Density of cr. rug. per 5 rom, buccal face
Cingulum width
Basal index, % (B

6
2..1.5

=

b/a x 100)

2..1

c. 23

85

40.5

34.5

< 45

1

2

2

2

Extent of isthmus, maximum

8.8

c. 5'

Maximum lateral width of anterior root

9.4

11.0

Maximum lateral width of posterior root

9.8

18.0

Number of roots
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not elongated markedly but possess more and/or larger denticles than
the anterior keels, and the main denticles have shorter posterior keels
which give the impression of posterior skewing.

All denticles are

keeled, and primary or secondary nodules are present.
obvious crenelation.

There is no

The denticles are conical, with convex anterior

and posterior keels, slightly-compressed, with distinct sulcate bases,
crowns not closely apposed and separated by deep V-shaped notches,
crowns ornamented with cr. rug., and with the main denticles larger than
the accessory denticles.

In the more posterior teeth, the main

denticles are relatively smaller.

The density of cr. rug. varies.

They are absent on the denticle apices, and bifurcate basally where
short papillate cr. rug. or a "sysL cr. rug." may be present.
Generally, the cr. rug. are elongate, with triangular cross-sections,
and are more or less vertical.

Anteriorly and posteriorly they diverge

to enter on to the denticles.

At the anterior and posterior extremities,

the cr. rug. are coarse, and continuous basally with large triangular
papillae which ornament the edge of the shelflike cingulum on buccal and
lingual faces.

The buccal cr. rug. are more simple:

they are more

elongated, less dense, and with fewer intercalated short cr. rug. or
papillae than on the lingual face.

The cingulum is smooth in the

midregions of the teeth but, on the three more-posterior teeth is
ornamented anteriorly and posteriorly on both the buccal and lingual
faces with large conical papillae, of which most, except those at the
extremities, are continuous apically with cr. rug.
has one root, while the others have two.

The anterior tooth

There is no development of

a

prominent isthmus, although the proximal parts of the roots are united
below the ename10cementum boundary.
corresponds to the isthmus.
cylindrical.

It is not certain if this

The roots are more or less parallel and

There is no obvious increase in root diameter below the

crown.
Anteriormost cheek-tooth (Figs 217, 218)
The crown tip and all but the proximal lingual part of the root
are lost.

The crown axis curves back and inwards, so that the anterior

and buccal faces are convex, and the posterior and lingual faces are
concave.

Lateral compression of the crown is more evident apically.

The crown is prominently keeled anteriorly and posteriorly.

The

anterior keel has a small anterior denticle (too big to be a primary
nodule) basally, about 6.8 rom above the crown base, and the keel
continues down the anterior face of this denticle to the base.
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In anterior view, the denticle keel is strongly concave lingually, with
two small indistinct nodules at its base.

The posterior keel is

emphasised more basally by the relative depression of its lingual face.
Tooth ornament consists of roughly parallel, elongate, vertical, sharpridged, wide spaced cr. rug., which decrease in elevation apically and
which basally increase in density and are intercalated with short cr.
rug.

Right at the crown base, the cr. rug. widen and are elevated less.

Anteriorly, some buccal cr. rug. run obliquely on to the anterior
denticle.

Lingual cr. rug. are finer and more prominent, especially

apically.

Anteriorly, they are coarse, and one cr. rug. runs on to the

denticle.

There are no intercalated short cr. rug.

Posteriorly, a

"system" of cr. rug. bifurcations is developed basally.

The root is

thickwalled, apparently single, with an oval cross-section and a large
pulp cavity.
Lower left anterior cheek-tooth (Figs 49, 50, 219-221)
This lacks only some root cementum and the distal root tips.
It has a distinctive high crown, one anterior and four posterior
denticles and a large main denticle, and two divergent roots.

There

is no obvious backward curvature of the crown, although it is slightly
concave lingually.

The roots are straight, and the tip of the anterior

is skewed slightly lingual relative to the posterior root.
The crown is compressed laterally, with a slightly elongate
posterior keel.

The large main denticle has very fine irregularities,

possibly tiny primary nodules, on its keel profiles, and its posterior
keel is shorter and more convex than the anterior.

A small anterior

denticle, which sits well down basally, has a small secondary nodule
on its anterior keel and two nodules (primary?) basal to it.
small posterior denticles decrease in size posteriorly.

Four

The first

and second possess posterior secondary nodules, while the most basal
denticle is very small and not prominent from the buccal face.

The

midpart of the main denticle is ornamented buccally with fine,
parallel, elongate, sharpridged, nonbifurcated cr. rug. which become
more coarse anteriorly and posteriorly.

Below the accessory denticles

the cr. rug. are more coarse, more elevated, with a sharper profile,
and are sporadically papillate.
denticle crowns.
wide.

The coarse cr. rug. extend on to

On the lingual face, they are not as elevated or as

They cover all the main denticle, and reach to the apex.

Basally, there is sporadic bifurcation, and the cr. rug. are widened.
The cingulum is not obvious in the midpart of the crown, where the
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cr. rug. extend to the enamelocementum boundary, but anteriorly and
posteriorly, the most basal, enlarged, sharpridged papillae are
separated from the crown base by a narrow smooth cingulum.

The

enamelocementum boundary is elevated apically in an inverted V shape
at the midpoint of the crown, and is depressed more posteriorly than
anteriorly.
The roots are united proximally for about 8 rom, but it is not
certain if this should be called an isthmus.

The area of fusion is

sulcate, with the sulcus wide proximally but only just detectable at
the crown base.
distally.

The circular roots diverge slightly, and taper

The median faces (anterior of posterior root, posterior of

anterior root) are flattened slightly.

Each root has a central pulp

cavity of diameter c. 2 rom.
Upper left mid cheek-tooth (Figs 51, 52, 222-224)
This tooth was described by Keyes.

It lacks parts of the

posterior buccal face, the buccal face of the anterior root, and
probably the third posterior denticle (restored in plaster in the
Figs here).

The anterior root is crushed laterally.

This tooth is

characterised by its anteroposteriorly elongated crown with larger
accessory denticles than other teeth, a not obviously enlarged main
denticle, three anterior and four posterior denticles, a remnant of the
posterointernal buttress of the crown, and a posterointernal root well
fused with the posteroexternal root.
The crown is compressed laterally, with an anteroposteriorly
elongate keel, slightly longer posteriorly than anteriorly.
denticles are keeled and well separated.

All

The main denticle is slightly

larger than the others, and has a small primary nodule posteriorly.
The basal anterior denticle is markedly smaller than the others.

Its

anterior keel is seen in anteroocclusal view to run anterobuccally and
is not continuous with the supposed fourth anterior "spikelike denticle"
described by Keyes, which indicates that the latter is a large papilla,
not a denticle.

The first anterior denticle has a small anterior

secondary nodule, while the second denticle does not.

The posterior

denticles are slightly larger than the anterior denticles.

The faintly

undulating anterior profile of the first may reflect the presence of a
secondary nodule, while the posterior keel has a tiny nodule.

The

second posterior denticle is similar to the first in its anterior keel
undulation and posterior secondary nodule.

The third denticle is lost.
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The fourth (posteriormost, basal) is triangular, barely elevated,
and sits well round on the buccal face just above the cingulum.
All denticles but for the two basals are ornamented with fine convergent
cr. rug.

Buccally, cr. rug. become more elevated, wider, and coarser

basally and on either side of the midline.

At the extremities of the

face, coarse papillae on the she1f1ike cingulum are not continuous
apically with cr. rug.
"syst. cr. rug."

There is no bifurcation or development of a

Basally, cr. rug. are separated from the crown base

by a wide, smooth cingulum.
covers most of the crown.

Lingual ornament is developed better, and
It is developed well on the posterior half.

All dentic1es but for the two most basal have crowns ornamented by cr.
rug. which converge apically and which are finer on the. main denticle
than on others.

·Posterior1y, the cr. rug. extend well down the buttress

at the posterointernal part of the root, so that they are very long.
Here the cr. rug. are fine, mostly parallel, with some anastamosing,
sporadic bifurcation, and without obvious widening basally.
no development of a "syst. cr. rug."

There is

Behind the level of the first

posterior denticle and the posterior face of the root, the cr. rug.
are less elongate, and coarsely papillate.
papillae to the cingulum is uncertain.

The relationship of the

In the region of the cingulum

at the basal posterointernal part of the crown, a small area of enamel
has been lost as a result of tooth-to-tooth contact.
crown, the cr. rug. coarsen and are more papillate.

Anteriorly on the
A small area of

enamel also is worn off the crown level with the first anterior
denticle, also a result of contact with the buccal face of an upper
cheek-tooth.

The cingulum on the lingual face forms a marked shelf in

the midline of the tooth, where cr. rug. extend on to the c. 3 mm high
cingulum, but anterior and posterior to this the cingulum is not
obviously shelved.

At the crown extremities, the cingulum is shelved

and ornamented with coarse conical papillae.

The ename10cementum

boundary is more or less flat bucca11y, but lingually extends
prominently down the posterior root.
The two roots are roughly parallel.

The crushed anterior root is

anteroposterior1y thickened, with an oval cross-section.

There is no

obvious isthmus between the roots but a wide shallow sulcus between them
extends up slightly on to the crown.

The posterior root is thickened

laterally and inclined slightly inwards, and the crown also is thickened
laterally at the posterointernal buttress (Fig. 224; Keyes 1973:
Fig. 5).

Keyes noted only a single pulp cavity, and observed that the

root could be a fused double root.

A posterior view (his Fig. 5) shows
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that the buccal and lingual faces of the root are separated by a deep
vertical groove, along the presumed junction of the posterointernal and
posteroexternal roots.

Traces of a similar vertical groove are seen

also on the anterior face of the root.
Upper left posterior cheek-tooth (Figs 225, 226)
This specimen consists of the crushed, incomplete crown separated
from the also crushed, incomplete roots.

Originally the roots and crown

(conjoined with matrix) were consolidated with resin in their crushed
condition but subsequently they were disassembled and the crown restored.
Unfortunately, the roots could not be rejoined with the crown, as the
more basal parts of the crown, especiallY at the lingual and posterior
faces, are distorted and damaged badly.
than the former and not as elongated.

This cheek-tooth is smaller
The main denticle is markedly

larger than the two anterior and three posterior denticles.

As this

is quite similar to the previous tooth, it is not described in as much
detail.
The elongated crown is compressed laterally and has a slightly
lengthened posterior keel.

All denticles are keeled, and separated

from each other, but are relatively higher (compared with their length)
than in other teeth.

The main denticle has a relatively long, convex

anterior keel, with a small anterior and larger posterior primary
nodules.

The first (larger) and second (smaller) anterior denticles

possess tiny (secondary?) nodules on the anterior keels.
appears to be no third anterior denticle:

There

a small denticle-like nodule

on the shelflike cingulum is well separated anterolingually from the
others and is not continuous or in line with the anterior keel of the
anteriormost denticle which runs forward to a smaller nodule on the
cingulum.

The first posterior denticle is anteroposteriorly narrow,

with serrations (secondary nodules ?) anteriorly and a small secondary
nodule posteriorly, and the second posterior denticle is similar.

The

third denticle is a small cone, not nodulated, at the base of the
former.

The five denticles are ornamented, as are those of the previous

tooth, with fine, convergent cr. rug.

A smooth cingulum is present in a

few places (posterobuccally, anteriorly).

Anteriorly, strong coarse

papillae ornament the shelf of the 5-6 rom high cingulum, and they
include one papilla which, in profile (e.g. as in Keyes's 1973:
could be mistaken for a small basal denticle.

Fig. 3)

The anterolingual part of

the tooth, level with the second anterior denticle, is worn at the
cingulum by contact with the buccal face of a lower tooth.
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Two roots are present.

They were joined proximally for an unknown

distance just below the crown.

They are hollow, and show no evidence

of a remnant of posterointernal root.
DISCUSSION
In his discussion of this specimen, Keyes (:

385)

~pecu1ated

that

it could be related to the Agorophiidae or the Patriocetinae, then
concluded (p. 381) that it is probably a member of the Squa1odontidae.
The discovery of additional teeth and the skull fragment, and recent
reappraisals of squa1odontoid phylogeny necessitate some discussion of
this conclusion.
THE PRESENT STATE OF HIGHER TAXONOMY OF SQUALODONTS
It is recognised widely that the Mid Tertiary heterodont
squa1odonts form an ancestral stock of odontocetes, intermediate
in many ways between archaeocetes and the five modern odontocete
superfami1ies.

Although the history of squa1odonts is not known

nearly as well as that of the extant groups, in recent years details
of the evolution of Late Oligocene-Miocene squa1odonts has been
investigated in the Northern Hemisphere (Rothausen 1961, 196aa, 1968b,
1970) and have been initiated for the Austral fauna (Pledge & Rothausen
1977).

The most recent attempt to formulate a phylogeny for the

Squa1odontoidea is that of Rothausen (1968a).
families of squa1odontoids:

He recognised two

the primitively-telescoped Agorophiidae

(Agorophius, Xenorophusj my Figs 17, 18) and the Squa1odontidae.

The

latter he divided into two subfamilies, the "protosqua1odontid"
Patriocetinae (Patriocetus, Agriocetusj my Figs 10, 11), and the
"eusqua1odontid" Squa1odontinae (Eosqualodon, Squalodon).
figured (Rothausen 1968a:

The phylogeny

Abb. 3) showed an "Agorophiid" grade

(predominantly Late Eocene-Mid Oligocene, with Microzeuglodon in the
Late Oligocene), a "Protosqua1odontid" stage (Mid-Late Oligocene,
including the Late Oligocene Patriocetus) and the "Eusqua1odontid"
stage (Late Oligocene-Miocene).
Subsequently, Whitmore & Sanders (1977) stated that Agorophius,
Xenorophus, and Archaeodelphis, which previously were thought to be
Late Eocene in age, and on which the Agorophiidae was based, are Late
Oligocene in age.

Also, the dissimilar morphologies of these forms

cast doubt on the validity of a family Agorophiidae.

Whitmore & Sanders

recognised only one odontocete family in the Oligocene, the
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Squalodontidae.

They (lid not commont about the placement of this

within the Squalodontoidea.

This famil y, characterised primarily by

telescoping which, in the mature animal, eliminates the parietals from
exposure as a band across the vertex, was recognised by them as more or
less equivalent to Rothausen's eusqualodontid subfamily Squalodontinae.
The other Oligocene odontocetes ("A9oro:phiiqae", "Patriocetinae") were
placed as Odontoceti incertae sedis.

Originally, I concurred with these

decisions, but wonder now about the value of dismissing what are, at
present, monotypic suprageneric taxa.

Other representatives of these

taxa may be discovered and, at present, the names of monotypic taxa at
least are useful in typifying grades of evolution, if not clades.
RELATIONSHIPS
In the assessment of the higher (e.g. subordinal) relationships of
forms, such as this, which show characteristics more or less intermediate
between those of archaeocetes and squalodonts, probably it is best to
follow the conclusion of the phylogenetic cladists, as presented by
Schaeffer et al. (1972:

41).

This observes that assessments of

affinity are based more reliably on shared derived (synapomorph)
characters (viz.

those morphological specialisations held in common by

two taxa) rather than on the common possession of primitive (plesiomorph)
characters.

In the present specimen, both archaeocete-like (primitive)

and squalodontoid-like (specialised) characters can be discerned.
Primitive, archaeocete-like characters
The morphology of archaeocetes was summarised by Kellogg (1936).
Archaeocete features (see my Figs 2-5) seen in the present specimen
include on the skull:

the presence of the parietals on the vertex where

they form an elongate intertemporal region; a slight constriction of the
dorsal profile of the parietals anteriorly (e.g. as in Basilosaurus
cetoides; Kellogg 1936:

Fig. 1), and the prominent median crest on the

supraoccipital (e.g. as in Zygorhiza kochii; Kellogg 1936:
Fig. 2).

Some similarities are seen also in the teeth.

Plate 11,

The anterior-

most cheek-tooth has a single basal anterior denticle, unknown in the.
incisors or canines of squalodonts, but present in, e.g. the PMl of
Basilosaurus cetoides (see Kellogg 1936:

Fig. 1).

A PMl with an

arrangement of anterior and posterior denticles similar to that of the
anterior cheek-tooth is known in Zygorhiza kochii (see Kellogg 1936:
Fig. 3la), the development of an asymmetrical main denticle (shorter,
less convex posterior keel) is like archaeocetes, the laterally
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thickened posterointernal portion of the mid cheek-tooth (which reflects
a reduced posterointernal part of the crown and fused posterior and
posterointernal roots) is likely to be homologous with the same
structures observed by Kellogg in B. cetoides (PM!; Fig. 2), Z. kochii
(PMl, PM!; Fig. 30, p. 122), Eocetus schweinfurthi (pp. 231-232) and
Protocetus atavus (p. 235), and the cingulum is similar to that seen,
for example, in Z. kochii (Plate 12, Fig. 1).
No archaeocete has been described which possesses the combination
of characters seen in the present specimen.

In view of the presence

also of specialised odontocete features, there is no doubt that its
affinities do not lie as close to the archaeocetes as to the odontocetes.
Specialised odontocete-1ike characters
Skull
The most important apparent specialised character of this specimen,
and that which could unit it with odontocetes, is the anterodorsa1
telescoping of the supraoccipital.

The degree of forward thrust of the

supraoccipital over the parietal can not be determined relative to the
position of lateral cranial or rostral elements as is normally done.
However, the apex of the supraoccipital lies relatively well forward of
its posteroexternal extremities, unlike in archaeocetes.

The lambdoid

crests are not elevated markedly above the level of the parieta1s and,
viewed from behind, the supraoccipital is markedly wider than high.
Conversely, the archaeocete supraoccipital generally is higher than
wide.

Although telescoping is more specialised than that of

archaeocetes or the bizarre odontocete Xenorophus (see Whitmore &
Sanders 1977), it has not thrust forward to contact the anterior cranial
or rostral elements.

In this, it is more primitive than any of the

Squa1odontidae (at present, the only strictly phylogenetic family
recognised in the Squa1odontoidea).

The degree of forward thrust of

the supraoccipital leaves the parieta1s conspicuously exposed on the
vertex, similar to the situation seen in some presumably
"pre-squa1odontid" odontocetes (Figs 10, 11, 17, 18) and "aetiocetids"
(Figs

21-23).

The parieta1s possess a relatively primitive feature in

that they are not anteroposterior1y shortened.

In the exposure on the

vertex, their length probably exceeds the anterior intertempora1 width
of the parieta1s, or about half the lateral width of the supraoccipita1s.
This feature differs from the more specialised, shortened parieta1s seen
in Agorophius, Archaeodelphis, possibly Atropatenocetus, and Patriocetus,
although in the absence of a sagittal crest the skull is more like these
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genera than the archaeocetes.
Teeth
Interpretation of affinities on the basis of isolated teeth, as
has been done often in the past, has not been proven to be a
consistently conclusive taxonomic procedure (see also comments,
sections 5.3,5.4).

Unfortunately, not enough is known yet or

published about tooth characteristics to allow accurate recognition of
primitive and specialised features and hence the unequivocal
differentiation of squalodonts from archaeocetes, or to establish the
combinations of features which characterise different groups.

Pledge

& Rothausen(1977) summarised some of Rothausen's observations on

primitive features in squalodont teeth.
primitive include:

Characters referred to as

relatively high crown, small apical angle,

symmetrical crown, only three anterior and posterior denticles, no
increase in number of posterior denticles or lengthened posterior keel,
cr. rug. density of 6-7, and high denticle index values (e.g.
ID

= 27-28%).

With reference to the present specimen, for example,

they regarded the cr. rug. density of 6-7, the symmetrical crown, three
anterior and posterior denticles, and a denticle index of about 25% (for
the upper left mid cheek-tooth) as
apical angle as specialised.

re~atively

primitive, and the large

with these comments in mind, it is

informative to make comparisons between the present specimen and other
described taxa.
Early squalodonts appear to have had relatively lower crowns and
main denticles than later squalodonts, and this is reflected in larger
apical angles.

For example, the Early Miocene Prosqualodon davidis

(see Flynn 1948:
"M6" of 41°-610

,

Plate 3), shows a range of apical angles in "Ml" to
and the Mid Oligocene "Squalodon (Microzeuglodon ?)"

wingei Ravn, 1926 (Fig. 11) has low-crowned posterior cheek-teeth, while
those of the Miocene Squalodon bellunensis Dal Piaz, 1916 (Plates 1-6,
Rothausen 1968b:

6), and S. catulli (Molin, 1859) are relatively high.

The present specimen has posterior cheek-tooth crowns lower and,
presumably, more primitive, than other early odontocetes described.
Determination of the number of accessory denticles relies on the
accurate differentiation of basal denticles from nodules or cingulum
papillae.

Here I have regarded the basal denticles as those with

compressed crowns, anteroposterior keels, and of larger size than the
adjacent large papillae on the cingulum at the crown extremities.
Based on this differentiation, there is no doubt that the anterior and
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mid cheek-teeth have four posterior denticles, apparently more
"advanced" than the "primitive" three seen in, for example, "Squalodon

(Microzeuglodon ?)" wingei Ravn, 1926, Prosqualodon davidis; Flynn 1948,
and P. australis Lydekker, 1894b.

In other Oligocene squa10donts,

conventionally regarded because of their age as relatively primitive,
considerable variation is seen in the number of accessory dentic1es.
For example, there are six posterior dentic1es in Metasqualodon harwoodi;
Pledge & Rothausen 1977, four in "Squalodon" gambierensis Glaessner,
1955 (my Figs 421, 422), and two in "Microcetus" hectori Benham, 1935b
and "M". aff. hectori (section 5.10).

Further proof is needed that

three is a primitive number.
Although the crowns of the present specimen are superficially
symmetrical, some development of asymmetry is seen in the increased
number of posterior dentic1es, the relative back-skewed main denticle
and its shortened and straightened keel.

Asymmetry is not developed

to the extent seen, for example, in Prosqualodon or Squalodon (see Flynn
1948, Rothausen 1968a) so, presumably, this may be interpreted as
primitive.

Not enough denticle index values can be obtained to give an

idea of the range in this individual.

The range of 23%-27% in three

teeth could be interpreted as primitive.

The taxonomic significance of

the relatively low density of cr. rug. here is uncertain, for it can be
stated (Pledge & Rothausen 1977) only that cr. rug. density generally
increases over time.
The greatest problem in the determination of affinities of early
heterodont odontocetes is that not enough quantitative data are
available to allow unequivocal differentiation between taxa, either.
genera of squalodonts or squa10donts and archaeocetes.

The reliability

of even some basic observations may be questioned when it is noted that
some of the archaeocetes figured by Kellogg (1936) possess
characteristics which could be interpreted as relatively advanced
squalodont features, e.g. an increase in number above three accessory
dentic1es and development of slightly asymmetrical crowns in which the
number of posterior dentic1es exceeds the number of anterior and in
which the posterior keel is lengthened, low denticle index values
(e.g. 19%-22% in Z. kochii; Kellogg's 1936:
angles.

Plate 12), and large apical

Kellogg did not document the presence of primary or secondary

nodules or increases in complexity of cr. rug. patterns in archaeocetes,
but Pledge & Rothausen (1977) questioned the significance of these
features in squa10dont taxonomy.
At present, concepts of primitiveness and specialisation, and
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morphocline polarity, in squalodonts and other early odontocetes are
based on a knowledge of already well-differentiated later Oligocene
forms.

The only Early Oligocene squalodont-like specimen known is

that described herein, and it is incomplete.

It is not until the

Late Oligocene or Early Miocene that the morphology of skulls and
dentitions are known well enough for tooth types to be linked with
differently telescoped skulls.

Because of the problems in determination

of primitive and specialised features in the present (and other)
specimens, a summary of comparisons of it with other early odontocetes
and "aetiocetids" is given below.
Comparisons with early odontocetes and "aetiocetids"
The presence of elongated parietals on the vertex in the
intertemporal region indicates that specimen GS 10897 is not related
closely to the squalodont genera Eosqualodon Rothausen, 1968a (1968b,
my Figs 12, 13), Kelloggia Mchedlidze, 1976, Neosqualodon Dal Piaz,
1904 (Fabiani 1949), Phoberodon Cabrera, 1926 (my Fig. 16), Prosqualodorl
Lydekker, l894a (1894b, Flynn 1948, my Fig. 19), Sachalinocetus
Dubrovo, 1971 (my Fig. 20), Squalodon Grateloup, 1840 (Rothausen 1968a,
my Figs 14, 15), Sulakocetus Mchedlidze, 1976, and Genera A, X, Y, and
Z of Whitmore & Sanders, 1977.

The teeth of Austrosqualodon Climo &

Baker, 1972, are not known, but had a third root fused with the isthmus
as in Prosqualodon, unlike the lower left anterior cheek-tooth of the
present specimen.

Metasqualodon Hall, 1911 (Pledge & Rothausen 1977),

Microcetus Kellogg, 1923a (Rothausen 1961), "Microcetus" hectori
Benham, 1935b (section 5.10), and Parasqualodon Hall, 1911 (my Figs 353,
354) differ in their relatively higher-crowned cheek-teeth, different
numbers of accessory denticles, and more closely approximated roots.
"Squalodon (Microzeuglodon ?)" wingei Ravn, 1926, "Squalodon"
gambierensis Glaessner, 1955 (Pledge & Rothausen 1977, my Figs 421,
422), and Tangaroasaurus Benham, 1935a (section 5.13) also differ in
those features.
The "pre-squalodont" genera are knoWn more poorly than those above,
but also appear different from the present specimen.

Agriocetus Abel,

1914, and Patriocetus Abel, 1914, (Rothausen 1968a, 1968b, Whitmore &
Sanders 1977, my Figs 10, 11), have the parietals exposed on the skull
roof but eliminated from the vertex in the midline.

Agorophius Cope,

1895 (True 1907a, my Fig. 18), Archaeodelphis Allen, 1921 (Kellogg
1928), and probably Atropatenocetus Aslanova, 1977 (my Fig. 17), have
exposed on the vertex only short, wide parietals (there is doubt about
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their length in Atropatenocetus).

The parieta1s in Xenorophus Kellogg,

1923b (Whitmore & Sanders 1977) also are relatively short, and the
supraoccipital is vertical and not telescoped forward.

Andrewsiphius

Sahni & Mishra, 1975, of which only a partial mandible with incomplete
teeth is known, is very likely to be a specialised archaeocete, not an
"agorophiid" odontocete.

The mandible of a presumed dolphin-like

"odontocete" also from the Mid Eocene of India (Satsangi & Mukhopadhyay
1975) probably is an archaeocete related to Andrewsiphius.
Microzeuglodon Stromer, 1903 (Lydekker 1893) is of uncertain affinities,
but differs from the present specimen in its relatively high-crowned
teeth.
The "aetiocetids" (Figs 21-23) also differ from this specimen.
Aetiocetus Em1ong, 1966, has short, wide parieta1s and a simple,
relatively undifferentiated dentition.

Mirocetus Mched1idze, 1970

(Riabinin 1938) has a triangular supraoccipital with a blunt apex,
and wide, short parieta1s.

The supraoccipital of Chonecetus. Russell,

1968, has less-elevated lambdoid crests and probably a less triangular
apex, and the parietals possess a long narrow median depression.
Mched1idze (1970:

74) stated that the nearly triangular supraoccipital

slants forwards, and the parieta1s and squamosal are present in the
skull roof.
CONCLUSIONS
This specimen is a primitive odontocete, and there can be little
doubt that it is related to the squa1odonts and other early squalodontlike odontocetes.

It is the oldest undoubted odontocete and the long

exposure of the parieta1s on the vertex indicate a stage of telescoping
more primitive than that seen in any other odontocete genus,

Amongst

the odontocetes, only Xenorophus has a less-telescoped supraoccipital
(the parieta1s are shortened only by posterior movement of anterior
elements), and Atropatenocetus may have had an exposure of the parietals
similar to that of the present specimen (the posterior of its cranium is
unknown).

The present specimen differs from all other described

odontocetes in its combination of skull and tooth characters and, in
terms of current interpretation of the significance of these features,
represents a new genus.

A new name is not assigned at present because

of the possible problems that arise through such actions in an
unpublished MS.

The specimen may be assigned provisionally to the

Squa1odontoidea, inasmuch as this is the only superfamily which
encompasses odontocetes intermediate in cranial characteristics between
the archaeocetes and the five modern odontocete superfamilies.

231

5.6. DISCUSSION OF THE AFFINITIES OF THE HID OLIGOCENE
AUSTROSQUALODON TRIRHIZODONTA

(ODONTOCETI:

CLIMO & BAKER, 1972

SQUALODONTIDAE)

INTRODUCTION
Austrosqualodon trirhizodonta Climo & Baker, 1972, was described
as a new genus and species of squalodont.

The type-specimen is a pair

of incomplete, toothless mandibles, which was considered by Climo

&

Baker not to correspond to any genus of squalodont described by Kellogg
(1923a) or subsequent authors.

Some reinterpretation of these

conclusions is possible, and the aim of this section is to reconsider
the status and relationships of Austrosqualodon.
Collection data and a description were presented by Climo & Baker,
and are not repeated here.

Collection data are, however, given in

section 4.4.
DISCUSSION
There is only one minor difference in opinion between Climo & Baker
(1972) and myself as regards interpretation of morphology.

C1imo &

Baker observed that most of the tooth sockets in the mandibles showed
evidence of three roots, and they considered that the absence of this
third root on some of the anterior composite sockets could be the result
of post-mortem erosion.

However, equally it could reflect variation

along the tooth-row in the size of the third root.
The main evidence presented by C1imo & Baker to justify the
establishment of a new genus was the presence of a median, third root
on the teeth.

They observed that this feature was not exhibited by

any specimen in Kellogg's (1923a) key to squa1odont genera, and that it
appears to be intermediate between the condition seen in Squalodon
Grate1oup, 1840, and Trirhizodon Cope, 1890.

It was stated that

Austrosqualodon is markedly different from other Austral squa1odonts:
Squalodon andrewi, Squalodon serratus, Squalodon gambierensis, and
Prosqualodon.

Support for the recognition of Austrosqualodon as an

independent and well-founded genus has come from other sources.
Pledge & Rothausen (1977:

292) stated that the "real third root they

[C1imo & Baker] describe in lower cheek-teeth of Austrosqualodon does
seem to be of taxonomic value at least at the generic 1eve1. •. ".
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Rothausen (pers. corom., 1976) observed that Austrosqualodon differs
from any other previously-described squa1odont in the morphology of
its coronoid process, which rises very steeply, rather like that
of Neosqualodon Da1 Piaz, 1904.

Thus, it seems initially that

Austrosqualodon is an easily-recognised, distinct squa1odont genus.
Some of the above observations, however, are worthy of reappraisal.
It is now accepted widely that a phylogenetic approach to systematics is
preferable to a purely morphological approach, although opinions vary as
to the degree to which phylogenetic reasoning should be applied.

Where

possible, I have followed the phylogenetic approach at its simplest, as
stated by Schaeffer et al. (1972): that assessments of affinity are
based most reliably on shared, derived (synapomorph) characters, rather
than on relatively primitive (p1esiomorph) characters.

Such an approach

allows some of the earlier observations on Austrosqualodon to be
reappraised, as do other developments in squa1odont systematics.
Discussion follows on a few of these points.
1.

"The molariform root configuration can be interpreted as
intermediate between Squalodon Grateloup and Trirhizodon Cope"
(C1imo & Baker 1972:

66).

Rothausen (e.g. 1968a, 1970) has demonstrated that Trirhizodon
Cope, 1890, is a synonym of Squalodon Grate1oup, 1840.
catulli (Molin, 1859)
Kellogg 1923a:

(=

Squalodon

type-species of Trirhizodon Cope, 1890; see

11) typifies one of the two main species groups of

Squalodon (s. s.) discusse'd by Rothausen, and, on the basis of its
skull structure, there is no doubt as to its affinities.

Therefore,

while Austrosqualodon may be regarded as intermediate in morphology
between Squalodon and Trirhizodon (sensu Kellogg 1923a), this is not
a logical reason on which to justify its description as a new genus.
2.

Tooth features, especially root structures, are of dubious
value in squa1odont taxonomy.
Kellogg (l923a:

39) mentioned that tooth characters are less

reliable than are skull features in determining relationships of
squalodonts.

Rothausen (l968a:

84) observed that infrageneric

taxonomy of squalodonts had placed too much reliability on the
importance of the number of tooth roots.

He stated that the very

variable relics of the bases of the third roots in the region of the
upper molars are not generic features, and Pledge & Rothausen (1977:
292) stated:

"We are in doubt whether the form, separation and kind
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of connection of roots are of any special taxonomic meaning.

The

occasional appearance of a third, lingual vestigial root ••• is also of
no taxonomic value, because this feature appears in most species of
Squalodon Grateloup, 1840, with irregular variability in the cheek
teeth •.. ".

In view of this, it is not certain why they stated "The real

third root ..• in lower cheek teeth of Austrosqualodon does seem to be of
taxonomic value at least at the generic level."

This is particularly so

when it is considered that three-rooted cheek-teeth occur in
archaeocetes (Kellogg 1936) and persist only variably in squalodonts,
for such a feature must be interpreted as a plesiomorph character in
squalodonts.

In archaeocetes, however, apparently only the PM 3 and PM4

are three-rooted, while more than two of the cheek-teeth of some
squalodonts (e.g. Austrosqualodon) are three-rooted.

This demonstrates

the apomorph odontocete feature of polydonty, but does not support the
notion that, in forms such as Austrosqualodon, the third lingual root is
necessarily taxonomicallY important.
Further evidence of the variable occurrence of the third root is
provided by the range of Austral squalodonts in which a variablydeveloped third root is present in the isthmus.
Prosqualodon davidis (see Flynn 1948:
P. australis (see Flynn 1948:

These forms include

Plates 3, 4), possibly

Plate 2, Fig. 11; True 1909:

450-451,

Plate 44, Fig. 3), aff. Parasqualodon (aU 5080, UODG; my Fig. 357), an
indet. squalodont (REF 78; my Fig. 420), and the paratype of "SqualodQil"
andrewi (C.77.22, OM,

= Squalodont A; my Figs 251-278).

There is no

evidence that such forms constitute a natural phylogenetic group purely
because of the presence of a third root.
It is recognised now that odontocete taxonomy is based most
reliably on an assessment of skull characters supplemented by earbone
morphology and tooth morphology (Barnes 1977, Kellogg 1923a, Rothausen
1968a).

Skull morphology is the only structural system for which

morphocline polarity has been determined with any degree of accuracy,
and it appears that previous concepts of morphocline polarity in teeth
require reappraisal (see section 5.5).

This is particularly so when it

is realised that changes in skull and tooth morphology proceeded
independently of each other, viz. mosaic evolution occurred, so that the
degrees of relative specialisation of the skull and teeth do not
necessarily correspond.

Accordingly, it is not easy to compare the

genus Austrosqualodon with other squalodont genera founded on skulls.
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3.

The coronoid process of Austrosqualodon is rather like that
of Neosqualodon (Rothausen, pers. corom.).
Comparison of the figures of Austrosqualodon with those of

Prosqualodon davidis (see Flynn 1948:

Plate 2, Figs 8, 9) indicate

no radical differences between these genera.

It is not obvious that

the coronoid process on Austrosqualodon is more high or steep.
Comparison of coronoid process heights and profiles in those forms
which possess high, steep processes is of dubious value, as such a
morphology is archaeocete-like and, presumably, plesiomorph.
unlikely that this

f~ature

It is

is taxonomically-important.

CONCLUSION
Further discussion is not warranted until more material of
Austrosqualodon is discovered.

Also, the right mandible of the holotype

'needs to be freed from the matrix and described fully.

While my

comments above indicate that perhaps a new genus should not have been
based on such an incomplete specimen, they do not prove that
Austrosqualodon is not an independent genus.

However, neither does the

original description prove conclusively that it is.

At present,

Austrosqualodon is accepted as an independent genus, but this name

should be used with caution until such time as evidence 6f its
affinities and undoubted independence is available.
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5.7. A PRELIHINARY REDESCRIPTION OF THE LATE OLIGOCENE
NOMINAL SPECIES OF PROSQUALODON, P. HAMILTONI
BENHM~,

1937, AND P. MARPLESI DICKSON, 1964
INTRODUCTION

Two nominal species of the brevirostral squalodont genus
Prosqualodon Lydekker, 1894a, have been described from New Zealand.
Prosqualodon hamiltoni Benham, 1937b, was based on syntypes which
represent at least five different individuals:

a skull and some post-

cranial remains from the Waitakian (Late Oligocene) Caversham Sandstone,
three teeth figured by Andrew (1906:
'~mid-lumbar"

Plate 4, Figs la, b, c, d, f), a

vertebra, seven caudal vertebrae, and "several" other

caudal vertebrae.

A large endocranial cast, definitely referred to

Prosqualodon (species not stated), and a small endocranial cast
(possibly Prosqualodon but not referred definitely to genus) also were
mentioned by Benham.

Prosqualodon marplesi Dickson, 1964, was based on

one specimen, the holotype (skull and postcranial remains) from the
Otekaike Limestone (Waitakian, Late Oligocene), Waitaki Valley.
Deficiencies in the descriptions of these specimens necessitate a
reappraisal of their morphology and systematics.

The importance

of

such redescription is emphasised by Rothausen's observations that the
presence in the Austral Late Oligocene of a well-differentiated
eusqualodont brevirostral genus parallels the presence in the Northern
Hemisphere of the eusqualodont

longirostra~

Late Oligocene genus

Eosqualodon, which probably gave rise to the Miocene Squalodon.

He

considered that the Late Oligocene species of Prosqualodon may bear a
similar relationship to the Miocene species of Prosqualodon as does
Eosqualodon to Squalodon, viz. related but distinct genera.

Rothausen

also indicated doubt about the generic assignment of Prosqualodon
hamiltoni (Rothausen 1968a, 1970, Pledge & Rothausen 1977).
This section is divided into the following parts:
1.

An annotated chronological guide to the literature on Prosqualodon,
which gives an insight into previous work.

2.

A synoptic description of the skull and teeth of Prosqualodon
(sensu stricto).

3.

A brief description of P. hamiltoni, with special reference to the
cranial elements of the lectotype (C.02.8, OM).
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4.

A brief description of P. marplesi, with emphasis on the cranium.

5.

A comparison of these two species with Prosqualodon (s.s.) and
with each other.
Collection data for the two previously-described species already

has been presented in detail in the Catalogue (section 4.4),

Also, a

lectotype (specimen C.02.8, OM) was established for P. hamiltoni
therein.
At present, detailed reappraisals and figures of the two species
cannot be made because the type-specimens have deteriorated since their
descriptions, and repair work on them is not completed yet.
applies particularly to the

~arge

This

skull of P. hamiltoni, which was not

prepared fully by Benham.
ANNOTATED CHRONOLOGICAL GUIDE TO THE LITERATURE ON PROSQUALODON
Papers important to a consideration of the genus Prosqualodon are
as follows:
1892 - Tate.

Mention of tooth of Zeuglodon [= Prosqualodon, see Kellogg

1923a, Pledge & Rothausen 1977] from the "Eocene" of Tasmania.
1894 - Lydekker 1894a.

Description of the skull of a

n~w

type of

odontocete with teeth like Squalodon but different from the latter
in the presence of prominent nasal bones:

"I accordingly

consider this form as the representative of a new genus, with the
name of Prosqualodon" (p. 125).
- Lydekker 1894b.

The species was not named.

Description of Prosqualodon australis, new

species, based on skull and teeth (pp. 8-9).
1899 - Lydekker.

Figures and description of skull and tooth of

P. australis.

Observed that skull is shortbeaked, nasals roof

nasal cavity, and molar roots are coalesced.
1908 - Stromer.

Prosqualodon, in view of its geological age and

structure, ought to be called "Postsqualodon" (p. 172).
1909 - True.

Description of another specimen of P. australis from

Patagonia:

mandibles (Plate 43), teeth (Plate 44), atlas and

thoracic vertebrae (Plate 45), ribs, tympanic bulla (Plate 77),
periotic (Plate 78).
1911 - Hall.

Degree of fusion of tooth roots important in

differentiation of southern squa1odonts from Squalodon and
Zeuglodon.

Prosqualodon shows root fusion.

Advisable to refer
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Australian species to same famjly of shortbeaked forms (p. 261).
South Australian Prosqualodon mentioned (p. 263).
1912 - Abel (translation not available, summarised by Allen 1921:

12).

Primitive characters of Prosqualodon are low vertex, narrow
braincase, broad zygomatic processes, parietals [apparently] at
vertex, large temporal fossae; more advanced than Agorophius.
Advanced features include reduced nasals, shortened cranium,
more vertical nasal passages, smaller temporal fossae, teeth more
specialised than Squalodon, premaxilla toothless.

Reconstruction

of skull (p. 61; Taf. 1) shows parietals exposed as a band on
vertex.
1920 - Flynn.

Brief description of skull and teeth of squalodont,

possibly Parasqualodon or Metasqualodon; subsequently [Flynn
1923] described as Prosqualodon davidis.
1921 - Allen.

Brief discussion of Prosqualodon.

- Winge.

Abel's (1912) account of Prosqualodon contains various

guesses, so Lydekker's figure cannot be dispensed with in forming
an opinion about the genus.

Parasqualodon and Metasqualodon

probably related to Prosqualodon.
1923 - Dart.

Described "zeuglodon-like" endocast of Prosqualodon davidi

[sic] from Tasmanian Miocene (pp. 638-643; Figs 18-21) [name
predated by P. davidis Flynn, 1923; see Mahoney & Ride 1975:
160-163, below].
- Flynn.

Figure and brief description of Prosqualodon davidis,

from the Tasmanian Miocene.
- Kellogg 1923a.

Summarised collection details for P. australis

from Patagonian Miocene (pp. 7-8).

Stated that shortbeaked

Squalodontidae have parietals present across vertex and a skull
with reduced intertemporal constriction (p. 43).
- Miller.

As figured by Abel, Prosqualodon is intermediate between

Agorophius and Squalodon.

Abel's reconstruction would place

Prosqualodon in its own family (p. 46).
1924 - Kellogg 1924b.

Prosqualodon represents an early stage in

which the parietals meet across the vertex, unlike later forms
(p.

761).

1926 - Cabrera.

Abel's 1912 reconstruction of P. australis is incorrect

(pp. 373-377, Fig. 5).
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1928 - Frenguelli.

Description of squalodont humerus, probably of

P. australis (Figs 1, 2).
- Kellogg.

Records Prosqualodon from South America and New Zealand

Early Miocene [the latter record erroneous; probably should be
Tasmania] (Table 1, p. 32).

Prosqualodon characteristics

summarised; parietals absent from vertex (pp. 50-53, Fig. 5);
includes P. australis (Patagonia), P. davidis (Tasmania).
1932 - Flynn.

Description of P. davidi [sic] n.sp.

Notes nasals roof

nasal cavity, maxillaries telescoped back, parietals not present
on vertex, "molar" roots with isthmus.
1935 - Benham 1935b.

Referred to "two fossil skulls [of Prosqualodon]

in my collection", one from Milton [= C.12.14, OM?, section 5.19]
and one from Caversham [= C.02.8, OM?], and figured [Fig. 11]
"Transverse section of the rostrum of Prosqualodon"
[= C.02.8, OM?].

1936 - Slijper.

Discussion of Prosqualodon (e.g.

p. 546) [translation

not available] •
1937 - Benham 1937a.

Compared teeth of "Lophocephalus parki" from

Waimate [= C.77.23, OM; section 5.9] with those of Prosqualodon.
The former differ from Prosqualodon in that molar roots
apparently are not united (p. 5).

Teeth of L. parki from

Clarendon [= C.77.22, OM] are more like those of P. davidis than
P. hamiltoni (p. 6).

- Benham 1937b.

Described "The skull and other parts of the

skeleton of Prosqualodon hamiltoni n.sp." from Caversham Quarry,
"Hutchinsonian", Late Oligocene.

This differs "in sundry

features" (table, p. 10) from P. davidis and P. australis,
"notably in the character of the sculpturing of the crowns of
the teeth".

Described or mentioned:

skull (pp. 8-10, Figs

1-3);

right and left tympanoperiotics (p. 10); teeth, of which five in
maxillaries have broken crowns (p. 10, Fig. 4), and five amongst
the debris, of which two are double-fanged and the others single
(pp. 10-11, Figs 5, 6, 6a, 7, 8,9), and three teeth from Milburn
Quarry, found by Andrew (1906:

Plate 4, Figs la,b,c,d,f); atlas

(p. 11, Figs 10, 11), axis (pp. 11-12, Figs 12, 13), third and
fourth cervical vertebrae (p. 12); scapula (pp. 12-13, Fig. 14)
[all specimens except those of Andrew's Figs are from the one
individual, C.02.8, OM].

Prefixed description of the rest of the

material [viz. the other syntypes] with the title "Other material
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from Milburn of Upper Oligocene age ( ..• Ototaran to
Hutchinsonian)" (p. 13), and described:

a "mid-lumbar" vertebra

(p. 13); seven caudal vertebrae (pp. 13-14); "several other
caudal vertebrae from Milburn .•• " (p. 14); intracranial cas.ts,
described as "Further relics of Prosqualodon ... " (p. 14); and
"relics of this whale" in other museums (p. 14).
1942 - Benham.

Teeth of the new species Squalodon andrewi Benham, 1942,

differ from those of P. hamiltoni in that their roots are not
united by an isthmus (pp. 267-268).
1943 - Kellogg.

Shortbeaked Patagonian P. australis is related closely

to P. davidis and P. hamiltoni (pp. 447, 451).
1945 - Simpson.

Prosqualodon (Squalodontidae) listed from the Early

Miocene of South America and New Zealand (p. 100).
1948 - Flynn.

Detailed redescription of Prosqualodon davidis, and

comments on P. australis.

Revised assignment of remains described

by Hall 1911 (pp. 184-185, 187) and assigned specimens listed by
Hall as Parasqualodon to P. davidis [includes Hall's 1911:
2, 3 (my Figs 351, 352),4, and Tate's 1892:

Figs

"Zetiglodon"].

Reviewed previous finds of Prosqualodon, including P. hamiltoni.
Differences in skull profile and tooth ornament between
P. australis and P. davidis indicate they are distinct species
(Fig., p. 182; Plate 2, Figs 11, 12).
1949 - Marples 1949b.

Description of two endocasts discussed by Benham

(1937b:

Larger endocast probably represents an archaeocete;

14).

smaller endocast, an odontocete.

Introduced new combination

Prosqualodon hectori (p. 466) [= P. hamiltoni?].
1955 - Breathnach.

Brain cast of P. davidis discussed (pp. 540-543,

Figs 5, 6).

Brain probably had well developed retia, so cast

shape may not resemble brain shape.
- Edinger.

Casts discussed by Marples [1949b] presumably are those

of Prosqualodon.
- Glaessner.

Prosqualodon endocast discussed briefly (p. 53).

Brief· discussion of Australi&n fossil Cetacea [mostly

a summary of Flynn 1948] includes Prosqualodon (pp. 364-367).
1956 - Kellogg.

Listed records of P. hamiltoni from New Zealand as

(1) Caversham, Dunedin; Hutchinsonian or "upper Lower Miocene"
[C.02.8, OM].

(2) Milburn quarry, limestone, near Waihola Gorge

(teeth); Waitakian or "lower Lower Miocene" [Andrew's (1906)
Figs ?].
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1960 - Breathnach.

Casts of Miocene odontocetes, e.g. Prosqualodon,

throw little light on the origins of odontocetes, as telescoping
was well advanced by Miocene (p. 222).
Described P. marplesi n.sp. from the "Lower Oligocene"

1964 - Dickson.

limestone (p. 626), elsewhere described as that which overlies
the "Otekaike Limestone... Middle Oligocene" (p. 626) [but cf.
Gage 1957; Otekaike Limestone Formation is Waitakian].

Stated

that this differs from other species of Prosqualodon in the
extension of the premaxillaries around the nervous foramina and
the extension of the medial processes to the supraoccipital.
Described or mentioned:

incomplete skull (pp. 627-629,

Figs 1, 2); two incomplete mandibles (p. 629, Fig. 4); "two
fairly complete teeth and a few fragments •.• " (p. 629, Fig. 12);
tympanic bulla (p. 629, Fig. 7; atlas (p. 633, Figs 5, 6); axis
(p. 631, Figs 9-10); one cervical vertebra (p. 631, Fig.

~);

three thoracic vertebrae (p. 631, Figs 13, 14); scapula (p. 634,
Fig. 16); ulna (p. 634, Fig. 15); three ribs (p. 634, Fig. 11).
1968 - Rothausen 1968a.

Defined eusqualodont (advanced) and

protosqualodont (more primitive) telescoping.

Eusqualodont stage

reached by progressive forms in the Late Oligocene, e.g.

P. davidis Flynn, 1923, Late Oligocene or Early Miocene;
"Prosqualodon?" hamiltoni Benham, 1937, Late Oligocene.
1970 - Rothausen.

Considered that P. davidis from the "Upper Oligocene"

of Tasmania attained a eusqualodont condition at an early age for
brevirostral squalodonts, and should be placed in a genus of its
own, separated from the Miocene Prosqualodon Lydekker, l894a
[analogous to Eosqualodon and Squalodon; see Rothausen 1968a].
The Late Oligocene "Prosqualodon?" hamiltoni "surely represents
another genus in the early eusqualodont stage" (pp. 185-186).
Cited ages as:

P. hamiltoni and P. davidis, Chattian;

P. australis, Aquitanian (p. 186).

Stated that eusqualodonts

in the Southern Hemisphere are represented by "widely spread

Prosqualodon in the Miocene" (p. 187).
1972 - Climo & Baker.

Brief review of New Zealand squalodonts mentions

P. hamiltoni from Hutchinsonian beds at Caver sham Quarry (p. 62).
- Glaessner.

Brief comparison of P. davidis with Squalodon

serratus.
1973 - Keyes.

Revised age relationships of New Zealand fossil Cetacea,

including P. marplesi and P. hamiltoni, both Waitakian, Late
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Oligocene (p. 389).
1975 - Mahoney & Ride.

Stated that P. davidi Dart, 1923 (September)

is an unjustified emendation, and hence a junior objective
synonym, of P. davidis Flynn, 1923 (July) (pp. 160-163).
I

1977 - Pledge & Rothausen.

Reviewed Southwest Pacific squalodonts

briefly (p. 286); presented stratigraphic distribution of
Australasian squalodonts:

P. davidis, very Early Miocene:

"Prosqualdodon" [sic] hamiltoni, Waitakian, Late Oligocene;
P. marplesi, Waitakian, Late Oligocene (p. 287).
teeth figured by Hall (1911:
(pp. 292, 293).

Compared

Figs 4, 6) with P. davidis

Speculated that holotype of Parasqualodon

wilkinsoni may represent another species of Prosqualodon (p. 292),
but concluded that Metasqualodon is distinct from Prosqualodon.
P. davidis and P. australis are primitive in tooth cha:racters:
low density of cr. rug., small apical angle, relatively
symmetrical crowns, three posterior denticles, and denticle index
27-28%.

Placed "Squalodon" serratus Davis, 1888, with

Prosqualodon-Parasqualodon?-Squalodon andrewi (p. 294).

The

skulls of P. davidis and P. australis, while the teeth are
similar, differ in a manner similar to those of Eosqualodon and
Squalodon.
Whitmore & Sanders.

Prosqualodon included in the Late Oligocene

Squalodontidae (p. 305, Table 1).
SYNOPSIS OF SKULL CHARACTERISTICS OF PROSQUALODON
Diagnostic features of Prosqualodon were summarised by Kellogg
(1923a), but these require reappraisal as Kellogg incorporated in his
diagnosis Abel's wrongful interpretation of the position of the
parietals on the vertex.
Cabrera (1926:
(1928:

The observations here are based on those of

Fig. 5), Flynn (1948:

Fig. 5), Lydekker (1894b:

Plate 1, Text-Fig. 1), Kellogg

Plate 4, 1899:

Figs 1, la), and

Pledge & Rothausen (1977).
Rostral elements telescoped back and posterior elements telescoped
forward so that they are in contact and parietals are absent from the
vertex; intertempora1 constriction absent; rostral base broad, rostrum
short; mesorostral canal open, wide, not roofed over by premaxillaries;
maxillary notch narrow, bounded by anteroexternal projection of maxilla
notch deepened with age; external choanae lie well behind maxillary
notches, about level with postorbital angle of frontal; choanae more or
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less vertical; nasals partly roof over nasal cavity although choanae
visible dorsally; nasals "triangular" in shape (quadrilateral?),
anterointernally elongated, nasals not as elongated as frontal, nasals
lie at level of anterior of ventral border of temporal fossae; nasals
supported by mesethmoid, mesethmoid forms thick wall between choanae,
mesethmoid sheaths dorsal and lateral faces of presphenoid, presphenoid
plugs mesorostral canal; supraorbital process broad, expanded laterally,
with conspicuous preorbital angle; premaxillaries bound nasals
laterally, do not extend posteriorly behind front of nasals on vertex;
maxillaries extend posteriorly beyond tips of premaxillaries and contact
supraoccipital, prominently elevated posterointernally; frontals lie
between nasals, maxillaries, and supraoccipital; parietals not exposed
at the posteroexternal limit of maxillaries, supraoccipital narrow, no
more than half the width of the skull at the squamosals, flat to
slightly elevated; exoccipitals not extended prominently
posteroexternally; zygomatic process bluntly truncated anteriorly.
Mandible short, laterally curved, laterally flattened, deep, and with
short symphysis.

Cheek-teeth not obviously constricted below crown,

coarse cr. rug. (density low, about 7 per 5 rom) on both faces of crown,
accessory denticles on anterior and posterior keels never exceed three,
roots united variably by isthmus, vestigial median third root present,
crowns relatively symmetrical, denticle index values 27% - 28%.

Some

of these features are shown in Fig. 19.
TAXONOMY
Suborder ODONTOCETI Flower, 1867
Superfamily SQUALODONTOIDEA Simpson, 1945
Family SQUALODONTIDAE Brandt, 1873
Genus incertae sedis
Prosqualodon hamiltoni Benham, 1937
l894a

Prosqualodon Lydekker

1977

Prosqualdodon Pledge & Rothausen:

1906

Squalodon grateloupi(?); Andrew

1935b

Prosqualodon (skull from Caversham); Benham

1937b

Prosqualodon hamiltoni Benham

1949b

Prosqualodon hectori Marples:

1968a

"Prosqualodon" hamiltoni; Rothausen

1970

";Frosqualodon"? hamiltoni; Rothausen

287 (typographical error)

466 (lapsus calami)
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COLLECTION DATA
Lectotype:

skull with five teeth in place, five loose teeth, part of

posterior of left mandible, right and left periotics, right (and
left?) tympanic bulla, atlas, axis, third and fourth cervical
vertebrae, right scapula, proximal end of right humerus.

See

comment below.
Collection number and repository:

C.02.8, OM (all elements except

fourth cervical vertebra); C.77.10, OM (fourth cervical vertebra).
Collector and date:
Locality:

A. Hamilton, August 19.02.

"Caversham Quarry", Dunedin.

NZMS 260 I44:
Horizon and age:

127755; NZMS 1 S164:

Grid reference at or near
117684.

See Benson 1968.

Caversham Sandstone, Waitakian, Late Oligocene.

N.Z. fossil record number:

I44/fll.

DESCRIPTION
Skull
General
The skull of the lectotype of Prosqualodon hamiltoni Benham, 1937b
(C.02.8, OM) is incomplete.
left exoccipita1.

It lacks the apex of the rostrum and the

The basicranium is broken, and the palatines and

pterygoids are lost.

The fine edges of many bones are lost.

Measurements of the skull were given by Benham.

Detailed measurements

are not given here as the lectotype skull is not completely restored.
Dorsal view (Figs 53, 227)
The widebased rostrum gently narrows anteriorly.

Extrapolation of

its profile suggests that it formed about half the length of the skull.
The premaxillary walls are parallel posteriorly, while they decrease in
width in front of the anterior foramen.
foramen.

There is no obvious orbital

Posteriorly, the ascending process of each premaxilla is not

bifurcated.

At the level of the nasals, the posterointernal part of

each premaxilla abuts against the anteroexternal face of each nasal.
Behind the level of the front of the nasals, each premaxilla narrows
abruptly, and the thin ascending process extends posteriorly along the
internal face of the maxilla at least to the level of the frontal but no
further back than the midpoint of the frontal.

Each maxilla is narrow

and flat, and, in front of the antorbital notch forms a conspicuous roof
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over the teeth.

There is a slight anteroexternal maxillary projection

at the antorbital notch.

Behind this, the maxilla widens posteriorly.

The pre- and postorbital angles and roof of orbit are not covered.
Posteriorly, only the median portion of each ascending process touches
the supraoccipital.

Each maxilla is elevated slightly posteriorly, and

prominently posterointernally, but a posterointernal maxillary crest is
not present.

Posteroexternally the maxilla overlies the frontal and

roofs the temporal fossa.
The U-shaped mesorostral canal is open, and is not roofed by the
premaxillaries.
vomer.

Anteriorly, it is formed by the premaxillaries and

It is more or less parallel-sided, and is most narrow level with

the preorbital angle.

It deepens markedly posteriorly, and the

presphenoid (and/or mesethmoid?) blocks the canal in front of the level
of the choanae.
distinct.

Both the pre- and postorbital angles of the frontal are

The postorbital angles extend further laterally.

The choanae lie between the levels of the orbits and postorbital
angles, and are overhung dorsally by the elevated internal faces of the
premaxillaries.

The thick rnesethmoid runs forward to completely

separate the choanae from each other, and probably was continuous with
the more ventral presphenoid.
the choanae.

Dorsally, it forms the internal faces of

The nasals roof the posterior of the choanae, and are

supported internally by the mesethmoid.

They are almost square, and are

elevated above the level of the adjacent premaxillaries.

Posteriorly,

the nasals are fused with the massive frontal so that the nasofrontal
suture is detected with difficulty except at the lateral extremities.
The external walls of the fused nasals and frontal diverge posteriorly,
and the anterior profile of the nasals, and the profiles of the
nasofrontal and frontosupraoccipital sutures all are concave posteriorly.
The posteroexternal angles of the frontal are elongated.
The parietals are not exposed medially at the vertex, but it is
probably the parietals which are exposed as small triangles external to
the contact of the supraoccipital with each maxilla.
hard and massive, and sutures are not obvious.

The bones here are

A vestige of the

intertemporal constriction is apparent.
The supraoccipital is relatively wide and semicircular.

It slopes

forwards and gently dorsally and is not markedly depressed medially.
The lambdoid crests are not elevated, and overhang the temporal fossae.
Posteriorly, the crests curve on to the squamosals, then forward.
condyles are well set off laterally from the supraoccipital.

The

The flat,

oblique exoccipitals extend slightly posteriorly to reach the level of

FIG. 53.

Reconstructed skull of "Prosqualodon" hamiltoni, C.02.8

(lectotype), dorsal view.
FIG. 54.

Skull of "Prosqualodon" marplesi, C.75.27 (ho1otype), dorsal

view, after Dickson 1964:
FIG. 55.

Fig. 1.

Skull of "Prosqualodon" marplesi, C.75.27, lateral view, after

Dickson 1964:
FIG. 56.

Based on photograph, Fig. 227.

Fig. 2.

Reconstructed skull of "Prosqualodon" marplesi, dorsal view,

based on Dickson 1964:

Fig. 1.
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. the back of the condyles.
The squamosals form the posteroventral floor to the narrow temporal
fossae.

Each zygomatic process is massive, and extends forward in front

of the level of the anterior of the supraoccipita'l and posterior of the
maxillaries, probably to about the level of the back of the nasals.
Lateral view (Fig. 229)
Features of note include the rapid posterior deepening of the
rostrum.

The dorsal surface is elevated posteriorly, so that the

anterior cranial profile is gently concave.

The posterointernal

ascending part of each maxilla is elevated almost as high as the nasals
and frontals.
view.

The nasals are not forward-thrust conspicuously in this

The ventral profile of the rostrum is roughly flat anteriorly,

and deepens posteriorly, so that its profile is concavoconvex.

The

maxillary shelf roofs the teeth, which are inserted relatively high in
the rostrum and are separated widely.

The pre- and postorbital angles

and the concave orbit are conspicuous, but the lacrimal and jugal are
not seen.

The temporal fossa is deepened most at the level of the back

of the maxilla, and decreases in depth behind there.

The postglenoid

process is prominent and vertical, and the paroccipital process extends
obliquely down and back.
Ventral view (Figs 228, 230)
The greatly convex rostrum and palate are prominent.
groove in the rostrum reveals the vomer.

A midline

Behind the level of the

preorbital angles, the palate is attenuated abruptly.
behind the level of the postorbital angles.

The choanae open

The tooth rows diverge

rapidly posteriorly.
The optic canals run anteroexternally across the frontals, and the
frontals and parietals roof the temporal fossae.

The basioccipital is

roughly triangular, and has obvious lateral crests.
distinctly set off posteriorly.

The condyles are

The tyrnpanoperiotic fossae are not deep,

and the periotic was ankylosed in each (Fig. 230).

At the widest part

of the skull, the postglenoid processes are prominent.

within the

braincase (seen with the basi cranium removed), a prominent cylindrical
fossa extends in the midline anterodorsally off the front of the brain
cavity towards the dorsal part of the choanae.
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Anterior view
The rostrum is gently convex dorsally, and prominently convex
ventrally, with the lateral extensions of the maxillaries roofing the
teeth.

Posteriorly, the mesorostral groove deepens and the mesethmoid

is prominent.
Posterior view
The supraoccipital is flat, and the anterior elements are not
visible in front of it.

The exoccipitals are flat, dorsoventrally

widened externally, and produced downwards.

A shallow jugular notch

is present halfway along each exoccipital.
Teeth
General
Teeth figured by Benham are as follows:
Fig. 4:

"Root of molar" , extant (my Fig. 239) •

Fig. 5:

"Premolar with root entire" , lost.

Figs 6, 6a:

"Premolar with fractured root" , lost.

Fig. 7:

"Nearly complete incisor" , lost.

Fig. 8:

"Another incisor" , lost.

Fig. 9 :

"Probable canine" , extant (my Figs 237, 238) .

Benham.' s Figs 4 and 9 do not correspond unquestionably' with either
of the extant teeth.

The extant teeth are most similar to those in

the figures cited and, if identical with those, indicate that Benham's
figures are not an accurate guide to morphology.

Measurements of the

extant teeth are given in Table 15.

Anterior cheek-tooth (Figs 237, 238)
This has a triangular, simple, high, laterally flattened crown
which is concave lingually.

The keels are curved so that in anterior

or posterior view they are concave lingually.

They lack crenelation,

but the anterior keel possesses one primary nodule 4-5 rom above the
crown base.

The posterior keel has four or more faint primary nodules

on its lower half.

The enamel of both faces is smooth, and possesses

undation which converges towards the apex.
tapered, and flattened laterally.

The root is elongate,

It expands both anteroposteriorly

and laterally just below the crown, then tapers toward the apex.

TABLE 15.

Dimensions of teeth (mm), Prosqualodon hamiltoni lectotype (C.02.8, OM) and Prosqualodon marplesi holotype (C.75.27, OM).

Benham's
(Fig. 5) :

lie"

"PM"

Maximum anteroposterior length of crown

17.5

Anteroposterior length at crown base (a)

17.5
40°

Apical angle
Maximum lateral width of crown

10.6

Lateral width at crown base, at anterior root

10.6

Left
posterior
Ch

-

Right 3rdlast Ch

cheek-tooth.

P. marplesi

P. hamiltoni

Benham's
(Fig. 9) :

Ch

Right 2ndlast Ch

-

Right
last Ch

-

est. 18

I
crown

I or C Anterior
Ch
crown

.2:.4.6

4.8

5.2

~4.6

4.8

5.2

45°

38°

2. 7.5

> 4.6

4.2

3.2

4.2

3.2

c. 7.5

Lateral width at crown base, at posterior root
Number of anterior denticles

0

0

Number of posterior denticles

0

0

2.9
0
1

2.1

Anteroposterior diameter, largest posterior denticle (ad)
Denticle index, %

(ID =

est. 1.0

ad/a x 100)

19

Density of cr. rug. per 5 mm, buccal face

5-6
~1.5

Cingulum width
Basal index, % (B

b/a x 100)

Number of roots

61
1

Maximum extent of isthmus
Maximum lateral width of anterior root
Maximum lateral width of posterior root

2

2

2

2

2

I?

87

56

1

2

19.0
12.0

9.8
10.5

2.8
est. 12

11.0
10.4

5.2

23.4

r->

"'"

~
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The apex is lost.

Although the root is flattened, it shows no evidence

in broken cross-section of the fusion of two roots.
Posteriormost upper left cheek-tooth
This lacks the crown.

It is compressed laterally.

The roots are

fused at a robust isthmus, which is bounded by a prominent sulcus, for
about half the root height.
crown.

The sulcus probably reached on to the

Greatest anteroposterior and lateral dimensions are just below

the crown.

The anterior root is less robust than the other.

Distally,

it becomes skewed out buccally and is curved back so that the tip is
inserted behind and buccal to the posterior root.
Other teeth
The incomplete last four upper right cheek-teeth are preserved.
All are two-rooted, with an isthmus.
are inclined forwards.

The more anterior of the teeth

Only the posteriormost tooth possesses part of

a crown, and this is keeled, with fine cr. rug. and a small basal
denticle.
Periotic
Both the left and right periotics are preserved.

As the left is

more complete, this description is based primarily on it.
Dorsal view (Figs 57, 59, 232, 234)
The anterior process is pointed, with the apex directed internally.
The external face is convex, and continuous posteriorly with the body.
The internal face is convex anteriorly but is lost posteriorly.
Externally, the process is not bounded by the hiatus epitympanicus.
The body is smooth, without a superior process.

Posteriorly, the body

is noduled at the start of the posterior process.

The posterior process

is roughly triangular, elongated, and inclined slightly externally.
There are no features on the dorsal surface which define the limits of
the anterior and posterior processes and body.

Internal to the body,

and seen from a more internal view, is the pars cochlearis.

It is

bounded anteroexternally by the groove for the tensor tympani, and has
an oblique anterointernal face, a rounded anterointernal angle, a short
slightly convex internal face, an abrupt posterointernal angle (just
behind the position of the formerly open groove between the aperture for
the cochlea aqueduct and fenestra rotunda), and an oblique
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posterointernal face which merges into the base of the posterior
process.

The internal auditory meatus is bounded by a broken elevated

lip, internal to which the face of the pars cochlearis curves abruptly
ventrally.

The meatllA is teardrop-shored, and elongated antero-

(1xtornally.

'l1Hl I3ma1.1, l1nterior tntornal

aqueduct is separated

poster~orly

ap~rtur(3

for th@ Fallopian

and slightly internally from the

foramen singulare by a transverse wall.

The foramen singulare is

anteroposteriorly elongate, and separated by a lower and similarly
elongated transverse crest from the tractus, which lies immediately
internally.

The tractus spiralus foraminosus is compressed laterally

and elongated, with an anterior foramen centrale.
meatus converge basally.

The walls of the

Behind the meatus are the apertures for the

ductus endolymphaticus (slightly external to the level of the tractus),
and the cochlea aqueduct (slightly internal to the tractus).
Ventral view (Figs 58, 60, 230, 231, 233)
The anterior process is faintly grooved medially.

Posteriorly,

it is depressed ventrally, and is separated from the pars cochlearis
by the groove for the tensor tympani and from the body by the fovea
epitubaria and the hiatus just in front of the elevated anterior of the
fossa for the head of the malleus.

The fossa is bounded anteriorly and

posteriorly by ridges which converge and, together with the fossa, are
elevated externally.
deeply.
incudis.

The fossa is roughly circular and is excavated

It is succeeded immediately posteriorly by an indistinct fossa
A narrow ridge runs from the posterointernal of this fossa

back to the anterior apex of the flat, elongated, diamond-shaped
posterior process, which is elevated above the more external body and
more internal stapedial muscle fossa.
The pars cochlearis is smooth.
junction with the body.

It is not depressed at the anterior

The foramen ovalis is depressed deeply and is

anteroposteriorly elongate.

It lies level with the fossa incudis, and

is bounded externally by a ridge which separates it from the adjacent
epitympanic aperture of the Fallopian aqueduct and the facial nerve
canal (which runs posteriorly on to the posterior process).
Posteriorly, a ridge separates it from the stapedial muscle fossa.
This fossa is excavated deeply, and extends ventrally on to the walls
of the pars cochlearis and posterior process.
Adjacent to the fenestra ovalis, the pars cochlearis is elevated
abruptly to an elongated vertex.

Anteriorly, it is depressed gently,

and more so internally and posteriorly.

At the posterointernal corner,

FIG. 57.

Left periotic of "Prosqualodon" hamiltoni, C.02.8 (lectotype) ,

dorsal view.
FIG. 58.

Left periotic of "P. " hamiltoni, C.02.8, ventral view.

FIG. 59.

Left periotic of "P. " hamiltoni, C.02.8, detail of dorsal face.

FIG. 60.
FIG. 61-

Left periotic of "P. " hamiltoni, C.02.8, detail of ventral face.
Left periotic of "P. " hamiltoni, C.02.8, posterointernal view.

FIG. 62.

Left periotic of "P. " hamiltoni, C.02.8, internal view of

posterior.
FIG. 63.

Left periotic of "P." hamil toni, C.02.8, anterointernal view.
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the laterally elongated fenestra rotunda is seen just behind the level
of the fenestra ovalis, and is separated from the stapedial muscle fossa
by a prominent ridge.

Anterior view (Fig. 63)
The anterior process appears cYlindrical, and the pars cochlearis
is inflated ventrally.
Internal view (Fig. 62)
The axis of the anterior process is produced anteroventrally, with
its apex, formed by a tiny nodule, inclined forwards.

The ventral

profile of the anterior process is excavated at the fovea epitubaria
just in front of the fossa for the head of the malleus.

The ventral

surface of the posterior process is flat.

Posterior view (Fig. 61)
The deeply-excavated stapedial muscle fossa is prominent, as is
the dorsal ridge for the posterior process.
Tympanic bulla

Dorsal view (Fig. 235)
The anterior of the involucrunl, eustachian cavity, and outer lip,
and all of the dorsal edge of the outer lip are lost.
heart-shaped:

The profile is

flattened internally, convex externally, and medially

indented posteriorly, where a large, rounded poster~internal angle is
separated from a more narrow posteroexternal angle.

The involucrum

has a sharp, steep, posteriorly-elevated vertex anteriorly.

Its

ex·ternal face is depressed vertically into the eustachian cavity.
Posteriorly, the creased involucrum widens gently to a maximum just in
front of the internal posterior pedicle.

The posterior of the tympanic

cavity is not separated obviously from the anterior eustachian part.
Internally, its wall is vertical to overhung.
change posteriorly.

There is no obvious width

A remnant of the post.erior foramen is present

posteroexternal to the internal posterior pedicle.
Ventral view (Fig. 236)
Prominent ridges run anteriorly from the posterior internal and
external angles.

The external ridge is more rounded and less obvious
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anteriorly.

The median groove shallows forward to about the midpoint

of the bulla.
Posterior view
The involucrum appears deeper than wide, and the posterointernal
ventral ridge is the more sharp.

There is no obvious horizontal ridge

on the posterior face.
External view
The posterior pedicle is elevated just above the involucrum.
The dorsal surface of the involucrum is roughly flat posteriorly and
depressed steeply anteriorly, while the ventral surface is convex.
OTHER SPECIMENS REFERRED TO P. HAMILTONI
As noted in the Catalogue (section 4.4) and in the introduction to
this section, a number of other individuals were referred to P. hamiltoni
by Benham (1937b).
1.

These are as follow:

Three teeth figured by Andrew 1906 (Plate 4, Figs

la,b,c,d,f)~

present whereabouts unknown.
2.

A "mid lumbar" vertebra, C.13.2, OM.

3.

Seven caudal vertebrae, C.20.l2, OM.

4.

"Several" other vertebrae, which cannot be identified.

In addition to these were mentioned two other specimens, a large and a
small endocranial cast, not referred specifically to P. hamiltoni.

The

large cast was referred to Prosqualod?n but not to species, and Benham
only speculated on the relationship to that genus of the small cast.
Together with specimen C.02.8, OM, the specimens listed in (1) to (4)
above formed the syntypes on which Benham based the description of
P. hamiltoni.

In the Catalogue, I have designated the skull and

fragments of postcranial skeleton of C.02.8, OM, as the lectotype of
P. hamiltoni, and the four other collections, listed above, as
paralectotypes nominally of P. hamiltoni.

Inasmuch as the

paralectotypes do not add usefully to the description of P. hamiltoni,
they are worthy of only brief mention at present.

Collection data for

these paralectotypes are presented in the Catalogue (section 4.4).
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Teeth figured by Andrew
None of these three teeth, represented here as Fig. 247, can be
referred undoubtedly to P. hamiltoni.

That of Andrew's Fig. la, an

anterior (incisor or canine?) tooth, is unlike the anteroposteriorly
elongated, laterally flattened anterior teeth of specimen C.02.B (OM)
figured by Benham.

The two other teeth (Andrew's Figs lb,c,d,f) are

too incomplete to be referred to taxon.
roots fused at the isthmus.

They are worn cheek-teeth with

That of Andrew's Fig. le represents the

holotype of Squalodon andrewi Benham, 1942 (see section 5.9) •
"Mid-lumbar" vertebra, C.13.2,OM
This is an anterior caudal vertebra from which the processes and
pedicles have been lost, so that only their bases remain.
of the epiphyses exceeds the centrum length.

The diameter

The affinities of this

specimen cannot be determined until comparative elements of known
affinities are available.
Caudal vertebrae, C.20.l2, OM
Five of these are caudals with neural pedicles and other processes
completely reduced, and with anteroposteriorly compressed centra.

The

other two have more obviously elongated centra and chevron facets.

The

affinities of these cannot be determined until comparative elements of
known affinities are available.
Summary
None of these paralectotype elements possess diagnostic features
which indicate unequivocally that they represent P. hamiltoni.

The two

endocasts were not referred by Benham to that species, and warrant no
further discussion here.
(sections 5.14, 5.19).

They are described and discussed elsewhere
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TAXONOMY
Suborder ODONTOCETI Flower, 1867
Superfamily SQUALODONTOIDEA Simpson, 1945
Family SQUALODONTIDAE Brandt, 1873
aff. Prosqualodon Lydekker, 1894a
Prosqualodon marplesi Dickson, 1964
COLLECTION DATA
Holotype:

a skull, incomplete posteriors of both mandibles, parts of

six teeth, incomplete right tympanic bulla, part of posterior
process of right periotic, atlas, axis, three cervical vertebrae,
seven thoracic vertebrae, two epiphyseal discs, scapula, ulna,
digit, three ribs.
Collection number and repository:

C.75.27, OM; formerly collection

G.54.3, UODZ.
Collector and date:
Locality:

T.G. Marples, 1954.

near Trig Z, 13 km west north-west of Duntroon, North Otago.

Grid reference NZMS 260 140:
Gage 1957:
Horizon and age:

146975; NZMS 1 S127:

160015.

See

Geological Map No.2.
upper part of Otekaike Limestone, waitakian,

Late Oligocene.
N.Z. fossil record number:

I40/f30.

DESCRIPTION
General
It is well known that the skull and teeth are important elements
for comparative purposes.

As the greatest deficiencies in Dickson's

description relate to the skull and teeth, and as the postcranial
elements were illustrated relatively better than the cranial elements,
I will not redescribe them at present.

The description is abbreviated,

as one of the main aims of this section is to compare differences
between this species and other nominal species of Prosqualodon.
A more detailed redescription will be prepared in future.
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Skull
General
The skull is incomplete.

The anterior of the rostrum and floor of

the vomer are lost, the right squamosal is displaced dorsally, and. the
tips of the zygomatic processes are lost.

On the ventral surface, the

palatine-pterygoid complex is absent, the basicranium is pushed into the
braincase, and the postglenoid and paroccipital processes and
exoccipitals are damaged.

Measurements are not tabulated here but were

cited by Dickson (1964).
Dorsal view (Figs 54, 56)
The fragments of rostrum indicate that it was wide basally and was
attenuated abruptly anteriorly.

The walls of the premaxillaries are

convex externally, and are widest between the levels of the anterior
notch and choanae.

In front and behind this, they narrow.

the premaxillaries are flat.

Anteriorly,

A foramen opens on the right premaxilla

at about the level of the orbit.

Posteriorly, the ascending process of

each premaxilla bifurcates at about the level of the posterior of the
choanae.

Dickson described the bifurcations as lateral and medial

processes, which bound the inner faces of the small maxillary crests,
and the outer faces of the maxillary foramina.

Each medial process

extends back towards the supraoccipital, along the internal face of the
maxilla, while the lateral process extends back to the level of the
nasofrontal suture.
Each maxilla is flat in front of the maxillary notch.
external projection is not present at the notch.

An antero-

The maxillaries widen

posteriorly, but do not cover the pre- and postorbital angles.
maxilla extends back to contact the supraoccipital.

Each

The posterior and

internal faces are elevated, and the latter forms the small internal
maxillary crest.

The temporal fossa is roofed posteroexternally.

The open mesorostral canal is not roofed, and is widest at the
level of the orbits.

It has steep, V-shaped walls, which converge

posteriorly just in front of the choanae.
the posterior of the orbits.

The choanae lie level with

The internal faces of the premaxillaries

diverge and become elevated to slightly overhang the choanae.

The

mesorostral canal is attenuated between, and just behind the front of,
the choanae, at the mesethmoid.

Here, grooves for the olfactory

nerves(?) run from either side of the mesethmoid forward and out to the
posteroexternal corner of each choana.

The nasals do not overhang the.
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choanae and do not obscure them from dorsal view, but do cover the
mesethmoid (which does not extend far forward).
quadrilateral in profile, and elevated.
and internally by deep sutures.

The nasals are

They are bounded externally

Behind them, the bifurcated frontal

forms two quadrilateral portions with elongated posteroexternal angles.
Each part of the frontal is bounded externally by the median process of
the premaxilla

and posteriorly by the supraoccipital.

No parietal is

obviously exposed on the vertex, and there is no intertemporal
constriction.

It is possible that the parietals are exposed as small

triangles at the anteroexternal corners of the supraoccipital.
The supraoccipital is wide, short, and concavoconvex from front to
back.

The floor is depressed, and the lambdoid crests are prominent.

Anteriorly, the supraoccipital is elevated to meet the frontal medially
and the maxillaries more laterally.
temporal fossae.

The lambdoid crests overhang the

They curve back then out on to the squamosals and

forward along the zygomatic processes.

The lateral faces of the

condyles are set off well from the supraoccipital, and the flat
exoccipitals form the most posteroexternal part of the skull.

The

squamosal forms the posteroventral floor of the temporal fossa.

The

zygomatic processes are heavy, and extend no further forward than the
posterior of the nasals.

They may have been approximated closely with

the postorbital angles.
Lateral view (Fig. 55)
The rostrum is flat anteriorly and elevated posteriorly.

The most

elevated parts of the skull are the internal maxillary crest, the thin
exposure of frontals on the vertex, and the supraoccipital, while the
premaxillaries and maxillaries also are elevated conspicuously.

The

nasals do not project forward obviously to roof the nasal cavity.
Ventrally, the rostrum is deepened, but the cranial profile is lost.
The pre- and postorbital angles and concave orbit are conspicuous, but
the lacrimal and jugal are not obvious.

The temporal fossae are

dorsoventrally compressed anteriorly, and increase in depth posteriorly.
Both the postglenoid and paroccipital processes extend downwards, the
former vertically and the latter obliquely.
Ventral view
No alveoli are apparent on either side of the convex rostrum.
Each optic groove widens as it curves forward and out.
fossae are roofed by the frontals and maxillaries.

The temporal

The basioccipital
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is roughly triangular and has prominent lateral crests.
condyles are separated by a deep notch.

Behind it, the

The tympanoperiotic fossa is

not deepened.
Anterior view
There is no trace of alveolar grooves.
concave ventrally.

The rostrum is obviously

The nasal cavity (the choanae and mesorostral

groove) is deep and roofed by the nasals, under which the mesethmoid
is not prominent.
Posterior view (Dickson 1964:

Fig. 3)

The large supraoccipital is elevated anteriorly, and the frontal is
visible above it.

The temporal fossae are excavated deeply.

The

exoccipitals are flat, widened dorsoventrally at the extremities, and
produced downwards.

Jugular notches are not obvious.

Teeth
Four incomplete teeth are represented by crowns and roots, while
four other teeth are represented by single roots only (Table 15).
Three of the crowns represent anterior teeth which are elongated,
longrooted, slender, and with a circular cross-section.
an anterior cheek-tooth (Dickson 1964:

Fig.

12~

The fourth is

Figs 240, 241 herein).

It has a high, triangular, slightly asymmetrical, carinate, laterally
compressed, lingually concave crown.

The buccal face is almost smooth,

with very fine, vertical, parallel to anastamosing cr. rug.

The

anterior keel is not denticulate, but a large basal posterior denticle
is present.

Its apex is worn, as is all of the posterior keel, by tooth

to tooth contact.

The lingual face is ornamented with more elevated,

conspicuous cr. rug., continuous basally with large, abruptly attenuated
papillae which ornament the apical edge of the cingulum shelf.

Two

roots are present, united proximally at an isthmus and with a buccal
sulcus which extends up on to the crown base.
Tympanic bulla
General
This is too incomplete to be of much value in determining
relationships.

It lacks the anterior of the involucrum, the dorsal edge

of the outer lip, and the sigmoid process.
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Dorsal view (Dickson 1964:

Fig. 7)

The profile is heartshaped, with a convex outer face, a flat to
convex inner face, and a medially indented posterior face, in which the
posteroexternal lobe is more narrow and extends further posteriorly.
Anteriorly, the involucrum is narrow and low, and excavated deeply
externally into the eustachian aperture.
width and height.
creases.

Posteriorly, it increases in

The flattened dorsal surface possesses faint lateral

The eustachian cavity is separated partly from the posterior

part of the tympanic cavity by a ridge which runs anteroexternally off
the midpoint of the involucrum.

The cavity narrows posteriorly, and is

overhung by the outer lip and involucrum.

Posteriorly, it opens at the

wide vertical posterior foramen.

The outer lip is grooved prominently

in front of the sigmoid process.

The process overarches the involucrum

and conical process.

Behind it, the posterior process (to which the

periotic fused) is attached adjacent to the conical process.
ventral view
The median ventral groove is prominent.
and extends forward to the broken anterior.

It is deepest posteriorly,
The involucrum portion of

this surface is more narrow, and neither side possesses a more obvious
keel than the other.
External view
The sigmoid process is separated posteriorly from the conical
process and the dorsal posterior of the outer lip by a deep groove.
The ventral profile is convex.
Posterior view
The posterior foramen is deep and roofed by the posterior process.
There is no horizontal ridge on the posterior face, and the involucrum
is about as wide as deep.
Internal view
The involucrum tapers anteriorly.

Dorsally, it is flattened

posteriorly, and abruptly depressed anteriorly.
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DISCUSSION
RELATIONSHIPS
The main issues to be resolved in this discussion concern the
relationships of Prosqualodon hamiltoni and P. marplesi to the genus
Prosqualodon and to each other.

These are outlined in an abbreviated

fashion below.
Comparison of P. hamiltoni with Prosqualodon (sensu stricto)
Similarities between P. hamiltoni (Fig. 53) and Prosqualodon
(Fig. 19), as typified by P. australis Lydekker, 1894b, and P. davidis
Flynn, 1923 (see earlier part of this section on diagnostic features
of the genus), are:

rostral base wide; mesorostral canal open, wide,

not roofed by premaxillaries; choanae about level with the postorbital
angles, vertical; nasals partly roof nasal cavity, elongated
anterointernally; nasals not as elongated (anteroposteriorly) as
frontals, supported by mesethmoid; mesethmoidforms thickwalled partition
between choanae; presphenoid(?) plugs mesorostral canal; supraorbital
processes broad, expanded laterally; premaxillaries bound nasals
laterally, not extended back beyond anterior of frontals on vertex;
maxillaries extend back beyond tips of premaxillaries and contact
supraoccipital, elevated prominently posterointernally; frontals lie
between nasals, maxillaries, and supraoccipital; zygomatic processes
truncated bluntly; "molars" not obviously constricted below crown;
crowns laterally compressed, high, symmetrical; roots united by isthmus.
The more obvious differences with Prosqualodon are, most
importantly, that posterior telescoping of rostral elements and anterior
telescoping of the supraoccipital has not resulted in the elimination of
the parietals from the dorsal surface of the skull or in the loss of the
intertemporal constriction.

Other differences are:

rostrum long;

palate dorsoventrally deepened and with convex lateral profile; teeth
roofed by maxillaries; maxillary notch not deep, not bounded by
anteroexternal projection of maxilla; nasals not triangular; nasals lie
well in front of ventral anterior border of temporal fossa, about level
with the zygomatic process tips; preorbital angle not as conspicuous;
posterointernal part of premaxillaries abut the anteroexternal faces of
the nasals; posterior faces of maxillaries not in complete contact for
all of width with supraoccipital, so parietals still exposed externally;
supraoccipital width exceeds half the maximum skull width, and
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supraoccipital is slanted well forward; exoccipitals extend prominently
posteroexternally; teeth lack strong dr,. rug., have less obviously
posteriorly recurved crowns; anterior cheek-teeth without obvious
accessory denticles; posterior cheek-teeth with roots expanded in
diameter prominently below the crown, and with roots apposed closely;
anterior process of periotic not swollen laterally, and with sharp apex;
anteroexternal part of body flat, not expanded convexly; region of
groove for tensor tympani more distinct; pars cochlearis more square
than spherical, and without oblique posterointernal face; fenestra
rotunda not elongated laterally; stapedial muscle fossa not overhung by
anterointernal face of posterior process; posterior process not
elongated posteroexternally.
Comparison of P. marplesi with Prosqualodon (sensu stricto)
The holotype skull of P. marplesi (Fig. 56) agrees with those of
P. australis and P. davidis (Fig. 19) in:

the absence of exposure of

parietals on the vertex and of an intertemporal constriction; rostrum
apparently short and wide; mesorostral canal open; external choanae lie
behind the antorbital notches, about level with the postorbital angle
of the frontals; nasals partly roof nasal cavity, and nasals
anterointernally elongated; supraorbital processes broad, expanded
laterally; pre- and postorbital angles prominent; premaxillaries bound
nasals laterally; maxillaries extend posteriorly to contact
supraoccipital, and are elevated posterointernally; parietals apparently
not exposed externally on dorsal surface; zygomatic processes truncated
bluntly anteriorly; cheek-teeth probably highcrowned, symmetrical, with
accessory denticles.
Differences are:

antorbital notches not deepened, not bounded by

anteroexternal projection of maxillaries; nasals lie slightly in front
of level of ventral borders of temporal fossae, and more elongated
anteroposteriorly than frontals; nasals not supported prominently by
thick mesethmoid; mesethmoid does not extend forward to separate the
choanae; each premaxilla divides posteriorly to form lateral and median
processes which bound the crest of the internal ascending process of the
maxilla and the prominent internal maxillary foramen; median process of
each premaxilla extends posteriorly past the nasofrontal suture towards
the supraoccipital; frontals bounded by nasals, premaxillaries (not
maxillaries) and supraoccipital; supraoccipital relatively wider than
long, deeply concave with steep anterior; exoccipitals extend
prominently posteroexternally; anterior teeth long, narrow, high-crowned
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and prognathous.
Comparison of P. hamiltoni with P. marplesi
It is evident that both of these species differ from the other two
well-known species of Prosqualodon, although they possess some
similarities with each other and with Prosqualodon spp.
of P. hamiltoni with P. marplesi are:

Similarities

rostrum broadbased; mesorostral

canal open; each antorbital notch not obviously deepened and not bounded
by anteroexternal projection of maxilla; external choanae lie behind
level of antorbital notches; nasals partly roof nasal cavity and are
anterointernally elongated; nasals lie in front of anterior of ventral
profiles of temporal fossae; supraorbital processes broad, expanded
laterally; pre- and postorbital angles prominent; premaxillaries bound
nasals laterally; maxillaries contact supraoccipital, and are elevated
posterointernally; zygomatic processes truncated anteriorly;
exoccipitals extend prominently posteroexternally; cheek-teeth probably
high, relatively symmetrical, with accessory denticles.
A number of differences also are apparent.
P. hamiltoni, but not P. marplesi, are:

Features seen in

parietals present on dorsal

surface, intertemporal constriction present; rostrum elongated; nasals
no longer than frontals, and supported prominently by mesethmoid;
mesethmoid anteriorly forms thick wall which separates choanae;
posterointernal extension of each 'premaxilla abuts against anteroexternal corner of each nasal; premaxillaries do not divide into median
and

lateral processes, and thin ascending processes of premaxillaries

extend back only to level of frontals but not to supraoccipital, so
frontals on vertex are bounded externally predominantly by maxillaries;
not all of posterior faces of maxillaries contact supraoccipital, and
as a consequence frontals exposed more, and parietals present, on
vertex; supraoccipital no longer than wide, not excavated deeply or
steepwalled; anterior cheek-teeth more flattened, not as high-crowned
or as prognathous.
Taxonomic significance of differences
The lectotype skull pf P. hamiltoni appears to represent a mature
adult, in which bones would be unlikely to undergo much further
ontogenetic change.

Its most important features in relation to the

other nominal species of Prosqualodon are that the posterior telescoping
of anterior elements and forward thrust of the supraoccipital have not
eliminated the parietals or intertemporal constriction, the rostrum is
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elongated, the choanae and nasals are not telescoped far back (the
back of the nasals lies about level to the anterior of the zygomatic
process, whereas in Prosqualodon s.s. the choanae lie level with the
anterior of the zygomatics), and the supraoccipital is long and flat.
These features indicate that P. hamiltoni is not related closely to
Prosqualodon (as typified by P. australis and P. davidis) or to
P. marplesi.

It cannot be considered congeneric with these, and does

not appear to represent a brevirostral squalodont.

This conclusion

supports Rothausen's observation that Benham referred the species to
the wrong genus.
Relationship of P. hamiltoni to other squalodonts
P. hamiltoni does not correspond to any squalodont genus known
from isolated teeth.

These include Metasqualodon Hall, 1911 (Pledge &

Rothausen 1977), Microcetus Kellogg, 1923a (Rothausen 1961),
"Microcetus" hectori Benham, 1935b (see section 5.10), Parasqualodon
Hall, 1911 (pers. obs.; Figs 353, 354; this genus is allied with
Prosqualodon) , "Squalodon (Microzeuglodon?)" wingei Ravn, 1926, and
Tangaroasaurus Benham, 1935a (section 5.13).

It cannot be compared

directly with Austrosqualodon Climo & Baker, 1972, as comparable
elements are not known, but relationship is unlikely, as Austrosqualodon
possesses three-rooted cheek-teeth which P. hamiltoni does not.
Kelloggia Mchedlidze, 1976 (Plate 30) shows much more advanced posterior
telescoping of median rostral and anterior cranial elements, with
posterior displacement of the choanae and nasals.
is closed.

The mesorostral canal

Neosqualodon Dal Piaz, 1904 (Fabiani 1949, Rothausen 1968a,

1968b) has a very flattened, well telescoped skull, with a narrow
elongated rostrum and long antorbital processes.

Phoberodon Cabrera,

1926 (Figs 9, 10; my Fig. 16) has a similar dorsal cranial profile, but
exhibits relatively more advanced telescoping.

The maxillaries, nasals,

and choanae are thrust further back, and the parietals are excluded from
the dorsal surface.

The supraoccipital is smaller, and the rostrum is

not deepened posteriorly.

Sachalinocetus Dubrovo, 1971 (Fig. 1; my

Fig. 20) has a more narrow rostrum, a more posteriorly placed
postorbital angle, frontals more elongated on the vertex, a shorter and
less forward-thrust supraoccipital, an elevated braincase, and flat
ventral rostral profile.

Sulakocetus Mchedlidze, 1976 (Plates 13-15) is

relatively more narrow across the level of the postorbital angles, has
the frontals apparently well exposed on the vertex, and the
supraoccipital is not telescoped well forward.

The incomplete bulla
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(Mchedlidze:

Fig. 20) is similar to that of P. hamiltoni.

Whitmore & Sanders (1977) discussed and figured a number of
informally-named genera which possess some similarities with
P. hamiltoni.

Genus A (their Fig. 9) has the parietals exposed as a

band across the vertex, and the maxillaries are not telescoped back to
the supraoccipital or to behind the level of the frontal.

Genus X

(Figs 5-8) appears similar to P. hamiltoni (especially Fig. 5), except
that, in P. hamiltoni the maxillaries probably extend f.urther back so
that not as much of the parietals are exposed, the ascending processes
of the premaxillaries partly abut against the nasals and reach behind
the nasals, and the supraoccipital is more rounded.

Genus Y (Figs 4a,b)

has choanae and nasals placed similarly to P. hamiltoni, but the rostrum
bulges prominently at the base, the maxillaries are not expanded as much
over the frontals, the frontals are exposed more on the vertex, the
ascending portions of the premaxillaries are more blunt, and the
maxillaries do not extend as far back or the supraoccipital as far
forward, so the intertemporal constriction is more prominent and the
parietals more obvious.

In Genus Z (not figured), the maxillaries do

not reach the supraoccipital, and the supraoccipital is thrust forward
over the parietals.
P. hamiltoni is remarkably similar in skull (but not rostral)
characters to Eosqualodon Rothausen, 1968a (Fig. 2b, 1968b:
Plate 2, Figs 1, 2).

Fig. 1,

In dorsal view, the relative positions of the

anterior and posterior skull elements are very similar.

The ascending

processes of the premaxillaries extend back to the level of the frontal
on the vertex, the maxillaries just touch the supraoccipital but are not
expanded widely here, the parietals are present as small triangles at the
anteroexternal of the supraoccipital, an intertemporal constriction is
present, and the supraoccipital is wide and semicircular.
however, some important differences.

There are,

In Eosqualodon, the choanae and

nasals are telescoped relatively further back, and the supraoccipital is
telescoped less forwards.

This indicates a more advanced eusqualodont

condition in Eosqualodon.

In lateral view, also, Eosqualodon has a much

more elevated (advanced) cranium.

The skull of Squalodon (see Rothausen

1968a, 1968b) is even more advanced than that of Eosqualodon, and shows
no obvious similarities with P. hamiltoni.
In terms of telescoping of cranial elements as seen in dorsal view,
P. hamiltoni represents a morphological (but not necessarily
phylogenetic) stage (grade) between Whitmore & Sanders's Genus X and
Eosqualodon.

This supports Rothausen's observation that probably it is
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a eusqua10dont, and that it is not congeneric with Prosqualodon
Lydekker, 1894.

There is no doubt that a new generic name is warranted,

but this is not presented here because I do not wish to introduce a new
formal name in an unpublished MS, and because a more detailed
redescription is required than that given here.
to best at present as
"P~'

"P~'

The species is referred

hamiltoni.

hamiltoni may be related closely with another New Zealand

squa10dont, "Squalodon" andrewi Benham, 1942 (see section 5.9).
"S~'

andrewi is known poorly from only two incomplete tooth specimens,

but appears to have had teeth with a relatively symmetrical crown with
fine cr. rug., and massive twin roots fused for about half their length
by a stout isthmus.

The holotype of "S'.' andrewi is represented only by

a poor natural limestone cast, C.77.21, OM, but another specimen
apparently of this species (C.77.12, OM, see section 5.9) possesses a
high, laterally compressed crown with small accessory denticles and
stout roots fused at a long isthmus and expanded in diameter below the
crown.

Both C.77.12 (OM) and C.77.21 (OM) are too incomplete to be

certain of their affinities.
Relationship of P. marplesi to other squalodonts
The significance of differences between P. marplesi and the other
two species of Prosqualodon are uncertain.

Some of the differences are

consistent with less advanced telescoping in P. marplesi.

For example,

posterior movement of the nasals, fronta1s, and maxi11aries relative to
the supraoccipital would result in a skull with shortened nasals and
supraoccipital, similar to that of Prosqualodon (s.s.).

However, in the

a.bsence of an anterior extension of the mesethrnoid, and the bifurcation
and posterior thrust of the premaxil1aries, it is difficult to see how
later species of Prosqualodon could be derived from a taxon similar to
P. marplesi.

This is particularly so when it is realised that the

situation with respect to these elements in P. marplesi is relatively
more specialised than in Prosqualodon (s.s.).

In other features, for

example, the relatively anterior position of the vertex elements,
P. marplesi is more primitive than Prosqualodon spp.

These observations

indicate that P. marplesi is unlikely to be congeneric with P. australis
or P. davidis, although it may be related more closely to them than to
other genera of squa10donts.

This supports Rothausen's observations

that P. marplesi is a eusqualodontid probably not congeneric with

Prosqualodon, but not his comment that it represents a relatively less
advanced genus which, in the Miocene, gave rise to Prosqualodon.

268

P. marplesi is not related closely to P. hamiltoni, as is obvious
from the previous comparisons.

From a discussion of other squalodont

genera with P. hamiltoni, it is obvious that the only undoubted
brevirostral genus described so far is Prosqualodon (s.s.), to which

P. marplesi is more similar than to any other genus.

This obviates the

need for detailed comparison with other squalodonts.
A new generic name probably is warranted for P. marplesi.

However,

this is not presented here because I do not wish to introduce a new
formal name in an unpublished MS, and because in future I hope to
compare the holotype of P. marplesi with skulls of P. australis and

P. davidis (study planned at BMNH, 1980).

The discovery of more

material of this species will aid comparisons.
referred to at present as

"P~'

The species is best

marplesi.

SUMMARY
Both the New Zealand nominal species of Prosqualodon are waitakian,
or Late Oligocene, in age.

"P'! hamiltoni is a broad-beaked longirostral

form, not related to the Miocene genus Prosqualodon (s.s.) or to
"P~'

marplesi.

It possesses primitive eusqualodont characters, and

probably represents a new genus.

andrewi Benham, 1942.

"P~'

It may be related to "Squalodon"

marplesi, although similar to Prosqualodon

(s.s.), appears not to be congeneric and also probably represents a
new genus.

However, it appears related more closely to Prosqualodon

than to any other described squalodont genus.
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5. 8. TEETH OF PROSQUALODON· AFF. DAVIDIS
(ODONTOCETI:

SQUALODONTIDAE) FROM

THE LATE OLIGOCENE, SOUTH OTAGO
INTRODUCTION
By the Late Oligocene, the global cetacean fauna probably contained
many cosmopolitan elements.

Consequently, it would be reasonable to

expect the occurrence in New Zealand of species or species-groups
recorded elsewhere.

Hitherto, none of the 13 nominal species and three

formally-described but unnamed specimens of New Zealand fossil Cetacea
have been proven to be related closely to overseas species.

Furthermore,

the assignment of some local species to overseas genera (e.g. "Squalodon"
andrewi, "Squalodon" serratus) has been shown elsewhere (sections 5.3,
5.9) to be incorrect.

This section reports the presence in New Zealand

of a squalodont apparently closely related to the Australian Early
Miocene Prosqualodon davidis Flynn, 1923, and is the first record in
New Zealand of a well-documented overseas species group.
TAXONOMY
Suborder ODONTOCETI Flower, 1867
Superfamily SQUALODONTOIDEA Simpson, 1945
Family SQUALODONTIDAE Brandt, 1873
Prosqualodon Lydekker, l894a
Prosqualodon aff. davidis Flynn, 1923
COLLECTION DATA
Specimen:

the natural cast of an incomplete anterior tooth crown, the

crown and incomplete roots of a mid cheek-tooth (premolarequivalent), and the buccal portion of a crown of a posterior
cheek-tooth (molar-equivalent) (Figs 242-245).
Collection number and repository:
Collector and date:

C.77.ll, OM.

unknown (see below).

Benham's handwriting on the

matrix suggests that the specimen was housed in the museum in the
1930's.
Locality:

Curated March 1977.

unknown.

Matrix is similar to that of specimens known to be

derived from Milburn Quarry, South Otago, at grid reference
NZMS 260 H45:

775560; NZMS 1 S172:

727475.

See McKellar 1966.
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Horizon and age:

exact details not known.

Probably the Milburn

Limestone, Waitakian, Late Oligocene.
N.Z. fossil record number:

H45/f16.

Comment:
I found this specimen in the Otago Museum basement in March

1977~

There were no collection details written on the block on which the teeth
lay, or associated with it, and it does not correspond to any specimen
known previously (from the literature or museum records) to have been
lost.

The only clue to its origin lies in the name "Lophocephalus",

penned in Benham's distinctive handwriting, on the matrix.
suggests that it had been found before about 1940.

This

It is most likely

to have been derived from the limestone and phosphate quarries of the
Milburn-Clarendon region in the early 1900's.
DESCRIPTION
General
Measurements of the three teeth of C.77.ll, and of some of the
teeth of the holotype of Prosqualodon davidis Flynn, 1923 (Flynn 1948)
are given in Table 16.
Incisor or canine (Fig. 245)
The impression in matrix of the lingual face apex of a main
denticle indicates that the apical angle was small, the tip rounded
and unornamented, and that shallow, rounded cristae rugosae (cr. rug.)
converge apically to reach within 5 mm of the apex.
concave, presumably lingually.

The tooth was

No further details are preserved.

Mid cheek-tooth (Figs 242, 243)
The crown is relatively unworn and the apex of the main denticle
is complete.

Both roots are broken and the cementum is eroded.

Buccal view (Fig. 242)
The crown is high, triangular and laterally flattened.
anterior and posterior portions of the prominent invert-en
enamelocementum boundary at the base meet at about

YOu.

The

V-~hapAn

'l'he apex 01'

the boundary marks the position of the extension apically on to the
crown of a faint sulcus which is developed vertically on the roots

TABLE 16.

Dimensions (rnrn) of Prosqualodon aff. davidis, C.77.11, OM, and P. davidis holotype,
the latter from Flynn 1948: Plates 3, 4. Ch = cheek-tooth.

P. davidis

P. aff. davidis
Mid Ch

I

I

"M5"

I

"M6"

Hind Ch

"PM4"

19.0

19-20

23-24.5

20.5-21

Maximum anteroposterior length of crown

17.5

Anteroposterior length at crown base (a)

16.0

18-18.5

21. 5-22.5

20-20.5

Apical angle

37.5

41°

est. 50°-60°

c. 61°

Maximum lateral width of crown

8.0

13.0

Lateral width at crown base, at anterior root (b)

7.8

Lateral width at crown base, at posterior root

7.8

14.5
8.0

Number of anterior denticles

1

.2:1

1

3

3

Number of posterior denticles

1

.2:2

1

3

3

Anteroposterior diameter, largest posterior denticle (ad)
Denticle index, % (ID

=

ad/a x 100)

Density of cr. rug. per 5 rnrn, buccal face
Cingulum width
Basal index, % (B

2.9

4.6

2.9

c. 5.3

3.1

18.1

est. 25

c. 16

c. 24

c. 15

8-9

6-7

6-7

5-6

4-6

.s.l

.s.3

.s.l

.s.2

.s.2.5
b/a x 100)

Number of roots
Maximum extent of isthmus

49

<70

2

2 (3?)

2 (3?)

2 (3?)

c. 28

c. 18

c. 16

>19

Maximum lateral width of anterior root

>7.5

Maximum lateral width of posterior root

>7.5

40

8.0
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where it marks the position of the laterally-thickened isthmus.
large main denticle is keeled.

The

The slightly-convex anterior keel,

crenelated apically, possesses sporadic primary nodules towards its
base.

An indentation about halfway down the biconvex posterior keel

marks the position of a worn oval area which may be the position of a
former primary nodule.

Faint crenelations are present at the base of

the keel.
The base of the anterior keel is marked by a sulcus which separates
it from the small, conical, keeled anterior denticle.
large secondary nodule on its posterior keel.

The latter has a

Its anterior keel is

concave, and its base is difficult to discern.

Below this denticle,

the crown keel curves downwards to the smooth cingulum above the
enamelocementum boundary.
The base of the main denticle's posterior keel is marked also by
a sulcus which separates it from the small, formerly conical, single
posterior denticle.

The freestanding crown of the posterior denticle,

which has a secondary nodule on its anterior keel, is worn away so that
the facet on its apex faces posteroexternally.
this denticle is difficult to define.

The posterior limit of

It appears to be marked.

indistinctly by a large primary nodule which is not separated
conspicuously (by a sulcus) from the denticle.

The posterior keel of

the crown possesses at least three other primary nodules above the
smooth basal cingulum.
Cristae rugosae are developed most prominently above the cingulum
and on the basal part of the main denticle.

Basally, they consist of

markedly elevated, rounded, elongate ridges with wide bases and bluntly
rounded papillate apices.

Adjacent to the anterior and posterior

denticles, these cr. rug. are vertical and short, e.g., particularly
basal to the posterior denticles, but towards the midline they become
elongate.

Apically, the papillae are less prominent, and the vertical

elongation of the cr. rug. becomes more obvious.

Sporadic bifurcation

occurs in some of the anterior basal cr. rug.
The roots are covered with cream coloured, relatively amorphous
cementum.

A vertical sulcus marks the position of the isthmus which

joins the two roots for all of their preserved length.
Lingual view (Fig. 243)
The anterior and posterior denticles are more prominent, as the
sulci which separate them from the rest of the crown are more distinct
than on the buccal face.

The anterior denticle lacks cr. rug., while
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the posterior denticle bears one elevated striation.
ornament is not as papillate.

Overall, the

Papillae are obvious just apical to

the cingulum, particularly anteriorly.

Otherwise, the cr. rug. undulate

more, are longer, have a sharper, triangular profile (particularly
anteriorly and basally), and extend further up the crown and towards
the anterior keel, than those of the buccal face.

Sporadic basal

bifurcation occurs.
Anterior and posterior views
The crown is concave lingually.

The sulcus at the base of the

lingual face of the anterior denticle is well developed.

The tooth is

thickened laterally towards the cingulum.
Posterior cheek-tooth (Fig. 244)
The crown is shorter and wider, and the axis more markedly concave
posteriorly, than in the mid cheek-tooth.

The enamelocementum boundary

is inverted V-shaped, but is not as indented, as the mid cheek-tooth.
There is no evidence of the extension of the sulcus on to the crown,
and the structure of the roots is unknown.
Similarities of the ornament of this tooth with that of the buccal
face of the mid cheek-tooth suggest that it is the buccal face.

The

main and accessory denticles are keeled and, presumably, they and the
tooth were flattened laterally.

The convex anterior keel of the small

main denticle is longer than the short concavoconvex posterior keel.
A faint nick which interrupts the profile of the anterior keel may
indicate the former position of a primary nodule, and a similar nick is
present on the posterior keel.

Both nicks are associated with

laterally-thickened areas of the keels.

The anterior keel is separated

from the single preserved anterior denticle by a distinct sulcus.
apex of the latter is broken.
present.

The

No other anterior keel structures are

The first posterior denticle, which lacks an apex, is

separated from the main denticle by a deep sulcus.
is concave, and possesses a small secondary nodule.

Its posterior keel
A wide and more

prominent sulcus separates it from the damaged second posterior denticle.
The structure of the latter, and features of the posterior keel of the
tooth, are unknown because of the damage.
Well-developed papillate cr. rug. cover much of the crown.

They

converge upwards on to the main denticle, and encroach on to the first
posterior denticle, but not the others.
the apex of the main denticle.

All cr. rug. converge towards

Posteriorly, they consist of a verticle
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series of elongate papillae with wide bases and bluntly-rounded apices,
similar to the posterior buccal face of the mid cheek-tooth.
papillae are finest basally, above the narrow cingulum.

The

Anteriorly,

the papillae are less-developed, and the cr. rug. are more conspicuously
elongated.
DISCUSSION
It appears from a comparison of the teeth of C.77.ll with those
figured by Flynn (1948) that the specimen is a member of the genus
Prosqualodon.

It appears very similar to P. davidis Flynn, 1923.

However, before comparison of the teeth with those of P. davidis, it
is worth briefly reviewing the diagnostic features of Prosqualodon teeth.
Four nominal species of Prosqualodon have been described (see
review of previous work, section 5.7):
P. australis Lydekker, l894b (1899, Cabrera 1926, Flynn 1948)
P. davidis Flynn, 1923 (1932, 1948)
P. hamiltoni Benham, 1937b (section 5.7)
P. marplesi Dickson, 1964 (section 5.7)
The genus was reviewed by Abel (1912) and Kellogg (1923a) when it
contained only one species, P. australis.

Later, it was discussed by

Cabrera (1926) and Flynn (1948), who corrected Abel's wrongful
interpretation that the parietals formed a band across the vertex of
the skull.
The two described New Zealand species need not be considered
closely in comparisons with C.77.ll.

"Prosqualodon" hamiltoni Benham,

1937b, and probably Prosqualodon marplesi Dickson, 1964, were wrongly
assigned to that genus.

The latter probably represents a separate line

of evolution from P. australis and P. davidis because its skull and
teeth appear quite different.
The teeth of the holotype of P. australis were mentioned briefly
and figured poorly by Lydekker (1894b), but a tooth of a second specimen
was described by him in more detail in 1899 (Lydekker, Fig. 2a).
latter tooth was figured also by Flynn (1948:
(1909:

Plate 43, Fig.

2~

The

Plate 2, Fig. 11).

True

Plate 44) figured two posterior mandibular

cheek-teeth in situ, and eight isolated worn anterior and posterior
cheek-teeth.

It is not possible to determine useful undoubted

diagnostic features of the teeth of P. australis from any of these
figures or descriptions.
and Flynn's (1948:

However, a comparison of Lydekker's (1899)

Plate 2, Fig. 11) figures of the tooth of
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P. australis suggest that it is equivalent to the "first molar" (sensu
Flynn) of P. davidis, and that it differs from the teeth of P. davidis
in its coarser, more vertically elongate, less papillate cr. rug., a
possible large primary nodule below the basal posterior denticle at the
crown base (see Lydekker:

Fig. 2a), more divergent roots, and a wider

isthmus.
COMPARISON OF THE PRESENT SPECIMEN WITH P. DAVIDIS
Flynn (1948:

Text-fig. 8; Plate 3; Plate 4) figured in detail the

buccal and lingual faces of 12 of the 14 teeth of the left mandible of
P. davidis.

No scale was given, but a comparison of the measurements

cited in the text with the dimensions of the teeth determined from the
photographs indicates that the latter are about 1.4 times 1ifesize.
Accordingly, it has been possible to determine other dimensions and
derived data for P. davidis (Table 16).

Pledge & Rothausen (1977:

293)

commented about this species that the cr. rug. density is about 7, the
apical angles are small and the crowns relatively symmetrical, there are
only three posterior denticles, and denticle index values are 27%-28%.
They regarded these features as primitive.
The mid cheek-tooth of C.77.11 is most similar to Flynn's "PM4".
It differs from the "PM3" in:

greater development of the anterior

denticle, crown keels not as steep, anterior keel more convex, posterior
keel more biconvex rather than almost straight, and the isthmus more
prominent.

It differs from the "M!" in:

the presence of one anterior

and one posterior denticle (cf. three of each in P. davidis), anterior
keel not as convex, and isthmus not as wide distally.

Although it is

more similar to the "PM4 u than to any other tooth, it is not identical.
The anterior keel of the mid cheek-tooth of C.77.ll is more crenelated.
The posterior keel is markedly biconvex, with the base of a former
primary nodule in the middle of the keel, while the keel of the "PM4"
is straighter and possesses a large primary nodule or posterior denticle
in its midpoint.

The anterior denticle is inclined further forward, and

the basal keel below it is more-obviously convex.

That below the

posterior denticle is strongly nodu1ed, but in the ho1otype the nodules
are far larger.

Posterior basal cr. rug. on the buccal face of the mid

cheek-tooth are less-vertically oriented.
less papillate than the ho1otype.

Further apically, they are

Buccal cr. rug. are finer.

lingual face, the ornament is developed further up the crown.

On the
The

ename10cementum boundary at the crown base is much more V-shaped.
The posterior cheek-tooth of C.77.l1 is similar to both the broken
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"M5" and the "M6" of Flynn's (1948) description.

The apical angle is

too large for the tooth to be allocated to a position any further
forward.

It differs from "M6" in its larger accessory dentic1es and

the less-curved crown axes, and is probably equivalent in allocation
to Flynn's "M5".

It differs from this in the longer anterior keel of

the main denticle, the finer and less-vertically continuous papillate
cr. rug., on the posterior of the crown, and the lesser development
apically of the finer, less-papillate cr. rug. on the anterior of the
crown.

The ename10cementum boundary is more V-shaped.

Characteristics

of the anterior and posterior dentic1es are not comparable, as these
structures are destroyed in either one of the teeth.
SIGNIFICANCE OF MORPHOLOGY
Trends in the morphology of squa10dont teeth were outlined by
Rothausen (1968a) and Pledge & Rothausen (1977), and also are summarised
and discussed elsewhere (sections 5.3 - 5.5).

Pledge & Rothausen

observed that tooth characteristics of Prosqualodon are relatively
primitive, and, on the basis of their interpretation, it appears the
morphology of the present specimen is more primitive than P. davidis.
Crown symmetry is similarly developed in both the ho10type of
P. davidis and in specimen C. 77 .11.

The "primitive" absence of

asymmetry reflects the symmetry in number and form of the anterior and
posterior dentic1es.

The presence of a large main denticle which

decreases in size posteriorly, and of an increase in number (and,
sometimes, size) of accessory dentic1es posteriorly is expected in
squalodonts.

Pledge & Rothausen considered the presence of three

posterior denticles in the more-posterior cheek-teeth of P. davidis to.
be quite primitive, so the presence of only one anterior and posterior
denticle in the mid cheek-tooth of C.77.11 might be even less advanced.
Pledge & Rothausen (1977) concluded, on one hand, that the taxonomic
significance of cr. rug. density was not well understood, but then
stated that a gradual increase in cr. rug. density could be discerned
over time.

Rothausen (l968a) used cr. rug. morphology (papillate vs.

nonpapillate) as subspecifically-diagnostic, but the implications of
cr. rug. variation to higher taxonomy are uncertain.

The differences

in papillation between the two specimens under discussion are of unknown
significance.

It is of note that both lack prominent bending of cr. rug.

on to the bases of the posterior denticles, for bending is thought to be
an advanced feature associated with an increase in the number of
denticles.

The enamelocementum boundary at the crown base of the
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C.77.11 teeth is more indented than in the holotype of P. davidis
or other later squalodonts and, inasmuch as it is an archaeocete-like
feature, it could be interpreted as a primitive character.
SUMMARY

Specimen C.77.11 is slightly

o~der

than, and slightly more

primitive in morphology, than the apparently closely related
Prosqualodon davidis Flynn, 1923.

It is not certain if the New Zealand

specimen is conspecific with P. davidis, for some of its features, e.g.
the nature of the cr. rug., suggest only subspecific differences, while
others, e.g. the number and shape of denticles, could be interpreted as
specific differences.

This is the first occurrence of the P. davidis

group of brevirostral squalodonts in New Zealand, and is the first
record of that group outside Australia.
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S.9. A REDESCRIP'frON OF '('HE LA'rE OLIGOCENE SQUALODON'l',
SQUALODON ANDREWI BENHAM,

1 942

INTRODUCTION
The cetacean Squalodon andrewi Benham, 1942, is a poorly known
species of uncertain affinities.

Its taxonomy has been complicated by

the hitherto unrecognised fact that Benham based his type-description
on individuals of three apparent different species and by his
unjustified referral of the species to the genus Squalodon.

The aim

of this section is to redescribe the holotype of S. andrewi, and to
discuss its relationships with Benham's para type and referred specimens
(as defined in the Catalogue, section 4.4), a previously-undescribed
tooth possibly of S. andrewi, the genus Squalodon, and other Odontoceti.
HISTORY OF RESEARCH
The nominal species Squalodon andrewi Benham, 1942, was erected on
only a single holotype tooth which does not appear to have been curated
in any museum collection and of which the present whereabouts is
unknown.

The only known fragment of the holotype still extant is a

small natural limestone cast of the holotype, an adjacent tooth, and
part of the palate.

This is curated as collection C.77.21, OM

(formerly, in part, collection C.75.25, OM).

Benham (1937a, 1942) did

not indicate that he had examined directly the single holotype tooth,
although he stated that his species was based on that tooth (figured
by Andrew 1906:

Plate 4, Fig. le).

That the ho1otype tooth probably

was curated formerly in the Otago Museum is indicated by the presence
there of its natural cast.

The cast bears, in Benham's handwriting,

the label "Lophocephalus", and it is ironic that Benham was aware of
the existence of, but not the identity of, this specimen.

Had he

recognised it, he may have been able to formulate a better description
of S. andrewi.

It is possible that the tooth figured by Andrew was lost

before Benham started his studies on fossil Cetacea.
The holotype tooth was first documented by Andrew (1906:

455, 456;

Plate 4, Fig. le), who recorded its discovery in the Waitakian (Late
Oligocene) Milburn Limestone, Milburn Quarry, South Otago.

He identified

it as one of two "molar" teeth in a collection of teeth of "Squalodon
grateloupi Pedroni(?)".

Subsequently, all the teeth figured by Andrew
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(1906:

Plate 4) were discussed by Benham (1937a:

7~

1937b:

ll), who

observed that all the teeth but for that of Andrew's (1906) Fig. le were
probably those of Prosqualodon hamiltoni Benham, 1937b.

He referred to

the tooth of Andrew's (1906) Fig. le initially as a paratype of the new
genus and species of apparent zeuglodont archaeocete, Lophocephalus

parki Benham, 1937a, and included in the same species, also as
paratypes, two other collections of teeth:
Clarendon (C.77.22,

OM~

one collection from

H45/f19), and one from Waimate (C.77.23, OM;

J40/fl9) .
In 1939, Benham substituted the new generic name Mauicetus for

Lophocephalus (preoccupied) and, in 1942, he revised the taxonomy of
some elements referred previously (1937a) to Mauicetus parki (Benham,
1937).

M. parki was identified as a mysticete to which the teeth in

the collections of Andrew, that from Clarendon, and that from Waimate
clearly could not be referred, and Squalodon andrewi n.sp. was erected
to accommodate them.

Benham- stated specifically (1942:

268) that the

name S. andrewi was proposed for the one tooth with two divergent root
fangs figured by Andrew (1906:

Plate 4, Fig. le), and also referred to

this new species the collection of teeth (blocks "A, B, C," C.77.22, OM;
H45/f19) from Clarendon.

The collection of teeth from Waimate

(C.77.23, OM; J40/f19), previously referred to Lophocephalus parki (see
Benham 1937a) were not mentioned specifically by him in 1942, and cannot
be regarded as a paratype of S. andrewi.

A detailed discussion of the

designation and identity of the type-elements of Squalodon andrewi is
given in the Catalogue (section 4.4).
The question as to the generic affinities of S. andrewi was raised
by Flynn (1948), who observed that if the generic assignment was
correct, then this was the first species of Squalodon to be recorded
from the Southern Hemisphere.

Glaessner (1955) drew attention to the

need for further study of the species, while doubt about its assignment
to Squalodon was indicated by Rothausen (1970:
169) and Pledge & Rothausen (1977:

186, Fig.

287, Table l).

l~

1975a:

possible further

complications in the interpretation of Benham's descriptions,
particularly the identity of elements of the type-series, were indicated
by Glaessner (1955:

367; 1972:

185), who observed that the teeth Of

S. andrewi are "strongly sculptured", and by Rothausen (1958:

373) who

mentioned denticle arrangement of the teeth (both are obvious references
to the highly-sculptured paratype teeth).
and Keyes (1973:

Climo & Baker (1972:

63),

390) recognised that the teeth of S. andrewi included

those originally described by Andrew as those of "Squalodon grateloupi",
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but in neither paper was the holotype identified.
There has been some doubt as to the age of the species.

Rothausen

(1970:· 186) cited a Rupelian age, equivalent to either the late Early
Oligocene or the early Late Oligocene (Berggren 1972, Van Eysinga 1975),
and Glaessner (1955) cited a Mid Oligocene age.
including Benham (1937a:

Most other authors,

1), Climo & Baker (1972), Keyes (1973), and

Pledge & Rothausen (1977) have quoted a Waitakian or Late Oligocene age.
Kellogg (1956) regarded S. andrewi as of Waitakian or "lower Lower
Miocene" age.

The Milburn Limestone, from which the holotype was

obtained, is Waitakian or Late Oligocene in age.
TAXONOMY OF HOLOTYPE
Suborder ODONTOCETI Flower, 1867
Superfamily ? SQUALODONTOIDEA Simpson, 1945
Family ? SQUALODONTIDAE Brandt, 1873
Genus incertae sedis
Squalodon andrewi Benham, 1942
1906

Squalodon grateloupi(?); Andrew

1937a

Lophocephalus parki; Benham

1942

Squalodon andrewi Benham

1972

Squalodon andrewi; Glaessner

1977

Squalodon? andrewi; Pledge & Rothausen

DIAGNOSIS
Differs from par a type (C.77.22, OM) in relatively greater size,
much less prominent cr. rug., less compressed crown, crown without
obvious keel, more-widely divergent roots with prominent isthmus, and
absence of third root; differs from referred specimen (C.77.23, OM) in
relatively greater size, less prominent cr. rug., less compressed crown,
crown without apparent keel, more-widely divergent roots, and lessdeveloped isthmus.

Similar to Squalodontoidea

5.5.,

and different from

extant Odontoceti (Physeteroidea, Ziphioidea, Monodontoidea,
Platanistoidea, Delphinoidea), in presence of apparent heterodont teeth
and two-rooted cheek-teeth; differs from Squalodon in fine, reduced
cr. rug., possibly simple crown, and widely-divergent roots with large
isthmus.
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COLLECTION DATA
Holotype:

a single "molar" tooth figured by Andrew (1906:

Plate 4,

Fig. Ie) as that of "Squalodon grateloupi(?)", and later referred
to by Benham (l937a:

7) as a paratype of Lophocephalus parki.

Collection number and repository:

the present whereabouts of the

holotype tooth is unknown, but the natural limestone cast of the
tooth, an adjacent tooth, and part of the palate is held as
C.77.21, OM (formerly, in part, C.75.25, OM).
Collector and date:
Locality:

A.R. Andrew, probably before December 1903.

Milburn Quarry, Milburn, South Otago.

reference NZMS 260 H45:
Horizon and age:

Approximate grid

775560; NZMS 1 S172:

727475.

"Band C" of the Milburn Limestone, Waitakian,

Late Oligocene.
N.Z. fossil record number:

H45/f22.

See Catalogue, section 4.4, for discussion of these data.
DESCRIPTION
General
The only extant holotype material is a single natural limestone
cast of two teeth and a part of the palate, of dimensions 82 rom x 44 rom
x 39 rom (Fig. 250).

One face of the block shows a natural cast of the

palate and partial cross-sections of the tooth roots, while the other
face shows the natural casts of the lingual faces of the two teeth.
The more complete cast is that of the tooth illustrated by Andrew (1906:
Plate 4) as Fig. le (reproduced here in Fig. 247).

This face of the

block is cut smooth, and is not a natural surface.
The block is a cast of part of the ventral surface of the right
side of a rostrum.

This is indicated by the apparent dorsoventral

deepening of the rostrum posteriorly and medially, and by the
posteriorly-concave axis of the more complete tooth.
Measurements of the cast are not tabulated but may be derived from
the figure s •
Tooth morphology
The structure of the lingual face of the second tooth is known both
from the natural cast (Figs 248-250) and from Andrew's figure (Fig. 247).
Most of the more basal lingual portion of the crown of this tooth is
preserved.

The apex, the anterior part of the base of the crown, and
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part of the root have been worn away by tooth-tooth contact, so that the
crown presents a shallow convex profile which faces anteriorly.

The

worn surface is up to 7 rom wide.

th~t

While Andrew's figure suggests

the crown was not ornamented, the cast indicates that at least part of
the posterolingual face possessed ornament.

The basal 2 rom and anterior

of the crown appear smooth, although it is possible that fine ornament
in this region may not have been preserved on the cast.
are fine, of density 10-11 per 5 rom.

The cr. rug.

Basally, some of the larger cr.

rug. bifurcate, and all are rounded and converge apically.

Cr. rug.

disappear about the middle of the lingual face, but anterior to this,
fine wrinkles in the enamel (which cannot be identified positively as
cr. rug.) are present.

No traces of accessory denticles or their sulci,

or keels, are seen.
The stout roots are united by an isthmUS for about half their
length.

The portion of the tooth above the base of the isthmus was

probably exposed, with only the parts of the two divergent roots not
united by the isthmus inserted in the alveoli.

The anterior root has

a greater maximum diameter than the posterior, and both reach a maximum
thickness just above the base of the isthmus.
circular in cross-section.

Both roots were probably

The axis of the anterior root is slightly

concave posteriorly, while that of the posterior is inclined markedly
posteriorly above the insertion level, and is inflected to a roughly
vertical position within the alveolus.

Neither root is complete.

There is no alveolar lip where each root enters the

palate.

The

enamelocementum boundary was not illustrated by Andrew but is apparent
on the natural cast.

It is an inverted V shape, and below and parallel

to it lies a shallow indistinct constriction of vertical width about
2 rom.
The anterior tooth is known only from its natural cast, and then
only from its posterior half.
posterior tooth.

It is preserved less completely than the

Cr. rug. are present on both the lingual and posterior

faces of the tooth.

There is no evidence of a keel or denticles on the

unworn posterior face.

A small area of apparently worn occlusal

surface of the tooth is preserved on the natural cast, and this suggests
that almost the complete crown may have been worn away.
More of the root appears exposed between the palate and the crown
than in the posterior tooth, and the enamelocementum boundary is an
inverted V shape.

The posterior root appears to have reached a maximum

diameter just above the alveolus, and is of greater diameter than that
of the posterior tooth.

The tooth as a whole appears inclined more
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vertically than the latter, which has an axis inclined posteriorly.
The posterior root has a straight profile and axis.

An isthmus

probably was present.
The natural cast indicates that, although the roots were closely
approximated, the apices of the tooth crowns were about 40 rom apart.
The apices were probably pointed, inclined vertically and posteriorly,
without marked lateral flattening, and possibly without marked keels or
accessory denticles.

The teeth probably were well anchored, as

suggested by their stoutness and roughened areas of tendon insertion (?)
on the palate.
Allocation of the teeth
In other sections of the thesis, the allocation of teeth has been
outlined in the discussion (to which it rightly belongs).

However, for

optimum continuity of this section, allocation is better discussed here.
It is difficult to determine unequivocally the position in the toothrow
of such fragmentary teeth as those under discussion, although some idea
of their allocation may be gained.

The anterior tooth appears markedlY

larger than the posterior in, for example, the height of the exposed
root and the diameter of the root.

Also, the probable tendon insertions

on the palate are developed much better on the anterior tooth, which
suggests much greater stresses on it than on the posterior tooth.

These

features are typical of the posterior-most maxillary dentition of
squalodonts.

That the teeth probably are the most posterior cheek-teeth

is indicated by the observation that the anterior tooth roots are
approximated closely to those of the posterior tooth, while the latter
are not succeeded closely by another tooth.

Either there was no

successor, or the successor was at least 25 rom behind the posterior
tooth, and the first option seems most likely.

The axis of the

posterior tooth crown is inclined much more markedly backwards than
that of the anterior, and this is typical of the most posterior rostral
.teeth of squalodonts.
Palate morphology (Fig. 250)
The natural cast of the palate is 82 rom long and 42 rom wide.

Its

orientation is described with reference to the vertical axes of the
teeth as follows:

at the anterior, adjacent to the hind root of the

anterior tooth, it is flat and horizontal.

Further posteriorly, level

with the anterior of the posterior tooth, the medial portion of the
palate is depressed ventrally, while at the level of the back of this
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tooth it is depressed markedly.

Thus, the cast becomes more concave,

and this reflects an increase in the convexity of the ventral face of
the palate posteriorly.

Anteriorly and externally, the cast is

ornamented with anastamosing, variably developed, anteroposteriorly
elongate rugosae, of lengths 5-8 rom and width and height under 1 rom.
The cast possesses also indistinct i+regular longitudinal undulations.
Around the tooth bases, particularly the first tooth, short ridges and
furrows of length c. 2 rom radiate outwards from each root.
SUMMARY DESCRIPTION OF PARATYPE
COLLECTION DATA
Paratype:

a collection of 19 incomplete teeth or natural limestone

casts of teeth, and natural casts of palate(?), originallY
described by Benham (1937a:

6-7, Figs 5, 6, 7) as blocks

"A, B, and C", teeth of Lophocephalus parki.
Collection number and repository:
Collector and date:
Locality:

C.77.22, OM; formerly C.75.25, OM.

collector unknown, before 1937.

"Clarendon", South Otago.

NZMS 260 H45:
Horizon and age:

Approximate grid reference

784570; NZMS 1 S172:

738487.

probably Milburn Limestone, Waitakian, Late Oligocene.

N.Z. fossil record number:

H45/f19.

DESCRIPTION
All the teeth (Figs 251-278) have laterally-compressed triangular
crowns, and all but the most posterior cheek-teeth have axes which are
concave lingually and posteriorly.

Maximum anteroposterior diameters

of the crowns and the crown bases increase posteriorly as the relative
crown height decreases.
posteriorly.

Consequently, the apical angle increases

The basal index (B) decreases posteriorly (from c. 75%

in front teeth to c. 25% in back cheek-teeth) as the teeth become more
laterally-compressed.

A maximum lateral crown width is reached in the

middle cheek-teetl1 in which the third, lingual root is best developed
(e.g. Figs 258, 264, 270), although the basal index, which is not
derived from this, does not reflect it.
The crowns of the more posterior teeth are slightly asymmetrical,
with the posterior keel longer than the anterior (e.g. Fig. 277).

This

does not appear to be associated with an increase backwards in the
number of posterior denticles (see below).

The keels of the anterior
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teeth possess sporadic primary nodules (Fig. 251) and very faint traces
of crenelation.

Anterior denticles are absent on the two most anterior

preserved teeth (incisor; canine ?, Fig. 251) but are present on the
third (Fig. 253, first cheek-tooth, one anterior denticle) and fourth
(Fig. 255, second cheek-tooth, two denticles) teeth, both of which lack
posterior denticles.

The anterior qenticles on these two anterior

cheek-teeth are not elevated prominently, lack well-defined sulci, and
have long, noduled basal keels.

More posteriorly, the anterior

denticles become more prominent, conelike, keeled, and sUlcate.

The

more posterior cheek-teeth (Figs 257-274) possess both anterior and
posterior denticles, and the main denticle decreases in size.

On all

but one fragmentary tooth, there is a maximum of 4 anterior and
posterior denticles, while the former (Figs 273, 274, posterior cheektooth) has 5 denticles on one (anterior?) keel.
be present.

Secondary nodules may

The largest posterior denticle bases are about 7.0 mm long,

and the denticle index (10) ranges from 30% to 40%.
The density of cr. rug. varies from 4-6 per 5 mm.

The cr. rug.

are not pronounced on the anterior teeth but are very conspicuous on
the more posterior cheek-teeth (Figs 275-278).
sporadically towards the base of both faces.
morphology is variable.
papillate.

They bifurcate
On the buccal face,

The cr. rug. are variably elongate and

Prominent cr. rug. bend upwards towards the apex of the

tooth so that they parallel roughly the inverted V-shaped
enamelocementum boundary and hence are convex with respect to the
central axis of the teeth.

The lingual cr. rug. are not as long or

papillate, but are more elevated and of a more constant form.

They are

less convex with respect to the tooth axis, but still converge towards
the tooth apices.

Short fine cr. rug. are intercalated between the

larger cr. rug. at the base of the crown, and bifurcation is more common
than on the buccal face.

No undation is seen on the crowns.

A papillate or finely ornamented cingulum is present on both faces,
and the cr. rug. bases extend on to it.
the cingulum is less ornamented.

Near the midlines of the teeth,

An elevated, papillate cingulum is

prominent near the posterior and, particularly, the anterior keels of
the posterior cheek-teeth, and here may reach a height of 2.5 mm.
The most anterior tooth with roots preserved, the second tooth
(canine, Fig. 251) of "block B" possesses a single root on which both
the lingual and buccal faces are indistinctly sulcate.

The second

cheek-tooth (of "block B", Fig. 255) has two roots united by an isthmus,
and the third has a third, lingual root, fused predominantly with the
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posterior root.

Similar traces of a third, lingual root, fused with

the posterior root, are seen on the second (Fig. 259), third (Fig. 261),
fourth (Fig. 263), but not the fifth (Fig. 271; most posteriorly
preserved) teeth of "block A".

All roots are united by an isthmus for

their preserved length.
SUMMARY DESCRIPTION OF REFERRED SPECIMEN
COLLECTION DATA
Referred specimen:

a collection of four blocks, of which one (the

smallest) was prepared and two incomplete teeth removed from it.
The three remaining blocks include:

part of the left side of the

rostrum with portions of six teeth in situ, of which the three
anterior teeth are relatively complete; an edentulous portion of
left(?) mandible; parts of a right mandible; and other
indeterminate fragments; originally described by Benham (1937a:
5-6) as "four blocks" which contain "portions of teeth" of

Lophocephalus parki.
Collection number and repository:
Collector and date:
Locality:

C.77.23, OM; formerly C.75.25, OM.

J.A. Hurst, in or before 1936.

"Waimate" , South Canterbury.

at grid reference NZMS 260 J40:

496027; or NZMS 1 S127:

or the old quarry at NZMS 260 J40:
Horizon and age:

Probably Waimate Lime Quarry,

503987; NZMS 1 S128:

544066,
552022.

Arno Limestone, Waitakian, Late Oligocene

(N. de B. Hornibrook, pers. comm., 1978).
N.Z. fossil record number:

J40/f19.

DESCRIPTION
The specimen is broken in a complex fashion, and some of the bones
are represented only as casts with merely a few fragments in situ.

The

crowns of all teeth are shattered, and most teeth are incomplete.
Despite its poor preservation and unprepared condition, diagnostic
features of the teeth are able to be determined for the purposes of
this description.
The tooth crowns (Figs 279, 280) are high, triangular, laterally
compressed; symmetrical (without obviously elongate posterior keels),
keeled, and denticulate, with axes vertical or curved slightly
posteriorly, and concave lingually.

Maximum anteroposterior diameters

cannot be measured owing to the broken crowns, but appear to increase
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slightly posteriorly.

Posteriorly, apical angles increase.

Lateral

diameters cannot be measured for similar reasons, but do not appear to
change markedly along the toothrows.

All of the cheek-teeth preserved

are flattened laterally.
Changes in denticle numbers on the more posterior cheek-teeth
cannot be determined because the crowns are incomplete.

Both keels are

slightly convex or almost straight on the anterior teeth, but become
more convex backwards.

Keels on the anterior teeth are relatively

smooth, but posteriorly, become finely noduled.

The most anterior-

preserved tooth (canine?) has no denticles (only one anterior primary
nodule) while the second tooth (first cheek-tooth,

= premolar?)

has a

small, conical, keeled anterior denticle situated well down the keel.
Further posteriorly, the anterior denticles, although still small, are
better developed, and two or more may be present.

Each anterior

denticle is "perched" on the keel, is separated widely from the adjacent
denticle, and lacks well developed sulci.
similar in shape to anterior denticles.

Posterior denticles are
There are at least two,

possibly more than three, posterior denticles on the hind cheek-teeth,
while on the more-anterior cheek-teeth there is none.

They are situated

nearer to the tooth apices than are the most apical anterior denticles
on the same teeth, and always are larger than the anterior denticles.
The posterior denticles are small, with anteroposterior basal diameters
(ad) of c. 4 rom, and a denticle index of not much more than 20%.

As

with the anterior denticles, each is succeeded basally by an elongate
keel (at least on the more anterior cheek-teeth), but the sulci which
separate them from the crowns are more prominent and the axes obviously
more concave with respect to the central tooth axis.
The cr. rug. are nonpapillate and vary in density from 5 (low on
the crown) to 8 (high on the crown) per 5 rom.

Only on the most

anteriorly preserved teeth is the cr. rug. structure determinable.
The cr. rug. are coarse at the base of the crown, where they are almost
indeterminately bifurcated sporadically and extend on to the cingulum.
They are elevated, and converge apically.

Above the cingulum there is

sporadic intercalation of fine, short, anastamosing cr. rug. between
the larger cr. rug., the latter of which decrease in size.

Apically,

the cr. rug. are succeeded by vertically wrinkled enamel.

Lingual cr.

rug. are seen easily on only one tooth (the isolated crown, Fig. 279).
They are conspicuously less elongated and elevated, but extend further
up the crown than on the buccal faces.

They anastamose more, bifurcate

randomly, and possess faint traces of ornament (papillae?).

At the
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crown base is a cingulum smoother and wider than that of the buccal
face.

The apical enamel is wrinkled.

No undation is seen on any of

. the crowns.
All teeth present have two more or less parallel roots which are
united by an anteroposteriorly wide isthmus.

Consequently, the sulci

are wide and indistinct, and do not extend on to the crown.

It is not

possible to measure the roots accurately.
SUMMARY DESCRIPTION OF A PREVIOUSLY-UNDESCRIBED TOOTH
COLLECTION DATA
Specimen:

incomplete upper right posterior-most cheek-tooth and

natural cast (with fragments of bone attached) of palate and orbit.
Collection number and repository:
Collector and date:

unknown.

C.77.12, OM.

Found unlabelled in basement, OM, and

curated by R.E. Fordyce, May 1977.
Locality:

no data, but matrix of specimen strongly suggests Milburn

or Clarendon district, perhaps Milburn Quarry, Milburn, South
Otago.

Approximate grid reference NZMS 260 H45:

NZMS 1 S172:
Horizon and age:

775560;

727475.
exact details uncertain, but probably Milburn

Limestone, Waitakian, Late Oligocene.
N.Z. fossil record number:

H45/f17.

Description (Figs 315-317)
This tooth is similar to the holotype tooth figured by Andrew
(C.71.2l, OM; Andrew's 1906:

Plate 4, Fig. Ie).

The anterior half

of the tooth is lost, the root tip is lost, and the crown apex is worn
as a result of tooth-to-tooth contact.

The tooth as preserved is 53 mm

long, the crown is c. 18.5 rom high, 8.5 mm thick, and of anteroposterior
length c. 11 rom.

This suggests a total crown length of c. 22 mm.

The

maximum lateral diameter of the root is 14.5 mm.
The crown is high (apical angle low) and is compressed laterally
(basal index estimated at 25%), with a straight axis in posterior view
(Fig. 316).

The posterior keel is prominent on the main denticle, but

is obscured basally by the posterior denticles.

There are four small

posterior denticles, all of which have lost their crowns.
are separated by poorly developed sulci.

Their bases

Denticle size decreases

basally, and the anteroposterior diameter of the largest (first)

289

posterior denticle is c. 4.2 mm.
c. 20%.

This suggests a denticle index of

The crown possesses simple ornament.

The density of cr. rug.

on the buccal face (Fig. 315) is difficult to estimate, but probably is
over 8 per 5 mm.

The cr. rug. are simple, relatively poorly elevated

creases of enamel, to about 6 mm long.

There is some very fine basal

bifurcation, and a few very fine cr. rug. are intercalated between the
larger.

A prominent cr. rug. bends into the base of the third denticle.

Apically, the cr. rug. are succeeded by smooth enamel with some
undation, and basally by a smooth cingulum about 2 mm wide.

Lingual

cr. rug. are more prominent (Fig. 317), and have a density of 7-9 per
5 rom.

They are elevated more than those of the buccal face, and are

of more variable morphology.
down on to the cingulum.

Basally, some bifurcate, and some extend

A few enter the base of the second denticle.

The enamelocementum boundary has an inverted V-shape.
reaches further up buccally than lingually.

Its apex

The root is oriented

posteriorly, and reaches a maximum diameter at the belly, about halfway
down.

It is massive and smooth, apart from some large wrinkles which

may be secondary cementum.

The isthmus reached some 24 rom - 26 rom

below the crown base, probably about half the root length.

The root

is not obviously recurved lingually.
DISCUSSION
RELATIONSHIPS OF THE HOLOTYPE TO THE PARATYPES AND REFERRED SPECIMEN
Even though the holotype of Squalodon andrewi is very incomplete,
there is little doubt that it is very different in morphology from the
paratype and referred specimens.

It differs from the paratype in its

relatively greater size, much less prominent and finer cr. rug., less
compressed crown, crown without evidence of keels, widely divergent
roots, and the absence of a third, lingual root.

From the referred

specimen, it differs in its relatively greater size, less prominent
and finer cr. rug., less compressed crown, crown without evidence of
keels, large, widely divergent roots, and a less-developed isthmus.
Differences in ornament with the paratype, and in root structure with
the referred specimen, are particularly pronounced.
Relationships of the paratype
As far as is known, no squalodont has been described which is
identical with the paratype.

Its most conspicuous features are that
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the number of anterior denticles may exceed that of the posterior
denticles, and the strongly-developed ornament.

In these features it

differs from all other New Zealand squalodonts.

The strong ornament,

although better developed than these, is reminiscent of the brevirostral
Austral squalodonts Prosqualodon spp. and related forms.

Prosqualodon davidis Flynn, 1923 (Flynn 1948:
Lydekker, l894b (Flynn 1948:

From

Plate 3) and P. australis

Plate 2) it differs in, for example, the

more elongated, less papillate, and less rounded cr. rug., the
development of more than 3 relatively large anterior and posterior
denticles with prominent sulci, the presence on some teeth of more
anterior than posterior denticles, the less posteriorly recurved crown
axes, and the presence of a better developed third root.

It differs

from the holotype of Parasqualodon wilkinsoni (McCoy, 1867) (Hall 1911:
Fig. 5), a form related closely (if not congeneric, according to Pledge
& Rothausen 1977) with Prosqualodon, also in the above features.

In

particular, the ornament of Parasqualodon wilkinsoni (Figs 353, 354) is
less elongated, less elevated, and more obviously consists of large
elongated rounded cr. rug. between which are intercalated small, short,
papillate cr. rug. (my observations, National Museum of Victoria,
February 1978).

It is worth recording that the Australian Late

Oligocene dorudontid archaeocete, Mammalodon colliveri Pritchard, 1939,
possesses superficially squalodont-like teeth (Figs 200-203) ornamented
with coarse, elevated, vertical cr. rug. which could be interpreted as
similar to those of the present specimen.

However, the cr. rug. on the

poorly known holotype teeth and referred specimens of M. colliveri
appear much simpler in pattern than on specimen C.77.22.
The specimen of which the ornament approaches most closely that of
the paratype is Prosqualodon aff. davidis, C.77.l1, OM (section 5.8).
Although the gross crown and denticle morphology of the latter is
different from the paratype, the ornament is more similar than that of
any other squalodont about which I have information.

Specimen C.77.ll

agrees with C.77.22 in its strong, vertical, relatively coarse cr. rug.,
but differs in that its ornament is still relatively shorter, less
variable in morphology on anyone tooth, and without the very prominent
long cr. rug. which curve upwards towards the apex on the buccal face.
In summary, the paratype shows some relationships to the brevirostral
squalodonts from which, however, it appears distinct from any genus yet
described.

As with most other New Zealand squalodonts, determination of

its relationships must await the discovery of more material.

Because it

appears to represent an unrecorded genus, for the purposes of discussion
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elsewhere in this thesis, the paratype (C.77.22, OM1 N.Z. fossil
record number H45/f19) will be referred to informally as "Squalodont A".
It is not assigned a new generic name at present, for it cannot be
demonstrated without further work that its skull and other skeletal
remains differ sufficiently from described squalodonts to justify such
an action.
Relationships of the referred specimen
The relationships of the referred specimen are more easily
determined than those of the paratype.

The presence of 2 (3?) small

anterior denticles, a noduled anterior keel, a large main denticle, at
least 2 (3?) larger posterior denticles placed relatively further away
from the main denticle down the posterior keel, prominent sulci on the
posterior denticles, a noduled posterior keel and posterior denticles,
is similar to Prosqualodon davidis and, presumably, P. australis (see
Flynn 1948).

The presence of primary nodules, in particular, between

the first and second anterior denticles, and on the posterior keel of
the main denticle, and of secondary nodules on the posterior denticles,
is similar to the holotype of Parasqualodon wilkinsoni (see Figs 353,
354).
the

The ornament of the referred specimen differs from that of both

Pro~qualodon

spp. and Parasqualodon wilkinsoni in that it is longer,

with a sharper profile, nonpapillate, and with a smooth wide cingulum on
the lingual face of some teeth.

In these features and also in the

possession of finer cr. rug., it differs from the Parasqualodon-like
New Zealand specimen OU 5080 (UODG1 Fig. 357).

It differs from

Prosqualodon aff. davidis (specimen C.77.11, OM1 section 5.8) in its·
longer and apically finer cr. rug.

I consider it related closely enough

to Prosqualodon to be assigned provisionally to that genus.

Complete

preparation of the specimen and the discovery of new material may
necessitate a later reappraisal of this assignment.
Relationships of the holotype with other squalodonts
It

has been shown that the holotype 6f Squalodon andrewi, is

unrelated to the para type and referred specimen, both of which appear
related (or congeneric) with the Austral brevirostral genus Prosqualodon.
The problem remains as to the affinities of the holotype with the
Northern longirostral genus Squalodon Grateloup, 1840.

Rothausen

(1968a) defined Squalodon in terms of both the degree of phylogenetic
development of the skull and in tooth morphology, and expanded on the
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taxonomic use of tooth morphology later (Pledge & Rothausen 1977).

He

observed that Squalodon is a typical advanced "eusqualodont", which he
placed in the subfamily Squalodontinae.

Squalodon is known from

deposits no older than Miocene and, according to Rothausen, descended
from a Late Oligocene Northern Hemisphere genus, Eosqualodon.

These

observations indicate that the generic position of apparent Austral
Oligocene species of Squalodon require reappraisal.
The features shown by the holotype of S. andrewi are compared
briefly with those of Squalodon (sensu stricto), as outlined by
Rothausen (1968a) and Pledge & Rothausen (1977), in Table 17.

TABLE 17.

Comparison of tooth characters of Squalodon (sensu stricto)
with Squalodon andrewi

Squalodon S.s.

Squalodon andrewi

crown high, pointed

crown height unknown

elongation of posterior part of

no evidence of asymmetrical crown

crown leads to crown asymmetry
crown laterally flattened,

crowns rounded, possibly not'very

generally keeled

flattened, not obviously keeled

anterior and posterior denticles

no denticles seen

present; the latter usually
small and 4-6+ in number
cr. rug. fine and density high;

cr. rug. fine and density high"

sometimes lost, sometimes

absent from parts of teeth,

ornamented

cr. rug. nonornamented

bending of posterior cr. rug.

no bending of cr. rug. seen

associated with lengthened
posterior keel
roots normal sized

roots massive in comparison
with crown

third lingual root often developed
in posterior upper cheek-teeth

no evidence of third root
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There is no doubt that the holotype, although fragmentary, possesses
some features atypical of the genus Squalodon.

The simple, fine, poorly

developed cr. rug. are not typically squalodontine, although other
undoubted species of Squalodon may show reduced cr. rug.

The teeth are

not apparently very flattened laterally, do not appear markedly keeled,
and do not show prominent accessory qenticles, in comparison with
Squalodon (e.g. Dal.Piaz 1916:

Plate 2).

The apparent absence of a

third lingual root in the upper posterior cheek-teeth is an advanced,
although undiagnostic, feature.

There is no evidence of crown asymmetry,

and, in general, the crown is reminiscent of the relatively simple,
circular, poorly ornamented crowns of the later homodont odontocetes.
The structure of the holotype suggests strongly that it does not belong
to the genus Squalodon.
Although it is easy to conclude that referral to Squalodon is
incorrect, it is difficult to suggest to which genus liS!' andrewi belongs.
It possesses no archaeocete-like features, and the limited evidence
provided by the holotype (the presence of 2 divergent roots partly
united by an isthmus) indicates that it does not belong to any of the
extant odontocete superfamilies.

Crown and root structure indicate

that it is a squalodont, but otherwise these features are too incomplete
to be of much use in determining relationships.

The single isolated

tooth, C.77.12 (OM), also described here, possesses features seen in the
holotype of S. andrewi:

two robust roots, presumably divergent, united

by a prominent isthmus, and fine ornament on the crown.
are of similar proportions.

Also, the teeth

As noted, the holotype of S. andrewi does

not possess other readily identifiable features with which those of
tooth C.77.12 can be compared.

It is likely that C.77.12 represents

the same genus as does the holotype of S. andrewi, and it may be
conspecific.

It is identified provisionally as aff. liS!' andrewi.

The relationship of tooth C.77.12 (OM) to the lectotype (C.02.8, OM)
of "Prosqualodon" hamiltoni Benham, 1937b, also must be considered.

The

posterior cheek-teeth of liP!' hamiltoni are all incomplete, so they
cannot be compared with much certainty.
apparent.

However, some similarities are

The anterior cheek-teeth of lip!' hamiltoni (section 5.7)

indicate that tooth crowns are high, and compressed laterally, with
relatively small accessory denticles and fine .ornament.

The broken root

cross-sections of the upper posterior cheek-teeth show that the two
massive, presumably divergent, roots are united by a thick isthmus, and
these features are seen also in the S. andrewi holotype.

The last upper

right cheek-tooth in the skull of C.02.8 possesses a fragment of crown
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with little or no ornament, and a small, nodular basal posterior
denticle, as seen in C.77.l2.

These observations suggest that all

these specimens are related closely.

Their relationships cannot be

determined accurately until more-complete specimens are found.
To assign such an incomplete specimen as C.77.2l to a new species
as Benham did, let alone to a new genus, is unjustified, for it is
debatable that the specimen shows any diagnostic features.

While

"Squalodon" andrewi may differ from other described squalodonts, it

cannot be proven to be a recognisable, distinct species, as the holotype
is too incomplete.

The name S. andrewi is established as a valid name

from the point of view of nomenclature, but should be used with extreme
caution in taxonomic discussions.
SUMMARY

The holotype of ItS': andrewi, C. 77.21 (OM), appears not related to
the paratype (C.77.22, OM), the referred specimen (C.77.23, OM), or to
the genus Squalodon.

It represents a squalodont but otherwise possesses

no undoubted diagnostic features, and the name "Squalodon" andrewi
should be used with extreme caution.

The holotype appears to be related

to an isolated tooth, C.77.l2 (OM), also from the Late Oligocene Milburn
Limestone, and both may be related to the lectotype (C.02.8, OM) of
"Prosqualodon" hamiltoni Benham, 1937b.

The paratype, informally named

"Squalodont A", may be related to Prosqualodon, but is distinct from any
described squalodont genus.
species of Prosqualodon.

The referred specimen probably represents a
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5.10. A SUMMARY REDESCRIPTION AND DISCUSSION OF THE
LATE OLIGOCENE MICRO CETUS HECTORI BENHAM, .1935
(ODONTOCETI:

SQUALODONTOIDEA?)

INTRODUCTION
The new species of squalodont, Microcetus hectori Benham, 1935b,
was based on the description of "the posterior region of the maxilla
of the left side" and seven teeth collected by McKay from the Late
Oligocene Otekaike Limestone, Waitaki Valley (see sections 4.2, 4.4).
Benham assigned the species to the genus Microcetus Kellogg, 1923a,
on the basis of the absence of anterior accessory cusps.

Rothausen

(1961) reviewed Microcetus, and concluded that M. hectori Benham
belongs to a different genus.

Later, he proposed the new genus

Uncamentodon Rothausen, 1970 (:

Fig. 1, nomen nudum) for it.

further work has been done on M. hectori.

No

Dubrovo in.Dubrovo & Sharkov

(1971) described the Late Oligocene new species Microcetus sharkovi,
based on a skull and mandibles, and noted that, while the species is
related to M. ambiguus (Meyer, 1840), it is not congeneric with
M. hectori Benham, 1935b.
Until March 1978, the whereabouts of the holotype of M. hectori
was unknown.

Then, the holotype was rediscovered in the collections of

the National Museum of New Zealand.
study it until May 1978.

Unfortunately, I was not able to

The holotype consists not only of the right

mandible, described by Benham as the left maxilla, but also a cranium,
teeth, and other bones still in situ.

The right mandible was brought

to Christchurch for study, but there was not time to prepare the skull.
In 1976, I discovered in the then-uncurated collections of
B.J. Marples (in UODG) , a single cheek-tooth, labelled D.W.2, similar
in morphology to those described by Benham as M . hectod .

Subsequently,

I discovered amongst the uncurated material other teeth, two periotics,
and vertebrae of D.W.2.

Initially, I planned to describe this specimen

as congeneric and closely related to M. hectori, in lieu of a detailed
description of the lost holotype.

However, this approach was changed

with the discovery in May 1978 of the unprepared mandibles and other
vertebrae of D.W.2, at the same time as the holotype of M. hectori
became available.

Unfortunately, a considerable amount of preparation

is still required on both these specimens before a proper revision can
be presented.

However, it is worthwhile to include collection data,
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summary descriptions, and brief discussions of the two specimens in
the thesis, in order to present a more complete picture of New Zealand
Oligocene Cetacea.
TAXONOMY
Suborder ODONTOCETI Flower, 1867
Superfamily ? SQUALODONTOIDEA Simpson, 1945
Genus incertae sedis
"Microcetus" hectori Benham, 1935b
l882b

Kekenodon onamata; McKay:

104

1935b

Microcetus hectori Benham

1949a

Microcetus hectorian Marples:

107 (typographical error)

1949b

Prosqualodon hectori Marples:

466 (lapsus calami)

1961

Microcetus hectori; Rothausen

1970

Uncamentodon hectori; Rothausen: 186 (nomen nudum)

1973

Microcetus hectori; Keyes

1977

"Microcetus" hect6ri; Pledge & Rothausen

1977

Uncamentodon hectori; Whitmore & Sanders

COLLECTION DATA
Holotype:

incomplete cranium, right mandible with five cheek-teeth

in situ, three incisors, canine, two anterior cheek-teeth.
Collection number and repository:
Collector and date:
Locality:

Ma 653, NMNZ.

A. McKay, June-August 1881.

uncertain, but possibly near Wharekuri Creek, North Otago,

grid reference NZMS 260 140:

015095; NZMS 1 Sl17:

020150; or

near Trig Z, North Otago, grid reference NZMS 260140:
S127:

160015.

See Gage 1957:

146975;

Geological Map No.2, Marwick

1935, Mutch 1963, and section 4.4".
Horizon and age:

Otekaike Limestone Formation, Waitakian, Late

Oligocene (N. de B. Hornibrook, pers. comm.).
N.Z. fossil record number:

I40/f25.

SUMMARY DESCRIPTION
Little could be determined of the skull (not figured) except that
it is brevirostral and the cranium is elevated.

Eleven teeth are

present (Figs 281-297) of which five are posterior cheek-teeth (Figs
284-286).

The incisors and canine have long, single, cylindrical,

recurved roots which taper to a point distally.

The crowns are conical,
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short, and recurved.
long, robust root.

One incisor (Fig. 287) lacks a crown, but has a
An incisor

(?)

crown (Figs 288, 289) is slightly

.laterally-compressed, keeled, short, and recurved posteriorly and
lingually.

There are a few traces of cr. rug. at the anterior of the

lingual face.

Another incisor also has a slightly laterally-compressed,

keeled, recurveq c+own, higher than that of the previous tooth, and also
with traces of basal anterior lingual cr. rug.
basal swelling below the crown (Figs 290, 291).

The root has a prominent
What may be a canine

(Figs 292, 293) is more recurved and with a more laterally-compressed
root than the previous teeth, and the lateral faces of the root are
faintly SUlcate.

The crown is high, recurved lingually and posteriorly,

laterally compressed, and lacks ornament.
Figs 294 and 295 show an upper left (?) anterior cheek-tooth,
possibly a PMl equivalent.

The apical angles of this and successive

cheek-teeth are less than for the incisors and canines.
flattened, and less strongly recurved lingually.

The crown is

Most of the enamel

is smooth, but there are traces of cr. rug. on the buccal face, and
traces of fine cr. rug. are continuous basally with triangular papillae
just above the smooth lingual cingulum (Fig. 294).

The posterior keel

is elongated, and bears two minute vestigial basal denticles.

The roots

are compressed laterally, possess a prominent basal swelling, and taper
and become more flattened distally.

Both its buccal and lingual faces

are sulcate.
The more posterior cheek-tooth (Figs 296, 297) cannot be identified
positively but, as its roots are not recurved lingually, it is probably
a mandibular cheek-tooth.

The crown is shorter and recurved less than

the previous tooth, and a primary nodule (or minute anterior denticle?)
is developed at the base of the anterior keel.

Prominent papillate

cr. rug. bases are present above the cingulum of the lingual face, and
lingual cr. rug. are developed better than on previous teeth.
fine, parallel, wavy, and vertical.
are present.

They are

Two prominent posterior denticles

The two roots are laterally compressed and are united at a

strong isthmus.

This cheek-tooth may be the anteriormost cheek-tooth

figured by Benham in the mandible.
Five other cheek-teeth are in situ in the mandible, which is
dorsoventrally crushed.

They are separated by diastemae, although the

second to last and last cheek-teeth are pushed together.

All are

compressed laterally, highcrowned (apical angles 35° -45°), with
denticle indices of 45%-55%, cr. rug. densities of 6-7 per 5 rom,
prominent lingual cr. rug., and anterior and posterior keels.
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Posteriorly, some trends are obvious:

buccal cr. rug. become more

obvious at the base of the anterior of the crown, the serrations on the
anterior keel are more prominent, the posterior denticles become larger
relative to the main denticle, the denticles are apposed more closely,
the crowns are more recurved posteriorly, and the sulci on the roots
are more prominent on both lateral faces.
A more detailed description will be assembled after the skull is
prepared.
TAXONOMY
Suborder ODONTOCETI Flower, 1867
Superfamily ? SQUALODONTOIDEA Simpson, 1945
Genus incertae sedis
"Microcetus" aff. hectori Benham, 1935b

COLLECTION DATA
Specimen:

two incisors (?), canine, anterior cheek-tooth, posterior

cheek-tooth, mandibles, left periotic, pars cochlearis of right
periotic, three thoracic vertebrae, fragments of one or more
other thoracic vertebrae, two indeterminate centra, one caudal
vertebra.
Collection number and repository:

OU 11520 (two incisors, canine,

anterior cheek-tooth), OU 11519 (posterior cheek-tooth, mandibles),
OU 11518 (left and right periotics), OU 11539 (vertebrae), all
UODG; all formerly D.W.2, UODZ.
Collector and date:
Locality:

B.J. Marples, date unknown.

"Duntroon close to where the big skull [of Mauicetus

lophocephalus] came from" (B.J. Marples, pers. corom., 1977);

Kokoamu Cliffs, c. 3 km north south-east of Duntroon, North Otago.
Grid reference near NZMS 260 140:
See Gage 1957:
Horizon and age:

298903; NZMS 1 S127:

326941.

Geological Map No.2.

Kokoamu Greensand Formation, lower Duntroonian,

Mid Oligocene (A.R. Edwards, pers. corom.).
N.Z. fossil record number:

I40/fll.

SUMMARY DESCRIPTION
The mandibles and vertebrae (not figured) need repreparation, and
are not described.

The larger incisor (Fig. 299) is incomplete.

axis is recurved posteriorly, and the crown axis curves lingually.

Its
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The crown is keeled, high, and slightly laterally compressed.
wavy, vertical, elongate, more or less parallel cr. rug.
profile is

co~tinuous

basally with that of the root.

diameter is at the upper part of the root.

It has

The crown

The greatest

A second incisor (Fig. 298),

not removed from the matrix, is similar to the previous tooth.

The

probable canine (Fig. 300) is stronglyrecurved posteriorly, and the
crown curves lingually.

The crown is keeled almost to its base, and

is flattened laterally, particularly apically.

Fine, anastamosing

cr. rug. are more prominent on the lingual than buccal face.
The anterior cheek-tooth (Fig. 301) differs from the above in that
the crown is not as high, is longer, is flattened laterally, is more
obviously ornamented lingually, and in that a strong sulcus is present
on the roots.

The sulcus extends the full length of the roots and

extends on to the buccal face of the crown.

The anterior root and the

crown tip are recurved lingually.
The posterior cheek-tooth (Figs 302-304) differs from all of the
above in the presence of two prominent posterior denticles.
is recurved posteriorly and lingually.

The crown

It is not high (apical angle

. compresse d laterally (
.1n d ex c. 40 %, an d h as no
c. 49 °), 1S
basal
anterior denticles but a small basal anterior primary nodule.

The

main denticle is prominent and conical, with a steep posterior face.
The first posterior denticle is small and sulcate, the second larger.
The denticle index is about 36%.
of the crown.

A cingulum is present on both faces

Lingually, it has a scalloped apical profile, from which

indistinct cr. rug. arise (estimated 7-8 per 5 mm).

The buccal face is

more or less smooth.
In ventral view (Fig. 306), the anterior process of the left
periotic is inflated, with a blunt apex and an elongate shallow ventral
groove.

Posteriorly, the external face merges into the body at the

slightly excavated hiatus epitympanicus.

The internal face of the

anterior process is perpendicular to the anterior face of the pars
cochlearis, and is traversed by fine vascular grooves.

On the body,

the fossa for the head of the malleus is elevated externally, and is
succeeded immediately posteriorly by the fossa incudis.

The epitympanic

orifice for the Fallopian aqueduct lies just internal to these.

The

fenestra ovalis, in which the footplate of the stapes is lodged, lies
level with and internal to the orifice of the Fallopian aqueduct.

The

posterior process, stapedial muscle fossa, and posteroexternal corner
of the pars cochlearis are lost.

The pars cochlearis is round,

inflated, and smooth, with a prominent anterointer.nal corner.
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The anterior and internal faces are roughly perpendicular.
Anteroexternally, the pars cochlearis is gently depressed dorsally
between the groove for the tensor tympani and the fenestra ovalis,
and is steeply depressed externally.
posterointernal face.

The fenestra rotunda opens on the

In dorsal view (Fig. 305), the anterior process

is round and smooth,
and merges into the body externally and dorsally.
,.
The dorsal end of the groove for the tensor tympani is visible.
internal auditory meatus is deep, teardrop shaped, and
elongate.

anteroextern~lly

Its lip is elevated anteriorly and internally.

spiralis foraminosus is round.

The

The tractus

It is separated by a high ridge from

the foramen singulare, in turn succeeded anteriorly by a lower ridge.
The internal aperture fqr the Fallopian aqueduct is overhung by the
external rim of the meatus.

The apertures for the ductus endolymphaticus

and aquaeductus cochleae are small and laterally elongated, and sit
behind the rim of the meatus.

The former sits at the posteroexternal

corner and the latter lies further externally.
DISCUSSION
Because only a limited description has been presented, the
discussion is also short.
Rothausen (1961:

Comparison of my figures with those of

Figs 1-12) suggests it is unlikely that M. hectori

Benham, 1935b, is congeneric with M. ambiguus (Meyer, 1840), and
Rothausen (1961) substantiated this in print.

Although only a poor

copy of Rothausen's figures is available, it seems that M. ambiguus
differs from the New Zealand species in its larger apical angles,
smaller main and posterior denticles, more prominent cr. rug., relatively
larger, divergent roots, and absence of an isthmus.

As I have stressed

elsewhere (e.g. sections 5.3 - 5.6), it is not certain what the
taxonomic significance of differences in tooth morphology is, so at
present I do not wish to speculate on the nature of the suprageneric
relations of these forms.
There can be little doubt that Marples's early Mid Oligocene D.W.2
is related closely to Benham's Late Oligocene

"M~'

hectori.

The single

known posterior cheek-tooth of D.W.2 possesses the features exhibited
by the holotype of "M'! hectori, and differs mainly in proportions;
e.g. larger crown, more flattened, larger posterior denticles.

However,

as D.W.2 is less complete than the holotype, Ma 653, it is difficult to
determine the exact nature of relationship, and for this reason it is
identified provisionally as

"M~'

aff. hectori.
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The relationship of the two New 7.ealand species to other
odontocetes is of interest, particularly in view of the early Mid
Oligocene age of "M': aff. hectori.

The only way to positively

determine affinities will be by the preparation of the skull of Ma 653,
but, at present, I can make a few preliminary observations on the basis
of other remains.

Previously, "M': hectori was considered, on the basis

of its cheek-teeth, to be a squalodontid.

This presupposes that the

Squalodontidae (the Squalodontinae, and Patriocetinae ? of Rothausen)
and perhaps their morphological antecedents (e.g. Agorophiidae) were
the only early odontocetes in which a heterodont denticulate polydont
dentition occurred.

I have speculated earlier that mosaic evolution

probably occurred in early odontocetes.

Thus, a certain level of

specialisation in cheek-teeth might not necessarily correspond with a
certain level of specialisation of skull morphology (the latter on
which classification is based), and so tooth morphology might not always
provide a reliable guide to familial or suprafamilial relationships.
The structure of the periotic of "M': aff. hectori suggests that it
might not be a squalodontid.

Unfortunately, the literature lacks many

descriptions on squalodont periotics, particularly those which might
outline morphological trends useful in the determination of morphocline
polarity, so the structure of the periotic (aU 11518) of

"M~'

aff.

hectori can only be compared in a strict morphological (rather than
phylogenetic) sense with those of a few squalodonts.
Squalodon calvertensis Kellogg, 1923a, differs in the less regular
profile of the pars cochlearis, more prominent groove for the tensor
tympani muscle, absence of ventral groove on the anterior process, thin
anterior process, absence of ridge external to fossa for head of malleus,
position of epitympanic orifice of Fallopian aqueduct (in front of level
of fenestra ovalis), long and narrow internal auditory meatus, and
absence of elevated rim between meatus and apertures for aquaeductus
cochleae and ductus endolymphaticus.
Prosqualodon davidis Flynn, 1923 (1948), differs in its more
rounded but less inflated pars cochlearis, ventrally prominent fenestra
rotunda, pars cochlearis less obviously separated from body, fossa for
head of malleus bounded indistinctly, and different profile of anterior
process.
"Prosqualodon" hamiltoni Benham, 1937b (section 5.7), differs in
its more pointed anterior process, rounded pars cochlearis, more narrow
and deep internal auditory meatus, less elevated posterior rim of
meatus, and more internally placed aperture for the aquaeductus cochleae.
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Patriocetus ehrlichi Abel, 1914, differs in the narrow anterior
process without a ventral groove, narrow body, distinct groove along
external face of pars cochlearis, spherical pars cochlearis, and
ventrally-placed aperture for the aquaeductus cochleae.
The periotic of "M." aff. hectori shows some similarity to two
non-squalodontoid North American Miocene species, "Squalodon"
errabundus Kellogg, 1931, and Zarhachis flagellator Cope, 1868
(Kellogg 1924c).

The anterior process and internal auditory meatus

of "S." errabundus are of similar proportions, and the shape and
positions of the fossa for the head of the malleus, fossa incudis,
fenestra ovalis, and fenestra rotunda are similar.

The periotic of

Z. flagellator, as Barnes (1977) noted, is similar to that of
S. errabundus, and both these species are platanistids.

In the light of the differences between the periotics of
squalodonts and "M." aff. hectori, and the similarities of this
New Zealand form with some platanistids, "M." hectori and

"M." aff. hectori should not be assigned undoubtedly to the
Squalodontidae until more positive evidence of this relationship is
obtained.
is dubious.

At present, the evidence for platanistid affinities also
Further discussion is not warranted until the other

remains of the two specimens are prepared.
these is planned.

A more-detailed study of
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5.11. A LONGIROSTRAL SQUALODONT (ODONTOCETI:
AFF. PHOBERODON?)

FRm~

SQUALODONTIDAE,

THE LATE OLIGOCENE, NORTH OTAGO
INTRODUCTION

The recognition of the specimen described here as a true
,

longirostral squalodont establishes undoubtedly the presence of these
forms in the Southwest Pacific during the Oligocene.

Previously, the

only probablelongirostral form known from New Zealand was the Early
Miocene Tangaroasaurus.

However, the rostrum of the holotype of

T. kakanuiensis is lost, and it cannot be established without doubt
from Benham's (1935a) description that it was truly longirostral
(section 5.13).

Because it represents a form previously not recorded

from New Zealand, and because of its interesting history, the specimen
is described and discussed briefly.
TAXONOMY
Suborder ODONTOCETI Flower, 1867
Superfamily SQUALODONTOIDEA Simpson, 1945
Family SQUALODONTIDAE Brandt, 1873
aff. Phoberodon Cabrera, 1926
COLLECTION DATA
Specimen:

the incomplete anterior portion of a rostrum with parts of

five teeth (I3, C, cheek-teeth 1-3) preserved in the right jaw
and four teeth (cheek-teeth 1-4) preserved in the left (Figs 64-68,
307-310) •
Collection number and repository:

C.75.33, OM.

Formerly, the right

jaw was curated separately from the left (with which its
relationship was then unknown) as OU 5068, UODG.
Collector and date:
Locality:

possibly J. Park, in or before 1905 (see below).

"Ngapara", North Otago; exact locality unknown.

assigned grid reference NZMS 260 J41:
See Gage 1957:
Horizon and age:

Arbitrarily

315815; NZMS 1 S127:

342828.

Geological Map No.2.

probably Otekaike Limestone, Waitakian, Late Oligocene.

N.Z. fossil record number:

S127/f857.
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Comment
Evidence as to the origin of the specimen is afforded by a label
which was attached to the right maxilla and premaxilla (OU 5068).
The label reads:

"Fragment of jaw of whale, Kekenodon ? Ngapara".

The collection number (5068) was added to the label much later.

It is

of interest that James Park, who was Professor of Geology at the
University of Otago (Burton 1965:
"Kekenodon" at Ngapara as follows:

23), documented the occurrence of
"Kekenodon onamata [sic] is

characteristic of the Mount Brown beds, but at Ngapara and Marawhenua
rises into the Oamaru Stone" (Park 1905:
(1957, in Fleming 1959c:

495).

According to Gage

268), the "Oamaru Stone" was the name applied

by Park and others to what is now recognised as the Totara and McDonald
Limestones.

However, it appears that in the sense used by Park in the

above quotation, the "Oamaru Stone" actually referred to the unit above
the Mount Brown beds, which Park called elsewhere the "waitaki Stone".
For example, a comparison of Park's tables of fossil distribution with
his discussion of the fossils (Park 1905:

494, 495) indicates that he

used here the names "Waitaki" and "Oamaru" interchangeably.
Stone is synonymous with the Otekaike

Limestone, the most prominent

Tertiary lithology of the Ngapara district (Gage 1957:
Map No.2).

The Waitaki

50, Geological

Park's (1905) "Kekenodon" from Ngapara is probably the

present specimen, and this suggests the latter's
Otekaike Limestone.

derivation from the

The specimen bears no evidence of glauconite,

which would suggest its derivation from the lower, older, Kokoamu
Greensand Formation (Duntroonian), but shows traces of creamy-white
carbonate seen in other bones from the Otekaike Limestone of the Ngapara
district.
DESCRIPTION
General
The specimen is the anterior portion of a massive rostrum.

Both

the premaxillae and maxillae are incomplete, and the crown of only one
tooth (the fourth cheek-tooth) is reasonably complete.

The premaxillae

are not ankylosed along the mesorostral suture, which explains how it
was that the two jaws were curated for some time in separate collections.
Measurements are given in Table 18.

TABLE 18.

Dimensions of rostrum of aff. Phoberodon, C.75.33, OM.

RI3

RC

RChl

RCh2

Maximum anteroposterior diameter of tooth

26.4

27.3

Maximum lateral diameter of tooth

18.1

LCh4

27.7

26.4

28.8

30.9

20.4

21.8

20.3

19.2

20.6

13.3

15.0

16.6

14.6

13.2

Actual or estimated (*) width of rostrum behind tooth

71.5*

72.5*

79.0

84.5

Length, left side

162

Length, right side

186

Cheek-tooth.

LCh3

17 .4

255

=

LCh2

Length of diastema behind tooth

Total length

Ch

RCh3

LChl

12.8

93.0*

99.0*

-w

o

11I
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Dorsal view (Figs 64, 307)
The sides of the rostrum narrow gently anteriorly.

The

anteroposteriorly elongate, sporadically crenelated, mesorostral suture
between the two premaxillae runs along the bottom of the mesorostral
canal.

Behind the fourth cheek-tooth, the wall of the left premaxilla

(the right is not preserved here) diverges from the midline, and the
narrow anterior of the vomer probably was inserted here.

The mesorostral

canal is relatively straight-walled, and is about a third as wide as the
rostrum.

Prominent dorsal crests of the premaxillaries bound the canal

and, where preserved completely, overhang it.

The distance between the

two external faces of the premaxillaries (marked by the firmly-ankylosed
premaxillary-maxillary suture) is at a minimum at the level of cheekteeth 2 and 3.

Anteriorly and posteriorly the faces diverge.

expansion ofthepremaxi11aries is most pronounced anteriorly.

Lateral
The

dorsoexternal faces of the premaxillaries possess anteroposterior
vascular grooves.

In front of the canine, the premaxillaries presumably

overlapped the maxillaries and obscured them from dorsal view.
The maxi11aries form the lateral margins of the rostrum.

Between

the canine and second cheek-tooth they widen markedly, but behind here
do not widen obviously any further.

The maxilla

is expanded laterally

around each tooth to form a prominent convex buttress.
the lateral rostral profile is undulating.

Consequently,

The crown of the fourth

cheek-tooth is visible external to the buttress, and the

crown~

of

other cheek-teeth may have been exposed similarly.
Lateral view (Figs 308, 310)
The rostrum is not deep, and its dorsal and ventral faces more or
less parallel each other.

Rostral depth increases gently posteriorly.

At the most anterior preserved portion (adjacent to 13), the premaxilla
constitutes the full thickness of the jaw, but behind here the
distinctly-ankylosed premaxillary-maxillary suture rises dorsally and
posteriorly so that, by the level of the second cheek-tooth, it
constitutes under one third of rostral depth.
increase in depth posteriorly.

The maxillaries gently

A prominent vascular groove runs along

each premaxilla and, on the left side, is seen to originate from a
foramen above the hind face of the fourth cheek-tooth.

FIG. 64.

Reconstruction of aff. Phoberodon, C.75.33, dorsal view.

on photograph, Fig. 307.

Based

The distal part of the rostrum, in front of

the first section, is a speculative reconstruction.
FIG. 65.

Reconstruction of afL Phoberodon, C.75.33, first cross-section.

FIG. 66.

Reconstruction of afL Phoberodon, C.75.33, second cross-section.

FIG. 67.

Reconstruction of aff. Phoberodon, C.75.33, third cross-section.

FIG. 68.

Reconstruction of aU. Phoberodon, C.75.33, fourth cross-section.
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Ventral view (Fig. 309)
Two sutures are prominent on this surface.
opens ventrally into a deep, narrow groove.

The mesorostral suture

The premaxillary-maxillary

sutures parallel each other on either side of the mesorostral suture
behind cheek-tooth 1, but anterior to this they diverge to curve
externally around the front of the canine and thence on to the lateral
surface.

Most of the bone of the ventral surface is rugose, although

that of the premaxillaries more posteriorly is smooth.

The rugosae

are elongate, wavy, parallel fine ridges.
The relationship of teeth to sockets is best seen in this view.
The bone on the internal and external, and, to some extent, the
posterior face of each tooth forms a ventrally-produced ridge..
are not developed at the anterior of each tooth.

Ridges

Externally, the

alveolar wall bulges convexly outwards, while the inter-alveolar rostral
wall of the maxillae is smoothly concave, and curves round on to the
lateral surface.

Each tooth extends out of its socket anteriorly and

ventrolaterally.

The concave region between each socket received the

anteriorly and dorsolaterally-directed mandibular teeth.
Cross-sections (Figs 65-68)
Four cross-sections through the rostrum are provided by the broken
surfaces of the jaws.
flat ventrally.

The rostrum is convex dorsally, and more or less

The premaxillaries and maxillaries are formed of

massive dense bone anteriorly, but posteriorly, porous cancellous bone
is developed gradually in both these elements.
The anterior-most section is through the premaxilla at the level of
the last incisor (Fig. 65).

The mesorostral canal is wide and shallow.

It is bounded dorsally by prominent lips, but these probably did not
over arch the canal.

A prominent blood-vessel foramen is present near

the dorsointernal corner of the jaw.

The tooth appears round in

cross-section.
The second section is at the level of the first cheek-tooth
(Fig. 66).

Here, the mesorostral canal is deeper and narrower, and

overhung by the dorsally-elevated lips of the premaxillaries.

The

blood-vessel foramen is displaced relatively further internally and
ventrally.

The tooth has a latera11y-flattened cross-section.

The

premaxillary-maxillary suture is prominent, S-shaped, and well fused.
The third section is at the level of the middle of the third
cheek-tooth (Fig. 67).

The floor of the mesorostral canal is a deep

V shape and is deeper and narrower than it is more anteriorly.

310
The lips of the premaxillaries overlap further.

The blood-vessel

foramen is displaced further ventrally and internally, and the
premaxillary-maxillary suture is fused.

Cancellous bone is developed

internally and adjacent to the most dorsal 10 rom of the. tooth root.
The fourth section is behind the level of the fourth cheek-tooth
(Fig. 68).

The mesorostral canal

i~

wide and deep but, as the dorsal

lips of the premaxillaries are broken, it is uncertain to what degree
the canal was roofed.

The large blood-vessel foramen which was seen in

the previous sections cannot be identified positively here.

A small

foramen present in the premaxilla opens dorsally at the premaxillarymaxillary suture just at the level of the fourth cheek-tooth.
Cancellous bone is well-developed here in both bone elements.

The

opposing walls of the premaxillaries, below the level of the base of
the mesorostral canal, probably did not contact each other, and the
vomer probably was wedged between them.
Teeth
All teeth are broken, and only the left fourth cheek-tooth is
reasonably complete.

It is massive, stout, and laterally compressed.

On the four teeth (right canine, left second, third, and fourth cheekteeth) of which portions are exposed out of the alveoli, an
enamelocementum boundary (such as occurs in other squalodonts) cannot
be discerned.

The crowns are covered with cream-brown, minutely-pitted

enamel, and there is no evidence of keels, denticles, or ornament such
as cristae rugosae, all of which would be expected on squalodont teeth.
The third and fourth left cheek-teeth possess posterointernal swellings
on the crowns which may be remnant keels and denticles.

The fourth

cheek-tooth possesses vertical sulci on the root and crown of both the
buccal and lingual faces, most prominent on the former.

The sulci

probably reflect the presence of two roots fused by an isthmus.

The

tooth's axis is concave posteriorly (as are its anterior and posterior
faces) and it is directed anteriorly and ventrolaterally.

Cheek-teeth

2 and 3 possess indistinct vertical sulci on their lingual faces.
Broken crowns and roots show, in cross-section, thick,
concentrically-layered cementum overlying dentine of a similar structure.
The layers almost certainly reflect successive growth stages of the
teeth.

The broken root of the third right cheek-tooth shows distinct

growth rings which were able to be counted in a broken fragment of root.
Between 29 and 30 rings were present (determined by R.E. Fordyce,
R.H. Mattlin).
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DISCUSSION

MORPHOLOGY
A few aspects of morphology already outlined are worthy of more
emphasis and discussion before the taxonomic section.

The rostrum

probably tapered to a point, and did not expand in lateral diameter
anteriorly.

There is no evidence that this form possessed a spatulate

rostral tip.

The rostral margins have a crenelated profile which

reflects the interdigitation of the laterally-extended mandibular and
rostral anterior teeth.

The teeth appear to have been stout and blunt,

without the differentiated crown features seen in typical squalodonts.
This is unusual for squalodontoids, which normally possess a distinct
enamelocementum boundary, ornament, and denticles on the cheek-teeth
behind the canine.

It is difficult to imagine that the teeth were used

as grasping tools, in comparison to the more delicate, sharp-pointed,
high-crowned and sometimes prognathous anterior teeth and cheek-teeth of
some other squalodonts.

The robust structure of the teeth and rostrum

suggests that the feeding apparatus was particularly strong.
The well-developed and slightly-roofed mesorostral canal probably
contained a mesethmoid cartilage, as does that of modern odontocetes
and presumably all fossil odontocetes with a mesorostral groove.
Norris (1968) suggested that the mesethmoid cartilage, within the
mesorostral groove, acts as a waveguide for ultrasonic sound in modern
odontocetes.

He noted the association of the mesorostra1 canal with a

telescoped skull.

Primitive Cetacea (archaeocetes) lacked a telescoped

skull or adaptations to high-frequency sound reception
production)
canal.

(and, presumably,

(Fleischer 1976a, Kellogg 1936), and also had no mesorostral

Oligocene squalodonts, intermediate in many respects between

archaeocetes and modern odontocetes, show similarly intermediate stages
in the development of a mesorostral canal and telescoping.

Presumably,

one could generalise that the development of the mesorostral canal was
associated with telescoping, and that the presence of a mesorostra1
canal is a relatively "advanced" feature.
RELATIONSHIPS
The massive, elongate rostrum, with a large mesorostral canal and
presumed heterodont dentition, is characteristic of Squalodontidae.
Four genera of squalodont Odontoceti (incertae sedis according to
Whitmore & Sanders 1977:

Table 1), Agorophius, Agriocetus, Patriocetus,
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and Xenorophus, are unlikely to be related closely to the present
specimen, in view of its similarities (contrasted with their
diAsimilarities) with the Squalodontidae discussed below.
The specimen is not similar to the Austral genera of brevirostral
squalodonts Metasqualodon Hall, 1911 (Pledge & Rothausen 1977),
Parasqualodon Hall, 1911 (my observations, see Fig. 353), Prosqualodon
Lydekker, l894a (1894b, Flynn 1948), from which it differs both in its
narrow rostrum and simple anterior cheek-teeth.

In these features, it

differs also from "Prosqualodon" hamiltoni, a form with a long, wide
rostrum (section 5.7).

It is unlike three northern genera, Microcetus,

Neosqualodon and Sachalinocetus, which are longirostral genera with
small distinctive teeth with reduced or specialised accessory denticles
(Dubrovo 1971, Dubrovo & Sharkov 1971, Rothausen 1961, 1968a).

Closest

affinities appear to lie with larger longirostral squalodonts.
The longirostral squalodonts are predominantly Northern Hemisphere
taxa.

Eosqualodon Rothausen, 1968a (my Fig. 12), has a rostrum without

a marked lateral constriction in its lateral profile and hence without
a spatulate rostral tip.

The mesorostral canal is closed anterior to

the level of about cheek-tooth 3.

Squalodon (e.g. Rothausen 1968a, b;

my Fig. 14) is thought to have been descended from Eosqualodon.

Its

rostrum is laterally constricted in the region of the second cheek-tooth,
and the rostral tip is slightly spatulate.

The mesorostral canal is

roofed partly, but appears to be open for all of its length.
European genera are of less certain morphology.

Two other

Kelloggia Mchedlidze,

1976, has a long rostrum constricted in its midpoint, and has massive
teeth.

The structure of its mesorostral canal is uncertain.

Sulakocetus Mchedlidze, 1976, similarly is longirostral, but the rostral
base is much wider than in the preceding three genera so this form is
unlikely to be related closely to the present specimen.
It is not certain if Tangaroasaurus Benham, 1935a, was a truly
longirostral squalodont (most of the holotype has been lost; see
section 5.13).

The other important and, perhaps, best-known Austral

genus is the Early Miocene Phoberodon Cabrera, 1926 (my Fig. 16).
This agrees with the present specimen in its large size, open
mesorostral groove, crenelated external rostral profile, and its tapered
non-spatulate rostral apex (similar to the condition seen in
Eosqualodon).

It differs from the present specimen in that the point of

minimum distance between the two external faces of the premaxillaries
lie much further posteriorly, and in the radically different teeth:
tooth crowns are much higher, more triangular, and more recurved.

the
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Otherwise, their orientation is very similar to specimen C.7S.33.
It is not possible to comment further on the affinities of this
squalodont until more material is found.

It appears similar in some

respects to Eosqualodon and, more so, to Phoberodon, but (bearing in
mind that squalodont cheek-teeth must be interpreted with caution)
has much stouter teeth than these genera.

SUMMARY

This longirostral Late Oligocene squalodont is the first of its
kind to be found in New Zealand.

It cannot be assigned to genus,

but appears related most closely to Phoberodon.
suggest that it was a strong, active carnivore.

Its massive teeth
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5.12. SUPERNUMARY TEETH IN AN INDETERHINATE SQUALODONT

(ODONTOCETI:

SQUALODONTIDAE) FRm1 THE

LATE OLIGOCENE, SOUTH OTAGO
INTRODUCTION
The fragmentary specimen OU 5069 differs from all other described
squalodonts in that it possesses simple supernumary teeth intercalated
between the middle cheek-teeth.

Rothausen (1968a) considered that

polydonty, a feature typical of odontocetes, appeared in the mid,
functional part of squalodont dentitions (between the premolars and
molars of the eutherian dentition), and it

is possible that this

specimen represents an early morphological stage in the development of
a polydont dentition.

This specimen is described, even though it is

incomplete and its affinities uncertain, because of its unusual
morphology.
TAXONOMY
Suborder ODONTOCETI Flower, 1867
Superfamily SQUALODONTOIDEA Simpson, 1945
Family INCERTAE SEDIS
Genus and species indet.
COLLECTION DETAILS
Specimen:

a fragment of left mandible with three cheek-tooth sockets,

one of which contains a root, and two supernumary teeth
(Figs 311 ... 314).
Collection number and repository:
Collector and date:
Locality:

OU 5069, UODG.

unknown.

"Clarendon", South Otago.

No further details are known.

Approximate grid reference NZMS 260 H45:
738487.

784570; NZMS 1 S172:

See McKellar 1966.

Horizon and age:

probably the Milburn Limestone, Waitakian,

Late Oligocene.
N.Z. fossil record number:

H45/f2.
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DESCRIPTION
General
The specimen consists of a dense portion of a left mandible.
Evidence of five teeth is present.

Three large sockets, the most

posterior of which still retains part of a root, represent cheek-teeth.
Two smaller sockets, each of which retains a single root in situ, are·
intercalated between the anterior and mid, and mid and posterior cheektooth sockets.

Measurements of the specimen are given in Table 19.

Dorsal view (Fig. 311)
The mandible is expanded in width posteriorly.

The three cheek-

tooth sockets are an equal distance from the external or buccal face,
while posteriorly they become progressively more distant from the
widened internal face.

The roots of the two anterior cheek-tooth

sockets are lost, and the sockets are empty.
oval, and laterally compressed.
particular, length, ventrally.

All the sockets are deep,

They decrease in width and, in
Their axes are oriented posteriorly

and are curved concave internally, so that the tooth crowns probably
were inclined anteriorly.

Each socket possesses a vertical ridge on

the midpoint of its buccal and lingual faces, which reflects the
position of the sulcus and isthmus.

The broken cross-section of the

third cheek-tooth (Fig. 312) illustrates this relationship well.

The

more pronounced ridges and sulci in this tooth reflect the trend towards
root fusion in anterior teeth.

All three sockets are bounded internally

and externally by dense elevated walls of bone, more prominent
posteriorly.

The cross-section of the third tooth reveals concentric

growth rings in the cementum, a particularly prominent sulcus on the
external face, and that the width of the anterior root exceeds its
anteroposterior length.
The first of the two broken supernumary teeth
between the first and second cheek-tooth sockets.

(~ig.

313) lies

Its external face

lies just internal to the internal walls of these sockets.

The broken

tooth is oval and anteroposteriorly elongate, and its maximum lateral
diameter lies slightly forward of its central axis.

It sits in a

ventrally-depressed area of the mandible, internal to which bulges the
internal face of thickened mandibular wall.

The second supernumary

tooth (Fig. 312) is situated relatively further externally than the
first, between the second and third cheek-tooth sockets.

Its internal

face lies just external to the internal walls of these sockets.

TABLE 19.

Dimensions of mandible (mm), OU 5069, UODG.

First
cheek-tooth

Second
cheek-tooth

Third
cheek-tooth

First
supernumary

Second
supernumary

14.9

13.9

Maximum anteroposterior length of socket or crown

29.4

34.9

Maximum transverse width of socket or crown

17.4

19.7

19.0

9.3

7.3

2

2

2

l?

l?

11.0

60.7

c. 1.5

48.4

41.0

47.5

Number of roots
Distance, front of socket or tooth from posterior of first socket
Mandible width behind tooth or socket

40.8

44.2

Total length of fragment

122.2

Maximum width at anterior

40.2

Maximum depth at anterior

49.2

Maximum width at posterior

49.0

w

Maximum depth at posterior

57.2

'"
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This tooth is oval and anteroposteriorly elongate, with its maximum
lateral diameter slightly behind the central axis.

It lies in a much

more prominent depression than did the first tooth, and is bounded .on
anterior, external, and internal faces by elevated bone, and posteriorly
. by. the third cheek-tooth.
Lateral view (Fig. 314)
Details of the dorsal surface are hidden in external view by the
dorsal elevated crest of the mandible.

The irregularly depressed,

elongate, ventrolateral portion of the mandible is most prominent
anteriorly.

In internal view, the supernumary teeth sit in prominently

concave depressions between the raised rims of cheek-tooth sockets.

An

anteroposteriorly elongate foramen opens ventral to the second
supernumary tooth, about in the midpoint of the depth of the bone.
Cross-sections
Anteriorly, the mandible is deep and laterally compressed.

Its

lateral faces are convex, and the external portion of its dorsal surface
elevated.

The ventral keel is prominent, as is the ventroexternal

depression.

Most of the bone is dense and lamellar, but there are small

areas of cancellous bone in the midregion towards the dorsal surface,
and near the central axis, and an open alveolar canal(?) slightly ventral
to the central axis.
In the posterior cross-section, the bone is relatively wider, the
cross-section more circulqr, and the ventral and dorsal keels and
ventroexternal depression less prominent.

No cancellous bone is visible.

The dense bone shows distinct laminations in places.

The prominent

broken longitudinal section of the posterior root of the third cheektooth extends down for about two thirds the depth of the mandible.

The

root cementum is concentrically layered, and has between 29 and 32
growth zones.

Ventrointernal and adjacent to the internal face of the

tooth is a large, irregularly shaped, phosphate-infilled alveolar canal,
into the dorsal portion of which extends a wedge of cementum which grows
off the internal face of the root.

The large alveolar canal and the

strange root outgrowth could be pathological features.
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DISCUSSION
MORPHOLOGY
Each of the "supernumary" teeth present in this specimen could be
either:
1.

a lingual, anterior tooth root associated with what would then be
the more posterobuccally placed median and posterior roots of a
cheek-tooth (E.D. Mitchell, pers. comm.), or

2.

a true supernumary tooth, with an independent crown not associated
with that of the adjacent cheek-tooth.

The main arguments against the first possibility are as follows:
1.

This situation has not been reported in mammals so far as I am
aware, whereas supernumary teeth are found quite commonly.

2.

In some Oligocene squalodontoids, there is seen the gradual
development of an isthmus between the anterior and posterior roots
of the cheek-teeth.

The isthmus may incorporate, where it is

present, the third median root.

For example, in Austrosqualodon

trirhizodonta Climo & Baker, 1972, the large median third root is
associated with the isthmus, while in Prosqualodon davidis Flynn,
1923 (1948) it is smaller and further incorporated in the isthmus.
This suggests gradual coalescence and disappearance of the third
median root.
3.

In forms in which a third root is developed prominently to equal
in size the adjacent roots, e.g. Squalodon catulli (Molin, 1859)
(Rothausen 1968a), there is no development of an isthmus.

4.

No cetacean is known in which the anterior of three roots of a
cheek-tooth becomes separated and displaced anterolingually away
from conjoined median and posterior roots, the latter of which
still retain their original relationships to the buccal and lingual
faces of the jaws.

Some forms show evidence of the possible

incorporation of the middle root into the posterior root (e.g.
Keyes's 1973 protosqualodont; section 5.5), but none show extreme
lateral movement of the anterior root.
5.

No forms ancestral to or descended from such a type are known.

It is most likely that these are true, independent, supernumary teeth
which could have arisen in one of three ways.

Firstly, they could be

deciduous teeth which were not shed, and which persisted in the presence
of permanent cheek-teeth.

Secondly, they could be permanent teeth which
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became intercalated between the persistent deciduous teeth, the
latt(\r whjch wero no 1onqf).r Hheo \)flfnn'

ml1turll~y tWO

which, nil in

extant Odontocet.i, persisted as the functional dentition.

Finally,

they could be true supernumary teeth not homologous with any normal
eutherian tooth.
Archer's (1975) review of abnormal development of marsupial and
eutherian teeth provides a useful starting point for the discussion
of the supernumary teeth of the present specimen.

He recognised three

main categories of abnormal tooth development (not mutually exclusive):
1.

Supernumary teeth or loss of teeth, the former of which includes:
a.

atavistic teeth.

b.

vestigial teeth (those which, during a phylogenetic
process of suppression, reappear sporadically).

c.

teeth which appear by the "abnormal" activation of the
tooth-producing (posterior) end of the

d.

dental lamina.

divided teeth (found in antemolars, usually divided
transversely to long axis).

e.

fused teeth which may involve only roots, or involve the
roots upwards to and including the crown (caused by the
persistence of the dental lamina between tooth germs).

2.

Morphological abnormalities, e.g. misshapen crown, extra cusps.

3.

Developmental accidents, e.g. eruption in an unusual position.

A further division of supernumary teeth was mentioned by Scott & Symons
(1974), who noted that in man there may be two types:

those of abnormal

shape (paramolar teeth), most common around the upper incisors or molars,
and those of normal shape (supplemental teeth), found in the premolar
region and behind the last molars.
Unfortunately, the crowns of the "supernumary" teeth are lost,
and this makes their interpretation difficult.

Their laterally

compressed single roots suggest that the crowns may have been different
from those of the adjacent teeth.

The cheek-tooth crowns probably were

laterally compressed (as are their roots), stoutly built., and possibly
keeled and denticulate.

Conversely, the "supernumary" teeth, in view of

the similarity of their roots to squalodont anterior teeth (incisors),
probably were simple-crowned.
These teeth are unlikely to have corresponded to supplemental teeth
(of Scott & Symons 1974), and there is no evidence to suggest that they
fall into Archer's categories of morphological abnormalities or
developmental accidents.

They are almost certainly true supernumary
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teeth.

They are unlikely to fall into the categories of atavistic or

vestigial teeth, for there is no evidence of a reduction or loss in the
mid- to anterior cheek-teeth of any squalodontoids or their predecessors.
They do not appear to be fused teeth, for there is no evidence of their
intimate association with adjacent cheek-teeth.

It is most likely that

they are divided teeth or those whose appearance was induced by
"abnormal" action of the dental lamina.

They may have ofiginated from

either the deciduous or permanent dentition, but it is easier to imagine
them as deciduous derivatives which erupted at a time when the mandible
was being resorbed elsewhere as eruption occurred.
From the point of view of the origins of polydonty in cetacea,
it is of interest that this specimen possesses supernumary teeth
inserted in about the middle of the cheek-tooth series.

Rothausen

(1968a), who is the most recent author to have discussed polydonty in
squalodonts, considered that polydonty appeared, at the latest, by the
Middle Oligocene.

He noted that the way in which extra teeth were

brought into use is as yet not fully understood, but suggested that
additional teeth could have appeared only in the middle, functionally
most-used part of the dentition (particularly between the equivalents
of the eutherian last premolar and first molar).

Does the situation in

the present specimen represent a late-persisting stage through which
earlier, "proto-polydont", squalodonts passed?

Because the specimen

is incomplete, it is impossible to judge (as perhaps could pe done if
crown structure of the supernumary teeth were known) if this situation
could be phylogenetically persistent, rather than a random ontogenetic
event.

Further discussion must await the discovery of new material.

RELATIONSHIPS AND SUMMARY
It is difficult to determine the affinities of isolated jaw
fragments such as this.

As the present specimen lacks tooth crowns,

which would give some clue as to its relationships, it is impossible
to aet8rmine its generic position.

The literature indicates that no

other squa10dont with supernumary teeth has been found, so no idea of /
the frequency of occurrence of this feature can be gained.

It is not

certain if the supernumaries would have been a phylogeneticallypersistent feature or just a random ontogenetic feature in only one
individual.

The specimen most similar to au 5069 is the incomplete

rostrum of aff. Phoberodon Cabrera, 1926 (specimen C.75.33, OM; section
5.11) which is similar in absolute size, inferred tooth sizes, and bone
structure (predominantly dense, stout bone).
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5.13. A REDESCRIPTION OF THE EARLY r.tI.IOCENE SQUAI,ODONT,
TANGAROASAURUS KAKANUIENSIS BENHN1, 1935

INTRODUCTION
In 1906, Thomson reported the discovery of a whale which later
was designated the holotype of Tangaroasaurus kakanuiensis Benham, 1935a.
Benham described it as a new genus and species of "Mid Tertiary
ichthyosauran reptile", but soon after its description, its identity as
a squalodont was recognised (e.g.

Camp 1942, Camp et al. 1942).

The

holotype consisted of an incomplete rostrum, part of a mandible, and a
number of isolated teeth, of which the whereabouts is unknown of all but
three incomplete cheek-tooth crowns and some root fragments.

These

fragments are described here, and they confirm the identity of
Tangaroasaurus as a squalodont.
PREVIOUS WORK
1906 - Thomson (p. 491) stated that "A whale was also found ••• " in the
blue clay of Kakanui.

A Pareora (Miocene) age was cited.

1926 - Thomson noted that the whale recorded earlier by him at All Day
Bay, Kakanui, had been washed away (p. 145).
1935 - Anon. (1935a) reviewed Benham 1935a.
- Benham (1935a) described Tangaroasaurus kakanuiensis, new

gen~s

and new spec:ies.
1936 - Heune reviewed Benham 1935a.
1942 - Camp (pp. 366-367) stated that R. Kellogg believed
T. kakanuiensis to be a "squalodont of an unidentified type".
- Camp et al. recognised the squalodont affinities of
Tangaroasaurus (p. 631).
1945 - Romer (p. 624) recorded "Tangarasaurus" [sic] as a New Zealand
Miocene squalodont.

It was not noted by Simpson (1945) in his

"Classification of Mammals" (p. 100) as a squalodont.
1949 - Marples (1949a) observed that the fragment of jaw of
Tangaroasaurus was originally mistaken for that of a reptile.
1956 - Kellogg cited an Awamoan, or Middle Miocene, age for
T. kakanuiensis.
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1965 - Rothausen included a discussion of Tangaroasaurus in his
unpublished thosis on the Europoan squalodonts.

It is surprising

that Rothausen did not mention it in his later (1968a, 1970)
papers on squalodonts.
1972 - Climo & Baker incorrectly cited the age of Tangaroasaurus as
Waitakian, Late Oligocene, and commented on previous misspellings
of the name.
1973 - Keyes summarised collection data of T. kakanuiensis.

Noted that

it is of Otaian-Altonian (Early Miocene) age, apparently the
youngest described New Zealand fossil cetacean.
1977 - Whitmore & Sanders (Table 1) erroneously cited the age as
Late Oligocene.
- Pledge & Rothausen (Table 1) cited the age of Tangaroasaurus as
Waitakian or Otaian-Altonian.
TAXONOMY
Suborder ODONTOCETI Flower, 1867
Superfamily SQUALODONTOIDEA Simpson, 1945
Family SQUALODONTIDAE Brandt, 1873
Tangaroasaurus Benham, 1935a
Tangaroasaurus kakanuiensis Benham, 1935a
1935a

Tangaroasaurus Benham

1940

Tangarosaurus Neave:

395

1945

Tangarasaurus Romer:

624

1935a

Tangaroasaurus kakanuiensis Benham

1942

Tangaroasaurus kakanuiensis; Camp

1956

Tangaroasaurus kakanuiensis; Kellogg

1972

Tangaroasaurus kakanuiensis; Climo

1973

Tangaroasa urus kakanuiensis; Keyes.

1977

Tangaroasaurus kakanuiensis; Pledge

Baker

&

&

Rothausen

DIAGNOSIS
Differs from the brevirostral squalodontids Prosqualodon,
Parasqualodon, Metasqualodon, and Austrosqualodon in the long(?)
rostrum, and relatively unornamented teeth without increased numbers
of accessory denticles; differs from the longirostral squalodontids
Squalodon, Eosqualodon, Phoberodon, Kelloggia, and Sulakocetus, and
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from the "primitive" squalodontoids Atropatenocetus, Microzeuglodon,
and Patriocetus in less stout and less prominently ornamented teeth;
differs from relatively specialised-toothed longirostral squalodontids
Microcetus, Neosqualodon, and Sachalinocetus in its relatively higher
cheek-teeth.
COLLECTION DATA
Holotype:

an incomplete rostrum with two or more teeth in situ,

identified by Benham as block "b ..• two mandibles" (his Figs 4, 5,
6, 7, 8; Figs 79, 80 herein); a left mandible which contained one
or more teeth in situ, identified by Benham as block "a .•• jawbone"
(his Figs 1, la, 2; Figs 74-76 herein); five or more cheek-teeth
in addition to those mentioned as in situ, including two teeth
described by Benham (his Fig. 3; Figs 77, 78 herein), three teeth
not described by him (my Figs 69-73, 318-322), and root fragments.
Collection number and repository:

C.03.l8, OM.

Only three incomplete

tooth crowns and four fragments of roots are in the collection.
The whereabouts of the other elements is unknown.
Collector and date:
Locality:

J.A. Thomson, curated 1903.

All Day Bay, at the north end of Campbells Beach, Kakanui,

North Otago.
480545.

Grid reference NZMS 260 J42:

446549; NZMS 1 S136:

See Mutch 1963.

Horizon and age:

slightly glauconitic blue clay of the (basal?) Rifle

Butts Formation, otaian or Altonian, Early Miocene (N. de B.
Hornibrook, pers. comm., 1977).
N.Z. fossil record number:

J42/f12.

The above data are discussed in detail in the Catalogue (section 4.4).
DESCRIPTION
General
The only detailed description which can be provided for this
species is that for the three extant teeth.

The abbreviated

descriptions presented for the other (lost) holotype elements are based
entirely on Benham's descriptions and figures, which may not have been
accurate.

Measurements are given in Table 20.

TABLE 20.

Dimensions of teeth (rom), Tangaroasaurus kakanuiensis holotype (C.03.l8, OM).
are derived from Benham's (l935a) figures, and are of dubious accuracy.

Fig. 1

I

Ch

=

Dimensions of the first six teeth listed
cheek-tooth.

Benham's 1935a Figs
Fig. 3,
left

1

Fig. 3,
right

I

Fig. 7

1 Fig. 61

Fig. 4

Ch crown

Ch crown
and root

Mid Ch

FIG. 69.

Mid cheek-tooth crown of Tangaroasaurus kakanuiensis, C.03.lS

(holotype), buccal view.
FIG. 70.

Mid cheek-tooth crown of T. kakanuicnsis, C.03.lS, anterior view.

FIG. 71.

Mid cheek-tooth crown of T. kakanuicnsis, C.03.lS, lingual view.

FIG. 72.

Anterior cheek-tooth of T. kakanuiensis, C.03.18, lateral face

(exact orientation uncertain).
FIG. 73.

Anterior cheek-tooth crown of T. kakanuiensis, C.03.1S, lateral

face (exact orientation uncertain).
FIG. 74.

Anterior lower cheek-tooth of T. kakanuiensis, C.03.lS, after

Benham 1935a:
FIG. 75.

Fig. 1.

Anterior lower cheek-tooth of T. kakanuiensis, C.03.lS, cross-

section, after Benham 1935a:
FIG. 76.

Anterior lower cheek-tooth of T. kakanuiensis, C.03.lS, after

Benham 1935a:
FIG. 77.

Fig. 3.

Anterior cheek-tooth of T. kakanuiensis, C.03.lS, after Benham

1935a:

FiG, 79.

Fig. 2.

Anterior cheek-tooth of T. kakanuiensis, C.03.lS, after Benham

1935a:
FIG. 7S.

Fig. 3.

Rostrum of T. kakanuiensis, C.03.l8, anterior cross-section,

after Benham 1935a:
FIG. SO.

Fig. lao

Fig. 7.

Rostrum of T. kakanuiensis, C.03.lS, posterior cross-section,

after Benham 1935a:

Fig. S.

POSTERIOR
DENTICLE
BASE

79

PREMAXILLARY-MAXILLARY
SUTURE

SYMPHYSIS

327
Rostrum (Benham's Figs 4, 5, 6, 7, 8; my Figs 79, 80)
Benham's Figs 7 and 8 show the anterior and posterior crosssections.

The mesorostral suture between the left and right maxillaries

does not appear to be ankylosed.

The sides and floor of the mesorostral

canal are formed by the premaxillaries, and the vomer does not appear to
be present.

Anteriorly, the mesorostral canal is wider than deep, with

dorsally-divergent walls, but posteriorly it narrows and becomes deeper
than wide.

Posteriorly, the ventral surface of the rostrum is more

convex, "and the rostrum is deeper.
are ankylosed.

The maxillaries and premaxillaries

A large elongate vascular canal is present ventral or

exteroventral to the mesorostral groove.

The tooth alveoli are deep

and narrow.
The premaxillary-maxillary suture, mentioned by Benham as a furrow,
is difficult to detect in Benham's figures of the lateral rostral faces.
The dorsal and ventral surfaces are roughly parallel, and the teeth are
inclined ventrally and anteriorly.
A ventral view of the right maxilla shows no marked posterior
widening.

The alveoli are elongate.

Mandible (Benham's Fig. 2; my Fig. 76)
Benham erroneously reversed the orientation of the inner and outer
surfaces.

The mandible is compressed laterally, with a flat, inner

symphysial{?) region.

The laterally-compressed, deep alveolus figured

is inclined dorsally outwards.
Anterior cheek-tooth (Benham's Figs 1, lA, 2; my Figs 74-76)
Benham stated that this tooth was 5.5 cm long, the crown 2.2 em
long, and the root 1.5 em in diameter.
concave posteriorly.

In buccal view, the axis is

The crown is symmetrical, high (apical angle =

c. 29°), triangular, and sharply pointed.

The anterior keel is convex

and unornamented, while the posterior keel is roughly straight and has
three small posterior denticles on its apical half and 12 primary
nodules (note that Benham stated 12 but figured only 11) on its basal
half.

Benham indicated 5 or 6 cr. rug.

The single root is laterally

flattened.
Anterior cheek-tooth (Benham's Fig. 3 right tooth; my Fig. 78)
This incomplete tooth is similar in proportions to that described
previously.

The lateral (buccal or lingual?) view shows that the crown
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is symmetrical, high, triangular, and sharply pointed, with a convex
unornamented anterior keel.

The convex posterior keel possesses

"seven larger and smaller denticles", of which the first, second,
fourth, fifth and .seventh from the crown apex appear too small to be
posterior denticles, and soare probably primary nodules.
6 cr. rug. are shown on the crown.

Traces of

A fragment of root is preserved.

Mid cheek-tooth (Benham's Fig. 3, left; my Fig. 77)
The incomplete crown of this tooth is symmetrical, high,
triangular, and has an apical angle similar to those described
previously.

The keels are roughly straight.

The left keel (orientation

unknown) possesses three small denticles, while the right keel has five
primary nodules.

Traces of 7 cr. rug. are shown.

Upper anterior cheek-teeth (Benham's Figs 4, 5, 6, 7; my Fig. 79)
The laterally-compressed, anteriorly- and ventrally-directed
root of an anterior cheek-tooth appears in the anterior cross-section
of the right maxilla (Benham's Fig. 7).

A broken, laterally-compressed

root is present in the middle alveolus of the right maxilla (Benham's
Fig. 6) and another broken, posteriorly concave root is present in the
left maxilla (Benham's Fig. 4).

Empty alveoli are present at the broken

posteriors of each maxilla.
Cheek-tooth crown fragment (Figs 73, 322)
The preservation of this tooth is typical of the two other extant
crowns and root fragments.

The enamel varies from black to greyblack

to light brown in colour, and reaches a maximum thickness of c. 0.3 rom.
The dentine is light- to dark-grey, and, apart from sporadic faint
concentric lamellae, is relatively homogeneous.

The root cementum is

light brown.
The fragment consists of a lateral part of the base of the crown
and root, and is probably

the buccal face (see below).

The crown was

probably symmetrical, high and triangular, with a small apical angle.
The remains of the anterior and posterior keels are straight and steep,
and the posterior has two small keeled denticle (or large primary
nodule?) bases.

The anterior keel has no evidence of these, but

possesses a 2 rom-long secondary ramus, presumably of the anterior keel,
which curves down on to the buccal face.

Apart from the secondary

ramus, there is no ornament apically or near the anterior and posterior
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keels.

On the anterior third of the crown, a long (c. 6 rom) straight,

variably-elevated ridge runs obliquely down and backwards.
middle of the crown, cr. rug. are well developed.

In the

They are short, fine,

not greatly elevated, wavy, roughly parallel each other, and widen
basally.

Their distribution does not appear to correlate with that of

the undation with. which they overlap.

A smooth, 1 rom - 3 rom high

cingulum is present at the crown base.
The gently convex crown base and the relatively fine ornament
suggest that this may be a buccal rather than a lingual face, for these
features are present on the buccal face of the mid cheek-tooth described
below.

The presence of a secondary ramus on this face of the tooth is

typical of the lower anterior teeth of squa10donts (Pledge & Rothausen
1977), so the crown is probably part of a lower right tooth.
Cheek-tooth crown and root fragment (Figs 72, 321)
This tooth consists of part of the crown and root of one face,
and a minute sliver of crown of the other face.

It is not possible

to determine the orientation of the lateral faces.
straight in both lateral and anterior views.

The tooth axis is

The laterally-compressed

crown has the anterior keel preserved, and was probably high.

The

anterior(?) keel bifurcates at the apex of a small denticle, and the
secondary ramus runs down the lateral face of the denticle on to the
broken face of the crown.

Two tiny primary nodules are preserved on

the fragment of keel below the denticle.
On the more-complete lateral face, the more apical portions of
the cr. rug. are superimposed on undation.

The cr. rug. are roughly

parallel, vertical or near-vertical, and elongate.

Some are up to

5 rom long, while others are not continuously elongated but are
elevated sporadically.
sharp and less elevated.

Basally, the cr. rug. widen, and becomes less
Here they may bifurcate sporadically to form

a branched system of cr. rug. (see Pledge & Rothausen 1977).

The basal

decrease in elevation of the cr. rug. makes it difficult to define
their limits.

A few appear to have extended on to the otherwise smooth,

1 rom - 2.5 rom high, cingulum.
The enamelocernentum boundary is elevated posteriorly, and is not
perpendicular to the tooth axis.

Below it, the laterally-compressed

root is covered with light brown cementum.

A laterally-compressed axial

pulp cavity, which widens towards the tip of the root, is seen in the
broken cross-section.
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Mid cheek-tooth crown (Figs 69-71, 318-320)
This tooth is more complete than the two described previously.
It lacks the crown apex and parts of the buccal and lingual faces,
and has only a fragment of root preserved (on the buccal face).

In

lateral view, the crown is symmetrical, high and triangular, with a
straight axis, and both the anterior and posterior keels are convex.
In anterior or posterior view, the tooth axis and the keels are markedly
concave lingually and, although it is laterally compressed apically, the
crown markedly widens basally.
There are four barely-elevated, minute, keeled denticles on the
anterior keel.

Two of these are markedly larger than the others, and

the latter must be considered as possible large primary nodules.
of the denticles is sulcate or conelike.

None

Minute primary nodules are

present on the basal half of the keel but, on the basal third, it is
difficult to tell if they are small nodules or large crenelations.
Below the denticle third from the preserved apex of the tooth (viz.
the second lower large denticle) the anterior keel bifurcates three
times.

One secondary ramus which results from the bifurcation is

situated just apical to a tiny denticle, while the two others lie
basal to it.

The rami are elevated strongly, about 2 rom long, and extend

round on to the lingual face of the crown, then downwards.
broken fragment of the posterior keel is preserved.

Only a

A large broken

posterior denticle at its base appears to have been separated from the
keel apically by a well-developed sulcus.

The base of a smaller

posterior denticle also is present.
Undation is present for the full height on both crown faces.
Buccal cr. rug. are concentrated on the basal third of the crown.
They are wavy, mostly vertical or near vertical, roughly parallel and
mostly elongate.

Some are elevated only sporadically, and are short.

The cross-sections are sharp and triangular.
occurs basally.
cingulum.

Sporadic bifurcation

The basal cr. rug. merge indistinctly with the smooth

Lingual cr. rug. are more prominent than the buccal, and

are developed along the undation.
each line of undation.

The cr. rug. converge apically up

They are sharp, elevated, wavy, and elongate,

and show no evidence of basal bifurcation.
rug. are present basally.

A few sporadic short cr.

Dl

DISCUSSION
SIGNIFICANCE OF MORPHOLOGY
High crowns, large main denticles, and small apical angles are
expected in the anterior cheek-teeth of squalodonts (e.g. Squalodon
calvertensis Kellogg, 1923a1 Prosqualodon davidis;F1ynn 1948).

The

more or less symmetrical crown in the mid cheek-teeth is a primitive
feature consistent with the lack of evidence of increase in the number
of posterior denticles.

Only one tooth (the mid cheek-tooth, Figs

69-71) shows evidence of a large posterior denticle (the crown of the
denticle is lost), and this tooth also is relatively symmetrical.

It

is uncertain if development of large posterior denticles on a long and
perhaps asymmetric posterior keel occurred in more-posterior teeth.
Even in the two anterior-most teeth, which lack anterior denticles, the
crowns are relatively symmetrical.

They lack the marked posteriorly

concave axes often seen in squa1odont anterior teeth.
Although the denticle index cited here is low, and hence apparently
advanced, undoubtedly the characteristic species index is higher than
that indicated.

That the posterior denticles on the mid and hind cheek-

teeth were larger than those preserved here (from which the denticle
index values were derived) is suggested by the c. 4 rom long broken base
of a posterior denticle on the most posterior tooth preserved.

The

presence of small anterior and posterior denticles associated with large
primary nodules is an unusual feature apparently not recorded in other
squa1odonts, and is difficult to interpret.
larger protuberances are, in fact, dentic1es.

It is not certain(if the
Pledge & Rothausen (1977)

noted that secondary rami, such as occur here, are typical of squa1odont
anterior teeth.
There is little direct evidence as to the degree of lateral
compression.

At least one tooth (the most posterior tooth preserved)

has a relatively uncompressed base, yet a short distance apically is
distinctly flattened.

Benham's figures of root cross-sections suggest

that the associated crowns also may have been flattened.
Buccal cr. rug. are less pronounced than lingual cr. rug., as in
other squa1odonts (e.g. Prosqualodon davidis1 Flynn 1948).

The density

of 7-8 per 5 rom on the extant teeth indicates that Benham did not show
the true distribution of cr. rug. on his sketches of teeth and that
density values of 3-4 derived from his figures are meaningless.

The

significance of different cr. rug. density values is poorly understood.
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Pledge & Rothausen (1977) observed that, in Squalodontidae, cr. rug.
were relatively coarse in Oligocene forms and became finer during the
Miocene.

Conversely, the cr. rug. of other Oligocene Squalodontoidea

were already fine.

The density of 7-8 in T. kakanuiensis is relatively

low for a Miocene squalodont, and could be interpreted as primitive.
The size and only a small increase in width posteriorly of the
rostrum indicates a relatively small longbeaked form.

The mandibles

may have had an elongate, flat, platelike symphysis, with teeth
inclined outwards and upwards.
AFFINITIES
Tangaroasaurus kakanuiensis does not appear to be related closely
to six other nominal species of squalodont from New Zealand:
Austrosqualodon trirhizodonta, "Prosqualodon" marplesi, "Prosqualodon"
hamiltoni, "Microcetus" hectori, "Squalodon" andrewi and "Squalodon"
serratus (see contents pages for references to these species).

It

differs from these species in the shape of its rostrum and mandibles,
and in its high-crowned teeth with reduced denticles.

Its relationship

with Phocaenopsis mantelli (section 5.15), a species of similar age from
a locality near the type-locality of T. kakanuiensis, cannot be
determined because of a lack of comparable elements.
Almost certainly this longbeaked form is not related closely to
the Austral shortbeaked squalodonts Austrosqualodon and Prosqualodon
(see above), Parasqualodon (my data; Figs 353, 354), and Metasqualodon
(see Pledge & Rothausen 1977).

Its teeth are markedly different from

the three latter genera in their high crowns, reduced denticles, and a
low density of fine cr. rug.

Rothausen (1965) drew attention to the

similarity of a tooth figured by Hall (1911:

Plate 36, Fig. 3) with

T. kakanuiensis, but the former differs in its better-developed and
more widespread cr. rug., the size and shape of the primary nodules,
and the two fused roots.

Hall's tooth is more like those of Prosqualodon

(my observations; National Museum of Victoria, February 1978; Figs 351,
352) •
Tangaroasaurus is dissimilar to described longirostral squalodonts.
The only thoroughly-described Austral longirostral genus, Phoberodon
Cabrera, 1926, and northern longirostral genera, such as Eosqualodon
H.othausen, 1968a, Squalodon; Dal piaz 1916, Kelloggia Mchedlidze, 1976,
and Sulakocetus Mchedlidze, 1976, all possess relatively stout, heavilybuilt large cheek-teeth with prominent ornament.

Other smaller northern

forms, such as Neosqualodon Dal Piaz, 1904, Microcetus; Rothausen 1961,
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and Sachalinocetus Dubrovo, 1971, have teeth which are relatively lower,
with fewer primary nodules, and markedly different denticle and ornament
structure than Tangaroasaurus.

The squalodonts which have been termed

Agorophiidae, for example, Patriocetus Abel, 1914, Microzeuglodon
Stromer, 1903, and Atropatenocetus Aslanova, 1977, possess teeth more
like those of the longirostral squalodonts mentioned above than like
Tangaroasaurus.

It seems pointless at present to pursue further the

relationships of Tangaroasaurus with any other described genera because
of a lack of comparative material.

Determination of the relationships

of the genus must await new discoveries both of it and of other Austral
squalodonts with which it can be compared.
SUMMARY
There is no evidence available to deny the status of Tangaroasaurus
as a distinct longirostral squalodont genUs of Early Miocene age.

The

genus is based on a fragmentary holotype, most of which has been lost,
and which exhibits few quantifiable features or features currently
recognised as of diagnostic importance.

For these reasons, the name

Tangaroasaurus kakanuiensis must be used with caution until such time
as its relationships can be determined better.
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5.14. ENDOCRANIAL CASTS OF TWO INDETERMINATE
OLIGOCENE CETACEA
INTRODUCTION
In 1949, Marples described two endocranial casts of Oligocene
Cetacea from South Otago.

The larger of the two casts, that identified

tentatively by Marples as an archaeocete (Marples 1949b:

Fig. 1),

subsequently was mentioned in other publications which dealt with the
evolution of the cetacean brain (e.g. Breathnach 1955, 1960, Edinger
1955).

Interest was focussed particularly on Marples's conclusion,

from his study of this specimen, that the archaeocete cerebellum
probably was small, and that most of the massive "cerebellum" of
archaeocetes represents the development of massive rete miribile.
Further discussion of the significance of the specimen was prevented
because its affinities were unknown.
An incomplete braincase, recently discovered by Dr F.M. Climo,
encloses a worn natural endocranial cast similar in structure to that
described by Marples.

Its discovery affords some idea as to the

identity of Marples's specimen, so the two casts are described here
and their affinities discussed.
TAXONOMY
Suborder INCERTAE SEDIS
Genera and species indet.
DIAGNOSIS
Braincast differs from those of Archaeoceti in relatively
well-vascularised cerebellar region and less vascularised cerebellum,
and in a less-markedly triangular profile; from Mysticeti in less
dorsally rounded cerebral hemispheres and less widened cerebellum; from
most Odontoceti (except Oligocene Odontoceti incertae sedis) in sharply
pointed, dorsally elevated cerebral hemispheres.

Skull differs from

Archaeoceti, Mysticeti, and modern Odontoceti (Physeteroidea,
Ziphioidea, Platanistoidea, Monodontoidea, Delphinoidea) in the
combination of:

frontal apparently thrust back to (nearly?) contact

supraoccipital, massive parietals form much of dorsal inter temporal
area, supraoccipital slightly forward thrust but also elongated
posteriorly; differs from "Aetiocetidae" in that frontal is
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pOHttwiorl y-tBlescopHd I di fferA from Rqualotionti.daEl in the pn,aencJO ('i')
of all Int r 'rtomportll COlllltdcLloll ilnd 01' Pllrl(~t111n in the dorAllI

intertemporal region.
COLLECTION DATA
Specimen 1
Hypotype:

a cranial natural endocast (Marples 1949b:

Figs la-ld, 2c;

"archaeocete" indet.; Figs 323-327 in the present description).
Collection number and repository:

C.48.70, OM.

Collector and date:

not known; curated 1948.

Locality:

Possibly Milburn Quarry, Milburn, South Otago.

unknown.

Grid reference of this locality is NZMS 260 H45:
S172:

727475.

Horizon and age:

775560; NZMS 1

See McKellar 1966.

probably Milburn Limestone, Waitakian, Late

Oligocene.
N.Z. fossil record number:

H45/f3.

Further details of this specimen are given in the Catalogue (section
4.4) .
Specimen 2
Specimen:

an incomplete cranial natural endocast with attached

fragments of basicranium, occipitals, and left side of braincase.
Collection number and repository:
Collector and date:
Locality:
M25:

Ma 1666, NMNZ.

F.M. Climo, January 1970.

Puponga Point, Northwest Nelson.
878753; NZMS 1 Sl, S3 and S4:

Horizon and age:

Grid reference NZMS 260

147208.

See Bishop 1971 ..

probably Abel Head Formation, Duntroonian,

Mid Oligocene.
N.Z. fossil record number:

M25/f16.

DESCRIPTION OF SPECIMEN C.48.70
This specimen was described thoroughly by Marples (1949b) and is
not redescribed here.

Because photographs were not presented by

Marples, the cast is figured here (Figs 323-327).
derived from the figures.

Measurements may be
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DESCRIPTION OF SPECIMEN Ma 1666
General
The cast' and braincase are worn on all surfaces.

Only the dorsal

apex and the posterior of the cast, and parts of the occipital, frontal
and basisphenoid are relatively unworn.

Part of the worn cast, and a

large foramen on the front of the skull, were excavated to investigate
internal structures.

The bones are described mainly from the left side

and the cast from the right.
Dorsal view (Fig. 328)
The transverse anterior of the braincast may not be original.
Fine raised lines on the surface of the cast could be casts of blood
vessels or selectively weathered trace-fossils (trace-fossils are
present on the ventral face).
dorsally.

The anterior dorsal face rises steeply

About 30 rom posteriorly is an indistinct rounded sagittal

sinus of length 10-12 rom.

Its posterior is continuous with a V-shaped

median groove between the dorsal apices of the two cerebral hemispheres.
The apices form the most dorsally elevated portion of the specimen.
About 25 rom behind them, the median depression is interrupted by an
indistinct transverse ridge which may mark the position of the tentorium
and the boundary between the cerebral hemispheres and cerebellum.
Further posteriorly, the median groove, which is covered by a
(removeable) sliver of supraoccipital, is more shallow.
limit is not visible.

Its posterior

The lateral posterior faces of the braincast show

no evidence of the cerebral-cerebellar junction.
The lateral faces are continuous with the anterior and posterior
faces, on to which they merge without obvious boundaries.

The braincast

reaches a maximum width at the level of the tentorium, slightly behind
the apices of the hemispheres, and has a roughly hexagonal profile with
elongated anteroexternal faces.
Just to the left of the midline on the steep anterior face is a
narrow elongate sliver of frontal(?) which butts externally against the
parietal (see Fig. 331).

A possible further remnant of frontal is

present between the posterior of the large fragment and the apex of the
left cerebral hemisphere, on the anterior face of the latter.

The flat,

massive parietal forms the anteroexternal surface of the braincase.
Medially, its edge is steeply elevated, more so behind the apices of the
hemispheres, where it forms a thick, elevated lambdoid crest.
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Posteroexternally, the parietal contacts the squamosal at an externallyconcave, interdigitating suture.

The squamosal is steeply depressed

ventrally, and bounds the lateral face of the braincase.

It contacts

both the parietal and supraoccipital at the posteroexternal corner of
the skull, from whence the lambdoid crest runs anterointernally.
The occipito-parietal suture is oriented also anterointernally,
towards the apex of the cerebral hemispheres, and this suggests that
the supraoccipital may have thrust as far forward as the apices.
Although the midregion of the supraoccipital is not preserved, it was
probably flat.

Posteroexternally, the supraoccipital is depressed

abruptly, and its profile is concave externally.

The median portion

of the supraoccipital extends backwards far beyond the level of the
exoccipitals which, consequently, lie about level with the midpoint of
the occipital complex.

No sutures are visible between the different

occipital bones.
Lateral view (Fig. 332)
The anterior dorsal face, as seen from the left side, is steeper
than the posterior, and its profile is rounded.

The lateral blood-

vessels and nerves which are present but hidden by bone on the left
face (and are seen in specimen C.48.70) are lost on the right face.
On the ventral lateral surface is a prominent bulge in the cast which
extends ventrally and posteriorly, and may be a remnant of the auditory
nerve and cerebellum.

Further posteriorly is the tubular cast of the

foramen magnum.
The anterior portion of the left side is dominated by the parietal
which overlies a posterior extension of the frontal anteriorly and
ventrally.

The base of the zygomatic process of the squamosal consists

of massive, dense bone.

Further posteriorly, the anterolateral face of

the supraoccipital is depressed steeply, and the median dorsal face
flattened.
Anterior view (Figs 330, 331)
Dorsally, a thin sliver of frontal abuts against the internal face
of the left parietal, while externally the thickened frontal is overlain
by the parietal.

On the left side of the midline lies a large foramen

which was probably divided by a vertical sheet of bone and which may
represent the optic and maxillary nerve foramina and the sphenorbital
fissure.

The foramen extends posteriorly and dorsally.

It is bounded
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dorsally and laterally by the frontal, internally by the frontal and
basisphenoid(?), and ventrally by the basisphenoid.

The frontal extends

some diAtance externally past the foramen.

Posterior view (Fig. 333)
The most prominent feature of this aspect is the incomplete foramen
magnum, which is more or less round, of height 45 rom, and width 48 rom.
Ventral view (Fig. 329)
The only positively identifiable brain structure is the
posteroexternal remnant of the acoustic nerve and cerebellum.
The basicranium has been destroyed, and only an anterior fragment of
basisphenoid(?) is present.

Anteroexternally, on the left side, this

forms the floor to the large optic-trigeminal-sphenorbital foramen.
It contacts the frontal externally.
thickened.

The frontal is massive and

It contacts the squamosal posteriorly and parietal

posteroexternally at a complex suture.

Further posteriorly, the

squamosal contacts the supraoccipital
DISCUSSION
RELATIONSHIP OF THE SPECIMENS TO EACH OTHER
The similarities of the morphology of the two specimens suggest
their close relationship.
in Table 21.

A comparison of their morphology is presented

Definite differences between the two are the less-

pronounced sagittal sinus, the more shallow median groove between and
behind the hemispheres, the smaller tentorium, and the apparent lack
of longitudinal division of the lateral blood-vessel and nerve mass,
in specimen Ma 1666.

Otherwise, the specimens are remarkably similar

to each other in their gross morphology.
Breathnach's (1955) observations on the morphology of endocranial
casts suggests a need for caution in the interpretation of the function
(and hence, by implication, the taxonomic importance) of rete areas
such as those which constitute the dorsal apices of the cerebral
hemispheres in the present specimens.

It could be shown, in the future,

that rete structures in endocasts of different taxa tend to converge in
morphology, for example, because of some spatial constraints.
Conversely, in a species, individuals of different ontogenetic ages
might have a different morphology from each other.

For the purposes of
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this section, the simplest explanation is chosen:

the similarities

indicate a close relationship.

Table 21.

A summary of the characteristics of the two endocasts.

Specimen C.4B.70

Specimen Ma 1666

Olfactory tract has triangular

No olfactory tract preserved.

cross-section with prominent
dorsal angle.
Median anterior sagittal

Median anterior sagittal

dorsal sinus.

dorsal sinus.

Deep groove between cerebral

Shallow groove between cerebral

hemispheres; groove widens

hemispheres; groove widens

posteriorly; crossed by

posteriorly; crossed by

transverse ridge at position

transverse ridge at position

of tentorium.

of tentorium.

Cerebral hemispheres low and narrow

Cerebral hemispheres not

anteriorly; dorsally elevated,

preserved anteriorly; dorsally

laterally expanded, and heavily

elevated, no evidence of

vascularised posteriorly.

vascularisation.

Cerebellar region extends down and

Cerebellar structure unknown;

forwards to contact lateral blood-

lateral blood-vessel, optic,

vessel, optic and trigeminal nerve

and trigeminal nerve complex

complex; latter divided

present but undivided longitud-

longitudinally into 3 parts;

inally, mandibular division of

mandibular division of trigeminal

trigeminal situated ventro-

situated ventrointernally.

internally.

Ventral surface broad, flat; with

ventral surface broad, flat;

low transverse swelling anterior

other details not preserved.

of middle; internal carotid foramen
lies posterior and cerebralcerebellar blood-vessels lateral
to this.
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AFFINITIES
The two specimens are more similar to each other than to any other
described cetacean endocasts.

They differ from previously-described

endocasts of archaeocetes (Dart 1923, Smith 1903), squalodonts (Dart
1923), non-squalodont odontocetes (Mchedlidze 1964a, 1964b, Spillman
1970), and mysticetes (Breathnach 1955, Mchedlidze 1964a).

Fortunately,

enough of the skull of Ma 1666 is preserved to give an idea as to
affinities.
1.

Particularly important observations are as follows:

the broad supraoccipital reaches no further forward than the
level of the posterior of the temporal fossa.

2.

the posterior half of the supraoccipital is extended prominently
backwards, so that it lies behind the level of the exoccipitals.

3.

the parietals form much of the dorsal surface of the braincase
(although it is not known if they formed part of the skull apex) ,
and probably were not overhung by lambdoid crests.

Hence they

are visible from the dorsal surface.
4.

the frontal is extended apparently behind the level of the
posterior of the temporal fossa.

5.

the re,lationships of the frontal, parietal, and supraoccipital
at the apex of the braincase are unknown.
The degree of telescoping backwards of the frontal (an anterior

skull element) and the slight forward position of the rounded, mainly
posteriorly-produced supraoccipital are features atypical of any known
Mysticeti sensu stricto (not including the "Aetiocetidae") or
Archaeoceti

5.5.

(Kellogg 1936, Miller 1923).

The combination of these

two features, together with the prominent dorsolateral (and dorsal?)
position of the parietals, is atypical of the "modern" odontocete
superfamilies Physeteroidea, Ziphioidea, Platanistoidea, Monodontoidea,
and Delphinoidea (Kellogg 1928, Miller 1923).

Conversely, they could be

characteristic of the early odontocete superfamily Squalodontoidea.
The higher taxonomy of the squalodontoids and other early odontocetes
(discussed in section 3.8) is now recognised as more complex than
recently proposed, e.g. by Rothausen (1968a).

Formerly, nearly all

early toothed non-archaeocete Cetacea were lumped in the Squalodontoidea,
a group which Whitmore & Sanders (1977) have demonstrated needs revision.
For the purposes of this discussion, it is convenient to subdivide these
primitive Cetacea, whose skull characteristics have advanced beyond the
level of the Archaeoceti

5.5.,

into 3 groups:
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1.

Squalodontidae

2.

"Aetiocetidae"

3.

Early non-squalodontoids - Odontoceti incertae sedis

Affinities with Squalodontidae
The Squalodontidae (not including here the "Patriocetinae" of
Rothausen, 1968a) are typified by posterior telescoping of the rostral
bones so that the nares lie adjacent to or posterior to the level of
the orbits, the maxilla contacts

or nearly contacts the forward-thrust

supraoccipital, the frontals contact the supraoccipital, and the
parietals are exposed only as small triangles at the anteroexternal
edges of the supraoccipital.

The par.ietals may be excluded completely

from the skull vertex, and there is no intertemporal constriction
(Rothausen 1968a, Whitmore & Sanders 1977).

In the present specimen,

the frontals may have contacted the supraoccipital, and hence obscured
the position of the parietals on the vertex, although the latter are
prominently exposed laterally on the skull roof.

There is no evidence

of backward thrust of the nares or maxillae, and these features suggest
that the specimen is not a squalodontid.
Affinities with "Aetiocetidae"
I include here for convenience those genera listed by Whitmore &
Sanders (1977) as Cetacea incertae sedis.
encompasses only Aetiocetus at present.

The Aetiocetidae s.s.
It is not certain why Whitmore

& Sanders chose to reject its status as a presently monotypic family,

although it seems that they rightly rejected the other "aetiocetids"
from that family.

The skull of Aetiocetus Emlong, 1966, has an

anteriorly-telescoped supraoccipital, whose condyles project only just
behind the level of the exoccipitals.

The parietals form a broad band

across the skull roof, and the frontals do not approach the
supraoccipital (Fig. 21).

Archaeodelphis Allen, 1921 (Kellogg 1928:

Fig. 4) has parietals which form a broad band across the vertex of the
skull, and the frontals are not backward-thrust.

A similar situation

exists for Chonecetus Russell, 1968 (Fig. 22 herein).
Mchedlidze (1970:

According to

74) the squamosal and parietal bones participate in

the structure of the skull roof of Ferecetotherium but, unfortunately,
no illustrations were provided to confirm this skull structure.
skull of Mirocetus Mchedlidze, 1970(:

47, Fig. 18) has a markedly

forward-thrust supraoccipital succeeded anteriorly by the broad
parietals.

The

The frontals are not telescoped back (my Fig. 23).
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None of these five genera possesses the posteriorly-extended condyles
and the frontal-supraoccipital relationship of the present specimen,
and none is likely to be closely related to it.
Affinities with early non-squalodont odontocetes
Whitmore & Sanders (1977:

Table 1) listed four described genera

of Late Oligocene non-squalodontid odontocetes as Odontoceti incertae
sedis:

Agorophius, Agriocetus, Patriocetus, and Xenorophus.

Two of

these genera, Agriocetus Abel, 1914, and Patriocetus Abel, 1914, were
regarded by Rothausen (l968a) as typical "protosqualodonts" of the
subfamily Patriocetinae, but Whitmore & Sanders disputed the reality of
this subfamily.

Whatever the acceptance of the Patriocetinae, there is

no doubt that the two genera possess frontals and supraoccipital in
contact, parietals not continuous across the vertex but still included
in the skull roof, maxillaries not in contact with the supraoccipital,
and an intertemporal constriction.

The condyles are not posteriorly-

extended, unlike the prel3ent specimen.

The "Patriocetinae" differ also

from the present specimen in the lesser exposure of the parietals on the
skull roof.

Agorophius Cope, 1895 (True 1907a, Whitmore & Sanders 1977)

has the parietals exposed in the broad intertemporal constriction, and
the frontals do not contact the supraoccipital (Fig. 18).

Xenorophus

Kellogg, 1923b (Whitmore & Sanders 1977) is a bizarre form in which the
front skull elements are telescoped far posteriorly, the parietals form
a broad band across the skull vertex, and the supraoccipital is almost
vertical.

The latter two genera do not appear similar to the present

specimen.
Whitmore & Sanders figured one odontocete specimen (Fig. 2b) in
which the supraoccipital is remarkably similar in its backward-thrul3t
condyles to specimen Ma 1666.

However, in their Late Oligocene specimen

from Oregon, the parietals constitute part of the skull vertex, the
frontals are not backward-thrust, and the parietals do not form a
prominent ventral posterointernal wall to the temporal fossa.

Summary of possible relationships
The combination of apparently far-backward telescoped frontals,
parietals probably excluded from skull vertex yet prominently exposed
in dorsal view and not overhung by dorsolaterally-extendinq
supraoccipital lambdoid crests, and posteriorly-produced condyles, is
not seen in previously-described fossil Cetacea.

The posteriorly-

telescoped frontal does not appear to be an artifact (e.g. a broken
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fragment of parietal), and is separated from the parietal by a fine,
yet distinct suture in which no truncation of internal bone structure
(such as would be expected in a fracture) appears (Fig. 331).

Some

detail of the relationships of overlap of cranial bones is seen in
Ma 1666.

A thin wedge of supraoccipital may have extended dorsally

and anteriorly over the thickened lambdoid crest formed by the parietals
and, in the midline (behind the dorsal apices of the cerebral
hemispheres?) may have thrust forward over the parietals.
Sanders (1977:

Whitmore &

315) disputed Rothausen's contention that, in

squalodonts, the parietals were wedged apart by the posterior
telescoping of the frontals.

Rather, they concluded that the parietals

were overlain progressively by the frontals.

This contrasts with the

situation in Ma 1666, in which an anterodorsal extension of the parietal
appears to overlie part of the frontal, possibly like the parietalfrontal relationship in some mysticetes (sections 3.9, 5.18).
The exact relationships of the two specimens discussed here cannot
be determined because of their incomplete preservation and the lack of
comparative material.

While they possess some similarities with

odontocetes, they are best left, like many other Oligocene forms, as
Cetacea incertae sedis.
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5.15. A REDESCRIPTION OF THE EARLY MIOCENE ODONTOCETE,
PHOCAENOPSIS MANTELLI HUXLEY I 1 859
(ODONTOCETI INCERTAE SEVIS)

INTRODUCTION

The new genus and species, Phocaenopsis mantelli Huxley, 1859a,
was described from a single right humerus found at "Parimoa", near
Kakanui, North Otago.

Since Huxley's original description, no

further remains have been found, and the age and systematic position
of the species have not been reconsidered critically.
The age and affinities of Phocaenopsis are poorly understood,
probably as a result of Huxley's implications of distant relationship
with Phocaena and a post-Pliocene age.

For example, Miller (1923:

49) briefly discussed genera of De1phinidae, in which he included·
Phocaenopsis.

He stated, however, that a number of probable

de1phinid genera, including Phocaenopsis, are based on such fragmentary
material that "no clear idea can at present be formed regarding the
animals to which they are applied".

Kellogg (1928) included

Phocaenopsis as a Quaternary representative of De1phinidae from

New Zealand, while Simpson (1945) included the genus in the Phocaenidae
(Late Miocene - Recent) and regarded it as Pleistocene in age.
Romer (1966) also cited a Pleistocene age but, unlike Simpson,
regarded the Phocaenidae as a Pleistocene - Recent group.

Walker

(1964) stated "the extinct genus Phocaenopsis (family De1phinidae)
known from certain New Zealand fossil beds, possibly may have been
contemporaneous with man".

Phocaenopsis was not included in the

otherwise comprehensive list of New Zealand fossil Cetacea given by
Keyes (1973).

These references give some idea of the obscurity of

Phocaenopsis and indicate that a reappraisal of its age and

relationships is needed.
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TAXONOMY
Suborder ODONTOCETI Flower, 1867
Superfamily INCERTAE SEDIS
Phocaenopsis Huxley, 1859a
Phocaenopsis mantelli Huxley, 1859a

1859a

Phocaenopsis Huxley

1905a

Phocaenopsis du Bus; Abel

1859a

Phocaenopsis mantelli Huxley

1859b

Phocaenopsis mantelli; Huxley

1859c

Phocaenopsis mantelli; Huxley

1885a

Phocaenopsis mantelli; Hutton

1899

Phocaenopsis mantelli; Huxley

COLLECTION DATA
Holotype:

a single right humerus.

Collection number and repository:
Collector and date:
Locality:

M 11091, BMNH.

W.B.D. Mantell, before 1859.

at or near "Old Rifle Butts", at the south end of Oamaru

Cape, about 3 km south of Oamaru, North Otago.
NZMS 260 J42:

500628; NZMS 1 S136:

542628.

Grid reference
See Gage 1957:

Geological Map No.1.
Horizon and age:

Rifle Butts Formation, Altonian, Early Miocene

(N. de B. Hornibrook, pers. corom.).
N.Z. fossil record number:

J42/f39.

These data, particularly the horizon and age, are discussed in detail
in the Catalogue, section 4.4.
DESCRIPTION
General
As the type humerus was only briefly described and figured (Huxley
1859a:

Figs 3,4), a redescription is presented.

The type specimen was

not available for study in New Zealand, and the description which
follows is based on photographs of the type, courtesy of A.P. Currant
(BMNH).

Although accurate measurements of the bone are not available,

an idea of the proportions of the specimen may be gained from the

FIG. 8!.

Right humerus of Phocaenopsis mantelli, M 11091 (holotype),

anterior view.
FIG. 82.

Right humerus of P. mantelli, M 1l09l, posterior view.

FIG. 83.

Right humerus of P. mantelli, M 1l091, proximal view.

FIG. 84.

Right humerus of P. mantelli, M 11091, distal view.

FIG. 85.

Right humerus of P. mantelli, M 11091, external view.

FIG. 86.

Right humerus of P. mantelli, M 1l091, internal view.
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illustrations.

The specimen is not a left humerus, as mentioned by

Huxley, but is a right humerus.
Anterior view (Figs 81, 339)
The long axis of the shaft is gently concave inwards.

The head,

which is separated from the greater tuberosity by a very shallow groove,
is not elevated on a neck, . and no epiphyses are visible.

The

subscapularis muscle probably attached to the flat proximal surface of
the greater tuberosity, the medial or internal corner of which is broken.
The surface of the tuberosity is elevated above the level of the head.
The distal end of the shaft is faintly concave.
The mid part of the shaft is divided into inner (medial) and outer
(external, lateral) surfaces by the wide deltoid crest, to which the
deltoideus muscle attached.

The supraspinatus muscle probably was

attached to the flat proximal end of the crest.

External to the crest

is a long, deep groove which is probably the fossa for the infraspinatus
muscle.
Internal view (Figs 86, 342)
The deltoid crest is elevated markedly above the anterior profile.
On the distal end of the shaft, profiles of the radial and ulnar facets
are seen, and that of the olecranon facet extends on to the posterior
face.

Above the olecranon facet, the longissimus dorsi muscle probably

attached to the flat midpoint of the posterior face.

The internal and

posterior faces of the greater tuberosity are broken.

Anteriorly, the

foss~

for the supraspinatus muscle presents a concave profile.

Posterior view (Figs 82, 340)
The posterior of the head and greater tuberosity is broken.
Distally, the olecranon facet extends a short distance up the shaft
and, above and internal to this, lies a poorly defined elongate fossa
for the insertion of the latissimus dorsi.

A small protuberance on

the external profile of the shaft indicates the probable lower limit
of the external fossa of the latissimus dorsi.
External view (Figs 85, 341)
Anterior to the head lies the proximal end of the vertical narrow
fossa for the infraspinatus muscle, which terminates distally adjacent
to the most elevated portion of the deltoid crest.

Posterior to this
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fossa is a probable insertion of the latissimus dorsi.

The irregularly

outlined fossa for insertion of the deltoideus lies just above the
radial and ulnar facets in the midpoint of the shaft.
Distal view (Figs 84, 344)
The radial and ulnar facets, which join each other at a lateral
ridge, constitute the end of the shaft.
laterally.

The shaft is flattened

Anteriorly, the radial facet profile is rounded, while

posteriorly, the ulnar facet profile is indented at its junction with
the olecranon facet.

The ventral faces of the head, deltoid crest, and

greater tuberosity are visible.
Proximal view (Figs 85, 343)
The head is constricted anteriorly by the proximal end of the
infraspinatus muscle fossa.

The positions of the subscapularis,

mastohumeralis, and supraspinatus muscle insertions are visible, and
there is no deep groove between the head and the greater tuberosity.
DISCUSSION
The affinities of Phocaenopsis mantelli are uncertain.

The only

other nominal species of Phocaenopsis described, P. scheynensis du Bus,
1872, and P. cornutus du Bus, 1872, were reassigned by Abel (1905a) to
the genera Acrodelphis and Pithanodelphis, respectively.

They almost

certainly are not related to Phocaenopsis mantelli, and need not be
considered further.
an odontocete.

However, there is no doubt that Phocaenopsis is

The type humerus is dissimilar in proportions and gross

morphology to those of Archaeoceti and Mysticeti (Kellogg 1931, 1936,
Mchedlidze 1970, 1976) but is very similar to those of Qdontoceti (see
Abel 1931:

Fig. 7, Kellogg 1931).

It is probable that Phocaenopsis is not related closely to Phocaena
or the Phocaenidae.

When Huxley compared the type humerus of

Phocaenopsis mantelli with that of the recent porpoise Phocaena, he did
not necessarily imply any close relationship between them.
(1859a:

677):

He stated

"While it presents certain resemblances to the humerus

of Phocaena, ... the fossil bone differs widely from it, and still more
from the same bone in any other genus of Cetacea [Balaena, Balaenoptera,
Delphinus, Orca, Hyperoodon, Monodon] with which I have been able to
compare it".

In view of the fact that Huxley had for comparison humeri

from only seven extant genera, it is not surprising that he could not
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assign the type humerus to family.

Certainly, later authors

misinterpreted Huxley when they assigned Phocaenopsis to the
Phocaenidae.
One can only speculate on the affinities of Phocaenopsis.

The

Squalodontoidea constituted a dominant group of odontocetes from the
Mid Oligocene to Mid Miocene, so Phocaenopsis might be compared with
squalodonts.

However, there are few squalodont humeri known.

For

example, in his list of squalodont type collections, Kellogg (1923a)
did not list any humeri.

In later literature, squalodont humeri rarely

are described or illustrated, probably because little taxonomic
importance appears to have been attached to them.

The humerus of the

Australian Prosqualodon davidis (see Flynn 1948) has an anterior profile
different from that of Phocaenopsis, while that of Phoberodon Cabrera,
1926, an Early Miocene South American form, is much larger than but is
otherwise similar to Phocaenopsis.

Other (largely unstudied) odontocete

taxa were present in the New Zealand region during the Early Miocene
(section 6), and the similarity of the Phocaenopsis humerus with that
of Eurhinodelphis (see Kellogg 1925c:

Plate 12) indicates that these

non-squalodonts also must be considered.
Unfortunately, so little is known about the taxonomic value of
humeri that, even if the Phocaenopsis humerus appeared identical to an
identified taxon, it is not certain what relationship this would
indicate.
(e.g.

Furthermore, it seems that in some modern odontocetes

Phocaena~

see Abel 1931:

Fig. 7) there is wide intraspecific

variation in humerus morphology which suggests that humeri may be of
little taxonomic utility.

until recently, considerable taxonomic

importance was attached to single cetacean skeletal elements,
particularly post-cranial elements, with little regard to the degree
to which morphology reflects ontogenetic processes.

The work of Kellogg

(e.g. his papers of 1931, in which isolated odontocete humeri were
informally described, and 1968a, in which it was demonstrated that many
early type specimens of fossil Cetacea were based on inadequate and
undiagnostic remains) and others has emphasised the need for a more
cautious approach to the description of isolated elements than was taken
by Huxley.
Because of a lack of both information about the taxonomically
significant features of humeri and of comparative material, it is
impossible to reach a conclusion about the taxonomic position of
Phocaenopsis.

Although probably it cannot be claimed that the

P. mantelli humerus possesses any generically diagnostic features, a
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lack of material which would elucidate its relationships means that the
species cannot be either rejected or assigned to a family.
left as Odontoceti incertae sedis.

It is best

The name Phocaenopsis mantelli

should be used with caution until such time as its relationships can
be established better.
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5.16. MANDIBLE OF A HIOCENE ZIPHIID (ODONTOCETI:

ZIPHIIDAE)

FROH CENTRAL CHATHAM. RISE, EAST OF NEW ZEALAND*
INTRODUCTION
Fossil cetacean bones are a minor, but widely distributed,
component of the superficial "remanie" phosphorite gravels that form
the sea floor on parts of central Chatham Rise.

Although an occasional

bone element may be anatomically identifiable, most are fragmented and
worn, and hence taxonomically indeterminate.

However, a single cetacean

bone recently recovered from Chatham Rise is sufficiently well preserved
to permit its identification as a mandible of the first fossil ziphiid
whale to be described from the New Zealand region.
TAXONOMY
Suborder ODONTOCETI Flower, 1867
Superfamily ZIPHIOIDEA Fraser & Purves, 1960b
Family ZIPHIIDAE Gray, 1865
Genus and species indet.
COLLECTION DATA
Specimen:

the anterior symphysial portion of a mandible in which the

rami are ankylosed.
Collection number and repository:
Collector and date:
Locality:

N854, NZOI.

unknown.

at a depth of 394 m, at NZOI Station N854, Chatham Rise,

550 km east of Christchurch.

0

0

Grid reference 43 32.1'S, 179 32'E

(no NZMS 260 or NZMS 1 series available).
Horizon and age:

un-named phosphorite gravel, New Zealand stage

unknown, late Middle or Late Miocene.
N.Z. fossil record number:

none assigned.

*Footnote: this section was prepared in association with
Dr D.J. Cullen, NZOI. Dr Cullen was responsible for the information
presented in the general description, the description and discussion
of post-mortem pitting, and the discussion of the age of the bone.
I prepared the anatomical description, discussion of relationships,
and discussion of significance.
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Comment
There is no direct evidence as to the age of the bone, as
is to be expected of material derived from a remanie deposit.
Phosphatisation of sediments often has been shown to be diagnetic
and penecontemporaneous, and it is assumed that the phosphatisation
of the bone was contemporaneous with that of the associated phosphorite
nodules.

There is no evidence to refute the assumption that the bone

is of similar age or slightly older than the nodules.
The time of phosphatisation of the nodules (and the bone) was
probably late Middle Miocene or Late Miocene, after deposition of the
Lower Miocene and lower Middle Miocene limestones of which they are
formed (D.J. Cullen, pers. comm.), but before their impregnation and
coating by glauconite very late in the Miocene or early in the Pliocene.
The latter date is based upon the radiometric age of 5-10 M.y. for the
granular glauconite on Chatham Rise (Cullen 1967).

Direct uranium-

isotope dating of the phosphatisation is ruled out, as this method is
applicable only to material less than about 800000 years old.
DESCRIPTION
General
The bone (Figs 334-338) comprises the anterior symphysial portion
of a mandible, in which the rami are ankylosed firmly.
is longer than the left.

The right ramus

The bone is worn and pitted by postmortem

structures (described later), and no undoubted original external surface
is identifiable.

Megascopic and microscopic features are preserved well

despite phosphatisation and wear.

The bone weighs 406 g and is 210mm

long, 43 mm wide, and 43 mm high.

Its density (2.80), brownish

colouration, and glossy, somewhat resinous surface lustre, give an
indication of the extent of phosphatisation.

Its mottled colour

generally approximates to light brown (5YR 6/4) (Goddard et ale 1975),
with olive-black (5Y 2/1) glauconite filling crevices and impregnating
surfaces that cut across the fibrous texture.
Dorsal view (Figs 334, 336)
The mandible is narrow and elongate, with roughly parallel sides
and no unequivocal evidence of posterior divergence of the two rami.
The midline of the mandible is prominently depressed ventrally, so that
the transverse and longitudinal profiles are concave.

A pair of large
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anterior sockets is bounded posteriorly by prominently elevated ridges
which run posteroexternally from the midline.

Behind the tooth sockets,

the position of the symphysis is marked by a longitudinal groove of
width and depth c. 2 rom.
Each of the large, concave, anterior alveoli faces anterodorsally
and externally.

The two alveoli are separated posterointernally by a

thin septum which marks the position of the mandibular symphysis, and
which was probably worn away further anteriorly.

There is no evidence

of elevated walls anterior or external to the alveoli.

Anteriorly, the

floor of the sockets is raised irregularly, and appears to have been
formed of porous bone.

From each alveolus, an alveolar or dentary

groove runs posteroexternally, then posteriorly, parallel to the edge
of each ramus.

There is no evidence that these grooves were

conspicuously open in life, or that teeth were situated in them.

Just

behind the anterior alveoli, the grooves are 10 rom - 15 rom wide, but
30 rom further posteriorly they diminish to a width of about 3 rom.

The

positions of vascular and nerve foramina within the sockets and grooves
are apparent in Figs 336 and 337.
Lateral view (Fig. 338)
The dorsal and ventral faces are roughly parallel, and the mandible
is curved gently concave dorsally.

The anterior tip is the most

elevated portion, and the elevated region between the posterior of the
two large alveoli is prominent.

The narrow alveolar groove is visible

in places where its lateral external wall is broken away and, on the
left side, a vascular canal opens anteriorly and dorsally from an origin
in the alveolar groove.

The two anterior sockets appear concave

anterodorsally.
Anterior view (Fig. 337)
The cross-sectional profile is like that of a boat:

the dorsal

surface is slightly concave, the dorsal half of the lateral surface is
almost vertical, and the ventral portion is inclined internally.

The

ventral profile is rounded, and the position of the symphysis is marked
by an elongate groove of depth and width 2 rom or more.

Ventral to the

level of the floor of the anterior alveoli are three pairs of foramina
which open anteriorly on either side of the symphysis.

In each

alveolus, one large foramen opens on the ventral floor and two others
open higher up on the posterior wall.
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Post-mortem pitting
The surface of the bone is pitted with smooth, oval, concave
depressions, of dimensions c. 10 rom x c. 15 rom x up to 8 rom deep.
The long axes of the depressions tend to parallel each other,
perpendicular to the long axis of the bone.

Sometimes depressions

are partly coalesced in the direction of their longer axes.

The bone

surface within the depressions appears less glossy than on other faces.
The arrangement of the depressions is asymmetric:

those on the left

side are closer spaced and deeper than those on the right.
DISCUSSION
RELATIONSHIPS
The presence of a single pair of teeth at the anterior of the
mandible, of a pair of reduced but persistent longitudinally elongate
alveolar grooves, and of two dense rami ankylosed at a long symphysis
are characteristic of Ziphiidae.

Unfortunately, it is difficult to

determine the generic relationships of isolated bone fragments such as
this, for the taxonomy (particularly the generic position) and the
age- and sex-related morphology of some modern species are not well
understood (e.g. Moore 1968).

Similarly the taxonomic relationships of

many fossil forms are uncertain (Mead 1975b) because taxa were erected
on isolated elements often not comparable with each other, and perhaps
because the influence of age- and sex-related variation in morphology
is not understood.

Even so, it is worth briefly comparing the bone

with modern and fossil ziphiid genera.
Six genera of extant ziphiids are recognised.

Berardius generally

possesses two pairs of laterally-compressed mandibular teeth:

a large

apical pair, which sit in shallow alveoli, is separated by a short
diastema from a smaller pair which lie towards the posterior of the
symphysis.

Occasionally there may be more than four teeth, and the

two rami do not ankylose in old age (Kirino 1956, McCann 1975, Moore
1968).

The mandible of Hyperoodon has been described as parallel-sided

with a relatively long ankylosed symphysis (e.g. H.

planifrons~

McCann

1961) or with gently diverging external edges of the mandible and nonankylosed rami (e.g. H. ampullatus; Mitchell & Kozicki 1975, Moore 1968).
The single pair of teeth sits in deep alveoli at the tip of the mandible.

Indopacetus has a mandible with a long symphysis, gently diverging
external edges, and a single pair of teeth in oval, apical alveoli
(Longman 1926, Moore 1968).

The mandible of Mesoplodon similarly is
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not parallel-sided, and the symphysis is short and deep.

In three

species, the single prominent pair of teeth is apical, while in all
other species the teeth sit at the level of the posterior of the
symphysis.

The teeth are always laterally compressed and the sockets

deep (Moore 1968).

Tasmacetus Oliver, 1937, differs from all other

ziphiid genera in the presence of over 20 pairs of mandibular teeth,
of which one pair of large anterior teeth is separated by a short
diastema from the more posterior teeth.

The posterior teeth sit on

prominent buttresses in a wide shallow alveolar groove, while the
anterior teeth sit in shallow sockets.

The symphysis is long and

ankylosed, and the edges of the mandible diverge gently posteriorly
(personal observations).
diverging rami.

Ziphius has a short symphysis and prominently-

There is only one pair of teeth, at the anterior of the

mandible in the adult, and these sit in conspicuous oval alveoli which
open posteroexternally into narrow alveolar grooves.
The present specimen differs from Berardius and Tasmacetus in that
it possessed only one pair of teeth.
the four other extant genera.
the mandibular profile.

In this feature, it is similar to

However, it differs from Indopacetus in

Ziphius and some species of Mesoplodon have

teeth at the extreme tip of the mandible, but in all, the rami are not
parallel, the symphysis is short, and the alveoli deep, while other
species of Mesoplodon have laterally-compressed, further-posteriorly
situated teeth.

The present specimen is most similar to Hyperoodon

planifrons (see McCann 1961) in its parallel-sided rami and single
shallow pair of anterior sockets.
Unfortunately, fossil ziphiids have never been reviewed in detail,
but Mead (1975b) provided a useful short summary of them.

He noted that

there were two main groups, one of which encompassed five genera (Mead
1975b:

748, stated six genera, but listed five) of primitive ziphiids

known from skulls and jaws with unreduced dentitions, and apparently
related to squa1odonts:

Cetorhynchus, Incacetus, Notocetus,

Paleoziphius, and Squalodelphis.

The other fossil group includes nine

more-modern genera with a reduced dentition, of which only one genus,
Anoplonassa Cope, 1895 (True 1907b) is based on a mandible and hence is
directly comparable with the present specimen.
The apparent reduced dentition of the specimen is a "modern"
(specialised, apomorph) feature, and obviates the necessity for
comparison with the primitive, multiple-toothed, squalodont-1ike forms.
The present specimen differs from Anoplonassa, the only fossil ziphiid
of "modern" appearance described from a mandible in, for example, its

357
non spatulate apex of the mandible (dorsal view), and the more prominent
junction of the alveolar canal with the posteroexternal corners of the
anterior alveoli.

In view of the spocimen's wear, the absence of other

easily accessible information on fossil mandibles, and the similarity
to Hypsroodon, it seems not worthwhile to pursue the relationships in
any further detail.
POST-MORTEM PITTING
The precise nature of the origin of the post-mortem pi-tting on this
and other Chatham Rise bones is unknown.

It may have arisen chemically

by solution-pitting, or by a selective abrasion process (analogous in
action, but not rate, to sand-blasting) during prolonged exposure on the
sea floor.

A phase of subaerial exposure of the phosphorite deposits on

Chatham Rise, following Plio-Pleistocene uplift, has been postulated by
Pasho (1976), so the possibility of subaerial weathering causing the
pitting of the bone cannot be excluded.

However, purely inorganic

chemical and abrasive erqsional processes would be expected to create
depressions preferentially aligned parallel to the fibrous texture of
the bone, rather than perpendicular to it.

This raises the possibility

that the depressions result from the boring activities of lithophagous
benthic organisms, although variations in the shapes and sizes of the
depressions are difficult to explain without invoking some ancillary
modification by physico-chemical agencies.

Remains of fossil or recent

organisms capable of excavating the depressions in the bone, however,
are unknown in the associated deposits.

On the other hand, tubular

burrows of undoubted organic origin, but differing in form from the
depressions in the bone, are a not-uncommon feature of the associated
phosphorite nodules (Pasho 1976:

14), in ,which they post-date

lithification but are older than the glauconitisation.
SIGNIFICANCE OF SPECIMEN
The described New Zealand fossil Cetacea comprise 13 nominal
species and three specimens not assigned to taxon, all of Oligocene
or Early Miocene age, and all apparently representatives of extinct
gr0Ups:

Archaeoceti, Cetotheriidae, and Squalodontoidea (section 4.4) .

Occasional incidental reference has been made to younger fossil finds
which apparently. represent modern taxa (e.g. "Tursiops"; weston et al.
1973:

595), but the record of these forms is largely undocumented.

The present specimen is the first fossil ziphiid (a more modern taxon
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than those listed above) recorded from New Zealand or its adjacent
continental shelf regions.

The recognition of this group is to be

expected in view of the presence of Ziphiidae in modern New Zealand
waters (e.g. Baker 1972, Gaskin 1968), the globally widespread
distribution of ziphiid fossils, e.g. Australia (G1aessner 1947,
McCoy 1882), South America (Colbert 1944, True 1910), and Britain
(OWen 1889), and their common occurrence in seafloor deposits (Eastman
1906).
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5.17.

A TOOTH OF AFF. ORCINUS (ODONTOCETI:

DELPHINOIDEA)

FROM THE EARLY PLEISTOCENE, MOTUNAU, NORTH CANTERBURY
INTRODUCTION
The only fossil Delphinidae previously recorded from New Zealand
are "Tursiops" (GS 11170, NZGS; weston et al. 1973) and Delphinus sp.
(Specimen 4384, WM; F.M. Climo, pers. corom.).

This section, which

documents briefly the morphology and stratigraphy of a single incomplete
tooth, presents evidence of the presence in preglacial New Zealand of
another genus of Delphinidae (aff. Orcinus) recorded in modern New
Zealand waters.
TAXONOMY
Suborder ODONTOCETI Flower, 1867
Superfamily DELPHINOIDEA Flower, 1864
Family DELPHINIDAE Gray, 1821
aff. Orcinus Fitzinger, 1860
COLLECTION DATA
Specimen:

a conical tooth with a broken root and a fractured crown

(Figs 90, 91, 383).
Collection number and repository:
Collector and date:
Locality:

M.A. Bradshaw, March 1974.

about 300 m east of the mouth of the Motunau River, Motunau,

North Cant'erbury.
S69:

ZMT 76, CM.

410140.

Horizon and age:

Grid reference NZMS 260 N34:

See Wilson 1963:

167952; NZMS 1

Map No.1.

debris flow within Greta Siltstone (= Greta mudstone) ,

Nukumaruan, Early Pleistocene.

There is no matrix attached to the

tooth, but recent studies of the geology of the locality give some
idea as to the tooth's age.

Lewis (1976) described a series of

subaqueous debris flows of Early Pleistocene (Nukurnaruan) age
which crop out for about 700 m east and northeast of the mouth of
the Motunau River.
different ages:

Fossils found in the debris flows are of two

some occur in the often-dolomitised, hard

lithoclasts of Greta mudstone which predate the debris flows (my
Figs 538, 539), while others, which are preserved separately in
the soft matrix of the flows (not in clasts) are contemporaneous

FIG. 87.

Partly-prepared rostrum and mandibles of platanistoid (?) ,

ZMT 39, left lateral view.
FIG. 88.

Rostrum of platanistoid (?) , ZMT 39, posterior cross-section.

FIG. 89.

Mandible of platanistoid (?) , ZMT 39, posterior cross-section.

FIG. 90.

Anterior tooth of cf. Orcinus, ZMT 76, anterolingual view.

FIG. 9l.

Anterior tooth of cf. Orcinus, ZMT 76, posterolingual view.
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with the flows.

The latter type of fossil is easily recognised by

its soft enclosing matrix and absence of chemical replacement,
while the former type is clast-enclosed, generally carbonatereplaced or infilled, and often darker.

Preservation of the tooth

is more compatible with flow-contemporaneous, Nukumaruan, age,
See also Fleming (in Fleming 1959c:

than with an older age.

115),

Gregg (1964) and Wilson (1963).
N.Z. fossil record number:

N34/f4.

DESCRIPTION
The tooth (Figs 90,91, 383), which is probably the anterior-most
right mandibular tooth (see later discussion) is peglike, with a conical
crown.

The crown is covered with grey to yellow-brown, unornamented

thin enamel, which is longitudinally fractured and missing at the tip
to reveal underlying dentine.

The root is of similar diameter to the

crown, and on all but the lingual face is faintly waisted just below the
crown.

It is covered with red-brown, finely rugose thin cementum,

underlain by smoothly-fractured dentine.

The root is broken distally.

In buccal view, the posterior face of the crown is only slightly
convex, and is continuous basally with the flat posterior face of the
root.

The anterior face of the crown is markedly more convex than the

posterior, and the root, although broken, also seems to have been
convex.

In anterior view, the crown axis is markedly concave lingually.

The buccal face is convex, and continuous basally with the straight face
of the root, while the lingual face is concave and succeeded basally by
the slightly convex face of the root.

In an occlusal view, the bucco-

lingual crown- and root-diameter exceeds the anteroposterior diameter,
and the flattened posterior face of the crown and root is obvious.
There is no evidence of diagenetic compression of the tooth.

A tiny

axial pulp canal, which lies buccal to the centre of the tooth, is
visible in the broken cross-section of the root.
DISCUSSION
AFFINITIES
The proportions of the tooth indicate that it represents a
delphinoid, rather than a physeteroid, ziphioid, monodontoid or
platanistoid.

A comparison of the specimen with teeth of extant

Delphinoidea (in NMNZ) indicated that it is similar to those of four
genera, all of which have relatively large, stout, conical-crowned,
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slightly flattened teeth.

Globiocephala (Ma 1614) teeth were very

finely longitudinally ornamented, unlike the fossil.

The crowns were

more curved than ZMT 76, but the roots were similarly flattened.
Isolated Globiocephala teeth (REF 110) do not possess as flattened a
crown as does the fossil.
larger than ZMT 76.

Teeth of Pseudorca (Ma 1113) were markedly

Indistinct, fine, rugose ornament was present,

and the buccal face was not as markedly curved as the fossil.
apex was much sharper.

The crown

One specimen of Grampus (Ma 3) had only three

relatively small teeth, with stubby, worn crowns and flattened roots, at
the anterior of the mandible.

Specimen Ma 1694 had stubby smooth crowns,

relatively smaller and shorter than ZMT 76.

All but the most anterior

teeth of Orcinus (Ma 719) were larger than the fossil.

They are

flattened, almost slightly concave, on the posterior face of the root
and crown, as is the fossil.

The most anterior lower right tooth was

similar in size and proportions to ZMT 76, and differed only in its
relatively less convex anterior and buccal faces, and more concave
lingual face.
Other Cetacea for which skeletal material could not be examined
must be considered in relation to the fossil.

The teeth of Feresa were

stated by Gray (1874) to be almost as big as those of Orcinus, but
measurements of Feresa teeth presented by Fraser (1960:
that the teeth average about half the size of ZMT 76.

705) indicate
Yamada's (1954:

Fig. 8) figures indicate that Feresa teeth are more slender and recurved
than ZMT 76.

Similarly, Peponocephala electra has teeth which are

markedly smaller than, and not as stout as, that of the fossil (Dawbin
et al. 1970:

Figs 8, 11).

The similarity of ZMT 76 with the teeth of

Orcinus indicates that it is most likely related to that genus.
SIGNIFICANCE
Documentation of the affinities and stratigraphic records of even
quite poorly preserved preglacial fossil representatives of the modern
cetacean fauna is worthwhile, for it can given an idea of possible
faunal changes during the Pleistocene glaciation.

Davies (1963)

discussed the effects of the glaciation on cetacean speciation.

He

concluded that warm equatorial waters, which now enforce antitropical
distribution patterns in Cetacea, underwent glacially-induced reduction
during the Pleistocene.

It is uncertain if antitropical distributions

were maintained before then, but certainly north-south exchange of
populations was possible during the Pleistocene.

Subsequent postglacial

re-establishment of a warmwater tropical barrier segregated populations,
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reinforced antitropica1 distributions, and probably led to speciation.

Orcinus currently has a cosmopolitan distribution which includes
New Zealand (Baker 1972, Gaskin 1968, Oliver 1922) and apparently is
known from the Pliocene and Pleistocene of Europe and East Asia
(Dechaseaux 1961, Romer 1966, Simpson 1945).

This record indicates the

apparent presence of Orcinus in New Zealand during the Early Pleistocene.
Further material will be needed before the generic identity can be
confirmed and preglacial distribution discussed.
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5. 18. A PRELIMINARY S'I'tTnY OF THE IJATE OIJIGOCENE MYSTICETE
GENUS MAUICE'l'US BENHAH,

1939

(HYSTICETI:

AND OTHER EARLY OLIGOCENE NEW ZEALAND

CETOTHERIIDAE)

EARLY M.IOCENE

.r-~STICETI

INTRODUCTION
The Oligocene has been cited widely as a time of low cetacean
taxonomic diversity (Lipps & Mitchell 1976, Romer 1966, Orr & Faulhaber
1975).

However, it appears that this may be a misinterpretation.

For

example, Kellogg (1969) summarised both his own earlier opinions and
those of others when he stated that the discovery of additional
mysticete skulls of

Oligocene age would furnish a much more

authoritative basis for speculation about the Oligocene history of
mysticetes.

He noted that the Late Oligocene cetothere, Cetotheriopsis,

and three Early Miocene mysticetes, Morenocetus parvus, "Plesiocetus"
dyticus, and Aglaocetus moreni all have relatively advanced, remodelled
skulls which suggest a complex but unrecorded Oligocene history.

That

the Oligocene was an important time in the evolution of both mysticetes
and odontocetes has been stressed also by Barnes (1977), Rothausen
(1968a, 1971) and Whitmore & Sanders (1977).

Barnes noted that,

although the diversity of Late Oligocene western North American Cetacea
is low, this may be explained by a real paucity of taxa due to lack of
extensive immigration by Cetacea into the North Pacific in the Oligocene.
Probably it does not reflect a low phylogenetic diversity, as Early
Miocene forms from this area are already diverse and well differentiated.
A low taxonomic diversity in the Oligocene may have been the case in the
Northern Hemisphere, but probably not in Austral regions.

I have drawn

attention to the relatively diverse New Zealand Oligocene fauna, and
have suggested that the Southwest Pacific may have been a focal point
for cetacean eVolution during the Oligocene (Fordyce 1977a, 1977b,
1977c) .
A New Zealand cetacean genus, Mauicetus, provides some clues as to
the direction of mysticete evolution during the Oligocene, but often
has been ignored or misinterpreted.

For example, Lipps & Mitchell

(l976), in an analysis of Tertiary diversity changes in Cetacea, did
not mention the Mid-Late Oligocene Mauicetus spp. from New Zealand.
Uncertainty about the age of Mauicetus undoubtedly is a factor which
has contributed to its obscurity.

Benham (1937a) and Romer (1945)
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cited a Late Oligocene age, while Simpson (1945), Kellogg (1956),
and Romer (1966) cited Early Miocene, and it is these latter three
authorities who are quoted most often.

It is uncertain why Marples's

(1956) and Savage IS (1967) reference to a "Lower" (actually Mid)
Oligocene age for some species of Mauicetus have been ignored.
Finally, much blame for the uncertainty about the identity of Mauicetus
must rest with Benham.

In his original description of Lophocephalus

parki Benham, 1937a, a new genus and species of Late Oligocene
"zeuglodont archaeocete", and in his later revision (Benham 1942) of
Mauicetus parki, he referred to that taxon elements of 14 or more
individuals which may represent as many as nine species of mysticete
and odontocete.

Benham's treatment of Mauicetus must have led many

workers to question the basis of the taxonomy of Marples's (1956) three
new species from the New Zealand Oligocene.
AIM
The aim of this section is to reappraise the Oligocene genus
Mauicetus and to outline its relationship to other New Zealand Oligocene
and Early Miocene mysticetes.

This is only a preliminary study, for

some specimens have not been excavated fully (e.g. Ma 1668, NMNZ), the
time and facilities have not been available to prepare some (e.g. Ma
1665, Ma 1667, NMNZ; ZMT 67, eM), and some specimens which previously
were described incompletely only just have been rediscovered (e.g.
Ma 649, Ma 651, NMNZ).

Once more specimens have been collected, and

all material has been prepared fully, a more detailed study of New
Zealand's Mid Tertiary mysticetes will be possible.

The present section

should at least form a guideline for future studies.
FORMAT
The descriptive portion may be divided informally into two parts.
The first presents summarised collection data (given in more detail in
section 4.4) and redescriptions for type and referred specimens of
previously-described New Zealand fossil mysticetes:

the four nominal

species of Mauicetus - M. parki, M. lophocephalus, M. waitakiensis,
and M. brevicollis.

As will be seen from the review of previous work

(which precedes the descriptive section), Benham referred (in the
literature) to M. parki a total of 10 identifiable specimens, and
Marples referred two individuals to M. lophocephalus.
species are known only from the holotypes.

The other two

Of these four nominal

species, the description of elements of M. parki is presented in some
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TABLE 22.

Sequence, collection number, repository, and previous nominal
identification of specimens described and discussed in
section 5.18.

Specimen

Number and Repository

Nominal identification

1

au

Mauicetus parki holotype

2

C.75.26, OM

M. parki paratype

3

C.34.8, OM

M. parki paratype

4

C.77.18, OM

M. parki paratype

5

C.09.5, OM

M. parki paratype

6

C.77.20, OM

M. parki paratype

7

C.77.15, OM

M. parki paratype

8

Ma 649, NMNZ

M. parki referred specimen

9

Ma 651, NMNZ

M. parki referred specimen

10

C76.737.6, SM

M. parki referred specimen

11

C.77.13, OM

Lophocephalus referred specimen

12

C. 77 . 14, OM

Lophocephalus referred specimen

13

C.62.1, OM

M. lophocephalus holotype

14

C.78.1, OM

M. lophocephalus referred specimen

15

C.62.2, OM

M. waitakiensis holotype

16

C.62.3, OM

M. brevicollis holotype

17

C.78.2, OM

18

21

au
au
au
au

22

ZMT 67, CM

23

REF 1

24

REF 2

25

REF 36

26

REF 109

27

REF III

28

Ma 650, NMNZ

29

Ma 652, NMNZ

30

Ma 1667, NMNZ

31

Ma 1668, NMNZ

32

Ma 1809, NMNZ

33

GS 3738, NZGS

19
20

11573, UODG

6840, UODG
11523 &

au

11526, UODG
11571, UODG

11538, UODG
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detail, as this species is the type-species of the genus.

Marples's

species are treated more briefly, as his descriptions were more
informative than those of Benham and considerable work is required to
reprepare some of his specimens (which have deteriorated since 1956)
before detailed descriptions can be provided.

The second part of the

descriptive section presents collection data and brief descriptions of
Mid Tertiary New Zealand mysticetes not described in the literature.
Incidental reference has been made in print to some of these specimens.
The sequence in which these specimens is presented is outlined in
Table 22.
The discussion also is broken into two parts, the first of which
discusses similarities and differences between comparative elements
(e.g. skulls) of the different New Zealand specimens.

Then, secondly,

each individual as a whole is compared with the other New Zealand
specimens and, particularly, with other described Mid Tertiary
mysticetes.

PREVIOUS WORK
In order that the significance of New Zealand studies may be seen
in comparison with work done elsewhere, a detailed annotated
bibliography of New Zealand work on Mid Tertiary mysticetes, together
with summaries of the more important overseas papers, is presented
below.

Articles are listed chronologically as to year, and

alphabetically within the year.

While the list is comprehensive for

New Zealand, certainly it will not contain all foreign work.
BIBLIOGRAPHY
1871 - Brandt.

Erected new mysticete genus Cetotheriopsis for the skull

of Balaenodon lintianus Meyer, 1849, from the Late Oligocene of
Austria.
1881 - Hector.

Discovery of the holotype [Ma 306, NMNZ] of a new genus

and species of archaeocete, Kekenodon onamata [to which other·
specimens from the type locality subsequently were referred (see
McKay l882a, l882b) but which later were shown to be mysticetes
(see Benham 1942)].

Mentidned skull of mysticete allied to

Balaenoptera from the "middle miocene" on the West Coast
[Ma 248, NMNZ].
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- Judd.

Described briefly vertebra of "Lower Oligocene" cetacean

from Hampshire [see Seeley 1881] •
- Seeley.

Description of Balaenoptera juddi, n.sp., based on

incomplete vertebra discussed by Judd (1881).
1882 - McKay l882a.

Noted specimens apparently of Kekenodon onamata

at Wharekuri as follows (p. 68):
1.

"Amidst a pile of debris (which probably represented an
entire head) portions of a lower jaw ..• with teeth .•• "
[Holotype of Kekenodon onamata Hector, 1881; McKay's
(1882b) "No.1"; Ma 306, NMNZ].

2.

"Close to these remains vertebral centra were observed
which probably belonged to the same individual.

These were

planed down by the action of the river .•• " [McKay's (1882b)
"No. 18"; Benham's (1937c) "No.2" (?); referred by Benham
(1942) to Mauicetus parki; Ma 649, NMNZ].
3.

"In other localities •.• indications of an entire skeleton
were observed ••. " [McKay's (1882b) "No.3"; see also Hector
1894; Ma 650, NMNZ].

- McKay 1882b.

Presented further details of apparent Kekenodon

onamata specimens as follow (p. 104):
1.

"No.1:

..• teeth, skull fragments, tympanic bones, atlas,

fragments of ribs ... " [Ho1otype, Ma 306, NMNZ].
2.

"Close to the above ••. No. 18, principa11y ••. cauda1
vertebrae" [Benham's (1937c) "No. 2"(?), referred by Benham
(1942) to Mauicetus parki; Ma 649, NMNZ].

3.

"No.3 •.. a nearly entire specimen, 23 feet in length,
sustained damage during its carriage to Wellington ..•
Most of the more important bones have, however, escaped
with but trifling damage" [see also Hector 1894; Ma 650,
NMNZ] •

4.

"No. 4 comprised fragments of the skull with tympanic bones,
but no teeth, both scapulas, sternum, numerous vertebrae
(including atlas and axis), ribs etc." [Benham's (1937c)
"No.4", referred by Benham (1942) to Mauicetus parki;
Ma 651, NMNZ].

5.

"No.5:

Axis, cervical vertebrae, and ribs" [Ma 652, NMNZ].

6.

"part of the skull and lower jaws of a young individua1. •. "
[the ho1otype of Microcetus hectori Benham, 1935b; Ma 653,
NMNZ].
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1883 - Van Beneden.

Established a new genus of nominal mysticete,

Pachycetus, with two new species, based on incomplete vertebrae
from the "Mid Oligocene" of Germany [= archaeocete; see Kuhn
1935, Rothausen 1971].
1887 - Lydekker l887a.

Generic position of Balaenoptera juddi Seeley,

1881, based on a vertebra from the "Upper Eocene (Lower
Oligocene)" is dubious (p. 41).
1891 - Flower & Lydekker.

"A caudal vertebra from the upper Eocene of

Hampshire [holotype of Balaenoptera juddi Seeley, 1881] ... does
not afford sufficient evidence to prove the existence of the
genus at that date." (p. 245).
- Hector.

A specimen apparentlY,of Kekenodon onamata found "two

or three hundred yards" distant from the type-locality at
Wharekuri "was a perfect example, save that the jaws contained
no teeth .•• unfortunately [the skeleton] suffered serious damage
in transit to Wellington" (p. 120) [almost certainly this is
Mckay's (1882b:

104) "No.3"; Ma 650, NMNZ].

1894 - Lydekker l894a.

Mentioned "the nearly entire skull of a small

baleen-whale, which, from the evidence of the tympanic bone,

r have assigned to the European Tertiary genus Cetotherium ... "
from Patagonia (p. 124) [see Lydekker l894b] •
- Lydekker 1894b.

Described a new species, Cetotherium moreni,

based on a skull and tympanic bulla from the Patagonian marine
formation at Chubut.

Age:

Eocene?, no later than Miocene

[see also Kellogg (1934a), who based the new genus Aglaocetus
on this species].
1906 - Andrew.

Reported (pp. 471, 482; Plate 4, Figs 2a, 2b) the

"lower jaw" or "dentary" of a "Balaenid" whale from the "Milburn
Company's Phosphate Workings", Milburn, South Otago.

Almost

certainly the specimen came from the Waitakian (Late Oligocene)
Milburn Limestone.

The specimen does not appear to have been

curated in an institution, and the published figures give no
guide as to its affinities.
1923 - rHller.

Defined "telescoping" of the cetacean skull, and

diagnosed different suborders and families (including Mysticeti
and Cetotheriidae) in terms of it.
1924 - Kellogg 1924b.

The two species of Mid Oligocene Pachycetus are

known poorly (p. 759).

Queried why so few Oligocene marine

371
mammals are known, and observed that the apparent dwindling
is difficult to interpret.

Careful search for more remains

is needed (p. 760).
1925 - Kellogg 1925b.
of cetotheres.

Brief review of origins and taxonomy
Telescoping important in taxonomy.

Cetotheres, established by Late Oligocene, not derived
from Patriocetus stock.
1926 - Cabrera.

Reviewed Cetotherium moreni Lydekker, 1894, and

reassigned it to Plesiocetus [translation not available] .
1928 - Kellogg.

Pachycetus listed as a Mid Oligocene cetothere,

Cetotheriopsis as Late Oligocene, and Cetotheriopsis, Cetotherium
and Plesiocetus auct. as Early Miocene (p. 35).

Review of

cetotheres noted telescoping well developed by Late Oligocene,
and Oligocene a time of radiation, although record poor.
1931 - Kellogg.

Reviewed and discussed diagnostic features of

cetotheres and balaenopterids, and listed (in some cases,
designated) their genotypes.

Oligocene and Early Miocene

genera listed are Pachycetus, Cetotheriopsis, and Palaeobalaena.
1934 - Kellogg 1934a.

New genus Aglaocetus (Fig. 26, herein) proposed

for Cetotherium moreni Lydekker, l894b, from the Patagonian
Early Miocene.

Although this genus is early and primitive, the

triangular supraoccipital is thrust well forward and only a
short sagittal crest is formed by parietals.

Reviewed three

groups of cetotheres (Cetotherium rathkii, Plesiocetus, and
Heterocetus groups) proposed by Cabrera.
1935 - Kuhn.

Type-specimens (incomplete vertebrae) of the "Mid

Oligocene" apparent mysticete genus, Pachycetus Van Beneden,
are archaeocete vertebrae.
1936 - Kellogg.

Redescribed and figured the holotype of Kekenodon

onamata Hector, 1881.

Assigned also to that species McKay's

(1882b) specimens "No. 18, No.3, No.4, No.5" [all mysticetes] •
Did not mention Pachycetus.

Referred the supposed "Oligocene"

mysticete, "Balaenoptera" juddi Seeley, 1881 (q.v.) to Zygorhiza.
1937 - Benham 1937a.

Described a nominal new genus and species of

"zeuglodont archaeocete", Lophocephalus parki, from New Zealand.
The "new genus is founded on ••• two skulls" (p. 1), of which
Benham stated "As the larger cranium [is] .•• more complete than
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the smaller one, I take it as the type of the genus" (p. 2).
Material described is as follows:
1.

The larger skull, from "the Milburn or the Clarendon Quarry
of ••. about the Upper Oligocene" (pp. 1-3, Figs 1, 2, 3)
[subsequently referred to as Ita portion of a skull",
Benham 1939; and as "Skull An, Benham 1942; OU 11573,
UODG] •

2.

The smaller skull, from "the Milburn or the Clarendon
Quarry of ..• about the Upper Oligocene" (pp. 1-3)
[subsequently referred to as "Skull B", Benham 1942;
C. 75.26, OM].

Benham prefixed the other descriptions in this paper with the
statement "In addition to these crania there are certain other
bones which I attribute to the species" (p. 3):
3.

A "premaxilla" (pp. 3-4) [C.34.8, OM].

4.

A mandible, possibly from Clarendon (pp. 4-5, Figs 4,
4a) [C.77.18, OM].

5.

A caudal vertebra from the "Milton Limestone" (p. 5)
[C. 09 .5, OM].

6.

"Three cases" of caudal vertebrae from Waimate (p. 5)
[C.77.20, OM], of which he stated "We may, I think, safely
identify them as belonging -to Lophocephalus ... "

7.

" • .. two pieces [of broken bone from Waimate] which fit
together and are, I believe, parts of the mandible of
this genus" (p. 5) [C.77.l5, OM].

8.

Four blocks containing teeth, from Waimate (pp. 6-7)
[ C. 77 . 23, OM],.

9.

Three blocks, "A, B, C", containing teeth, from Clarendon
(pp. 5-7, Figs 5-7) [stilisequently referred to Squalodon
andrewi Benham, 1942; C.77.22, OM].

10.

A worn cheek-tooth [in part, C.77.21, OM], described and
figured by Andrew (1906:

456, 482; Plate 4, Fig. Ie) as

"Squalodon grateloupi(?) Pedroni", was "attributed to the
same whale [Lophocephalus]" (p. 7).
- Benham 1937b.

Confirmed his opinion (of 1973a:

tooth of Andrew's (1906:

7) that the

Plate 4) Fig. Ie was that of

Lophocephalus, not Prosqualodon (p. 11).
- Benham 1937c.

Described two specimens apparently of Kekenodon

onamata collected from Wharekuri by McKay, and numbered "2"
[= McKay's (1882b) "No. l8"?] and "4" [McKay's (1882b) "No.4"]:
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1.

Of "No.2" [Ma 649, NMNZ) , Benham described the atlas
(pp. 16-17, Figs 1, 2), axis (p. 17, Figs 3, 4), humerus
(p. 18), scapula (p. 18, Fig. 6), ribs (po 18), sternum
(p. 19), and pelvis (p. 19).

2.

Of "No.4" [Ma 651, NMNZ] he described the thoracic and
cervical vertebrae (pp. 17-18, Fig. 5), sternum (p. 19,
Figs 8,9), pelvis (p. 19, Fig. 7), and ribs (p. 18).

Later, both these specimens were referred to Mauicetus parki
(see Benham 1942).
1939 - Benham.
a skull

Proposed new generic name Mauicetus for the "portion of

lou 11573, UODG] of an extinct whale found in the Upper

Oligocene of New Zealand" which, in 1937, had been named
Lophocephalus (preoccupied).

1942 - Benham:
1.

Redescribed the skulls formerly attributed to the
"archaeocete" Lophocephalus parki Benham, 1937a as those
of the mysticete Mauicetu5 parki.
the larger skull, "Skull A"

Discussed and figured

lou 11573, UODG] (pp. 260-263,

Fig. 1) and the smaller skull, "Skull B" [C.75.26, OM]
(pp. 264-265, Fig. 2).

Speculated that differences between

the skulls could reflect either different growth stages of
the one species, or two different species.

Dismissed

Kellogg's comments that Aglaocetus and Mauicetus are
similar.
2.

with reference to his 1937c article on the specimens of
"Kekenodon onamata", observed that the atlas and axis of

"No.2" [Ma 649, NMNZ] are those of a cetothere, and stated
"the bones described and figured by me in 1937 belong, not
to Kekenodon, but to Mauicetus parki" (p. 267).
3.

Described a new species, Squalodon andrewi, to encompass
some of the teeth referred previously to Lophocephalus parki.
Specifically mentioned were the tooth figured by Andrew
(1906) [in part, C.77.21, OM] and the teeth from Clarendon
[C.77.22, OM].

The teeth from Waimate [C.77.23, OM] were

not mentioned, but because Benham (1937a) earlier regarded
them as conspecific both with the Clarendon teeth and
Andrew's tooth, and nowhere later dismissed this
relationship, they must be considered as referred specimens
of S. andrewi.

See sections 4.4, 5.9.
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4.

Referred to Mauicetus parki a mysticete found in the "Lower
Miocene" limestone at Balfour, Southland, in. 1938.

Most of

the skeleton was not recovered, but palate bones, rostral
fragments, parts of the mandibles, and a tympanic bulla
[in part, C76.737.6, SM] were discussed and figured
(pp. 268-270, Figs 3-6).
1943 - Kellogg.

Similarity of supraoccipitals of Mauicetus parki and

Aglaocetus moreni suggests close relationship, and M. parki may
be of Early Miocene age (p. 450).
1945 - Romer.

Cited.Mauicetus. from New Zealand, as the only Oligocene

mysticete (p. 624).
- Simpson.

Listed early mysticete genera as Pachycetus (Mid

Oligocene), Cetotheriopsis (Late Oligocene), and Aglaocetus
and Mauicetus (Early Miocene) (p. 104).
1946 - Marples.

Vertebrate fauna of the Maerewhenua Greensand

(Duntroonian, Mid-Late Oligocene) includes whalebone whales
(p. 133).

1949 - Marples 1949a.

Figured skull of large cetothere in Duntroonian

greensand of North Otago [later described as the holotype of
Mauicetus lophocephalus Marples, 1956; C.62.1, OM] (p. 106) and
noted that new finds of Mauicetus in "Lower" Oligocene greensands
at Duntroon may represent more than one species (p. 107).
1955 - Glaessner.

Briefly described a skull of "Aglaocetus sp. nov.",

apparently the first cetothere recorded from Australia (my Fig.
25).

Benham's arguments against Kellogg's speculation that

Mauicetus is similar to Aglaocetus do not carry much weight.
1956 - Kellogg.
1.

Cited ages of New Zealand mysticetes as follow:

Mauicetus parki skull from Milburn or Clarendon, Waitakian
or "lower Lower Miocene" [= skulls "A" and "B" of Benham
1942] .

2.

Cetotheriidae indet. from Wharekuri, Waitaki Valley
[= "Kekenodon onamata" of Benham 1937c, and Mauicetus parki

of Benham 1942 (presumably Ma 649 and Ma 651, NMNZ)],
Duntroonian, or "lower Lower Miocene".
3.

Cetacean indet., caudal vertebrae, from Waimate
[= Lophocephalus parki of Benham 1937a, presumably

C. 77. 20, OM], Dun troonian or "lower Lower Miocene".
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Marples.

Described three new species of Mauicetus, based on

four specimens from the vicinity of Duntroon, North otago:
1.

Mauicetus lophocephalus:
a.

Holotype, "Specimen 1", includes skull and earbones,
Duntroonian (pp. 565-580, Figs 1-3, Plates lA, lB)
[ C. 62 . 1, OM].

b.

Referred specimen, "Specimen 4", an incomplete
bulla of unspecified age (p. 570) [C.78.1, OM].

2.

Mauicetus waitakiensis:

holotype, "Specimen 2",

includes part skull and earbones, Duntroonian
(pp. 565-580, Fig. 3) [C.62.2, OM].
3.

Mauicetus brevicollis:

holotype, "Specimen 3", includes

vertebrae, Waitakian (pp. 565-580, Figs 4-6) [C.62.3, OM].
1957 - Gage.

Defined Kokoamu Greensand and Otekaike Limestone

Formations of North Otago, from whence came many Oligocene
mysticetes [see Marples 1956].
1959 - Benson in Fleming 1959c:

67-68.

Mauicetus parki [?OU 6840,

UODG] occurs locally in the waitakian-Otaian Caversham Sandstone,
Otago (pp. 67-68) [see also Benson 1968].
- Gage in Fleming 1959c:

178-179.

Review of Kokoamu

Greensand from which Marples (1956) obtained Mauicetus spp.
- Gage in Fleming 1959c:

480-481.

Reviews of Wharekuri Greensand

(a lateral equivalent of the Kokoamu Greensand) and Wharekuri
Series, from whence McKay (1882a, 1882b) obtained the holotype
and referred specimens of Kekenodon onamata.
- Marwick in Fleming 1959c:

173.

Review of Kekenodon beds,

from whence Kekenodon onamata was obtained.
- Thenius.

Brief discussion of New Zealand fossil Cetacea,

including Mauicetus parkin
1961 - Dechaseaux.

Mauicetus, from the New Zealand Early Oligocene,

is the most ancient mysticete.
1966 - Emlong.

A new Late Oligocene genus, Aetiocetus, placed in

a new archaeocete family, Aetiocetidae, has a primitively
telescoped mysticete-like skull, with a broad toothed rostrum.
- Romer.

Listed Pachycetus (Mid Oligocene) as the oldest

mysticete, and cited an Early Miocene age for Mauicetus.
Included the Patriocetidae (Patriocetus) in the Mysticeti.
1967 - Savage.

The earliest mysticetes are the "Lower" Oligocene

species Mauicetus parki, M. lophocephalus, M. waitakiensis,
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and M. brevicollis, "all from the Duntroonian Fm. [sic],
N. Otago, New Zealand".
1968 - Benson.

Reprint, in part, of Benson in Fleming 1959c:

- Kellogg 1968c.

67-68.

Description of a new species of Aglaocetus

(formerly known only from Austral specimens), A. patulus,
from the Miq Miocene of Eastern North America.
- Trofimov & Gromova.

Cetotheriidae include Pachycetus (Mid

Oligocene), Cetotheriopsis (Late Oligocene - Early Miocene) ,
Aglaocetus (Early Miocene), and Mauicetus (Early Miocene).
- Van Valen.

Aetiocetus transferred to the Mysticeti from the

Archaeoceti.

External nares of Mauicetus and other primitive

genera transitional between archaeocetes and modern Cetacea.
1969 - Kellogg.

Brief review of poorly known Oligocene mysticete fauna.

By the Late Oligocene, cetotheres (e.g. Cetotheriopsis) already
were quite advanced, and in the Early Miocene at least three
types of telescoping were established for which antecedents
unknown.

Aetiocetus reflects the ancestral skull architecture

but is not on main line of evolution.
1970 - Mchedlidze.

Review of fossil Cetacea notes skull of Mauicetus

lophocephalus is very primitive.

Two new genera of

"Patriocetidae", Mirocetus and Ferecetotherium, erected
[transferred to the Aetiocetidae by Mchedlidze 1976] •
1971 - Rothausen.

Described new species of Late Oligocene genus

Cetotheriopsis, C. tobieni.

Confirmed Kuhn's (1935) statement

that type vertebrae of Pachycetus are those of· archaeocetes,
and noted the oldest-known representative of the Mysticeti is
Mauicetus.
1973 - Keyes.

Placed the four described species of New Zealand

My~ticeti

(Mauicetus spp., Duntroonian-Waitakian) in the Cetotheriidae.
Listed some type material, type-localities, repositories, and
ages.
1975 - Orr & Faulhaber.

Described vertebrae of Aetiocetus cf.

cotylalveus from the Late Oligocene - Early Miocene, Western
North America.

Speculated that during the Oligocene, cetacean

and plankton diversity decreased in response to temperature
increases.
1976 - Gaskin.

First cetotheres appear in New Zealand region in Mid

Oligocene (p. 264).

Speculated on relationship of whale
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evolution to paleoclimatic changes.
- Lipps & Mitchell.

Expanded Orr & Faulhaber's (1975)

observations on cetacean and phytoplankton diversity
decreases during the Oligocene.

Listed the first Mysticeti

as Late Oligocene Aetiocetidae and Cetotheriidae, but made
no mention of New Zealand Mid Oligocene Mauicetus spp.
- Mchedlidze.

Redescribed Mirocetus Mchedlidze, 1970,

and Ferecetotherium Mchedlidze, 1970, as Aetiocetidae.
1977 - Barnes.

Primitive mysticete, Aetiocetus, present in

North Pacific but no cetotheres present, during Oligocene.
Early Miocene Western North American Cetacea include
cetotheres.
- Fordyce 1977a.

The earliest-known mysticetes are

Mauicetus spp. from the New Zealand Mid Oligocene.
Mysticete evolution probably induced by plankton productivity
changes associated with the establishment of the CircumA~tarctic

Current during the Mid Oligocene, and New Zealand a

focal point for this evolution.
- Fordyce 1977b.

Early Oligocene (Whaingaroan) mysticetes

[REF 1, REF 2] recorded from New Zealand.
- Fordyce 1977c.

New Zealand Duntroonian cetacean fauna

suggests rapid evolution of mysticetes at this time.
- Ray.

Brief outline of Late Oligocene Cetacea

(including mysticetes) from Oregon, Western North America.
- Whitmore & Sanders.

Mid Oligocene Cetacea include

two "unmistakable" Mysticeti from New Zealand:
Mauicetus lophocephalus, with a typically cetotheriid
rostrum but primitive intertemporal region, and mysticete
mandibles [Ma 1668, NMNZ] excavated by F.M. Climo.
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TAXONOMY
Suborder MYSTICETI Flower, 1864
Family CETOTHERIIDAE Cabrera, 1926
Mauicetus Benham, 1939
Lophocephalus parki Benham, 1937a
COLLECTION DATA, SPECIMEN 1
Holotype:

an incomplete skull and left periotic, "the larger cranium"

of Benham (1937a:

1-3, Figs 1, 2) subsequently referred to as

"a portion of a skulL .• " (Benham 1939) and as "Skull A" (Benham
1942:

260-265, Fig. 1).

Collection number and repository:
Collector and date:
Locality:

OU 11573, UODG.

collector unknown, collected before 1937.

probably Milburn or Clarendon, South Otago.

assigned grid reference of Milburn Quarry:
NZMS 1 S172:

727475.

Arbitrarily

NZMS 260 H45:

775560;

Benham stated that there was no record of

the actual locality at which the skull was found, but that it
probably came from either the Milburn or Clarendon Quarry (1937a:
1).

See McKellar 1966.

Horizon and age:

probably the Milburn Limestone, Waitakian,

Late Oligocene.
N.Z. fossil record number:

H45/f5.

DESCRIPTION

Skull (Figs 92, 93, 97, 424-428)
The skull is incomplete.

Its anterior and lateral extremities are

lost, and only the parietals, part of the frontals, parts of the
squamosals, the supraoccipital, and part of the basicranium are
1)ref~erved.

present.

Part of the internal edges of the temporal fossae are
The skull is crushed, as is shown by displacement of the

olfactory tracts to the left of the midline (anterior view) .
Interpretation is difficult also because the bone is weathered, sutures
are broken or crushed, and there is little contrast between bone and
matrix.
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Dorsal view (Figs 92, 97, 424)
The large, heavy frontals are exposed prominently in front of
the parietals.

They are broken anteriorly and laterally.

There is

no undoubted evidence of the supraorbital processes but, at what is
presumed to be their posterior, the frontals are depressed gently from
the midline and have a gently-curved lateral profile.

The sagittal

crest seen further posteriorly does not persist forward on to the
frontals, but temporal crests probably ran forward dorsally from either
side of the midline on to the supraorbital processes and thence outwards
laterally.

The frontoparietal suture is preserved incompletely, but

appears to extend laterally outwards on either side of the vertex for
about 20 rom, at which point it is depressed abruptly posteriorly for
about 35 rom.

Then it continues an irregular course outwards towards

the edges of the temporal fossae.
The parietals are prominent on the dorsal surface between the
frontals and supraoccipital.

The median part of the parietals is thrust

forward into the hind face of the frontals.
midline but are not fused completely.

The parietals meet in the

They form a short (c. 90 rom long)

sagittal crest in the intertemporal region, and the skull cross-section
here is roughly triangular.

Dorsally, the parietals are gently convex,

and perhaps this reflects the posterior limits of the temporal crests.
Further ventrally (at the anterior), and posteriorly for the whole of
their preserved length, the parietals are gently concave.

They form

part of the lateral walls of the braincase, and contact the external
edges of the supraoccipital at the lambdoid crests.

Further posteriorly,

where the lateral walls of the braincase are lost, the natural endocast
of the brain bulges outwards prominently on both sides, and it is very
likely that the parietals also bulged outwards here.

The alisphenoid,

if exposed, probably lay near here on the posterointernal wall of the
temporal fossa.

The relationship of the parietals to the squamosals

cannot be determined

acc~rately,

squamosal sutures have been lost.

as surface details of the parietoThe squarnosals are preserved at the

vosteroexternal corners of the skull adjacent to the exposed braincast.
The incomplete supraoccipital forms much of the dorsal surface.
It is triangular, and thrust forward so that its anterior is almost
horizontal.

It is longer than wide, and its apex, formed by anteriorly-

converging walls, does not reach forward as far as the frontal but is
succeeded by the short sagittal crest formed by the parietals.

The

relationship of the apex to other skull structures is uncertain, but
probably it was thrust well forward of the hind borders of the temporal

380

fossae.

The supraoccipital contacts the parietals (and squamosals?)

at the lambdoid crests, which are not elevated markedly.

Consequently,

the anterior cross-section of the supraoccipital is only slightly
concave.

Postriorly, the crests become more elevated (especially where

they start to

~urve

outwards) and the profile more concave.

Before the

level of the foramen magnum, the crests curve outwards markedly and
presumably curved forwards on to the zygomatic processes.

A low median

ridge is present on the anterior half of the shield, and the bone is
depressed indistinctly on either side of this.
steepens.

Posteriorly, the shield

The two condyles form the most posteriorly-preserved part of

the occipital complex, and are preserved poorly.

Dorsally and

externally they are set off indistinctly from the supraoccipital.
They are well separated dorsally by a wide, shallow notch which forms
the dorsal lip of the foramen magnum.

Ventrally, the condyles are

closer and separated by a smaller notch, so that the ventral profile of
the foramen is visible from above.

Details of the exoccipitals are not

preserved.
Ventral view (Figs 93, 425)
Anteriorly, a concave median depression from which much bone has
been lost probably was occupied by the vomer, which contacted the
basisphenoid posteriorly.
here.

No elements can be identified positively

On either side of the midline depression lie the natural casts

of the optic(?) tracts, which are surrounded by the thin bone of the
frontal(?).

Further posteriorly, in the midline, the most anteriorly-

preserved remnant of median ventral surface bone identifiable is the
basioccipital.
the vomer.

This may have been overriden anteriorly and ventrally by

Externally, the basioccipital formerly was covered by the

thin internal portion of the posterior of the pterygoids, although only
part of the left pterygoid is preserved.

This extends back to just in

front of the thickened, nodular, lateral processes of the basioccipital.
On the left side, the thin posteroexternal part of the presumed
pterygoid forms the ventroexternal wall of the elongate pterygoid fossa.,.
from the posterior of which was removed the incomplete left

pe~iotic.

Posteroexternally, the thickened squamosal forms part of the wall of the
.'terygoid fossa, and here was attached the external face of the anterior
~rocess

of the periotic.

The posterior process of the periotic, which

probably lay between the squamosal and exoccipital, already was lost.
Behind the level of the pterygoid fossa, the nodular lateral processes
of the basioccipital are prominent, and yet further posteriorly are the

FIG. 92.

Skull of Mauicetus parki,

Traced from Fig. 424.
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11573 (holotype), dorsal view.

= 200

rom.

FIG. 93.

Skull of M. parki,

FIG. 94.

Skull of aff. Mauicetus, C.75.26 (= paratype of M. parki), dorsal

view.
FIG. 95.

11573, ventral view.

Traced from Fig. 425.

Traced from Fig. 433.
Skull of aff. Mauicetus, REF 111, dorsal view.

Fig. 496.
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FIG. 96.

Reconstructed skull of "Mauicetus" lophocephalus, dorsal view,

after Marples 1956:

Fig. lc, and based also on Marples 1956:

Plate

lA, lB.
FIG. 97.

Reconstructed skull of Mauicetus parki, OU 11573, dorsal view.

Based on Fig. 92.
FIG. 98.

Reconstructed skull of aff. Mauicetus, REF Ill, dorsal view.

Based on Fig. 95.
FIG. 99.

Reconstructed skull of aff. Mauicetus, C.75.26, dorsal view.

Based on Fig. 94.
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condyles.
Anterior view (Fig. 427)
Because weathering has lessened contrast between the bones it is
difficult to interpret different features.

The fused frontals slope

down gently from the roundeq dorsal apex.

The suture between the two

frontals is apparent.

No undoubted evidence is seen of telescoping

back of the nasals into the frontals.

Ventral to the frontals, and

displaced to the (morphological) left by diagenetic compression, are
the two olfactory tracts.

Only their semicircular dorsal boundaries

are distinct, and much of the surrounding bone is amorphous.
larger presumed optic tracts lie further externally.

The much

The ventral floor

below these probably is formed by the frontals, and the vomer(?) lies
ventrally and medially.
Lateral view (Fig. 426)
This adds relatively little to details seen in dorsal view.

The

skull deepens posteriorly, and the frontals form the lowest part of
the vertex.

Posteriorly, the sagittal crest rises gently, then the

vertex becomes more or less horizontal at the lambdoid crests.
then depressed abruptly to the condyles.

It is

Ventrally, the lateral margins

of the skull are destroyed, and are uninformative.

The anteriorly-

trending horizontal right trigeminal(?) tract is exposed.

It is bounded

posteriorly by the thickened squamosal which, in turn, is underlain
ventrally by a thin lateral extension of the basioccipital.

On the left

side these structures are obscured by the thin external portion of the
posterior of the (?)pterygoid.

The natural cast of the dorsally and

laterally expanded vascularised cerebellar region is exposed on both
left and right sides.

On the left side, the massive acoustic peduncle

extends downwards from the base of the cerebellum.
Posterior view (Fig. 428)
The concave profile of the posterior of the supraoccipital is
emphasised by the elevated lambdoid crests.

The lateral parts of the

cerebellar region, visible where the parietals have worn away, reach
dorsally above the level of the most ventral part of the adjacent
supraoccipital.

The lateral walls of the skull are inclined ventrally

and externally.

The basicranial profile, formed by the basioccipital

and its lateral crests, is concave.

The foramen magnum is wider than
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deep (38 mm x c. 72 mm).

The reniform condyles have a dorsal profile

more rounded than the ventral.
Left Periotic
Dorsal view (Fig. 432)
The anterior process is elongate, flattened, keeled, and wedgeshaped.

Both faces are slightly convex, and the keel is highly

vascularised.

Its profile is not interrupted posteriorly by either the

groove for the tensor tympani or the hiatus epitympanicus, as neither
extend to the dorsal surface, so the concave internal profile is more
or less continuous with that of the pars cochlearis and the external
with .that of the superior process.
The pars cochlearis is short, expanded laterally, and rounded.
The anterointernal angle is not prominent, while the posterointernal
angle is developed better.

The profile of the posterior face is lost.

The anterointerna1 part Of the pars coch1earis, adjacent to the meatus,
is depressed externally.

The internal aperture for the Fallopian

aqueduct opens in front of the metaus, and was separated from the meatus
by a ridge which reached the dorsal surface of the pars coch1earis.

Its

aperture is incomplete but was probably about 10 mm long and 5 mm wide.
The meatus is almost circular:
deep.

5.4 mm long., 4.5 mm wide, and over 6 mm

It does not markedly narrow basally.

from the more posterior apertures.

It is separated by a ridge

The apertures for the aquaeductus

cochleae and ductus endolymphaticus do not have a common opening.

The

latter is elongate laterally.
The superior process is not separated distinctly from the rest of
the body.

All of the external anteroposterior keel of the body is

heavily vascularised.

The body is depressed in the midline.

ventral view (Figs 429, 430)
The fovea epitubaria (occupied partly by the anterior pedicle for
fusion with the bulla) and hiatus epitympanicus are prominent.

The

elevated anterior of the fossa for the head of the malleus is not
succeeded anteriorly by a depression at the base of the anterior process.
It is bounded indistinctly anteriorly, externally, and posteriorly, and
is gently concave.
body is broken.

The fossa incudis is lost.

There is no evidence of a raised, elongate, dorsal apex

of the superior process.
externally.

Further posteriorly, the

The stapedial muscle fossa is broken

Its internal face extends up the external wall of the
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pars cochlearis, and the fossa probably was deeply concave.
dorsally to the level of the fenestra ovalis.

It reaches

The Fallopian aqueduct

is large, and the fenestra ovalis is anterointernally elongate and
depressed dorsally.

The surface of the pars cochle'aris is rounded and

not ornamented obviously.

The fenestra rotunda is not prominent.

Internal view (Fig. 431)
The periotic is dorsoventrally deepest at the posterior of the
anterior process.

The groove for the tensor tympani is much less

distinct dorsally than ventrally, and widens, eventually to become lost,.
The external depression on the dorsal part of the internal face of the
pars cochlearis is prominent.

Dorsally, the lip of the superior process

is not elevated greatly, and is depressed posteriorly.
concave, and heavy vascularisation is prominent.

The body is

Posterior structures

are not preserved.

Posterior view
The superior process is very convex.

There is no trace of a common

groove between the fenestra rotunda and the aperture for the aquaeductus
cochleae.

Details of the posterior face are lost.

External view
The fovea epitubaria is large, and from this the large hiatus
epitympanicus extends slightly anteriorly and dorsally.

About halfway

across the face it widens too much to be distinguished easily.

The

superior process is smooth and possesses irregular vertical thin grooves.
COLLECTION DATA, SPECIMEN 2
Paratype:

an incomplete skull, the "smaller cranium" of Benham (l937a:

1-3) subsequently referred to as "Skull B" (Benham 1942:

260-265,

Fig. 2).
Collection number and repository:
Collector and date:
Locality:

C.75.26, OM.

collector unknown;

collected before 1937.

probably Milburn or Clarendon, South Otago.

assigned grid reference of Milburn Quarry:
NZMS 1 S172:
Horizon and age:

Arbitrarily

NZMS 260 H45:

775560;

727475.
probably the Milburn Limestone, Waitakian, Late

Oligocene.
N.Z. fossil record number:

H45/f4.

3BB
DESCRIPTION

Skull (Figs 92, 99, 433-436)
Skull B lacks the rostrum and lateral parts of the cranium.

It is

broken into two; a small anterior section of part frontals, left maxilla,
left premaxilla, and vomer, not described by Benham, and the large
posterior part of the frontals, parietals, part squamosal, and part
supraoccipital described by Benham.
Dorsal view (Figs 92, 99, 433)
Anteriorly, the posterior of the left premaxilla is present
medially.

The left nasal may have lain just internal to this but cannot

be identified positively in this view; no undoubted nasopremaxillary
suture can be recognised in dorsal view, although the cross-section of
this region shows what probably is the more ventral part of the nasals
present as the dorsal roof of the olfactory tracts.

The premaxilla

extends back behind the level of the anterior of the frontal, and is
separated from the posterointernal ascending process of the maxillary.
The undulating frontomaxillary suture runs anteroexternally so that
progressively more of the frontal is uncovered anteriorly and externally.
On the right side, the natural cast of the right olfactory tract runs
forward and slightly externally.

It is underlain by a thin, slightly

convex sheet of bone of uncertain identity, probably the vomer.

Some

B5 rum of frontal has been lost between this small anterior section and
the posterior of the skull.
At the front of the larger section, the convex vomer is exposed
ventrally.

The profile of the frontal is gently convex:

depressed gently downwards out from the midline.

it is

There is no evidence

of extension forward of the median dorsal part of the parietals, and the
frontoparietal suture, which is preserved incompletely, zigzags outwards
towards the temporal fossa either side of the midline.

There is no

evidence of temporal crests on the frontals or parietals.

The parietals

are fused at the midline without a suture, and form a c. 95 mm long
sagittal crest between the frontals and supraoccipital.

The crest is

more elevated, and hence more conspicuous, posteriorly.

The inter-

temporal region has a roughly triangular cross-section.

Anteriorly,

the parietals bulge outwards not far down from the crest, so the profile
is concavoconvex, while further back the profile is gently concave.
Behind the level of the apex of the supraoccipital, the parietals form
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the lateral braincase walls.

Both are incomplete here.

They contact

the supraoccipital, without obvious sutures, at the lambdoid crests.
As the braincase walls are incomplete, the relation of the parieta1s
to the a1isphenoids and squamosals cannot be determined.
The triangular supraoccipital is thrust forward.

It is longer

than wide, and the apex is formed by the convergent lambdoid crests.
The lambdoid crest profiles are gently concave outwards on the right
side, and concavoconvex (from back to front), probably diagenetica11y
distorted, on the left side.

The relation to other cranial structures

in terms of degree of telescoping cannot be determined apart from with
the obvious long intertemporal region.

Anteriorly in the midline, the

supraoccipital is depressed, and there is a suggestion of paired
depressions on either side of the midline.

Its lateral profile becomes

more concave posteriorly.
Ventral view
Details of the ventral surface are obscured by matrix.

Remnants

of the pterygoids(?) are present, mostly as natural casts, displaced
from their original positions.
Anterior view (Figs 435, 436)
The broken cross-section through the anteriormost fragment is
uninformative.

The frontal and overlying maxilla are depressed gently

from the midline on the left side.

Matrix obscures other details.

The posterior cross-section (Fig. 436) of this fragment (probably better
described here than elsewhere) shows more:

paired median ventral

olfactory tracts are floored ventrally by the flat thin vomer(?), and
are roofed dorsally by posteroventra1 extensions of the nasa1s(?).
The latter are succeeded externally (at least, on the left) by a
thickened, laterally compressed premaxilla which is exposed dorsally.
This is bounded laterally by the maxilla, also exposed dorsally, and
the frontal, which forms a laterally-extended wedge-shaped shelf.
The anterior view of the larger fragment (Fig. 435) shows little,
as sutures are difficult to distinguish.

The olfactory tracts have

d8,y~ased

in size posteriorly, and the frontals become thicker in the

midline.

The frontals are depressed gently downwards externally.

Lateral (Fig. 434) and posterior views of the specimen add too
little to warrant their description.
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COLLECTION DATA, SPECIMEN 3
Paratype:

a "premaxilla" (Benham 1937a:

Collection number and repository:
Collector and date:
. Locality:

3-4).

C.34.8, OM.

"Mr Casey"; collected in or before 1934 •

"Milburn Lime c9 Quarry", Milburn, South Otago.

reference NZMS 260 H45:
Horizon and age:

775560; NZMS 1 S172:

Grid

727475.

probably the Milburn Limestone, Waitakian,

Late Oligocene.
N.Z. fossil record number:

H45/f26.

DESCRIPTION
This specimen is weathered badly, and much of the thin bone has
flaked off the matrix-filled cavity.

No foramina, vascular canals, or

sutures could be identified undoubtedly.
by Benham (1937a:

The bone was described briefly

3-4) and is preserved too poorly to warrant a figure

or further description.
COMMENT
Benham stated that "there is no incompatibility in regarding this
bone as a premaxilla".

However, because the bone is preserved poorly,

lacks obvious diagnostic features, and no comparative material is
available, it cannot be identified positively either as a premaxilla
or an element of a mysticete.

It cannot be regarded as an element of

Mauicetus parki, and is best referred to as Cetacea indet.

For the

purposes of this section, no further discussion is warranted.
COLLECTION DATA, SPECIMEN 4
Paratype:

a mandible (Benham 1937a:

Collection number and repository:
Collector and date:
Locality:

4-5, Figs 4, 4a).

C.77.l8, OM.

no data, collected before 1937.

probably Milburn, South Otago.

reference of Milburn Quarry:

Arbitrarily assigned grid

NZMS 260 H45:

775560; NZMS 1 S172:

727475.
Horizon and age:

probably the Milburn Limestone, Waitakian,

Late Oligocene.
N.Z. fossil record number:

H45/f23.
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DESCRIPTION
Benham figured the mandible and stated its dimensions (l937a:
Figs 4, 4a) .

4-5,

He did not note that the specimen is a natural limestone

cast, or that the only fragment of original bone present is part of the
inner face of the mandible just above the mandibular foramen.
The specimen (Fig. 439) is 343 rom long, and 156 rom high at the
level of the coronoid process.
22 rom wide.

The broken anterior is 55 rom high and

In lateral view, the ventral edge is gently convex, without

the inflection point figured by Benham about a third of the way back
from the broken anterior.

Behind the level of the coronoid process, the

ventral profile curves upwards then further back at the ventral border
of the condyle.

The cast of the condyle is massive and spherical.

dorsal surface also is gently convex (cf. Benham's Fig. 4).

The

About

115 rom behind the broken anterior, the cast of the coronoid process
rises above the contour of the mandible.

Posteriorly, the profile of

the coronoid process curves rapidly downwards to the condyle.
In anterior view, the mandibular canal is flattened, with a flat
internal face and gently convex external face.

No teeth are present.

The mandibular foramen is not visible on the internal face, and is
obscured by the natural limestone cast of what may be the ventral face
of the supraorbital process.

In posterior view, the more ventral part

of the mandible is bowed convexly outwards, while dorsally the external
face of the coronoid process is gently concave.
concavoconvex.

Thus the profile is

In dorsal view, the cast widens markedly posteriorly,

and its dorsal apex widens where it merges back into the external face
of the coronoid process.
None of the other fragments of bone or natural casts present on
this specimen can be identified because of a lack of comparative
material.
COMMENT
This cast certainly is not that of a mysticete, and hence cannot
be regarded as a specimen of Mauicetus parki.

The high, narrow,

alveolar canal, presumed high mandibular foramen, elongate coronoid
process, and conspicuously bowed-out vertical profile posteriorly
indicate that it is an odontocete.

It is similar in gross shape to the

alveolar canals of modern odontocetes (e.g. Delphinidae, Ziphiidae,
pers.obs.).

Mysticetes have a more oval alveolar canal and a short,

low coronoid process, while the alveolar canal and mandibular foramen

392
of archaeocetes is relatively small and the coronoid process rises
steeply.
A second specimen (C.77.l4, OM) almost identical with and probably
conspecific with C.77.18, OM, also is described herein (specimen 12).
Both specimens suggest an odontocete of large size, for example, a
squalodont such as Phoberodon Cabrera, 1926.

Odontocetes of this size

are known from the New Zealand Waitakian (e.g. C.75.33, OM; section
5.11) but, because of a lack of comparative material these two casts
cannot be identified any more precisely than Odontoceti indet.
COLLECTION DATA, SPECIMEN 5
Paratype:

a thoracic vertebra, identified as a "caudal vertebra" by

Benham (1937a:

5).

Collection number and repository:
Collector and date:
Locality:

"Miss Reid", 1909.

Milburn, South Otago.

of Milburn Quarry:
Horizon and age:

C.09.5, OM.
Arbitrarily assigned grid reference

NZMS 260 H45:

775560; NZMS 1 S172:

727475.

probably the Milburn Limestone, Waitakian,

Late Oligocene.
N.Z. fossil record number:

H45/f24.

DESCRIPTION
All of vertebra C.09.5 (not figured) is weathered, and the
dorsal(?) surface is eroded badly.

Consequently, it cannot be allocated.

It is dorsoventrally compressed (cf. Benham's statement that it is
laterally compressed) and the epiphyses are fused.

The vertebra is too

incomplete to warrant a redescription or figures.
COMMENT
Because it is preserved poorly, and no comparative material is
available, this vertebra cannot be allocated either wit.hin the vertebral
column or to taxon.

As it lacks obvious diagnostic features, obviously

it cannot be referred to Mauicetus parki, and is assigned to the Cetacea
indet.

Its dorsoventral flattening is reminiscent of that of another

isolated, worn, indeterminate vertebra, Ma 1813, NMNZ (M25/f2l).
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COLU.'-;CTION DATA, SPgCIMEN 6
Refer+ed specimen:

"three cases of vertebrae from the caudal region •.• ",

Benham 1937a:

5.

Collection number and repository:

two fractured caudal (?) vertebrae

are catalogued as C.77.20, OM.
Collector and date:
Locality:

J.A. Hurst, in or before 1936.

"Waimate", South Canterbury.

grid reference NZMS 260 J40:

Probably at an old quarry at

503987; NZMS 1 S128:

Waimate Lime Quarry at grid reference NZMS 260 J40:
NZMS 1 S127:
Horizon and age:

552022, or at
496027;

544066.
Arno. Limestone, Waitakian, Late Oligocene.

See Ward & Lewis 1975.
N.Z. fossil record number:

J40/f18.

DESCRIPTION
These two vertebrae (not figured) are incomplete and are
represented mostly as natural casts.

The larger vertebra is 106 rom

long, and was at least 117 rom wide, while the smaller is 66 rom long
and was over 101 rom wide.

Both vertebrae are waisted in the middle,

but otherwise lack further features worthy of note.
COMMENT
Because these vertebrae lack obvious diagnostic features, and
no useful comparative material is available, they cannot be allocated
either within the vertebral column or to taxon. They cannot be regarded
as those of Mauicetus parki, and are best referred to the Cetacea indet.,
as was done by Kellogg (1956).

They are too incomplete to warrant

further discussion.
COLLECTION DATA, SPECIMEN 7
Specimen:

natural cast (with some bone), formerly in two pieces, of

the posterior of a left mandible; labelled "Lophocephalus", and
probably that described by Benham (1937a:

5) as "two pieces

which fit together .•. parts of the mandible ••. ".
Collection number and repository:
Collector and date:
Locality:

C.77.15, OM.

J.A. Hurst, in or before 1936.

"Waimate", South Canterbury.

Exact locality unknown.

Probable localities are Waimate Lime Quarry, grid reference
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NZMS 260 J40:

496027; NZMS 1 S127:

544066, and an old quarry at

NZMS 260 J40:

503987; NZMS 1 S128:

552022.

Horizon and age:

Arno Limestone, Waitakian, Late Oligocene.

See Ward & Lewis 1975.
N.Z. fossil record number:

J40/f19.

DESCRIPTION
This specimen (Figs 437, 438) is mainly the natural cast of a left
mandible alveolar canal with much of the thin (lrom - 2 rom) bone flaked
off.

Both the anterior and posterior of the bone are broken, and the

condyle is lost.

The specimen is 263 rom long and 102 rom high, and the

anterior cross-section is 81 rom

high and 65 rom wide.

In external view, the ventral surface is gently concavoconvex from
back to front.

The dorsal surface is more or less concave anteriorly,

and becomes elevated posteriorly to an indistinct coronoid process.

At

48 rom and III rom from the broken anterior, the bone possess two large
irregular nodules on the. dorsal surface.

The anterior is c. 20 rom long,

and is elevated c. 9 rom above the surrounding bone, while the posterior
is c. 22 rom long and elevated c. 4 rom.
from the surrounding bone.

Neither is separated distinctly

The surface of the mandible external to the

anterior nodule is papillate.

The mandible is higher than wide in

anterior view, and the ventral surface is more rounded than the dorsal.
Most of the bone is lost from the internal face.

The V-shaped

mandibular foramen is seen on the internal face, below the coronoid
process and about 145 rom back from the broken anterior.

In posterior

view, the mandible is higher, more laterally-compressed, and with a
less-convex external face and slightly concave internal face.
coronoid process is rounded.
concave externally.

The

In dorsal view, the mandible is curved

The anterior nodule seen thus is laterally-

compressed and elongate, the second less so.
COLLECTION DATA, SPECIMEN 8
Referred specimen:

left supraorbital process(?), left periotic, left

and right posterior processes of periotics, left stapes, left
tympanic bulla, atlas, axis, five cervical vertebrae, five thoracic
vertebrae, fragments of ribs, one element of sternum, scapula, head
of humerus, ulna "No. 18 ... caudal vertebrae" of McKay (1882b:
104, probably his "vertebral centra .•• planed down" of l882a:
Subsequently referred to Kekenodon onamata by Kellogg (1936:

68).
227)
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and Benham (1937c), and to Mauicetus parki by Benham (1942).
Collection number and repository:
Collector and date:
Locality:

Ma 649, NMNZ.

A. McKay, June - August 1881.

near the type-locality of the holotype of Kekenodon onamata,

near the junction of Wharekuri Creek with the Waitaki River, North
otago.
Sl17:

Approximate grid reference NZMS 260 140:
015180.

Horizon and age:

010122; NZMS 1

See Marwick 1935, and Mutch 1963.

Kekenodon beds, a lateral equivalent of the Kokoamu

Greensand Formation, Duntroonian, Mid Oligocene.
N.Z. fossil record number:

I40/f35A.

DESCRIPTION
Periotic (Figs 440-443)
Dorsal view (Fig. 440)
The anterior process of the left periotic is long, very flat,
keeled, and wedge-shaped, with a slightly-convex external face and flat
internal face.

The region of the groove for the tensor tympani is just

visible at the dorsal surface, as is the hiatus epitympanicus.

The pars

cochlearis is relatively expanded, elongate, and has a moderately
rounded dorsal profile.

Its anterior, internal, and posterior faces are

not separated distinctly by marked anterointernal and posterointernal
angles.

The internal auditory meatus is large, c. 14.5 rom long, c. 8 rom

wide, and c. 16 rom deep.

Especially posteriorly, there is no marked

decrease in width basally.

The internal aperture for the Fallopian

aqueduct is prominent within the meatus, and is separated from the rest
of the meatus by a low rounded ridge.

A second, tiny foramen for the

Fallopian aqueduct which opens ventrally below the level of the pars
cochlearis anteroexternal to the pars cochlearis, is visible in internal
view.

The foramen singulare lies just in front of the anterior of the

tractus spiralus foraminosus, and slightly external to it.

Behindthe

meatus, the apertures for the aquaeductus cochleae and ductus endolymphaticus open separately.

On the body, the superior process is

prominent, flattened and platelike, and extended dorsally.

Its internal

face is dense, flat, and depressed abruptly into a deep groove in the
body.

The anterior of the midpoint of the body is highly vascularised,

but the anterior and superior processes, and the rest of the body are
not.
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ventral view (Fig. 442)
The small hiatus epitympanicus and fovea epitubaria are apparent.
Part of the anterior process (the processus tubarius) of the bulla is
fused at the posterior of the latter.

Behind this lies the elevated

fossa for the head of the malleus which has distinct anterior and
external boundaries, and is markedly concave.
indistinct.

The fossa incudis is

A prominent dorsal apex on the superior process is absent.

Anterior and external to the base of the
grooved deeply.

pos~erior

process, the body is

The fossa for the stapedial muscle is gently concave,

not excavated dorsally to the level of the fenestra ovalis, and does
not extend greatly up the external face of the pars cochlearis.
Probably it did not extend greatly up the face of the posterior process,
either.

The fenestra ovalis is anteroposteriorly elongate and depressed

below the level of the pars cochlearis.
gently depressed.

The surface of the latter is

A distinct anterointernal corner is present on.the

pars cochlearis, and the fenestra rotunda is prominent.
Internal view (Fig. 443)
The groove for the tensor tympani is narrow and not prominent
anteriorly and dorsally.

The internal face of the pars cochlearis is

traversed by an irregular horizontal groove.

Dorsally, the lip of the

superior process is elevated, while the rest of the body internal to
it is deeply concave.

The posterior face is vertical, as the posterior

process arose almost entirely off the posteroventral surface.
Posterior view (Fig. 441)
The vestigial common groove between the fenestra rotunda and
aperture for the aquaeductus cochleae is prominent.

On the posterior

face, two vertical grooves are present either side of the vertical ridge
which, ventrally, is continuous with the base of the posterior process.
To the inside of the ridge, the posterior of the body is not excavated
for an extension of the air sac system.
External view
The fovea epitubaria is small, and the hiatus epitympanicus,
although relatively poorly developed, extends to the dorsal surface.
Posteriorly, the ventral surface of the body is very pitted and
rugose.
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Posterior processes of periotics (Figs 446, 447)
The posterior processes of both periotics are present, but only
that of the left periotic is figured.
uncertain.

The exact orientations are

The processes are elongated and dorsoventrally thickened,

and the dorsoexternal faces are grooved at the suture for contact with
the squamosal.
Tympanic Bulla (Figs 444, 445)
Dorsal view (Fig. 445)
The left bulla lacks the anterior and outer lip.

The internal face

and the remains of the external face are convex, and the posterior is
flat and not medially idented, with a backward-thrust posteroexternal
corner.

The involucrum is low, dorsally flattened anteriorly, and wide.

Its dorsointerna1 face is rounded rather than obliquely flattened.
Adjacent to the involucrum, the eustachian cavity is flat and wide.
The midpoint of the involucrum is creased by a posteroexternal groove
then posteriorly is elevated abruptly dorsally.
width posteriorly.

It expands rapidly in

The tympanic cavity is abruptly depressed

posteriorly, and the vertical cleft is wide and opens, posteriorly and
slightly externally.

The median process appears not to have approached

the internal posterior pedicle.

The external posterior pedicle is

stout, and bounded by a prominent ridge externally.
Ventral view
The indistinct posterointernal lobe is rounded, while the posteroexternal lobe is rounded acutely, and extends posteriorly.

The lobes

are indistinctly separated on the ventral surface by a short, wide,
median groove which does not interrupt the posterior profile.
External or internal view (Fig. 444)
The ventral profile is flat anteriorly and gently concave
posteriorly.

The dorsal end is rounded.

Dorsally, the profile of the

involucrum is convex posteriorly and concave in front of the midpoint.
Posterior view
The indistinct median groove is truncated dorsally by a horizontal
ridge.
wide.

The vertical cleft is wide, and the involucrum is deeper than
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stapes (Fig. 452)
The left stapes was loose in the fenestra ovalis and was removed
easily.

Its footplate is pearshaped and anteroposteriorly elongated.

The posterior end is the widest, and it is thinnest at the sides and
thickened at the ends.

The posterior end is the thickest part of the

plate, which is strongly concave dorsally.

A well developed intercrural

(or stapedial) foramen has an axis oriented laterally and obliquely
ventroexternally.

A thin septum extends ventrally across this from the

dorsal edge of the foramen on the external face.

The anterior crus is

wider anteroposteriorly and more massive than the posterior, but the
posterior crus is wider laterally.

The latter is more or less

perpendicular to the footplate, and has a slightly concave posterior
profile, while the anterior crus converges ventrally towards the
posterior.

The head is flat, and slightly depressed in the midpoint.

An oval fossa, to which the stapedial muscle attached, is sited at the
posterointernal corner of the head, and extends slightly dorsally down
the posterior face of the posterior crus.
Other elements
I was able to examine other elements of this specimen only briefly.
One large piece of bone probably is the left supraorbital process
(Figs 448, 449).

A fragment of sternum (Figs 450, 451) also is

illustrated.
COLLECTION DATA, SPECIMEN 9
Referred specimen:

"skull fragments", left and right periotics, right

tympanic bulla, "atlas", "axis", five cervical vertebrae, five
thoracic vertebrae, ribs, fragment of sternum, "scapulae", distal
end of right humerus, pelvis:

"No.4 •.. fragments of the skull

with tympanic bones, but no teeth, both scapulars, sternum,
numerous vertebrae (including atlas and axis), ribs" referred by
McKay (1882b:

104), Kellogg (1936:

Kekenodon onamata.

227), and Benham (1937c) to

Benham (1942) referred this specimen to

Mauicetus parki.
Collection number and repository:

Ma 651, NMNZ (left and right

periotics, right tympanic bulla, ribs, fragment of sternum, right
humerus); Ma 650, NMNZ (pelvis); Ma 1665, NMNZ (cervical and
thoracic vertebrae).
Collector and date:

A. McKay, June - August 1881.
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Locality:

near the type-locality of the holotype of Kekenodon onamata,

near the junction of Wharekuri Creek with the waitaki River,
North Otago.

Approximate grid reference NZMS 260 140:

NZMS 1 S117:

015180.

Horizon and age:

010122;

See Marwick 1935, l>1utch 1963.

Kekenodon beds, a lateral equivalent of the

Kokoamu Greensand Formation, Duntroonian, Mid Oligocene.
N.Z. fossil record number:

140/f35C.

DESCRIPTION
Periotic (Figs 118, 119, 453-458)
Dorsal view (Figs 119, 454)
These and other observations are based on the more-complete right
periotic.

The anterior process is long, flat, and keeled, with a convex

external face and a flat internal face.

The grooves for the tensor

tympani and hiatus epitympanicus, which bound it respectively posterointernally and posteroexternally, are large.

The pars cochlearis is

elongate, rather than spherical, with a long anteroexternal face, and
flat internal and posterior faces.

The anterointernal part of the

pars cochlearis, adjacent to the meatus, is depressed externally.

The

meatus is longer (c. 9.8 mm) than wide (c. 5.3 mm), and is c. 14 mm
deep.

It does not decrease in width markedly towards its base.

The

internal aperture for the Fallopian aqueduct is separated posteriorly
from the rest of the meatus by a low wide ridge, and the foramen
singulare is situated anteroexternal to the tractus spiralis forarninosus.
The apertures for the ductus endolymphaticus and aquaeductus cochleae
have a laterally-widened common opening, separated from the meatus by a
ridge.

The superior process is prominent, and internal to it the body

is vascularised, particularly just behind the base of the anterior
process.

A large conical depression occupies the midpoint of the body.

Ventral view (Figs 118, 453)
The hiatus epitympanicus and fovea epitubaria are prominent.

Part

of the latter receives the processus tubarius of the anterior pedicle of
the bulla.

The anteriorly-elevated fossa for the head of the malleus is

bounded indistinctly and is only gently concave, and the fossa incudis
lies about level with the hind end of the fenestra ovalis separated by a
thin ridge from the facial nerve canal.

Externally, the dorsal apex of

the superior process is only slightly raised and elongate.
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Anteroexternal to the base of the posterior process, the body is deeply
grooved anteroposteriorly.

The fossa for the stapedial muscle is deeply

concave, and extends on to the walls of both the posterior process .and
the pars cochlearis.

The anterointernally elongate fenestra ovalisis

elongate and depressed below the flat surface of the pars cochlearis,
and the fenestra rotunda is prominent.
Internal view (Fig. 455)
The groove for the tensor tympani widens markedly as it curves
dorsally and forward.

A small foramen, at the more-anterior opening

of the bifurcated Fallopian aqueduct, opens at the anteriormost dorsal
part of the pars cochlearis, just behind the groove for the tensor
tympani and about level with the lip of the meatus.

The externally-

depressed dorsal part of the face of the pars cochlearis is prominent.
Dorsally, the lip of the superior process is not elevated greatly.

The

posterior face has a concave, not vertical, profile, as the posterior
process arises off both it and the ventral surface.
Posterior view (Fig. 456)
The vestige of the common groove between the fenestraxotunda and
the aperture for the aquaeductus cochleae is obvious.

An indistinctly-

excavated fossa on the posterior of the pars cochlearis (bounded
externally by a vertical keel probably continuous ventrally with the
posterior process) probably is a fossa for the extension of the airsac
system.
External view
The hiatus epitympanicus is wide and prominent, and the fovea
epitubaria is large.

The superior process is massive.

Tympanic bulla (Figs 459, 460)
Dorsal view (Fig. 460)
All of the outer lip, much of the floor of the tympanic cavity,
and the anterior of the right bulla are lost.

The bulla is elongate,

:Lh a gently concave internal face and rounded posterointernal corner.
The involucrum is gently rounded dorsally, and not elevated anteriorly.
There is no oblique dorsointernal face.
and gently depressed.

The eustachian cavity is wide,

The involucrum gently increases in width and
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height posteriorly, and the dorsal apex is rounded.

At its midpoint,

the involucrum is prominently creased perpendicular to its long axis.
The internal posterior pedicle is large.

Posteriorly, the tympanic

cavity is gently depressed, and is overhung dorsally by the posterior
half of the involucrum.

No details of the vertical cleft can be

discerned.
Ventral view
Only a trace of the anteroposteriorly-elongate median depression
is present on the posterior half.

The depression does riot extend

dorsally, and the posterior face is convex.

Posteriorly, the

ventrointernal face is flattened obliquely.
External and internal views (Fig. 459)
The ventral profile is gently convex.

The posteriorrnost part of

the involucrum, at the posterointernal angle, is sharply rounded, and
the dorsal surface of the involucrum is gently concave.
Posterior view
The posterointernal part of the involucrum is divided by a
prominent horizontal transverse ridge.

The involucrum is more or

less circular.
COLLECTION DATA, SPECIMEN 10
Referred specimen:

parts of mandibles, natural cast of mandibles,

basicranium, fragments of palate, tympanic bulla, vertebrae
(Benham 1942:

268-270, Figs 3-6).

Collection number and repository:

C76.737.6, SM (contains only distal

end of block figured by Benham 1942:

Fig. 3, and fragments of

palate) .
Collector and date:
Locality:

J.H. Sorensen, October 1938.

"the limestone quarry at Balfour" (Benham 1942:

Southland.
542665.

Grid reference NZMS 260 E44:

268),

688715; NZMS 1 8160:

See Willett 1950, Wood 1966.

Horizon and age:

unnamed limestone, Waitakian (?), Late Oligocene

(Willett 1950:

4).

N.Z. fossil record number:

E44/f5.
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DESCRIPTION
In view of the incompleteness of the specimen, and its unprepared
condition, little can be added to Benham's (1942) description.
The mandibles are long, thin, gently bowed, laterally compressed, and
without any evidence of an open alveolar groove.
mandible was figured by Benham (1942:

A cross-section of

Fig. 5), and shows the position

of the alveolar canal and the closed-over alveolar groove.

The coronoid

process constituted between two and three times the height of the rami
(Benham 1942:

Fig. 3).

The rostrum is more or less flat, and was

relatively narrow, and the few rostral fragments are not worthy of
description.

The "transverse section of the mandible near the anterior

region" illustrated by Benham (1942:
vascularised (pachyostotic).

Fig. 6) is dense and poorly

It lacks traces of an alveolar canal,

and is too compressed to have been a fragment of mandible.

Probably,

it is a fragment of hyoid or rib.
COLLECTION DATA, SPECIMEN 11
Specimen:

a fragment of bone which bears the label
The associated label, written probably

"Lophocephalus".

by Benham, reads:

"Oamaru

Lophocephalus

Kekenodon

[two indecipherable words]".
Collection number and repository:
Collector and date:
Locality:

C.77.l3, OM.

no data.

"Oamaru", North Otago, according to the label.

It is not
The

worthwhile even to assign an arbitrary grid reference.
Oamaru area was mapped by Gage (1957), and Mutch (1963).
Horizon and age:

no data.

No matrix is available to suggest the

horizon of origin.
N.Z. fossil record number:

none assigned.

DESCRIPTION
This is an elongate fragment of bone, over 50 rom long.
triangular cross-section, with a sharp apex.

It has a

The lower surface is

concave, and was in sutural contact with underlying bone.

The bone is

broken laterally.
COMMENT
No element similar to this has been identified amongst specimens
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of New Zealand Tertiary mysticetes.

This fragment is indeterminate:

it cannot even be determined that it is cetacean.

I have mentioned

this previously undescribed bone only because Benham identified it as
"Lophocephalus" •

COLLECTION DATA, SPECIMEN 12
Specimen:

the natural endocast with a few fragments of bone attached,

of the posterior of a left mandible.
Collection number and repository:
Collector and date:
Locality:

C.77.14, OM.

no data.

probably Milburn district, South Otago.

Arbitrarily assigned

the grid reference of Milburn Quarry, NZMS 260 H45:
Sl72:

775560; NZMS 1

727475.

Horizon and age:

probably the Milburn Limestone, Waitakian,

Late Oligocene.
N.Z. fossil record number:

none assigned.

Comment
The cast bears a label, Lophocephalus mandible", in Benham's
writing, but otherwise there is no information as to its origin.
The matrix and preservation of the specimen are identical with those
of specimen C.77.lB, OM, which, according to Benham (l937a:

4), may

have come from Clarendon, South Otago.
DESCRIPTION
The specimen is slightly smaller than but otherwise very similar
in shape to specimen C.77.l8, OM.

In lateral view, the ventral edge is

straight, while the dorsal edge rises gently towards the apex of the
coronoid process (the latter is lost).

In anterior view, the internal

face is roughly flat, while the external is convex with a maximum width
at just below the midpoint.
as wide here.

The alveolar canal is over twice as high

The mandibular canal has a concave posterior opening

(internal view) in front of the level of the coronoid process.

The

external profile is bowed conspicuously (posterior view), while the
external face of the coronoid process is slightly convex.

The other

elements preserved as a natural cast on the internal face of this
specimen cannot be identified.
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COMMENT
This cast is not that of a mysticete, and almost certainly is
closely related (conspecific ?) with specimen C.77.l8, (OM), under
which a discussion of relationships may be found.

I have mentioned

this previously undescribed specimen only because Benham identified
it as "Lophocephalus".
TAXONOMY
Suborder MYSTICETI Flower, 1864
Family ? CETOTHERIIDAE Cabrera, 1926
Genus incertae sedis
Mauicetus lophocephalus Marples, 1956

COLLECTION DATA, SPECIMEN 13
Holotype:

an incomplete skull, two tympanic bullae, a fragment of the

pars cochlearis of right periotic, right mandible, atlas, axis,
seven vertebrae, two scapulae:
Collection number and repository:

Marples's "Specimen 1".
C.62.l, OM (all elements except

one scapula); C.62.4, OM, in part (one scapula); all formerly
D.W.l, UODZ.

The whereabouts of the skull and one scapula is

.unknown.
Collector and date:
Locality:
Otago.

B.J. Marples, 1942.

Kokoamu Cliffs, 3 km north southeast of Duntroon, North
Grid reference NZMS 260 I40:

cited grid reference NZMS 1 S127:

298903.

326941.

Marples (1956)

See Gage 1957:

Geological Map No.2.
Horizon and age:

Kokoamu Greensand Formation, Duntroonian, Mid

Oligocene.
N.Z. fossil record number:

I40/f27.

DESCRIPTION
Skull
As the holotype skull is lost, a full description of it is not
possible.

This abbreviated description is based on Marples's (1956)

Fig. lc and his Plates lA and lB.

The skull also was figured earlier

by Marples (1949a:

106).

Marples presented measurements of the skull

in Table 1 (1956).

He noted that it was preserved poorly and, although

the rostrum was present originally,

thi~

was lost during preparation.
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Only the dorsal surface of the skull was prepared and illustrated,
and nothing is known of the other faces.

Marples stated that Fig. lc

was corrected for distortion, but a comparison of this figure with his
plates leads to some comments about the reconstruction.

For example,

on the plates, the rostrum appears wider at the base and with a more
triangular apex.

Tne median frontal elements may have extended further

posteriorly than shown.

The frontal, especially the portion below and

behind the temporal crests (on the anterior and anterointernal borders
of the temporal fossae) appears not as anteroposteriorly elongate, and
the two halves of the frontal do not appear to have a distinct crest
at the midline.

The frontoparietal suture is relatively more concave-

anteriorly, and situated further posteriorly.

The apex of the

supraoccipital is not as markedly pointed, and the supraoccipital
possesses a median ridge which was not shown.

The lambdoid crests curve

backwards then outwards, then swing round and forwards on to the
zygomatic processes.
Dorsal view (Fig. 96)
The rostrum is wide basally and has a triangular profile.

It

constitutes over half the length of the skull, and is about half as
wide as it is long.

The premaxillaries are long and narrow.

The nasals

constitute about a quarter of the length of the skull, and the narial
fossa lies well anterior.

Together with the premaxillaries, the nasals

are thrust backwards over the median portion of the frontals, so that
at least a quarter of their length lies behind the level of the
preorbital angle, probably at about the level of the orbit.

These

median rostral elements were shown (Fig. lc) to lie well in front of
the temporal crests and temporal fossae, but Marples's Plate IA shows
that they may have extended back as far as the level of the temporal
crests.
The frontals are expanded anteroposteriorly in the intertemporal
region and, consequently, the median rostral elements and parietals are
well separated.

That the frontals do not appear to be overridden by

an anterior extension of the parietals is indicated in Plate lA, but
in the reconstruction (Marples's Fig. lc) the parietals are shown with
a slightly forward-thrust apex.

Apparently, the supraorbital process

slopes downwards gently from the midline.

The temporal crests on the

posterior of the supraorbital processes run backwards to become
continuous with the sagittal crest on the frontals and parietals.
A long narrow intertemporal region is formed by the frontals and
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parietals, which join at the (concave-anteriorly) frontoparietal
suture, some distance in front of the apex of the supraoccipital.
The temporal fossae are longer than wide.

They are bounded

anteriorly and anteroexternally by the frontals, internally by the
parietals and frontals, and posteriorly and posteroexternally by the
parietals and squamosals.

It is uncertain if the alisphenoid was

exposed on the braincase walls.

The zygomatic processes, which bound

the fossa, are shown as bowed outwards, but this may reflect diagenetic
distortion.

The zygomatics extend further forward than the apex of the

supraoccipi tal, but not as far forward as the level of the fronto-..
parietal suture.
The triangular supraoccipital is depressed medially, and possesses
a small redian ridge on its anterior half.

Its edges are elevated and,

together with the parietals, form "sinuous" lambdoid crests which meet
at the apex.

The crests curve back then outwards, to parallel the

posterior borders of the temporal fossae, and probably ran forward
along the inner faces of the zygomatic processes.
condyles are present.
occipital

Large, prominent

The relationship posteriorly of the supra-

with the exoccipitals and squamosals is uncertain.

Mandible (Figs 477, 478)
The holotype mandible was mentioned briefly, but not described by
Marples.

It is a badly crushed right mandible with the anterior lost.

If Marples's estimate of a skull length of 1.50 m is correct, the
mandible could have been about 1.30 m long.

This fragment is 749 rom

long.
External view
The dorsal edge is gently convex, while the ventral is gently
concave.
~t

The depth increases from c. 84 rom at the broken anterior to

least 157 rom at the coronoid process.

There is no evidence that the

coronoid process was elevated markedly above the dorsal edge.

The

condyle is eroded, and appears to have been placed some 35 rom above the
level of the ventral edge.

No mental foramina are obvious.

Posterior view
The condyle appears to have been wider (>50 rom) than high.

Just

in front of the condyle, the ventral edge of the mandible is >75 rom
wide.

The mandibular foramen is >115 rom deep, but its width cannot be
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determined as the internal face has been crushed towards the external.
Further forward, the internal shelf (see below) is present.
Internal view (Fig. 477)
This is dominated by the internally-projecting shelf up to 65 rom
wide, which runs from a position about the mid-depth of the mandible
(about the level of the coronoid process) to a more ventral position
some 250 rom forward.

The broken cross-sections of bone seen during

reconstruction indicate that this shelf is not an artifact of
compression.

No gingival foramina can be seen on the dorsal edge.

Anterior view
The external face is strongly concave, while the internal is
broken.
Dorsal view (Fig. 478)
No evidence of an alveolar groove is seen.
slightly outwards.

The mandible is bowed

Anteriorly, its dorsal apex is rounded, while

posteriorly it thins as it becomes elevated.
Periotic (Figs 473-476)
The pars cochlearis has been broken off the body of the right
periotic along an anteroposterior break, so that only part of the
stapedial muscle fossa, the internal portion of the fenestra ovalis,
none of the groove for the tensor tympani, the internal half of the
aperture for the ductus endolymphaticus, and the internal part of the
internal auditory meatus are present.

The body of the periotic is lost.

Ventral view (Fig. 473)
The pars cochlearis has a rounded profile and rounded apex.
A shallow depression, probably for the internal carotid artery, runs
forward across its dorsal face.

The vertex of the pars cochlearis is

rounded, and is not produced ventroexternally.

The fenestra ovalis

lies about halfway back, and the crenelated depression for the stapedial
muscle lies behind this.

The fenestra rotunda is just visible.

Posterior view (Fig. 475)
The fossa for the stapedial muscle lies no more than 3 rom below
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the surface of the pars cochlearis.

It is not deeply concave,

and is not bounded internally by an elevated wall.

The fenestra

rotunda, on the oblique posterointernal face, is oval, of dimensions
7.2 mm x 3.9 mm, with its long axis inclined internally and dorsally.
The apertures for the aquaeductus cochleae and ductus endolymphaticus
can be seen dorsally and internally, and dorsally, respectively.
There is no trace of a common groove between the fenestra rotunda and
aperture for the aquaeductus cochleae.
Dorsal view (Fig. 474)
On the anterior half of the surface, a wide, shallow, rugose
groove runs horizontally around the pars cochlearis, parallel to its
internal profile.

It is separated from the internal auditory meatus

by an elevated ridge, which constitutes the most dorsally-elevated part
of the bone.

The meatus is oriented anteriorly and externally, and

seems to have been long and narrow:
deep.

It narrows ventrally.

>6.6 mm wide, >7 mm long, >8 mm

No details of the base are preserved.

The round aperture for the aquaeductus cochleae lies posteriorly, about
level with the internal part of the meatus, while the aperture for the
ductus endolymphaticus lies level with that of the aquaeductus
but slightly more externally.

cochlea~

It is elongated laterally, narrow, and

oriented externally and slightly posteriorly.

Behind it, the wall of

the pars cochlearis is depressed.
External view (Fig. 476)
The broken surface reveals that the cochlea had between 2 and
turns.

2~

Its axis is oriented with the apex pointed anteriorly and

ventrally, and slightly internally.

The footplate of the stapes was

lodged c. 3 mm below the level of the apex of the pars cochlearis
(slightly dorsal to the level of the stapedial fossa), and the vestibule
extended behind the level of the fenestra ovalis and posteriorly to the
r

level of the stapedial muscle fossa.
Tympanic bullae (Figs 100, 101, 467-472)
Dorsal view (Figs 100, 467, 472)
Each bulla is heartshaped, elongate, with a rounded anterior, a
flat internal face, a medially-indented posterior, and a strongly convex
external face which is grooved just in front 6f the sigmoid process.
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Antoriorly, the involucrum hafl

II

n']llt-lvoly narrow doraal apex, and

is bounded dorsointernally by a flat oblique face.
its anterior marks the exit of the eustachian

A low notch at

tube.

The midpoint of

the involucrum is creased transversely, and behind this, the width
expands rapidly.

The tympanic cavity is gently concave anterior and

posterior of a transverse ridge in its midpoint.

The posterior vertical

cleft opens directly backwards, and is bounded posteroventrally and
in~ernally

by a thin septum.

On the thin outer lip, the anterior

pedicle is broken off anterointernal to the start of the groove for the
chorda tympani.

The latter is open, shallow, and long.

The fissura

Glaseri is not distinct behind and internal to its end.

In front of

the sigmoid process is a low transverse ridge, to the internal face of
which fused the stalk of the malleus.

The sigmoid process is

perpendicular to the axis of the bulla, and its posterior face, level
with the anterior of the internal posterior pedicle, just hides the
apex of the median process.
is strongly convex.

The lip of the bulla at the median process

The posterointernal part of the sigmoid process is

separated by a deep groove from the anteroexternal face of the median
process (seen only in a more posterior dorsal view).

The base of the

median process does not approach the internal posterior pedicle, a.nd
the external posterior pedicle is not very stout.
Ventral view (Fig. 468)
The posterointernal lobe is rounded irregularly, while the more
rounded posteroexternal lobe extends further back.

The two lobes are

separated bya median groove which runs back on to the posterior surface,
then forward anteroexternally, where it shallows.
Internal view (Figs 101, 470)
The ventral face of the involucrum is flat, while the posteroexternal corner extends ventrally below the general profile.
surface of the involucrum is flat.

The dorsal

The anterior face of the sigmoid

process is steep, while the posterior face is vertical.
Posterior view (Fig. 471)
The median ventral groove is truncated dorsally by a horizontal
ridge, and the vertical posterior cleft does not tend to close dorsally.
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External view (Fig. 469)
The posterior face of the sigmoid process swings forward ventrally
to bound the process posteroventrally.
succeeded by a deep cleft.

Below this, the process is

The vertical groove in front of the sigmoid

process is prominent.
COLLECTION DATA, SPECIMEN 14
Referred specimen:

incomplete right tympanic bulla, part of skull(?),

part of mandible(?).

The bulla was cited by Marples (1956:

570)

as "specimen 4".
Collection number and repository: C.78.l, OM (incomplete bullal
formerly, in part, C.62.1, OM), OU 11548, UODG (part of skull?,
part of mandible).
Collector and date:
Locality:

All formerly D.W.4, UODZ.

B.J. Marples, date unknown (before 1956).

exact locality not specified, Duntroon, North Otago.

Arbitrarily assigned grid reference of the probable nearest 1 km
coordinate:
8127:

NZMS 260 I40:

320940.

Horizon and age:

2909101 nearest NZMS 1 coordinate:

See Gage 1957:

not specified.

Geological Map No.2.

Probably Otekaike Limestone Formation,

Waitakian, Late Oligocene.
N.Z. fossil record number:

I40/f26A.

DESCRIPTION
Tympani c bulla
Dorsal view (Fig. 515)
The anterior of the right tympanic bulla, which includes the
eustachian cavity, the anterior of the involucrum, and the anterior of
the outer lip, is lost.
also is lost.

Posteriorly, the dorsal edge of the outer lip

The inner face of the bulla is convex, the posterior is

rounded with a faint median depression and rounded posterointernal and
posteroexternal angles, and the external face is concavoconvex from
front to back.

Posteriorly, the involucrum is more or less parallel-

sided, wide, and increaes in height.

There is no obvious ornament.

The tympanic cavity narrows and deepens posteriorly, and is overhung
by the involucrum.

A shallow vertical cleft opens posteroexternally,

adjacent to the base of the internal posterior pedicle.

Here, the floor

of the tympanic cavity is elevated dorsally, and oriented postero-

411

internally.

The cleft is bounded posteroventrally by a thin septum.

ventral view
The posteroexternal lobe is the more rounded and more prominent.
Anteriorly, it merges into the rounded ventral apex of the bulla.

It

is separated from a posterointernal ridge by an indistinct, shallow,
wide median groove.
Internal view
Both the ventral and posterior profiles are convex.

A crease

extends anteroventrally across the posterointernal angle from the
posterior face.

The dorsal surface is undulating and more or less flat.

Posterior view
The vertical cleft is shallow.

The posterointernal face is

traversed by a crease which trends ventrointernally.
TAXONOMY
Suborder MYSTICETI Flower, 1864
Family ? CETOTHERIIDAE Cabrera, 1926
Genus incertae sedis
Mauicetus waitakiensis Marples, 1956
COLLECTION DATA, SPECIMEN 15
Holotype:

the posterior of a skull, two tympanic bullae, atlas, axis,

three vertebrae; Marples's "Specimen 2".
Collection number and repository:
Collector and date:
Locality:

C.62.2, OM; formerly G.47.2, UODZ.

B.J. Marples, 1947.

Kokoamu Cliffs, 4.5 km southeast of Duntroon, North Otago.

Grid reference NZMS 260 J40:
NZMS 1 S127:
Horizon and age:

338932.

310901.

See Gage 1957:

Marples (1956) cited
Geological Map No.2.

Kokoamu Greensand Formation, Duntroonian,

Mid Oligocene.
N.?. fossil record number:

J40/f17.
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DESCRIPTION
Skull (Figs 483-485)
This skull is incomplete.

It consists only of the posterior of

the cranium:

part supraoccipital, condyles, exoccipitals, and

basicranium.

No sutures are apparent.

Dorsal view (Fig. 484)
As preserved, the supraoccipital is semicircular, although,
presumably, it was originally triangular.

Its lateral profile is

gently concave, and there is no definite trace of a median ridge.
Posteriorly, adjacent to the foramen magnum, the midline is gently
convex, while on either side of the midline here the skull is depressed.
The orientation of the lambdoid crests can not be determined positively.
The condyles form the most posteriorly-preserved part of the skull.
They are not separated distinctly from the supraoccipital either
dorsally or externally, and are not set off on condylar processes.
The profile of both the dorsal and ventral edges of the foramen magnum
between the condyles is concave and wide.

Externally, the posterior

profile is formed by the exoccipitals(?) which are oriented slightly
forward, in front of the level of the condyles.

Sutures cannot be

discerned between the exoccipitals and other bones.

In front of the

exoccipitals, the internal face of the posteroexternal wall of the
braincase is visible, in which sat the external lobes of the cerebellum.
Lateral view
The supraoccipital rises steeply relative to the basicranium,
which presumably was horizontal.
Posterior view (Fig. 483)
The supraoccipital is high and flattened.

The foramen magnum is

more or less round, and the condyles are bounded indistinctly.

As the

dorsoventrally thickened exoccipitals extend slightly ventrally, the
basicranium is gently concave.
Ventral view
This is relatively uninformative.

The posterior faces of both

jugular notches are present at the contact of the internal part of the

413
exoccipitals with the posterior of the basioccipital crests.
Anterior view (Fig. 485)
The internal face of the supraoccipital is steep and smooth.

It

is divided into two depressions by a slight vertical median ridge, which
extends up from the foramen magnum.

On each side of this median area,

external past the level of the jugular notches, the braincase is
excavated posteriorly.

The basicranium is thick.

Tympanic bullae (Figs 102, 479-482)
Dorsal view (Figs 479, 480)
Each of the bullae is elongate and heartshaped.

The anterior is

pointed, the internal face is flat to slightly convex, the posterior
is medially indented, and the external face is strongly convex, with
its profile interrupted by a vertical groove in front of the sigmoid
process.

Anteriorly, the involucrum has a narrow dorsal apex, and a

prominent flat oblique dorsointernal face.

It is depressed irregularly

in the midpoint and, behind this, rapidly increases in height and width.
The anterior eustachian cavity is wide, and is depressed below the level
of the adjacent narrow vertex of the involucrum.

Anteriorly, there is

no depression in the involucrum for the exit of the eustachian tube.
The eustachian cavity is only very slightly separated by a wide shallow
ridge from the posterior of the tympanic cavity.

Posteriorly, the

tympanic cavity narrows and is overhung by the involucrum.

The narrow

vertical cleft opens posteriorly and is oriented slightly externally.
It is bounded posteroventrally by a thin septum.

The anterior of the

outer lip, with the anterior pedicle and most of the groove for the
chorda tympani, is lost.

The groove for the chorda tympani is long,

open and shallow anteriorly, and deeper and more enclosed posteriorly.
The fissura Glaseri lies ventral and internal to its posterior end.
At this level, in front of the sigmoid process, a low transverse ridge
runs pnsterointernally towards the internal edge of the sigmoid process,
and the stalk of the malleus fused to it here.
perpendicular to the long axis of the bulla.

The sigmoid process is
Its posterior face lies

in front of the anterior of the internal posterior pedicle, and covers
the apex of the median process.

The lip of the bulla at the median

process is moderately convex, and the posterointernal part of the
sigmoid process is not separated by a deep groove from the median
process (seen in posterodorsal view).

The median process does not
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approach the internal posterior pedicle, and the external posterior
pedicle is not particularly stout.
ventral view
The relatively wide posterointernal lobe is rounded.
posteroexternal

lob~

A narrow

is separated from the former by a prominent median

groove which extends anteriorly, then slightly externally, for about
half the length of the bulla.
Internal view (Figs 102, 482)
The ventral face of the involucrum is gently rounded, as is the
posterior face.

The posterior profile becomes angular at the position

of a horizontal transverse ridge.
ventrally behind the internal lobe.
the involucrum is gently concave.

The posteroexternal lobe is visible
The undulating dorsal surface of
A short horizontal ridge on the

anterior of the involucrum marks the anteroventral limit of its
oblique dorsointernal face.
Posterior view
The deep median groove extends up towards the vertical cleft,
but is truncated by the more or less horizontal ridge which traverses
the posterointernal lobe of the bulla.
d~ep

The involucrum is about as

as wide.
External view (Fig. 481)
The posterior face of the sigmoid process is perpendicular to its

posteroventral face, and the latter is succeeded ventrally by a deep
cleft.

The anterior of the base of the sigmoid process is marked by

a deep vertical groove.
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TAXONOMY
Suborder MYSTICETI Flower, 1867
Family? CETOTHERIIDAE Cabrera, 1926
Genus incertae sedis
Mauicetus brevicollis Marples, 1956
COLLECTION DATA, SPECIMEN 16
Holotype:

atlas, axis, twelve vertebrae and some fragments including

transverse processes, heads of ribs, two scapulae, two humeri,
radius, pelvis(?) and vestigial femur(?); Marples's "specimen 3".
Collection number and repository:
and radius, C.62.3,

OMi

atlas, axis, vertebrae, humeri

one scapula is part of C.62.4,

OMi

transverse processes, OU 11543, UODG; heads of ribs, OU 11535,
UODG; pelvis and femur, OU 11522, UODG.
Collector and date:
Locality:

B.J. Marples, 1948.

5 km west of Duntroon, North Otago.

NZMS 260 140:
238957.

218922.

See Gage 1957:

Horizon and age:

Grid reference

Marples cited grid reference NZMS 1 Si27:
Geological Map No.2.

Otekaike Limestone Formation, Waitakian,

Late Oligocene.
N.Z. fossil record number:

I40/f28.

Comment
This specimen is not redescribed here, as Marples's (1956)
description is adequate for the present aims of this section.
COLLECTION DATA, SPECIMEN 17
Specimen:

incomplete right tympanic bulla, posterior process(?)

of periotic, fragments of an uncertain number of vertebrae
and ribs, including heads of some ribs.
Collection number and repository:

C.78.2, OM, (formerly part of

C.62.3, OM) (tympanic bulla), and OU 11531, UODG (posterior
process(?) of periotic); formerly both curated in G.48.4, UODZ.
Collector and date:
Locality:
Otago.

B.J. Marples, probably 1948.

exact locality unknown, but probably near Duntroon, North
Arbitrarily assigned grid reference NZMS 260 140:

290910;

NZMS 1 S127: 320940 (nearest 1 km and 1000 yard coordinates,
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respectively).
Horizon and age:

See Gage 1957:

Geological Map No.2.

probably Otekaike Limestone Formation, Waitakian,

Late Oligocene.
N.Z. fossil record number:

I40/f26.

Comment
Specimens in the two collections bear the original collection
number, G.48.4, which indicates that they are all from the same
individual.

Formerly, the bulla was curated mistakenly with the

holotype of Mauicetus brevicollis Marples, 1956, which constitutes
collection C.62.3, OM, and which bears the old number G.48.8, UODZ.
DESCRIPTION
Tympanic bulla (Fig. 512)
Dorsal view (Fig. 512)
All dorsal structures of the thin outer lip are lost.

The bone

is heartshaped and elongate, with a pointed anterior, internal face
slightly convex anteriorly and flattened posteriorly, posterior face
medially indented, and external face convex.

The involucrum is narrow

anteriorly, with a high dorsal apex which is not depressed anteriorly
for the exit of the eustachian tube.
obliquely flattened.

Its dors6internal face is

Further posteriorly, the involucrum widens, and

its anteroexternal part is depressed near the midpoint.

Behind this,

it widens and overhangs the posterior part of the tympanic cavity.
The eustachian cavity is concave and wide.

It is separated from the

more narrow, deep, posterior part of the tympanic cavity by an irregular
wide transverse ridge in the middle of the cavity.

The narrow vertical

cleft at the back of the tympanic cavity opens posteriorly and slightly
internally, and i$ bounded posteroventrally and internally by a thin
septum.

The base of the median process and external posterior pedicle

of the outer lip are stout, and approach closely towards the internal
posterior pedicle, thus roofing the posterior vertical cleft.
ventral view
The posterointernal lobe is rounder than the more posteriorlyproduced narrow posteroexternal lobe.

They are separated from each

other on the posterior half of the bulla by a pronounced median groove
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which extends dorsally on to the posterior face and shallows
anterointernally.
Internal view
The ventral profile of the involucrum is slightly convex, while
the posterior is sharply rounded and with the posteroexternal corner
of the bulla visible posteriorly and ventrally.

Dorsally, the

involucrum is roughly flat anteriorly and slightly convex posteriorly.
Posterior view
The median groove, which extends round from the ventral face,
is truncated by a prominent horizontal groove which extends externally
and slightly dorsally from the posterointernal corner.
cleft is narrow, deep, and roofed dorsally by the

The vertical

inward-thru~t

base

for the median process and external posterior pedicle.
Other elements
Because the other elements are incomplete, and cannot be allocated
undoubtedly, they are considered not worthy of description until such
time as more comparative material, which might aid allocation in the
skeleton and to taxon, is found.
COLLECTION DATA, SPECIMEN 18
Specimen:

two lumbar(?) vertebrae, one caudal vertebra, one chevron.

Collection number and repository:
Collector and date:
Locality:

OU 6840, UODG.

no data; probably before 1950.

"Waikouaiti" , North Otago.

Arbitrarily assigned grid

reference NZMS 260 143:

435085; NZMS 1 8155:

1000 yard coordinate).

See Benson 1968 (map).

Horizon and age:

310030 (nearest

Caversham Sandstone, probably Waitakian-Otaian,

Late Oligocene - Early Miocene.
N.Z. fossil record number:

I43/f14.

Comment
Collection number OU 6840 also includes a worn left squamosal
labelled:

"Kekenodon.

left squamosal broken off skull.

The catalogue entry reads:
(Benham).

"6840.

Hutchn. - Awan.

Waikouaiti".

Mauicetus parki

Caversham Sst. Waikouaiti [Det.]WBB[= W.B. Benham]".

41A
It is likely that it was to these, and possibly other, specimens that
Benson (in Fleming 1959c:

67-68, 1968) referred when he stated that

bones of Mauicetus parki occur locally in the Caversham Sandstone.

DESCRIPTION
The vertebrae and chevron (not figured) are waterworn and were
damaged during preparation.
than wide.

The vertebral centra are as long or longer

The laterally-placed transverse processes extend out and

down, and the facets for the chevrons are worn.

The neural canals are

small, the neural pedicles stout, the flat platelike anterior
zygapophyses placed high above the centrum diverge to extend dorsally
and anteriorly, and the neural spines are worn.

Seen laterally, the

neural spines and transverse processes constitute no more than half
the length of the centra.
COLLECTION DATA, SPECIMEN 19
Specimen:

incomplete left mandible, left posterolateral (squamosal?)

part of skull, three fragments of (?)rostrum, fragments of left
periotic and natural cast of left cochlea, incomplete atlas, two
cervical vertebrae, three incomplete ribs.
Collection number and repository:

OU 11523, UODG (all elements except

the (?)squamosal); OU 11538, UODG (left(?) squamosal).
Collector and date:
Locality:

"l~

F.J. Kendall, 27 October 1949.

miles" up Deep Creek, Waitaki River, South Canterbury.

Grid reference NZMS 260 140:

028180; NZMS 1 Sl17:

035242.

See Mutch 1963.
Horizon and age:

greensand, probably a lateral equivalent of the

Kokoamu Greensand Formation, Duntroonian(?), Mid 01igocene(?).
N.Z. fossil record number:

I40/f15.

DESCRIPTION

Skull (Figs 519-521)
The presumed fragments of skull cannot be identified positively
because they are incomplete, poorly preserved, and no suitable
comparative material is available.

One fragment of rostrum (Fig. 521)

consists of what appears to be the anterior of the left external border
of the narial cavity.
premaxil1a(?).

It is formed by the maxi11a(?) and overlying

The internal edge of the premaxi11a(?) is increasingly
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dorsally elevated posteriorly, so that its internal profile becomes
concaV(~.

The two other frnqmentH of flat: hone cannot be identified.

Another large fragment may he part of the squamosal, for it is concave
internally(?) as would be expected of the braincase, and obviously is
not part of the frontals or parietals (Figs 519,520).
not possible to
components.

o~ient

However, it is

this fragment and hence to identify its

Comparison of it with modern Balaenoptera, and figures of

extinct mysticetes, and attempts to orient the anterior process of the
left periotic with the bone have been unsuccessful.

Cemented, acid-

resistant glauconite and iron(?) sulphide obscure details.
Periotic (Figs 107, 108, 526-529)
Only a few fragments of the left periotic are preserved.
anterior process (Fig. 528) is incomplete dorsally.

The

In ventral view,

it is wedgeshaped, ventrally keeled, and with a large hiatus
epitympanicus.

The fovea epitubaria occupies the keel in front of the

fossa for the head of the malleus.

The latter is concave, and elevated

anteriorly and, especially, externally; it faces internally and slightly
backwards.

The groove for the tensor tympani is not preserved.

In

internal view, the process is deepened anteriorly, while posteriorly,
its profile .is concave at the fovea epitubaria.

Externally, the hiatus

epitympanicus is large and wide ventrally, but narrows anterodorsally.
An anterointernal fragment of the ventral surface of the pars
cochlearis is grooved internally, perhaps for the internal carotid.
Externally, it bears part of the cochlea.
matrix-cast of the cochlea makes between
108, 529).

The natural sulphide- and
2~

and

2~

turns (Figs 107,

It is 10.2 rom long, 8.0 rom wide, and 6.6 rom high at the apex

(measurements follow those used by Fleischer 1976a).

The basal turn .is

covered partly by successive turns, the turns are close, and the apex is
elevated.

After half a turn, the scala tympani appears to decrease

mRrkedly in dorsoventral depth, while the scala vestibuli changes little.
Mandible (Figs 522-525)
The left mandible. which is broken behind the coronoid process, is
over 780 rom long.

It is bowed outwards, laterally compressed anteriorly

and posteriorly, and has an elongate alveolar groove which appears to
open directly below into the alveolar canal.

Because preservation is

imperfect, it cannot be determined what the dimensions of the groove
were, or whether it was separated from the canal by a thin septum.
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No mental or gingival foramina are apparent.

The coronoid process

is elevated, with a convex external surface, and an apex about 705 rom
behind the anterior end of the mandible.
is slightly concave ventrally.

In lateral view, the mandible

The coronoid process is not elevated

steeply, although mandibular depth more than doubles here.

The

posterior section reveals that the qlveolar canal is high and narrow.
The presumed posterior fragment of mandible adds at least another
110 rom to the length, and bone has been lost between the two pieces.
Posteriorly, the dorsal surface is elevated less, and is flattened
laterally.

The condyle also is wide and flattened, and faces

posteriorly.
Atlas (Figs 516, 517)
This lacks the neural arch above the level of the transverse
processes.

It is heavy, was not fused with the axis, and has an

oval, widened profile.
wide.

The neural canal probably was higher than

The anterior facets are incomplete, do not appear to have been

separated ventrally, and have concave dorsoventral and horizontal
profiles.

The transverse processes extend slightly dorsally and

posteriorly, and the neural pedicles are longer (anteroposteriorly)
than wide.

In lateral view, the atlas is thickened, with parallel

anterior and posterior faces.

The posterior facets parallel both faces,

while ventrally, a short hypapophysis extends backwards.

In posterior

view, the worn facets extend up above the level of the midpoint of the
transverse processes.
Cervical vertebrae and ribs (Fig. 518)
Two broken cervical vertebrae lack obvious diagnostic features.
Their centra are wider than high, and anteroposteriorly flattened.
The neural pedicles and transverse processes are broken.

Three

anteroposteriorly flattened ribs are not worthy of description.

COI,I.I':("L'lON \)1\'1'/\,

specimen:

SI'I':CJMl':N 7.0

an incomplete right periotic which lacks the pars cochlearis

and posterior process (Figs 103-106,463-466).
Collection number and repository:

au 11526, UODG.

Formerly

D.W.6., UODZ.
Collector and date:
Locality:

B.J. Marples, probably before 1950.

unknown, but probably Kokoamu Cliffs, 3 km southeast of
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Duntroon, North Otago.
N7.MS 7.()()

140:

Arbj Irari]y MHllqncd grid roff'rence

17.()!)4()

;,J,C)O!) 1 0; N7.MR '1 817.7:

1000 yard coordinates, respectively).

(lll'arf'flt

1 km and

Soe Gage 1957:

Geological Map No.2.
Horizon and age:

"presumably the upper part of the Kokoamu Greensand

or lower part of the

Otekai~e

Limestone .•. late Lower Whaingaroan

to early Duntroonian, probably early Duntroonian", Mid Oligocene
(A.R. Edwards, pers. comm., May 1978).
N.Z. fossil record number:

I40/flO.

Comment
The matrix of this specimen is compatible with its origin from
Kokoamu Cliffs.

Marples is known to have collected extensively in the

immediate vicinity of Duntroon but at few other localities
(J.D. Campbell, pers. comm.).
DESCRIPTION
Dorsal view (Figs 104, 466)
The anterior process constitutes about half the preserved width
and under a third of the length of the periotic.

It has a flat internal

face, a blunt, indistinctly keeled anterior face, and a gently convex
external face.

At its posterointernal portion, the anterior process is

grooved faintly at what was probably the groove for the tensor tympani.
As the pars cochlearis is lost, the structure of the groove cannot be
determined.
Part of the external face of the internal auditory meatus is
preserved on the c. 30 mm long break.

The internal aperture for the

Fallopian aqueduct (anteroposterior diameter c. 5.5 mm) lay directly
in front of the rest of the meatus.
the latter is c. 7.0 mm.

The anteroposterior diameter of

The floor of the meatus is lost.

details are seen better in internal view.
the meatus externally.

Other

A slightly raised lip bounds

Posteriorly, the meatus is succeeded by an

elevated lip which separates it from the more posteriorly-placed
aperture for the aquaeductus cochleae.
endolymphaticus lies

post~roexternal

The aperture for the ductus

to the meatus, slightly in front

of the aperture for the aquaeductus cochleae, and extends internally to
almost level with the meatus.

It is elongated laterally, antero-

posteriorly compressed, and deep, with a ventrally-depressed posterior
wall.
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The body is dominated by the large superior process.

Its profile

abruptly juts out externally for about 10 mm from the base of the
anterior process.

The very gently convex external profile roughly

. parallels the anteroposterior axis of the periotic.

Posteriorly, the

profile of the superior process is depressed abruptly to become more
or less continuous with the flat posterior face of the periotic.

The.

superior process possesses a rounded, elevated crest, c. 5 mm internal
to its external profile.

External to the crest, the process is rugose,

while internally, where it is gently depressed ventrally to the level
of the rest of the body, it is smooth.

The anterior and posterior of

the process also are elevated, so both its lateral and anteroposterior
sections are concave.
Ventral view (Figs 103, 465)
The anterior process possesses a distinct crest placed towards the
internal surface.

Its external face is perpendicular to the anterior

face of the superior process, from which it is separated posteroexternally by the open hiatus epitympanicus.

This groove trends

posterointerna1ly, and opens ventrally into the indistinct fovea
epitubaria which separates the anterior process from the fossa for the
head of the malleus.

On the body, the superior process is massive,

without a prominent elongate crest.

Its rounded apex is creased, and

there is no distinct ventral posteroexternal angle.

Both the anterior

and external edges of the fossa for the head of the malleus are
elevated, then abruptly depressed anteriorly and externally.

The broken

anterior pedicle appears to have run internally across the anterior face •
. 'I'he fossa is anteroposterior1y elongate and indistinctly concave.
Posteriorly is the similarly indistinct fossa incudis.

A remnant of the

external face of the epitympanic orifice of the Fallopian aqueduct lies
adjacent to the latter, while externally and posteroexternal to the
fossa, the body is depressed at an anteroposterior1y elongate, narrow,
deep groove.

Immediately internal to the epitympanic orifice for the

Fallopian aqueduct lies a remnant of the fenestra ova1is.

The broken

vestibule, with openings for the semicircular canals, also is seen here.
Remnants of the incompletely-preserved fossa for the stapedial muscle
extend anteriorly adjacent to the fenestra ova1is.

The fossa appears to

have been separated here from the (posteroexterna11y directed?) canal
for the facial nerve by a tiny transverse ridge.

The posterior process

is broken from its position external to the stapedial muscle fossa, and
the internal face of the fossa also is lost.
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Internal view (Figs 105, 464)
The axis of the periotic is qently concave dorsally.

The anterior

process is dorsoventrally deepened and its axis is inclined dorsally.
Its dorsal surface is gently concave, and continuous posteriorly with
the concave profile of the body.

Both the anterior and ventral

profiles of the anterior process are gently convex.

On the ventral

profile, a depressed f'ovea epi tubaria is not obvious, and details of
the groove for the tensor tympani are lost.
Ventrally on the body, the anterior of the fossa for the head of
the malleus is not elevated markedly.

Further posteriorly, the fossa

incudis is at the same level as the former.

The creased ventral apex

of the superior process is seen behind the fossa incudis.

The

horizontal fossa for the stapedial muscle lies some 2 rom dorsal to the
level of the fossa incudis, while the footplate of the stapes was
inserted a further 2.4 rom dorsally.
are visible.

Openings of all semicircular canals

Anteriorly, the Fallopian aqueduct curves up dorsally so

that it is convex anteriorly.

Just dorsal to the fossa for the head of

the malleus, it bifurcates to send off a small anterior canal.
Dorsally, the aqueduct widens anteroposteriorly, and is separated from
the rest of the meatus by a transverse ridge which extends to within
about 2 rom of the lip of the meatus.

More posteriorly, an anterior

vertical groove in the external wall of the meatus shows the position
of the foramen singulare, while further posteriorly another vertical
groove indicates the position of the tractus spiralus foraminosus.
These two are separated by a transverse ridge which extended to within
c. 10.5 rom of the rim of the meatus.

Traces of the cochlea aqueduct

run dorsally and posteriorly.
The straight posterior face of the periotic is inclined slightly
anterodorsally, and the posterior process extended back off the periotic
between the ventral corner of the posterior face and posteroventral part
of the superior process.
Posterior view (Fig. 463)
The superior process forms the most dorsoventrally thickened part
of the periotic.

The posterior face of the body is traversed by a

vertical cleft from where the external face of the posterior process
joined the body to a ventrally-produced notch in the dorsal edge of the
body, just external to the aperture for the ductus endolymphaticus.
The internal part of the posterior face is not excavated for an
extension of the airsac system.
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External view (Fig. 106)
This is dominated by the superior process which possesses irregular
vertically-elongate creases and pits.

The posterior inclination of the

anterior face of the superior process and of the hiatus epitympanicus
is prominent.
COLLECTION DATA, SPECIMEN 21
Specimen:

broken right tympanic bulla and worn thoracic(?) vertebra.

Collection number and repository:
Collector and date:
Locality:

OU 11571, UODG.

A. Daly, 1976.

Bluecliffs, Otaio River, South Canterbury.

NZMS 260 J39:

512332; NZMS 1 SIll:

568403.

Grid reference

See Gair 1959,

Mutch 1963.
Horizon and age:

Bluecliffs silt Formation, Otaian, Early Miocene.

N.Z. fossil record number:

Slll/f657.

DESCRIPTION
Tympanic bulla (Figs 5l3, 514)

Dorsal view (Fig. 513)
The incomplete bulla lacks all of the outer lip external and
anterior to the posterior vertical cleft, and the front of the
involucrum.

It is elongate, with a very slightly concave internal

face, rounded pos.terior face with a sharp, posteriorly-extended,
posteroexternal angle, and probably had a gently convex external face.
The involucrum is indistinct anteriorly, where it consists of a low,
narrow, convex dorsal ridge at least a third of the length of the bulla.
There is no flat oblique dorsointernal face.

Posteriorly, the

involucrum abruptly increases in width and height, and its external
profile is strongly convex.
to the long axts.

Here, it is creased internally perpendicular

'1'he eustachian cavity is flat, and not depressed

greatly below the level of the involucrum.

It is not separated from the

deeper tympanic cavity by a transverse ridge.
cavity is overhung by the involucrum.

The narrow tympanic

The vertical cleft is destroyed

externally, and is bounded posterointernally by a thin septum.
Ventral view
The face is convex.

The sharply-rounded posteroexternal lobe is

developed well, and from it the rounded keel runs forward.

There is

an only-just distinguishable depression ventrally between it and the
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posterointernal lobe, and no trace of a groove anteriorly.
External or internal view (Fig. 514)
The ventral profile of the involucrum is convex, while the
posterior face is rounded.

The dorsal profile is gently concave.

Posterior view
This face is not bisected by a median groove.
is shallow.

The vertical cleft

A faint ridge runs ventrointernally from the position of

the external posterior pedicle, and a more prominent ridge runs down
ventrally from here.

The involucrum is higher than wide.

Thoracic(?) vertebra
The vertebra (not figured) is too worn to warrant its description.
COLLECTION DATA, SPECIMEN 22
Specimen:

includes incomplete skull, mandible, right tympanic bulla,

cervical vertebrae, right scapula, ribs.
Collection number and repository:

ZMT 67, CM.

Currently on long-term

loan to NMNZ, where it is housed at present.
Collector and date:

F.M. Climo, G. Mason, D.R. Gregg,

26 May - 31 May 1971.
Locality:

"50 feet" above stream level, north branch of Sisters Creek,

Hakataramea Valley, South Canterbury.
236156; NZMS 1 Sl18:
Horizon and age:

262213.

Grid reference NZMS 260 140:

See Mutch 1963.

lateral equivalent of the Otekaike Limestone

Formation, Waitakian, Late Oligocene.
N.Z. fossil record number:

Sl18/f6l3.

Comment
Much (presumably all) of the skull, a mandible, forelimb elements,
vertebrae, and ribs are still encased in matrix in plaster jackets, and
could not be prepared in time to be included in this description.
Consequently, it is uncertain exactly what elements are preserved.
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DESCRIPTION
Tympanic bulla (Figs 508, 509)
Dorsal view (Fig. 508)
This lacks the anterior of the involucrum and outer lip, and
all dorsal structures of the outer lip.

It is elongate, with a flat,

slightly undulating internal face, a flat posterior face without median
indentation, and a posteriorly concavoconvex external face.

Anteriorly,

the involucrum does not have a prominent dorsal apex or an obvious
eustachian groove.

A faint, low ridge is present on the internal face,

but the dorsointernal face is not flattened obliquely.

The middle of

the involucrum is traversed by an oblique wide crease, then expands in
width posteriorly.

The eustachian portion of the tympanic cavity is

wide, and the involucrum is depressed gently into it.

The eustachian

cavity is separated posteriorly from the rest of the tympanic cavity
by a low transverse ridge, behind which the cavity narrows and is
overhung by the involucrum.
posteriorly.

The vertical cleft opens directly

It is bounded internally and ventrally by a thin septum,

and roofed by the internally-directed posterior of the outer lip, so
that the median process probably overhung the involucrum.
Ventral view
The posterointernal corner is rounded, with its profile interrupted
by a small, sharp-ridged, angular protuberance, while the posteroexternal corner is rounded more abruptly and thrust further posteriorly.
The wide convex ventral keel runs anteriorly and internally from the
posteroexternal corner.
Internal view (Fig. 509)
The ventral keel is convex.

A fine ridge extends on to the

internal face from the posterointernal lobe.

Dorsally, the profile

of the involucrum is concavoconvex from front to back.
Posterior view
The verticai cleft is wide ventrally but narrows dorsally.

The

hind face is traversed by a groove (dorsally) and ridge (more ventral)
oriented ventrointernally.
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COLLgCTION DATA, SPF:CIMEN 23
Specimen:

left and right premaxillaries and maxillaries, left incus,

fragments of skull, incomplete rib, three incomplete vertebral
centra.
Collection number and repository:
Collector and date:

REF 1.

R.C. German, about December 1974, and R.C. German

and R.E. Fordyce, 14 March 1975 •
. Locality:

about 1 km southwest of Little Wanganui Head, Karamea,

Northwest Nelson.
S17 and S18:
Horizon and age:

Grid reference NZMS 260 L28:

497159.

301783; NZMSl

See German 1976, Grindley 1961.

unnamed calcareous mudstone of the Nile Group

(Nathan 1974), upper Whaingaroan, Early Oligocene
(N. de B. Hornibrook and A.R. Edwards, pers. comm.).
See Wellman et ale 1973:
N.Z. fossil record number:

18.

L28/f2.

DESCRIPTION
Skull (Figs 486-488)
The rostrum is incomplete and is not yet prepared fully.

It is

elongate and narrow, and was preserved in the matrix almost as in life,
with the two sides of the rostrum separated only slightly, and parallel
with each other.· The premaxilla and maxilla on each side constitute
about half of the width each, and do not vary markedly in width along
the rostrum.

They are bowed so that the internal border of the

premaxilla is gently concave, and the premaxillary-maxillary suture and
external face of the maxilla parallel this.

The bones are more or less

straight for the anterior third, and more obviously bowed behind this.
The internal border of the premaxilla is more indistinct in the anterior
half and posteriormost quarter of the length than is the smooth wall of
the premaxilla just behind the midpoint.
here.

The narial cavity probably lay

There are no undoubted fragments of the nasals preserved behind

the presumed nasal cavity, although small fragments of bone were visible
in the rock before excavation.
Broken cross-sections of the rostrum, seen during reconstruction,
show that anteriorly the premaxillary-maxillary suture is simple and
more or less vertical, while posteriorly it becomes sinuous and interdigitates.

The rostrum is flattened dorsoventrally, so that its depth

is under half the width of each fused premaxilla-maxilla.
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The ventral surface is ornamented with a series of shallow vascular
grooves, up to 5 rom wide, which run forward, parallel with each other
or slightly anastamosing, along the rostrum (Fig. 488).

Much of the

ventral surface is crushed, and details are not yet uncovered properly.
The relationship of the rostrum to the rest of the skull is uncertain.
Fragments of the skull also were obtained from the same boulder,
about 2 m from the rostrum, on the same bedding plane.
prepared completely.

These are not

Only a few fragments could be obtained, and it

could. not be determined how much of the skull was present, as a large
boulder with a diameter of several metres was resting on top of that
from which the bones were obtained.

More material probably is in situ.

Incus (Figs 109-114)
The left incus was found between two vertebral centra.

Both its

large facets for articulation with the malleus are concave depressions
in plan view.

The smaller, on the ventral face, is semicircular and

more concave, while the larger, on the external face, is reniform.
The facets are perpendicular to each other, and are separated by a
sharp ridge.

The body is small and developed poorly.

It merges into

the stout crus longum, which is more or less conical, recurved so that
it is concave dorsally, and thicker anteroposteriorly than dorsoventrally.

Its prominent head, which contacted the stapes, is rounded

and inclined dorsally and internally, so. that it overhangs the dorsal
face of the bone.

The crus breve is lost.

Other elements
Two worn vertebral centra, and fragments of a third, were found
in association with a worn rib and the incus (see above).

These

elements are too incomplete to warrant description.
COLLECTION DATA, SPECIMEN 24
Specimen:

posterior dorsal portion of braincase and fragments of

basicranium.
Collection number and repository:
Collector and date:
Locality:

REF 2.

R.E. Fordyce, 15 March 1975.

about 1.5 km southwest of Little Wanganui Head, Karamea,

Northwest Nelson.
S17 and S18:

Grid reference NZMS 260 L28:

493153.

297779; NZMS 1

See German 1976, Grindley 1961.
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Horizon and age:

unnamed calcareous mudstone of the Nile Group

(Nathan 1974), Whaingaroan to early Duntroonian, Early Oligocene
to early Mid Oligocene (N. de B. Hornibrook and A.R. Edwards,
pers. corom.).

See Wellman et ale 1973:

. N.Z. fossil record number:

18 •

L28/f3.

DESCRIPTION
General (Figs 489-493)
Only the posterior of the braincase is preserved.

Anteriorly,

the cranium is eroded away in front of the level of the back of the
temporal fossae, the left squamosal is lost, the exoccipitals and all
but the bases of the condyles are lost, and the dorsal surfaces of the
lambdoid crests are worn away.

The basicranium had been pushed up into

the braincase, and is eroded ventrally.
present.

Only a few fragments of it are

The specimen consists of the supraoccipital, left and right

parietals, and part of the right squamosal.

All these bones are worn.

Dorsal view (Fig. 489)
The converging walls of the supraoccipital suggest that originally
it was triangular with a blunt apex, probably not thrust forward over
the parietals any further than the hind edges of the temporal fossae.
The floor of the supraoccipital is flat, with an elongate median ridge,
while the sides are elevated steeply and participate in the lambdoid
crests.

On either side of the median crest, the floor possesses pairs

of irregular concave muscle(?) insertion areas.
profile is slightly convex.

Its anteroposterior

The lateral walls of the braincase are

steep, and form the external parts of the lambdoid crests.

On the right

side (the better-preserved face) of the braincase, the parietosquamosal
suture cannot be detected.

However, both the parietal and squamosal are

present, as the posterior of the thickened zygomatic process is present
externally, and the anteroexternal wall of the braincase is seen
(anterior view) to be continuous under the overthrust apex of the
supraoccipital and .hence must be parietal.

The parietosquamosal suture

may run backwards along the depression on the internal face of the
zygomatic process, and probably continued back to contact the supraoccipital at the now-lost posteroexternal corners of the braincase.
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Ventral view (Fig. 491)
The fragments of basicranium were removed from the braincase during
preparation, and are not worthy of description.

The ventroexternal

portion of the squamosal is worn, and its contact int.ernally with the
parietals cannot be detected positively.

The dorsal surface of the

braincase is preserved well, and is heavily vascularised.

Its features

are described better from the artificial endocranial cast (see below).
Lateral view
This view is relatively uninformative, as much original surface
bone is lost.

The braincase walls are formed by the presumed parietals.

No parietosquamosal suture is apparent.
Anterior view (Fig. 493)
Dorsally, the apex of the supraoccipital overrides the concave
median dorsal apex of the fused parietals.

The parietals are formed

of dense bone here, but elsewhere are very porous and probably were
well vascularised, especially above the median portion of the cerebellum.
In the midline, the fused parietals are over 80 rom thick.

Ventro-

externally, the contact of the parietal with the thick posterior of the
zygomatic process cannot be located.

The thin braincase walls, formed

by the parietals, are not as steep as further posteriorly.

Ventrally,

the roof of the braincase, seen in cross-section at the level of the
back of the cerebral hemispheres, is arched.
Posterior view (Fig. 492)
The supraoccipital is concave and is elevated steeply anteriorly
and laterally.

It forms the internal face of the lambdoid crests, while

the thick parietals form the external faces.

Laterally, the steep walls

of the parietals are depressed (and become thin) to well below the level
of the dorsal surface of the brain cavity.

As with other views, the

parietosquamosal suture cannot be located undoubtedly.

The squamosal

is thickened dorsoventrally at the zygomatic process, of which only the
dorsal surface is not eroded.

The latter is flat and inclined with its

external edge slightly downwards.

Its internal edge is elevated abruptly

above the level of the adjacent parietal.
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Artificial endocranial cast (Fig. 490)
Anteriorly, what is inferred to be the posterior face of the right
cerebral hemisphere rises dorsally upwards at least as far as the most
dorsally-elevated portion of the cerebellum.

This face of the

hemisphere lacks obvious fissures or convolutions.

It possesses casts

of large shallow vascular canals (to width about 5 rom) which anastamose
with smaller canals.

The hemisphere is not surrounded by heavily

vascularised bone, unlike the median region of the cerebellum.
The cerebellum appears symmetrical.

Its full width is represented

on the right side, for it cannot have extended any further laterally
than the zygomatic process.

A number of structures present are

analogous to those discussed by Dart (1923) for archaeocete brains.
An anteroposteriorly compressed, median tentorial depression is present
in the midline between the cerebral hemispheres and cerebellum.

The

thin fragments of tentorium were broken and lost before or during
preparation.

Immediately behind this is the ariteroposteriorly elongate,

laterally compressed median lobe of Dart's "lobus medius cerebelli".
It has a steep anterior face but is gently depressed posteriorly, and
is elevated dorsally no further than the most dorsally-preserved part of
the cerebral hemispheres.
is depressed.

Laterally and posteriorly to this, the cast

Anteroexternally, it is flat to slightly concave, while

posteroexternally it is elevated (this corresponds to the more anterointernal lobe of Dart's lobus medius cerebelli).

Slightly further

posteroexternally is a third lobe, represented as a small convex
protuberance.
depressed.

Behind the median lobe, the surface of the cerebellum is

All these median cerebellar structures are vascularised

variably with foramina from 1 rom to 3 rom in diameter which open on to
the surface from the parietal bone.

On each side of the cerebellum

a lage, rounded, dorsally-elevated lobe (probably equivalent to the
paraflocculus) liesanteroexternal to the two more-posteriorly placed
lobes of the "lobus medius cerebelli".

The parafloccular lobes are not

adjacent to highly vascularised bone but are covered with an anastamosing
network of shallow vascular channel casts up to 5 rom wide.
No undoubted brain surface (sensu stricto) can be identified, and
Breathnach's (1955) interpretation that heavily-vascularised "brain"
structures in other fossil Cetacea actually represent massive intracranial retia mirabilia seems quite appropriate in this case.

For this

reason, the terminology above refers to the gross relationships of· the
regions of the brain and adjacent tissue, not to specific morphological
regions of the brain itself.

FIG. 100.

Left tympanic bulla of "Mauicetus" lophocephalus, C.62.1

(holotype), dorsal view.
FIG. 101.

Left tympanic bulla of "M." 1 ophocepha 1 us , C.62.1, internal

view.
FIG. 102.

Right tympanic bulla of "Mauicetus" waitakiensis, C.62.2

(holotype), internal view.
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FIG. 103.

Right periotic of indet. mysticete, OU 11526, ventral view.

FIG. 104.

Right periotic of indet. mysticete, OU 11526, dorsal view.

FIG. 105.

Right periotic of indet. mysticete, OU 11526, internal view.

FIG. 106.

Right periotic of indet. mysticete, OU 11526, external view.
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FIG. 107.

Natural endocast of cochlea and fragment of pars cochlearis of

left periotic, indet. mysticete, OU 11523, internal view.

Scale

bar = 5 rom.
FIG. 108.

Natural endocast of cochlea and fragment of pars cochlearis

of left periotic, indet. mysticete, OU 11523, apical (ventral) view.
FIG. 109.
bar

Left incus, indet. mysticete, REF 1, dorsal view.
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FIG. 110.

Left incus, indet. mysticete, REF 1, ventral view.

FIG. 111.

Left incus, indet. mysticete, REF 1, anterior view.

FIG. 112.

Left incus, indet. mysticete, REF 1, posterior view.

FIG. 113.

Left incus, indet. mysticete, REF 1, external view.

FIG. 114.

Left incus, indet. mysticete, REF 1, internal view.
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FIG. 115.

Left periotic of cf. Aglaocetus, REF 109, ventral view.

FIG. 116.

Left stapes of cf. Aglaocetus, REF 109, ventral view.
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FIG. 117.

Left periotic of cf. Aglaocetus, REF 109, dorsal view.

FIG. llB.

Right periotic, indet. mysticete, Ma 651, ventral view.

FIG. 119.

Right periotic, indet. mysticete, Ma 651, dorsal view.
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COLLECTION DATA, SPECIMEN 25
Specimen:

incomplete left tympanic bulla.

Collection number and repository:
Collector and date:

REF 36.

A.M.A. Engelbrecht and R.E. Fordyce, 4 October

1975.
Locality:

All Day Bay, at the north end of Campbells Beach, Kakanui,

North Otago.
480545.

Grid reference NZMS 260 J42:

446549; NZMS 1 S136:

See Mutch, 1963, Thomson 1926.

Horizon and age:

Otekaike Limestone, Waitakian, Late Oligocene.

See Laird & Lewis 1976:
N.Z. fossil record number:

Fig. 7.
J42/fll.

DESCRIPTION
Tympanic bulla
Dorsal view (Figs 494, 495)
All dorsal outer lip structures back to the middle of the posterior
vertical cleft are lost.
rectangular in profile.

The bulla is elongate and very roughly
The anterior face is flattened obliquely and

faces anterointernally, the internal face is more or less flat, with
its anteriormost portion depressed externally, the posterior is rounded
and not indented medially, and the external probably was not markedly
convex.
apex.

The involucrum is narrow anteriorly, with a rounded dorsal
Its dorsointernal face is rounded, not flattened obliquely.

The anterior of the involucrum, where it joins the anterior of the outer
lip, is elevated, with a spoutlike shallow depression (for the
eustachian tube) which runs anteriorly and internally.

posteriorly, the

involucrum expands to about double its width, and the midpoint is
creased faintly.

The internal posterior pedicle at the posteroexternal·

end of the involucrum is small.

The eustachian cavity is deep

anteriorly, and is separated posteriorly from the tympanic cavity by
a low, wide, transverse ridge in the midpoint of the bulla.

The

tympanic cavity is overhung by the posterior half of the involucrum.
Details of the vertical cleft are lost externally.

Internally, it is

bounded by a septum.
Ventral view
The posterointernal lobe is rounded.

No median groove is present.
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The flattened median keel is anteroposteriorly elongate, and less
pronounced anteriorly.

It is bounded prominently by oblique

ventroexternal and ventrointernal faceR.
Internal view
The ventral profile of tne involucrum is flattened in the midpoint,
and convex anteriorly and posteriorly.
rounded.

The posterointernal corner is

The dorsal surface of the involucrum is more or less flat, and

increases in height posteriorly.

Its anteriormost portion is formed by

a forward extension of the involucrum at the notch for the eustachian
tube.
Posterior view
There is no horizontal ridge on the posterior face, but it is
horizontally grooved on the posterointernal portion.

The involucrum

is deeper than wide, and has a noticeable convex ventral profile.
COLLECTION DATA, SPECIMEN 26
Specimen:

left periotic with left stapes fused in place.

Collection number and repository:
Collector and date:
Locality:

REF 109.

R.E. Fordyce, 11 November 1977.

Onepunga, Waipara, North Canterbury.

NZMS 260 M34:

753902; NZMS 1 S68:

956093.

Grid reference
See Wilson 1963:

Geological Map No.1, and my Fig. 536.
Horizon and age:

Weka Pass Stone (sensu Wilson 1963), probably the

Berrydale Greensand Member of the Omihi Formation (Andrews 1963),
Duntroonian, Mid Oligocene.
N.Z. fossil record number:

See Andrews 1963:

Figs 3, 6.

M34/f25.

DESCRIPTION
Periotic
Dorsal view (Figs 117, 506)
Most of the anterior process is lost.

Internally, the groove for

the tensor tympani, which bounds the anterior process, is just visible.
The pars cochlearis is elongate, rather than spherical.

It has a long

anteroexternal face and flat internal and posterior faces, with
prominent anterointernal and posterointernal angles.

The oval meatus
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is 6.4 mm long, 4.5 mm wide, and about 9 mm deep.
markedly in width towards the base.

It does not decrease

The internal aperture of the

Fallopian aqueduct opens within the meatus, and is separated from the
rest of the meatus by an anteroposteriorly narrowed, relatively high
sharp ridge.

The foramen singulare sits external to the tractus

spiralus foraminosus.

Posteriorly, the apertures for the aquaeductus

cochleae and ductus endolymphaticus, which are separated from the meatus
by a ridge, are without a common opening.

The aperture for the

aquaeductus cochleae has a relatively large concave-posterior 9pening.
The superior process has a prominent rounded apex which is succeeded
internally by a creased depression on the otherwise smooth body.
Anteriorly, the body is vascularised heavily just behind the base of the
anterior process.

A broad concave fossa occupies the area between the

vertical faces of the posterointernal of the body, the posteroexternal
of the pars cochlearis, and the more horizontal anterointernal portion
of the posterior process.

It is separated from the fenestra rotunda

internally, and ventrally from the stapedial muscle fossa, by thin
ridges.

This probably represents part of the air sac system as was

described by Kellogg (1968b:

143) for Diorocetus.

The posterior

process extends posteroexternally and ventrally, off both the posterior
and ventral faces of the body.
ventral view (Figs 115, 504, 505)
The groove for the tensor tympani is narrow, well defined
posteriorly, and widens anteriorly.

The elevated anterior of the fossa

for the head of the malleus merges without an obvious boundary into the
anterior pedicle to which the bulla fused, and the ventral keel of the
anterior process is not depressed at an obvious fovea epitubaria.

The

fossa for the head of the malleus is bounded very indistinctly, and is
not concave but is more or less flat.
identified positively.

The fossa incudis cannot be

The ventral apex of the superior process is not

raised but is flat, and expanded externally.

Anterointernal to the

posterior process, the body is anteroposteriorly deeply grooved.

The

fossa for the stapedial muscle is very deep and concave, and extends
on to the elevated walls of both the posterior process and pars
cochlearis.

Ventrally, these walls almost are in contact.

The fenestra

ovalis, in which the footplate of the stapes is lodged, is anterointernally elongate and depressed below the surface of the pars
cochlearis.

The latter is rounded and traversed internally by the

groove for the internal carotid artery.

The fenestra rotunda is
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prominent.

Both crura of the stapes (Fig. 116) are broken at the

footplate.

Internal view (Fig. 507)
The groove for the tensor tympani is less prominent dorsally.
Its path is paralleled by the groove for the internal carotid across
the anterodorsal face of the pars cochlearis.
not elevated dorsally, and the body is concave.

The superior process is
The posterior profile

of the periotic slopes posteriorly and ventrally, rather than vertically.
Posterior view
The trace of the common groove between the fenestra rotunda and
aperture for the aquaeductus cochleae is prominent.

The broad concave

fossa for the extension of the air sac system is seen on the posterior
face of the body dorsoexternal to the fenestra rotunda and dorsal to
the stapedial muscle fossa.

The superior process is thickened

laterally, and is convex.
COLLECTION DATA, SPECIMEN 27
Specimen:

incomplete skull (predominantly dorsal portion of braincase

and rostral fragments), left and right tympanic bullae, left and
right periotics, incomplete right(?) mandible.
Collection number and repository:
Collector and date:

REF 111.

D.I. MacKinnon, 30 January 1978, and

D.G. Titheridge and R.E. Fordyce, 2 and 3 February 1978.
Locality:

Ardlogie Farm quarry, Pentland Hills, South Canterbury.

Grid reference NZMS 260 J40:

348096; NZMS 1 Sl18:

383144.

See Mutch 1963.
Horizon and age:

unnamed formation, probably lateral equivalent of the

Otekaike Limestone Formation (North Otago, Gage 1957) and the Arno
Limestone Formation (South Canterbury, Ward & Lewis 1975),
Waitakian, Late Oligocene (N. de B. Hornibrook, pers. comm.).
N.Z. fossil record number:

J40/f21.
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DESCRIPTION
Skull
General
The largest section of skull consists of the anterior of the
supraoccipital, the dorsal portion of the fused left and right parietals
(including the sagittal crest), and the posterointernal corner of the
left frontal.

Both posteroexternal corners of the supraoccipital were

broken off the skull, and the left was found behind and external (left)
to the supraoccipital, while the right lay some distance in front of
and external to the left frontal.

Most of the small fragments of bone

appear to be pieces of rostrum and pieces of the crushed (and not yet
assembled) right(?) mandible which overlay the left side of the skull
with its position reversed.

Complete preparation of this specimen will

take a considerable time.
Dorsal view (Figs 95, 98, 496)
The thin frontal is depressed externally, and has a gently convex
profile.

It is uncertain if any of this constituted part of the supra-

orbital process.

The midline of the frontals is lost, so the relation

with the sagittal crest and median rostral elements cannot be det.ermined.
There is no evidence of a temporal crest.

The dorsal surface of the

frontoparietal suture is weathered, and the fine bone of the suture is
lost.

The underlying bone shows that the suture zigzagged so that the

frontals and parietals interdigitate in a zone over 20 rom wide.

There

is no evidence of orientation or the nature of the surface pattern.
The parietals form the dorsal surface between the supraoccipital
and frontals.

It cannot be determined if they thrust forward medially

over the frontals.

The two parietals meet in the midline, although

they are separated by a deep narrow suture.

They form a median sagittal

crest which is progressively elevated posteriorly, and the profile
outwards from the crest is concavoconvex.

Posteriorly, the parietals

steepen and become more concave where they form part of the walls of
the braincase.
lambdoid crests.

Dorsally here they contact the supraoccipital at the
There is no evidence of a prominent bulge in the

braincase wall which might reflect a laterally-expanded cerebellum, and
the position of the alisphenoid is not seen.
The incomplete supraoccipital forms much of the dorsal surface.
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The profile is triangular, and it is much longer than wide.

Anteriorly,

it is more or less horizontal, and its apex is pointed sharply, and
thrust forward to within about 70 rom of the frontal.

Its relationship

to other elements, in terms of degree of telescoping, is unknown.
Posteriorly, the longitudinal profile becomes convex, and the lateral
marked~y

profile

strongly.

copcave.

The lambdoid crests are not elevated

The squamosals are not yet prepared completely.

Lateral view (Fig. 497)
The skull vertex is gently convex.

No other features of note are

obvious.
Periotic (Figs 498-500)
Both periotics are fused to the squamosals, so that their external
faces are not visible.

The left periotic is more complete than the

right, the pars cochlearis of which was broken during excavation, so
the description is based predominantly on the left.
Dorsal view (Fig. 500)
The anterior process is wedge-shaped, with a very convex external
face.

The dorsal end of the hiatus epitympanicus cannot be identified

positively.

The anterior process is irregularly keeled and wide, and

its limit is defined posteriorly by a ventrally-depressed foraminate
(vascular?) area on the anterior of the body.

The pars cochlearis is

short and laterally-expanded, with a squarish profile.

Its anterior

face is gently concavoconvex, with a rounded anterointernal angle, the
internal face is flat, with a sharp posterointernal angle, and the
posterior face is flat.

The internal lip of the internal auditory

meatus is deeply depressed ventrally.

Details of the openings within

the broken meatus are uncertain, but the internal aperture of the
Fallopian aqueduct appears to open well forward of the rest of the
meatus.

The meatus appears to have been elongate, narrow, and deep,

with walls which converge, but do not meet, behind the internal aperture
for the Fallopian aqueduct.
transverse ridge.

Here, the floor is elevated into a

The foramen singulare opens anteroexternal to the

tractus spiralus foraminosus, and the latter is round.

The walls of

this posterior half of the meatus narrow so that it is elongate at the
lip but circular at the base.

It is separated by a ridge from the more

posterior apertures for the aquaeductus cochleae and ductus
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endolymphaticus, which do not have a common opening.

The former is

small and situated well posteriorly, while the latter is large and
oriented obliquely anterointernally.

The posterior process is massive,

thickened laterally, and curves ventrally and externally.

A broad

concave fossa occupies the posterointernal face of the body and posteroexternal face of the pars cochlearis, and the anterointernal surface of
the posterior process.

It is bounded externally by a high ridge which

runs from the body to the posterior process, and internally by a ridge
just external to the fenestra rotunda.

This represents probably part

of the pterygoid air sac system.
Ventral view (Fig. 498)
The anterior process is obscured somewhat by the extension
internally of the squamosal over it.

The hiatus epitympanicus is

present as a large foramen, bounded on all sides by the periotic,
anteroexternal to the fossa for the head of the malleus.

The latter

is not succeeded anteriorly by an obvious depression for the fovea
epitubaria on the keel of the anterior process, and the anterior pedicle
(which probably occupies the fovea epitubaria and to which the bulla
fused) is broken off here.
bounded indistinctly.

The fossa for the head of the malleus is

It is very gently concave, is elevated steeply

anteriorly, and faces obliquely posteriorly and internally.
incudis is not distinct.

The fossa

The ventral anterior part of the posterior

process extends well forward, and also a ledge off the squamosal

exte~ds

internally, so that details of the shortened body are obscured.

The

fossa for the stapedial muscle is deeply concave, and extends up the
walls of the pars cochlearis and posterior process.

Anteriorly, the

groove for the tensor tympani is barely distinguishable, so the pars
cochlearis appears to merge into the

anterior process.

The broken

fenestra ovalis appears to be anteroposteriorly elongate, and depressed
well below the level of the gently ridged pars cochlearis.

The fenestra

rotunda is prominent, and is almost overhung by an internal extension. of
the posterior process.

The posterior process curves externally, and its

ventrointernal and ventroexternal faces are grooved.
Internal view (Fig. 499)
Anteriorly, the anterior process is thickened dorsoventrally.
The groove for the tensor tympani is indistinct, and a slight depression
crosses the face of the pars cochlearis.

The body is not elevated

ventrally, and the posterior process arises off both the ventral and
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posterior faces.
Posterior view
There is no trace of a common groove between the. fenestra rotunda
and aperture for the aquaeductus cochleae.

The fossa for the extension

of the airsac system is prominent on the posterior of the body.

The

stapedial muscle fossa is excavated dorsally to about the level of the
fenestra ovalis.
Tympanic bullae
Both tympanic bullae were discovered broken away from the periotics.
As the right bulla is more complete, the description is based on it.
Dorsal view (Fig. 501)
The bulla is roughly rectangular and elongate, with a round
anterior, a more or less flat internal face, the posterior face flat,
not medially grooved and with rounded corners, and the external face
flat except for a convex bulge (not bounded by vertical clefts) at the
base of the sigmoid process.

The involucrum is narrow anteriorly, and

has a rounded dorsal ridge and a slight flat oblique dorsointernal face.
There is no obvious excavation for the eustachian tube.

Posteriorly,

the involucrum increases in height and width, especially in the middle,
where it is finely creased transversely.

Anteriorly, the tympanic

cavity is deep, although the external face of the involucrum is not
steep but is depressed gently.

Posteriorly, the eustachian cavity is

separated only indistinctly from the more posterior part of the tympanic
cavity by a low ridge.

The involucrum overhangs the eustachian cavity.

The posterior vertical cleft opens posteroexternally, and is bounded
ventrally and internally by a thin septum.
outwards anteriorly.

The outer lip bulges rapidly

The anterior pedicle is lost, and

the chorda tympani is short, wide, and thickwalled.
cannot be identified.

th~

groove for

The fissura Glaseri

The external lip of the groove for the chorda

tympani is widened to form a prominent elongate ridge, to the posterior
end of which the malleus probably fused, adjacent to the sigmoid process.
The sigmoid process is perpendicular to the axis of the bulla, and has
a slightly-concave posterior profile.

It lies well in front of the

level of the anterior of the internal posterior pedicle, and its
posterior face does not overhang the median process.

The anterior part

of the median process is fused to the base of the sigmoid process (seen·
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in a slightly more posterior view), and is not separated from it
externally by a groove.

The base of the median process approaches

the internal posterior pedicle, and thus roofs the vertical cleft.
Ventral view
The posterointernal lobe is rounded, with a small nodule on it.
It is separated from the more-sharply rounded posteroexternal corner
by a shallow median depression which does not extend far enough
posteriorly to interrupt the posterior profile, and extends forward
about as far as the level of the posterior process.

A rounded ventral

keel runs anterointernally from the posteroexternal corner.

The

internal face is rugose.
Internal view (Fig. 503)
The ventral profile of the involucrum is more or less flat in the
middle and rounded anteriorly and posteriorly.

The dorsal face is flat,

and slightly concave anteriorly, and the sigmoid process is vertical
with both faces steep.
Posterior view
An indistinct rugose horizontal ridge crosses the posterior face.
The vertical cleft is narrow, and roofed dorsally.

The base of the

sigmoid process at the posterior face is separated from the rest of
the outer lip by a deep groove.
External view (Fig. 502)
The posterior face of the sigmoid process is gently convex, and
does not possess a marked posteroventral angle.

Anteriorly, the

vertical groove at its base is shallow.
COLLECTION DATA, SPECIMEN 28
Specimen:

"No.3 ..• a nearly entire specimen, 23 feet in length" of

McKay (1882b:

104), which included toothless jaws, cervical

vertebrae, other vertebrae, and ribs (Hector 1894:

120) and an

atlas.
Collection number and repository:
atlas is extant.
Collector and date:

in part, Ma 650, NMNZ.

Only the

The whereabouts of the other elements is unknown.
A. McKay, June - August 1881.
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Locality:

"two or three hundred yards" distant from the type-locality

of Kekenodon onamata Hector, 1881, near the junction of Wharekuri
Creek with the Waitaki River, North otago.

Exact grid reference

unknown; assigned grid reference NZMS 260 140:
Sl17:

015180.

Horizon and age:

See Marwick 1935:

K~kenodon

010122; NZMS 1

322, Mutch 1963.

beqs, a lateral equivalent of the Kokoqmu

Greensand Formation, Duntroonian, Mid Oligocene.
N.Z. fossil record number:

I40/f35B.

Comment
As was noted in the Catalogue (section 4.4), an anonymous MS
(written probably by W.R.B. Oliver, some time after 31 May 1940),
Document MMl, NMNZ, lists the then-extant elements of McKay's "No.3"
as an atlas and part of a pelvis.

These elements are still extant.

The pelvis, which bears the number Ma 650, also bears the label "4",
and is that of McKay's "No.4" [other elements of which are curated
as Ma 651 and Ma 1665, NMNZ], figured by Benham (1937c:

Fig. 7).

DESCRIPTION
Atlas
The atlas is unfused and is incomplete.

Its anterior, lateral,

and posterior surfaces are eroded, and surface features of the facets,
and transverse processes, are lost.

Probably, not more than a few

millimetres of bone is lost in most places.
Anterior view (Fig. 461)
The profile is oval, wider than high, with the neural canal higher
than wide and with a figure 8 profile.

The anterior facets appear to

have been reniform, elongated vertically, concave dorsoventrally, and
slightly concave in lateral profile.

They are widest at about the

level of the bases of the transverse processes.

The top of the facets·

are not obviously forward-thrust, and the facets appear not to have been
continuous ventrally.

Remnants of the posterior faces of the horizontal

canals for the first cranial nerves are present at the bases of the
neural arches, about level with the top of the transverse processes.
The neural pedicles are dorsoventrally thin basally, and thicken at the
neural spine.

Possibly a more-elevated neural spine was present.
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Lateral view
The atlas is anteroposteriorly compressed and eroded.

A maximum

thickness is reached at the level of the top of the anterior facets.
The transverse processes are flattened, and constitute under half the
height of the bone.

The neural arches slope slightly forward.

The

posterior facets more or less parallel those of the front.
Posterior view
No hypapophysis is present.

The posterior facets are eroded,

although a few traces of the original surface are left.

They are

reniform, vertically elongate, concave dorsoventrally, and slightly
concave laterally.
Other elements
McKay (1882a, l882b) presented no important data about the
morphology of specimen "No.3".

He stated that the almost entire

skeleton, 23. feet (c. 7.5 m) long, was obtained.

The only other

reference made to this specimen is that of Hector (1894:

120) who

noted that it was "a perfect example, save that the jaws contained no
teeth".

He mentioned that cervical and other vertebrae, ribs, and

portions of the lower jaw "have been preserved".
COLLECTION DATA, SPECIMEN 29
Specimen:

"No.5:

Axis, cervical vertebrae, and ribs" of McKay (1882b:

104) .
Collection number and repository:

Ma 652, NMNZ (axis, one cervical

vertebra, two broken ribs).
Collector and date:
Locality:

A. McKay, June-August 1881.

at or near the type-locality of Kekenodon onamata Hector,

1881, at the junction of Wharekuri Creek with the Waitaki River,
North Otago.

Approximate grid reference NZMS 260 I40:

NZMS 1 Sl17:

015180.

Horizon and age:

See Marwick 1935:

010122;

322, Mutch 1963.

Kekenodon beds, a lateral equivalent of the Kokoamu

Greensand Formation, Duntroonian, Mid Oligocene.
N.Z. fossil record number:

I40/f35D.
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DESCRIPTION
Axis
Anterior view (Fig. 462)
The axis is worn and lacks transverse processes and the neural
arch.

It is wider than high.

The boundaries o£ the anterior facets

for articulation with the atlas are indistinct but appear to have been
wide.

Laterally~

they are flat "to gently concave, while ventrally

they are more obviously concave, and here have a slight concave median
indentation.

The central odontoid process is not thrust forward

prominently.

Its apex is depressed (volcano-like), with a small central

protuberance, and. is flanked by wide grooves which run down from the
floor of the neural canal, and which extend also dorsoexternally to
separate the larger ventroexternal portions of the anterior facets from
the smaller dorsointernal portions.

A faintly convex ridge extends from

the floor of the neural canal to the apex of the odontoid process.
Lateral view
The vertical" posterior face is slightly concave.

The odontoid

process is much higher than it is anteroposteriorly elongate, and has
a rounded rather than a sharp profile.

The bases of the transverse

processes are thickened ventrally and thin dorsally.
Dorsal view
The neural canal is about as long as wide, and the neural pedicle
bases are stout.
Cervical vertebra
This is incomplete, and possesses only the centrum and bases of
the neural pedicles and transverse processes.

It is anteroposteriorly

flattened, with the centrum higher than wide.

The neural canal is

wider than that of the axis.

The ventral transverse processes appear

to" have been developed well, and the remnant of a median ventral ridge
is present.
Ribs
Both the anteroposteriorly-compressed ribs are broken.
one-headed, the other two-headed.

One is
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COLLECTION DATA, SPECIMEN 30
Specimen:

cranium with rostral fragments, and right and left tympanic

bullae.
Collection number and repository:
Collector and date:
Locality:

Ma 1667, NMNZ.

F .M. Climo and B.A. Marshall, 8 January 1972 .•

Kahaurangi Point side of Big River, Northwest Nelson.

Grid reference NZMS 260 L25:

471487; NZMS 1 S2:

697924.

See Bishop 1968.
Horizon and age:

Abel Head Formation, Whaingaroan-Duntroonian,

Early-Middle Oligocene (Bishop 1968).
N.Z. fossil record number:

~

L25/f2..

DESCRIPTION
Skull (Fig. 511).
This specimen is not yet prepared, so only limited observations
could be made.

The exposed ventral part of the cranium is worn, and

the rostrum is lost.

A break through the braincase shows a cross-

section of the skull.
The left supraorbital process is anteroposteriorly thin, and
widened laterally.

The optic canal is shallow.

The frontal appears

to be overridden dorsally for much of its width (seen in anterior view)
by a thin sliver of rostral bone, probably a dorsal posterior extension
of the maxilla, as reported by Andrews (1914) for Eschrichtius.

It is

not depressed abruptly from the midline but slopes gently ventrally.
It does not appear to be underlain by an infraorbital process of the
maxilla.

The choanae are lost, but probably were near-horizontal.

The

intertemporal region constitutes about a third of the width of the skull,
and the temporal fossae are about as wide as long.

The squamosal is

heavy, and the external auditory meatus is visible on the left side.
The concave basioccipital is heavily-built, and the condyles form the
most posterior extension of the skull.
Details of the braincase are seen in the broken cross-section at
about the level of the posterior of the temporal fossae.

The cross-

section is quadrangular, with horizontal dorsal and ventral surfaces,
and vertical walls.

This indicates that

the apex of the supraoccipital

is thrust forward at least past the back of the temporal fossae.

Thin

shelves of bone floor the temporal fossae posteroventrally, and probably
extend forward between the zygomatic processes and the walls of the
braincase.
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Tympanic bulla (Fig. 510)
Only the incomplete right bulla, which lacks the anterior half,
is prepared.

The internal face is flat, the posterior is more or less

flat, and angled at slightly more than 90 0 to the internal, and the
external face is convex.

The involucrum widens posteriorly, and is

steeply depressed posteroexternally, where it overhangs the tympanic
cavity.

The tympanic cavity is convex externally, and opens posteriorly

at the vertical cleft, the walls of which diverge gently dorsally.
Only the base of the sigmoid process is present.

Its posterointernal

portion appears separated from the anteroexternal part of the median
process by a deep groove, which is seen also on the external face as an
elongated cleft below the posteroventral portion of the process.

The

internal profile of the median process is not as strongly convex, and
it has a steep external face.
cannot be determined.

Details of the internal posterior pedicle

In posterior view, a prominent transverse ridge

truncates the median groove which extends up from the ventral surface.
Ventrally, the median groove, which shallows anteroexternally, separates
the squarish posterointernal lobe from the rounded posteroexternal lobe.
COLLECTION DATA, SPECIMEN 31
Specimen:

left and right mandibles, and fragments of rostrum.

Collection munber and xeposi tory:
Collector and date:

Ma 1668, NMNZ.

F.M. Climo, A.N. Baker, J.C. Yaldwyn,

January 1970 and January 1971.
Locality:

Puponga Point, Puponga, Northwest Nelson.

NZMS 260 M25:

877752; NZMS 1 Sl and S3:

146207.

Grid reference
See Bishop

1971, and Fig. 537 herein.
Horizon and age:

Abel Head Formation, Duntroonian, Mid Oligocene

(Bishop 1971).
N.Z. fossil record number:

M25/f18.

DESCRIPTION
The disassembled mandibles were examined by me only briefly.

Much

of their structure is shown in Fig. 533 (per F.M. C1imo; Negative
519a-20, NMNZ) and in a partly prepared section of the right mandible
(Figs 531,532).

The mandibles are about 1.90 m long, are straight,

and have a more or less circular cross-section anteriorly but are
laterally compressed posteriorly.
posteriorly.

They are wider anteriorly than

An elongate alveolar groove runs forward along the apex
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of the dorsal surface from just in front of the coronoid process to
the anterior end.

Internally, the lip of the alveolar groove is bounded

by a concave, depressed face, into which gingival foramina open.

The

alveolar groove is up to 5 rom deep, and is floored ventrally by a thin
sheet of bone under which lies the large alveolar canal.

Elongate

alveoli(?) are present at intervals along the floor of the canal.

The

coronoid process rises steeply at about 1.50 m behind the anterior end
(right side) and reaches its apex at about 1.65 m.
to over twice the height of the ramus.

The coronoid process is

compressed laterally and curved inwards.

The mandibular foramen at the

back of the alveolar canal is high and narrow.
laterally, and is not very high.

It rises dorsally

The condyle is widened

The few rostral fragments present are

of uncertain position.
COLLECTION DATA, SPECIMEN 32
Specimen:

two incomplete mandibles, humerus,

radi~s(?),

ulna(?), ribs,

24 vertebrae.
Collection number and repository:
Collector and date:

Ma 1809, NMNZ.

F.M. Climo, B.A. Marshall, K. Elworthy,

7-10 January 1972.
Locality:

Te Hapu, Whanganui Inlet, Northwest Nelson.

NZMS 260 M25:
Horizon and age:

670666; NZMS I S3:

918117.

Grid reference

See Bishop 1971.

Takaka Limestone Formation, Waitakian, Late Oligocene

(Bishop 1971).
N.Z. fossil record number:

M25/f15.

DESCRIPTION
I briefly examined only the mandibles of this unprepared specimen.
They are incomplete anteriorly and posteriorly.
right mandible is flattened laterally.

In dorsal view, the

It is moderately wide

posteriorly, but anteriorly narrows fairly abruptly to about half its
width.

The dorsal crest is pronounced, and there is no evidence of an

alveolar groove.

The profile is bowed outwards in the middle, with

slightly concave-externally profiles anteriorly and posteriorly.

In

lateral view, the edges are roughly parallel in the middle, but
posteriorly the mandible deepens as the ventral surface curves down.
No prominent coronoid process is present.

Anteriorly, both the dorsal

and ventral surfaces diverge gently, so that dorsoventral thickness
increases.
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COLLECTION DATA, SPECIMEN 33
Specimen:

fragment of sternum and fragments of mandible.

Collection number and repository:
Collector and date:
Locality:

GS 3738, NZGS.

J. Raeside, 29 November 1946.

"at head of Lake Waitaki,

~

mile downstream from the

Waitangi Bridge, on Canterbury side of river, below normal
lake level"; approximate grid reference NZMS 260 140:
NZMS 1 Sl17:
Horizon and age:

010190.

See Marwick 1935:

006132;

322, Mutch 1963.

probably Kekenodon beds, a lateral equivalent of

the Kokoamu Greensand Formation, Duntroonian, Mid Oligocene.
N.Z. fossil record number:

Sll7/f499.

Comment
This specimen probably was collected from a lithology similar to
that from which McKay (1882a, 1882b) obtained his five specimens of
Kekenodon onamata perhaps only a hundred metres or so from the locality
of Sl17/f499.
DESCRIPTION
I had only a brief opportunity to examine this specimen.

The·

fragments of mandible suggest that the bone was not much deeper than
wide, with a large alveolar canal.

The sternum is roughly cylindrical,

and dorsoventrally flattened posteriorly.

Anteriorly it is narrow, and

behind this possesses on either lateral face a large, spherical,
depressed costal facet.
DISCUSSION
COMPARISON OF ELEMENTS

Skulls
Important skull characteristics on which diagnoses of mysticete
genera have been based by Kellogg (e.g. 1934a, 1934b, 1965, 1968b, 1968c,
1968d) and which were outlined initially by Miller (1923) already have
been outlined earlier (section 3.9).

As. the mysticetes described herein

may be discussed most conveniently with reference to these skull
features, a summary of the features is given as follows:

profile of

rostrum in dorsal view; relative length and position of the narial fossa;
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degree of backward thrust of median rostral elements (nasals, ascending
processes of premaxillaries and maxillaries) relative to the frontal and
parietal; degree of exposure of the frontal; slope of the frontal
(supraorbital process gently or abruptly depressed); presence of
temporal crest on the frontal; degree of forward thrust of the median
parietal region over the frontals; presence or absence, and relative
length and construction of median intertemporal region, and development
of a sagittal crest; relative proportions of the temporal fossae; degree
of forward thrust of the apex of the supraoccipitals relative to the
zygomatic processes and, especially, to the anterior cranial and rostral
elements; presence or absence of the alisphenoid in the lateral wall of
the braincase; presence or absence of the squamosal cleft, of Ridewood
(1922) (A. Pivorunas, pers. corom.); relative length of the palatines;
shape of the lateral processes of the basioccipital; and orientation
of the postglenoid process.
Mauicetus parki holotype, OU 11573, UODG
Unfortunately~

these features.

the holotype skull of Mauicetus parki lacks many of

The median rostral elements are lost.

The back of the

frontal is exposed widely (anteroposteriorly) on the vertex, and gently
depressed laterally.

The degree of overlap of the median rostral

elements with the frontal is unknown, but they did not reach posteriorly
to the back of the frontals.
forward-thrust.

Medially, the parietals are slightly

A long sagittal crest is formed by the parietals in the

intertemporal region.

The relationship of the forward-thrust

supraoccipital to skull elements apart from the frontals is uncertain,
but almost certainly it was thrust forward of the posterior borders of
the temporal fossae.

Braincase wall structure is uncertain, as are

details of the basicranium.

Even though this skull is incomplete,

because it is the holotype specimen of the type-species of the genus
Mauicetus, it must form the reference specimen to which all other
specimens nominally of Mauicetus must be compared.
Mauicetus parki paratype, C.75.26, OM
The paratype skull possesses some features not apparent in the
holotype.

Like the holotype, it lacks the rostrum, although the

proximal ends of the median rostral elements are present.

The nasals

and ascending portions of the premaxillaries are thin, while the
ascending processes of the maxillaries are relatively wide.

These

median rostral elements appear to have been separated from the parietals
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by no more than 120 rum of frontals (most of which are lost).

The

frontals probably were exposed well on the vertex, and were gently
depressed laterally, as with the holotype skull.

The median part of

the parietals is not thrust forward over the back of the frontals,
unlike the holotype skull.

There is a long sagittal crest, formed by

the parietals, which separates the forward-thrust apex of the
occipital from the frontals.

supra~

As is the case with the holotype skull,

the degree of forward-thrust of the supraoccipital relative to other
skull elements cannot be determined except relative to the position of
the frontoparietal suture.

In the holotype skull, the supraoccipital

apex extends forward well towards the level of the posteriorrnost portion
(the most lateral portion, at the borders of the temporal fossae) of
the frontoparietal suture, while in the paratype skull, the apex of the
supraoccipital lies well behind this level.

Some differences are seen

also in the structure of the supraoccipital. It has a blunt apex which
o
approaches 90 (although it is diagenetically distorted), and an anteroposterior profile relatively abruptly depressed posteriorly.

On the

other hand, the supraoccipital of the holotype has a more-pointed apex,
anteriorly is more or less horizontal, and posteriorly is depressed
gently.

Details of the paratype supraoccipital are preserved poorly.

Mauicetus lophocephalus holotype, C.62.1, OM
This holotype skull is lost.

Had it been preserved, detailed

comparison of it with the holotype of M. parki would have been most
profitable.

The more obvious features of M. lophocephalus, as shown in

Marples's (1956) Fig. lc and Plates la and lb, have been outlined
Marples considered M. lophocephalus to share with M. parki the

already.

"long sagittal crest formed by the parietals meeting anteriorly to the
supraoccipital shield", and stated that they differed in the presence of
a median ridge on the supraoccipital of M. lophocephalus (p. 578).
However, a faint ridge is present also on M. parki.

These two skulls

are similar in that the apex of the supraoccipital is thrust forward in
front of the back of the temporal fossae.
apparent:

Some differences are

the apex of the supraoccipital of M. lophocephalus is figured

as more pointed, its lambdoid crests are more elevated and result in a
more concave profile, the median ventral ridge apparently is stronger,
the intertemporal region may be more narrow, the frontals participated
in the sagittal crest (Marples 1956:

567), and the condyles and foramen

magnum are more conspicuous (dorsal view).
(1956:

It is not certain if Marples

Fig. lc) correctly figured the degree of posterior telescoping
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of the median rostral elements of M. lophocephalus over the frontals,
for perusal of his Plate la suggests that they may have thrust back as
far as the level of the transverse temporal crests of the frontals.
Whatever tho caso, it BeemA that th(, rtoqrcw of telescoping if'! similar
to that of the paratype (C.75.26, OM) of M. parki, in which median
rostral elements extended back behind the anterior edge of the frontals.
Similarly, in both these skulls, a considerable portion of frontals and
parietals is exposed on the vertex.

However, the paratype of M. parki

differs apparently from the skull of M. lophocephalus in its blunter
supraoccipital.

Because it cannot be determined if the median part of

the parietals had telescoped forward into the frontals, it is uncertain
if M. lophocephalus was more like the holotype or paratype of M. parki
in this respect.
The reconstruction (Marples's Fig. lc) of the holotype skull of
M. lophocephalus suggests other features of interest.

The rostrum has

assumed the more or less triangular profile characteristic of early
mysticetes like Aglaocetus Kellogg, 1934a, but the maxil1aries are not
yet broadened anteriorly as in later cetotheres (e.g. Pelocetus
1965; my Figs 8, 9).

K~llogg,

The elongate naria1 fossa is.a primitive feature,

as are the elongate nasals which, in later cetotheres and
balaenopterids, are much shorter.

In comparison with other mysticetes,

the rostrum is short relative to overall skull length, and in this
respect resembles the "aetiocetids" (e.g. Aetiocetus Em10ng, 1966).
The tubular intertempora1 region and elongate, rather than compressed,
temporal fossae are reminiscent of the archaeocetes.

The degree of

forward-telescoping of posterior cranial elements, and of exposure of
the parietals and fronta1s on the vertex, are more primitive than in any
other genus of mysticete (s.s.) yet described.
Mauict'tus waitakinnsj,c; holotype, C.62.2, OM
As is the case with the other skulls, the incomplete ho10type of
M. waitakiensis is difficult to compare with other specimens.

The

supraoccipital rises much more steeply from the condyles than that of
the M. parki ho1otype, but in both there is a small depression anteroexternal to the condyle.
M. waitakiensis.

The depression is more pronounced in

In M. parki, the ventral lip of the foramen magnum is

thrust back behind the level of the dorsal lip, so that it is visible
dorsally, but in M. waitakiensis the ventral lip is not visible thus.
The posteroexternal excavations of the internal (intracranial) face of
. the supraoccipital of M. waitakiensis suggest the presence of a
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laterally expanded cerebellar and rete mirabi1e region, as is seen in
M. parki (ho1otype).

Inasmuch as the bullae of M. waitakiensis and

M. lophocephalus are similar (see later, below), one might expect some
similarities in skull construction.

However, the supraoccipital is

steeper, the condyles are less-distinctly bounded, and the exoccipitals
are not as posteriorly-extended (they may lie even completely in front
of the level of the condyles) in M. waitakiensis.
Specimen REF 1
This, and specimen REF 2 (below) are more primitive than the
previously-described specimens, but unfortunately, REF 1 is not
comparable directly with any of them.

The rostrum shows no positive

evidence of a triangular profile, and there is no evidence posteriorly
of lateral expansion of the maxillaries.

It is possible that the

rostrum was parallel-sided, but it is more likely that posteroexternal
portions of the maxillaries were lost.

The narial fossa probably was

large, with its posterior boundary at least a quarter of the way in
front of the posterior of the rostrum.

The structure of the posterior

rostral elements (e.g. the relative widths of the nasals and the
ascending portions of the premaxillaries and maxillaries), and their
relationship to cranial elements is not known.

The ventral surface of

the rostrum is flat, not concavoconvex inwards (as in later forms), and
is grooved roughly anteroposteriorly with vascular canals.

Kellogg

(e.g. 1934a, 1965) stated that ligamentary tissues as well as blades of
baleen attached to the roof of the mouth in recent mysticetes are
supplied with blood vessels via these vascular grooves.
this was the function of the grooves in REF 1.

Presumably,

Posteriorly, on the

ventral face, the maxillaries spread inwards to cover the premaxillaries,
but anteriorly they do not spread.

Consequently, the premaxillary-

maxillary sutures are complex (interdigitating) posteriorly but are
simple (straight, vertical) anteriorly.

The anterior extension of the

maxillaries is more advanced than in the archaeocetes, where externally
the maxillaries overlap only about half of the length of the
premaxillaries.

The relationships of the vomer cannot be determined.

No tooth sockets or obvious alveolar grooves are present.
Specimen REF 2
This specimen is telescoped more primitively than any other
mysticete skull yet described (including the previously-mentioned
New Zealand skulls) in that the apex of the supraoccipital is thrust
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forward no further than the posterior edges of the temporal foss·ae.
This degree of telescoping is similar to that of Aetiocetus, although
the profiles of the supraoccipitals are different (triangular in REF 2,
hemispherical in Aetiocetus).

Compatible with the relatively unadvanced

telescoping is the steep supraoccipital.

The laterally-expanded,

heavily-vascularised lobes of the cerebellar region foreshadow the
immense expansion laterally and dorsally seen in the holotype skull of
M. parki, and probably also M. waitakiensis, but this is of uncertain
taxonomic significance.

The relationship of REF 1 to REF 2 is uncertain,

but is hinted at by the observations that the two specimens are of
similar age, from the same locality, are more primitive than any other
mysticete yet described, and that one could expect to find a complete,
primitive mysticete skull which encompassed the features of both
specimens.
Specimen REF 111
This incomplete skull differs from those described above.
Anteriorly, the relationship of the median rostral elements to the
frontal is lost.

The portion of frontal preserved appears to represent

that behind the supraorbital processes, as the·re is no evidence
anteriorly of the temporal crests which separate the anterior supraorbital and posterior intertemporal portions of the frontal.

This

suggests that the median part of the frontal was elongated anteroposteriorly, probably about the same as for M. lophocephalus (holotype).
The parietals appear not thrust forward obviously over the frontals, and
this differs from the situation in the holotypes of M. parki and
M. lophocephalus but is similar to the paratype of M. parki (C.75.26,
OM).

They form the sagittal crest of the elongate intertemporal region.

The apex of the supraoccipital is thrust forward, although its
relationship to lateral cranial elements is uncertain.

That it probably

is not thrust as far forward as in M. parki(holotype) is suggested by
its relatively-steeper anteroposterior profile:

the anterior of the

supraoccipital is not as horizontal as could be expected in a markedly
forward-thrust bone.

The profile of the anterior of the

supraoccipit~t1

is more narrow than the holotype and paratype of M.parki and REF 2.
It is uncertain if the bone was widened further posteriorly, but an
impression is gained of a relatively narrow, long supraoccipital and
correspondingly elongate cranium.

Possibly, the temporal fossae also

were long, as it could be generalised that anteroposterior compression
of the cranium, as seen in the derivation of the later cetothere skull
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/()phOCt'/"I.,11111-1Ikt. form (with iin 1I1nnqitt:o (:rc'lnillm)

from an oarli.or, M.

was associated also with shortening of the temporal fossae.
Specimen Ma 1667, NMNZ
Only a few important features can be discerned here.

Some

posterior movement has occurred of median rostral elements over the
frontal, but the degree of telescoping cannot be determined.

Because

the frontal is covered for much of its width, the maxillaries probably
expand backwards above as well as below the frontals.

The apparent

anteroposterior compression of the supraorbital process is unusual,
but is of uncertain significance, as it is not known how much of the
frontal is lost.

No infraorbital process of the maxilla was seen.

The gentle slope downwards and outwards of the frontal is seen also in
some of the other skulls (above) and appears to be typical of cetotheres.
The intertemporal region is narrow and, as other features of the skull
are similar to those of previously-described New Zealand Oligocene
mysticetes, presumably both the frontals and parietals participated in
the intertempora1

regio~.

The supraoccipital is thrust forward at

least further than the posterior borders of the temporal fossae, as is
the case in M. lophocephalus (holotype) and probably all the other
New Zealand Oligocene mysticete skulls except that of REF 2.

It is

not obviously concave in lateral profile (unlike that of C.75.26 (OM),
REF 2, and REF 111).

Other specimens
In addition to the eight skulls discussed above, a further five
skulls are known.

However, these are too incomplete to be of much use

in this discussion.
specimen of M. parki
NMNZ.

Fragments of rostrum only are known for a referred
(C76.737.6, SM; Benham 1942) and specimen Ma 1668,

They indicate dorsoventrally-compressed, broad, elongate rostra.

A fragment of supraorbital process(?) of a referred specimen of M. parki
(Ma 649, NMNZi Benham 1942) needs further preparation and, together
with OU 11538 (UODG) needs careful comparison with better-preserved
material to determine the exact homology of elements about which it is
fruitless to speculate at present.
determine these.

Published figures have not helped

One fragment of bone in collection OU 11548 (UODG),

which belongs to the same individual (old number D.W.4, UODZ) as does
the incomplete bulla referred to M. lophocephalus by Marples (1956:
"specimen 4"; C.78.1, OM) cannot be identified positively as skull
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material.

Specimen ZMT 67 (eM) includes an unprepared, plaster-jacketed

skull.
Periotics
Given that mysticetes probably arose from an archaeocete stock,
and that the mysticetes presently under discussion are the oldest yet
known, it could be expected that their periotics might exhibit some
features intermediate between the Archaeoceti (s.s.)and later Mysticeti

(5.5.). This is the case.

The main problem in the discussion of the

diagnostic features of these periotics is that it is uncertain what
features of the periotics of archaeocetes and early mysticetes may be
used reliably in taxonomy.

Kasuya (1973) outlined variation in tympano-

periotics of extant odontocetes which may be taken into account in the
taxonomy of fossil odontocetes, but no such study has been carried out,
as far as is known, for extant mysticetes.

Kellogg (1936) described the

periotic morphology in many archaeocete general, although he did not
present a wide range of illustrations for all.

Also, he did not provide

an overall diagnosis of the characteristics or evolutionary trends of
archaeocete periotics.

Pompeckj (1922) gave a detailed description of

a few archaeocete tympanoperiotics, primarily of "Zeuglodon" (= Dorudon)

osiris, and also a discussion of odontocete-like and mysticete-like
characteristics, but I do not have a translation of this paper.

It is

beyond the scope of this thesis to determine and compare in detail the
diagnostic features of archaeocete and mysticete periotics and,
especially, morphocline polarities, but below are summarised a few
characters.
Some of the more-useful observations on mysticete periotics are
those of Kellogg (1925b, 1931, 1934a, 1968a, 1968c, 1968d, 1969, Packard
&

Kellogg 1934) ,especially those on Parietobalaena, (Kellogg 1968d),

which give some idea as to intraspecific variation.

Useful illustrations

in addition to those in the above publications were given also by Van
Beneden (1880a, 1882, 1885, 1886).
Features of mysticete periotics
The anterior process often is elongate, laterally-compressed, and
wedge-shaped, with a flattened inner face and a swollen external face
which lodges in the squamosal.

It is deepened dorsoventrally.

Sometimes the process becomes short, swollen, and nodular, and broadens
laterally and becomes more shallow dorsoventrally.
often is pitted with minute vascular foramina.

The dorsal surface

Behind the anterior
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process, the fossa for the head of the malleus nearly always is large,
shallow, and bounded indistinctly.

Its position relative to the

epitympanic opening of the Fallopian aqueduct may vary intraspecifically.
Behind it, the fossa incudis usually is indistinct.

The ventral keel is

often, but not always, attenuated in front of the fossa for the head of
the malleus.

Posteriorly, the body may become bulbous, as the superior

process is expanded convexly externally.

Its profile often is smooth.

The posterior process is long, and wedges (fuses?) between the
exoccipital and squamosal.
on the internal face.

A groove for the facial nerve may be present

The shape of the posterior process is variable

often according to ontogenetic age (see Parietobalaena; Kellogg 1968d;
and Van Beneden's figures).

Generally, it lengthens.

A variably-

excavated fossa for an extension of the airsac system may occur on the
anterodorsal face of the process and may extend on to the posterior faces
of the body and pars cochlearis.
The pars cochlearis is bounded anteriorly by the groove for the
tensor tympani, which very rarely distinctly separates the profile of
the anterior face of the pars cochlearis from the inner face of the
anterior process.
odontocetes.

This groove is more obvious in archaeocetes and

Its structure may vary intraspecifically.

cochlearis varies between species.

The pars

In some, it is is compressed

laterally and elongate, while in others it may be square, semicircular,
or inflated so width exceeds length.

Always it appears relatively
th~

smaller, in comparison to the length of the anterior process, or
width or length of the body, than in archaeocetes.
ontogenetic profile change.

There is little

On the dorsal face, the internal auditory

meatus is oval or circular, and deep, without a marked decrease in
diameter basally.

The position of the internal aperture of the

Fallopian aqueduct is variable, and within a species may lie within,
at the lip of, or anterior to, the internal auditory meatus.
possess two openings:

It may

a main opening adjacent to the meatus, and

sometimes a second smaller opening further anteriorly.
rotunda may migrate so that it is visible dorsally.

The fenestra

The body adjacent

to the pars cochlearis is intraspecifically variable in shape:
be flat, concave, porous and rugose, or smooth.

it may

The superior process

is not elevated highly and flattened.
Features of archaeocete periotics
Kellogg's (1936) monograph is disappointingly deficient of an
outline of the diagnostic features of archaeocete periotics.
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Perhaps this could be because structure is so variable.

Kellogg's

observations, supplemented by my own on Kekenodon onamata and
Mammalodon colliveri, suggest that, compared with mysticetes, the
anterior process is shorter, not much longer than wide, and with a
blunter apex.

The external and internal faces both are convex, and

the anterior process is not deepened markedly dorsoventrally.

It is

not elongate and wedge-shaped, with a flat or immensely thickened and
spherical internal face.

Behind it, the fovea epitubaria is prominent,

and is succeeded by a distinctly-bounded fossa for the head of the
malleus.

This is of moderate size, is obviously concave, and lies in

front of the position of the epitympanic orifice of the Fallopian
aqueduct.
distinctly.

Behind it, the fossa incudis generally is depressed
The ventral profile of the superior process generally is

flat, rather than expanded and convex.

The posterior process is similar

. to that of mysticetes, except there is no evidence of extension of the
airsac system into the region of attachment with the body.
The pars cochlearis is separated more distinctly from the anterior
process and the body by the groove for the tensor tympani.

Accordingly,

there is a more obvious inflection point in the anterointernal profile
of the periotic.

The pars cochlearis is relatively large compared with

the anterior process and body.
and length of the periotic.
length exceeds width.

It may constitute over half the width

It never is inflated or semicircular, and

The structure of openings in and around the

internal auditory meatus varies.

The meatus generally is elongate,

narrows basally, and is not relatively deep.

There is no evidence of

the establishment of a second, anterior opening of the internal aperture
of the Fallopian aqueduct.

Ornament on the dorsal surface of the bOdy

varies.
These summaries give some idea as to the differences between
archaeocete and mysticete periotics, and of the variation within the
groups.' Differences in the apparent taxonomically-important structures
will be outlined for the periotics discussed below.

Unfortunately, when

I wrote the above, I was not aware of the potential value of determining
morphocline polarity and hence identifying plesiomorph and synapomorph
characters.

Mauicetus parki holotype, OU 11573, UODG
As the skull of the holotype is incomplete and gives only a guide
as to affinities, the structure of the periotic is important.

The

periotic possesses features outlined previously as typical of mysticetes:
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elongate, wedge-shaped, ventrally keeled anterior process, with a flat
internal face and a convex outer face; prominent hiatus epitympanicus
and large fovea epitubaria (occupied by the base of the anterior pedicle
for the bulla); large, shallow, indistinctly-bounded fossa for the head
of the malleus; bulbous body, convexly expanded externally; large,
heavy, externally-expanded superior process; pars cochlearis bounded
anteriorly by indistinct groove for the tensor tympani and only obvious
ventrally (cf. archaeocetes:

conspicuous dorsally); pars cochlearis

rounded hemispherical, not compressed laterally, with rugose ornament
on dorsointernal face; internal auditory meatus deep, oval, not
decreasing in diameter to base, and separated from the internal aperture
for the Fallopian aqueduct; adjacent portion of pars cochlearis
irregularly rugose then succeeded externally by heavily-vascularised
massive bone of body.

Inasmuch as the skull of M. parki possesses

cetothere features, the mysticete-like morphology of the periotic also
is to be expected.

As is the case with the skull, because this specimen

is the holotype of M.parki (the type-species of the genus Mauicetus),
the periotic forms a reference specimen to which the other specimens must
be compared.

Mauicetus parki referred specimen Ma 649, NMNZ
Compared with the M. parki holotype, the anterior process is
relatively shorter, more compressed, and with flatter internal and
external faces.

The fossa for the head of the malleus is oriented

similarly, but is markedly more archaeocete-like in its more concave
profile and better-defined borders than is M. parki or other New Zealand
mysticetes.

The portion of the body external to the pars cochlearis,

which includes the superior process, is not expanded laterally.

The

profile of the anterior of the pars cochlearis and internal face of the
anterior process is more markedly concave than M. parki although, like
the. latter, it is without a distinct, narrow, depressed groove for the
tensor tympani.

Differences in the ventral surface (flatter, with

marked anterointernal angle) are of uncertain significance.

The pars

.cochlearis is relatively much longer than wide or than the length of the
anterior process, and wider relative to body width, than is M. parki.
These features are reminiscent of archaeocetes.

The internal and

external borders of the fossa for the stapedial muscle are not extended
on to the pars cochlearis or posterior process, unlike in M. parki .
In dorsal view, the body is vascularised much less.
and anterior processes are dense and nonvascular.

The superior

Like the M. parki
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holotype, the midpoint of the body is depressed deeply.

The superior

process is elevated much more, and obviously formed a platelike
extension up the squamosal.

The oval, elongate, internal auditory

meatus is primitive in that the Fallopian aqueduct opens on the floor,
separated from the rest of the meatus by a low ridge, and in the
relatively anterior position of the foramen singulars.

The posterior

face of the body, and the posterior process, are not excavated for an
extension of the airsac system, unlike most, if not all, cetotheres.
The posterior process is relatively short, unlike other New Zealand
cetotheres

probably including M. parki (for which this process is

unknown but, if like other structures on that periotic, probably waS
of conventional structure).

Mauicetus parki referred specimen Ma 651, NMNZ
In ventral view, the anterior process is longer, and more
mysticete-like, than that of Ma 649.

It has a more inflated external

face, and a more prominent hiatus epitympanicus.

The fossa for the

head of the malleus is more like that of the M. parki holotype, OU
11573, than Ma 649, in that it is less concave and less distinctly
bounded, especially on the internal face.
indistinct.

The fossa incudis is

Behind the fossa for the head of the malleus, the ventral

apex of the superior process is thickened laterally, probably a
reflection of the thickened, externally convex, overall profile of the
superior process.
and OU 11573.
OU 11573.

It is intermediate between the condition in Ma 649

It lacks the roughened striae of Ma 649 or the width of

Compared with the overall length of the periotic, the pars

cochlear is is relatively smaller than Ma 649, but not as small as
OU 11573.

Its higher length:width ratio, relatively flat ventral

surface, and prominent posterointernal angle are similar to Ma 649,
while the gently concave profile of the anterior face and anterior
process is more like the M. parki holotype.

The prominent deep groove

for the tensor tympani is not seen in either of the two preceding
periotics.

The expansion of the fossa for the stapedial muscle on to

the faces of the pars cochlearis and posterior process is similar to
that of M. parki and other cetotheres.
Dorsally, the vascularisation of the body and base of the anterior
process foreshadows the condition seen in M. parki.

Compared with

Ma 649, the body is relatively wider and without an elongate depression,
and the convex superior process is not as high and platelike.

The oval

meatus, which has steeper sides and is not as large as Ma 649, is more
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mysticete-like than the former.

The fossa for an extension of the

airsac system, on the posterior face of the pars cochlearis, is unlike
that of Ma 649, but is typical of most, if not all, cetotheres.

Mauicetus lophocephalus holotype, C.62.1, OM
The incomplete pars cochlearis, all that remains of the holotype
periotic, can give only a few clues as to relationships.

Although

Marples regarded M. lophocephalus as congeneric with M. parki, it
appears that there are some differences between the skulls of these two
species, and in order to investigate more thoroughly the differences as
reflected by the periotics, features of the periotic of M. lophocephalus
relative to those of M. parki are detailed as follows:
1.

the length:width ratio, indicated by total length:width from
fenestra ovalis to internal face, is much higher, so the
periotic is expanded less.

2.

the anterointernal and posterointernal angles are less obvious.

3.

the internal face is convex, whereas the internal face of the
pars cochlearis is depressed rather abruptly in M. parki
(holotype).

4.

the same applies to the anterior face:

it is depressed less

abruptly in M. lophocephalus.
5.

as a consequence of the large nodular posterointernal angle,
the fenestra rotunda of M. parki lies further from the
posterior edge.

6.

the external wall of the pars cochlearis is less steep than in

M. parki, reflecting ventroexternal extension seen in the latter
and in later cetotheres.
7.

the stapedial muscle fossa is more or less flat, and not depressed
dorsally to the level of insertion of the footplate of the stapes,
unlike M. parki.

8.

the stapedial muscle fossa extends ventrally on to the external
wall of the pars cochlearis in M. parki but not in M. lophocephalus,
which lacks the posteroventrally-projected wall.

9.

the fenestra rotunda is more oval and elongate, and the aperture
for the cochlea aqueduct visible, in M. lophocephalus.

10.

there is no evidence in the posterior profile of excavation of a
fossa for the air sac system, unlike in Ma 651 and typical
cetotheres, presumably including M. parki (although its posterior
face is lost).
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11.

grooves on the lateral face of M. lophocephalus probably are
unimportant, but the ventral face obviously has a more gentle
profile, and the cerebral apertures are much less evident than
in M. parki.

12.

the internal lip of the pars cochlearis is excavated less in
M. lophocephalus, so the internal auditory meatus lies
relatively further from it.

13.

the internal auditory meatus appears to have been elongated
anteroexternally, with walls which converge basally, while that
of M. parki is more or less circular with parallel walls.

These features indicate not a close affinity with M. parki.

The pars

coch1earis profile (ventral view) differs from that of Ma 649, but in
both individuals, the stapedial muscle fossa is not excavated dorsally
to the level of insertion of the footp1ate of the stapes, the fossa
does not extend obviously on to the posteroexternal wall of the pars
coch1earis, and the posterior face does not appear to be excavated for
an extension of the airsac system.

The internal auditory meatus and

other dorsal apertures are similar in structure.

The periotic of

M. lophocephalus differs from that of Ma 649 in the less-steep wall of
the pars coch1earis adjacent to the fenestra ova1is, the less-prominent
projection between the fenestra rotunda and stapedial muscle fossa, the
relatively larger, more oval fenestra rotunda, and the presence of a
dorsal groove in the internal wall between the ihterna1 auditory meatus
and internal profile.
As was the case for the M. parki ho10type, the periotic of Ma 651
differs markedly from that of M. lophocephalus.

Ma 651 has an expanded

pars coch1earis with a squarish profile, steep faces, a dorsa11yexcavated stapedial muscle fossa which is expanded on to the pars
cbch1earis, a posterior fossa for an airsac extension, a round foramen
rotunda, and a more steepwa11ed meatus.
Specimen OU 11523, UODG
The fragments of periotic of this specimen are relatively
uninformative.

The anterior process is not unlike that of Ma 649,

although it is markedly smaller.
Specimen OU 11526, UODG
Some specialised mysticete-like features are present in OU 11526,
accompanied by many reminiscent of archaeocetes.

The anterior process
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is flattened laterally, although not as markedly as in other mysticetes.
Futhermore, it is not relatively as long as in other mysticetes, in
which its length commonly exceeds that of the pars coch1earis.

Even in

other early mysticetes (e.g. Ma 649, Ma 651, NMNZ), the anterior process
has increased in dorsoventral thickness so that it is level dorsally
about with the

cre~t

of the superior process.

Also in such forms, the

posterior part of the anterior process and anterior of the superior
process is moderately vascular, and in younger forms (e.g. the ho10type
of Mauicetus parki) the bone is highly vascu1arised.
the groove

fo~ed

The dorsal end of

by the hiatus epityrnpanicus is much larger than that

of any other mysticete studied, and this reflects the large lateral
expansion of the superior process.

Mysticetes Ma 649 and Ma 651 possess

a hiatus epityrnpanicus of similar size (but a less expanded superior
process)

to that of OU 11526, but more-modern mysticetes lack such an

expanded superior process.

The structure of the openings within the

meatus is uninformative as regards relationships.

Kellogg (e.g. 1968d:

185) has shown that the relationship of the internal aperture of the
Fallopian aqueduct to the rest of the meatus may vary intraspecifica11y.
On the ventral surface, the fovea epitubaria seems much smaller
than those of other mysticetes, while the fossa for the head of the
malleus has relatively more distinct although by no means clearly
defined anterointernal and external boundaries.

The indistinctly

bounded fossa incudis is similar to that of other mysticetes.
Mysticetes Ma 649 and Ma 651 (NMNZ) possess an anteroposteriorly
elongate deep groove posteroexternal to the fossa incudis, and Ma 651
also has a similarly dorsally-rounded superior process.

The posterior

process appears to have arisen from the ventral surface (as in Ma 649,
NMNZ) and not in part from both the ventral and posterior faces of the
periotic (as in all other mysticetes).
Archaeocete characters (presumably shared primitive, and hence
plesiomorph) of this specimen also are pronounced.

The anterior process

is more massive than the thin, platelike anterior process of other
mysticetes, is not greatly deepened dorsoventrally, and has a rounded
rather than a sharply-elevated, dorsal profile.

Furthermore, the base

of the anterior process, and anterior of the superior process is not
vascularised dorsally.

The superior process is more robust and extends

further dorsally than in some archaeocetes (e.g. Kekenodon onamata,
section 5.2, and Mammalodon colliveri, Fig. 197), although the degree of
dorsal curvature is similar to others (e.g. Dorudon osiris; Pompeckj
1922:

Plate 2, Fig. 4).

The extension of the hiatus epityrnpanicus to.
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the dorsal surface and the external extension of the superior process
appear to be unlike archaeocetes for which I have seen figures.

As

mentioned earlier, the structure of dorsal apertures on the body and
pars cochlearis appear too variable to be taxonomically-useful.
When the periotics of Kekenodon onamata and Mammalodon colli veri
are viewed from the ventral surface, the fovea epitubaria is better
defined than on OU 11526, while the hiatus epitympanic us is less
distinct.

The fossa for the head of the malleus is anteriorly bounded

more distinctly by the fovea epitubaria, and is more elevated above the
level of the adjacent superior process in archaeocetes (Kellogg 1936)
than in mysticetes (with the exception of Ma649, NMNZ).

A dbrsally-

rounded superior process also is present in archaeocetes (although it
has never been recorded as large as that of OU 11526), as may be the
anteroposteriorly elongated deep. groove posteroexternal to the fossa
incudis.

The probable origin of the posterior process in the present

specimen also is archaeocete-like.

Despite the theme of this discussion

on OU 11526 (written some time before the rest of the discussion), it is
not difficult to determine the relationships of this specimen.

Although

it possesses both archaeocete and mysticete characters, its synapomorph
features indicate undoubted mysticete affinities.
Specimen REF 109
The anterior process probably was robust.
of the malleus is typically mysticete:
for OU 11573 and Ma 651.

The fossa for the head

shallow and poorly defined, as

The rest of the body is uninformative.

The

superior process lacks a ventrally-expanded apex, although it is
expanded prominently externally, so that the body width external to
the fenestra ovalis exceeds the width of the pars cochlearis internal
to the fenestra ovalis.

Posteriorly, the posterior process is much

larger than that of Ma 649.

The elongate, rectangular pars cochlearis,

with its obvious anterointernal and posterointernal angles, is
reminiscent of Ma 649 and Ma 651, but not the M. parki holotype.
Surprisingly, the groove for the tensor tympani is prominent (cf. also
Ma 651).

The flat ventral roof of the pars cochlearis is lost, but the

significance of the ornament which replaces it is uncertain.

As with

Ma 649 and Ma 651, the internal and posterior faces are relatively steep,
and the anterior less so, in comparison with the less-steep M. parki and

M. lophocephalus holotypes.

Also of note is that the external face of

the pars cochlear is , adjacent to the fenestra ovalis, is not as steep as
in OU 11573, Ma 649, or Ma 651, although it is steeper than in
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M. lophocephalus.

The stapedial muscle fossa is large, well developed

on to the walls of the pars cochlearis and posterior process, and
excavated to the level of insertion of the stapes (as in the M. parki
holotype and Ma 651, but not the M. lophocephalus holotype or Ma 649).
Dorsally, the superior process is thickened, as in later
mysticetes like M. parki, and without the platelike elevation of
Ma 649 and archaeocetes but with the deep body creases of the latter.
The relatively undeveloped vascularisation (absent except on the
anterior of the body) is unlike other mysticetes.

The oval, deep,

parallel-sided meatus, into which the Fallopian aqueduct opens, is
typicallY mysticete-like.

The posterior face of the periotic is

excavated for the airsac extension.
Specimen REF 111
This differs radically from periotics described previously in the
great external expansion of the anterior process, and the relatively
short body between the posterior of the anterior process and the
posterior process.

The fossa for the head of the malleus is less

distinct than any other form except for
holotype.

Other similarities with

au

au

11573, the M. parki

11573 seen (in ventral view)

are the gentle profile of the pars cochlearis, at the front of which
the groove for the tensor tympani is developed poorly, and the deep
excavation of the stapedial muscle fossa (seen also in Ma 651 and
REF 109).

In dorsal view, the extreme convex profile of the anterior

process is pronounced more than in any other form described here.
The body is not depressed concavely, and the superior process is not
obvious.

The latter probably is developed to a stage similar to that

of REF 109.

The positions of the foramina on the dorsal face are

almost identical with the M. parki holotype, except it appears that
the wall between the internal aperture of the Fallopian aqueduct and
internal auditory meatus did not separate these completely.
is oblong and deep.

The meatus

Between the lip of the meatus and the internal

profile of the pars cochlear is, the face of the pars cochlearis is
grooved, as in the M. lophocephalus holotype.

As with all others,

except the holotype of M. parki, a noduled posterointernal angle
is absent.

A deep excavation posteriorly for an airsac extension

is present as in all periotics.except those of Ma 649 and

M.lophocephalus.
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'I'ympanic bulla
The tympanic bulla has been llsed widely in taxonomy of both fossil
and extant Cetacea, including mysticetes (e.g. Ameghino 1891, Huang
1966, Kasuya 1973, Van Beneden 1880a, 1882, 1885, 1886).

However,

recently Kellogg questioned the justification for this, and hinted that
many features of bullae hqve been regarded mistakenly as diagnostic.
During his career, Kellogg discussed the periotics of all three cetacean
suborders in some detail, but almost completely ignored bullae as
indicators of taxonomic relationships.

Nowhere did he outline the

features of bullae by which the suborders might be diagnosed.

In his

last few publications, Kellogg made some pertinent comments about this.
He noted (1968b:

133) that Van Beneden, who originally had used bullae

in taxonomy (e.g. Van Beneden 1880a, 1882, 1885, 1886) concluded that
the taxonomic importance of bullae had been rated too highly.

Kellogg

considered that, while the structures of the inner ear probably are
susceptible to little or no ontogenetic or accidental modification,
there is more doubt about the more-external auditory structures, such
as the anterior and posterior processes of the periotic, which may not
be placed under such strict functional requirements.
(1968c:

He observed

163) that the size of the tympanic bulla is suspect as a

generic character, and outlined (p. 169) marked variation in bullae
from two individuals of the same species.

He could not find any

correlation between bulla dimensions and skull size, and could not
determine tangible bulla features to distinguish specifically different
species of Calvert mysticetes.

Kellogg observed that, in the present

state of knowledge, minor variations in contour of the bullae of
different animals are of questionable value.

Further evidence of

variation in bulla morphology within a species was given later (1968d:
Figs 85, 86) and similarities between bullae of different cetother'e
genera also were noted (1969:

25).

Discussion of variation in morphology of mysticete bullae should
recognise that variation will reflect two different constraints.

It is

reasonable to assume that the primary constraints on variation of bulla
morphology relate to those structures which directly facilitate hearing.
Given that the presence is required of other structures not intimately
involved in hearing (e.g. those which support non-acoustic soft tissues),
it is reasonable also to assume that their morphology would be subject
to much less constraint as regards intraspecific variation.

Into the

first category might be placed the relative thickness and rigidity of
the outer lip of the bulla, the relative mass and rigidity of the
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other parts and the whole of the bulla (particularly with respect to
the periotic) and the structure of the supports for the base of the
malleus and the tympanic membrane (the sigmoid, median, and posterior
processes).

Minor variations in the morphological and hence acoustic

characters of all these structures could influence the acoustic
characteristics of the other auditory elements, and hence their
structure could influence the presumably species-specific hearing
capacities.

Fleischer (1973, 1976a, 1976d) demonstrated this for

odontocete tympanoperiotics and ossicles.

In the second category

might be placed the gross shape of the bulla and involucrum, development
of surface ornament, shape of the eustachian and posterior openings of
the tympanic cavity, and shape of the chorda tympani groove.

Providing

that these structures are present, and presupposing that they play a
more minor role in hearing than do, for example, inner ear structures,
it is difficult to imagine that they would be under such constraints as
would those of the first category.

Probably they would show more

intraspecific variation.
Unfortunately, those structures which probably would confer
species-specific acoustic properties, and which, in theory, would show
corresponding species-specific morphology, in practice cannot be
recognised easily as such.

More work is needed on the study of hearing

in modern mysticetes and of variation in mysticete tympanoperiotics
(such as was presented by Kasuya (1973) for the odontocetes) before.
undoubted diagnostic features can be identified.
Diagnostic features of bullae in different families
Even though documentation of details of mysticete tympanic bullae
may be of dubious value, still it is necessary to make some
generalisations about morphology in the main groups.

Rather

surprisingly, there is more recent literature available on the structure
and variation of cetothere bullae than for the three extant mysticete
families.

The only really detailed discussions available to me are

those of Kellogg, while plates of Kellogg's and Van Beneden's work also
were available.
unobtainable.
Mysticeti.
1.

Many early European and North American journals were
Klaauw's (1931) monograph on bullae is not accurate for

Details in three of the four families are as follows:

Balaenidae (Allen 1908, Lydekker l887a, l887b, Van Beneden

l880~):

elongate, oval to subquadrate; ventral border convex, keeled;
anteroventral angle sharp, may be more acute than posteroventral;
bulla dorsoventrally deepened anteriorly; involucrum dorsoventrally
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thickened, higher than wide, with little change in depth from front
to back, and with dorsal and ventral surfaces roughly parallel or
Hlightly doepened anteriorly; .Involucrum furrowed or grooved;
tympanic cavity overhung by outer lip and involucrum, excavated
under involucrum, not markedly more shallow anteriorly, and without
deeply excavated anterior eustachian notch.
2.

Balaenopteridae (Andrews 1916, Caretto 1970, Lydekker l887a, l887b,
Kellogg 1922, 1928, Omura 1975, Omura et ale 1970, Van Beneden
1882, Yamada 1953):

elongate, oval, ellipsoid to subquadrate; no

median posterior indentation; inflated outer lip thickened at
junction with involucrum; involucrum smooth or creased, more narrow
anteriorly, with anterior more depressed than posterior and
slightly depressed for eustachian tube, involucrum not as high
anteriorly as in balaenids; tympanic cavity deep, overhung by outer
lip and involucrum, wide anteriorly; ventral surface flat to
convex, often keeled, with (not prominent) anteroventral angle;
posterior face with ventrointernally-directed ridge.
3.

Cetotheriidae (Kellogg 1924, 1929, 1931, 1934a, 1934b, 1944, 1965,
1968a, 1968b, 1968c, 1968d, 1969, Lydekker l887a, l887b, Packard
& Kellogg 1934, Van Beneden 1885, 1886):

elongate; oblong,

ellipsoidal, or subquadrate; often narrowed anteriorly; posterior
face convex or flat or medially indented with groove which runs
on to ventral surface; size, orientation and profile of posterior
lobes or angles variable; ventral crest may bifurcate posteriorly
to form Y shape; involucrum wider and elevated posteriorly, profile
variable; tympanic cavity separated in to shallow or deep eustachian
portion and (generally deeper) posterior tympanic portion by
shallow ridge; cavity overhung by outer lip and sometimes by
involucrum; involucrum fuses with thin outer lip anteriorly, and
variably excavated for exit of eustachian tube (but never with deep
anterior cleft, unlike odontocetes); base of sigmoid process
bounded anteriorly by deep vertical groove.
identified specimens, which would allow diagnoses to be defined better.
The impression gained from Kellogg's papers is that assignment of bullae
to one or other genus may be quite intuitive:

Kellogg had no doubts

that identical bullae were related closely, but regarded minor
differences in otherwise similar bullae as equivocal evidence of
relationships, and rather large differences in overall morphology as
not necessarily inconsistent with close relationship.
mysticetes based on bullae requires much more work.

Taxonomy of
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I do not present here a detailed summary of the differences
between archaeocete and mysticete bullae.

Perusal of Kellogq's (1936)

monograph suggests that, in archneocetes, the anterior is more pointed,
the involucrum is wider than high, and the tympanic cavity is not deep.
The possible archaeocete affinities of isolated bullae are best
dismissed through a process of elimination by comparison with
descriptions of each archaeocete genus.
No tympanic bulla is known for Mauicetus parki.

For this reason,

I depart here from the normal sequence of discussion of elements to
discuss the bullae of Mauicetus lophocephalus and M. waitakiensis first,
as these bullae are the most complete.

Then the others including those

nominally of M. parki (Ma 649, Ma 651) can be compared with them.
Mauicetus lophocephalus (C.62.1, OM) and M. waitakiensis
(C.62.2, OM) holotypes
The bullae of these species are very similar in gross appearance.
Both obviously are attenuated anteriorly and medially indented
posteriorly.

The anterior half of the involucrum obviously is

attenuated, and in both has a flat oblique internal face bounded
externally by the dorsal crest of the involucrum.

In M. lophocephalus

the wall at the junction of the involucrum and anterior process
possesses a shallow concave depression for exit of the eustachian tube,
whereas this is not present in M. waitakiensis.

The anterior apex is

pointed on M. waitakiensis, but is round on M. lophocephalus.
the tympanic cavity narrows posteriorly.

In both,

In M. lophocephalus, the

vertical groove in front of the sigmoid process is more prominent, the
sigmoid process does not cover the median process as much, and the base
of the sigmoid process is separated more obviously from the median
process by a groove.
Mauicetus parki referred specimen Ma 649, NMNZ
This is quite different from the above in particularly the dorsoventrally flattened involucrum which is not produced on to a dorsal
crest anteriorly, the obviously convex internal profile, the shallow
excavation anteriorly for the eustachian cavity, and the backward-thrust
posteroexternal angle.

Although it is not an aim of the present part of

the discussion to make comparisons other than with the other New Zealand
mysticetes, it is worthy of note that this bulla is quite similar in the
above features to that of Kekenodon onamata.
mysticete features can be identified.

No undoubted apomorph
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Mauicetus parki referred specimen Ma 651, NMNZ
This is quite different from those described previously in that
the involucrum lacks a sharp dorsal crest anteriorly or a flat oblique
internal face, has a more gently external profile, and in lateral view
is more gently depressed.

Unlike the others described, the internal

posterior pedicle is at the apex, not the posteroexternal corner, of
the involucrum.

Like Ma 649, the posteroexternal corner probably was

thrust backward.

Mauicetus lophocephalus referred "Specimen 4", C.78.1, OM
Because this bulla is incomplete, little can be said about it.
It is unlike that of the M. lophocephalus holotype, and in many ways
is more like that of Ma 651 (NMNZ) than any other bulla in that the
involucrum is depressed abruptly, the posterior pedicle is placed
medially rather than posteroexternally on the involucrum, the posterior
face is not medially indented, and the posteroexternal angle is not
backward-thrust.

The impression gained is that it was relatively more

elongated than those of M. lophocephalus or M. waitakiensis.

It differs

from these also in the relatively stout posteroexternal angle and the
poorly-excavated posterior cleft.
Specimen C.78.2, OM
This is similar in gross appearance to the holotypes of
M. lophocephalus and M. waitakiensis.

The involucrum is attenuated

anteriorly, and has a thin dorsal apex succeeded internally by a flat
oblique face.

The anterior apex is pointed sharply, like

M. waitakiensis, but the slight depression for the eustachian tube is
more like M. lophocephalus.

The posterior median indentation is like

that of M. waitakiensis, while the development of the horizontal ridge
on the posterior face is like M. lophocephalus.

The internal and

external edges of the posterior foramen are apposed, unlike either of
these species.

This bulla is not like those of Ma 649 and Ma 651.

Specimen OU 11571, UODG
The shape of the involucrum is more like that of Ma 651 (NMNZ)
and C.7B.l (OM) than to any other bulla described here.

However, it

differs from C.78.1 in the more convex external face of the involucrum.
The position of the posterior process, degree of development of the
posteroexternal angle, and shape of the tympanic cavity are similar.

477

It differs from Ma 651 in the anteriorly more-depressed dorsal apex of
the involucrum, the proportionally wider, flatter tympanic cavity
without a median transverse groove, and the more convex external edge
of the involucrum.

Specimen ZMT 67, CM
The incomplete bulla of ZMT 67 possesses an assortment of features.
There is a suggestion anteriorly of a slightly-elevated dorsal crest on
the involucrum reminiscent of that on M. lophocephalus and

M. waitakiensis (although it is not as high).
posterior pedicle also is similar.
median groove.

The position of the

However, there is no posterior

The contours of the tympanic cavity are similar to that

of C.78.l, as is the relatively little backwards thrust posteroexternal
angle.
Ma 651.

In the latter feature, it differs from au 11571, Ma 649, and
The rounded ventral keel is like Ma 651, C.7B.l, and au 11571.

Specimen REF 36
REF 36 is unlike any of the preceding bullae in that the dorsal lip
of the involucrum is elevated and convexly rounded anteriorly, with a
deep adjacent eustachian cavity which shows little evidence of increased
depth posteriorly.

The profile of the involucrum in lateral view shows

straight, regular, rather than abrupt, depression.

Anteriorly, the

spoutlike anterointernally-d.irected lip for exit of the eustachian tube
is unlike any. of the forms described previously, although it could be
derived from, for example, the condition seen in M. lophocephalus.

The

posterior face, although incomplete, probably was not indented medially,
and had a slightly backward-thrust posteroexternal angle, as in Ma 649,
Ma 651, and

au

11571.

The ventral faces of this bulla and

au

11571 are

keeled more obviously than are the other bullae.

Specimen REF 111
The quadrangular outline of REF 111, and the absence of a posterior
median groove, is unlike M. lophocephalus, M. waitakiensis, or C.7B.2.
The bullae differ from Ma 649, Ma 651, and au 11571 in that the posteroexternal angle is not thrust backwards.

Anteriorly, the dorsal lip of

the involucrum is high, and the adjacent tympanic cavity wide and
excavated deeply, as in REF 36, but there is no eustachian spout, unlike
the latter.

The anterointernal apex of the involucrum is slightly

flattened obliquely, reminiscent of M. lophocephalus, M. waitakiensis,

478
and C.78.2, but is not depressed obviously, and lacks a pronounced
sharp dorsal apex.

The overall profile of the involucrum is unlike

that of Ma 649 and Ma 651, while the posterior opening at the vertical
cleft, and the position of the internal posterior pedicle, is unlike
C.78.l, Ma 651, or OU 11571.

On the outer lip, the sigmoid process is

not grooved as prominently at its anterior base, and is not thrust
backwards as far over the median process, as in M. lophocephalus or

M. waitakiensis.

Also, the median process is not as prominent.

In

posterior view, it is quite similar to ZMT 67 in the presence of a
nodular posterointernal angle and a faint posteroexternal keel which
runs down on to the ventral face, but the more external position and
smaller size of the posterior cleft, and the profile of the median
process, are quite different.
Specimen Ma 1667, NMNZ
This is most similar to M. lophocephalus and M. waitakiensis,
in the shape of the involucrum and the positions of the internal
posterior pedicle, vertical cleft, and median process.

The sigmoid

process probably was thrust back over the median process, which is
relatively wide and with a contour like that of M. waitakiensis.

The

absence of a posterior median indentation and the less obviously convex
external face of the posteroexternal angle is more like M. waitakiensis.
The posterior face is traversed by a well-developed horizontal ridge,
more pronounced than in M. lophocephalus or M. waitakiensis, which
truncates the median ventral groove.
Mandibles
Benham referred a number of different mandibles to Mauicetus parki.
Of these, mandible C.77.l8 (OM), referred to Lophocephalus parki by
Benham (1937a), and another C.77.l4, (OM), identified by Benham as

Lophocephalus, have been shown to represent odontocetes.

The mandible

from Waimate (C.77.l5, OM) which Benham regarded as that of Lophocephalus

parki, has a circular alveolar canal and a relatively low coronoid
process which indicate that it is a mysticete.

Its profile suggests

that anteriorly it was bowed outwards, as are those of modern
balaenopterids.
unknown.

The function of the nodules on the dorsal apex is

They do not appear to be vestigial teeth, as there is no

obvious boundary between them and the adjacent bone.
Benham's (1942) figures of the Balfour mandibles (C76.737.6, 8M)
indicate that the coronoid process was much higher (a plesiomorph
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feature?) than in the Waimate mandible, and this suggests only distant
affinities.

The anterior of tpe Balfour mandibles is flattened, and

the dorsal profile is uncertain.
The mandible of Mauicetus lophocephalus differs from both of the
above mysticetes in that the coronoid process does not appear to have
been elevated as markedly as that of the Balfour specimen, and in the
absence of a bowed-outwards profile unlike the Waimate specimen.
laterally-expanded condyle is a typically mysticete feature.

The

The

significance of the elongate, roughly horizontal shelf on the inner
face is unknown.
The incomplete mandible of OU 11523 is similar to the Balfour
specimen in terms of its coronoid process and the lateral compression
anteriorly.

It is not certain if the alveolar groove really was open,

or if it was weathered selectively.

There is no evidence of an open

alveolar groove in the Balfour specimen or in the holotype of
M. lophocephalus.

Specimen OU 11523 differs also from M. lophocephalus

in its bowed profile.
There is no evidence that the incomplete mandible of REF III is
bowed.

The coronoid process is higher than that of the Waimate specimen

or Mauicetus lophocephalus, but does not reach twice the depth of the
ramus as do the Balfour specimen and OU 11523.

The alveolar canal is

circular anteriorly, as in other mysticetes, and there is no trace of
an open alveolar groove.
Specimen Ma 1668 has a very high coronoid process atypical of
cetotheres and modern mysticetes, but similar to that of both the
Balfour specimen and OU 11523.

It is not bowed or laterally-compressed

like the latter two, and does not narrow anteriorly but rather becomes
expanded.

The dorsal alveolar groove is wide, and floored by a thin

bone shelf, which is perforated at intervals by what appear to be
alveoli.

No teeth are present.

In spite of these features, the condyle

is expanded laterally as is that of M. lophocephalus and other
mysticetes.
Specimen Ma 1809 differs from all mandibles described previously in
that it is very flattened, and anteriorly is expanded dorsoventrally.
The coronoid process is not elevated, and the mandibles bow outwards.
The fragments of specimen GS 3738 indicate only that it was
circular, not compressed laterally.
the above.

They cannot be compared easily with

480

Vertebrae
Although many fossil mysticete vertebrae have been described, .
there has been little attempt to define the limits of intraspecific
variation or to determine the diagnostic features of different groups
so that vertebrae could be used reliably in taxonomy.

Even in recent

mysticetes, intraspecific variation usually is not documented, although
some workers have given a few details of variation.

For example,

Andrews (1914) observed intraspecific variation in neural spines and
transverse processes of Eschrichtius cervical vertebrae.

Omura reported

some examples of intraspecific variation or apparent similarity or
identity between cervical vertebrae in different species:

the inability

to distinguish between atlases of Balaenoptera edeni and B. brydeif
(Omura 1959); variation in atlas and transverse process profiles in
Eubalaena glacialis;

(Omura et ale 1971); and variation in the profiles

of cervicals of the northern and southern populations of the apparent
single species of minke whale, Balaenoptera acutorostrata; (Omura 1975).
There was not time available to restore the broken vertebrae of
Marples's holotypes or to obtain access to collections of extant
mysticetes to try to determine intraspecific variation in vertebrae.
For these reasons, I do not wish to discuss the fossil vertebrae in any
detail, and prefer not to draw taxonomic conclusions based on vertebrae
until further material is obtained.

No vertebrae were obtained from the

holotype of M. parki, although cervical vertebrae were described by
Marples (1956) for his three new species of nominal Mauicetus.

He

diagnosed these as follows:
1.

M. lophocephalus:

neural canal of atlas smooth, rounded;

odontoid process of axis broad and conical; axis with ventral
ridge on centrum.
2.

M. waitakiensis:

neural canal of atlas keyhole-shaped; odontoid

process of axis acute, with dorsal ridge flanked by lateral
grooves; no median ventral ridge on centrum of axis.
3.

M. brevicollis:

neural canal of atlas figure-8 shape; odontoid

process of axis not acute, with dorsal ridge flanked by narrow
lateral grooves; centrum of axis without median ventral ridge.
using these debatable diagnostic features, differences may be seen
in the atlas and axis of other New Zealand mysticetes:
4.

M. parki referred specimen Ma 649:

neural canal of atlas deep,

oval, odontoid process of axis blunt, with dorsal ridge flanked
by lateral grooves which are expanded externally in width;
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centrum of axis without ventral ridge.
5.

M. parki referred specimen Ma 651:

atlas and axis lost, and

other cervicals not prepared, so not comparable.
6.

Specimen Ma 650:

too worn to show undoubted diagnostic features;

neural canal of atlas appears to have been figure-8 shape.
7.

Specimen Ma 652:

axis with blunt odontoid process, with dorsal

ridge flanked laterally by greatly widened grooves; ventral ridge
present formerly on axis but now eroded away.
8.

Specimen OU 11523:

atlas incomplete, with neural canal narrowed

ventrally; hypapophysis more prominent than on other atlases.
The more-accurate determina.tion of the diagnostic features of the
vertebrae of these specimens must await a more detailed study.
RELATIONSHIPS OF NEW ZEALAND SPECIMENS TO OTHER FOSSIL MYSTICETES
It is unfortunate that Benham's inadequate descriptions of
Mauicetus caused some later workers to doubt the independent status of
this genus.

Originally, Benham described the holotype of M. parki as

the skull of a new genus of archaeocete, Lophocephalus Benham, 1937a.
In 1939, he substituted the new generic name Mauicetus, for the
preoccupied name Lophocephalus, but did not comment on the subordinal
affinities of Mauicetus.
of Lophocephalus (now

Then, in 1942, he rediscussed the affinities

= Mauicetus)

parki, observed that it was a

mysticete, and reassigned some (but not all) of the elements described
by him earlier (1937a) as those of the "archaeocete", Lophocephalus
parki, to the mysticete, M. parki.

This discussion was elicited by

Kellogg's comments (in letters to Benham, reported by Benham 1942) that
the large skull (ho1otype, OU 11573, UODG) of M. parki is similar to
that of Aglaocetus moreni (the latter described by Kellogg 1934a).
Benham (in my opinion) adequately defended the existence of Mauicetus as
an independent genus, in a manner more thorough than his earlier papers.
However, Kellogg may have doubted Benham's conclusions, for in 1943 he
mentioned similarities between the supraoccipita1s of Aglaocetus and
Mauicetus, and observed that their probable close relationship suggested
an Early Miocene age for Mauicetus.

Later, Glaessner (1955) stated that

the arguments given by Benham against Kellogg's view that Mauicetus may
be congeneric with Aglaocetus do not seem to carry much weight.

Much

doubt about the independence of Mauicetus was dispelled by Marples's
publication (1956) on three new species of Mauicetus, in which the
often-reprinted reconstruction of the skull of M. lophocephalus was
figured.

This brief summary of some of the previous work on Mauicetus
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(covered in more detail earlier) indicates that there are two important
issues to be resolved in this discussion:
1.

to assess the independence of the genus Mauicetus

2.

to assess the relationship of the other nominal species
of Mauicetus, especially M. 1 ophocepha 1 us , to M. parki,
the type-species of the genus.

Oligocene - Early Miocene mysticete and mysticete-like genera
The genera of Cetacea of most interest to this discussion are the
Oligocene-Early Miocene cetotheres, and the "aetiocetids".

Only two

genera of cetotheres of this age have been described in addition to .
Mauicetus.

Cetotheriopsis Brandt, 1871, was reviewed in detail by

Rothausen (1971).

He noted that the genus encompasses the earliest

(the only Paleogene) Northern hemisphere mysticete fossils.
skulls, which represent two species, are known.

Only two

Rothausen confirmed

the observation of Kuhn (1935) that Pachycetus, for long regarded as
the sole Mid Oligocene mysticete, is an archaeocete.

He characterised

Cetotheriopsis as a mysticete with a short triangular supraoccipital
thrust forward beyond the back of the temporal fossae and anterior of
the zygomatic processes.

Anteriorly, the parietals form a very narrow

band on the vertex, and the frontals are exposed just in front of this.
It cannot be determined if there is a sagittal crest on the frontal.
None of the skull in front of the temporal fossae is known.
Aglaocetus is known better.

One species, A. moreni (Lydekker,

1894b), (Kellogg 1934a), is from the Patagonian Early Miocene, while
the other, A. patulus Kellogg, 1968c, is from the Mid Miocene of Eastern
North America.

Kellogg (1934a) diagnosed the genus, then known only

from A. moreni, as a cetothere with the apex of the supraoccipital
thrust forward to just beyond the level of the anterior of the zygomatic
processes, parietal thrust forward into the anteroposteriorly narrowed
supraorbital process of the frontal, median rostral elements thrust back
at least to the level of the orbits and separated from the parietals by
only a small exposure of frontals, short pinched intertemporal crest
formed mainly from the parietals, and temporal fossa short and wide.
Later, he observed that A. patulus differs from A. moreni in the more
forward-thrust apex of the supraoccipital (reaches to about the level of
the orbit), and relatively less-telescoped median rostral elements (only
just reach behind the level of the preorbital angle of the frontal).
Glaessner (1955) described briefly an incomplete cranium of "Aglaocetus?
sp. nov.", in which the supraoccipital is thrust forward at least to the
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posteriormost level of the supraorbital processes, from the
Australian Early Miocene.
The "actiocetids" were reviewed by Mchedlidzc (1970), Rothausen.
(1971) and Whitmore & Sanders (1977).

Emlong (1966) proposed the new

family Aetiocetidae to encompass the then-known single genus Aetiocetus
and other genera later were referred to that family, but Whitmore &
Sanders preferred not to recognise a formal family (even a monotypic
family, containing only Aetiocetus), and placed the four "aetiocetid"
genera, Aetiocetus, Chonecetus, Ferecetotherium, and Mirocetus in the
Cetacea incertae sedis.

Rothausen's (1971) description of them as

"mysticetoid archaeocetes" seems quite appropriate.
1966, is toothed, with a broad rostrum.

Aetiocetus Emlong,

The median rostral elements are

thrust back behind the level of the prefrontal angle into the concave
anterior profile of the frontals.

The frontals are broad, and longer in

the intertemporal region than are the parietals.

The inter temporal

region is rounded, with the parietals not thrust forward into the
frontals.

The apex of the supraoccipital is rounded, and thrust forward

slightly into the parietals.
clearly.

Chonecetus Russell, 1968, is known less

The braincase is long, and the frontals show no evidence of

backward thrust of median rostral elements.

The rounded apex of the

supraoccipital is thrust forward beyond the back of the temporal fossae.
A long sagittal crest is formed by the parietals.
Ferecetotherium Mchedlidze, 1970 (:

73-74; 1976) is known poorly.

It was described as with a triangular, forward thrust supraoccipital,
and squamosals and parietals present in the skull roof.
have been published of the skull.

No illustrations

Mirocetus Mchedlidze, 1970 (:

47, 77;

1976) was based on Microzeuglodon aff. caucasicum Riabinin, 1938.
Mchedlidze stated that the rostral elements (presumably nasals and
premaxillaries) are "displaced caudally", and that the broad supraorbital process of the frontal narrows in the midline but is not
overlapped by the maxillaries.
the orbit.

Also, the maxillaries are not present in

The shortened parietals form a band across the dorsal

surface, and the triangular supraoccipital is thrust forward.
Affinities of Mauicetus parki
Skull
As was discussed by Benham (1942), the holotype skull of M. parki
differs from that of Aglaocetus moreni.

Even though the holotype skull
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is too incomplete to allow comparison of all but a few features, it
appears that the ratio of length of the intertemporal sagittal crest
to length of supraoccipital is much higher in M. parki (about 1 : 2.5)
than in A. moreni (about 1 : 5). The main differences between these
two species are:
1.

the intertemporal region formed by the parietals is
longer (relative to supraoccipital length) in M. parki

2.

the median rostral elements apparently are not backward
thrust adjacent to the frontoparietal suture in M. parki.

These differences are pronounced even more in the more-forward
telescoped skull of A. patulusL

The holotype of M. parki differs

from the skull of Glaessner's "Aglaocetus" in its less-telescoped
supraoccipital, longer postorbital median part of the frontal, and
presumably longer parietals and sagittal crest.

The loss of the

components which border the temporal fossae (especially the zygomatic
processes) makes it difficult to determine accurately the telescoping
of the Mauicetus skull.
There are similarities with both species of Aglaocetus and also
with Glaessner's dubious "Aglaocetus" in that the apex of the
supraoccipital is thrust forward beyond the level of the back of the
temporal fossae, towards or at the front border of the fossae, and the
median part of the parietals is thrust forward into the back of the
frontals.
It appears that Mauicetus is not related closely to Cetotheriopsis.
Rothausen (1971) figured the holotype skulls of both species of
Cetotheriopsis.

The holotype of M. parki has a much greater exposure

of the parietals on the skull vertex, and Rothausen's illustrations
suggest that the ratio of parietal to supraoccipital length (see also
above) is about 1:7, less than that of Aglaocetus, and much less than
that of Mauicetus (about 1 : 2.5) .
There appears to have been described no mysticete genus with a
skull identical with that of Mauicetus.

Aglaocetus and Cetotheriopsis

show some similarities in structure, and are of similar age.

A few

other cetothere genera possess features reminiscent of those of
Mauicetus, and are worth a brief mention.
Imerocetus Mchedlidze, 1964a (:
1970:

Figs 13, 14, Plate 10;

112), a Mid Miocene Eurasian genus, has a long narrow cranium,

an anteriorly-telescoped supraoccipital without a median ridge or
markedly elevated lanbdoid crests, which extends forward beyond the
midpoint of the temporal fossae, mid-rostral bones which lie well
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anteriorly (not shown on figures), parietals present in the intertemporal region, where they form a short rounded crest, and frontals
not shown but indicated by anteriorly diverging temporal crests.
Mchedlidze regarded it as similar to "Plesiocetus" occidentalis Kellogg,
1925b, from the Californian Early Miocene.

Although the supraoccipital

is flattened, and an intertemporal region is present, Imerocetus differs
from Mauicetus in the much shorter intertemporal region.
Cophocetus Packard & Kellogg, 1934, was stated by these authors to
differ from Aglaocetus in features including the relatively broad
rostrum (not attenuated anteriorly), a less attenuated apex on the
supraoccipital, and the forward (not outward) orientation of the
zygomatic processes.

Apart from these features, Cophocetus oregonensis

shows some characters intermediate between those of Aglaocetus
and A. patulus.

For example, the intertemporal region is shorter, but

similar in profile, to A. moreni.

The degree of back thrust of the

nasals and ascending processes of the premaxillaries are similar in
both, but the structure of the ascending process of the maxillaries is
intermediate between A. moreni (only narrow ascending processes
backward-thrust) and A. patulus (posterior of maxillaries widened so
that all of anterior edges of supraorbital processes are covered).
Cophocetus differs from Mauicetus in the same features as does
Aglaocetus.
In all other cetotheres, the degree of backward thrust of the
median rostral elements and/or the degree of anterior thrust of the
parietals and especially the apex of the supraoccipitals, exceeds that
of the above genera and, obviously, of Mauicetus.

The most obvious

differences are, even when the parietals participate in the formation o,f
the intertemporal region, that there is very rarely a sagittal crest,
the parietals always are short, and

~lways

show some evidence of

telescoping forward of the median portion into the frontals.

In many

genera, the frontals are almost completely eliminated from view on the
vertex by the combined anterior thrust of the parietals and backward
thrust of the median frontal elements.

For example, Pelocetus Kellogg,

1965, and Tiphyocetus Kellogg, 1931, have parietals exposed in a short,
indistinctly crested, intertemporal region.
is thrust well forward.

In both, the supraoccipital

The parietals in Tiphyocetus overspread the

frontal in the intertemporal region, and extend well forward.

In both

genera, the median part of the rostral elements extends back so that the
frontals are exposed only as a narrow band on the vertex.
Other genera have even shorter intertemporal regions.

Cetotherium
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has the parietals exposed in the tubular intertemporal region.

There

is no. sagittal crest, and the parietals override the frontals, so that
the frontals are exposed only as a narrow strip behind the markedly
back-thrust median rostral elements (Kellogg 1925b, 1928:
Mchedlidze 1970:

Fig. 16).

Fig. 17,

Mixocetus Kellogg, 1934b, has posteriorly-

telescoped anterior elements like those of Cetotherium, but a blunter,
less telescoped supraoccipital.

The parietals are exposed in the short;

rounded intertemporal region and, although they originally overthrust
the frontal, backward movement of median rostral elements has forced
part of the frontal back over the parietal.

"Metopocetus" vandelli has

a similar telescoping of anterior elements but a sharper supraoccipital
(Kellogg 1941:

Plate 1).

Kellogg (1968a:

"Metopocetus" durinasus, which, according to

Fig. 51) may be congeneric with Mesocetus Van Beneden,

1880, has rostral elements thrust back to behind the level of the orbit
and almost to the supraoccipital, with the result that the frontals are
lost from the vertex and the parietals are exposed only as a thin band.
"Aulocetus" latus Kellogg, 1941 (Plate 2, Fig. 1) has backward thrust
median rostral elements (which include a narrow ascending process of
maxilla) and a forward thrust supraoccipital which results in only a
very short intertemporal region.

Cephalotropis nectus Kellogg, 1941,

has an intertemporal region longer than that of "Aulocetus" latus or
"Metopocetus" vandelli, as the back thrust of median rostral elements
and forward thrust of the supraoccipital has not eliminated the parietal
and postorbital intertemporal portion of the frontal.

As final examples

of the more advanced telescoping of all but the earliest Neogene
cetotheres, two North American genera, Diorocetus Kellogg, 1968b and
Parietobalaena Kellogg, 1924a (1968d), have slight backward thrust
median rostral elements which reach to about the level of the orbit,
behind which the frontals are exposed relatively more than in the
previous genera.

The parietals, which form a rounded intertemporal

region in front of the triangular supraoccipital, are thrust forward
variably into the back of the frontals.
Determination of the relationship between Mauicetus and the
"aetiocetids" is difficult, because the M. parki holotype skull is
incomplete, only one of the "aetiocetid" genus skulls is at all well
known (Aetiocetus, presently the only member of the Aetiocetidae s.s.),
and it has not been demonstrated that the four "aetiocetid" genera form
a natural grouping.
Emlong 1966:

Mauicetus (Fig. 97) differs from Aetiocetus (see

Figs 3, 4; my Fig. 21) in its triangular, sharply pointed

supraoccipital, presence of a sagittal crest, and forward movement of
the median part of the parietals.

It differs from Chonecetus (see
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Fig. 22) in the more pointed supraoccipital which definitely is

thru~t

further forward than the back of the temporal fossae, and in the
obviously forward thrust median portion of parietals.
to Ferecetotherium cannot be determined.

Its relationship

Mirocetus (Fig. 23) apparently

has a less pointed supraoccipital and lacks an obvious sagittal crest.
Although skull structure does not show that Mauicetus definitely is
unrelated to the "aetiocetids", periotic structure, discussed below,
indicates undoubted mysticete affinities.
Basicranial structure has not been looked at here because it is
incomplete in the holotype and, as a consequence, comparison with other
. genera would be arduous and of doubtful taxonomic value.
Periotic
The periotic of M. parki indicates undoubted mysticete affinities,
and its structure suggests closest relationships with cetotheres.
periotic of Cetotheriopsis is not known.

Kellogg (1968c:

The

Plates 51,

60) figured two periotics of Aglaocetus patulus which show some
intraspecific variation.

Compared with M. parki, the periotics have

a less wedge-shaped, more blunt and more externally inflated anterior
process.

The pars cochlearis is relatively more narrow and elongate,

with a prominent ventroexternal vertex and without obvious anterointernal and posterointernal angles.
is deeper and more prominent.

The groove for the tensor tympani

The dorsal surface is well vascularised,

and the aperture for the Fallopian aqueduct opens within the meatus.
In dorsal view, the fenestra rotunda can just be seen.
In view of the differences in skull structure between Mauicetus and
other cetotheres, it is not surprising that there are no other genera
with a periotic similar to that of M. parki.

Diorocetus Kellogg, 1968b,

has a more prominent groove for the tensor tympani, a less prominent
ventral keel on the anterior process, a more narrow body, a more
flattened pars coch1earis (ventral view), less prominent anterointerna1
and posterointernal angles and more ventroexternally extended vertex on
the pars cochlearis, and less elongate aperture for the ductus
endolymphaticus.

Similarities include the degree of vascularisation of

the dorsal surface and the position of the fenestra rotunda in a
relatively ventral position on the posterior face.

Pelocetus Kellogg,

1965, is quite similar to Mauicetus, except that the pars cochlearis
lacks a posterointernal angle and a forward-placed opening of the
Fallopian aqueduct (dorsal view), and the fenestra rotunda is less
visible ventrally.

Metopocetus (= Mesocetus?; Kellogg 1968a) has a
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more blunt, less wedge-shaped anterior process, a relatively wider
pars cochlear is with a prominent elevated ventroexterna1 vertex, and
an oval internal auditory meatus.
Van aeneden 1886:

This is similar to Mesocetus (see

Plate 50, Figs 2, 3) in which the anterior process

is less wedge-shaped, the body obviously inflated at the level of the
pars cochlearis, and the ventroexternal vertex of the pars cochlearis
overhangs the fenestra rotunda.

The posterointernal angle is not

prominent.
Details of Parietobalaena Kellogg, 1924a, documented by Kellogg
(1931:

Figs 92, 93; 1968d:

Figs 87, 88, Plate 48:

idea as to variation in periotic morphology.

Fig. 6) give a good

P. palmeri differs from

M. parki in the more blunt (not wedge-shaped) anterior process, more
obvious groove for the tensor tympani, more abruptly depressed anterior
face of the pars cochlearis, prominent ventroexternal vertex on the
pars cochlearis, less pronounced posterointernal angle, and fenestra
rotunda visible from the dorsal and ventral surfaces.
securis differs also in these features.

Parietobalaena(?)

Cophocetus Packard & Kellogg,

1934 (Figs 5, 6) has a short, wide anterior process, a more rounded
pars cochlearis with the fenestra rotunda on the posterointernal face,
without a posterointernal angle, and with a prominent ventroexternal
vertex.

Tiphyocetus Kellogg, 1931 (Figs 80, 81) differs also in the

more robust anterior process, more prominent tensor tympani groove,
more spherical pars cochlearis, and prominent ventroexternal vertex on
the pars cochlearis.

According to Kellogg (1931), Peripolocetus has a

large, swollen anterior process and the Fallopian aqueduct opens within
the meatus.

Two other North American cetothere genera, Thinocetus

Kellogg, 1969 (Plate 2, Figs 4, 5) and Halicetus Kellogg, 1969 (Plate
16, Figs 1, 2) differ in features which include less wedge-shaped
anterior process, more prominent ventroexternal vertex on the pars
cochlearis, and less prominent posterointernal angle.
Van Beneden (1885, 1886) figured a number of periotics of five
nominal genera of European cetotheres.

Mesocetus was mentioned earlier.

In the four other genera, Plesiocetus (1885:

Plate 13, Figs 3-6;

Plate 21, Figs 2-7; Plate 28, Figs 2-4), Amphicetus (1886:
Figs 1, 2; Plate 14, Figs 1-5), Heterocetus (1886:

Plate 1,

Plate 20, Figs 8-13;

Plate 26, Figs 2-5; Plate 32, Fig. 10) and "Idiocetus" (1886:

Plate 54,

Figs 3, 4; Plate 16, Figs 2-4) it appears that the most obvious
differences with Mauicetus involve the more blunt and less wedge-shaped
anterior process and different profile of the pars cochlearis,
especially the posterointernal angle.

Commonly, also, the fenestra

~9

rotunda is not obvious from the ventral surface, and the pars cochlearis
has an elevated ventroexternal vertex which

obscure~

the fenestra ovalis

from ventral view.
Conclusion
The holotype skull of Mauicetus parki is not identical with that of
arty other described cetacean.

But, because the skull is incomplete, one

cannot be absolutely certain that Mauicetus is not congeneric with a
previously-described specimen.

A similar situation exists for the

periotic, which differs in its combination of characters from any
described previously.

It seems quite reasonable, at present, to regard

Mauicetus Benham, 1939, as based on the holotype skull (aU 11573, UODG)
of Lophocephalus parki Benham, 1937a, as a valid independent genus,
assigned provisionally to the family Cetotheriidae (Mysticeti).
Affinities of other material nominally of Mauicetus parki
Paratype skull, C.75.26, OM
This differs from the holotype in that it is less-telescoped:

the

apex of the supraoccipital is more blunt and appears thrust relatively
less forward, and the median of the parietal is not thrust forward
(Fig. 99).

No other comparable structures are seen.

Variation in skull

structure noted in other genera may give some idea if the paratype skull
is conspecific with the holotype.

For example, Diorocetus Kellogg,

1968b (Figs 53, 54) has relatively forward-thrust supraoccipital and
parietal, and backward-thrust rostral elements which, at least medially,
show no obvious differences between two skulls.
Kellogg, 1924a, (Kellogg 1968d:

In Parietobalaena

Figs 77-79) there is variation in shape

of the supraoccipital walls, and the relative telescoping of median
rostral elements and the median of the parietal varies so that the
exposure of the frontals varies.

The exposed length of frontal

approximates parietal length in Kellogg's Figs 77 and 79, but the
frontal is shorter than the parietal in Fig. 78.
is some forward thrust of median parietal.

In all skulls there

Modern skulls are of

sometimes doubtful value in interpretation, as it is debatable as to the
taxonomic significance of differences in telescoping.

For example, some

workers consider variation in the relationship of rostral and cranial
elements in the minke whale from the North and South Pacific consistent
with the recognition of only one species, Balaenoptera acutorostrata,
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while others regard the variation as suggeting two species,
B. acutorostrata and B. bonaerensis: (Omura 1975).

There is not

enough known about variation in skull characters to determine
undoubtedly if the paratype is conspecific with the holotype.
However, as it is apparent that both are mature animals (sutures are
closed in both) then the differences probably do not reflect just
growth changes.

The relatively less-developed telescoping of the

paratype skull is consistent with itsnonconspecificity with the
holotype.
The structure of the cranial-rostral junction is not informative
as to relationships, as mysticetes except Balaenidae have backward
thrust median rostral elements.

The posterior position of the median

rostral elements is comparable to that shown, for example, by Marples
(1956:

Fig. lc) for M. lophocephalus, and Packard & Kellogg (1934:

Fig. 2) for Cophocetus oregonensis.

The structure of the intertemporal

region is similar enough to that of the holotype of M. parki (long
parietals, long frontals) to obviate a repeat of comparisons with other
skulls.

It is assigned provisionally as aff. Mauicetus Spa indet.,

family(?) Cetotheriidae.
Paratype mandible, C.77.15, OM
The round cross-section and low coronoid process of this specimen
are definite mysticete features.

The marked bowed-outwards profile is

unlike that of most other New Zealand mysticetes except Ma 1809 (NMNZ)
which, however, appears not bowed as rouch.

This curvature is seen also

in balaenopterids (e.g. Balaenoptera: Omura et ale 1970) and cetotheres
(e.g. Aglaocetus Kellogg, 1934a (Plate 4»
diagnostic.

and, in itself, is not

No mysticete appears to have been described which has

elongate nodules on the dorsal crest of the mandible.

Because this·

specimen is incomplete, and diagnostic features cannot be determined,
it cannot be referred unquestionably to M. parki.

It is allocated to

genus indet., Mysticeti incertae sedis.
Referred specimen Ma 649, NMNZ
The bones of this specimen first were described by Benham (1937c)
as those of Kekenodon onamata.
1942:

However, Kellogg (as reported by Benham

66) indicated to Benham that the atlas and axis of this specimen,

"No.2", are those of a cetothere.

They differ from those of

archaeocetes in the absence of a hypapophysis on the atlas, and in the
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presence of a low, rounded, conical odontoid process (rather than the
"spoutlike'" archaeocete odontoid) on the axis.

Other differences

between the cervicals of archaeocetes, as figured by Kellogg (1936)
include, in Ma 649, the more or less parallel anterior and posterior
facets, the less elongate transverse processes, and deeper (vertically),
neural canal on the atlas, ,the relatively wider and deeper transverse
processes of the axis, and the flattened cervical vertebrae (not figured
or discussed here).

The scapula (Benham 1937c:

Fig. 6) has a

relatively larger neck, glenoid cavity, and acromion process, and a
smaller prescapular border, than the archaeocete scapulae figured by
Kellogg.

The sternum, figured by Benham, is unlike those of

archaeocetes, and the pelvis differs from those of archaeocetes in the
absence of the acetabulum and obdurator foramen.
The tympanoperiotic bones give a different idea as to relationships
than does the postcranial skeleton.

They are quite different from those

of any mysticete described (as will be obvious from the descriptions of
mysticete tympanoperiotics outlined earlier in this section), and show
"

characteristics intermediate between those of mysticetes and
archaeocetes.

Archaeocete features include:

periotic - elongate pars

cochlearis and internal auditory meatus; internal aperture for Fallopian
aqueduct in floor of meatus; superior process prominent, platelike,
flat, elevated; fossa for head of malleus well defined; fossa for
stapedial muscle not extended far on to pars cochlearis; base of
posterior process not extended on to posterior face; posterior face, not
excavated for airsac fossa; posterior process relatively short; and
bulla - eustachian cavity flat and wide; involucrum creased prominently
by posteroexternal groove in midpoint; involucrum wider than high;
external posterior pedicle stout.
include:

Mysticete features of the periotic

anterior process wedge-shaped and large; groove for tensor

tympani reduced, anterior dorsal of body vascularised, and pars
cochlearis relatively small compared with total length of periotic,
while the most obvious mysticete feature of the bulla is the absence
of a posterior median indentation.
Of particular note here is the similar appearance of the periotic
to that of Ma 651 (discussed below), even though the features of Ma 649
are more archaeocete-like.

No mysticete or archaeocete periotic like

that of Ma 649 has ever been described.

The stapes of Ma 649 is robust,

like that of Kekenodon onamata (the only archaeocete stapes I have been
able to look at).

Stapedial structure allows a discrimination to be

made between the odontocetes, and the mysticetes and archaeocetes, but
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does not allow easy differentiation of the latter two groups.
Archaeocete stapes were discussed by Kellogg (1936) and Pompeckj (1922:
Plate 2, Fig. 15) while those of mysticetes were described by Doran
(1878:

Plate 62, Figs 29, 31, Balaena, Balaenoptera), Fleischer (1976d:

Fig. 9, Megaptera, Balaenoptera), Kellogg (1968a:

Plate 48, Fig. 2,

Metapocetus, and 1969:

Plate 2, Fig. 3, Thinocetus), and Yamada (1953:

Fig. 21, Balaenoptera).

This stapes is relatively not as high as that

of Balaenoptera, and approaches the dimensions shown by Pompeckj for
Dorudon.

The large stapedial foramen is more like that of archaeocetes

than mysticetes.
The tympanic bulla has an involucrum structure remarkably like
that of Kekenodon onamata, and appears to be unlike the bullae of any
described mysticete genus.
The relationships of specimen Ma 649 are difficult to determine.
Obviously, it is not related closely to Mauicetus parki and is unlikely
to be congeneric.

There is no doubt that the skeleton demonstrates

mysticete features, but the periotic bone, often regarded as notoriously
conservative, indicates archaeocete (albeit plesiomorph) affinities.
Accordingly, it is interesting to speculate as to the degree of
archaeocete affinity that might be exhibited by the skull.

I regret

that I was not able to examine the skull fragments more thoroughly,
for the left supraorbital process(?), if identified correctly, is
strikingly similar to the backward-swept supraorbital processes, little
overlapped by rostral elements, of the modern Balaenidae.
example, Kellogg 1928:

Fig. 19, Eubalaena and Balaena.

of this specimen is required.

See, for
Further study

Specimen Ma 649 is placed best as genus

indet., Mysticeti incertae sedis.
Referred specimen Ma 651, NMNZ
Already I have discussed the fact that, although Ma 651 has a
periotic similar to that of Ma 649, the former is much more mysticetelike.

For example, it possesses a larger and more expanded anterior

process, a less distinct fossa for the

hea~

of the malleus, a less

distinct superior process (not flat and platelike), a smaller pars
cochlearis, a deep, steep-walled, oval internal auditory meatus, an
expanded fossa for the stapedial muscle, and the posterior of the pars
cochlearis and body expanded for an extension of the air sac system.
It

differs from the periotic of the M. parki holotype in .that OU 11573

is much more mysticete-like, for example, in the round internal auditory
meatus, externally expanded, vascularised, and less-elevated superior
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process, and the more rounded pars cochlearis.

As is the case for both

the M. parki holotype and Ma 649 (NMNZ), no periotic identical with
this has been described.
The bulla is quite different than that of Ma 649, and is more
mysticete-like.

Only the involucrum is preserved.

This has the concave

dorsal profile typical of cetotheres (e.g. Lydekker 1894b:

Fig., p. 3,

Van Beneden 1886) although the relative depression of the involucrum
anteriorly and the shallow eustachian cavity is unlike the condition in
cetotheres but more like that of archaeocetes.

The bulla is too

incomplete to be certain of relationships, for posterior involucrum
structures appear not to be diagnostic.

It lacks the outer lip which

could give a more useful guide to affinities.
The cervical vertebrae figured by Benham (1937c:

Fig. 5) are

anteroposteriorly compressed, as are those of Marples's Mauicetus spp.
and those of extant mysticetes, but unlike those of archaeocetes.
sternum is similar to that of Ma 649, and also G8 3738 (NZG8).

The

The

latter specimen is otherwise too incomplete to be certain of its
affinities.

Like Ma 649, specimen Ma 651 certainly is not related

closely with the holotype of M. parki, and probably is not congeneric.
It is best classified as genus indet., Mysticeti incertae sedis.
Referred specimen C76.737.6, 8M
Because this does not, and probably did not, contain elements
comparable with those of the holotype of M. parki, it cannot be referred
unequivocally to that species.

The presumably narrow, nonarched,

flattened rostrum is compatible with cetothere affinities, but the
unusually high coronoid process is quite unlike described mysticetes.
Typical cetothere mandibles (e.g. Cophocetus Packard & Kellogg, 1934:
Plate 2; Aglaocetus Kellogg, 1934a:

Plate 3) have a low, antero-

posteriorly narrow coronoid process which, in the three extant families,
is reduced further in height or absent.

The high coronoid process

present in this specimen is reminiscent of archaeocetes.

The

combination of mysticete-like features (mandibles toothless, with oval
to flat cross-section, and bowed) with the high coronoid process is
unlike that of any described genus.

This specimen is best classified

as genus indet., Mysticeti incertae sedis.
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Affinities of other New Zealand specimens
Mauicetus lophocephalus holotype, C.62.l, OM
Already I have compared the skull of this specimen with that
of M. parki.

As the skull is lost, its characteristics cannot be

determined accurately, but it appears to differ from the holotype of
M. parki in the sharper supraoccipital, stronger lambdoid crests and
median dorsal ridge, more narrow intertemporal region, and dorsal crest
on frontals as well as parietals (Fig. 96).

It differs from skull

C.75.26 (OM) in the more pointed supraoccipital.

As is the case with

the holotype and paratype skulls of M. parki, it differs from all other
mysticete skulls described previously, including Cetotheriopsis and
Aglaocetus.

A particularly unusual feature of the skull is the large,

long temporal fossae, which suggest that relatively large muscles were
associated with the mandibles.

The fossae are of similar relative size

to those of archaeocetes, and differ from those of Mysticeti (s.s.)
which are relatively small, anteroposteriorly compressed, and relatively
wide.
The structure of the incomplete fragment of periotic when compared
with that of M. parki, cautions against the acceptance of
M. lophocephalus as a member of the genus Mauicetus Benham, 1939.
I have outlined earlier a number of ways in which the periotics of these
species differ and, if these differences are interpreted as they have
been by others in the taxonomy of other genera, then M..parki and
M. lophocephalus probably are not related as closely as Marples thought.
The differences give no indication as to strength of affinities.

The

periotic is similar to that of no other formally described cetacean,
and is more similar to that of Ma 649 (NMNZ) than any other New Zealand
Oligocene mysticete.
The bullae of M. lophocephalus exhibit a peculiar combination of
features.

Some are archaeocete-like (the median posterior indentation

and ventral groove, shallow eustachian cavity, low involucrum anteriorly,
anterior depression for eustachian tube), some mysticete-like
(involucrum expanded gently posteriorly, involucrum higher than wide)
and some are of uncertain significance (heartshaped profile, oblique
flat dorsointernal face of involucrum, prominent dorsal crest on
anterior of involucrum)..

As is the case with the previously-described

mysticetes, no mysticete or archaeocete quite like this has been
described.

The bullae give no clues as to affinities apart from with

other New Zealand mysticetes (see below) •
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The low coronoid process and wide condyle of the mandible are
reminiscent of cetotheres, and in the first feature this species differs
from specimen

C76.737.6 (SM).

However, its straight profile (dorsal

view) is very unlike that of mysticetes and is more archaeocete-like.
The roughly horizontal internal ridge is of uncertain significance.

It

may be an additional muscle insertion area, for the temporal fossae
suggest that the mandibular musculature was larger than in most
mysticetes.

If the mandible were complete, it might indicate what type

of feeding mechanism this animal had.
this.

Marples made no comment about

The triangular, widened, flat rostrum is compatible with the

presence of baleen.
The atlas vertebra embodies "typical" mysticete features, as
does that of Ma 649 (NMNZ):
reduced or absent.

neural canal higher than wide, hypapophysis

Marples did not illustrate a hypapophysis, and there

is no evidence on the atlas of one, but there is a facet on the axis
which could have received a hypapophysis.

The odontoid process of the

axis is reminiscent of those of archaeocetes figured by Kellogg (1936).
In view of the major differences between the holotype periotics,
the only comparable elements available, of M. parki and M. lophocephalus,
I caution against the ready acceptance of M. lophocephalus as a member
of the mysticete genus Mauicetus Benham, 1939.

M. parki appears to be a

conventional, albeit archaic, mysticete, while the affinities of
M. lophocephalus are less obvious.

I prefer to cite the latter as

"Mauicetus" lophocephalus, until further evidence of relationships is
available.

There is no inconclusive evidence to show that Marples

wrongly referred this to the Cetotheriidae, but probably it is placed
better as Mysticeti, family incertae sedis.
Mauicetus lophocephalus referred specimen C.78.1, OM
This tympanic bulla obviously is quite different from the holotype
bullae of "M': lophocephalus and "M." waitakiensis, and is more similar to
typical cetothere bullae in, for example, the absence of a median groove
on the posterior face.

However, it appears that the anterior of the

involucrum was depressed more markedly than any formally described
mysticete bullae.
(NMNZ).

In this respect, it resembles the bulla of Ma 651

The faint crease on the posterior face, and the slight postero-

external ridge are similar to those of Ma 651 (NMNZ), REF Ill, and
ZMT 67 (CM).

As this bulla cannot be assigned to a known genus, it is

best left as genus indet., Mysticeti incertae sedis.
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Mauicetus waitakiensis holotype C.62.2, OM
Little can be added on the relationships of this species which has
not already been discussed under M. lophocephalus.
uninformative as regards relationships.

The skull is

It possesses minor differences

with M. parki in as far as comparable elements are preserved.

There is

nothing to refute Marples's conclusion that they are related at the
generic level.

However, the skull does not show features which allow it

to be separated distinctly from other genera, either.

Close

similarities in the bullae and vertebrae indicate that M. waitakiensis
is related closely with "M". lophocephalus and, as is the case with the
latter, the bullae of M. waitakiensis possess a strange mixture of
archaeocete and mysticete features and are unlike any described
elsewhere.

If it is accepted that "M". lophocephalus and

M. waitakiensis are related closely, as the bullae indicate, then
presumably M. waitakiensis shares the same doubtful relationship to

M. parki as does "M". lophocephalus.

For this reason, I prefer to cite

it as "Mauicetus" waitakiensis, until further evidence of relationships
is obtained.

There is no good evidence to show that Marples wrongly

referred this species to the Cetotheriidae, but probably it is placed
.better as Mysticeti, family incertae sedis.

Mauicetus brevicollis holotype C.62.3, OM
I have nothing to add to Marples's diagnosis and observations on
this species.

It is worth comment that its generic affinities require

substantiation, as vertebrae of Mauicetus (sensu stricto) are not known
at present:

no vertebrae are known from the holotype of M. parki and,

as "M". lophocephalus and "M". waitakiensis probably are not congeneric
with M. parki, the similarity of M. brevicollis with Marples's other
two species is not a good indication of relationships.

This species

probably is cited best as "Mauicetus" brevicollis, Mysticeti, family

incertae sedis, until further evidence of relationships is obtained.
Specimen C.78.2, OM
The tympanic bulla of this specimen has a profile so similar to
those of "M". lophocephalus and "M". waitakiensis that there can be no
doubt that it is congeneric with them.
other formally-described bullae.

It is, of course, unlike any

It lacks the outer lip structures

which might provide further clues as to its affinities, but these are
unlikely to have been much different from those of the other two species.
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The specimen is assigned provisionally to "Mauicetus" sp. indet.
(sensu "Mauicetus" lophocephalus) , Mysticeti, family incertae sedis.
Specimen au 6840, UODG
No other vertebrae like these have been described from New Zealand.
The relative sizes of the centrum, transverse processes, neural pedicles
and neural spines, and the inclination of the transverse processes,. is
similar to Eschrichtius gibbosus (see Andrews 1914:
cetothere-like mysticete.

Fig. 12), an extant,

However, the neural pedicles and transverse

pedicles of the latter are more elongated anteroposteriorly.
Unfortunately, these vertebrae are too worn to be certain of their
affinities.

As they possess no obvious diagnostic features, they are

left as genus indet., Mysticeti incertae sedis.
Specimen au 11523, UODG
The high coronoid process on the mandible of this specimen is
similar to those of Benham's "M. parki" referred specimen C76.737.6
(SM) and Ma 1668 (NMNZ), and unlike any described mysticete.
is uninformative as regards relationships.

The atlas

Elements of the presumed

posterolateral (squamosal?) part of the skull (aU 11538, UODG) bear no
obvious relationship to fossil or extant mysticetes and, for this
reason, cannot be identified.

Similarly, the periotic is too incomplete

to allow comparison with other genera.

Superficially, it is not unlike

those of Ma 649 and Ma 651, NMNZ. As the specimen cannot be identified,
it is left as genus indet., Mysticeti incertae sedis.
Specimens au 11571, UODG, and ZMT 67, CM
The tympanic bullae of these two specimens do not appear to be
identical with any previously-described genera.
because they are incomplete.

Comparison is hindered

The posterior profiles and ventral

surfaces are not medially indented, and they have faintly creased
posterior faces and prominent posteroexternal keels reminiscent of
figured cetotheres (e.g. Kellogg 1968b:

Plate 52, 1968c:

and cetothere-like New Zealand forms (e.g. REF 111).

Plate 60)

They are placed

provisionally as genus or genera indet., family? Cetotheriidae.
Specimens REF 1 and REF 2
These cannot be assigned to a genus as each specimen is too
incomplete.

It is not certain if they are related to each other,
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although one could expect to find an archaic mysticete which embodied
the characteristics of both specimens.
REF 1 includes a wide, flat, elongate, nonarched rostrum which
appears to lack alveoli.

Grooves on the ventral face probably are

analogous with those on extant mysticetes, and indicate that baleen
almost certainly was present.

Comparison with rostra of other genera

is uninformative as regards relationships.
uninformative.
stout.

The incus is fairly

The crus longum is large and thick, but not exceptionally

The crus breve is lost.

In mysticetes, typically this is short

and sharp (e.g. Balaena, Balaenoptera; Doran 1878:

31; Metopocetus; Kellogg 1968a:
odontocetes.

Plate 62, Figs 29,

Plate 48, Fig. 1) while it is long in

An adequate description of the archaeocete incus is not

available to me.
REF 2 is more primitive than any other mysticete skull described
(except for "aetiocetids") in that the supraoccipital is not telescoped
forward beyond the back of the temporal fossae.

As far as I can tell

from descriptions of "aetiocetids", the supraoccipitals of Aetiocetus
and Chonecetus have round apices, and the sharp apex of Mirocetus is
thrust forward, ahd it is because of a lack of similarity with
"aetiocetids" that REF 2 is placed with the Mysticeti s.s.

The

braincase cast is compatible with derivation from archaeocetes.

The

brain does not show the lateral and, especially, dorsal, expansion of
the cerebellar region seen in later primitive mysticetes like M. parki
and "M". wai takiensis.

Both REF 1 and REF 2 are placed as genus or

genera indet., Mysticeti incertae sedis.

They are the oldest mysticetes

yet recorded.

Specimen REF 36
The single incomplete tympanic bulla of this specimen differs from
all other New Zealand specimens, and all other described genera, in the
presence of an anterointernally directed spout for the eustachian tube
at the front of the involucrum.
uncertain.

Otherwise, its relationships are

It possesses creases and a posterior keel similar to those

shown by specimens OU 11571 and ZMT 67, and also a deepened eustachian
cavity, all of which indicate cetothere affinities.

It is placed

provisionally as genus indet., family? Cetotheriidae.

Specimen REF 109
Amongst the cetotheres, this is most similar to Aglaocetus patulus
Kellogg, 1968c (Plate 51, Figs 1,2), especially in the convex external
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profile of the body, the short body, the elongate pars cochlearis with
a long anterointernal edge which merges with the anterior process, the
marked'anterointernal and posterointernal angles, the narrow groove for
the tensor tympani, and the oval deep internal auditory meatus (into
which opens the Fallopian aqueduct).

Marked differences between these

specimens include, in REF 109, the shorter posterior process, wider
pars cochlearis with a shorter and flatter ventral vertex, less
vascularised dorsal face of the body, and larger aperture for the
cochlea aqueduct.

It shows some similarities (mentioned earlier) with

other New Zealand forms, but in view of its similarities with Aglaocetus
and dissimilarities with other described mysticetes, it is assigned
provisionally to aff. Aglaocetus, family? Cetotheriidae.

It is,

however, much older (Mid Oligocene) than the known species of Aglaocetus
(Early-Mid Miocene) .
Specimen REF'lll
The skull of this individual illustrates a stage of telescoping
similar to that of some other New Zealand forms (M. parki,
"M". lophocephalus, and probably "M". waitakiensis) , although it is more
advanced than REF 2.

It is unlike any described overseas genus (see

review, under M. parki).

The periotic is more like that of M. parki

than of any other New Zealand specimen or described genus.

The tympanic

bulla is cetothere-1ike (quite unlike the bullae of "M". lophocephalus
and "M". waitakiensis) in that the involucrum narrows and is depressed
anteriorly, the eustachian part of the tympanic cavity is wide and deep,
the profile is elongate and subquadrangu1ar, and there is no median
posterior indentation.

The posterior face possesses a posteroexternal

ridge, as do cetotheres (see OU 11571 and ZMT 67).

However, the bullae

differ from those of described cetothere genera in the relatively
unthickened anterior of the involucrum and in the flat dorsointerna1
face.

The posterointernal ventral angle is in a similar position but

much smaller than that figured by Kellogg (1968c:
for Aglaocetus patulus.

Plate 60, Figs 3-5)

In view of the similarity of the skull and

periotic to those of M. parki, this specimen is referred provisionally
to aff. Mauicetus sp. indet., family Cetotheriidae.
Specimen Ma 650, NMNZ
The atlas possesses features of mysticetes, but is much too worn to '
be certain of its affinities.

Hector's (1894) observation that the

mandibles of this specimen were toothless lends weight to mysticete
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affinities.

The atlas indicates that cC'rtainly it 1.s not Kekenodon

onamata, as was proposed by McKay (1882a, 1882b) and Hector (1894).
It is placed as genus indet., Mysticeti incertae sedis.
Specimen Ma 652, NMNZ
This specimen also is too incomplete to be compared usefully.
The expanded grooves which flank the dorsal ridge of the odontoid
process on the atlas are unusual, and are unlike those of other
New Zealand specimens in which the grooves are more narrow.

Similar

narrow grooves are present in described genera (e.g. Diorocetus Kellogg,
1968b:

Plate 53, Fig. li Siphonocetusi Baum & Wheeler 1977:

Fig. 1) but are of doubtful taxonomic significance.

Plate 1,

This individual is

assigned to genus indet., Mysticeti incertae sedis.
Specimen Ma 1667, NMNZ
Preparation of the skull of this individual should allow the
relationships of this individual to be determined, but, until then,
only a few clues are available as to its relationships.

The tympanic

bullae are more similar to those of "M". lophocephalus and

"M". waitakiensis than to other New Zealand specimens or other described
genera.

Unfortunately, the skulls of these species cannot be compared

with the present specimen.

Specimen Ma 1667 has a forward thrust

supraoccipital, as do the other species, but its temporal fossae do not
appear longer than wide (cf. "M". lophocephalus) and the supraoccipital
does not appear as steep as in "M". waita:kiensis.

As the generic

position cannot be determined at present, the specimen is left as genus
indet., Mysticeti incertae sedis.
Specimen Ma 1668, NMNZ
Whitmore & Sanders (1977:

317), on the basis of information sent

them by F.M. Climo, considered this specimen probably a cetothere.
They observed that the mandibles are toothless, elongate,' with a low
coronoid process and backward-facing condyle - "fully developed
mysticete jaws".

Some unusual features are present.

There is a well-

developed alveolar groove with apparently poorly-developed alveoli, the
jaws are straight and laterally expanded distally, and the coronoid
process, although it could be described as low, is much higher than that
of any described mysticete.

In this last feature, the specimen is

similar to specimens C76.737.6 (SM) and OU 11523 (UODG).

However, it
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lacks the compressed tip of the mandibles of the first, and the bowed
profile of the second.

No other mysticete like it has been described.

Undoubtedly it represents a primitive cetacean on a mysticete line,
but I hesitate to call it a cetothere.
unusual feature.

The open alveolar groove is an

It is debatable if this'specimen actually possessed

teeth in the adult, as the "alveoli" are preserved too poorly to
determine if they are really tooth sockets.

Perhaps shallow-rooted

teeth sat in the gum tissue along the alveolar groove.

The fragments

of rostrum suggest a long, flat, wide, nonarched rostrum, and these
features are compatible with the presence of baleen.

Not enough of

the rostrum is present to determine if alveoli are preserved in it.
In terms of the currently-accepted limits of the family Cetotheriidae,
this probably is not a cetothere.

At present, it can be assigned only

to genus indet., Mysticeti incertae sedis.
Specimen Ma 1809, NMNZ
The mandibles of this individual are unlike those of other
New Zealand fossil mysticetes in their strange anterior dorsoventral
thickening.

They are robust, like those of the extant genera

Eschrichtius (see Andrews 1914) and Caperea (pers. obs.).

I have not

found published descriptions of fossil mysticete mandibles like these.
Until the specimen is prepared further, it must be assigned to genus
indet., Mysticeti incertae sedis.
SUMMARY
Fourteen identifiable specimens, described and discussed here,
have been formally referred in print to the mysticete genus Mauicetus
Benham, 1939.

These encompass 10 specimens referred to the type-species,

M. parki, by Benham (1937a, 1942), two specimens referred to
M. lophocephalus by Marples, and the holotypes of M. waitakiensis and
M. brevicollis, also described by Marples.
Waitakian age.

All are of Duntroonian or

A further 19 specimens also treated here are either

mysticetes or have been referred to as mysticetes, and range in age from
Whaingaroan to Otaian-Altonian.

The relationships of the more important

of these mysticetes are as follow:
The holotype of Mauicetus parki Benham, 1937a (incomplete cranium,
left periotic; OU 11573, UODG; Waitakian) appears to represent an
independent genus of cetothere.
known.

No other individUals of M. parki are

The paratype skull (C.75.26, OM; Waitakian) appears not
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conspecific with the holotype, and is placed as aff. Mauicetus, ?
Cetotheriidae.

Another mysticete, REF 111 (Waitakian) also is probably

related to M. parki, and is assigned to aff. Mauicetus, Cetotheriidae.
An isolated periotic (REF 109, Duntroonian) is similar to those of
Aglaocetus (Cetotheriidae).
(Waitakian?),

au

Four tympanic bullae, C.78.l, OM

11571, UODG (Otaian), ZMT 67, CM (Waitakian), and

REF 36 (Waitakian) represent four different types of mysticete, of
probable cetothere affinities.
Amongst four other specimens, only the mandibles are comparable.
Mysticetes

C76.737.6, SM (Waitakian, a referred specimen of M. parki),

C.77.l5, OM (Waitakian, referred specimen of M. parki) ,

au

11523, UODG

(Duntroonian), and Ma 1668, NMNZ (Duntroonian) exhibit four different
types of mandible structure.

The plesiomorph character of high coronoid

process is seen in the first, third, and fourth of these.

Specimen

Ma 1668 was described by Whitmore & Sanders (1977) as a cetothere, but
none of these specimens at present can be assigned positively to family.
"Mauicetus" lophocephalus, "M". waitakiensis, and "M". brevicollis
appear not to be congeneric with M. parki, and are placed in family
incertae sedis.

Specimen C.78.2, OM (Duntroonian?) is related to them,

as may be Ma 1667, NMNZ.
Some other individuals are of uncertain affinities, but probably
are related more closely to the "M". lophocephalus group than to
M. parki and other cetotheres.
of M. parki:

They are Benham's referred specimens

Ma 649, NMNZ, and Ma 651, NMNZ (both Duntroonian), placed

as genera indet., Mysticeti incertae sedis.
like features of Ma 649

au

Some of the archaeocete-

are similar to those of the periotic of

11526, UODG (Duntroonian), a primitive mysticete of uncertain

affinities.

Specimen GS 3738, NZGS (Duntroonian) may be related to

Ma 649 and Ma 651.
Upper Whaingaroan specimens REF 1 and REF 2 (rostrum, part cranium)
represent indeterminate primitive Mysticeti, older than any other known
representatives of this suborder.

They indicate that skull telescoping

was well under way by the end of the Early Oligocene.

Lastly, the

incomplete specimens Ma 650, Ma 652, and Ma 1809 (NMNZ), which differ
from others described, can be assigned only to genera indet., Mysticeti
I

incertae sedis.
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5.19. SUMMARY DESCRIPTIONS:

COLLECTION DATA AND COMMENTS

ON OTHERWISE UNDESCRIBED SPECIMENS
New Zealand collections contain many specimens in addition to those
for which formal descriptions have been presented.

While most of these

additional specimens are of little value to this study because they
require considerable preparation and/or are of doubtful origins, some
are worthy of mention because of historical, stratigraphic, regional,
or systematic interest.

The aim of this section is to present

collection data on, and comments on the importance of, those specimens
which, for various reasons, could not be studied in more detail.

This

emphasises the number of specimens on which further work needs to be
done, especially the Neogene fauna.

Because in most cases, positive

identifications below the subordinal level cannot be made, and age
relationships may be uncertain, the specimens are listed according to
institution (see Table 23 for summary) instead of temporally or
systematically.
COLLECTION DATA
Specimen:

skull which lacks superficial layers of some bones and apex

of rostrum, left and right mandibles, incomplete left and right
periotics.

No teeth are visible.

Collection number and repository:
Collector and date:
Locality:

C.12.14, OM.

A.E. Russell, "per Dr Marshall", 1912.

Milburn or Clarendon district, South Otago.

assigned grid reference NZMS 260 H45:
727475.

Arbitrarily

775560; NZMS 1 S172:

See McKellar 1966, Macpherson 1945.

Horizon and age:

"Millburn [sic] Stone" (Catalogue C, OM); exact

horizon unknown, but most probably a unit of the Milburn Limestone,
Waitakian, Late Oligocene.
N.Z. fossil record number:

H45/f2l.

Comment
The initial preparation of this specimen by person(s) unknown was
poor, and many surface details of bone were removed or obscured by
plaster.

Also, the animal glue which was used on the skull has

deteriorated.

Further preparation and repair are needed.

This skull

is almost identical in dorsal view to those of Prosqualodon australis
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TABLE 23.

Repositories, collection numbers, and provisional assignments
of specimens mentioned in summary descriptions (section 5.19).

Otago Museum (OM)
C.12.14, Odontoceti, Prosqualodon?
C.20.11, Odontoceti, Squalodont?
C.77.2 and C.77.5, Indet.
C.77.7, Mysticeti indet.
C.77.24, Odontoceti, squalodont?
University of Otago Department of Geology (UODG)
OU 5080, Odontoceti, Parasqualodon?-Prosqualodon?
OU 6840, Odontoceti, Squalodont?
OU 11521, Odontoceti, squalodont?
OU 11545, Mysticeti indet.
OU 11579, Archaeoceti?
North Otago Museum (NOM)
No. 42, Odontoceti, Squalodontoidea
No. 224, Odontoceti, Delphinoidea?
Private Collection, A.M.A. Engelbrecht
No number, Archaeoceti? or Mysticeti?
Canterbury Museum (CM)
ZMT 3, Odontoceti
ZMT 8, odoritoceti, Delphinoidea?
ZMT 9, Odontoceti, Physeteridae
ZMT 10, Odontoceti? indet.
ZMT 13, Odontoceti, Squalodontoidea
ZMT 39, Odontoceti, Platanistoidea?
ZMT 42, Mysticeti, Cetotheriidae?-Balaenopteridae?
ZMT 43, Odontoceti, Delphinoidea?
ZMT 44, Odontoceti, Delphinoidea? or Platanistoidea?
ZMT 58, Odontoceti, Squalodontoidea?
ZMT 63, Odontoceti, Delphinoidea
ZMT 73, Odontoceti, Platanistoidea?
R.E. Fordyce collection
REF 49, Odontoceti, Squalodontoidea?
REF 77, Mysticeti?
REF 78, Odontoceti, Prosqualodon?
REF 96, Mysticeti
REF 97, Odontoceti, Squalodontoidea?
REF 101, Odontoceti, Prosqualodon?
REF 104, Odontoceti, Tursiops?
REF 112, Odontoceti, Prosqualodon?
National Museum of New Zealand (NMNZ)
Ma 248, Mysticeti, aff. "Plesiocetus" dyticus
Ma 1439, Odontoceti, cf. Pseudorca
Ma 1630, Mysticeti, cf. Balaenoptera
New Zealand Geological Survey (NZGS)
GS 40, Odontoceti, Squa1odontoidea
GS 11170, Odontoceti?
Wanganui Museum (WM)
No. 4384, Odontoceti, Delphinus aff. delphis
University of Auckland Department of Geology (UADG)
V9, Odontoceti, Eurhinodelphinidae?
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Lydekker, 1894b, (1899, Cabrera 1926, Flynn 1948) and P. davidis Flynn,
1923 (1948:

Plate 1, Fig. 1).

It

differs from these most obviously in

its more pronounced posteroexternally-extended exoccipital.

It is not

similar in details of telescoping to the two nominal species of
Prosqualodon recorded from the New Zealand Waitakian:

P. hamiltoni

Benham, 1937b and P. marplesi Dickson, 1964 (see section 5.7).

Unusual

features are the concealed teeth, and the unusual mandibular profile.
The mandibles are like those of "Microcetus" hectori Benham, 1935b, in
that posteriorly, the buccal face is deepened and appears prominently
inflated buccally, so that width tends to approach depth.

Considerable

work is required before this skull can be compared with those of
P. australis and P. davidis.
Specimen C.12.14, OM, may be that referred to by Benham (1935b:
242) as the second Prosqualodon skull, from Milton.

Presumably, the

first, which he stated was from Caversham, is the lectotype of
P. hamiltoni Benham, 1937b (C.02.8, OM).
COLLECTION DATA
Specimen:

basicranium and posterior ventral part of rostrum, incomplete

left and right tympanoperiotics, incomplete mandibles, three teeth.
Collection number and repository:
Collector and date:
Locality:

C.20.11, OM.

presented Mr Stewart, March 1920.

"Milburn", South Otago.

Arbitrarily assigned the grid

reference of Milburn Quarry (a probable source locality) NZMS 260
H45:

775560; NZMS 1 S172:

727475.

See McKellar 1966, Macpherson

1945.
Horizon and age:

exact details unknown but probably the Milburn

Limestone, Waitakian, Late Oligocene.
N.Z. fossil record number:

H45/f20.

Comment
This specimen requires considerable preparation.

Its most unusual

feature is the apparent inflation of the posterior buccal faces of the
mandibles, as seen also in Prosqualodon specimen C.12.14, OM.

Some,

but by no means all, of this inflation may have been caused by post
mortem dorsoventral compression of the mandibles.

The smallest of the

teeth, unlike those of Prosqualodon spp., has a laterally flattened,
simple, triangular symmetrical crown with convex anterior and posterior
keels, a flat buccal face and a convex lingual face in the occlusal
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plane, and an axis concave lingually.
COLT ,F!CTION DATA
Specimen:

two thoracic or anterior lumbar vertebral centra, probably'

from the same individual.
Collection number and repository:
Collector and date:
Locality:

C.77.2 and C.77.5, OM.

unknown.

unknown; the few fragments of matrix attached, and the

preservation are compatible with derivation from the Milburn
District of South Otago.
Horizon and age:

See McKellar 1966, Macpherson 1945.

unknown; possibly the Milburn Limestone,

Waitakian, Late Oligocene.
N.Z. fossil record number:

H45/f3l.

Conunent
These centra lack the neural pedicles and transverse processes.
The relatively narrow neural canal suggests that they are posterior
thoracic or anterior lumbar vertebrae.
they are long (C.77.2:

The features of note are that

length 90 nun, diameter c. 68 nun; C.77.5:

length 88 nun, diameter 69 nun) and have thickened epiphyseal regions
as does Basilosaurus (see Kellogg 1936), particularly ventrally, where
the thickened zone may be 16 nun long.

The affinities of these vertebrae

are not known.
COLLECTION DATA
Specimen:

portion of mandible.

Collection number and repository:
Collector and date:

unknown.

C.77.7, OM.

Found uncurated in basement of Otago

Museum by R.E. Fordyce, May 1977.
Locality:

"Shag Valley", North Otago.

Exact locality unknown.

See McKellar 1966, Mutch 1963.
Horizon and age:

unknown; limestone, probably a unit of the Goodwood

Formation, Pareora, Early Miocene.
N.Z. fossil record number:

See McKellar 1966, Mutch 1963.

none assigned.

Conunent
This large fragment of mandible is typical of mysticetes in its
concavoconvex buccal face and convex lingual face.

The median dorsal
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crest is grooved longitudinally, but the groove is not open.
foramina are obvious.

No

The specimen does not appear identical with any

other New Zealand mysticete, and is too incomplete to be of value other
than as a locality record.
COLLECTION DATA
specimen:

part of basicranium and ventral surface of rostrum, part of

right mandible, anterior caudal vertebrae, fragments of other
vertebrae and ribs.
Collection number and repository:
Collector and date:
Locality:

C.77.24, OM.

no data.

no data, but see below.

Horizon and age:

no data.

However, the grey calcareous sandstone

matrix suggest that, if the specimen was found in Otago, the
Caversham Sandstone, Waitakian-Otaian, Late Oligocene - Early
Miocene, is a likely source.
N.Z. fossil record number:

See Benson 1968.

I44/f30.

Comment
This specimen was found uncurated in the basement of the Otago
Museum by R.E. Fordyce, 1 June 1977.

It is the only specimen in that

institution which could correspond to the cetacean bones from the
"Caversham freestone" of the Dunedin area mentioned by J.T. Thomson
(1874:

310) as then extant in the Museum.

at present.

The specimen is unprepared

The main features of interest here are that the rostrum

tapers rapidly anteriorly (brevirostral?) and that the right mandible,
which does not appear to be crushed dorsoventrally, has a markedly
inflated posterior buccal face.

The lingual face is more or less flat,

the ventrobuccal face is convex, and the dorsobuccal face is concave.
In this feature, the specimen is similar to Prosqualodon sp., C.12.14
(OM) .
COLLECTION DATA
Specimen:

part of left mandible with remains of two cheek-teeth

in situ, labelled "Teeth of Squalodon
Collection number and repository:
Collector and date:
Locality:

Millburn".

OU 5080, UODG.

no data.

Milburn, South Otago.

grid reference NZMS 260 H45:

Probably from the Milburn Quarry, at
775560~

NZMS 1 S172:

72747~.
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Horizon and age:

Milburn Limestone, Waitakian, Late Oligocene.

N.Z.fossil record number:

H45/fl.

Comment
The mandible (Fig. 357) is flattened laterally, rounded dorsally,
and the internal face is rounded.

The teeth are inserted just external

to the dorsal crest, and a pit for the reception of an upper tooth apex
is present just between and external to the teeth.

Each tooth is

compressed laterally (basal index = 35% - 40%), is high-crowned, and
shows no evidence of a skewed axis.

A basal posterior denticle is

present on the anterior tooth and a basal anterior denticle on the
second.
nodules.

The denticles are small, keeled, conical, and possess secondary
The cingulum of the anterior tooth is papillated, and the

cr. rug. are coarse (5-6 per 5 mm), vertical, strongly elevated, and
formed by series of elongated papillae.

The anterior tooth has two

roots, while the vestige of a third is present in the isthmus of the
second tooth.
The ornament of the teeth is reminiscent of Prosqualodon (e.g.
Figs 242,243) and also of Parasqualodon (Figs 353, 354).

In

particular, the fine cingulum papillae and secondary nodules are
similar to those seen in Figs 353 and 354.

Probably, specimen OU 5080

is a brevirostral squalodont, but it is too incomplete to be certain
of affinities.

It is allocated provisionally as aff. Parasqualodon.

COLLECTION DATA
Specimen:

worn left squamosal, labelled "Kekenodon, left squamosal

broken off skull Waikouaiti".
Collection number and repository:
Collector and date:
Locality:

part of OU 6840, UODG.

no data.

"Waikouaiti", North Otago.

NZMS 260 I43:

Grid reference probably near

295085; NZMS 1 S155:

305040.

See Benson 1968,

McKellar 1966.
Horizon and age:

probably the Caversham Sandstone Formation,

Waitakian-Otaian, Late Oligocene - Early Miocene.
N.Z. fossil record number:

I43/f14.

Comment
The catalogue entry reads:
(Benham).

"6840.

Hutchn.-Awan.

Mauicetus parki

Caversham Sst. Waikouaiti. [Det.] W B B [enham]".

The other
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specimens in this collection are indeterminate mysticete vertebrae (see
section 5.18).

Probably it was Benham who identified the present

specimen as that of Kekenodon.

The squamosal is probably that of a

squalodontid, like "Prosqualodon" hamiltoni Benham, 1937b (see section
5.7), but is too worn to be certain of its

affinit~es.

COLLECTION DATA
Specimen:

four incisiform teeth with crowns and roots, two incomplete

roots (Figs 358-363).
Collection number and repository:

OU 11521, UODG.

Formerly 47.10

[= G.47.10?], UODZ.

Collector and date:
Locality:

B.J. Marples, 1947.

unknown, but probably in the Duntroon area, North Otago.

See Gage 1957, Mutch 1963.
Horizon and age:

no data.

See comment for OU 11526, section 5.18.

Matrix suggests that, if obtained from the

Duntroon area, these teeth probably came from the Kokoamu Greensand
Formation, Duntroonian, Mid Oligocene.
N.Z. fossil record number:

See Gage 1957.

140/f26B.

Comment
The teeth are elongate, slender, and possess, slightly curved axes.
The crowns are simple, and constitute about a third of the length.
They are

ke~led

anteriorly and posteriorly, laterally compressed

apically, ornamented with elongate, parallel, barely elevated cr. rug.,
and are curved lingually and (?) posteriorly.

The maximum tooth

diameter is at or slightly below the crown base.
are tapered.

The cYlindrical roots

These teeth probably represent the prognathous incisors

and canines of a form like "Prosqualodon" marplesi Dickson, 1964
(section 5.7), "Microcetus" hectori Benham, 1935b, and "Microcetus" aff.
hectori (D.W.2, UODZ,

= OU

11518 and others, UODG; see section 5.10).

COLLECTION DATA
Specimen:

anterior thoracic vertebral centra, fragments of ribs.

Collection number and repository:
Collector and date:
Locality:

OU 11545, UODG.

unknown; possibly B.J. Marples.

near Sisters Creek, Hakataramea Valley, South Canterbury.

Grid reference NZMS 260 140:
Horizon and age.:

231151; NZMS 1 Sl18:

257207.

exact details unknown, but probably from lateral

equivalent of Kokoamu Greensand or Otekaike Limestone Formations,
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Duntroonian-Waitakian, Mid-Late Oligocene.
N.Z. fossil record number:

140/f39.

Conunent
The profiles and sizes of the vertebrae and ribs indicate that
they probably represent a mysticete.

Further preparation work is

required on the vertebrae of other New Zealand mysticetes (section 5.18)
before the present specimens can be identified.
COLLECTION DATA
Specimen:

two incomplete caudal(?) vertebrae, and other fragments of

bone.
Collection number and repository:
Locality:

OU 11579, UODG.

out of place, Opuha River, South Canterbury.

NZMS 260 J38:

496733; NZMS 1 Sl02:

558838.

Grid

ref~rence

See Gair 1968,

Wellman 1953.
Horizon and age:

limonite-stained quartz sandstones, probably

Runangan-Kaiatan, Late Eocene (J.G. Begg , pers. corom.).
N.Z. fossil record number:

J38/f5.

Conunent
This specimen (Fig. 204) comprises two (probably caudal) vertebrae,
preserved as longitudinal sections.

The affinities are not known but,

in view of the fact that odontocetes and mysticetes differentiated in
about the Early Oligocene, this specimen probably represents an
archaeocete.

Preparation of the block may allow the affinities of the

specimen to be determined, but, until then, this is of use only as a
stratigraphic record.
COLLECTION DATA
Specimen:

dorsal portion of a rostrum and anterior of cranium embedded

in matrix, with the ventral surface eroded; two incomplete
vertebrae, indeterminate bone fragments (Fig. 380).
Collection number and repository:
Locality:

Cape Wanbrow, Oamaru.

NZMS 1 S136:
Horizon and age:

553634.

42, NOM.
Grid reference NZMS 260 J4l:

See Gage 1957:

511633;

Geological Map No.1.

Rifle Butts Formation, Otaian-Altonian, Early Miocene.

N.Z. fossil record number:

J41/f5.

511
comment
Most of the skull is represented only by casts of bone.
Posteriorly, the choanae are visible, separated by the mesethmoid.
The choanae are bounded by the premaxi11aries and maxi11aries, and the
premaxi11aries possess marked bosses with gently-elevated rims.

The

maxi11aries spread laterally over the orbits, but their relationship to
the frontal is not seen.
the antorbita1 notch.

The lacrimal forms the posterior border of

The vomer runs forward from its contact with the

mesethmoid to form the base of the mesorostra1 canal.
evidence of its relationship with the palatines.
the premaxi11aries externally.
maxi11aries is not clear.

There is no

The vomer contacts

The relation of the premaxi11aries to

A cross-section shows that the premaxi11aries

curve over the mesorostra1 canal.
Although the specimen lacks useful taxonomic features, its general
morphology suggests de1phinoid or p1atanistoid affinities.

The large

distance between the end of the mesorostra1 canal and the choanae is a
relatively primitive feature, similar to the condition seen in some
squa1odonts.

Premaxillary bosses are seen in extant de1phinids (e.g.

Cephalorhynchus, pers. obs.) and in extinct forms (e.g. Kentriodon
Kellogg, 1927, Eurhinodelphis; Kellogg 1925c, Lophocetus; Kellogg 1955),
and appear to be a feature only of dolphin-like odontocetes.

The

present specimen is provisionally assigned to the De1phinoidea or
P1atanistoidea, until its affinities can be determined better.

From the

same locality and lithology came the ho1otype of Phocaenopsis mantelli
(section 5.15), but its relation to the present specimen cannot be
determined because of the absence of comparable elements.
COLLECTION DATA
Specimen:

natural sandstone cast of the 1ingua1(?) face of a cheek-

tooth, fragments of the root, a natural cast of incisor tooth,
bone fragments (Figs 418, 419).
Collection number and repository:
Locality:

Cape Wanbrow, Oamaru.

NZMS 1 S136: . 553634.
Horizon and age:

224, NOM.
Grid reference NZMS 260 J41:

See Gage 1957:

511633;

Geological Map No.1.

Rifle Butts Formation, Otaian-A1tonian, Early Miocene.

N.Z. fossil record number:

J41/f45.

Comment
Only the cast of the cheek-tooth could be studied (Figs 418, 419).

512
It has a high, triangular, laterally-compressed crown, with the axis
concave lingually, without an elongat'ed posterior keel, and with traces
of two denticles on the keel.

The enamel is worn off most of the

denticles and crown, so it is not possible to determine ornament
accurately.

The denticles are small, nonsulcate, and probably non-

ornamented.

Possible undation is present on the crown.

dentine appears finely papillate.

The crown

There is no evidence of a cingulum,

and the enamelocementum boundary cannot

b~

identified.

Two roots,

probably joined by an isthmus, are present.
If this cheek-tooth really was smooth-crowned, it is quite unusual
for a squalodont.

A form such as this has not been reported previously

from New Zealand.

The relationship of this specimen to two others from

the Rifle Butts Formation (Phocaenopsis mantelli, section 5.15, and
, Tangaroasaurus kakanuiensis, section 5.13) is not certain.

Perhaps

once the specimen is prepared further, some better idea may be obtained
as to its relationships.

until then it cannot be identified any more

accurately than indet. squalodontid.
COLLECTION DATA
Specimen:

seven or more thoracic vertebrae and three or more ribs.

Collection number and repository:

no number; held by A.M.A. Engelbrecht

(No.9 R.D., Waimate).
Collector and date:
Locality:

A.M.A. Engelbrecht, W. Bee, June 1972.

about 200 m upstream of road bridge, Wharekuri Creek, near

Kurow, North Otago.
Sl17:

012174.

Horizon and age:

Grid reference NZMS 260 I40:

008117; NZMSI

See Marwick 1935, Mutch 1963.

Wharekuri Greensand, a lateral equivalent of the

Kokoamu Greensand Formation, Duntroonian, Mid Oligocene.
N.Z. fossil record number:

I40/f40.

Comment
This specimen was examined only briefly.

It is about 1 m long,

and represents a dorsoventrally crushed ribcage.

Further preparation,

and comparison with the specimens collected by McKay (1882a, l882b;
see section 5.18; Ma 649, Ma 651, NMNZ) would be profitable.

The

affinities of this specimen are not certain, but an archaeocete and
mysticetes of comparable size to this have been obtained from this
locality.

Details of the excavation and preparation of this specimen

are given in a letter by A.M.A. Engelbrecht to I.W. Keyes (copies held
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by Keyes and Fordyce).
COLLECTION DATA
Specimen:

natural endocranial cast.

Collection number and repository:
Collector and date:
Locality:

ZMT 3, CM.

H. Hill, 1896.

"Napier", Hawkes Bay; exact locality unknown.

See Kingma

1962.
Horizon and age:

"Limestone", probably Te Aute Limestone (sensu Kingma

in Fleming 1959c:
(in Fleming 1959c:

390), Waitotaran(?), Late Pliocene.

See Kingma

390; 1971) for a discussion of this lithology.

N.Z. fossil record number:

V21/f8460.

Conunent
This specimen (Figs 378, 379) was studied by Benham (1934,
unpublished MS, CM) who conunented:
some Modern Odontocete.

"This is the intra-cranial cast of

It is quite different from the figures of the

intra-cranial casts of Squalodon or Zeuglodon given by Elliot smith and
so I had a cast made from a specimen of Cephalorhynchushectori for
comparison.

It agrees quite well in shape and other details though

the fossil is somewhat larger .•. ".

Cetacean endocranial casts have

been described and discussed by Breathnach 1955, 1960, Dart 1923,
Dechaseaux 1961, Edinger 1955, Marples 1949b, Mchedlidze 1964a, 1964b,
1970, Smith 1903, and Spillman 1970.

One of the most important of these

articles is that by Breathnach (1955), which concluded that because of
the development of intracrqnia1 retia, the endocranial casts of Cetacea
give only a very general impression of brain shape.

The present cast

is dissimilar to those of the extant mysticetes Balaena, Balaenoptera,
and Megaptera (see Breathnach 1955:
Edinger 1955:

Figs 2c, 2d, 3a, 4a, 5a, 5b, 6b,

Fig. 4), and appears similar to those of the

odontocetes such as Cephalorhynchus; (Marples 1949b:

more-rec~nt

Figs 2e, 2f),

Phocaena; (Breathnach 1955: Fig. 1), Incacetus?; (Spi11mann 1970:
Figs 1, 2, 3, 4), and Pontoporia; (Edinger 1955:

Figs 6b, 6c).

An

assignment to genus cannot be made at present because of a lack of
published data on casts of different taxa and because the opportunity
has not been available to study a range of extant odontocete skulls.
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COLLECTION DATA
Specimen:

incomplete caudal vertebra.

Collection number and repository:
Collector and date:
Locality:

ZMT 8, CM.

no data.

"Napier", Hawkes Bay; exact locality unknown.

Horizon and age:

"Limestone", probably Te Aute Limestone (sensu Kingma

in Fleming 1959c:

390), Waitotaran(?), Late Pliocene.

See Kingma

(1971) for a discussion of this lithology.
N.Z. fossil record number:

none assigned.

Comment
Benham (1934, unpublished MS, CM) identified this as an incomplete
caudal vertebra of a "modern odontocete".

Comparison with extant

delphinids (NMNZ). indicates that it is probably an anterior caudal
vertebra.

It is too worn to be identified to genus.

COLLECTION DATA
Specimen:

a worn tooth crown, labelled "Physeter macrocephalus Linn.".

Collection number and repository:
Collector and date:
Locality:

ZMT 9, CM.

unknown; presented by J.G. Clarkson.

"Waipu Quarry, Waipukurau", Hawkes Bay.

The locality cannot

be identified undoubtedly, but is probably that shown by Kingma
(1971) at Onga Onga Rd, 6 km north northwest of Waipukurau.
grid reference is NZMS 260 V22:
part N146:
Horizon and age:

965849.

The

119342; NZMS 1 N14l, N142 and

See Kingma 1971.

coquina limestone; "Te. Aute Limestone", Wai totaran(?) ,

Late Pliocene.

Kingma (1971) called this lithology the "Waitotaran

coquina limestone".
N.Z. fossil record number:

V22/f45.

Comment
Benham (1934, unpublished MS, CM) stated "This is a portion of a
tooth of Physeter ...

It seems to differ from the separate teeth

available here in being less compressed ... "

The pulp cavity is oval,

with a slightly curved axis, and is closed apically.

The enamel is

smooth and worn, and possesses alternating light and dark coloured
discontinuously-elongated striations.

The enamel thickness varies.

The dentine is more dark and massive.

The enamelocementum boundary,
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seen where the enamel has flaked away, possesses horizontal concentric
bands (growth bands?).

Because of a lack of comparative specimens and

the problems involved in the identification of isolated physeterid teeth
(Kellogg 1925a), the tooth is not identified to genus.

Certainly it

represents a physeterid.
COLLECTION DATA
specimen:

incomplete thoracic(?) vertebra centrum, labelled "Vertebra

of Sea Leopard(?), Limestone, Castle Hill".
Collection number and repository:
Collector and date:
Locality:

ZMT 10, CM.

no data.

"Castle Hill" Basin, Canterbury.

Exact locality unknown

but probably from limestone which crops out at numerous localities
there (e.g. at grid reference K34:
See Gage 1970:
Horizon and age:

060755; NZMS 1 S66:

195945).

Fig. 1, Gregg 1964.

"Limestone", stage uncertain, Landon, Oligocene.

The only limestone outcrops in Castle Hill Basin are Oligocene in
age (Gage 1970).
N.Z. fossil record number:

K34/f5.

Comment
Benham (1934, unpublished MS, CM) identified ZMT 10 provisionally
as "Ogmorhinus" [= Lobodon Gray, 1844 (Phocidae:

Pinnipedia)].

However, the specimen probably represents a thoracic (or anterior
lumbar) vertebra of a cetacean.

Its small size and fused epiphyses

are consistent with odontocete affinities, but it cannot be identified
any more accurately at present.
COLLECTION DATA
Specimen:

anterior or posterior half of crown of anterior cheek-tooth

of squalodont, labelled "Tooth of seal Arctocephalus hookeri".
Collection number and repository:
Collector and date:
Locality:

ZMT 13, CM.

nO data.

"Waitaki", presumably Waitaki River, probably southern

(North Otago) bank.

Grid reference not determinable.

See Gage

1957.
Horizon and age:

unknown, but the presence of a few grains of

glauconite on the specimen, and the widespread calcareous
greensands and glauconitic limestones immediately to the south
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of the Waitaki River (Mutch 1963) suggest that derivation from
the later Oligocene glauconitic sediments is likely.
N.Z. fossil record number:

none assigned.

Comment
Benham (1934, unpublished MS, CM) noted that this tooth formerly
had been labelled "Reptilian tooth? Waitaki", and stated "it is the
canine tooth of a seal and from its size an Upper canine of
Arctocephalus hookeri".

a squalodont.

There is no doubt that this is the tooth of

It is high crowned, triangular, keeled, and concave

lingually, and apparently lacked dentic1es and nodules (the base of the
keel, where these might have lain, is lost).
boundary buccal1y is an inverted V shape.

The enamelocementum

Apically, the crown possesses

undation, and on its basal half is ornamented with vertical, parallel
to convergent, elongate, unduiating, sporadically bifurcated, fine
cr. rug.

These are better developed buccally.

The tooth is unlike

those of described New Zealand squalodonts, and possesses no obvious
features to facilitate further identification.
COLLECTION DATA
Specimen:

partially-toothed distal ends of rostrum and mandibles

(Figs 87-89, 423).
Collection number and repository:
Collector and date:

ZMT 39, CM.

collected by W. Powell; presented by C.W.H. Dunn,

1967.
Locality:

Glenafric Beach, North Canterbury.

260 N34:

007898; NZMS 1 S68:

Horizon and age:

237185.

Grid reference about NZMS
See Wilson 1963:

Map No.1.

out of place, and microfossils not obtainable; light

grey calcareous sandstone could range from Pareora to Wanganui age,
but most likely is Southland, Mid Miocene.
N.Z. fossil record number:

See Wilson 1963.

N34/f3.

Comment
The parallel-sided rostrum is narrow and dorsoventrally deepened,
with a deeply-excavated mesorostral canal slightly roofed by the
premaxillaries.

It deepens posteriorly, and widens slightly.

palate is flat, with a narrow longitudinal median groove.

The

The teeth,

inserted at the ventroexternal angle, have axes concave lingually, and
the crowns also are qoncave posteriorly.

The crowns are simple,

conical, narrow, slightly anteroposteriorly-compressed, and non-
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ornamented.

On each tooth, the root: expands abruptly just below the

crown base to form a prominent butt.reHs.
taper to their apices.

The mandible is flat dorsally, and concave.

ventrally, with a ventral median keel.
completely.

Distally, the robust roots
The symphysis is fused

Tooth sockets sit dorsoexternally.

This specimen cannot be. assigned to a superfamily without a more
thorough search for literature than has been possible so far.

It bears

some similarities to previously-described longirostral odontocetes.
The buttressed toothroots are similar to those of the stenodelphine
"Stenodelphis" sternbergi Gregory & Kellogg, 1927 (Barnes 1973b, 1977:

333) although root and mandibular structure are different.
Lonchodelphis Allen, 1924 (Barnes 1977:

332, Eastman 1907, Leidy 1868)

is similar in proportions, its discrete alveoli, and palatal groove to
ZMT 39, but the affinities of this genus are uncertain (see Barnes 1977).
Comparison with North American and European specimens is required (to be
carried out in 1979-1980) before relationships can be determined.
COLLECTION DATA
Specimen:

posterior of vomer, maxillaries, premaxillaries?

Collection number and repository:
Collector and date:
Locality:

ZMT 42, CM.

C. Sinclair, 1956.

"Teviotdale Creek, Lower Waipara Gorge", North Canterbury.

Exact locality unknown; grid reference about NZMS 260 N34:
NZMS 1 S68:

160900.

See Gregg 1959:

940870;

Fig. 2, Wilson 1963:

Geological Map No.1.
Horizon and age:

probable source lithologies range in age from

Southland to Wanganui, Miocene-Pliocene.

The matrix is compatible

with derivation from a lateral equivalent of the Double Corner
Shellbed Formation (of Gregg 1959),Waiauan, Mid Miocene.
N.?. fORsil rpcord number:

N14/flO.

Comment
Not enough of the specimen is preserved to warrant investigation of
generic affinities.

That the rostrum probably was wide, and is not

arched, indicates ba1aenopterid or cetothere affinities.
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COLLECTION DATA
Specimen:

almost complete skull, mandib1es(?), teeth.

Collection number and repository:
Collector and date:
Locality:

ZMT 43, CM.

collected and presented by B.N. Norris, 1968.

G1enafric Beach, North Canterbury.

NZMS 260 N34:

007898; NZMS 1 S68:

Grid reference about

237185.

See Wilson 1963:

Geological Map No.1.
Horizon and age:

out of place, and microfossils not obtainable; grey

calcareous sandstone could range from Pareora to Wanganui age,
but most likely is Southland, Mid Miocene.
N.Z. fossil record number:

See Wilson 1963.

N34/f9.

Comment
Only a little of the skull of this specimen has been exposed.
The skull appears to have a rounded supraoccipital, a steep anterior
face, and a broad, short rostrum.

The teeth have stout, relatively

short, blunt, and conical crowns, and the roots, which are smaller in
diameter than the crowns, are oval to round, cylindrical, taper
distally, and are recurved.

This form may be similar to some of the

extant broad-beaked de1phinoids like Globiocephala.
COLLECTION DATA
Specimen:

worn symphyseal region of mandibles with roots of 15 teeth

in situ.
Collection number and repository:
Collector and date:
Locality:

ZMT 44, CM.

P. Tyree, 19 August 1968.

G1enafric Beach, North Canterbury.

NZMS 260 N34:

007898; NZMS 1 S68:

Grid reference about

237185.

See Wilson 1963:

Geological Map No.1.
Horizon and age:

out of place, and microfossils not obtainable; light

grey calcareous sandstone could range from Pareora to Wanganui age,
but most likely is Southland, Early Miocene.
N.Z. fossil record number:

See Wilson 1963.

N34/f8.

Comment
The incompletely-prepared Y-shaped mandibles (Figs 381, 382) are
fused anteriorly for 36 mm of their length (total of 58 mm).

The dors q 1

surface at the symphysis is gently excavated, but is more deeply

519
excavated posteriorly. The ventral profile is a wide V shape.

The

alveoli do not appear to be separated, and form narrow, deep, elongate
grooves.

The teeth are singlerooted, and lack crowns.

It is not

possible at present to determine the affinities other than that probably
it belongs to a small representative of the Delphinoidea or
Platanistoidea.
COLLECTION DATA
Specimen:

single incisor tooth.

Collection number and repository:
Collector and date:
Locality:

ZMT 58, CM.

R.M. Smith, 1964.

out of place, "100 yards upstream" of Stringers Bridge,

Waipara River, North Canterbury.
828938; NZMS 1 868:

037130.

Grid reference NZMS 260 M34:

See Wilson 1963:

Geological Map

No.1.
Horizon and age:

the presence of Magadina cf. browni in the matrix

indicates that the specimen came probably from the

Magadina-~ich

beds of the Main Mount Brown Limestone Formation, Otaian, Early
Miocene.

See Fleming in Wilson 1963.

N.Z. fossil record

M34/f2.

numbe~:

Comment
This tooth (Figs 372-376) is 75.3 mm long, with the tips of the
crown and root broken.

The crown is cylindrical, and tapers to a point.

It expands gently and evenly to a maximum diameter of 6.0 mm at its
circular base, and constitutes about one third of the tooth's length.
The enamel is shiny, completely smooth, and yellow-brown in

co1ou~.

There are scattered, sub-parallel, vertical dark streaks around the
lower half of the crown.

The root is cylindrical for the 18.0 rom

immediately below the crown, and its diameter is 3.3 mm at its distal
tip.

The basal part of the root curves markedly, and the tooth axis as

a whole is slightly curved.

The root is covered in a rough layer of

cementum.
Viewed from its posterior face (Fig. 374), the tooth axis is not
straight but is skewed.

The crown is angled slightly to the left

relative to the axis of the upper part of the root, and the lower part
of the root is oriented slightly toward the right, relative to the upper
part of the root.
crown is irregular.

In cross-section, the enamelodentine boundary of the
Fingers of the outer

th~n

crown enamel inter-
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digitate with the inner dentine (Fig. 376) and this type of enamelodentine boundary was also seen at the base of the crown during
preparation.

The proportions of the tooth and the absence of any cusps,

indicate that it is probably an incisor, and the kinked tooth axis
suggests that it was an outer (more posterior) incisor.
It is not certain to which odontocete superfamily this tooth should
be referred.

No other tooth like it has been discovered in New Zealand
liter~ture

or reported in the

from overseas.

The lack of crown surface

ornament or crown flatteping, and the tooth's narrowness, are not
reminiscent of squalodonts.

Prognathous anterior teeth have been

reported for other odontpcete superfamilies, e.g. the delphinoid
(eurhinodelphinid?) V9, DADG, this section, Fig. 406, but their
morphology is not known well.

At present, the tooth cannot be assigned

to taxon below the subordinal level.
COLLECTION DATA
Specimen:

worn

cranium~

catalogued as "Portion of porpoise skull".

Collection number and repository:
Collector and date:
Locality:

ZMT 63, CM.

R.W. Tyree, 1971.

Motunau Beach, "near river mouth", North Canterbury.

reference approximately NZMS 260 N34:
See Wilson 1963:
Horizon and age:

163952; NZMS 1 S69:

Grid
405138.

Geological Map No.1.

out of place, and microfossils not easily extracted;

light grey calcareous sandstone most likely of Southland to
Taranaki age, Mid to Late Miocene.
N.Z. fossil record number:

See Wilson 1963.

N34/f7.

Comment
This incompletely-prepared dolphin-like skull is broad and short.
The mesorostra1 canal is roofed, and the choanae lie well posteriorly.
The reduced nares lie posterodorsa1 to the choanae on the steep an.terior
face of the cranium.

The broad supraorbital processes are covered by

the maxillaries, the external edges of the ascending processes of the
premaxillaries are elevated, and the premaxi11aries do not extend back
behind the choanae.

The posterior of the cranium is elevated and

spherical.
There are no maxillary or supraorbital crests, or evidence of an
intertempora1 constriction which might indicate p1atanistoid affinities,
so the skull probably represents a genus of delphinoid.

Further
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preparation and study are needed.

<:OI.I,I-:C'[' JON DJ\'I'A

Specimen:

incomplete cranium, right tympanic bulla, right periotic,

right malleus, incus, and stapes, teeth, ribs (Figs 385-404).
Collection number and repository:
Collector and date:
Locality:

ZMT 73, CM.

I. Mannering, 16 January 1966.

"surface of Seal Reef near the Channel", Kaikoura Peninsula,

Marlborough.
996887.

Grid reference NZMS 260 031:

691646; NZMS 1 S49;

See Lensen 1963.

Horizon and age:

unnamed calcareous mudstone, Waitakian-Otaian,

Late Oligocene - Early Miocene (N. de B. Hornibrook, pers. comm.).
N.Z. fossil record number:

03l/fl.

Comment
This specimen is not yet prepared fully.

The left posterior cranial

fragment shows that the zygomatic process is short, the squamosal is
robust and extended well laterally, and the posteroexternally directed
exoccipital also runs obliquely ventrally.

A large flat plate of bone

(Fig. 385) does not represent the scapula, and is most likely to be a
maxillary or supraorbital crest, as seen in platanistoids.

A fragment

of supraorbital process is overlain by maxillary, but otherwise is
uninformative (Fig. 386).

At least 17 incomplete teeth are represented.

All have short, stout, recurved, noncarinate; round to oval crowns, with
cylindrical tapered roots over twice the crown length.

All the teeth

are single-rooted.

the crown haS

Only one tooth possesses ornament:

a tiny, nodular vestigial denticle(?) at the base of the posterior(?)
face.

This crown is compressed more than the others (Fig. 403).

The

periotic has a short, stout, ventrally-grooved anterior process, a large
hiatus epitympanicus, a well elevated concave fossa for the head of the
malleus, a narrow facial nerve canal, and a narrow groove for the tensor
tympani.

The stapes is fused in the fenestra ovalis.

The pars

cochlearis is long, wide, and compressed dorsoventrally.

The meatus is

circular, with a small internal Fallopian aperture and foramen singulare
raised above the floor of the meatus.

The posterior face of the body is

roughly perpendicular to the dorsal face.

The bulla is he art shaped and

elongated, with a deep anterior eustachian excavation, abruptly elevated
involucrum, prominent posterior and ventral median grooves, and a large
processus tubarius and sigmoid process, both of which overhang the
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involucrum.
The simple structure of the teeth indicate that this is unlikely to
be related cloRely to tho squalodontf', alld the maxi llary or frontal
crest suggests platanistoid affinities.

As the skull is very incomplete,

it will be difficult to determine affinities accurately.

Detailed

comparison of the earbones and skull fragments with those of squa1odonts
and p1atanistoids may elucidate relationships.

Much preparation work

remains to be done.
McKay (1887a:

77) recorded fragments of cetacean or possibly

reptile bone from the "grey marls", presumably this lithology, at
Kaikoura.
COLLECTION DATA
Specimen:

incomplete (unprepared) cranium, left tympanic bulla, left

periotic, incomplete right periotic (Figs 366-371).
Collection number and repository:
Collector and date:
Locality:

R.E~

REF 49.

Fordyce, 7 January 1976.

quarry about 300 m south of "Devils Boots", Aorere River,

Northwest Nelson.
046953.

Grid reference NZMS 260 M25:

789519, NZMS 1 S3:

See Bishop 1971, Grindley 1961.

Horizon and age:

Takaka Limestone Formation,

Whaingaroan-Duntroo~ian,

Early-Mid Oligocene (N. de B. Hornibrook, pers. comm.).
N.Z. fossil record number:

M25/f1.

Comment
The skull of this specimen is not prepared.

The tympanic bulla

(Figs 370, 371) is not worthy of description at present.

The left

periotic is reasonably complete (Figs 368, 369).

In dorsal view, the

anterior process is long, with an elongated apex.

It merges into the

body externally, and is bounded by a deep, narrow groove for the tensor
tympani internally.
posterointernally.

The posterior process is narrow and directed
It has a prominent dorsal ridge.

cochlearis is spherical.

The pars

within the external auditory meatus, the

small circular internal aperture for the Fallopian aqueduct lies just
behind the groove for the tensor tympani.

It is separated by a low

ridge from the posterointerna11y-p1aced foramen singu1are, which in turn
is separated by a low ridge from the tractus.

The apertures for the

ductus endo1ymphaticus and aquaeductus cochleae lie just behind the
meatus.

In ventral view,the hiatus epitympanicus is large, and the
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fossa for the head of the malleus if! nlevatnd extornally and is deep.
The fossa incudis iH indi.st.inct., ilnd i
flat, elongated posterior process.

H

succeeded

postl~riorly

by tho

The groove for the tensor tympani

is distinct, and behind it lies the round fenestra ova1is, over halfway
back along the pars coch1earis.
Fallopian aqueduct lies

1~ve1

The epitympanic aperture of the

with the front of the fenestra ova1is,

and the facial nerve canal runs back from it on to the internal face of
the posterior process.

The fenestra ova1is is not obviously separated

from the stapedial muscle fossa by a ridge, and the fossa is markedly
concave.
Relationships of speyimen REF 49 are uncertain.

The skull

indicates a form with a wide, relatively flat rostrum and high cranium,
unlike other New Zealand Oligocene odontocetes.

The periotic suggests

squa1odont affinities, but is not identical with any other described
form, e.g. "Prosqualodon" hamiltoni (section 5.7); Prosqualodon davidis;
Flynn, 1948:

Text - Fig. 6, Squalodon bellunensis Da1 Piaz, 1916

(Plate 8, Figs 2-5) and "Microcetus" aff. hectori (OU 11518, Figs
305-306, section 5.10).

Until the skull is prepared completely, the

relationships of this form will remain uncertain.
COLLECTION DATA
Specimen:

anterior fragment of superior process and base of anterior

process of right periotic.
Collection number and repository:
Collector and date:
Locality:

REF 77.

R.E. Fordyce, December 1976.

Onepunga, Waipara, North Canterbury.

260 M34:

753902; NZMS 1 S68:

956093.

Grid reference NZMS

See Wilson 1963:

Geological Map No.1.
Horizon and age:

about 0.5 m above top of the Amber1ey Limestone

Formation, in either the Berryda1e Greensand Member or a glauconitic
unit of the Weka Pass Stone Member of the omihi Formation,
Duntroonian, Mid Oligocene.
N.Z. fossil record number:

See Andrews 1963.

none assigned.

Comment
This specimen is preserved poorly, but appears similar to Marples's
specimen D.W.6. (= OU 11526, UODG; see section 5.18), an archaeocetelike mysticete of early Duntroonian age.
required in order to determine affinities.

Further specimens will be
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COLLECTION DATA
Specimen:

incomplete skull, anterior cheek-tooth, malleus, (left?)

tympanic bulla, atlas.
Collection number and repository:
Collector and date:
Locality:

REF

R.E. Fordyce, 4

78~

Septe~er

1976.

between Glasseye Creek and Little Wanganui Head, on south

side of Little Wanganui River, Karamea, Northwest Nelson.
Grid reference NZMS 260 L28:
Horizon and age:

3127891 NZMS 1 S18:

510164.

out of place; slightly glauconitic calcareous

mudstone, possibly the Kongahu Member of the Little Wanganui
Formation, Duntroonian-Waitakian(?), Mid-Late Oligocene.

See

German 1976 (details of lithologies), Grindley 1961, Wellman
et al. 1973.
N.Z. fossil record number:

L28/f6.

Comment
Considerable preparation of this specimen is required.
morphology of the tooth (Fig. 420) is seen easily at present.
crown is high, triangular, laterally compressed, and

s~ooth.

Only the
Th~

A nodule

lies high on the anterior keel just below the apex, and the crown curves
concave-lingually.

The two roots are fused at an isthmus, and the

sulcus between them extends up on to the crown.
diverge, and the isthmus widens.

Distally, the roots

A trace of a median buccal root is

seen at the most distal region of the isthmus.

The root structure of

this tooth is reminiscent of that of Prosqualodon (e.g. see Flynn 1948:
Plate 3), but the smooth crown has not been observed in that
overseas or in New Zealand.

gen~s

Further preparation of the skull will allow

comparisons to be made more accurately.
COLLECTION DATA
Specimen:

incomplete right periotic, posterior process(?) of right

periotic(?), indeterminate bone fragments.
Collection number and repository:
Collector and date:
Locality:

REF 96.

E.T. Al1near, 1966.

reef at Gore Bay, North Canterbury.

260 033:

3521551 NZMS 1 S62:

Horizon and age:

617355.

Grid +eference NZMS

See Gregg 1964.

unit unknown; probably Pareora to Taranaki,

Miocene-Pliocene.

See Gregg 1964.

N.Z. fossil record number:

033/f4.
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Comment
There is no doubt that this specimen represents a mysticete,
but the family assignment is uncertain.

The most obvious features

are the great exostotic expansion laterally and dorsoventrally of the.
anterior

proces~,

short body, irregularly spherical pars cochlearis;

deep cylindrical internal auditory meatus, and wide conical aperture
for the ductus endolymphaticus.

Other features, such as details of

the fenestra rotunda and fenestra ovalis, are lost.

The specimen does

not resemble the Oligocene -Early Miocene mysticetes recorded from
New Zealand (section 5.18), and the resemblance of the anterior process
to those of Parietobalaena palmeri (see Kellogg 1968d:

Fig. 87) or

Victorian (Australian) Miocene-Pliocene mysticetes (e.g. specimens
P48825 A, B, C, and P48865; NMV; pers. obs.) are unlikely to be
important.

According to E.T. Annear (pers. comm.), more of the

specimen may be in situ.

Extraction of this may allow identification.

COLLECTION DATA
Specimen:

worn incisor or canine tooth.

Collection number and repository:
Collector and date:
Locality:

REF 97.

N.C. Fowke, 1974.

Curiosity Shop, Rakaia River, Mid Canterbury.

Grid reference NZMS 260 K35:

083378; NZMS 1 S82:

214533.

See Suggate 1973.
Horizon and age:

greensand, Waitakian, Late Oligocene

(N.C. Fowke, pers. comm.).
N.Z. fossil record number:

K35/f12.

Comment
The tooth (Fig. 377) is worn, and most features are lost.
It is recurved, with a small, smooth, conical crown.

In cross-section,

the enamelocementum boundary on the crown may have interdigitated, as
does that of ZMT 58, CM.

Apart from these features, the tooth is too

worn to warrant description.

It is probably that of a squalodont and

mentioned here because no other tooth like it yet has been found in
New Zealand.
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COLLECTION DATA
specimen:

tip of anterior (incisiform?) tooth.

Collection number and repository:

no number; held by D.S. Squire

(Otaio Gorge, South Canterbury).

Plaster casts are number

REF 101, and an un-numbered cast (held by NZGS).
Collector and date:
Locality:

D.S. Squire, 1977.

D. Squire's farm, Maungati, South Canterbury.

NZMS 260 J39:

448309; NZMS 1 Sl18:

496376.

Grid reference

See Gair 1959;

272,

273, Fig. 10, Mutch 1963.
Horizon and age:

Squires Greensand Formation, Duntroonian, Mid

Oligocene.
N.Z. fossil record number:

Sl18/f602.

Comment
The crown (Fig. 246) is high, triangular, symmetrical, slightly
concave lingually, and flattened laterally.

The anterior and posterior

keels are sharp, convex, and finely nodulated.
wavy undation is present.

Vertical, convergent,

This tooth appears almost identical with the

tip of an anterior tooth of Prosqualodon aff. davidis, specimen C.77.l1,
OM, from the Waitakian of South Otago (see section 5.8) and is likely
to be congeneric with that specimen.
COLLECTION DATA
Specimen:

right periotic, identified as "Tursiops truncatus".

Collection number and repository:

no number; original specimen

apparently held by C.W. Leech, Rangiora.

Plaster casts are number

REF 104, and an un-numbered cast (held by NZGS).
Collector and date:
Locality:

C.W. Leech, c. 1962.

"Lake Heron", Mid Canterbury.

NZMS 260 J35:
Horizon and age:

630460; NZMS 1 S73:

Approximate grid reference
720630.

See Warren 1967.

out of place with no matrix attached.

Possibly

derived from Landon-Pareora sediments at Clent Hills Saddle or
Smite River, Oligocene-Miocene.
N.Z. fossil record number:

See Warren 1967.

S73/f518.

Comment
C. McCann identified this periotic as that of Tursiops truncatus.
However, it differs from periotics of Tursiops in the more excavated
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ventral face of the anterior process, less excavated groove for the
tensor tympani muscle, more anteriorly placed fenestra rotunda, more
open (circular, less anteroexternally elongate) internal auditory
meatus, and different'pars cochlearis profile (Kasuya 1973; Ma 688,
NMNZ, pers. obs.).

Accurate determination cannot be made from a cast.

Even so, the similarity with Tursiops is marked enough to indicate that
if the specimen does not represent that genus, it represents a
relatively modern odontocete.

It is difficult to reconcile with this

conclusion that there are no suitable source strata of Late Tertiary
age in the Lake Heron area.

It is possible that the periotic was

dropped in the area and that it is recent.
COLLECTION DATA
Specimen:

a single incisiform tooth with incomplete crown and root.

Collection number and repository:
Collector and date:
Locality:

REF 112.

N.C. Fowke, 10 January 1978.

Smite River, Mid Canterbury.

695562; NZMS 1 S73:
Horizon and age:

761721.

Grid reference NZMS 260 J35:

See Warren 1967.

greensand "3 m above limestone", Waitakian, Late

Oligocene (N.C. Fowke, pers. comm.).
N.Z. fossil record number:

J35/f8.

Comment
The tooth (Figs 355, 356) is 41 mm long.

The axis is concave

posteriorly in lateral view, the crown and keels are slightly concave
lingually, and the root axis is slightly convex lingually in anterior
view.

The keels are more prominent apically, and less elevated and

more papillate basally.

The crown is almost circular at the base

(B = c. 95%) but is slightly flattened apicallY,

It is ornamented with

elongate, vertical, papillate, moderately coarse (7 per 5 mm) cr. rug.
These are more papillate towards the base especially on the buccal face,
where a line of prominent papillae runs obliquely apically on the
anterior half of the crown.

The cr. rug. bifurcate sporadically

basally, and anastamose more and are less elevated apically.

The tooth

is waisted prominently below the crown base, and the cylindrical root
expands slightly below this then tapers to the apex.
This probably is not an anteriormost incisor, as these generally
are straight and prognathous.

Probably it is an I2 or I3, as these

typically are recurved yet lack markedly flattened crowns.

The tooth
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is smaller than those of Prosqualodon david.is Flynn, 1923 (1948), yet
is similar to that species in the distribution and shape of the more
basal cr. rug. (see Flynn 1948:

Plates 2, 3).

It

differs from

P. davidis in that the more apical ornament is finer, the axis is more

recurved, and the root is more prominently waisted.
similar to a tooth figured ·by Hall (1911:

In profile, it is

Fig. 2, NMV P5529), but

differs from this in the much more prominent ornament.

No other

anterior teeth of Austral squalodonts have been figured sufficiently
well to be of use in comparisons, and this tooth is unlike other
New Zealand specimens studied.

It is referred provisionally to the

coarsely-ornamented Prosqualodon - Parasqualodon group.
COLLECTION DATA
specimen:

incomplete posterior of cranium and right periotic in situ

(Fig. 530).
Collection number and repository:
Collector and date:
Locality:

Ma 248, NMNZ.

collector unknown, collected before 1881.

"Westland" (Hector 1881:

Horizon and age:

435)~

exact locality unknown.

"middle miocene formation" (Hector 1881:

435)

~

exact horizon and age unknown (see below).
N.Z. fossil record number:

none assigned.

Comment
This specimen was described by Hector (1881) as "closely allied
to Balaenoptera".

He stated that the occipital, parietal, and frontal

bones are present.

The most distinctive feature of this mysticete is

the forward-thrust median portion of the supraoccipital, which extends
well forward of the contour of the otherwise semicircular supraoccipital.
In this feature, the specimen is not allied with Balaenoptera but is
rather similar to Plesiocetus dyticus Cabrera, 1926, from the South
American Early Miocene.
(Miocene-Pliocene~

The age could range from Pareora to Wanganui

Bowen 1964, Nathan 1974, Warren 1967).

Preparation

of the specimen (cleaning of sutures, removal of periotic) will be
required before further description.
COLLECTION DATA
Specimen:

incomplete skull,

wi~h

Collection number and repository:
Collector and date:

braincase damaged (Fig. 384).
Ma 1439, NMNZ.

collector unknown, presented by Dr J.A. Berry,
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1950.
Locality:

"Napier", Hawkes Bay; exact locality unknown.

Horizon and age:

coquina limestone; probably "Te Aute Limestone

Formation", Waitotaran(?), Late Pliocene.

in Fleming 1959c:

See Kingma 1971, and

390, for a discussion of this lithology,

called by him the "Waitotaran coquina limestone".
N.Z. fossil record number:

V21/f846l.

Comment
This skull appears to represent a species of Pseudorca
(De1phinidae:

Odontoceti) or a closely related genus.

Negative

number B9321, NMNZ (Fig. 384), shows skull Ma 1439 compared with a
skull of the extant genus Pseudorca (skull Ma 712, NMNZ).

Presumably

the affinities of this specimen were recognised by C. McCann.
Considerable preparation of the specimen is required.
COLLECTION DATA Specimen:

almost complete skull, "earbones, ribs, vertebrae".

Collection number and repository:
Collector and date:
Locality:

Ma 1630, NMNZ.

K. E1worthy and R. Jensen, 1967.

"2 miles along road from Moawhango to Kuripapanga", Taihape.

Grid reference NZMS 260 T21:

564787; NZMS 1 N132:

345316.

Horizon and age: siltstone, Opoitian, Mid Pliocene.
N.Z. fossil record number:

T2l/f1.

Comment
The abrupt ventral depression of the supraorbital processes of the
fronta1s just lateral to the midline, and other cranial features
(proportions of rostrum, degree of interdigitation of anterior and
posterior skull elements) indicate that this is a member of the
Balaenopteridae.

It appears similar to the extant genus Balaenoptera,

with which it may be congeneric.
(1972:

This skull was figured by Gaskin

Fig. 3) who described it as a cetothere (pp. 4-5).

The skull

is preserved well, but considerable further preparation is needed
before description is possible.
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COLLECTION DATA
Specimen:

natural cast and fragments of anterior cheek-tooth,

fragment of mandible(?), axis, four or more cervical vertebrae,
four or more thoracic vertebrae, more than six ribs, broken
transverse processes of vertebrae (Fig. 350).
Collection number and repository:

GS 40, NZGS.

Bears the old

Colonial Museum label "NZ 186".
Collector and date:
Locality:

unknown, but possibly A. McKay, c. 1877.

probably Milburn district, South Otago.

The catalogue (NZGS)

records the locality as "Tokomairiro Gorge", but potential source
outcrops are not present here (see McKellar 1966).

Keyes (pers.

comm., March 1975) recorded the locality as "Waihola Gorge", an
old name for the Milburn-Clarendon region.

See McKellar 1966,

for localities.
Horizon and age:

"Tokomairiro (= Milburn) Limestone" (Keyes, pers.

comm.) , Waitakian, Late Oligocene.
N.Z. fossil record number: S172/f418.
Comment
This specimen requires considerable preparation, which might be of
dubious value, as cranial remains do not appear to be preserved.

The

natural cast of a tooth (Fig. 350) indicates a high, laterally
compressed crown, and fine, sharp, parallel, vertical, elongate cr. rug.
The roots are fused for all of their length by an isthmus, and curve
posteriorly.

No swelling is present proximally on the roots.

anterior root is the larger.

The

This tooth does not. correspond to any

other recorded from New Zealand, but is similar to that of aff.

Prosqualodon, P14040 (NMV) from Australia (Figs 351, 352).

It

is quite

possible that specimen GS 40 is that which was referred to by McKay
(1877a:

60) when he mentioned whale bones at Tokomairiro Quarry.

COLLECTION DATA
Specimen:

fragment of apparent scapula.

Collection number and repository:
Collector and date:
Locality:

GS 11170, NZGS.

no data.

Ministry of Works test drillhole, Atene, Wanganui River.

Grid reference NZMS 260 S21:
See Lensen et ale 1959.

941625; about NZMS 1 N131:

670120.
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Horizon and age:

unidentified unit, Waipipian, Mid Pliocene.

N.Z. fossil record number:

N131/f500.

Conunent
weston et ale (1973:

595) referred to this specimen as a scapula

of Tursiops, identified by C. McCann.

The small fragment of bone is

not excavated completely from the matrix, and cannot be proven
positively to be that of Tursiops.
'COLLECTION DATA
Specimen:

skull and scapula.

Collection number and repository:
Collector and date:
Locality:

number 4384, WM.

unknown.

"Waihi Beach" near Hawera, Taranaki.

NZMS 260 Q21:

164771; NZMS 1 N129:

Grid reference about

815255.

See Lensen et ala

1959.
Horizon and age:

"from concretion in blue clays", unit uncertain,

Waitotaran, Late Pliocene.
N.Z. fossil record number:

Q21/f60.

Conunent
The above data were supplied by Dr F.M. Clime.

He and

Dr A.N. Baker have prepared a MS on this specimen, in which it is
described as Delphinus aff. delphis.
COLLECTION'DATA
Specimen:

incomplete skull, incomplete mandibles, teeth, left tympano-

periotic (and auditory ossic1es?), digits, thoracic vertebrae,
rib fragments (Figs 405-412).
Collection number and repository:
Collector and date:

V9, UADG.

D. Fergusson, J. Fox, J.A. Grant-Mackie,

4 October 1970.
Locality:

south end of beach at mouth of Otangaroa Stream, south of

Port Waikato, Auckland.
NZMS 1 N51:
Horizon and age:

257846.

Grid reference NZMS 260 R13:

634127;

See Schofield 1967.

about 10 m below top of Te Akatea Siltstone Formation,

(Upper?) Waitakian, Late Oligocene.
N.Z. fossil record number:

N51/f1003.
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Comment
Grant-Mackie (1970) briefly mentioned this specimen as a
"porpoise" skull, teeth, vertebrae, and other bones from the Waitakian
age Te Kuiti Group limestone at Port \'7aikato.

An unidentified lumbar

vertebra (specimen VlOa, UADG; N5l/f547) from nearby also was mentioned.
This specimen is currently being studied by Drs F.M. Climo and
A.N. Baker, and I am grateful to them for the opportunity to examine
it.

Originally, it was to be described as related to the delphinid,

Kentriodon Kellogg, 1927, particularly on the basis of its prognathous

incisors.

However, I consider it to be related closely to
The rostrum is long and narrow (Figs 405,406).

Eurhinodelphis.

The premaxillaries are toothed and the teeth are prognathous, but,
presumably, this is a plesiomorph feature.

Maxillary teeth are single-

rooted, conical-crowned, homodont and polydont.
prominent.

The antorbital notch is

The choanae are placed well back, and are succeeded by the

(fused?) nasals and frontals.

The large ascending processes of the

maxillaries extend back to contact the vertical supraoccipital
(Fig. 407), and apparently the frontals are not exposed except in the
midline.

The parietals are not visible on the vertex, and there is no

obvious intertemporal constriction.

The skull is flattened and wide.

The symphysis is long, the mandibles are Y shaped, and the rami are
narrow and deep (Figs 405, 406, 408, 409).

The tympanoperiotic is

surprisingly like those of Eurhinodelphis figured by Okazaki (1976:
Plate 2, Figs 1, 2) in, for example, the angle made by the posterior
process and the body (cf. my Fig. 412 with his Plate 2, Fig. lc), the
shape of the internal auditory meatus and profile of its lip, and in
the positions of the apertures for the aquaeductus cochleae and ductus
endolymphaticus.

Other details cannot be determined, as the tympanic

bulla and periotic are fused and cannot be separated (Figs 411, 412).
Specimen V9 includes also a fragment of the natural endocast of
the right side of the cranium (Fig. 410).

Although Breathnach (1955)

and Marples (1949b) have drawn attention to the problems of
interpretation of endocasts, it is reasonable to suggest that the
similarities between this incomplete endocast and the endocast of a
small waitakian odontocete from Milburn (Figs 413-417; specimen C.34.7,
OM; see Marples 1949b and catalogue, section 4.4, for details) indi.cate
relationship.

The nature of the contact between the cerebral

hemispheres and lateral trigeminal-optic plexus (cf. Fig. 410, right
side of braincast, with Fig. 413, left side of braincast) and the
projected dimensions of the casts are quite similar.
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I was not able to study specimen V9 long enough to document further
observations.

It should be compared carefully with Eurhinodelphis and

other eurhinodelphinid genera (Argqrocetus, Ziphiodelphis).
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6. THE SUCCESSION OF NEW ZEALAND FOSSIL CETACEAN FAUNAS
6.1. INTRODUCTION
So far in this thesis, New Zealand work has not been integrated in
much detail with that done elsewhere in the world.

The introductory

sections (1-4) outlined the previous work on cetacean morphology and
systematics, and also summarised previous New Zealand work.

The

descriptive section (5) concentrated on New Zealand taxa, and only
incidental reference was made to those from elsewhere in order to
substantiate the relationships of the New Zealand forms.

The aim of

the present section is to summarise the chronological succession of
New Zealand fossil Cetacea, and to relate this to cetacean faunas from
elsewhere.
Although this work has involved the study of Cetacea of Eocene to
Recent age, I have emphasised Oligocene Cetacea because most New Zealand
type-specimens are of Oligocene age, New Zealand appears to have a better
recorded fauna of this age than elsewhere, and the Oligocene has been
recognised as an important time in cetacean evolution.
of origin of the two modern suborders.
faunas are discussed in greatest detail.

This is the time

Thus, Oligocene stratigraphy and
Eocene Cetacea are mentioned,

even though they are a minor element in the fauna, because they give
insight into the early evolution of archaeocetes before the appearance
of "modern" Cetacea.

Miocene to Recent Cetacea are known in much more

detail outside of New Zealand, and as work in other countries has been
reviewed often by others (e.g. Kellogg), it is discussed only where
directly applicable to this work.

Although later Tertiary Cetacea are

not rare in New Zealand, they have played a relatively minor role in
this study, and much work remains to be done.

No attempt has been made

to review in detail work done elsewhere on Neogene and younger whales.
In order to put New Zealand work, especially that on the Neogene, into
perspective, the stratigraphic distribution of suprageneric cetacean
taxa for the world is summarised in Table 24.
A summary of the stratigraphic distribution of New Zealand fossil·
Cetacea is given in Table 25.

It is more convenient to present major

subdivisions of this section in terms of international ages, rather than
New Zealand stages, in order to facilitate comparisons with faunas from
elsewhere.

Generally, this is not confusing, as major international

boundaries roughly correlate with those recognised locally.

It is more
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TABLE 25.

Stratigraphic distribution of New Zealand and other selected
Austral (*

EOCENE
1.
2.
3.
4.
5.
6.

7.
8.
9.

i~:!
12.
13.
14.

'is.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

51.
52.
53.
54.
55.

56.
57.
58.
59.
60.
61.
62.
63.

64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
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= non New Zealand) fossil Cetacea.
OLIGOCENE

MIOCENE

PLIOCENE

PLEISTOCENE

aff. Dorudon, ZMT 79
OU 11579
Pal{k' 5 (1910) "seal II

Kekenodon (?) serra tus
Kekenodon onamata
Marrunalodon colliveri*
ZMT 62
Protosqualodont GS 10897
REF 49
Austrosqualodon trirhizodonta
aff. Prosqualodon, REF 101
"Microcetus" aff. hectori
Odontocete? Ma 1666
"Squalodon" gambierensis*
Prosqualodon aff. davidis, C.77.11
Prosqualodon, C .12 .14
Prosqualodon?, REF 112
Prosqualodont, REF 78
Prosqualodon?, C.77,.23
Parasqualodon wilkinsoni *
aff. Parasqualodon, ou 5080
Prosqualodont, c.77.22
Prosqualodont, GS 40
Metasqualodon harwoodi *
"Microcetus" hectori
Prosqualodont, C.77. 24
Prosqualodont, C. 20.11
"prosqualodon" marplesi
"Prosqualodon" ham.il toni
"Squalodon" andrewi
cf. "Squalodon u andrewi, C. 77 .12
aff. Phoberodon, C.75.33
Squalodont OU 5069
Squa1odonts C. 77 .14, C. 77 .1B
Eurhinodelphinid?, C.34.7
Eurhinode1phinid, V9
Platanistoid?, ZMT 73
Odontocete?, C.48.70
Tangaroasaurus kakanuiensis
Squalodont, NOM 224
Squalodont?, ZMT 58
Phocaenopsis mantelli
Prosqualodon davidis'
Prosqualodon australis'
Platanistoid, ZMT 39
Delphinoid, ZMT 43
Delphinoid, ZMT 44
Delphinoid, ZMT 63
Ziphiid, N854
II Turs.iops II ,
GS 11170
Delphinus aff. delphis, WM '4384
Odontocete, ZMT 3
physeterid, ZMT 9
cf. Pseudorca, Ma 1439
Orcinus, ZMT 76
REF 1

REF 2
OU 11526
REF 77

IIMauicetus ll lophocephalus
uMauicetus" waitakiensis
uMauicetus liSp., c. 78'. 2
cf. ltHauicetus", Ma 1667
Ma 649
Ma 650
Ma 651
Ma 652
GS 3738
OU 11523
cf. Aglaocetus. REF 109
Ma 1668
Nauicetus parki
Hauicetus, C.75.26
"Mauicetus" brevicollis
aff. Hauicetus, REF 111
ZMT 67
REF 36
c.78.1
c.77.1S
C76. 737.6
Ma 1809
OU 11571
cf. "Plesiocetus· d!lticus, Ma 248
"Plesiocetus" dyticus*
Aglaocetu5 moreni"
ZMT 42
REF 96
cf. Balaenoptera, Ma 1630
Balaenid (Kingma 1971)

1--

~
I

!
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difficult to follow, within each of these subdivisions, a consistent
approach in tho dlscuAHion of filunafl.

r

hilV(~

followed

il

systematic,

rather than regional, approach, where the taxonomy is known well
enough to allow this.
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6.2. EOCENE
EARLY EOCENE
There is no unequivocal record of Early Eocene Cetacea.

Tarlo

(1964) established a new genus and species of presumed archaeocete,
Anglocetus beatsoni, based on fragments of a scapula.

However,

recently Tarlo has indicated (Halstead [= Tarlo], pers. comm., 1975)
that Anglocetus represents a turtle.
Hector (1882b) recorded one cetacean from the "Upper Cretaceous"
and seven from the "Lower Eocene" of New Zealand, but none can be
substantiated.

MID EOCENE
Mid Eocene Cetacea are known reasonably well.

Kellogg (1936)

discussed three genera, Eocetus, Protocetus, and Pappocetus, in some
detail.

Later, Van Valen (1966) demonstrated that Pappocetus is

related closely to the Mesonychidae (a group of archaic carnivorous
ungulates) and speculated that the archaeocetes arose from that

group~

He observed also that Pappocetus and Protocetus probably are congeneric.
A new species, Protocetus sloani Sahni & Mishra, 1972, from the Mid
Eocene of India, indicates that the protocetid fauna was more widespread
than thought formerly.

Sahni & Mishra (1972) concluded that Protocetus

and Pappocetus are related but distinct genera.

Later (1975) they

described another species of Protocetus, and a new genus, Indocetus,
apparently intermediate between the Mesonychidae and Protocetidae.
Another new genus, Andrewsiphius, was described by them as an agorophiid
odontocete, but probably is interpreted more realistically as a
relatively early, specialised, long-beaked archaeocete.
of Andrewsiphius are not known.

Cranial remains

Other Mid Eocene Cetacea from India,

similar to those described by Sahni & Mishra (1975), also were described
by Satsangi & Mukhopadhyay (1975) as archaeocetes and "odontocetes".
No Cetacea of Mid Eocene (about Porangan to mid-Kaiatan) age have
been recorded from New Zealand or other areas outside the Tethyan region.
The New Zealand invertebrate fauna of this age indicates that there was
not a great exchange of faunas with other regions.
1975:

Fleming (1962:

72,

31) commented that the Bortonian fauna, one of the most

distinctive in New Zealand's Tertiary history, contained several endemic
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genera.

Although it seems unlikely that Mid Rocene Cetacea ever will

be recorded from New Zealand, future finds of bone should be subjE;1cted
to careful scrutiny.
LATE EOCENE
On a global scale, the Late Eocene fauna is knoWn surprisingly
well, although nearly all specimens are of Boreal origin.

Kellogg's

(1936) review of the Archaeoceti provides a good review of these that
is only a little outdated.

Introductions to .New Zealand Late Eocene

geology which are of sufficient detail for the aims of this section
were given by Fleming (1962, 1975).
Three New Zealand specimens provisionally of Late Eocene age
(Kaiatan-Runangan) are known.

The first, two teeth and a tooth root

(ZMT79, CM) were recorded by Haast (1879:

311) initially as "Teeth

of Crocodilus", and still bear this label.

They were obtained from

the Waihao district near Waimate, South Canterbury, and, although the.
exact horizon is

unknown~

are likely to have been derived from the

McCullough Formation (Bortonian-Runangan).

This formation was discussed

by Gage in Fleming (1959c: 429-430) and Ward & Lewis (1975).

The teeth

indicate affinities with Dorudon and Zygorhiza, and represent an
indeterminate dorudontid.

The dorudontids are accepted generally asa

relatively unspecialised central stock of small to· medium-sized
archaeocetes known, until now, only from the western Tethys.
The affinities and stratigraphic positions of the two other
specimens are more uncertain.

Park (1910:

128) recorded the bones and

vertebrae of a "seal" from the blue estuarine mud of the Burnside Marl,
Dunedin district, and Service (1934:

269) commented "The bones and

vertebrae of a seal which have not been described .•. have been at
different times collected from the [Burnside] mudstone at Burnside
[Dunedin]".

He stated that the Burnside Mudstone is "Lower Ototaran-

Middle Oligocene" in age (p. 266).
Paterson (1941).

The "seal" was mentioned also by

Benson (in Fleming 1959c:

59; 1968:

10-11) and

Hamilton (1958) cited the age as predominantly Kaiatan, with Bortonian
and Runangan sediments represented respectively at the bottom and top of
the sequence.

Subsequently, the "seal" received no further mention in

the literature.

As pinnipeds diversified in the Early Miocene (Barnes

& Mitchell 1975, Lipps & Mitchell 1976, Repenning 1975), this Late

Eocene "seal" may have been a small archaeocete that was identified
incorrectly.

Unfortunately, the present whereabouts of the specimen is
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unknown.
The third of the presumed Late Eocene specimens is represented by
two incomplete large caudal vertebrae of uncertain affinities (OU 11579,
UODG), from an out-of-place boulder apparently derived from DannevirkeArnold greensands at Opuha River, South Canterbury (see map, Gair1968).
J.G. Begg (pers. comm.) and Wellman (1953) reported that the molluscan
fauna in the greensand indicates a Runangan-Kaiatan age.
These records indicate that further examinations of New Zealand
Late Eocene sediments, especially those of South Canterbury and otago,
could be profitable.
THE GLOBAL FAUNA
The archaeocete genera Basilosaurus, Dorudon, Pontogeneus,
Prozeuglodon and Zygorhiza are known from Northern Hemisphere strata of
this age (Elouard 1966, Halstead & Middleton 1972b, Kellogg 1936, Kuhn
1935, Moustafa 1974).

No mysticetes are known, and those odontocetes

which previously were considered to be of Late Eocene age have been
shown to be Oligocene forms (Whitmore & Sanders 1977).
One occurrence of presumed archaeocetes from the Austral Eocene
is of interest in comparison with New Zealand forms.
recorded vertebrae of "Zeuglodon"
Peninsula.

SPa

Wiman (1905)

from Seymour Island, Antarctic

Subsequently, Abel (1914) referred them to Kekenodon

Kellogg (1936:

SPa

263) cited them as "Zeuglodon" sp., and mentioned

similarities both with odontocetes and archaeocetes.

Recently, Elliot

et ala (1975) reported "whale bone" material from Seymour Island
(p. 185) and observed "A small whale skeleton (Zeuglodon) (?) was found •••
fragments of the lower jaw containing teeth should yield valuable
information concerning the whale's early evolution ••. ".

Kellogg (1936)

followed Wiman's age citation of "Lower Miocene Patagonian marine
formation", while Simpson (1971) stated that the Seymour Island penguin
fauna probably is Late Eocene rather than Miocene, and the fauna is
similar to that of the Late Eocene-Early Oligocene fauna of New Zealand.
Elliot et ala (1975:

186) concluded "the section is Early Tertiary in

age and in part probably Eocene ••• ".

Conclusive evidence is not

available as to the affinities of the vertebrae described by Wiman,
and the identification by Elliot et ala of Zeuglodon was not
substantiated by them.

A detailed study of this skeleton and

assessments of its relationships to the New Zealand specimens and
implications to Late Eocene archaeocete biogeography are warranted.
A search of New Zealand Late Eocene sediments and those of other Austral
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temperate countries also could prove rewarding.
Mention may be made here of other Cetacea previously regarded as
Eocene but now known to be of Oligocene age.

These include the

odontocetes Agorophius, Archaeodelphis and Xenorophus (see Whitmore &
Sanders 1977) and the archaeocete Mammalodon colli veri Pritchard, 1939.
These age revisions are of importance, for it was thought formerly that
Agorophius and Xenorophus represented phylogenetically and temporally
the first odontocetes, and Agorophius formed the basis for the presumed
ancestral odontocete family, Agorophiidae (see Whitmore & Sanders 1977,
for discussion).
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6.3. OLIGOCENE
INTRODUCTION
In the single published review which has dealt specifically
with cetacean evolution during the Oligocene, Whitmore & Sanders
(1977:

304) observed "Our knowledge of the Cetacea that lived during'

the Oligocene epoch ••• is less than for any other stage in whale
evolution ••• ".

The Oligocene has long been regarded as a problem time

by paleocetologists, nearly all of whom, incidentally, have worked
only on Northern Hemisphere faunas.

Very few taxa of Oligocene age

are known, and it has been difficult to reconcile this with two other
observations:
1.

Late Eocene faunas are developed well.

2.

The Early Miocene fauna is differentiated well, and contains
representatives of extant families, the antecedents of which
are unknown.

Perusal of the literature gives some idea of the nature of the
supposedly depauperate Oligocene fauna.

For example, Kellogg (1928:

Table 1) recorded seven Oligocene genera out of a total of 146 genera
known, Simpson (1945:

100-105) listed six out of 172, Romer (1966:

392-393) listed seven out of 185, and Orr & Faulhaber (1975) five out
of 212.

Lipps & Mitchell (1976:

Fig. 1) showed that out of a total

of 19 families of Cetacea, apparently only five were recorded from the
Oligocene.

Further evidence of the lack of data on Oligocene Cetacea

is indicated by gaps in cetacean phylogenies, e.g. those of Romer (1966)
and Rothausen (1968a).
Kellogg was acutely aware of the problems posed by this apparent
low diversity (Kellogg 1924b:
448, 1969:

1).

759, 760, 1928:

50, 187, 1943:

446,

He noted that Oligocene marine mammals are known poorly,

but could not explain the apparent absence of specimens, and considered
that the sudden appearance in the Early Miocene of mysticetes and
odontocetes in which skull telescoping is relatively advanced is evidence
of the rapid remodelling of skulls in Oligocene times.
Other authors also have dealt with this problem.
(1975:

Orr & Faulhaber

174, 178) noted that cetacean diversity during the Oligocene

appeared to be strikingly low, and speculated that the Oligocene could
be interpreted as a warm interval characterised by a low plankton
diversity which, in turn, was paralleled by a low cetacean taxonomic
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diversity.

Lipps & Mitchell (1976) expanded this notion.

They stated.

(pp. 147, 148) that diversity was lower during the Oligocene than during
the Eocene or Miocene to Recent, and that after Cetacea appeared and
radiated during the Eocene, they declined in Oligocene times then
radiated to give many new types in the Miocene.
261) stated "

Finally, Gaskin (1976:

cetacean fossils as a whole are not common anywhere in

Oligocene strata .••

The Oligocene might be regarded as a period of

retrenchment for the Cetacea".
The conclusions that may be drawn from an appraisal of New Zealand
Oligocene Cetacea contrast with those cited above:

the New Zealand

fauna of this time, particularly the later Oligocene, appears to have
been relatively diverse, and I will show that for the whole of the
Oligocene, the Southwest Pacific was probably a centre for cetacean
evolution (section 7).

Even though only a little information on

Oligocene whales has been published recently, it is surprising that
some of the authors cited above have made their generalisations about
the "depauperate" global Oligocene fauna.

As the guide to the

literature of New Zealand fossil Cetacea (section 4.2) indicates, there
is already a considerable range of literature available which documents
the relatively widespread occurrence of Oligocene Cetacea here.
Probably over three-quarters of the references cited refer to Oligocene
forms.

While it is expected that many of these sources might not be

readily available outside of New Zealand, it is surprising that
references such as those of Keyes (1973)

an~

Marples (1956), which

document the occurrence of Oligocene forms, were ignored by authors
such as Lipps & Mitchell (1976).

This illustrates the dangers of

reliance on uncritically-compiled taxonomic lists, e.g. those of Romer
(1966) and Trofimov & Gromova (1968).
In summary, this introduction gives some idea of the conflicting
ways in which the Oligocene cetacean record can be interpreted.

Some

authors have regarded the low diversity as real, while others have
speculated that it reflects a bias in preservation.
attention to a third alternative:

I have drawn

that at least the later Oligocene

was a time of rapid evolution and high diversity for Southwest Pacific
Cetacea (Fordyce 1977a, 1977b, 1977c), and this should be borne in mind
in the text which follows.
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EARLY OLIGOCENE
The Early Oligocene corresponds roughly with the Whaingaroan Stage.
According to Hornibrook (in Fleming 1959c:

473-476), the Whaingaroan

is one of the most widespread New Zealand Tertiary stages.

Its micro-

faunas are known well, invertebrate macrofaunas rather less so, and
vertebrates are very rare.

For example, the only described "higher"

vertebrates of any consequence from the Whaingaroan apart from the
single cetacean described by Keyes (1973) are penguins (Grant-Mackie
& Simpson 1973, Huxley 1859a).

The Whaingaroan sediments met most

commonly during this work are the calcareous mudstones, muddy limestones,
and pure limestones on the east and west coasts of the South Island.
The early Whaingaroan upper part of the McDonald Limestone
Formation (a bryozoan limestone) at Gays (= Parkside) Quarry, Oamaru,
yielded the protosqualodont, GS 10897 (NZGS), described by Keyes (1973).
According to Edwards (1968:

75) the formation ranges from upper

Runangan to lower Whaingaroan.

Gage (1957) described this formation,

and observed that the Gays Quarry is large (e.g. Gage 1957:

Fig. 31)

and that a considerable volume of limestone is quarried, but in spite
of this, very little bone appears to have been collected from the
limestone.

Keyes (1973) described an "incisor" and a "molar" tooth.,

and mentioned a "coronoid process" of the Gays Quarry specimen.

He

speculated that affinities could lie with the proto-odontocete family
Agorophiidae or the squalodont subfamily Patriocetinae, and assigned it
to the Squalodontidae.

The most important feature apparent from the

redescription of this specimen is that it is intermediate in many ways
between archaeocetes and odontocetes.

The skull has a forward-thrust

supraoccipital but also a long intertemporal region formed by the
parietals.

The latter feature appears more primitive than that recorded

for any other odontocete, with the possible exception of
Atropatenocetus

Aslanova, 1977.

The only obvious tooth characteristic

of the Gays Quarry specimen more specialised than seen in archaeocetes
is the fine, complex pattern of ornament.

Difficulties in the

interpretation of other features as primitive or specialised emphasise
the need for a reappraisal of the features used to differentiate
squalodontoids from archaeocetes.

More skull and tooth material is

required before the affinities of this specimen can be determined
accurately.
Other bone fragments are known from this locality and lithology.
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A few fragments (OU 11528, UODG) are reminiscent of cetacean bone
but cannot be identified positively so are not described at present.
Marples (1949a) briefly mentioned a turtle from the "Oamaru Building
Stone", and examination of the matrix of this specimen (Zfr 105, CM)
suggests that Gays Quarry was the source.
also are known from here,

Fragmentary penguin bones

I hope to investigate this vertebrate fauna

more closely in future, for it could give insight into the

pen~uin

turtle-whale assemblage which previously has not, been studied in
New Zealand.
In Mid and North Canterbury, Whaingaroan sediments typically are
white muddy limestones:

the deepwater, finegrained Amberley Limestone

Formation of the Waipara Subdivision (Andrews 1963, Wilson 1963) or
its equivalent.

This was deposited at a time of maximum transgression

of the Tertiary seas.

Macrofossils are rare in this lithology, and

the few found consist mostly of mollusc shell fragments.

Perhaps the

more proximal Whaingaroan sediments, which might have yielded better
macrofossil assemblages, were deposited in areas which subsequently
have been uplifted and eroded.

Examination of Waikari Quarry, North

Canterbury, from which specimen ZMT 62 (CM), an indeterminate tootheq
cetacean, was obtained, did not result in the discovery of other bone,
and at similar outcrops at Weka Pass, Mid Waipara, Onepunga, Oxford,
and Coal Creek (Rangitata River; Figs 534, 535) no macrofossils were
seen during fieldwork.

Further westwards, towards the presUmed

paleoshoreline, I discovered no macrofossils in the Coleridge Formation
(of Gage 1970) at Castle Hill Basin.

The only specimen from the

Whaingaroan of Canterbury is ZMT 62 (CM), which consists of a fragment
of left mandible with five incomplete cheek-teeth in situ.
early Whaingaroan age.

No features are preserved which give

It is of
an

undoubted indication of affinities, but the relatively delicate
dentic1es are more reminiscent of those of squalodonts than the robust
denticles of archaeocetes.
Studies by Grindley (1961), German (1976) and Wellman et al.
(1973:

18) indicate that Whaingaroan sediments, primarily calcareous

mudstones of the Nile Group (see Nathan 1974) crop out over a large'
area near Little Wanganui, Karamea district.

From this area were

obtained the only Early Oligocene mysticetes known:

two specimens from

late Whaingaroan calcareous mudstones south of Little Wanganui.
Specimen REF 1 is represented by elements which include an incomplete
rostrum.

This is relatively long, broad, and flat, and possesses on

the ventral face anteroposterior1y elongate anastamosing grooves which,
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in modern mysticetes, are associated with the baleen vascular supply.
An incus, fragments of ribs, worn vertebrae, and pieces of skull(?)
also are preserved.
the first.

Specimen REF 2 is of uncertain relationship to

It consists of an incomplete posterior dorsal part of a

cranium which cannot be compared with REF 1.

The supraoccipital is

thrust forward as it is in later mysticetes, but its apex does not
appear to have thrust as far forward as the back of the temporal fossae.
In this respect, this specimen is more primitive than any other
mysticete described.

Contours of the braincase indicate that the

cerebellar rete was developed to a degree similar to those of the
archaeocetes described by Dart (1923).

Specimens REF 1 and REF 2

differ from the two "aetiocetid" genera with which they can be compared,
Aetiocetus Emlong, 1966, and Mirocetus Mchedlidze, 1970.
SIGNIFICANCE OF THE NEW ZEALAND FAUNA
Specimens GS 10897, REF 1 and REF 2 indicate that primitive
odontocetes and
Early Oligocene.

mysticete~

were present in New Zealand during the

Globally, these

app~ar

to be the earliest

representatives yet known of the two extant suborders, and their
structure is intermediate between that of the archaeocetes and the more
recent members of the mysticetes and odontocetes.

In view of this, it

is difficult to imagine that the Mysticeti or Odontoceti had a history
which extended back much further than indicated here.

It cannot be

determined at present what the relationship of the lower Whaingaroan
toothed whale ZMT 62 is to the later undoubted odontocetes.

Further

fieldwork may result in the discovery of specimens intermediate between
the Archaeoceti

(s. s

.) and those forms di scussed above.

Although no undoubted archaeocetes have been recorded from the
Whaingaroan, there can be little doubt that they were present in the
Southwest Pacific during the Early Oligocene.

Late Eocene and Mid

Oligocene archaeocetes are known from New Zealand.
These Early Oligocene specimens are too incomplete to get a good
idea of the specialisations of early mysticetes and odontocetes which,
in turn, might give an indication of the environmental factors that
influenced their early evolution.

It would be interesting to see if

the complete skull of the species represented by GS 10897 showed, in
addition to anterior telescoping of the supraoccipital, the expected
marked posterior telescoping of rostral and cranial elements and changes
in the tympanoperiotic typical of later odontocetes.

Posterior

telescoping of the anterior cranial elements and the elevated anterior
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cranial profile may be associated with the development of underwater
intraspecific acoustic communication, sonar, the melon (used in underwater sonar), the eventual abortion of the olfactory nerves, and the
development of a specialised, high-frequency adapted ear, but.the
factors which influenced the forward telescoping of posterior elements
are uncertain.

The skull of Xenorophus Kellogg,1923b (see Whitmore &

Sanders 1977) indicates that anterior and posterior telescoping may have
developed independently in different groups.

The inferred presence of

baleen in REF 1 is compatible with the notion that the development of a
system for straining small organisms from the water influenced mysticete
morphology from the time of their earliest appearance.

The early

evolution of these suborders will be discussed later.
EARLY OLIGOCENE CETACEA ELSEWHERE
Only one formally described genus of Early Oligocene age is known:
the archaeocete Platyosphys Kellogg, 1936 (Whitmore & Sanders 1977).
Kellogg cited collection .data for four specimens (presumably four
individuals) of this genus.
other finds.

Its exact relationships are uncertain, as only postcranial

material is known.
(1936:

Bogachev (1959) apparently referred to

The age was cited as Lattorfian, equated by Kellogg

272, Table 70) with the Lower Oligocene.

This correlation was

followed by Berggren (1972), but Van Eysinga (1975) correlated the
Lattorfian with the uppermost Eocene.

Platyosphys is poorly known and

of uncertain relationships.
The only other specimen mentioned in the literature is an
incomplete lumbar vertebra from Vancouver Island, which Kellogg (1936)
listed as an indeterminate genus of archaeocete.

He cited the age as

early Tertiary (p. 10), Late Upper Eocene lor Lower Oligocene (p. 258),
Upper Eocene (p. 266) and Lower Oligocene (p. 272).
mentioned briefly by Barnes (1977).

This specimen was

These two archaeocetes appear to

be the only Early Oligocene Cetacea recorded outside of New Zealand.

MID OLIGOCENE
Sediments of Mid Oligocene age (Duntroonian) appear to be no more
abundant than those of the Whaingaroan, yet are of greater immediate
interest to this work as they have yielded more abundant cetacean
fossils which represent all three suborders.
Duntroonian is discussed in some detail.

For this reason, the

The Duntroonian stage was

defined by Allan (1938) on the basis of a macrofauna which is
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recognisable on much of the east coast of the South Island.

Elsewhere,

this stage must be recognised on the basis of its microfauna which,
according to some workers, is not diagnostic.
(1966:

Fig. 2, 1973:

For example, D.G. Jenkins

Text - Fig. 3) indicated that the base of the.

Duntroonian cannot be defined accurately in terms of planktonic
foraminiferal zones.

Hornibrook (1958:

30) observed that the

Duntroonian microfauna may be difficult to differentiate from that of
the Whaingaroan, as only a few species are useful age indicators.
noted (in Fleming 1959c:

He

94-95) that benthic foraminifera and macro-

fossils (brachiopods, molluscs) allow determination of this stage, and
later summarised some of the problems associated with the recognition
of the Duntroonian (Hornibrook 1966).

The inability to discriminate

between Whaingaroan or Duntroonian age reflects the fact that the
Duntroonian is characterised by only a few species of foraminifera.
Often, diagnostic species are not present in samples and this accounts
for the fact that the ages of some specimens discussed herein cannot be
cited any more accurately than Whaingaroan-Duntroonian.
A general guide to Duntroonian rocks was given by Hornibrook in
Fleming (1959c:

94-96) while details df the type-locality were given by

Gage (1957) and Hornibrook (1966).

The typical Duntroonian greensand is

distributed widely along the east coast of the South Island, for example,
at Waitaki (Gage 1957), Wharekuri (Gage in Fleming 1959c:

480-481,

Marwick 1935), waimate district (Thomson 1926, Ward & Lewis 1975),
Pareora (Gair 1959), Geraldine district (Gair 1962, Wellman 1953),
Rangitata River (Gair 1966a, Mason 1948), Smite River and Clent Hills
(Gair 1966b, Mason 1949), Curiosity Shop (Suggate in Fleming 1959c:

86,

Suggate 1973), and widespread localities in North Canterbury (Andrews
1963, Gregg 1964, Mason 1941, Speight & Wild 1918, Thomson 1920, wild
& Speight 1919, Wilson 1963).

Cetacea.

Many of these localities have yielded

Duntroonian rocks are poorly represented or absent in South

otago (Benson 1968, McKellar 1966) but are present in western and
central Southland (Wood 1962, 1966).

On the West Coast of the South

Island, the Cobden Limestone Formation of the Greymouth area (Nathan
et ale 1974) and the Nile Group (Nathan 1974) of North Westland (see
also Wellman et ale 1973) encompass Duntroonian rocks, predominantly
finegrained limestones.

In Golden Bay, Northwest Nelson, representative

strata are the Abel Head Formation (Bishop 1968, 1971) (Fig. 537) and
Takaka Limestone Formation (Grindley 1971).
Duntroonian rocks are common in the North Island, but they have
been a less important source of cetacean fossils than those of the south.
The more important localities of Duntroonian rock include Dannevirke and
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Hawke's Bay (Kingma in Fleming 1959c:

470, 1971, Lillie 1953), the

Whaingaroan to Waitakian Te Kuiti Group limestones of Southwest Auckland
(Kear 1960, Schofield 1967) and the Whangarei Limestone of North
Auckland (Thompson 1961).
The present study is biased towards the Duntroonian green sands of
the eastern South Island because these are easily accessible, have
yielded a number of type-specimens, and are known to be productive
cetacean fossil localities.

Commonly, such greensands overlie the

light-coloured, finegrained, muddy limestones of the Whaingaroan:
the Arnberley Limestone and McDonald Limestone Formations, and their
equivalents.

At most, if not all eastern localities, the contact with

Whaingaroan strata is disconformable (e.g. Andrews 1963, Gage 1957,
Hornibrook 1966, Wilson 1963), and the interpretation of this contact
has been of some debate (Carter & Landis 1972, Speight & Wild 1918,
Thomson 1920).

Carter & Landis considered this break in the record to

be widespread in the Southwest Pacific, and proposed for it the name
Marshall Paraconformity.

Their concept has not been accepted readily,

and will be discussed later in the thesis.
ARCHAEOCETI
Only one species of undoubted archaeocete, represented probably
by only one individual, has been obtained from the Duntroonian.
Kekenodon onamata Hector, 1881, is represented by two collections
(Ma 306, NMNZi GS 476, NZGS) of which only some elements of the first
were described briefly in abstract by Hector.

However, there is no

evidence that more than one individual is represented.

Particularly

on the basis of periotic morphology, K. onamata is interpreted herein
as a member of the Dorudontidae.
Kellogg (1936).

This conclusion confirms that of

The presence in the upper PM3 and PM4 of three roots

is unlike other dorudontids, but probably is not a significant taxonomic,
feature as it can be interpreted as primitive (plesiomorph).

Further

material of K. onamata is required before one can speculate much on its
general characteristics.

The size of the elements suggests that the

animal could have been as large as Zygorhiza kochii, and the robust
structure of the teeth indicates that it was a powerful carnivore which
perhaps preyed on penguins and smaller whales.
The probable archaeocete, "Squalodon" serratus Davis, 1888, is
known only from one tooth, apparently a deciduous premolar (ZMT 32, CM),
which is more similar to those of Kekenodon than of Squalodon (sensu
stricto).

This contrasts with Glaessner's (1972) conclusion.
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The affinities of "S". serratus cannot be determined accurately at
present, as it is difficult to identify the relatively primitive or
advanced features (which are needed as a basis for meaningful
comparison) of isolated teeth.

Morphological (cf. phylogenetic)

comparisons suggest a relationship with Kekenodon, and the ho1otype of
"S". serratus is assigned provisionally to that genus.
Rothausen (1977:

Pledge &

294) observed that this taxon should be placed in the

"Prosqualodon-Parasqualodon?-Squalodon? andrewi" group, but this seems
unlikely in view of the differences between those taxa.
The relationship of K. onamata to another Southwest Pacific
arbhaeocete, the slightly younger Mammalodon colliveri Pritchard, 1939,
should be examined closely.

The latter possesses a periotic and teeth

which indicate definite dorudontid affinities.

M. colliveri probably

is a little younger thanK.onamata for, according to Singleton (1945:
284) it came from "about a foot above the Spring Creek Ledge ••• Bird
Rock Cliffs, near Spring Creek, Torquay, Victoria", Australia, probably
from international nannoplankton zone NP 25 (A. Reeckman, pers. comm.).
This is equivalent to a Late Oligocene age (Berggren 1972), probably
waitakian.

It is not possible at present to determine the relationship

of K. onamata to Phococetus vasconum (De1fortrie, 1873), an archaeocete
known by a single tooth from the European Burdigalian (Early Miocene,
equivalent to A1tonian; Berggren 1972).

Similarities between these

two species are obvious enough to have induced Kellogg (e.g. 1936,·
1943, 1956) to regard K.onamata
Oligocene.

as Early Miocene rather than Mid

A comparison of P. vasconum with K. onamata and

"S". serratus is planned by R.E. Fordyce and E.D. Mitchell.
ODONTOCETI
Squalodontoidea
Squalodonts are represented by incomplete remains.

Specimen

REF 101, an ,incisor(?) tip from the Pareora district, seems similar
to those of Prosqualodon aff. davidis (C.77.l1, OM) from the Milburn
Limestone (Waitakian), but this is not conclusive evidence of affinity.
Austrosqualodon trirhizodonta Climo & Baker, 1972, is of uncertain
affinities, and was placed by the authors near Squalodon.
Rothausen (1977:

Pledge &

292) commented that the "real third root" described

in the casts of the lower cheek-teeth seem to be of taxonomic value at
least at the generic level [viz. it is generically distinct].

However,

Austrosqualodon appears to have some similarities with Prosqualodon.
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For example, profiles of the mandibles are similar, and reduced third
roots are present also in Prosqualodon.

Austrosqualodon may represent

an independent taxon, but the fact that the third root could be
interpreted as a primitive, rather than a derived, specialised
character, and hence could be of dubious value in a phylogenetic
classification, emphasises the need for study of more remains.
Specimen REF 49 was obtained from a locality in Northwest Nelson near
that of A. trirhizodonta, and is of similar age.

However, the mandible

is not preserved, so the two specimens are not comparable.

REF 49 could

have had mandibles like those of A. trirhizodonta, as the skull suggests
that the rostrum was short and wide.

This as yet incompletely-prepared

specimen probably has squalodontoid affinities.
From the Kokoamu Greensand Formation near Duntroon, Marples
obtained his specimen D.W.2, here described as OU l15lB (and others,
UODG).

At present, this is identified as "Microcetus" aff. hectori,

although it is not conspecific with the holotype of "M". hectori Benham,
1935b, as the latter is of different morphology and is much younger
(Waitakian, cf. early Duntroonian).
are specialised:

The cheek-teeth of D.W.2. already

the crowns are high, carinate, compressed laterally,

lack anterior denticles, and have two posterior denticles, and the roots
are fused by an isthmus.
prognathous.

The anterior teeth appear to have been

Determination of relationships with other squalodonts

must await further work.
The prognathous anterior teeth of the squalodont(?) OU 11521 (UODG),
also from the Kokoamu Greensand, are not unlike those of Marples's D.W.2,
but also show similarities with, for example, "Prosqualodon" marplesi
Dickson, 1964.

It is unlikely that they can be identified accurately.

The squalodonts "Squalodon" andrewi and "Microcetus" hectori were
referred erroneously by Rothausen (1970:

Fig. 1) to the Mid Oligocene.

They are Late Oligocene (Waitakian) in age, and are discussed later.
Other odontocetes
The incomplete skull and braincast of an apparent nonsqualodont
(but otherwise indeterminate) cetacean, Ma 1666 (NMNZ), is from the
Duntroonian Abel Head Formation, Northwest Nelson.
uncertain, but may lie with the odontocetes.

Its affinities are

It appears to be related

to the Waitakian endocast C.4B.70 (OM) from the Milburn Limestone.
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MYSTICETI
Many mysticetes or mysticete-like forms are known, mostly from
North Otaqo.

'l'he holotypeH of Marpl('s'H "MlJuicctu,c;" lophoc('plw.lus

(C.62.l, OM) and "M". waitakiensis (C.62.2, OM), from the Kokoamu
Greensand, probably are not congeneric with the Late Oligocene
species of the genus, M. parki.

type~

A third specimen (C.78.2, OM) probably

is congeneric with the first two species.

Skull elements, critical for

the reappraisal of these specimens, are not available.

The relationships

with other New Zealand mysticete specimens are more difficult to
determine, as there are only limited numbers of comparative elements
available.

This prevents comparisons of different individuals.

The early Duntroonian specimen OU 11526 (UODG), Marples's D.W.6,
is an incomplete periotic from the Kokoamu Greensand.

It represents a

primitive, archaeocete-like mysticete, and may be related with REF 77
from Onepunga.
Mysticete Ma 649 (NMNZ),

= McKay's

"Kekenodon onamata" specimen

"No. 18", was obtained from the Wharekuri Greensand, North Otago.
It has some similarities with OU 11526 and also with the holotype of
"M". lophocephalus.

It differs from McKay's Wharekuri "K. onamata"

specimen "No.4" (Ma 651, NMNZ), another mysticete.

Relationships of

two mysticetes, McKay's "No.3" (Ma 650, NMNZ) and "No.5" (Ma 652)
also from Wharekuri, cannot be determined.

Specimen GS 3738 (NZGS)

from Wharekuri is represented by only a few fragments, which suggest
a relationship with Ma 649 and Ma 651.

Another mysticete, OU 11523

(UODG) was collected at a locality a few kilometres north of Wharekuri,
from a horizon probably equivalent to the Wharekuri Greensand.

Its

affinities also are unknown.
The relatively complete isolated periotic of REF 109 is more
simHar to Aglilocetus Kellogg, 1934a, than to any other mYf.lticete for
which

a

d(~llcrjpti.on wal> availabl(~.

It il'-l hopod that in futUr€l a

detailed comparison may be made with Aglaocetus.
An unprepared cranium, Ma 1667 (NMNZ) from the Abel Head Formation'
at Kahaurangi Point, illustrates well-developed mysticete telescoping.
Its tympanic bullae suggest affil'!-ities with "M". lophocephalus and
"M". waitakiensis, and its preparation should help determine the

identity of the genus or genera to which the latter two species belong.
The large mandibles of Ma 1668 (NMNZ), from the Abel Head
Formation, Puponga (Fig. 537) were described by Whitmore & Sanders
(1977) as "probably" those of a cetothere and as "fully-developed
mysticete jaws".

They possess a large, archaeocete-like coronoid
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process, and apparent tooth sockets.
present.

Affinities are uncertain at

Extraction of the rest of the skull, which is presumed still

to lie in situ (below sea-level), is planned.
OTHER SPECIMENS
Other Duntroonian Cetacea that were not examined in detail, are
indeterminate, or are not prepared, are worthy of mention, as they
substantiate the idea of a well-developed Mid Oligocene fauna in
New Zealand.

These are discussed best according to locality.

A specimen held by A.M.A. Engelbrecht, and a vertebra, rib, and
indeterminate bones of REF 106, are both from the upper part of the
Wharekuri Greensand, North Otago.

They bring to nine the number of

specimens obtained from this horizon at Wharekuri.
Three large, unprepared vertebrae (REF 58) were obtained within
0.25 m of the base of the Kokoamu Greensand Formation, at "The
Earthquakes", North Otago.

Other bones in this horizon were seen at

more than three localities at Kokoamu Cliffs, Duntroon.

A number of

cetacean bones were seen in situ in the greensands of the Waikakahi
Formation of the Waihao District, Waimate, and an as-yet unprepared
cetacean skull (REF 59) and penguin bones were obtained from here.
Ward & Lewis (1975), who described the geology of this area, mentioned
"cetacean gastroliths" from this greensand.
A fragment of skull(?)
1975:

(REF 10) was collected by S.W. Duff (Duff

80) from the greensand at Opuha River, Geraldine, South

Canterbury, and further north, at Coal Creek, Rangitata River, I
obtained indeterminate bone fragments (REF 12, REF 13; Fig. 535).
Worn bone is found also at Curiosity Shop, Rakaia River (pers. obs.).
Indeterminate fragments and a worn piec,e of squamosal (REF 11) were
collected from Burnt Hill, Oxford, by S.W. Duff.
In North Canterbury, a productive horizon of a few metres thickness
of greensand at Onepunga contains a variety of cetacean bones in situ,
i.ncluding rib and skull elements.

Three specimens of cetacean (REF 77,

REF' 107, REF 109) and a penguin humerus (REF 108) have been obtained
from here.

The lithology is either the Berrydale Greensand Member, or

a glauconitic bed of the Weka Pass Stone Member of the Omihi Formation,
described by Andrews (1963).

This locality may have been near the

paleoshoreline (P.B. Andrews, pers. corom.).

Preliminary investigations

of this lithology to the north and northeast of Onepunga have suggested
that a study of the distribution of bone in this horizon in relation to
inferred paleoenvironment may be worthwhile.

At Middle Waipara, a few
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kilometres northeast of Onepunqa, the Omihi Formation is more typical
of that of thf! Wl'ka PaRA St:one Mnmber., wlth reciucl'o ql auconite content
and Ions cotac(!an bone than at: Onepunqil.
more distal condi t:iOllH.

Prohabl y, this represents

About 1 km further northeast, at Doctors Gorge,

this member thickens to some tens of metres, and here is a light fine
limestone, which is distinguished with difficulty from the underlying
Amberley Limestone Formation.

The paraconformity at the base of the

Weka Pass Stone was identified here with difficulty.

Further to the

northeast, at Weka Pass, the Omihi Formation comprises the thick
glauconitic Weka Pass Stone Member, in which cetacean bone is rare
(pers.obs.).

S.W. Duff (pers. comm.) reported bone from here, and

it may have been here that McKay collected the indeterminate bone
C.77.9, OM (= old collection GS 74, NZGS).

Further fieldwork is planned

for this area, but that completed so far suggests that western,
proximal, shallow(?) water greensands are more productive than offshore,
more calcareous facies.
Specimens collected mainly by F.M. Climo indicate that Northwest
Nelson is likely to become as important a source of Duntroonian Cetacea
as have the east coast greensands.

Apart from the specimens mentioned

already (Ma 1627, Ma 1666, Ma 1667, Ma 1668, NMNZi REF 49), Climo has
collected much of the postcranial skeleton of an apparently primitive
mysticete (Ma 1703, NMNZ) of which the vertebral structure suggests that
it should be compared with Aetiocetus Emlong, 1966, and a range of
incomplete indeterminate specimens (e.g. Ma 1812, Ma 1813, Ma 1814,
NMNZ), from the Puponga district.

The beach platform east and northeast

of Abel Head (Fig. 537) has been the locality of most of these specimens.
Here, bone is found in lag gravel and boulder deposits derived from the
Dunt.roonian mudstones of the Abel Head Formation (see Bishop 1971).
Perusal of literature on New Zealand geology indicates that
cetacean remains in the Duntroonian greensands of the South Island are·
common enough to have warranted mention in a number of papers apart from
those cited earlier.

Of those articles which refer to specimens

apparently of Kekenodon onamata (see Catalogue, section 4.4), those of
Gudex (1918), Hutton (1888a) and Park (1905, 1910) refer to specimens
which, on the basis of stratigraphic descriptions cited, are likely to
have come from Duntroonian greensands.

As noted earlier, none of these

specimens is known definitely to have represented K. onamata.

Other

occurrences of Duntroonian Cetacea were noted by McKay (1877b), Speight
& Wild (1918), and Thomson (1920) for the Weka Pass Stone in North

Canterbury, by Gage (1957), Hornibrook (1966), Marples (1946, 1949a)·
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and Park (1923) for the Kokoamu Greensand of North Otago, and McKay'
l88lb (see also 1894, Hutton 1939, Turnbull et ale 1976) for the
Bobs Cove Beds"

Lake Wakatipu.

No Duntroonian Cetacea appear to have been recorded from the
North Island.

None is held in major museums, and none is recorded in

the literature as of undoubted Dunt+oonian age.

It is difficult to

imagine that, in view of the abundance of bone in the south, this might
not just reflect collection bias.
MID OLIGOCENE CETACEA ELSEWHERE
The comparison of the New Zealand Mid Oligocene fauna with
Oligocene faunas from elsewhere may be difficult, as many authors have
not regarded the Oligocene as tripartitely divisible.

Hence the problem

arises as to the correlation of the Mid Oligocene (roughly equivalent
to'Duntroonian, as recognised currently in New Zealand) with the Early
or Late Oligocene (in part) elsewhere.

This issue cannot be dealt with

satisfactorily here, as it involves problems of correlation (within the
realms of micropaleontology) which have been disputed for some time.
Very few other Mid Oligocene Cetacea have been recorded.

Reviews

by Kellogg (1936) and Rothausen (1971) indicate that only in New Zealand
are Mid Oligocene archaeocetes and mysticetes recorded (see also Whitmore
& Sanders 1977).

One nominal genus which was thought to represent a

Mid Oligocene mysticete, Pachycetus Van Beneden, 1883, has been
identified as a Late Eocene archaeocete (Kuhn 1935, Rothausen 1971).
The only other Mid Oligocene Cetacea are "sporadic and uncertainly
classified Squalodontoidea" (Rothausen 1968a).
(1977:

Pledge & Rothausen

287) cited the age of the unique specimen of "Bqualodon"

gambierensis Glaessner, 1955 (from the Gambier Limestone, South
Australia) as "Early Janjukian, (Early Mid Oligocene)".
followed R.J.F. Jenkins (1974:

In this they

292), who observed that the limestone

had been dated within foraminiferal zone P19/20 and possessed a late
Mid Oligocene (late Rupe1ian) coccolith assemblage.

This corresponds

with the Duntroonian (see Berggren 1972) or Whaingaroan (Van Eysinga
1975).

No other undoubted Mid Oligocene specimens have been recorded

from Australia (Mahoney & Ride 1975, Pledge & Rothausen 1977, pers.
obs.).

"B." gambierensis is unlike any New Zealand forms.

Its generic

position is dubious but is unlikely to be reappraised usefully until
cranial material is found.
The only Boreal Mid Oligocene cetaceans known appear to be
"Squalodon (Microzeuglodon?) " wingei Ravn, 1926 (= new genus
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Oligosqualodon Rothausen, 1970; nomen nudum) and "Squalodontoidea A"
Rothausen, 1970:

Fig. 1.

I have not been able to find a description

·of the latter in which a Mid Oligocene age is mentioned.

Ravn (1926)

mentioned incomplete remains (fragments of skull, teeth, bulla,
vertebrae) from apparent Mid Oligocene sediments in Denmark.

Little

comment about these can be made, apart from Rothausen's (1970:

184)

observation that probably they were assigned wrongly to Squalodon and
Microzeuglodon.
&

Sanders (1977:

They are unlike any New Zealand specimens.

Whitmore

306) referred to squalodonts from the Mid Oligocene

of Germany, but further reference to these could not be found.
LATE OLIGOCENE
Late Oligocene or Waitakian sediments have yielded a greater
number of cetacean specimens which represent a more diverse fauna than
any other New Zealand stage yet studied.

The fauna encompasses

odontocetes and mysticetes, but no archaeocetes are known.
The Waitakian stage was recognised first by Park (1918: 77) who
defined it as the "upper Hutchinsonian" glauconitic calcareous sandstone.
Subsequent studies on the micro- and macrofossils by, for example, Allan
(1933), Edwards (1971), Finlay & Marwick (1940), Gage (1957), Hornibrook
(1958), Hornibrook & Edwards (1971) and Jenkins (1966) allow a more
ready recognition of the stage on the basis of its fossils than for the
preceding Duntroonian.
Many references cited previously for the Duntroonianstage apply
also to the Waitakian.

Hornibrook (in Fleming 1959c:

455-457)

presented a useful general guide to the definition and distribution of
the Waitakian, while details of the type-locality were given by Gage
(1957).

The Otekaike Limestone Formation at the type-locality (Trig Z,

waitaki Valley; Gage 1957:

50-53) consists of massive pure to silty

limestones which in many localities overlie and generally are abruptly
differentiated from the Duntroonian Kokoamu Greensand Formation.

.The

proportions of glauconite decrease upwards while noncalcareous sediments
increase.

Gage observed that the Otekaike Limestone and its

correlatives in many other districts in New Zealand are marine sediments
which were deposited in clear, still waters, and which elsewhere
typically are developed as limestones similar to one or other of the
four members of the Otekaike Limestone (viz. glauconitic limestone,
nodular limestone, alternating silt and limestone, and marl).
As was the case for the Duntroonian, waitakian sediments are
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widespread on the east coast of the South Island.

To the south of the

Oamaru district, the Caversham Sandstone in part (Benson 1968), the
Milburn Limestone (Andrew 1906, Harrington in Fleming 1959c:

234-235,

McKellar 1966, MacPherson 1945) and calcareous sediments in West Otago
and Southland (Wood 1962, 1966) are waitakian.

To the north, waitakian

sediments commonly overlie Duntroonian greensands throughout Canterbury
(Andrews 1963, Ward & Lewis 1975, Wilson 1963, and references cited
previously for the Duntroonian).

They are present also in Westland· as

limestone and calcareous sediments in part of the Nile Group (Nathan
1974, Nathan et ale 1974, Wellman et ale 1973) and in Northwest Nelson
predominantly as the Takaka Limestone Formation (Bishop 1968, 1971,
Grindley 1971).

As with the Duntroonian, the waitakian is widespread

in parts of the North Island (Hornibrook in Fleming 1959c:

455-457)

where perhaps the best known example is the Te Kuiti Group (Kear 1960,
Schofield 1967).
poor.

The North Island waitakian fauna is surprisingly

Very few specimens are mentioned in the literature or held in

institutions.
ODONTOCETI
Squalodontoidea
Brevirostral forms
A number of squalodonts from the New Zealand Waitakian are related
closely or congeneric with Prosqualodon.

Prosqualodon, as characterised

by P. australis Lydekker, 1894b and P. davidis Flynn, 1923 (1948), has
a short, wide rostrum and shows advanced telescoping.

The maxillaries

contact the supraoccipitals, the parietals and intertemporal
constriction are eliminated from the vertex, and the choanae are placed
well posteriorly, and are roofed by the nasals.

~~c

cheek-teeth have

coarse, papillate cr. rug., high roughly symmetrical crowns, no more
than three anterior and posterior denticles, and two roots united by an
isthmus, in which a vestigial third root may be incorporated.

Other

genera which appear allied to Prosqualodon are Parasqualodon Hall, 1911,
represented by one tooth (the holotype of Squalodon wilkinsoni McCoy,
1867; P 5528, NMV) from the Janjukian of Victoria, Australia, and
Austrosqualodon Climo & Baker, 1972, from the New Zealand Duntroonian.
The New Zealand nominal species of Prosqualodon, "P." hamiltoni and
"P." marplesi, both from the Waitakian, appear not to be congeneric
with each other or with Prosqualodon (s.s.), and are discussed further
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below.
nenham (1935b:

242) roferred to a 8kull of Prosqualodon from

Milburn, and probably this if!

tlH~

npncimpn Atill ('xtcmt as C.12.14 (OM).

This skull is very similar in dntailH of telescopi.nq to Prosqualodon
(s.s.) ,although considerable preparation is required before positive
identification is possiple.

Teeth of this specimen are not known but

may be hidden in the matrix associated with the mandibles, basicranium,
and tympanoperiotics.

Isolated teeth from the Milburn Limestone

(specimen C. 77 .11, OM) are referred provisionally to Prosqualodonaff.
davidis, in view of their similarity to the Australian Early Miocene
species.

Their morphology can be interpreted as slightly more primitive

than that of the holotype of P. davidis, and this is consistent with
the older age.

Discovery of a skull of this form will clarify

relationships.

The similarity of one of the teeth of C.77.ll with an

isolated tooth crown (REF 101) from the Duntroonian greensand of the
Pareora district already has been mentioned.
A range of other specimens may represent Prosqualodonor closely
related genera, but their affinities cannot be determined accurately
until diagnostic elements are found.
tooth fragments.

Most of these specimens comprise

A referred specimen of "Squalodon" andrewi, C.77.23

(OM) from the Arno Limestone Formation of Waimate district is similar
in crown and root morphology to Prosqualodon davidis, except that the
cr. rug. are fine and not obviously papillate.

The single anterior

tooth, REF 112, from Smite River, Mid Canterbury, is not unlike those
illustrated by Flynn (1948) for P. davidis.

A largely unprepared

specimen, REF 78, which includes parts of a skull, bulla, malleus, and
atlas from probable waitakian sediments at Little Wanganui, has a
Prosqualodon-like tooth.

The crown is symmetrical and high! with a

small apical angle, and the parallel roots and vestige of a third toot
are fused at an isthmus, but the crown lacks accessory denticles or
ornament.

Whether or not this specimen represents a different genus

from Prosqualodon is debatable.

The fragment of mandible of specimen

ou 5080 (UODG) possesses incomplete teeth in situ.

The cr. rug. on

these appear reminiscent of those of Parasqualodon wilkinsoni (P 5528,
NMV), as do the secondary nodules on the denticle keels, while a
vestigial third root fused into the isthmus is similar to that seen in
Prosqualodon but is developed less than in Austrosqualodon.
Other squalodonts which possess some similarities with the above
are of much less certain relationships.
Andrew (1906:

The worn teeth described by

Plate 4, Figs la, b, c, d, f), which were referred to
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"P." hamiltoni by Benham (1937a, 1937b) are too incomplete to be
identified, and may have represented more than one individual or
taxon.

They were obtained from the Milburn Limestone, and two teeth

agree with specimens of Prosqualodon from that lithology in their
possession of two roots fused with an isthmus.
are lost, their identity is unknown.
was mentioned by Marples (1949b:
"Prosqualodon hectori".
for "P." hamiltoni.

However, as these teeth

Another species of Prosqualodon

466) who referred to a skull of

This was probably an erroneous new combination

No further reference has been found to this species.

Two other taxa are represented by isolated teeth.

The paratype

specimen of "Squalodon" andrewi, C.77.22 (OM) from the Milburn Limestone,
has cheek-teeth in which the number of anterior denticles may exceed
that of the posterior denticles, and has very strongly developed
ornament.

It differs both from Squalodon and Prosqualodon in these

features, and probably represents a new genus.

The ornament is

reminiscent more of that of Prosqualodon than any other squalodont,. but
its generic pos·i tion must remain unknown until cranial remains are
found.

Specimen GS 40 (NZGS), also from the Milburn Limestone,

represents an unknown squalodont.

The single tooth of GS 40 is too

incomplete to allow generic assignment, but is similar to a tooth of
? Prosqualodon (Figs 351, 352; P14040, NMV) from Australia.

Another brevi rostral squalodont, which appears to be distinct from
Prosqualodon (s.s.), is known.

"P." marplesi Dickson, 1964 (C.75.27,

OM), from the Otekaike Limestone of the Waitaki Valley, differs in
details of telescoping from P. australis or P. davidis:

most obviously,

the premaxillaries bifurcate at about the level of the nasals to form
median (internal) and lateral (external) divisions, the former of which
extend back to almost contact the supraoccipitals.

Other differences

are apparent in the shape of the antorbital notch, the relatively large
exposure of the nasals on the vertex, the deeply-excavated supraoccipital, and the prominent exoccipitals.

Postcranial elements of

P. australis, P. davidis, and "P." marplesi are too incomplete or too
poorly documented to allow useful comparisons to be made.

There seems

little doubt that "P." marplesi represents a distinct new genus, but
it will not be reassigned until Prosqualodon australis and P. davidis
have been studied and the characters of Prosqualodon determined
accurately.
Only the incomplete right mandible (which contains posterior
cheek-teeth) and isolated anterior teeth of the holotype of "Microcetus"
hectori Benham, 1935b have been prepared.

The holotype (Ma 653, NMNZ),
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which was collected by McKay from the Otekaike Limestone Formation,
Waitaki Valley, was lost for about 40 years until March 1978.

The

skull, which requires considerable preparation, represents a relatively
. brevirostral form.

"M." hectori represents a new genus of squalodont,

as was suggested by Rothausen (1961, 1970), and a redescription by
Fordyce and Rothausen is planned.

No other squalodont is known which

lacks anterior denticles and has only two posterior denticles on the
laterally-compressed two-rooted cheek-teeth, and affinities with other
squalodont genera are uncertain.

"M." hectori is placed provisionally

in the Squalodontidae, and arose from a form like "M." aff. hectori
(OU 11518, UODG;

= Marples's

D.W.2) which is recorded from the

Duntroonian and was mentioned earlier.

It is not possible to determine

the degree to which the dorsoventral external profile of the posterior
of the mandible of the holotype of "M." hectori is bowed out, for the
mandible is dorsoventrally compressed diagenetically.
Some other New Zealand squalodonts appear to have mandibles whiqh,
although crushed, are bowed out markedly in such a way that indicates
they were probably inflated thus in life.

C~20.11

Specimen

(OM), from

the Milburn Limestone, appears to have this mandible structure.
represents an unknown, relatively brevirostral form.

It.

One small anterior

cheek-tooth is single-rooted, and has a high triangular carinate nondenticulate laterally-compressed crown.

Preparation of the tyrnpano-

periotics, teeth, and basicraniurn should help determine affinities.
The incomplete skull and mandibles of C.77.24 (OM), apparently from the
Waitakian(?) Caver sham Sandstone, may be related with C.20.11.
The above observations indicate that brevirostral squalodonts
which include Prosqualodon and its allies, as well as previously
undescribed squalodonts, are present in the New Zealand waitakian.
At present there is not enough evidence to reappraise critically
Rothausen's (1968a, 1970) suggestion that the Late Oligocene
Prosqualodon-like forms may represent independent genera which gave
rise to prosqualodon(s.s.) in the Early Miocene.

Also, it is not

possible to determine if the brevirostral squalodonts form a unified
phylogenetic group, or if the brevirostral condition is one which
appeared in a range of taxa.

Considerably more work on these forms

is required in order to answer these questions.
"Prosqualodon" hamiltoni
The incomplete skull of the lectotype of "Prosqualodon" hamiltoni
Benham, 1937b (C.02.8, OM) is shown herein to represent a new genus
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apparently not related closely to Prosqualodon (5.5.).

It differs in

the degee of skull telescoping (the presence of the parietals and an
intertemporal constriction at the vertex), a broad-based but relatively
long rostrum, and cheek-teeth with apparently poorly-developed ornament
and small accessory denticles.

Two specimens from the Milburn Limestone

of South otago may be related to

"P,'~

hamiltoni.

One, the holotype.of

"Squalodon" andrewi Benham, 1942, is represented only by a poor natural

limestone cast of part of a palate and two cheek-tooth casts, one tooth
of which was figured by Andrew (1906:

Plate 4, Fig. Ie).

This tooth,

on which Benham based his new species, is .lost, but a cast taken from
the natural limestone cast, and Andrew's figure, indicate that it is
unlikely to be related to Squalodon (5.5.).

The robust divergent roots,

which possess prominent basal swellings, the isthmus between the
proximal halves of the roots, and the poorly developed crown ornament
are features seen on the "P." hamiltoni lectotype.

They are present

also on another specimen from the Milburn Limestone, the incomplete
tooth of C.77.12 (OM), which can be compared with the preceding tooth
only with difficulty.

It is not possible to determine the relationships

of these specimens unequivocally, as complete cheek-teeth are unknown
for any of them.

However, all are more similar to each other than to

any other New Zealand fossil Cetacea.
Longirostral forms
Only one undoubted longirostral squalodont has been recorded from
the Waitakian of New Zealand.

Specimen C.75.33 (OM), from the Otekaike

Limestone, appears to be related more closely to the South American
Early Miocene genus Phoberodon Cabrera, 1926, than to any other Austral
genus.

As C.75.33 is represented only by a fragmentary rostrum and

tooth-roots, its exact relationships are uncertain, and similarities
with Phoberodon may be only superficial.

Perhaps this specimen

bears a relationship to Phoberodon similar to that demonstrated by
Rothausen (1968a) for the European genera Eosqualodon (Late Oligocene,
early eusqualodont) and Squalodon (Early Miocene, advanced eusqualodont,
descended from Eosqualodon) .
Three other specimens of indeterminate odontocete probably are
related more closely to the Phoberodon-like C.75.33 than to
"Prosqualodon" hamiltoni or the brevirostral squalodonts.

One of these,

OU 5069 (UODG), is a fragment of mandible in which single-rooted
supernumary teeth are intercalated between the anterior cheek-teeth.
This specimen postdates the appearance of polydonty in Odontoceti, for
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Aw;trosgualodon tr irh.i zodonta (Duntroonian) and "Microcetus" aff.
hectori (Duntroonian) probably possessed dentitions increased above

the normal eutherian number.

Rothausen (1968a) considered that

polydonty was demonstrable, at the latest, during the Mid Oligocene.
He stated that, as far as is known, all Squa10dontoidea had po1ydont
dentitions.

It cannot be determined. in OU 5069 if the supernumaryteeth

represent a phy10genetica11y persistent feature or if they are a random
ontogenetic feature in one individual.

Both of the other presumed

10ngirostra1 specimens, C.77.14 (OM) and C.77.18 (OM) appear to have
come from the Waitakian Milburn Limestone of South Otago.

Both are

natural limestone casts of the proximal ends of mandibular canals of
left mandibles, both lack teeth, and both were identified by Benham as
the "zeug10dont" Lophocephalus parki.

Benham mentioned the morphology

and presumed affinities of C.77.18 (Benham 1937a) but the only evidence
of his identification of C.77.14 is the label "Lophocephalus" on that
specimen.

Neither specimen is complete enough to allow identification

any more accurately than probable odontocete, but they are likely to
. have come from animals of proportions like those of C. 75.33 or OU 5069,
rather than like the brevirostra1 squa10donts.
Nonsqua1odont odontocetes
Four apparently non-squa10dont odontocetes are recorded from
waitakian sediments in New Zealand.

An

endocranial cast from the

Milburn Limestone (C.34.7, OM) was described by Marples (1949b) as
that of a small odontocete rather like Recent forms.

It appears to be

related closely to the long-beaked eurhinode1phinid-1ike odontocete
(V9, UADG) from the Te Akatea Siltstone near Port Waikato, Auckland.
Although only a small amount of the cranial endocast of the latter is
preserved, it is similar in absolute and relative proportions to C.34.7.
This eurhinode1phinid-1ike form, which was described briefly by GrantMackie (1970) as a porpoise, provides unequivocal evidence of the
differentiation of dolphin-like odontocetes before the Early Miocene.
Specimen V9 (UADG) was studied only briefly during this work, and
further discussion of it must await the description which currently is
being completed by F.M. Climo and A.N. Baker.
The incomplete cranial remains and teeth of the Late 01igoceneEarly Miocene odontocete ZMT 73 (CM) suggest platanistoid relationships.
The most unusual feature is an apparent maxillary crest(?), rather like
that of the extant Platanista.

The teeth have lost almost all traces of

accessory dentic1es, and the crowns are conical.

Little else can be
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said until preparation of the specimen is completed.
Finally, the natural endocranial cast, C.4B.70 (OM), from the
Milburn Limestone, may represent an odontocete.

It was described by

Marples (1949b) provisionally as an archaeocete, but its similarity
with the Duntroonian(?) specimen Ma 1666 (NMNZ) suggests that nonarchaeocete, perhaps odontocete affinities are more likely.
indicates that a rete

sy~tem

was well developed.

The cast

It is not possible

to refer C.4B.70 to superfamily or even to state undoubtedly that it
is an odontocete until more specimens are found.
MYSTICETI
Most of the mysticetes from the Waitakian are incomplete, so the
suborder cannot be dealt with easily in terms of a taxonomic breakdown.
The incomplete holotype cranium

(au

11573, UODG) of Mauicetus parki

(Benham, 1937a) came from the Milburn Limestone, South Otago.

Despite

Kellogg's and Glaessner's contention that it may be related closely to,
if not congeneric with, Aglaocetus, it is distinct in terms of skull
telescoping from this genus and from the other early mysticete genus,

Cetotheriopsis.

The paratype skull of M. parki(C.75.26, OM; from the

same lithology as the holotype) is too incomplete to be certain of its
relationships.

At present it is assigned provisionally to Mauicetus

even though some differences are apparent between it and the previous
skull.

Benham also referred to M. parki a "premaxilla" (C.34.B, OM)

from the Milburn Limestone, but this identification cannot be confirmed.
Other specimens which he identified as those of M. parki either are
those of odontocetes or are too incomplete to be identified.

I was

unable to locate the "Balaenid" whale from Milburn mentioned by Andrew
(1906) and its identity must remain unknown.
The one other waitakian mysticete formally described from
New Zealand is Mauicetus brevicollis Marples, 1956, from the Otekaike
Limestone near Duntroon.

The holotype (C. 62.3, OM) comprises only·

postcranial remains, the affinities of which cannot be determined
accurately, and it is best left provisionally as originaLlY assigned.
The taxonomic position of all the other specimens is even more
difficult to determine, as all are either incomplete or require
considerably more preparation.

Specimen REF 111 has a relatively

complete but disassembled cranium which is similar in the degree of·
telescoping to that of M. parki.

The periotics are similar but not

identical to those of M. parki and the Miocene Aglaocetus spp. described
by Kellogg (1934a, 196Bc).

This, and the previously mentioned specimens
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for which skulls are known differ from all skulls described from outside
New Zealand in that the parietals form a long sagittal crest in the
intertemporal region.
The study of

comparable elements of incomplete specimens gives

some indication of taxonomic diversity.

For example, the tympanic

bullae of ZMT 67 (CM, Otekaike Limestone, Hakataramea), REF III
(Otekaike Limestone, Pentland Hills), REF 36 (Otekaike Limestone,
Kakanui) and C.78.l (OM, Otekaike Limestone, Duntroon?) appear to
represent four different taxa.

Other mysticetes from the Otekaike

Limestone Formation or its equivalent in South Canterbury or North. Otago
mostly are too incomplete to warrant further study.

An incomplete

mysticete mandible, C.77.lS (OM), probably from the Arno Limestone of
Waimate, was referred to M. parki by Benham (1937a) but there is no
evidence as to its generic affinities.
referred specimen of M. parki,

The same applies also to the

C76.737.6 (SM), from the Waitakian

limestone at Balfour, Southland (described by Benham 1942).

An accurate

age has not been obtained for the incomplete and relatively unprepared
mandibles and postcranial skeleton of Ma 1809 (NMNZ) from the Takaka
Limestone at Te Hapu, Northwest Nelson.

Bishop (1971) cited a Waitakian

age for this horizon .
. OTHER SPECIMENS
The many incomplete specimens referred to in the literature or in
museum catalogues warrant only a very brief mention, as relationships of
incomplete or dubiously identified specimens cannot be determined until
large collections of comparative material have been assembled.

So far,

the incomplete specimens generally have hindered, rather than aided
systematics.

Examples of those of uncertain affinities (and sometimes,

age) are:
1.

the paralectotypes of "Prosqualodon" hamil toni Benham, 1937b:
a.

vertebra, C.13.2, horizon and locality uncertain.

b.

vertebrae, C.20.l2, Milburn Limestone, Milburn.

c.

vertebrae, possibly those referred to by Benham as "other"
vertebrae of "P." hamiltoni, C.77.l - C.77.6 inclusive;
horizon and locality uncertain but possibly Milburn Limestone.

2.

3.

the paratypes of Mauicetus parki (Benham, 1937a):
a.

vertebra, C.09.S, Milburn Limestone, Milburn.

b.

vertebrae, C.77.20, Arno Limestone(?), Waimate.

"Kekenodon" (UODG Catalogue), squamosal, OU 6840, Caversham
Sandstone, Waitakian-Otaian, Waikouaiti.
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4.

"Mauicetus parki" (UODG Catalogue), vertebrae, OU 6840,

Caversham Sandstone, Waitakian-Otaian, Waikouaiti.
North and East Otago appear to be potentially the best areas for
future fieldwork on Waitakian Cetacea.

In addition to the occurrences

listed above, specimens have been recorded in a number of localities
in the Waitakian limestones of North Otago, for example, Trig Z,
and Prydes Gulley, pers. obs.; Awamoko and Hakataramea, S. Be11iss,
pers. comm.; and Waikouaiti, G. Mason, pers. comm.

Also, references

to this area have been made in the literature by Benson (1968),
Hutton (1885b:

558), McKay (1877b, 1882b:

and J.T. Thomson (1874).

104), Park (1905:

495),

Many specimens have been obtained from the

Milburn Limestone of the Milburn and Clarendon district, South Otago.
Reference to these has been made by Andrew (1906), Hamilton (1903b),
MacPherson (1945), Park (1903, 1910, 1911), and J.A. Thomson (1926),
and some of the specimens mentioned still can be identified.
A detailed search of Milburn Quarry, Milburn, by J.G. Begg,
J.D. Campbell, and R.E. Fordyce (13 October 1977) failed to discover
a single piece of bone, which suggests that either bone was rare
but was picked out of the limestone during quarrying operations,
or that it was relatively common at some horizons which subsequently
have been stripped away.

Most of the specimens which were deposited

in the Otago Museum were discovered at active quarries.
Localities elsewhere in New Zealand appear to have produced only
a few fossils apart from those mentioned already.

At least two

specimens have been obtained from the Cobden Limestone (WhaingaroanWaitakian) at Greymouth (Gage 1952, Hutton 1888b).

Maxwell (1974)

stated that the remains mentioned by Gage were deposited in the
Canterbury Museum where, according to W. Jukes (pers. comm.), a former
employee there, they were incorporated in the foundations of a new
extension about 1956.

McKay (1887a:

77) recorded a possible cetacean

from the "Grey marls" at Kaikoura, from whence the Waitakian-Otaian
odontocete ZMT 73 (CM) was obtained.

Park (1890:

239, 241) mentioned

that cetacean bones are abundant in the Ototara Series "limestone"
(=

Takaka Limestone?) of Golden Bay.

THE GLOBAL LATE OLIGOCENE FAUNA
It appears that by the end of the Oligocene, the global cetacean
fauna was relatively cosmopolitan, and contained a range of diverse
types.

The Late Oligocene fauna was reviewed generally by Whitmore &

Sanders (1977), while more detailed appraisals of squalodonts have been
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made by Pledge & Rothausen (1977) and Rothausen (1968a, 1968b, 1970)
and of mysticetes by Rothausen (1971).

Whitmore & Sanders recognised·

four main groups of Late Oligocene Cetacea:

the Odontoceti incertae

sedis, Squa1odontidae, Cetacea incertae sedis, and Cetotheriidae.
They included Agorophius, Patriocetus, and Xenorophus in the Odontoceti
incertae sedis.

Genera of Squa1odontidae were listed as Austrosqualodon,

Eosqualodon, Microcetus, Parasqualodon, Prosqualodon, Squalodon, and
Tangaroasaurus.

In addition, four other genera of Late Oligocene

squalodont were mentioned in the text (Genera A, X, Y, and Z).

However,

it should be noted that Austrosqualodon is a Mid Oligocene form, and
Tangaroasaurus is Early Miocene, and the presence of Squalodon (s.s.)
and Prosqualodon (s.s.) in the Late Oligocene has not been demonstrated
satisfactorily.

Whitmore & Sanders also listed five genera of Cetacea

incertae sedis, which incorporate the Aetiocetidae of other authors:
Aetiocetus (the sole member of the Aetiocetidae s.s.), Archaeodelphis,
Chonecetus, Ferecetotherium, and Mirocetus.

They listed Cetotheriidae

(genera unspecified) but did not document Archaeoceti.
Whitmore & Sanders' review and other articles indicate that few
Late Oligocene Cetacea have been recorded from outside New Zealand.
The only other Austral localities appear to be in Australia.

Pledge

&.

Rothausen (1977) redescribed Metasqualodon harwoodi from South
Australia, the only Late Oligocene form from that state.

My examination

of the collections of the National Museum of Victoria, Melbourne,
victoria (February 1978), indicated that Janjukian sediments of the
Torquay Basin, Victoria (see Abele in Douglas & Ferguson 1976:
have yielded a -variety of Late Oligocene Cetacea.

229-235),

From strata on the

coast near Torquay, at least two individuals of the dorudontid
archaeocete Mammalodon colli veri Pritchard, 1939 and a variety of as-yet
undetermined odontocetes have been obtained.

A similar fauna has been

found nearby at WaurnPonds, but this locality has yielded also some
taxa which can be interpreted more readily as Early Miocene rather than
Late Oligocene, for example, the ziphiids, Cetotolites spp., described
by McCoy, and aff. Steno cudmorei (P48796, NMV).
Ferguson 1976:

Abele (in Douglas & .

232, Fig. 8.13) indicated that the Waurn Ponds Limestone

Member of the Jan Juc Formation extends into the Early Miocene.

I plan

to carry out further work on the Victorian fauna in the future.
In the North Pacific, Hasegawa & Hojo (1965) recorded a Late
Oligocene cetacean from Japan, and the genera Aetiocetus Ernlong, 1966,
and Chonecetus Russell, 1968, have been obtained from Western North
America (see also Ray 1977).

Whitmore & Sanders (1977) summarised
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progress on their studies of a Late Oligocene fauna of squalodonts and
Odontoceti incertae sedis from South Carolina, Eastern North America.
Squalodonts, squalodont-like odontocetes, and cetotheres from Western
Europe have been described by Rothausen (1958, 1961, 1965, 1968a, 1968b,
1970, 1971) while the fauna of Eurasia, in particular, the Caucasus ,has
been described by Aslanova (1963), Aslanova & Mchedlidze (1968) and
Mchedlidze (1964a, 1970, 1976).

Of these Eurasian articles, only a

translation of Mchedlidze (1970) was available.
Described genera or potential new genera of Late Oligocene fossil
Cetacea both from New Zealand and elsewhere are listed in Table 26.
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TABLE 26.

Genera of Late Oligocene Cetacea. Based on personal
observations, Aslanova 1977, Mchedlidze 1976, Pledge &
Rothausen 1977, Rothausen l(nl and Whitmore & Sanders 1977.

ARCHAEOCETI
Dorudontidae
Mammalodon colli veri Pritchard, 1939

ODONTOCETI
Incertae sedis
Agriocetus Abel, 1914
Agorophius Cope, 1895
Atropatenocetus As1anova, 1977
Patriocetus Abel, 1914
Xenorophus Kellogg, 1923b

Genus indet., Whitmore & Sanders 1977:

Fig. 2b

Genus indet., Section 5.14 herein; specimen C.48.70, OM
Squa10dontidae
Eosqualodon Rothausen, 1968a
Metasqualodon Hall, 1911
Microcetus Kellogg, 1923a
"Microcetus" (sensu "M." hectori Benham, 1935b)
Parasqualodon Hall, 1911
Phoberodon Cabrera, 1926 (sensu aff. Phoberodon, C.75.33, OM)
Prosqualodon Lydekker, 1894a (sensu P. aff. davidis, C.77.11, OM)
"Prosqualodon" (sensu "P. " hamiltoni Benham, 1937b)
"Prosqualodon" (sensu "P." marplesi Dickson, 1964)

Genus A Whitmore

&

Sanders 1977

Whitmore

&

Sanders 1977

Genus Y Whitmore

&

Sanders 1977

Genus Z Whitmore

&

Sanders 1977

Genus

X

Genus indet., (sensu C.77.22, OM)
Platanistoidea
P1atanistoid? indet., (sensu ZMT 73, CM)
De1phinoidea
Eurhinode1phinid? indet., (sensu V9, UADG and C.34.7, OM)
Oligodelphis As1anova & Mched1idze, 1968.

MYSTICETI
Cetotheriopsis Brandt, 1871
Mauicetus Benham, 1939
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6.4. MIOCENE
EARLY MIOCENE
Elsewhere in the world, Cetacea pf modern appearance generally are
recorded first duririg the Early Miocene (Table 24).

In New Zealand,

rocks of the Pareora Series are roughly equivalent to Early Miocene.··
Formerly, the Pareora Series encompassed three stages, the Otaian,
Hutchinsonian, and Awarnoan, while a fourth of interest here, the
A1tonian, was referred to the Southland Series (e.g. Berggren 1972,
Fleming 1962, Van Eysinga 1975).

However, the Pareora Series was

emended by Scott (1972) to include only the Otaian and A1tonian Stages,
the latter of which was revised to encompass the Hutchinsonian and
Awamoan Stages (see also Scott 1969, 1971).

Early Miocene sediments are

widespread in New Zealand (Fleming 1962, 1975), although probably not to
the extent of those of· the Oligocene.

According to Fleming, this was

the time of initiation of the later Tertiary regression, and increased
nonca1careous nong1auconitic sediment suggests also the initiation of
land uplift.

Further general outlines of Pareora lithologies were given

by Hornibrook in Fleming (1959c:

19-22, 37-39, 139-143, and 292-293),

while the geology of the type-localities of past or presently-accepted
stages was outlined by Gage (1957; Awarnoan, Hutchinsonian), Gair (1959;
Otaian), and Wood (1969; A1tonian).
ODONTOCETI
Squa10dontoidea
The ho10type of Tangaroasaurus kakanuiensis Benham, 1935a,
represents the only undoubted Neogene squa10dont described so far
from New Zealand.

The specimen was discovered by Thomson (1906:

490)

in the basal Rifle Butts Formation, Otaian-A1tonian, All Day Bay,
Kakanui.

Apparently, only part of the individual was collected

(Thomson 1926).
reptile.

Benham originally described it erroneously as a

Tangaroasaurus is accepted provisionally as an independent

genus of squa10dont, but, as only three incomplete tooth crowns are
known (C.03.18, OM), its status must remain in doubt until confirmed
by new finds.

Other squa10donts of this age also are incomplete and

of uncertain affinities.

The natural cast of the cheek-tooth of an

indeterminate squa10dont (224, NOM) was obtained from the Rifle Butts

570
Formation at Cape Wanbrow, Oamaru, about 11 km northeast of .Al1 Day Bay.
In North Canterbury, a long (prognathous?) anterior tooth of a
prosumed squalodont (ZMT SB, eM) was found in what: is probably the "Main
Mt Brown LimesLolw", deflcrihod by
sensu Scott).

wilHOll

(]('61)

<HI

Awamoan (= Alton:lan,

Its relationships are unknown.

A worn left squamosal, possibly that of a squa1odont (part of
OU 6840, UODG), from the Caversham Sandstone at Waikouaiti, Otago, was
mentioned in the previous section on Waitakian whales.

In view of the

waitakian-Otaian age of the Caversham Sandstone at that locality, the
age could be Miocene (see Benson 1968).
Odontoceti incertae sedis
The ho1otype and only known specimen of Phocaenopsismantelli
Huxley, 1859a (incomplete right humerus, M 11091, BMNH), is from the
Rifle Butts Formation (A1tonian) and probably was found at Old Rifle
Butts, Cape Wanbrow, Oamaru.

Its relationships are uncertain.

Some

authors have interpreted Huxley's discussion of this form as implying
a Quaternary age and relationships with the Phocaenidae (e.g. Romer
1966, Simpson 1945, Walker 1964), but the age is definitely Early
Miocene, and there is no proof of phocaenid affinities.

It cannot be

compared with other New Zealand odontocetes of similar age, as
comparable elements are not known.

The relationship to the dolphin-like

specimen (42, NOM) represented by the natural cast and bone of the
dorsal surface of a rostrum and part of a cranium also from the Rifle
Butts Formation at Cape Wanbrow, is unknown.

There is not enough of the

latter specimen known for its relationships to be determined, but it
appears to be of non-squalodont affinities.
A single incomplete thoracic(?) vertebra, GS 997 (NZGS1 N51/f22)
from the Otaian at Waikawau Creek, Southwest Auckland, provides a record
of a probable odontocete from the North Island.
It is worthy of mention here that the isolated periotic ascribed by
C. McCann to "Tursiops truncatus" (REF 104, S73/f5181 cast held also by
NZGS) from the south shore of Lake Heron, mid Canterbury, if

deriv~d

from the Tertiary sequence in this area, is unlikely to be much younger
than Early Miocene.

Pareora Series sediments are the youngest marine.

sediments in that area (Warren 1967).

N.C. Fowke (pers. corom., 1978)

reported that, in Altonian times, sediments there were deposited in
very shallow marine conditions and that, shortly after, as regression
continued, seas left the area.

The similarity of the specimen with

modern Tursiops suggests a recent, rather than Miocene, age.
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MYSTICETI
The only undoubted Early Miocene mysticete is specimen OU 11571
(UODG) from the B1uecliffs Silt at the type-locality of the Otaian
Stage, Otaio, South Canterbury.

The broken tympanic bulla and worn

vertebra indicate only that it is a cetothere.

Another specimen

(Ma 248, NMNZ), the mysticete skull "allied to Balaenoptera", from the
"middle Miocene" of Westland (see Hector 1881) is of uncertain locality
and hence of uncertain age.

Probably it came from the Blue Bottom

Formation (of Nathan 1974) of North Westland, the age of which ranges
from Waitakian to Waipipian.

The fact that the matrix is a hard,

calcareous, siltstone suggests an older, possibly Pareora, age, as the
Blue Bottom Formation becomes less calcareous upwards.

The

relationships of the skull are uncertain, but similarity with the skull
of "Plesiocetus" dyticus Cabrera, 1926, from the Patagonian Early
'Miocene indicates that it should be compared closely with that specimen.
A worn, indeterminate fragment of mysticete mandible, C.77.7 (OM)
came from Shag Valley, Otago.

The limestone matrix associated with it

suggests derivation from the Goodwood Limestone, of Otaian-A1tonian age
(see McKellar 1966).
OTHER SPECIMENS
As has been the case with some other New Zealand stages, the North
and coastal Otago areas appear to have the best potential for future
investigations.

I. McNeur collected from lag gravels at Cape wanbrow

over 200 isolated cetacean bones derived from the Rifle Butts Formation,
and fieldwork there may result in the discovery of specimens which help
determine the relationships of Phocaenopsis and Tangaroasaurus.

The

Waitakian-Otaian Caversham Sandstone further south (Benson 1968) has
yielded indeterminate Cetacea provisionally assigned a waitakian age.
Microfossil age determinations and/or fieldwork may result in the
discovery or recognition of Otaian forms.
Some other Early Miocene records are listed in the literature.
For example, Haast (1879:

318-319) recorded bones from the "Pareora

Formation" at Lower Waipara, Canterbury, and Kanieri and Waimea,
Westland.

McKay (1881b) mentioned bones in the "Pareora Beds" of

Castle Hill Basin, Canterbury.

"Kekenodon onamata" was listed by Park

(1911) from the Mt Brown Beds at Waipara, and also he recorded bone
from Hutchinson's Quarry, Oamaru (Park 1918).

McKay (1882b:

also had recorded bone from the Hutchinson's Quarry beds.

104)
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OTHER EARLY MIOCENE FAUNAS
Austral Early Miocene faunas are known also from Australia (Flynn
1948, Mahoney & Ride 1975) and South America (Cabrera 1926, Kellogg
1928).

The relatively well known eusqualodont odontocetes Prosqualodon

s.s. (P. australis Lydekker,

1894b~

P. davidis Flynn, 1923) and

Phoberodon Cabrera, 1926, are not known from the New Zealand Early
Miocene.

"Plesiocetus" dyticus Cabrera, 1926, as mentioned, appears

to be the only Austral cetacean related to presently-known New Zealand
Early Miocene forms.

Considerably more work is required here before

comparisons can be made between these different faunas.

The New Zeaiand

Early Miocene fauna, although yet poorly-known, does not include any
elements which could be interpreted as atypical of the relatively welldeveloped faunas of elsewhere.

It does not include any archaeocetes,

and appears to contain. both mysticetes and odontocetes of a more modern
appearance than those of the Oligocene.
MID-LATE MIOCENE
As a result of Scott's (1972) emendation of the New Zealand Early
Miocene stages, the Southland Series encompasses only the Clifdenian,
Waiauan, and Lillburnian Stages.

The Clifdenian probably is regarded

more correctly as Early Miocene (e.g. Berggren 1972) but is includ.ed
here for convenience.
and Kapitean Stages.

The Taranaki Series comprises the Tongaporutuan
This sequence of stages more or less represents

the Mid to Late Miocene.
For the purposes of this brief resume of the later Miocene fauna,
Fleming's (1962, 1975) articles give adequate insight into Southland
and Taranaki lithologies and their distribution.
regression (intercalated with sporadic minor

During this time,

transgre~sion)

continued

over much of New Zealand, and terriginous,rather than calcareous,
sediments predominate.

Useful, if not somewhat outdated, accounts of

the Southland and Taranaki Series were given by Fleming and Hornibrook
(in Fleming 1959c), and the stages were discussed also by, e.g. Kennett
(1966) and Wood (1969).

ODONTOCF.TI
No squalodonts

ar~

known from the New Zealand Mid Miocene or later,

and all odontocetes appear to represent modern groups.

The incomplete

mandible and rostrum of ZMT 39 (CM) may represent a stenodelphid-like,
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longirostral dolphin.

The as-yet unprepared specimen ZMT 43 (CM)

appears to be a relatively large dolphin-like form with a short,
i

I

~

1

wide rostrum, much like that of some extant genera, e.g. Globiocephala,
Other small dolphin-like odontocetes are represented by

Peponocephala.

a worn fragment of mandible, ZMT 44 (CM), and an incomplete worn
cranium, ZMT 63 (CM).

All these specimens were found out of place

along the North Canterbury coast, and were derived from hard, blue-grey
calcareous siltstones of the Southland and Taranaki Series which crop
out between the Waipara River and Motunau (Gregg 1964, Wilson 1963).
As microfossils cannot be extracted easily from this matrix, the
ages of these specimens are uncertain.

The first three specimens were

found at Glenafric, where Wilson (1963) recorded Southland sediments
predominantly with Waiauan faunas.

ZMT 63 is from Motunau, and the age

of the siltstones here cannot be determined accurately.
The only other odontocete of note is an indeterminate worn
ziphiid mandible (N 854, NZOI) dredged up from the Chatham Rise.
It is probably of late Middle or Late Miocene age.
No odontocetes from the Taranaki Series have been studied.
MYSTICETI
The record of mysticetes also is poor.

A cetothere or

balaenopterid is represented by part of the vomerine trough of specimen
ZMT 42 (CM), from probable Waiauan sediments at LowerWaipara,
Canterbury.

Other mysticete remains also found here in the Double

Corner Shellbeds (mapped by Gregg 1959) include a rib fragment (REF .56)
and vertebrae (REF 103; unidentified vertebra also recorded by Gregg
1959:

511).

An indeterminate mysticete is represented by a periotic

and worn bone fragments (REF 96) from probable Southland-Taranaki
sediments at Gore Bay, North Canterbury (see map by Gregg 1964).
From Taranaki in the North If11and is recorded a thoracic
or lumbar vertebra (GS 9121, NZGS) from the Clifdenian-Tongaporutuan.
A mysticete(?) skull which I have not been able to examine was
discovered in the Taranaki Series east of Wellington a few years ago
(J.D. Collen, pers. corom.).
OTHER SPECIMENS
Most other Southland-Taranaki specimens are incomplete worn
fragments of bone in hard calcareous siltstone nodules derived from
coastal strata in North Canterbury.

Many specimens are held privately,

some are held by the Canterbury Museum, and some are held by me (e.g.
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REF 7, REF 8, REF 55).

Very few specimens that I have examined are

worthy of preparation.

Some bones of this age are present in the

dolomitised lithoclasts (see Figs 538, 539) which were reworked and
incorporated into the Nukumaruan debris flows at Motunau (Lewis 1976).
Further work in North Canterbury may result in the discovery of morecomplete specimens.
No references of any note have been found in the literature.
Morgan (1911) mentioned a whale tooth from the Blue Bottom Formation
at

Ca~laghans

Creek (p. 73) and stated that a tailrace tunnel in the

Blue Bottom Formation near Goldsborough, Westland, cut through the
remains of a whale.
The New Zealand fauna of this age is too incomplete to warrant
comparison with overseas assemblages.
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6.5. PLIOCENE-PLEISTOCENE
The Wanganui Series encompasses rocks of Pliocene and Pleistocene
age.

It is accepted generally that the base of the Pleistocene more

or less corresponds to the base of the Nukumaruan (e.g. Beu 1977,
Fleming 1975).

Stages of the Wanganui Series have been revised over

the last few years, and changes in the status of stages and substages,
and problems in their recognition have been discussed by Beu (1969,
1970), Boreham (1963) and Fleming (1953).

Details of the geology and

paleontology will be found in the above references, while a general
review of Plio-Pleistocene geology was given by Fleming (1975).
ODONTOCETI
The few odontocetes recorded from the Wanganui Series give the
impression of a fauna not unlike that of the present.
(Late Pliocene) specimens are well represented.

Waitotaran

Climo and Baker have

in preparation a description of Delphinus aff. delphis (4384, WM)
from the Wanganui district.

A fragment of scapula(?), GS 11170 (NZGS)

of indeterminate odontocete ascribed (probably erroneously) to Tursiops
truncatus (see Weston et al. 1973) also is from the Waipipian of the
Wanganui area.

From the widespread "Waitotaran" coquina limestone of

Hawkes Bay (described by Kingma 1971, equivalent to the "Te Aute
Limestone" of various authors; see also Kingma in Fleming 1959c:
also has come a range of specimens.

390)

A natural endocranial cast

(ZMT 3, CM) represents a large indeterminate odontocete which probably
could be identified readily if access to a range of modern skulls was
possible.

A worn caudal vertebra (ZMT·8, CM) represents a small

indeterminate odontocete, while a worn tooth (ZMT 9, CM) is that of an
indeterminate physeterid.

The well-preserved but unprepared skull of

Ma 1439 (NMNZ) is related closely to, if not congeneric with, the
extant Pseudorca.

Note (8 September 1978):

A.G. Beu and others (NZGS)

currently are assembling information to show that the "Te Aute" facies
range in age from about Kapitean to Nukumaruan.
The only Nukumaruan odontocete studied is cf. Orcinus
(ZMT 76, CM), from debris flows, Motunau, North Canterbury (see Lewis
1976).

It is worthy of mention that the ho1otype of Phocaenopsis

mantelli Huxley, 1859, which often has been interpreted as a Pleistocene
phocaenid, represents an Early Miocene odontocete of uncertain
affinities.
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MYSTICETI
The skull of a Pliocene "cetothere" figured by Gaskin (1972)
appears to be that of cf. Balaenoptera.

The specimen (Ma 1630, NMNZ)

is from Opoitian (Early Miocene) mudstones of Taihape, and requires
further preparation before it can be studied properly.

Comparisons

should be made with extant balaenopterids and extinct forms such as
that described by Caretto (1970) from the Pliocene of Italy.
Kingma (1971:

83) figured the mandible of a baleen whale in

Nukumaruan gravels at Matapiro, Hawkes Bay.

The specimen does not

appear to have been collected, so its identity is uncertain, but
Kingma's photograph suggests that it is a right mandible and that it
lacks the distinct coronoid process of balaenopterids.
a balaenid.

It may represent

A large mandible(?) was seen from a distance in, but not

collected from, the Nukumaruan debris flows (Lewis 1976) at Motunau
(pers. obs.).

It was not accessible for close examination.

OTHER SPECIMENS
Other references to Plio-Pleistocene Cetacea in New Zealand are
few in number.

Fleming (1962:

92) commented that Pleistocene genera

had been recorded, but did not list them.

Remains appear to be

relatively common in sediments of the east coast of the North Island.·
Hill (1900) recorded apparent cetacean bones in shelly conglomerate
of probable later Pliocene age between Patoka and Rissington, Hawkes
Bay, and Smith (1900) mentioned cetacean bones from Hangaroa River.
The distribution of whale barnacles in Plio-Pleistocene sediments
gives some indication of the presence of whales, and has been discussed
by Beu (1971) and Fleming (1959b).
Incidental reference has been made to what are probably
geologically recent or subfossil Cetacea.

A "small whale" was recorded

from "ground that had been excavated for the railway at Westport"
(Anon. 1875), while bones from two other localities, in view of their
descriptions (Anon. 1873, McKay 1877a) are unlikely to have been more
than a few hundreds of years old.
Human influence and a recent origin cannot be dismissed in the
case of two other occurrences.

One is the occurrence of a periotic

of "Tursiops truncatus" (REF 104, S73/f518) at Lake Heron, Canterbury,
which was mentioned earlier.

The modern appearance of this bone is

incompatible with an age of no younger than Early-Mid Miocene suggested
by the youngest marine sediments in the area.

The other is the "remains

of a fossil cranium of Ziphius indicus v. Ben •.•• " (= Z.
Hershkovitz 1966) mentioned by Dieseldorff (1901:

cavirostris~

57) which was found

at the top of a mountain near French Pass, Marlborough.

The specimen

consisted of part of a maxilla and the mesethmoid and, in view of .the
absence of any Tertiary deposits in the French Pass area (Beck 1964),
is most likely to have been a recent specimen dropped there by man.
The New Zealand fauna of this age is too incomplete to warrant
comparison with overseas assemblages.

TABLE 27.

The Recent New Zealand cetacean fauna,
after Baker (1972) and Gaskin (1968).

Balaenidae
Eubalaena glacialis
Caperea marginata
Balaenopteridae
Balaenoptera musculus
Balaenoptera physalus
Balaenoptera borealis
Balaenoptera edeni
Balaenoptera acustorostrata
Megaptera novaeangliae
Physeteridae
Physeter macrocephalus
Kogia breviceps
Ziphiidae
Berardius arnouxi
Ziphius cavirostris
Hyperoodon planifrons
Mesoplodon grayi
Mesoplodon hectori
Mesoplodon layardi
Mesoplodon bowdoini
Tasmacetus shepherdi
Delphinidae
Orcinus orca
Pseudorca crassidens
Globiocephala melaena
Grampus griseus
Tursiops truncatus
Lissodelphis peroni
Steno bredanensis
Stenella caeruleoalba
Stenella dubia
Delphinus delphis
Lagenorhynchus cruciger
Lagenorhynchus obscurus
Cephalorhynchus hectori
Phocaenidae
Neophocaena phocaenoides
Phocaena dioptrica
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6.6. RECENT
The Recent Cetacea of New Zealand have been the topic of a range
of small papers and of review articles by Baker (1972), Gaskin (1968,
1972 ), and Oliver (1922).
here.

They have not been the subject of study

Table 27 lists the cetacean assemblage known from New Zealand

waters.
Because the later Tertiary New Zealand Cetacea are not known well,
it is not possible to trace the history of modern genera in New Zealand
back very far.

The modern fauna is not radically different from that

of the Miocene.

The main changes which have occurred since then, and

which are apparent from the poorly-studied New ,Zealand Neogene
sequence, are the global disappearance of the squa1odonts and
cetotheres, and disappearance from New Zealand of long-beaked dolphins.
More work is needed in order to understand the evolution of the modern
New Zealand fauna.
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7.

AN APPRAISAL OF SOME PHASES OF CETACEAN EVOLUTION
7.1. INTRODUCTION

The main aims of this section are to:
1.

Compare the evolutionary implications of this preliminary study
on New Zealand fossil Cetacea (especially Oligocene forms) with
those proposed in earlier studies.

2.

Discuss the rates of evolutionary change during some phases
of cetacean evolution.

3.

Look at the relationship between paleogeographic (and concomitant
climatic and ecological) changes and cetacean evolution.
Throughout the descriptive section of the thesis I referred to the

potential utility of the New Zealand Late Eocene -Early Miocene Cetacea
in the interpretation of hitherto unknown or poorly recorded phases of
cetacean evolution.

I also stressed this in the summary of the

chronological succession of faunas.

To summarise one important

observation, the New Zealand fauna may be of particular interest to
paleocetologists because it includes the earliest-known mysticetes and
odontocetes, whose relatively primitive morphology is compatible with
their origins in Early Oligocene times.

A major aim of this section is

to demonstrate that, furthermore, the Southwest. Pacific was a focal
point in the evolution of these forms.
It will be many years before fossil Cetacea and the environments
in which they lived are known well enough to permit the assembly of an
accurate picture of cetacean evolution.

As a result of continual new

discoveries, past discussions of cetacean evolution inevitably later
have been shown to contain deficiencies.

However, the authors of such

articles can hardly be blamed for proposing hypotheses based on what
were, at the time, all the data available.

In contrast is the

interpretation of absence of evidence as evidence of absence, which is
logically a much less sound practice.

Obviously, the most cautious

approach when dealing with a topic such as cetacean evolution would be
to wait and appraise concepts only after considerable new data are
collected on a global scale.

Thus, exclusion of data would be

minimised, and hypotheses would become progressively less falsifiable.
However, I consider this to be an opportune time to present yet another
assessment of cetacean evolution (in addition to those of the other
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authors cited below) for two main reasons.
1.

My observations on the New Zealand Late Eocene -Early Miocene
fauna (although based on a superficial study) and recent studies
on southern paleogeography and paleoenvironments allow
reinterpretation or refinement of previous ideas on the nature
of the Oligocene cetacean faunq and the origins of mysticetes
and odontocetes.

2.

This reappraisal of cetacean evolution, particularly that of
the later Paleogene, may focus attention on problems which
could be investigated in future studies.
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7.2. PREVIOUS l'70RK

There have been only a few attempts to determine the influence of
paleogeography and paleoenvironmental change on major adaptive phases
of cetacean evolution.

Most studies have focussed on three events:

1.

The origins of the Order Cetacea.

2.

The origins of the extant suborders, and cetacean evolution
during the Oligocene.

3.

The effects of Quaternary climate change on speciation.
A diverse range of opinions has been expressed, and rarely has any

one article dealt specifically with anyone event, so it is not easy to
review the full extent of arguments of all authors on anyone topic.
Instead, summaries of a limited number of articles are presented here
in chronological sequence.

The relevant ideas in each article are

presented in an abstract style to conserve space.
Kellogg (1936):

the geographic distribution of archaeocetes is

difficult to explain if it is assumed that they were only shallow-water
forms.

Archaeocetes are related to a primitive insectivore-creodont

stock, from which they branched off early.

Morphologically, the

archaeocetes, odontocetes, and mysticetes are related closely, but they
were separated from each other by a long interval of time.

Archaeocetes

were adapted to aquatic conditions before the Mid Eocene, but the time
and place of origin, and their ancestry, cannot be demonstrated
conclusively.
Simpson (1945):

the Mid Eocene to Early Miocene archaeocetes are

the most primitive Cetacea, but can hardly have given rise to the other
suborders.

Odontocetes apparently were not derived from archaeocetes,

and did not give rise to mysticetes.

Kellogg observed that early stages

of cetacean history may have taken place in fresh-waters, sediments of
which have not been preserved.

It is possible also that some crucial

later part of cetacean history occurred in great ocean basins, and did
not involve littoral waters and epeiric seas where most of the known
fossil Cetacea lived.
Davies (1963):

the earliest Cetacea were warmwater forms which

were widespread by the end of the Eocene.
inhabited southern waters.

By the Oligocene, Cetacea

Both archaeocetes and early odontocetes

apparently declined markedly during the Oligocene without being replaced
by newer forms, and this decline is surprising in view of the wide
variety of previously unrecorded forms which appear in the Early Miocene.
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A marked turnover of faunas at the Oligocene-Miocene boundary appears to
correlate with cooling of world climates during the Tertiary.

Newer

cetacean types, which appeared during the Miocene, spread rapidly in
response to these new opportunities.

The equatorial warmwater zone. was

an important barrier to dispersal throughout the later Tertiary, but
temperature drops during the Pleistocene reduced the extent of
equatorial warmwaters and hence their effectiveness as a barrier to
movement of temperate coolwater forms.

This also led to the restriction

of warmwater forms to the still relatively warm Indo-Pacific.

The

absence of warmwater barriers allowed the exchange of cetacean stocks
between hemispheres until about 15 000 Y ago.

Subsequent reestablishment

of the barrier probably has affected subspeciation.
Van Valen (1968):

the Cetacea arose from a primitive member of the

archaic condylarth ungulate group Mesonychidae in the Mid-Late Paleocene.
The "single" protocetid genus Protocetus-Pappocetus indicates that there
was not much diversity amongst whales until the late Mid Eocene.

The

teeth and food of recent seals are convergent with those of some of the
later archaeocetes and squalodonts, and archaeocetes may have used both
the normal method of catching large prey and filter feeding to catch
small prey.

The ages of the known archaeocetes and the earliest-known

mysticetes and odontocetes suggest that the early evolution of whales
was geologically rapid.

While basilosaurids and dorudontids could not

have given rise to any Recent whale, protocetids could have.
Irving (1969):

global climates and the extent of oceans were

"drastically modified" during the Quaternary.

Consequently, the whales

and seals which had lived through the "mild" Tertiary had to adapt to
new temperature conditions.
Mchedlidze (1970):

Cetacea were established by the Early Eocene.

A creodont ancestry is unlikely, as this group originated in the Late
Cretaceous-Early Paleocene, at which time early archaeocetes already
were adapted well to aquatic environments.

A direct relationship of

Hesonychidae and Cetacea is unlikely, as archaeocetes already had
undergone considerable ecological expansion by the Early Eocene.

The

time from the Mid Paleocene to Early Eocene is far too small for such
a profound change as land animal to cetacean to have been accomplished.
Kellogg's hypothesis, that origins lie with an older group which gave
rise to insectivores, carnivores, and cetaceans, is most likely.
Perhaps the earliest cetaceans inhabited fluviatile environments where
they became completely aquatic, but these stages of evolution are not
recorded because these environments are preserved rarely.

Africa may
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have been a source area, and the Tethyan distribution of early
archaeocetes reflects this.

Perhaps the transition from freshwater to

marine life in early forms was promoted by the gradual incorporation of
Central African freshwater environments into the slowly-expanding Tethys
sea.

In the Mid Eocene, archaeocetes were limited to the Tethys, and in

the Late Eocene (a time of wide dispersal) to the Atlantic and Indian
Oceans.

In the Oligocene, Cetacea became restricted approximately to

the Tethys.

Remains of Oligocene Cetacea are known from only Ukraine,

Caucasus, and Austria.

The "patriocete" whales recorded here are

archaeocetes more or less intermediate between earlier archaeocetes and
mysticetes.

Cetotheres evolved during the Oligocene, and were localised

predominantly in the Tethys.

They underwent radiation and ecological

expansion during the Neogene.
Marcuzzi & Pilleri (1971):

the Order Cetacea is composed of groups

(families, genera, species) of "extremely recent origin, generally
Holocene".

Speciation during the last 20000 Y has been extremely rapid.

It is presumed logically that distribution patterns of modern Cetacea
depend.on ecological conditions, rather than the morphology of land and
sea immersed in the past.

During the Early and Mid Miocene there was a

shift of cetacean fauna (e.g. platanistids, ziphiids, hoplocetine
physeterids, eurhinodelphinids) from "South to North America".
Presumably a radiation occurred in Europe at the same time.

The Pacific

was depauperate for all of the Tertiary, and was not colonised until
fairly recently.

Migration took place from the Atlantic to the Pacific

during the postglacial, at a time when the temperature of the Bering Sea
was considerably higher than it is today.
as a filter bridge, sensu Simpson.

Perhaps the Bering Sea acted

Glacial conditions led to movement

across the Equator and hence to speciation.
onwards probably was very rapid.

Evolution from the Pliocene

The deteriorating climate led to a

decrease in the number of taxa after the Early Pliocene, as many forms
probably lacked the capacity to thermoregulate.

Irving commented that

the Cetacea of the temperate Tertiary which adapted to the sudden
Pleistocene climate change probably found life best suited to their
plankton diet in the polar icecap.
Orr & Faulhaber (1975):

cetacean diversity in the world Oligocene

is strikingly low, as compared with the Eocene and Miocene.

The

distribution and numbers of extant Cetacea correspond closely with that
of marine plankton, and a similar situation can be demonstrated for the
Oligocene.

Lipps showed that diminished diversity of different marine

plankton occurred during the Oligocene.

Cool periods led to the
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establishment of vertical and lateral biological thermal barriers in
the oceans.

These resulted in biological isolation and subsequent high

plankton diversity.

Warm periods are characterised by thermally

homogeneous, mbced oceans with low diversity.

Drops in plankton and

cetacean diversity during the Oligocene may correlate with temperature
increases at that time.
Gaskin (1976):
theridian origin.

the monophyletic Cetacea probably had a deltaAncestral forms may have been mud-grubbers which

radiated into niches which had been vacated by marine reptiles at the
end of the Cretaceous.

Perhaps the earliest forms appeared before the

Late Cretaceous reptile extinctions.

Ancestral Cetacea were present

probably in the Western Tethys during the Paleocene.
was rapid and localised, so records are sparse.

Early evolution

The first odontocetes

(e.g. Agorophius) appeared in the Late Eocene, and odontocete families
became established in the Early Oligocene.
abundant until the later Mid Miocene.
Early Oligocene.
Cetacea.

Odontocetes were not

Mysticetes appeared during the

The Tethys was important in the distribution of early

Dorudontids probably were the most widely dispersed

archaeocetes, and their specialised features probably allowed
colonisation of relatively cool waters that zeuglodonts could not
utilise.

Zeuglodonts became extinct during the Early Oligocene,

dorudontids became less abundant, and squalodonts and mysticetes became
established.

Global temperatures dropped at this time.

Cetacean

fossils are not common during the Oligocene, which was a time of
retrenchment, and this may reflect the inability of typical Late Eocene
forms to deal with cool conditions.

A great variety of new forms

appeared in the Miocene, and later Miocene forms colonised relatively
warm waters.

Pleistocene climate changes had little influence on

tropical forms, which still persist today as relict Tethyan (IndoPacific) forms.

Amongst other Cetacea, antitropical distributions

became established.
Lipps & Mitchell (1976):

Cetacea appeared first in the Early

Eocene, and probably arose from a land mammal stock.

The lack of

transitional forms could reflect selective preservation or rapid
evolution.

Cetacea diversified in the Late Eocene.

appears to have been a time of lower diversity.

The Oligocene

Mysticetes and

odontocetes appeared abruptly and fully developed during the Oligocene,
and radiated during the Miocene.
appeared.

In the Miocene also, pinnipeds

Mysticetes, odontocetes, and pinnipeds are linked with high-

productivity upwelling regions, so their radiations and declines
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probably were responses to changing trophic resources which, in turn,
relate to upwelling and climatic-tectonic events.

Upwelling reflects

the presence of lateral thermal gradients and, apparently, the decrease
in upwelling in the Paleocene and Oligocene could reflect times of
decreased thermal gradients (e.g. warm high latitudes and/or cool
equatorial latitudes).

Lessened upwelling probably resulted in

decreased productivity and a drop in marine mammal diversity.
Barnes (1977):

a temporal analysis of the diversity of Northeast

Pacific Cetacea indicates that the Mid Miocene to Pliocene was the time
of greatest diversity, and that the Late Oligocene to Mid Miocene and
Pleistocene were the times of lowest diversity.

It is uncertain why

some assemblages, particularly those of the Oligocene, are so
depauperate.

There was probably a lack of extensive migration by

Cetacea into the North Pacific during the Oligocene.

Climate today

is. thought to affect species diversity by, for example, antitropical
effects.

At present, temperate cetacean faunas are the most diverse.

The relationships between climate fluctuations and cetacean diversity
are uncertain.

Climates were temperate during the Mid Miocene and

Pliocene, times of relatively high diversity.

Contradictions to the

notion of high cetacean diversity in temperate times are seen in the·
Late Oligocene and Pliocene:

these may reflect low diversity or

unfavourable conditions for fossilisation.

The present knowledge of

cetacean systematics does not support the notion that peaks of marine
mammal diversity in the Tertiary correlate with primary productivity.
It is difficult to show these trends by analysis only at the family
level (as did Lipps & Mitchell).

While the Oligocene was a time of

apparent diversity decline, it was also the time of origin of the
modern suborders.

Although the record is poor, and there is little

diversity recorded, the Oligocene was not necessarily a time of
extinction.
Fordyce (1977a):

the earliest-known mysticetes (Mauicetu5 spp.)

occur in the New Zealand Mid Oligocene.

Mysticete evolution was

probably induced by plankton productivity changes associated with
the initiation of the Circum-Antarctic Current in the Mid Oligocene,
and New Zealand was a focal point for this evolution.
Whitmore & Sanders (1977):
were cosmopolitan.
waters.

Late Oligocene cetacean faunas

It is not known if they were restricted to coastal

During the Oligocene, the dietary contrast between mysticetes

and odontocetes was established.
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In summary, although the derivation of the archaeocetes from a
mesonychid stock is the most plausible notion in terms of anatomy
and serology, most authors consider the first Cetacea to be too
specialised to have arisen from such a stock in the relatively short
time between the later Paleocene and Early Eocene.

It has been proposed

that the absence of transitional forms is the result of a long pre-Mid
Eocene evolution in environments not favourable for the preservation of
such transitional fossils.

Northerq studies have suggested that the

Late Eocene was a time of radiation and dispersal of archaeocetes and,
apparently, the earliest odontocetes, and that the Oligocene was a time
of retrenchment.

The ,apparent reduced diversity of Oligocene Cetacea

has been linked with temperature increases or decreases, and changes in
trophic regimes, while other authors have considered Tertiary climates
to be relatively uniform.

Recently, it has been suggested that the

Oligocene was a critical time in cetacean evolution:

the time of origin

and early diversification of the odontocetes and mysticetes.

Only a few

authors have considered that the apparent diversity drop could reflect
preservation and sampling biases.

The apparently well-developed Miocene

fauna has led, in some cases, to the interpretation of the Miocene as a
crucial time of evolution, while it has been observed also that the
appearance of well developed "modern" forms at the start of the Miocene
suggests a complex but unrecorded Oligocene history.

Generally it is

acknowledged that Pleistocene climate changes influenced distribution
and led to speciation amongst modern Cetacea, but opinions vary as to
the taxonomic ranges affected by such changes.
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7.3. CHARACTERISTICS OF EXTANT CETACEA
ECOLOGICAL ADAPTATIONS
Generalisations about the adaptations of major taxonomic groups
are always open to the criticism that they rarely apply in all cases.
Particularly with Cetacea, it is uncertain what are the full adaptive
differences between the two extant suborders.

The differences in

adaptations mentioned below appear obvious, but further work may lead
to the discovery of others and to the modification of those presented
here.
Odontocetes and mysticetes differ most radically from each other
in the methods of feeding, and this is reflected in skull structure.
Mysticetes are croppers which feed on plankton.

All possess baleen,

which forms an efficient filter system by which food is strained from
the water, and none has teeth.

Some mysticetes are ichthyophagous,

some feed on krill, some feed on pteropods and amphipods, and probably
all are, to some extent, opportunistic.
types of feeding:

swallowing, skimming, or both.

nearshore, some offshore.
adaptations.

Nemoto (1970) recorded three
Some mysticetes feed

The body and skull reflect feeding

As noted in the introduction to the thesis, the long,

flat, wide rostral bones dominate the skull.

There is limited posterior

telescoping of rostral elements, and there is never abrupt elevation of
the front of the cranium, development of asymmetry, or the marked dorsoventral cranial deepening as is seen in odontocetes.
bu~cal

cavity are large.

The head and

Olfactory nerves often are present, and there

is no evidence that the ear is high-frequency adapted to the degree seen
in odontocetes (although high-frequency sounds may be produced 1 Beamish
& Mitchell 1971, 1973).

In general, the ear is adapted to low and very

low frequencies (Fleischer 1976a).
Odontocetes have been described by various authors as graspers
(Gaskin 1976), rather than strainers.

They are predators which feed

on individual, large organisms, in contrast to mysticetes which crop
small organisms.

Generally, fish and squid are taken, although many

forms are opportunistic.

Often, squid-feeders show reduction in tooth

number and/or emphasis of the anterior teeth.
baleen.

No odontocetes possess

Different rostral and cranial structure is seen.

The skull

differs from that of mysticetes in that the rostral elements are
telescoped markedly back over the steep, elevated, anterior of the
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cranium.

This is thought to be an adaptation to high-frequency sound

reception and transmission (echolocation) in odontocetes.

The external

nares appear to have developed as the sound-producing area.

These

features are associated with the development of skull asymmetry, the
melon, and the mesorostral canal (all involved as sound processors)
and the multilayered acoustic shield formed by the posterior rostral
and anterior cranial elements.
The

anteri~r

The shield acts as a sound reflector.

of the skull (sound generation area) is acoustically

decoupled from the posterior (sound reception areas).

The olfactory

nerves are reduced in early forms, and absent in later forms.
also is adapted for high-frequency reception.
airsacs which acoustically isolate it.

The ear

It is surrounded by

The mandibles may act in high-

frequency reception, and ear bone is also adapted for this.
is high-frequency and frequency-discrimination adapted.

The cochlea

High-frequency

sound is used both in sonar (food detection) and communication (intraspecific) in an environment where other forms of mammalian communication
are difficult or impossible.

Further discussion of these ideas has been

given by Fleischer 1976 (a, b, d), Gaskin 1976, Mead 1975a, and Norris
1968.
In summary, both mysticetes and odontocetes are adapted for acoustic
communication in an environment where other forms of communication
normally used intraspecifically by mammals would be relatively less
efficient.

The main characteristic of the microphagous mysticetes is

the presence of a baleen food-straining system.

Conversely, toothed

whales show more varied and opportunistic feeding patterns,
evolutionarily facilitated by the possession of high-frequency echolocation.
ZOOGEOGRAPHY

Theoretically, the study of zoogeography of modern Cetacea, and
comparison with known physical oceanography, might give insight into
the environmental factors which influence present cetacean distribution.
In turn, the study of changes in oceanographic factors throughout the
Tertiary might give insight into the influence of changing
paleoenvironments on the evolution of different cetacean groups.
Unfortunately, such a sequence of studies cannot be made easily, as
the zoogeography of modern Cetacea is known very poorly.

It is

appropriate to introduce the review of studies on cetacean zoogeography
with the comment by Valentine (1973 :355) that "Knowledge of the living
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biota is as yet too spotty to permit quantificatjon of the pat.terns of
species resemblance among all the world's marine provinces".
Few serious attempts have been made to discuss the zoogeography of
modern Cetacea.

Many articles which mention this topic appraise it

either very generally, e.g. Slijper's (1976:

107-115) outline of whale

distribution and Antarctic oceanography, or with reference only to one
small area, e.g. Gaskin's (1971) discussion of oceanographic features
and cetacean distribution around New Zealand.

Other articles refer

predominantly to the Southern Ocean, where oceanography and cetacean
distribution is known well.

Only a few studies, those of Davies (1963),

Gaskin (1976) and Marcuzzi & Pilleri (1971) have attempted to assemble
an outline of global cetacean zoogeography, and these are summarised
below.
The raw data for zoogeographic studies are taxonomic distribution
lists, such as those of Dechaseaux 1961, Hershkovitz 1966, Rice 1967,
Rice

.&

Scheffer 1968, Romer 1966, Simpson 1945, and Trofimov

1968.

&

Gromova

Some of these were compiled critically, while others are less

reliable.

Unusual distribution records tend to draw attention to

themselves, and some discussions of zoogeography may include quite
elaborate and often unsubstantiated hypotheses to explain such records.
Rarely are these records based on positive identifications but, where
this is the case, they are of great value, e.g. the records of Phocaena
dioptrica in the Southwest Pacific (Baker 1977) and.of Tasmacetus in .
Argentina (Mead & Payne 1975).

Other records have been accepted when

there is little or no evidence to substantiate them, e.g. that of the
"phocaenid" , Phocaenopsis mantelli Huxley, 1859a, from the "Quaternary"
of New Zealand (Rice 1967, Romer 1966, Simpson 1945, Walker 1964;
section 5.15) which actually is an Early Miocene indeterminate
odontocete, and that of Cephalorhynchus hectori (known to be endemic
to New Zealand; Morzer Bruyns & Baker 1973) but listed by Marcuzzi &
Pilleri (1971:
It

130) and others as also from Borneo.

is difficult to determine the distribution limits of modern

Cetacea because:
1.

Sightings, especially those of small odontocetes, often do not
allow accurate identification.

2.

Strandings are uncommon, and give an idea of distribution only
on ocean peripheries.

3.

Densities in terms of numbers of individuals per tens of square
kilometres are low even in feeding grounds where whales congregate
(MacKintosh 1966).
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Interpretation of known limits of Cetacea is hindered by incomplete
knowledge of ecology and habitats, especially of the small and rarer
odontocetes and mysticetes, and lack of knowledge of oceanographic
factors.

The distribution ecology of smaller Cetacea is probably known

less well than for almost any other animal group.

with these cautionary

statements in mind, some of the previous studies may be outlined.
Davies (1963) discussed the antitropical factor in cetacean
speciation, based on an analysis of modern cetacean zoogeography.
He observed that many Cetacea are distributed discontinuously between
the Northern and Southern Hemispheres, and speculated that the
equatorial warmwater zones influence this.

Cooling during the Pliocene

and Pleistocene probably reduced the extent of the equatorial zone, and
allowed movement between the hemispheres.

Davies recognised three main

distributional regions, Northern temperate, Southern temperate, and
Indo-Pacific, and recognised the following types of cetacean
distribution:
1.

Nonantitropical coldwater (North pole), e.g. Delphinapterus.

2.

Tropical, e.g. platanistids.

3.

Tropical-temperate relatively cosmopolitan, e.g. Ziphius.

4.

Temperate, one hemisphere, e.g. Caperea.

5.

Antitropical coldwater:

many genera with closely related species

groups or subpopulations either side of equatorial waters, e.g.
Mesoplodon.
He noted also that many stocks must have been separated for only a short
time, and that some closely related forms have discontinuous
distributions.

Some monotypic genera are restricted by few barriers.

All species of Balaenoptera are sympatric, and anti tropical effects may
have led to speciation in this genus.
Marcuzzi & Pilleri (1971), in contrast to Davies, presented a
disappointing assessment of cetacean zoogeography which, surprisingly,
ignored Davies's paper.

They stated that families, genera, and species

of extant Cetacea had a Holocene origin, and dismissed the influence of
past land and sea patterns in modern cetacean zoogeography.

According

to them, many Cetacea are monophagous and stenophagous, and many are
limited also by ecological (physical environmental) factors, rather than
biogeographic characteristics.

It is difficult to understand, however,

how they could divorce consideration of past biogeography from a
consideration of modern distributional ecology.

The different types of

regional distribution pattern recognised include many synonymous with
those listed by Davies, although they are named or subdivided
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differently.

They were not substantiated adequately as real patterns

to be worthy of citation here.
ecological groups:

Marcuzzi & Pilleri recognised five

cosmopolitan, polar, cold stenothermal nonpolar,

warm stenothermal, and temperate stenothermal.

~ley

concurred with

Davies in the observation that evolution had been rapid over the last
20000 y, but stated also that some populations (e.g. those of the
North Atlantic and North Pacific) had been separate only 6 000 y.
Like Davies, Gaskin (1976) presented a brief, cautious (and hence,
credible) summary of modern cetacean zoogeography, more soundly based
than that of Marcuzzi & Pilleri.

He observed that Pleistocene climate

changes probably had little influence on tropical forms and, accordingly,
the faunas of the Indo-Pacific could be regarded as relict Tethyan.

He

recognised also a Tethyan-Atlantic fringe distribution, in tropical and
subtropical South America.
forms are monotypic.

Amongst modern faunas, most cosmopolitan

Some possibly may form regional populations, but

there is little evidence of sUbspeciation.

Antitropical distribution

patterns may reflect the sporadic elimination of tropical barriers in
the Pliocene and Pleistocene.

Different distribution patterns noted

were antitropical, polar, cosmopolitan, relict southern, and relict
northern.
Barnes (1977) briefly summarised modern cetacean species diversity
(based on Hershkovitz 1966) in terms of number of species in a given
latitudinal belt.

He cited c. 28 species in polar regions, c. 55

species in temperate waters, and c. 48 species in the tropics.
Accordingly, it could be generalised that Recent cetacean diversity is
highest in temperate regions.
MYSTICETE DISTRIBUTION IN THE SOUTHERN OCEANS
The distribution of mysticetes in relation to food supply is
understood relatively better than is that of odontocetes.

Perhaps

ecological partitioning in odontocete distribution may reflect the
interplay of many more factors than for mysticetes, so that it is
much less certain what the influence of anyone factor is.

The

distribution of mysticetes in Southern circumpolar waters is known well,
and discussed in a wide range of articles (e.g. Gaskin 1976, Laws 1977,
MacKintosh 1946, 1965, 1966, 1970, Mauchline & Fisher 1969, Nemoto 1959,
1970, Slijper 1962).

This provides the only well-documented example of

the influence of oceanographic and biological conditions on whale
distribution.

But, before mysticete distribution is summarised., it is

relevant to insert comments on circumpolar oceanography and on upwelling
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and productivity.
Modern Circumpolar circulation and Southern Ocean characteristics
Modern Circum-Antarctic circulation is dominated by the CircumAntarctic Current.

The simplicity of this large current reflects the

fact that the Antarctic continent is roughly circular, and is surrounded
by continuous water (Deacon 1963).
are present.

No major topographic

obstructions

The Circum-Antarctic Current is strong and erosive.

It

exerts a great influence on all modern current systems, especially
those of the Southern Hemisphere, and influences mixing of water in all
oceans (Kennett 1977, Kennett et ale 1975).

The Antarctic continent is

glaciated, and an icecap covers almost all the land.
level ice shelf also is present.

An extensive sea-

The glacial conditions affect Southern

Ocean current conditions (Deacon 1963:

Fig. 1, Valentine 1973:

Fig. 4-18) and lead to marked latitudinal variation in current patterns.
Cool but relatively dilute Antarctic Surface Water (the Antarctic
Surface Current) flows north from the iceshelves towards the relatively
stationary Antarctic Convergence, where it sinks below the surface and
continues northwards as the Antarctic Intermediate Current.

The

Antarctic Convergence is the region where cool Antarctic and relatively
warmer Subantarctic waters meet.

According to Kennett (1977) this marks

. the position of change from siliceous sedimentation (in the south) to
calcareous sedimentation (north).

It is a nutrient-rich area

characterised by high productivity.
The Subantarctic region is a zone of relatively well mixed waters.
Surface water tends to move north, subsurface water, south.

Further

north, another sudden temperature increase occurs when Subantarctic
waters meet south-flowing, warm, subtropical waters at the variablypositioned Subtropical Convergence.

Generally, this is located furthest

south at the western side of a continent.
Antarctic Bottom Water is formed at places around Antarctica.
Relatively undiluted water is cooled, and sinks down the continental
shelf to radiate out northward as the Antarctic Bottom Current, and
reaches into the Northern Hemisphere in the Pacific, Indian, and
Atlantic Oceans.

This constitutes the psychrosphere, the dominant

global deep water (Kennett & Shackleton 1976).
The water which heads away from Antarctica as the Antarctic Surface
and Bottom Currents is replaced by south-flowing warm, deep water,
sandwiched between these two layers.
latitude waters (Deacon 1963).

It is derived from low and mid

Further observations on these present
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current systems were presented in, e.g., Holdgate (1970) and Llano
(1977).
Upwelling and productivity
Upwellings are areas of rising water, for example, at divergences,
where currents flow away from each other or away from the land where
th~y are influenced by offshore winds.

Upwelling areas are productive,

as relatively nutrient-rich and biologically little-exploited waters
are brought to the surface (into the photic zone) from moderate depths.
Such areas are common along the west coasts of continents, at the eastern
boundaries of the oceans (Valentine 1973).
Ryther (1969) assessed marine productivity in general terms.

He

observed that the highest primary productivity occurs in shallow coastal
waters, but that offshore upwelling areas also are important in terms of
productivity.

Although upwelling areas constitute only a fraction of a

per cent of the area of the global ocean, they are very productive:
about 0.1% of the oceans produces about half of the world's fish.

Food

chains in upwell areas are short, as the phytoplankton here are large
and support proportionateiy larger (and hence fewer) consumers.

The

two-step food chain of the Southern Oceans, Fragilariopsis antarctica
Euphausia superba

~

~

Balaenoptera physalus, is known well (e.g. Duhbar

1968, Harrison & King 1965, MacKintosh 1965).

Elsewhere, in non-

upwelling areas, surface seawater is depleted in the limited vital
nutrients, nitrate and phosphate, used in photosynthesis, whereas the
abundance of these nutrients in upwelled waters assures greater plankton
growth (Tappan 1968).

So, not only are foodchains shorter, but

biomasses are greater.
The productivity of upwelling areas varies seasonally.

Upwelling

is marked around Antarctica for only about half the year, and is patchy
in distribution.

Even so, the Antarctic is more productive than the

Arctic (Dunbar 1968) because of the more marked water activity and
correspondingly higher upwelling.

Mysticete distribution and Circum-Antarctic oceanography
Upwelling occurs in many discontinuous areas around Antarctica,
and, as noted, these areas are characterised by high productivity and
short foodchains.

Associated with the upwelling areas are high

concentrations of zooplankton, of which Euphausia superba (krill) is
best known.

Krill distribution also is patchy, and krill concentrations

tend to move south over summer.

Krill forms one of the most important
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food organisms for baleen whales, particularly so for the blue, fin,
and humpback whales (Balaenoptera musculus, B. physalus, and Megaptera
novaeangliae, respectively).

The Sei whale (B. borealis), on the other

hand, is less dependent on krill, and feeds more on amphipods.

The

baleen whales which inhabit the Antarctic are seasonal feeders, and
obtain most of their nourishment for the year in southern waters during
the summer.

Although the different species are sympatric, competition

for krill exploitation is reduced by staggered migration into and out of
Antarctic waters, and staggered movements of different age-classes
(which have different food-size requirements) of different species.
The two-step foodchain, phytoplankton + krill + whales, where
whales are the terminal predators, is one of the shortest in the global
oceans.

The enormous numbers of baleen whales which once occurred in

Circum-Antarctic waters attests to the productivity of this region.
The relationship of the whales to food resources and, indirectly, to
the high productivity Antarctic waters was illustrated dramatically by
MacKintosh (1965:

Figs 5, 6), who indicated an obvious correlation of

euphausid-wha1e distribution.

Odontocetes, in contrast to mysticetes;

appear tp exploit the waters south of the Antarctic Convergence
relatively little (Nishiwaki 1977, Ohsumi et ale 1977).
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7.4. PALEOGEOGRAPHY AND PALEOCLIMATES
INTRODUCTION:

CONTINENTAL MOVEMENTS

For many years it was accepted that the relative positions of the
continents and oceans had been fixed, but now it is accepted widely that
continental drift has occurred.

This is explained by plate tectonics:

continental positions are affected by the global movements of the
lithospheric plates on which the continents lie, and a wide range of
evidence has been assembled to support this (see any recent issue of the
Geological Society of America Bibliography and Index).

of earth history need be mentioned only briefly.

General aspects

A single continental

mass, Pangea, covered much of the globe during the Paleozoic and early
Mesozoic.

Later in the Mesozoic, it split to form the northern Laurasia

and southern Gondwanaland, which were separated by a more or less
equatorial sea, the Tethys.
the Pacific.

Laurasia and Gondwanaland were bounded by

Subsequently, Laurasia fragmented when North America split

from Eurasia.

South of the Tethys, South America, Africa, India,

Australia, New Zealand, and Antarctica fragmented between the later
Mesozoic and the Mid Tertiary.

India moved. north to contact Laurasia,

while the other Gondwana continents remained in the south.

The breakup

of Laurasia and Gondwanaland, and the formation of oceans apart from the
Pacific, was more or less a Cenozoic event.
Useful general guides to these events were given by Frakes & Kemp
(1973), Tarling & Runcorn (1973), Valentine (1973) and J.T. Wilson
(1973).

Berggren & Hollister (1974) presented a thorough summary of

northern changes, while Kennett et ale (1975) and Rich (1975) outlined
events for the Southern Hemisphere.

More detailed references will be

given later as this becomes necessary.

Only certain specific plate

tectonic events which triggered paleoenvironmental changes that in turn
are reflected in bursts of cetacean evolution are of special interest,
as will be seen later.

A SUMMARY OF CENOZOIC PALEOGEOGRAPHY AND PALEOCLIMATES
WITH SPECIAL REFERENCE TO THE SOUTHERN HEMISPHERE
The history of Antarctica and its surrounding seas throughout the
Cenozoic is critical in the interpretation of the evolution of Cetacea.
Antarctica has been polar for all of the Cenozoic, although it was not
glaciated initially (Kennett 1977).

Formerly, Antarctica, Australia,
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and New Zealand all were joined together.

New Zealand separated

from Antarctica-Australia and moved northwards some time in the
Mid Cretaceous to Paleocene (Edwards 1975b, Kennett et ale 1975).
In the Late Eocene, global climates were warm and, according to Burns
(1977), the Southwest Pacific was relatively nutrient-rich.

Antarctic

glaciation was restricted, AntarctiQ bottom water circulation had not
developed, but inter-ocean circulation was well developed (Kennett
1977).

At this stage, there was only a shallow-water marine connection

between Australia and Antarctica (Burns 1975, Kennett et ale 1975).
Important paleoenvironmental changes occurred in the latest Eoceneearliest Oligocene.

This was the time of initiation of major glaciation

in Antarctica, and probably the time of development of Antarctic sea-ice
(Barker & Burrell 1978, Kennett et ale 1975).

A marked temperature drop

occurred (Kennett & Shackleton 1976), which became more pronounced early
in the Oligocene and affected much of the world (Berggren & Hollister
1974, Jenkins 1974a, Kennett 1977, Savin et ale 1975).

Only a few areas

(e.g. Northwest Europe; Berggren & Hollister 1974) show evidence of
Early Oligocene warmth.
A number of other events were associated with the temperature
change.

Temperatures changed probably diachronous1y from south to north

(Kennett & Shackleton 1976).

The bottom-water circulation pattern, the

psychrosphere, was initiated (Kennett et ale 1975) which led to
invigoration of meridional circulation (Barker & Burrell 1978).

Kennett

(1977) noted that the major climate change led to the psychrosphere
development, and, in turn, increased water activity, increased turnover
of nutrient-rich waters, and increased change of faunas.

The changed

biological activity as a result of increased ocean turnover led to
increased carbonate sedimentation during the Oligocene (Kennett &
Shackleton 1976).

The effects of these temperature, circulation, and

productivity changes have been related, for example, to a drop in
planktonic foraminiferal diversity (Berggren & Hollister 1974, Jenkins
1973, 1974a, Kennett & Shackleton 1976).
It is thought that the development of Antarctic bottom water
circulation markedly affected Southern Ocean and, in fact, global
current systems during the earlier Oligocene, before the development
of the Circum-Antarctic Current (Kennett 1977).

Apparent current-

induced deepsea erosion at this time has been recorded.

For example, a

strong north-flowing current was present in the Tasman Sea in Early and
probably Mid Oligocene times (Edwards 1975a, Kennett et ale 1975,
Kennett 1977).
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The initiation of the Circum-Antarctic Current sometime later
in the Oligocene lessened the effects of currents such as the Tasman
Current, and led to further profound biological changes.

There is

considerable debate about the time of initiation of the Circum-Antarctic
Current.

For example, interpretation of sedimentological changes (some

of the widespread Oligocene unconformities of the southwest Pacific)
and faunal changes have resulted in estimates ranging from later Early
Oligocene to early Late Oligocene for the establishment of circumpolar
flow (e.g. Burns 1977, Carter & Landis 1972, Edwards 1973, Hayes
& Frakes 1975, Jenkins 1974b, Kennett et ale 1975, Kennett 1977).

Kennett (1977) stated that the Circum-Antarctic Current was well
developed by the Late Oligocene.

However, there are still some

differences of opinion on the positions and timing of movements of
the landmasses which initially must have formed a barrier to circumpolar
circulation.

There are two important areas to consider:

the Drake

Passage, between Antarctica and South America, and the South Tasman Sea,
between Southwest Australia-Tasmania and Antarctica.

It is known that

Australia and Antarctica started to separate in the Late Eocene, and at
that stage a shallow marine connection had developed between them.
The barrier between them which, at this stage (according to Kennett
et ale 1975) was the only barrier to Circum-Antarctic flow, was not
great enough to allow development of the Circum-Antarctic Current.
Kennett et ale stated that the Drake Passage opened probably before
the Australia-Antarctica gap developed.

Later, Kennett (1977) stated

that the Circum-Antarctic Current was well-developed in Mid-Late
Oligocene times, by which stage the Drake Passage was open.

These

observations conflict with those of Barker & Burrell (1977, 1978), who
contended that, although the Drake Passage started to open in the Mid
Oligocene, it was not until the time of the Oligocene-Miocene boundary
that the final barrier to the establishment of the Circum-Antarctit
Currant waR lost.
There is widespread agreement that the Early Miocene also was a
time of changing marine environments.

It seems as though the Early

Miocene heralded modern circulation patterns.

Kennett et ale (1975)

considered that the development of the Antarctic Convergence and
concomitant productivity changes occurred then, some time after the
development of the Circum-Antarctic Current.

Savin et ale (1975)

stated that this was the time of divergence: of global surface and
bottom water masses.

The development of polar to tropical surface

water masses resulted in the establishment of steep lateral temperature

· 598
gradients which had permanent effects on the biogeography of plankton
(Kennett 1977).

Also at this time occurred paleogeographic changes

which affected marine and terrestrial biotas for the rest of the
Cenozoic:

the closure of the Mid Tethys as a result of the junction of

. Asia and Africa led to the separation of Atlantic and Indo-Pacific
marine faunas (Berggren & Hollister 1974).
By the Mid Miocene, global circulation was strong, and there was a
marked contrast between the North and South.

In the Northern Hemisphere,

mixing of warm and cool (high-latitude) waters led to moderation of
latitudinal temperature effects and the establishment of gradual thermal
gradients.

In the South, the absence of interfering landmasses resulted

in little mixing of waters across the Circum-Antarctic Current, and more
abrupt latitudinal thermal gradients from the Pole to tropics (Savin
et ale 1975).

In Antarctica, the continental icecap was well developed

(Kennett & Shackleton 1976) and undoubtedly this correlated with
widespread (but diachronous?) temperature drops from the Mid Miocene
onwards (Jenkins 1974a, Kennett 1977, Savin et ale 1975).

In the Late

Miocene, there occu~red a major glacial push in Antarctica (Hayes &
Frakes 1975, Kennett 1977), and probably this is related to a widespread
Late Miocene regression.
During the Early Pliocene, uplift of the Panama Isthmus between
North and South America prevented biotic interchange between the
Atlantic and Pacific (Berggren & Hollister 1974) and this, together
with the African-Asian barrier between the Indian and Atlantic Oceans,
and the Indonesian barrier between the Indian and Pacific Oceans
(Kennett 1977) must have had profound biogeographical effects.

In about

the Late Pliocene, Arctic glaciation was established, and also from
about this time Antarctic bottom water circulation and upwelling also
increased (Berggren & Hollister 1974, Kennett 1977) •. Plio-Pleistocene
polar cooling may have affected global waters to the extent that warm
equatorial waters were reduced greatly in extent, and may not have
functioned as barriers to interchange of cool-temperate faunas between
the Northern and Southern Hemispheres (Davies 1963).
glaciations and reestablishment of

equato~ial

The lessening of

circulation patterns

characterises the modern oceans.
Further details of all these events may be found in all the
articles mentioned above, but probably the most useful guide to the
topic is that of Kennett (1977).
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TERTIARY PALEOTEMPERATURES WITH SPECIAL REFERENCE
TO THE NEW ZEALAND REGION
In view of the fact that New Zealand has a good stratigraphic
column for the Cenozoic, it is not surprising that the New Zealand
Cenozoic climate also is known better than for many other areas.
Most of the paleoclimate data relevant to the present discussion of
cetacean evolution were summarised by Hornibrook (1971), whose review
of the New Zealand Tertiary climate provides a useful framework for
comparisons with other areas.

Later studies, at least of the Paleogene,

have confirmed the trends noted by Hornibrook.

Characteristics of the

New Zealand climate are thought to have been as follow:

Paleocene,

warm temperate to subtropical; Eocene, subtropical, with abrupt
cooling in latest Eocene; Oligocene, cool temperate to warm temperate;
Miocene, warm temperate to tropical, then decline; Pliocene, cool
temperate to cold.

Support for these observations comes from a variety

of sources, while a few articles indicate climates unlike those proposed
for New Zealand or other Southern Hemisphere regions.
The Paleocene was warm in both the Northern and Southern
Hemispheres (Frakes & Kemp 1973, Hayes & Frakes 1975).

Warm conditions

continued through into about the Mid Eocene (Addicott 1969, Berggren &
Hollister 1974, Frakes & Kemp 1973, Kennett 1977).

Durham (1950)

described the Northeast Pacific Eocene climate as tropical.
Paleoisotopic measurements from the Campbell Plateau suggest a
gradual cooling there later in the Eocene (Shackleton & Kennett 1975),
and there is a widespread opinion that there was marked cooling,
particularly in the Southern Hemisphere, in the latest Eocene, at or
near the Eocene-Oligocene boundary (Berggren & Hollister 1974, Frakes
& Kemp 1973, Jenkins 1974a, Kennett 1977, Kennett et ai. 1975, Kennett
& Shackleton 1976, Savin et ai. 1975).

However, Durham (1950) described

the Eocene-Oligocene of tHe Northeast Pacific as tropical to warm
temperate. Temperatures continued to drop, and the Early Oligocene
appears to have been quite cold, perhaps colder than at any other time
during the Tertiary, in both the Southern Hemisphere and the North
Pacific (Addicott 1969, Berggren & Hollister 1974, Kennett 1977, Savin
et ai. 1975, Shackleton

&

Kennett 1975).

localised warm conditions in the north.

There is some evidence 0.£
Durham (1950) described the

Early Oligocene North Pacific as "subtropical" (cf. Addicott 1969).
Berggren & Hollister (1974:

161, 176) mentioned that some fossils in

Northern Europe and North America indicate warm to subtropical
conditions.
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Temperatures rose slightly in the later Oligocene, and Early
Miocene warming has been noted by a number of authors (e.g. Berggren
&

HolUster 1974, Kennett 1977, Savin et al. 1975).

Addicott (1969)

observed that, in the Early Miocene, there was a sharp reversal
(to warm conditions) of the general Tertiary cooling trend.

Durham

(1950) recorded cooling in some places in the Northeast Pacific, and
Hayes & Frakes (1975) noted this in the Southern Oceans.
In the Mid Miocene, cooling was initiated again (Kennett 1977).
Savin et al. (1975) considered that, at this time, high and low
!

latitude temperatures diverged in nature, and that polar temperatures
remained low thereafter.

They noted also that by this time, surface

and bottom-water temperatures had diverged.

Most authors consider

that cooling continued on during the later Neogene into the Pleistocene
(Addicott 1969, Berggren & Hollister 1974, Savin et al. 1975) despite
Beu's contention (1974) that the Late Miocene and Mid Pliocene were
times of warmth in New Zealand.
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7.5. CETACEAN EVOLUTION
CETACEAN HISTORY BEFORE THE LATE EOCENE:

THE ORIGINS

AND EARLY EVOLUTION OF ARCHAEOCETES
ORIGINS
Four genera of the Mid Eocene archaeocete family Protocetidae
compris~

the earliest-known Cetacea.

An older (Early Eocene) specimen,

which was described as the first of the Cetacea (Anglocetus Tarlo, 1964)
has proven subsequently not to be cetacean.

The

well~differentiated

Mid Eocene genera are Eocetus Fraas, 1904 (Egypt), Indocetus Sahni &
Mishra, 1975 (India), Pappocetus Andrews, 1920 (Nigeria), and Protocetus
Fraas, 1904 (Southeastern North America?, Egypt, India).

Another Mid

Eocene genus, Andrewsiphius Sahni & Mishra, 1975 (India), was described,
on the basis of its long mandibular symphysis, as a member of the
Agorophiidae (Odontoceti) but, even if it is generically distinct from
other archaeocetes, its odontocete affinities have not been demonstrated
adequately.

The known distribution of the protocetid genera is Tethyan

(e.g. Halstead & Middleton 1974, Kellogg 1936, Reyment 1965, Sahni &
Mishra 1972, 1975, Satsangi & Mukhopadyay 1975).
Although derivation of archaeocetes from an ungulate stock was
not favoured by Kellogg (1936) and others, arguments for the ungulate
affinities of Cetacea have been advanced by Boyden & Gemeroy (1950) and
Van Valen (1966, 1968), and now are accepted widely (but cf. Mchedlidze
1970).

Van Valen proposed that the first Cetacea, the protocetids,

arose from an archaic ungulate family, the Mesonychidae, or a closely
related stock.

He substantiated this notion in a discussion of tooth

and skull morphology, and subsequently it received support as the result
of a hrief study on protocetids (Sahni & Mishra 1975).
A few points which have been made about the origins of the
archaeocetes from the mesonychids are worthy of further discussion.
In Early and Mid Eocene times, the Tethys Sea, around which the first
Cetacea have been found, was a high- to mid-latitude ocean which
stretched continuously westwards from the Pacific to the North Atlantic,
and separated the northern continent of Eurasia from India and Africa in
the south (e.g. Berggren
1973:

Fig. 4).

&

Hollis.ter 1974:

Figs 16, 17, Frakes

It is not certain if the circum-Tethyan region

consisted of continuous shallow shelves or if shelf areas were
interrupted by deep oceans.

The Mesonychidae, the most propable

&

Kemp
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protocetid ancestors, existed from the Mid Paleocene to Early Oligocene.
Szalay & Gould (1966) observed that they showed a wide range of feeding
adaptations, and were Ho1arctic in distribution (North America, Europe,
Asia).

Major phyletic advances may have taken place in Asia.

So, the

Mesonychidae inhabited the lands which bordered the northern Tethys.
The main objections to the origin of Cetacea from a PaleoceneEocene stock, such as the Mesonychidae, have resulted from the
interpretation of cetacean evolution in terms of phyletic gradualism.
The latter concept has for years dominated paleontological discussion of
evolution, and it is only recently that Eldredge & Gould (1972) have
stressed an alternative interpretation of evolution:
saltation, or punctuated equilibria.

that of phyletic

Their hypothesis proposes that

new species arise rapidly as a result of the splitting of lineages,
small subpopulations of ancestral forms give rise to new species, and
that new species originate in isolated areas on the periphery of the
ancestral range.

These statements entail two important consequences:

in any local sequence containing the ancestral species, the fossil
record of the descendent will be separated by a sharp break between the
two forms, and that the many real breaks in the fossil record express
the way that evolution occurs.

As might be expected, there has been

considerable opposition to these and other observations (e.g. Harper
1975, Hecht 1974) but, in spite of the opposition of some to the concept
of phyletic saltation, I consider that it provides a useful alternative
on which to analyse early cetacean evolution.
Phylogenetic gradualism has been a dominant feature in the
interpretation of cetacean evolution at and below the ordinal level.
Examples abound, but I shall give only two.

Kellogg (1936:

343) stated

" ... the evidence seems to point toward the concept that the
archaeocetes are related to if not descended from some primitive
insectivore-creodont stock, but that they branched off from that stock
before the several orders of mammals that reached the flood tide of
their evolutionary advance during the Cenozoic era were sufficiently
differentiated to be recognised as such .•• ".

Mchedlidze (1970)

considered the direct relationship of Mesonychidae and Cetacea unlikely,
as the archaeocetes "already" had undergone considerable ecological
radiation by the Early Eocene.

He regarded the time from the Mid

Paleocene to the Early Eocene as far too small for such profound changes
involved in the transition from land animal to cetacean to have been
accomplished.
To integrate some of the discussion so far, phyletic saltation
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emphasises the rapidity with which evolution can occur.

The skull 'and

tooth morphology of protocetids, although compared only briefly with
that of mesonychids, indicates close affinities (Sahni & Mishra 1975,
Van Valen 1966, 1968;cf. Fraas 1904 with Szalay & Gould 1966).

The

initial appearance of archaeocetes in Tethyan localities in early ,Mid
Eocene times is compatible with their origin from ,the Mid Paleocene to
Early Oligocene mesonychids which had a Boreal distribution.

Even ,in

terms of phyletic gradualism, the 10 to 12 M.y. between the initial
appearances of the mesonychids and protocetids is long enough to allow
derivation of the latter from the former, and, in terms of phyletic
saltation, a later Paleocene or Early Eocene branching of Mesonychiaae
lineages would be quite reasonable.

Further evidence of probable rapid

evolution in Cetacea will be presented later in discussion of mysticete
and odontocete origins.
ECOLOGICAL AND MORPHOLoGICAL ADAPTATIONS IN EARLY ARCHAEOCETES
i,

Knowledge of the mqrphological stages of the transition from

mesonychids to protocetids would be informative as regards rates of
change, but truly intermediate forms are not known.

If evolution is

interpreted in terms of phyletic saltation, it could be concluded that
such, forms may never be found.

The protocetids, the most primitive

archaeocetes, already show predominantly cetacean features, and only
traces of mesonychid ancestry may be seen in what appear to have been
then relatively conservative elements, such as teeth.

A primary factor

which influenced the transition from land to water must have been£ood,
and feeding.

In the Mesonychidae, a range of different feeding

adaptations is known (Szalay & Gould 1966:

Table 9) and it is likely

that the radiation of the potential cet,acean stock from one of these
types was

linked.wi~h

the exploitation of shallow marine niches which

were vacated by many of the large marine reptiles which became extinct
at" the end of the Cretaceous, some 15-20 M.y. before the Cetacea
'I

appeared.

There is no good evidence to suggest that the initial

cetacean radiation took place in a freshwater environment, and the,
transition may have involved,a stage of opportunistic omnivorouscarnivorous feeding in estuarine and shallow marine situations.
Szalay

&

Gould have indicated that ecological partitioning within the,

Mesonychidae involved different feeding strategies, and it is reasonable
to suggest that one involved the exploitation of shallow marine food
sources.

From there it would have been only a small step to adapt to a

more offshore environment.
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Sudden adaptation of all body systems to the marine environment
did not occur.

Archaeocetes exhibit adaptations both to terrestrial

and aquatic environments.

The latter are well known, and include

elongation of the rostrum (associated with an active squid- or fisheating habit, in which the jaws functioned as forceps), progressive
elongation of the mandibular symphysis (especially in the protocetid?

Andrewsiphius), the presence of a typical cetacean tympanoperiotic
which probably was coupled acoustically with water, flattened forelimbs,
reduced or externally absent hindlimbs, and elongated, dorsoventrally
flexible lumbar and caudal vertebrae (e.g. Kellogg 1928, 1936).
However, some of these systems (e.g. skull and forelimbs) are not as
specialised as those of the extant whales.
I consider that one important character which reflects a
terrestrial heritage and, probably, continued but limited terrestrial
habits, is the apparently well developed olfactory system.

This is

reduced in mysticetes and generally absent in odontocetes, but appears
to be present in all archaeocetes (e.g. Dart 1923, Stromer 1908:
Plate 2, Figs 12, 18).

The temporal persistence of the olfactory system

suggests that its presence and continued function was an integral part
of archaeocete biology.

It is difficult to imagine that it played a

role in underwater chemoreception, as cetacean and other mammal
olfactory systems are not adapted to this.

In mammals, the olfactory

system detects airborne chemicals, and can operate only when the
olfactory epithelium is ventilated with air.

Thus, the apparently

well-developed sense of smell in archaeocetes probably reflects its
continued use in aerial situations.

Of course, this supposes that the

olfactory system had not taken over a different, aquatic, sensory role.
It is likely to have had a major role in intraspecific social behaviour,
and possibly in interspecific situations (detection of terrestrial
predators?) .
The little that is known about the other sensory systems of
archueocetes also gives some idea of the sensory relations with the
environment.

While the olfactory system functioned aerially, the ear

apparently was adapted for underwater hearing.

The archaeocete tympano-

periotic is more similar to those of odontocetes and mysticetes than to
dn;, other animal (e.g. Fleischer 1976a, Kasuya 1973, Kellogg 1928, 1936;

J'"n Valen 1966).

The cochlea is not adapted to high-frequency reception

(Fleischer 1976a), and archaeocete skulls do not show features which,
in odontocetes, may relate to echolocation (e.g. telescoped skull in
which anterior and posterior portions are acoustically decoupled).

605
Although Edinger (1955) considered vestibular function (and, by
implication, balance and coordination facilities) in archaeocetes to
be developed more than cochlear function, Breathnach (1955) indicated
that this is unlikely to have been so.

Probably the ear was coupled

acoustically to water, as in modern Cetacea (Norris 1968).
(1928:

Kellogg

197) speculated that archaeocetes had not such keen sight as

some of their contemporary land-dwelling allies but, as this observation
was based on the study of natural endocasts, which must be interpreted
with caution (Breathnach 1955), Kellogg'sstatement is debatable.
Kellogg (1928) discussed the morphological changes which could be
expected in eyes of a formerly land-dwelling stock which adapted to
water-.

He concluded that extant Cetacea are adapted well for underwater

vision, although it is not certain how important vision is in the
different groups.

The interpretation from natural endocasts that the

trigeminal nerves were large and tactile sense well developed in
archaeocetes (Edinger 1955, Kellogg 1928) was questioned by Breathnach
(1955).

There is no evidence of hypertrophied trigeminal function.

The scanty knowledge of their sensory systems still gives some
idea of the role of different systems to archaeocete biology.

The

olfactory system fUnctioned aerially, and probably was not used in prey
hunting but functioned primarily intraspecifically.
for aquatic, rather than aerial conditions.

Hearing was adapted

I consider it likely that

underwater hearing functioned intraspecifically (as, for example, in
pinnipedsj Vaughan 1978), possibly in prey detection, and possibly in
crude echolocation, although a high-frequency directional sonar system
like that seen in odontocetes probably was not attained.

There is no

material evidence of the relative importance of tactile and visual
senses.

Tactile sense would function equally

w~ll

in water and air,

but eyesight (according to Kellogg 1928) would be relatively more
inefficient in one environment than in the other.

As prey detection

and determination of predator-prey spatial relationships by acoustic
means probably was not as advanced in archaeocetes as in modern
odontocetes (if it was used at all), and as tactile sense probably was
not effective in the initial stages of prey detection and capture
(e.g. recognition and orientation towards fish or squid), eyesight
must be considered to have been developed equally if not more than
hearing in underwater feeding.
To summarise so far, the persistence of sensory adaptations to
terrestrial environments suggests that some archaeocetes may have spent
part of their life history out of water.

Theoretically, this would be
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expected in the transition from a terrestrial to aquatic lifestyle,
as it is not likely that all the body systems would have adapted to
the new (aquatic) environment at the same rate.

This concept, that

of mosaic evolution, was summarised by Mayr (1970:

359):

"During

the shift into a new adaptive zone, one structure or structural complex
is usually under particularly strong selection pressure .•.

This

structure [or complex] then evolves rapidly while all others lag behind.
As a result there is not a steady and harmonious change of all parts •..
but rather a mosaic evolution .•• ".
Amphibious habits in early archaeocetes
What aspects of their biology might have tied archaeocetes to an
amphibious rather than a truly aquatic existence?

I have suggested

that the persistence of the olfactory system reflects its continued
role in terrestrial intraspecific behaviour, and consider that breeding
requirements probably were a main factor in the retention of terrestrial
habits, as they are in modern pinnipeds.

Birth in extant Cetacea takes

place underwater, and the young are born tail first (Harrison & King
1965, Slijper 1976).

This situation differs from most other mammals,

in which birth is terrestrial, and young are born head first.

The

evolution of aquatic birth in Cetacea probably allowed complete
independence from land.

However, the early archaeocetes, which showed

many aquatic adaptations, were still tied to the land primarily because
they retained the relatively conservative eutherian birth process which
probably had characterised the mammals in over 150 M.y. since the
Triassic.

Pinnipeds also are tied to land for this reason.

Bartholomew

(1970) outlined a model to explain the combination of terrestrial and
aquatic adaptations, and the consequent evolution of polygyny and other
social behaviour in pinnipeds, and some of his observations are of
interest to the present discussion.-

He stated that primary adjustments

to aquatic life are seen in Early Miocene pinnipeds, and Mid Miocene
forms exhibit anatomical characters (e.g. sexual dimorphism) seen in
modern polygynous forms.

Polygynous breeding developed early in

pinniped history, and was associated with the evolution of amphibious
habit~.

Bartholomew observed that general aquatic mammal adaptations

are large size (which results in low weight: metabolism ratios) and
subcutaneous fat (which acts in heat conservation and energy storage).
Pinnipeds show adaptations to offshore feeding (e.g. body form,
underwater-adapted sense organs, large size) but are tied to land by
terrestrial parturition and, normally, copulation (see his Fig. 1).
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Gregariousness is a pinniped character seen also in other vertebrates
which feed at sea and breed on land, and allows a large number of
normally highly-dispersed animals to

utilisE~

favourable breeding areas.

Some of the points mentioned by Bartholomew may be seen also in
archaeocetes.

Primary morphological adaptations to aquatic life are

seen in the earliest (Mid Eocene) archaeocetes, but evidence of sexual
dimorphism has not been recognised.

Like pinnipeds, the earliest

archaeocetes were large and, although the presence of subcutaneous fat
cannot be proven, it may have been present.

The earliest archaeocetes

known probably fed offshore but, like pinnipeds, they were probably
tied to land by terrestrial parturition.

They may have been gregarious.

The structure of their olfactory systems is compatible with welldeveloped intraspecific interactions (e.g. breeding and territorial
behaviour) in which olfaction was a dominant means of communication.
As stated previously, it is unlikely that vision and hearing were very
well developed for aerial use.
That archaeocetes may have been amphibious rather than entirely
aquatic is supported in very general terms by what is known of
archaeocete morphology (Kellogg 1936, especially pp. 317-319).

For

example, the cervical vertebrae are not compressed or ankylosed, unlike
those of extant Cetacea, and this perhaps allowed a range of head
movements which facilitated social signalling.

The forelimbs retain a

flexible, hinged (but not rotatory) elbow joint and probably had a
flexible wrist, and may have assisted movement when the body was not
buoyed up in the water.

Probably the thorax was able to bear weight

better than in many extant Cetacea, for the ribs, costal ribs, and
sternum are robust.
(1914:

The extant Eschrichtius, which according to Andrews

238-240), is able to remain in shallow surf zones for some

hours, probably has a less-developed thorax than did many archaeocetes.
In summary, the documented or inferred persistence of structural
complexes adapted to aerial and terrestrial environments (e.g. olfaction,
land breeding, capacity for limited terrestrial locomotion), as well as
the presence of primary aquatic features (e.g. underwater hearing and
vision, large size, streamlined form) suggest that archaeocetes were
amphibious, not completely aquatic.

This observation must be qualified:

adaptations to an aerial-terrestrial environment do not imply
necessarily a completely terrestrial stage during the life history.
Rather, amphibiousness could reflect adaptation to an environment where
the animals are not completely buoyed up by water, such as shallows
associated with lagoons, estuaries, gently sloping beaches and sandbars.
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LATE EOCENE CETACEA
Only archaeocete whales are known to have lived during the Late
Eocene.

until recently, two odontocete genera (Agorophius, Xenorophus)

and one genus (Archaeodelphis) of uncertain affinities, were thought to
be of Late Eocene age (e.g. Rothausen 1970), but Whitmore & Sanders
(1977) have demonstrated their Late Oligocene age.

Late Eocene

archaeocetes are well known as a result of studies of the widely
distributed northern forms (e.g. Elouard 1966, Halstead & Middleton.
1972b, Kellogg 1936, Kuhn 1935).

Five genera have been described.

Basilosaurus Harlan, 1834 (North America, Britain), Dorudon Gibbes,
1845 (Egypt, Senegal, Europe, North America), Pontogeneus Leidy, 1852
(North America), Prozeuglodon Andrews, 1906 (Egypt), and Zygorhiza True,
1908b (Britain, North America) encompass 12 nominal species, according
to Kellogg (1936).

Note that this suggests a higher taxonomic diversity

than in the preceding Mid Eocene, from which Kellogg (1936) and Sahni &
Mishra (1975) recorded six species which were placed in four genera.
The formally-described genera are of Tethyan-North Atlantic distribution.
None has been reported yet from the Late Eocene of India, at the eastern
end of the Tethys.

One indeterminate archaeocete, possibly of Late·

Eocene age, was recorded by Kellogg (1936) from the Northeast Pacific.
It is not realised generally that Late Eocene archaeocetes also
had an Austral distribution.

The few instances in which Austral,

supposed Eocene, Cetacea have been recorded generally have been
overlooked in compilation of reviews, or their ages have been revised.
For example, the "Eocene" archaeocete Kekenodon Hector, 1881, was cited
later as Oligocene or Miocene in age, and now is known to be a Mid
Oligocene form.

Tate (1892) mentioned a "Zeuglodon" tooth from the

"Eocene" of Tasmania which subsequently has been identified as a tooth
of Prosqualodon, of probable Miocene age (Flynn 1948, Hall 1911).
Mchedlidze (1970:

29) observed that the "archaeocete", Zeuglodon

harwoodi (= "Microzeuglodon harwoodi") is known from the "Upper Eocene"
of South Australia, but Pledge & Rothausen (1977) demonstrated that
this species, Metasqualodon harwoodi, represents a Late Oligocene
squalodont.

In spite of the revisions required of these early recorqs,

it has been noted that archaeocetes must have inhabited southern oceans
fairly early.
(1936:

This had been proposed on theoretical grounds:

Kellogg

293) stated that, so far as is known, archaeocetes did not reach

the New Zealand region until Mid Tertiary times, while Davies (1963:
107) was more specific.

He considered that, by the close of the Eocene,
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archaeocetes probably had spread south to Australia and New Zealand.
Of the four provisional records of Austral Late Eocene Cetacea,
three are from New Zealand.

A dorudontid (ZMT 79, CM), a "seal"

mentioned by Park (1910) and two worn vertebrae (aU 11579) all
apparently are from the Bortonian-Runungan of the South Island, but
only the first is identified positively as an archaeocete.

The fourth

record is provided by specimens from Seymour Island, Antarctic Peninsula
(Elliot et al. 1975, Wiman 1905), for which a Late Eocene, rather than a
Miocene age is favoured.
To summarise, by the end of the Eocene, archaeocetes probably
inhabited all the major oceans of the world.

So far, they are well

known in circum-Tethyan regions, and also are present in the North and
South Pacific and the Southwest Atlantic.

At this stage, the Drake

Passage apparently was not open, so the Seymour Island record suggests
movement southwards from the Atlantic or Indo-Pacific, rather than
from the Eastern Pacific.

Sahni & Mishra (1975) contended that the

Indian subcontinent had contacted Asia by the Mid Eocene.

This would

have cut off the eastern contact of the Tethys with the Pacific, and
restricted the means by which early forms dispersed into the Pacific.
Pacific faunas may have radiated east from the Tethys before the contact
of India and Asia, or may have moved to the south and east of India or
westwards from the Panamanian seaway after this time.

More work is

needed to determine the nature of the pre-Oligocene Pacific archaeocete
fauna.
That a few Austral Eocene archaeocetes have been discovered
indicates that more could be found, and cautions against undue
speculation about Late Eocene archaeocete distributions.
is worth discussing a few points.

However, it

Archaeocetes may have occupied an

amphibious, seal-like niche (as was discussed earlier).

It is not

certain if the later forms inhabited open oceans, but probably they were
dispersed widely in shelf environments.

Because the world climate was

subtropical-tropical at this time, it is unlikely that thermal barriers
influenced distribution.

Partitioning of environmental resources may be

reflected in different tooth structures and different sizes in Late
Eocene archaeocetes.
The best known, but probably one of the most specialised
archaeocetes, is Basilosaurus (= Zeuglodon), a large form (c. 20 m long)
characterised by elongate vertebrae with reduced zygapophyses.

Howell

(1930) speculated that its caudal musculature may not have been
developed sufficiently well to allow use of fluke propulsion, and that
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vertebral structure would allow serpentine movement of the tail.
However, Kellogg (1936:

284-286) considered, on the basis of a

structural analysis of Basilosaurus, that fluke propulsion would have
been possible.

In spite of Kellogg's conclusion, it seems that the

skeleton of this genus should be restudied to determine the nature of
propulsion.

I consider that serpentine movement probably would be

more efficient than dorsoventral movement of tail flukes in certain
environments:

specifically, those in which water only partly covered

the animal, for example, lagoons, estuaries, mangrove swamps.
Structural analysis might indicate more about habits.

Other

archaeocetes, Dorudon and Zygorhiza, are comparable in size with extant
larger delphinids or small ziphiids.

I am not able to assess the

different adaptations of these genera.
variation in skull and, particularly, tooth morphology, within and
between archaeocete genera, suggests that, as in extant Cetacea,
exploitation of different food resources may have been a major factor
in the ecological separation of different taxa.

The multiple accessory

denticles on the cheek-teeth of Late Eocene archaeocetes contrast with
the more simple teeth of the earlier protocetids.

Many of the later

archaeocetes probably were active carnivores which ate fish, squid, and
(in Austral seas) perhaps penguins.

Perhaps lagoon- or shallow-adapted

forms (Basilosaurus?) captured land-dwelling vertebrates which entered
the water, as do extant crocodilians (e.g. Bellairs 1968).
(1968:

Van Valen

39) noted similarities of archaeocete teeth with those of some

seals, and, by analogy with pinnipeds (some of which filter-feed, while
most feed in the normal manner on single food organisms) he speculated
that archaeocetes also may have shown both filter-feeding and normal
feeding.
The apparently uniformly warm Late Eocene global climate is
unlikely to have led to the establishment of latitudinal thermal
gradients of sufficient magnitude to have affected archaeocete
distribution.

It is more likely that ecological partitioning reflected

the ('xrloitation of different food resources in different oceanographic
conditions (e.g. inshore and offshore).
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EARLY OI.IGOCENf'i CETACEA

INTRODUCTION:

CETACEAN EVOLUTION AND PALEOENVIRONMENTS

DURING THE OLIGOCENE
Throughout this thesis I have stressed the importance of the
New Zealand Oligocene fauna in the interpretation of global cetacean
evolution at this time.

Previous studies of cetacean evolution, nearly

all of which have been based in the Northern Hemisphere, generally have
concluded that although the Oligocene may have been the time of origin
of one or both of the extant suborders, it was a time of low taxonomic
diversity.

The Early Miocene has been interpreted as a time of

ecological radiation.

The conflict between the apparent low diversity

of Oligocene Cetacea and the fact that the modern suborders arose during
the Oligocene largely has been ignored.

For example, Lipps & Mitchell

(1976) linked what was described incorrectly as a global low-diversity
Oligocene fauna with apparently unfavourable trophic conditions.
will be seen below, other interpretations are possible.

As

In this

section, I demonstrate that the Oligocene (as recorded in the Southwest
Pacific) cannot be proven to have been a time of low taxonomic diversity
of Cetacea, and I emphasise that this was the time of initial appearance
and radiation of the two ecologically-divergent extant suborders,
Odontoceti and Mysticeti.

Finally, I show that the early evolution of

these suborders may have been triggered by paleoenvironmental changes in
the Southern Oceans during the Oligocene.

Most data presented in summary

form herein have been presented in greater detail elsewhere in the·
thesis.
ORIGINS OF THE ODONTOCETES AND MYSTICETES
While Late Eocene Cetacea, all of which belong to the Archaeoceti,
are widespread, Early Oligocene Cetacea are known from only a few
localities.

Outside New Zealand, Platyospbys Kellogg, 1936, a genus

based only on postcranial material, is known from Ukraine, and an
archaeocete vertebra was recorded by Kellogg (1936) from the Northeast
Pacific.

At present, only four individuals of Early Oligocene Cetacea

are known from New Zealand:
1.

The indeterminate cetacean (archaeocete or odontocete), ZMT 62 (CM)
from the Early Whaingaroan deep-water Amberley Limestone, North.
Canterbury.
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2.

The earliest-known odontocete, a squalodontoid-like form, GS 10897
(NZGS) from the Early Whaingaroan deep-water McDonald Limestone,
North Otago.

3.

The earliest-known mysticetes, two specimens, REF 1 and REF 2
from Late Whaingaroan relatively near-shore mudstones at
Little Wanganui, Karamea.

There is no -doubt that the New Zealand specimens
"modern" Cetacea yet recognised.

represent the earliest

The ages and/or affinities of other

specimens which previously were thought to represent the earliest
mysticetes and odontocetes subsequently have been redefined.

For

example, Whitmore & Sanders (1977) demonstrated that the odontocetes
Xenorophus and Agorophius, which previously were described as Late
Eocene forms, are Late Oligocene in age.

Rothausen (1971) noted that

the "Mid Oligocene" genus Pachycetus, which was described initially as
the earliest mysticete, is a Late Eocene archaeocete.

The morphology

of the New Zealand specimens, odontocete GS 10897 and mysticetes REF 1
and REF 2, is compatible with their interpretation as forms derived
not much earlier from archaeocete stocks.

For example, GS 10897 has

squalodontoid-like teeth, yet the skull is only little-telescoped.
Specimens REF 1 and REF 2 exhibit the mysticete features of elongate
flat rostrum and forward-thrust supraoccipital which are more primitive
than seen in any other mysticete yet described.
The archaeocete origins of early odontocetes and mysticetes
There can be little doubt, in view of their morphology, that both
odontocetes and mysticetes arose from archaeocete stocks.

However, I

am unable to suggest potential ancestral taxa amongst the archaeocetes
known currently, because the first odontocetes and mysticetes are kriown
very poorly.

Van Valen (1968) suggested the derivation of both

odontocetes and mysticetes from protocetids, but to propose this
ancestry is to ignore the fact that primary radical and rapid
evolutionary changes which occurred in feeding systems (mysticetes)
and the skull and acoustic systems (odontocetes) may have been so
profound as to obscure the characteristics of the antecedent
archaeocetes.

There is no reason why odontocetes and mysticetes could

not have arisen from a later group of archaeocetes, such as the
dorudontids, which inhabited the Southwest Pacific from the Late Eocene
to the Late Oligocene, instead of from a late-persisting protocetid
stock.

However, the absence of detailed evidence on the morphology of

Early Oligocene Cetacea of the three suborders precludes further useful
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discussion.
Some idea can be gained about the morphology of early odontocetes
and mysticetes from transitional forms (in the morphological but not
necessarily phylogenetic sense) which persisted on after the Early
Oligocene.

Early odontocetes probably were characterised by limited

back-thrust rostral and anterior cranial elements (e.g. as in Agorophius
and Atropatenocetus; see Aslanova 1977, Whitmore & Sanders 1977), the
presence of elongate parietals on the skull roof, and a supraoccipital
only slightly thrust forward (e.g. GS 10897, NZGS).

Early mysticetes

must have been quite like the bizarre toothed mysticete, Aetiocetus
Emlong, 1966.
The times of origin of odontocetes and mysticetes
The question arises:

in view of the fact that their morphology,

although primitive, is still more specialised than that of the known
archaeocetes, could the early mysticetes and odontocetes have had a
long unrecorded history before the later Early Oligocene?

Some workers

might interpret features such as the typical mysticete rostrum of REF 1
or the overthrust supraoccipital of GS 10897 (and, presumably, backwardthrust rostral and anterior cranial elements) as features which, because
evolution could be gradualistic and these features are radically
different from those of archaeocetes, must have evolved over a long
time.

However, these features are interpreted better as characteristics

which appeared geologically abruptly in the archaeocete groups from
which odontocetes and mysticetes arose by phyletic saltation.

Modern

and, presumably, fossil odontocetes and mysticetes are characterised
by ecological adaptations which archaeocetes do not appear to have
possessed.

Odontocetes have a sophisticated high-frequency sonar system

which allows detection of single fastmoving prey items in often-aphotic
environments where visual prey detection and orientation toward prey
would be difficult or impossible.

Archaeocetes show no evidence of such

a system, and perhaps relied mainly on visual feeding.

Mysticetes.

differ from archaeocetes and odontocetes in the presence of a baleen
filterfeeding system whereby swarms of small prey organisms are cropped
from the water.

Despite speculation by Van Valen (1968) that some

archaeocetes may have filter-fed (as does the extant pinniped Lobodon
and perhaps as did Neosqualodon) , there is no evidence that this was
important in archaeocete feeding.
It appears that both the earliest odontocetes and mysticetes were
adapted to exploit generalised feeding niches which did not overlap with
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each other and only overlapped slightly, if at all, with those of
contemporaneous archaeocetes.

These adaptations were concomitant

with the rapid early evolution of odontocetes and mysticetes in Early
Oligocene
time .
. I
The diversity of Early Oligocene Cetacea
Even though only three, possibly four, species of Cetacea are
recorded from the New Zealand Early Oligocene, and only a few specimens
are known from elsewhere, this is not conclusive evidence that the
Early Oligocene was a time of low diversity.

It has been shown that

in the later Eocene, cetacean evolution into new marine niches was
rapid.

The same might be expected in the Early Oligocene, when the

odontocetes and mysticetes initially radiated.

Two factors may account

for the fact that few Cetacea of this age are known from New Zealand.
Firstly, relatively little fieldwork has been carried out in areas of
Whaingaroan sediments compared with the work done in DuntroonianWaitakian sediments which are known to be productive sources of bone.
Secondly, the Early Oligocene was a time of maximum transgression in
New Zealand, and land was low1ying along what is now the axial region
of the country (Fleming 1975).

It is known that proximal (nearshore)

conditions, such as shallow bays, are more favourable for the
concentration and preservation of articulated skeletons than are the
more open ocean situations (Kellogg & Whitmore 1957a, 1957b, Schaffer
1972), and the fact that during the Early Oligocene, the transgression
was at its maximum may have resulted in the selective preservation of
relatively distal environments where cetacean

bone is rare.

Proximal

environments would have been exposed and eroded during the early stages
of regression and, consequently, much of the Early Oligocene record may
have been destroyed.

There are not enough samples known from New

Zealand to substantiate this, but perhaps it is more than coincidental
that two specimens (REF 1 and REF 2) were found within a few hundred
metres of each other in a relatively nearshore lithology.
At present, because the same effort has not been put into study
of Early Oligocene environments favourable for cetacean bone
preservation as has been put into sequences of other ages, no conclusion
can be reached about Early Oligocene diversity.
Early Oligocene paleoenvironments
I consider that the rapid evolution of odontocetes and mysticetes
in Early Oligocene time was triggered by major environmental changes of
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that time which are recorded in and around the Sothern Ocean.

The most

important change which affected Austral regions in the latest Eocene
and Early Oligocene was the establishment of largescale glaciation in
Antarctica.

This led to the initiation of bottom-water circulation

(the psychrosphere) in the Southern Oceans, and to increased water
activity, increased turnover of nutrient-rich waters, and increased
change of faunas (Kennett 1977), and also an increase in surface-water
currents in the Tasman Sea.

Undoubtedly, the change in current activity

would have led to great increases in
in the Southern Ocean.

upwelli~g

and hence in productivity,

In contrast, the relative absence of marked

thermal gradients and very active currents before the Oligocene,
suggests that the Paleocene-Eocene may have been a time of relatively
little upwelling and hence of more homogeneous distribution of only
moderate high-productivity areas.

The establishment of localised,

extreme high-productivity (e.g. upwelling) areas in the Southern
Hemisphere in Early Oligocene time must have had a major effect on
Austral cetacean faunas, and probably triggered odontocete and mysticete
evolution.

The importance of the influence of trophic resources to the

evolution of both these groups is stressed by the fact that their
primary ecological adaptations, by which they differ both from each
other and from the archaeocetes, were, in the Early Oligocene,
phylogenetically new systems.

The relatively localised effect of these

.environmental changes is indicated by the different interpretations of
Northern and Southern Hemisphere Early Oligocene paleoclimates, and
suggests that early odontocetes and mysticetes may have been restricted
to the Southern Hemisphere because Northern trophic resources were not
affected markedly enough by upwelling to have reached threshold levels
which might have allowed exploitation by mysticetes and odontocetes.
Perhaps thermal barriers also prevented the northward movement of these
early forms.

Of course, the latter suggestions must be looked at

carefully, as they are interpretations based on a lack of evidence from
the Northern Hemisphere.
Sensory systems and behaviour of early odontocetes and mysticetes
Other characteristics apart from the primary ecological adaptations
may have been present in the early "modern" whales.

Both the suborders

may have been divorced from land as a result of the evolution of aquatic
birth.

If aquatic birth was not already a feature seen in the

archaeocetes which gave rise to the odontocetes and mysticetes, it would
have been a condition selected for strenuously in the first of those
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groups.

Any aspect of their biology which tied the later Cetacea to

land or intertidal regions would have significantly affected the
efficiency with which they could have utilised relatively offshore
high-productivity areas.
From the Early Oligocene onwards, the acoustic sense became a
primary one.

Fleischer (1976a) showed that Late Oligocene odontocetes

probably were capable of echolocation.

Eyesight probably played a

lesser role in life, and the olfactory system diminished rapidly in
importance.

It is not certain what major changes took place in

mysticete sensory systems.

No extant mysticete is known to echo locate

in a manner seen in odontocetes, and it is not certain what the primary
sensory systems of modern (let alone fossil) mysticetes are.

Vision

probably is important, but it is not certain what role this plays now
(or played in the past) in food detection and intraspecific
communication.
Some observations made by Bateson (1966) on communication in
Cetacea are of interest to this discussion.

To summarise, he speculated

that Cetacea might be characterised by a high complexity of
communication about inter-individual relationship, and observed that
adaptation to life in the ocean has stripped whales of facial expression.
Thus, he concluded that vocalisation has taken over the common functions
that most animals perform by physical expressions.

It could be expected

that total independence from land environments (in the Early Oligocene)
would facilitate hydrodynamic and thermal adaptations to aquatic
environments which, in turn, would have resulted in the gradual loss of
the potential signalling role of the superficial muscle systems which,
in most animals, play an active role in intraspecific communication.
A concomitant of these changes would be the development of communication
systems of the type seen in modern Cetacea.

I believe that the advent

of such systems was linked with the evolution of odontocetes and
mysticetes in the Early Oligocene.
J\.s a postscript to this section, these ideas should not give the
impression that Early Oligocene Cetacea are known well.

The ideas

merely are put forward as general hypotheses which will be subject to
test once more specimens are found.

At present, fewer Early Oligocene

Cetacea are known, in terms of number of individuals or number of
species, than for any other age from the Mid Eocene to Recent.

My

observations suggest that this apparent low diversity may not be real,
but that it reflects both the fact that cetacean evolution at this
time occurred in Austral regions, far away from research centres of the
Northern Hemisphere, and the fact that, in New Zealand, proximal marine
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sequences in which Cetacea are commonly preserved neither are common
nor have been searched well.

Future research may solve some of the

problems outlined here.
MID OLIGOCENE CETACEA
FAUNAL COMPOSITION
Mid Oligocene cetacean faunas both in New Zealand and elsewhere
are known better than those of the preceding Early Oligocene.

In

New Zealand, archaeocetes, odontocetes, and mysticetes are recorded,
and this fauna is the most diverse of its age yet studied.

Archaeocetes

are represented by the dorudontids, Kekenodon onamata and K. (?)serratus.
Odontocetes are poorly studied, but include brevirostral squalodontoids,
e.g. Austrosqua1odon trirhizodonta and "Microcetus" aff. hectori
(OU 11518 and others), and an indeterminate odontocete (Ma 1666,

~NZ).

These toothed whales are represented by only a few specimens.
Conversely, the mysticete fauna is developed well:
14 specimens and an uncertain number of species.

it includes at .least
Most forms retain some

evidence of archaeocete ancestry in their conservative structural systems
(e.g. periotic), but all possess undoubted mysticete characters.

Much

work is still required to determine the affinities of these New Zealand
mysticetes, but at least two groups are present:

"Mauicetus" s.l.

(e. g. "M." lophocepha1us), provisionally referred to the Cetotheriidae,
and cf. Ag1aocetus (REF 109).
recorded are squalodontoids:

Outside of New Zealand, the few cetaceans
"Squa1odon" gambierensis Glaessner, 1955,

from Australia, and "Squa1odon (Microzeug1odon?) " wingei Ravn, 1926,
from Denmark.

No mysticetes or archaeocetes are yet recorded outside of

New Zealand, despite the fact that Mid Oligocene sequences elsewhere in
the world (especially Europe) probably have been studied for much longer
than have been those here.
MID OLIGOCENE PALEOENVIRONMENTS
Do the above observations indicate a real distribution pattern,
or a preservation and/or collection bias?

I consider that, as was the

case with the Early Oligocene forms, what is known about Austral
paleoenvironments certainly leads to the conclusion that Southwest
Pacific environments probably were more productive and supported greater
biomasses and diversities of Cetacea than did other areas at this time.
I explored this notion previously (Fordyce 1977a) when I stated that
plankton productivity changes associated with the initiation of the

618

Circum-Antarctic Current in Mid Oligocene time triggered the
of the mysticetes in the New Zealand region.

~volution

Now that the earliest

record of the mysticetes is pushed back into the Early Oligocene,
it appears more reasonable to interpret the first appearance of this
suborder as related to the productivity changes associated with the
initiation of Antarctic bottom water circulation before the Mid
Oligocene.

However, it is still reasonable to interpret the Mid

Oligocene in New Zealand as a time of substantial radiation of mysticetes
and probably of odontocetes.

Both groups probably were affected

markedly by the Circum-Antarctic Current.
Most, but not all, authors consider the Circum-Antarctic Current
to have been initiated in the Mid Oligocene, after the presumed final
barrier to circum-polar flow, that of the South Tasman Rise area between
Antarctica and Australia, was severed.

Kennett (1977) observed that the

Circum-Antarctic Current was well established by the Late Oligocene, and
is unlikely to have changed much in character since then.

However,

Barker & Burrell (1977) considered it unlikely that the Circum-Antarctic
Current was established until the latest Oligocene, when the Drake
Passage opened far enough to permit initiation of the current.

There is

little doubt that, during the Mid Oligocene, the Southwest Pacific was
affected by strong westerly currents which swept through between
Australia-New Zealand and Antarctica.

Whether or not this current

continued eastwards between South America and Antarctica as the

Circum~

Antarctic Current, or only ran north into the Pacific, is a semantic

~nd

geophysical problem for others more involved in its study to decide.
All that is important here is to note that the establishment of what can
be called conveniently the Circum-Antarctic Current in about Mid
Oligocene times must have exerted an effect on regional productivity
which would have compounded the effects of earlier-established upwelling
areas related to the initiation of Antarctic bottom-water formation.
The Circum-Antarctic Current would have brought further nutrient-rich,
but relatively unexploited, waters into the more temperate and
relatively shallow-water areas such as the New Zealand - Campbell Plateau
region, and such changes in trophic resources surely must have had a
great effect on cetacean faunas.
Some idea of the relative abundance of Mid Oligocene (Duntroonian)
Cetacea in New Zealand has been given already in Table 25 (section 6) ,
and also is emphasised by the study of sequences in which Duntroonian
rocks sit paraconformably over Whaingaroan strata.

The paraconformity

was interpreted as a regionally isochronous feature by Carter & Landis
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(1972), who regarded it as an indication of the initiation of the
Circum-Antarctic Current.

The paraconformity is widespread but probably

diachronous in New Zealand, appears to be of late Whaingaroan -early
Duntroonian age (e.g. Duff 1975, Edwards 1973), and probably can be
interpreted in general terms as an indicator of widespread environmental
change.

In many sequences, cetacean bone is abundant in the few metres

above the paraconformity (e.g. Figs 535, 536), yet is absent in the
rocks below it.

This gives the impression of an increase in abundance

of Cetacea at this time, possibly linked with productivity changes.
However, such a notion may be proposed only in very general terms, as
there are too many unanswered questions about Early Oligocene Cetacea
to be certain of the changes that occurred between the Early and Mid
Oligocene.

In particular, cranial material necessary for the

interpretation of affinities and evolution both of Early and Mid
Oligocene forms is lacking.
In view of the number of individuals and (probably) species
(although the latter have not been investigated fully) of Mid Oligocene
mysticetes from New Zealand, it is surprising that only a few
individuals and species of odontocete
recorded.

and archaeocete have been

Perhaps the initiation of the Circum-Antarctic Current

affected mysticete food resources more than those of the toothed whales.
This may have been the time of evolution of the euphausids, now an
important mysticete food, although, as the temporal record of

euph~usids

does not go back beyond the Recent (Hessler 1969) this cannot be
confirmed.

Mid Oligocene toothed whales are known too poorly to be

absolutely certain of the features by which they differed ecologically
from earlier odontocetes and from mysticetes and archaeocetes.
Because of their echolocation abilities, odontocetes probably exploited
food resources not available to archaeocetes.

Perhaps archaeocetes

already had undergone a decline as the result of trophic competition
with odontocetes.
Two different observations suggest that the earlier Mid Oligocene
was a time of rapid cetacean evolution.

The first, that mysticeteshad

diversified markedly at this stage, has been outlined already.

The

second is that Mid Oligocene forms appear to be more radically different
from the few known Early Oligocene (antecedent?) forms than they are
from Late Oligocene and Early Miocene cetaceans.

The differences

between Mid Oligocene odontocetes and their antecedents are marked, as
is illustrated by the early Duntroonian odontocete, "Microcetus" aff.
hectori (OU 11518), obviously a more specialised odontocete in terms of
its teeth and periotic than is the Whaingaroan protosqualodont, GS 10897.
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The latter is more similar in morphology to archaeocetes than to
"M." aff. hectori, which is only a few million years younger.

The few Mid Oligocene records of Cetacea outside of New Zealand
herald the establishment of a relatively cosmopolitan cetacean fauna
in the Late Oligocene.
LATE OLIGOCENE CETACEA
FAUNAL COMPOSITION
Whereas earlier Oligocene Cetacea are recorded mainly from New
Zealand, Late Oligocene forms are widespread.

In their review of the

Oligocene Cetacea, Whitmore & Sanders (1977) discussed the global Late
Oligocene cetacean fauna in enough detail to obviate the need for much
discussion here.

They concluded that a cosmopolitan fauna existed by

the end of the Oligocene.

Odontocetes are represented by Agorophius

and related forms (e.g. Patriocetus, which Rothausen (1968a) had placed
in the Patriocetinae), and Squalodontidae.

True mysticetes are

represented by Cetotheriidae, and toothed forms of uncertain affinities
are represented by genera such as the mysticete-like Aetiocetus.

My

studies on Southwest Pacific faunas and access to publications not
available to Whitmore & Sanders allow expansion of their list of known
Late Oligocene Cetacea (note that some corrections to the list were made
earlier in Table 26).

In addition to those mentioned by Whitmore &

Sanders, Archaeoceti are represented by a number of individuals of the
Australian species Mammalodon colliveri.
are known from New Zealand.
Squalodontoids are known.

No archaeocetes of this age

Both brevirostral and longirostral
Mchedlidze (1970) described

an

apparent

Oligocene delphinid, Oligodelphis Aslanova & Mchedlidze, 1968.

From

New Zealand, delphinoid (eurhinodelphinid and platanistoid-like) forms
are recorded.
The picture of cetacean evolution by Late Oligocene time is stili
too poorly understood and too complicated to be able to do justice to
the details in the type of discussion presented here.

Although this

fauna is known better than those of the Early and Mid Oligocene, there
is still a considerable amount of work to be done in New Zealand and
other places before the morphology and systematics of these faunas are
known.

For these reasons, this present study presents only a guide to

future work, and raises many more questions than it answers.

Had this

thesis concentrated only on the global Late Oligocene fauna, it might
still not have been studied thoroughly.

Research on New Zealand forms
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over the next few years may provide some answers about the nature of
ecological radiations of Late Oligocene Cetacea, as may my proposed
research (Smithsonian Institution, 1979-l9Rn) on some North American
forms.
CETACEAN DISTRIBUTION AND

PALEOENVI~ONMENTS

with the above cautionary comments in mind, four important
observations may be made about Late Oligocene faunas:
1.

Archaeocetes still persisted in at least one area, where they
coexisted with their potential competitors, odontocetes.

2.

Odontocetes underwent a second phase of ecological radiation.

3.

Mysticetes and mysticete-like forms, all adapted for filterfeeding, included a widely-distributed range of cetotheres
and toothed forms (e.g. Aetiocetus).

4.

Cetacea were widespread by the end of the Oligocene.
It is not surprising that Cetacea were widespread by the end of

the Oligocene, for oceanic conditions at that time would have been more
like they are today, some 22 M.y. later, than they were towards the
close of the Eocene, some 15 M.y. earlier.

Generally, global

circulation patterns must have been like those of the present, for
the Circum-Antarctic Current and Antarctic bottom water, which today
exert a strong influence on global current patterns, were established.
The Antarctic Convergence probably was not present then.

Probably,

the cumulative effect of oceanographic and paleoenvironmental change
during the Oligocene resulted in increased global environmental
heterogeneity and hence allowed repeated radiations and the exploitation
of increasingly more varied niches.
The Southwest Pacific (New Zealand, Australia) still had probably
the most diverse Late Oligocene cetacean fauna, but other areas also
had well-developed faunas.

Northeast Pacific faunas include Aetiocetus

and a range of other largely unstudied forms (Ray 1977, Whitmore &
Sanders 1977), and squalodonts are known from the Northwest Pacific
(Dubrovo 1971).

The ancestors of the North Pacific forms may have

originated in the south, and spread north with the advent of cooler
conditions in the north.

The Late Oligocene fauna of Eastern North

America (described briefly by Whitmore & Sanders 1977) includes
squalodonts and taxa of uncertain affinities (e.g. Agorophius,
Archaeodelphis, Xenorophus).

Perhaps these forms spread east through

the Central American Seaway from the Pacific.

A similar dispersal may

have occurred in the ancestors of the Northern European squalodonts .
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(Eosqualodon, Microcetus) and cetotheres (Cetotheriopsis).
Alternatively, the antecedents of these North Atlantic-Western Tethyan
forms could have moved northwards in the Atlantic or northwest through
the Tethys before the Late Oligocene.

In the absence of the detailed

information needed to assemble an accurate picture of the spatial and
temporal distribution of these and other forms, further speculation
probably is unwarranted at present.
The Late Oligocene was a time of initial appearance of some of
the modern odontocete superfamilies, and the radiation which took place
in odontocetes at this time may have been related to partitioning of
food resources, as it had been in the past.

At present, not enough is

known about later Oligocene odontocetes to be able to identify the
environmental factors which led to the establishment of the different
"modern" superfaroilies.

This is not surprising when one considers

that, even in extant odontocetes, the primary adaptive features to
certain environments of each major odontocete taxon are not known at
all well.
It is surprising that the global Late Oligocene fauna contains,
in addition to the relatively advanced forms (e.g. "eusqualodont"
squalodontids, and "modern" nonsqualodontid groups), archaic forms
with morphology that could be interpreted as typical of earlier
odontocetes and mysticetes.

Such forms include Agorophius and

Xenorophus amongst the odontocetes, Aetiocetus amongst the Mysticeti,
and Archaeodelphis amongst the Cetaceaincertae sedis.

Of these,

Agorophius could be described as a "protosqualodontid" and Aetiocetus
as a "protomysticete".

Also, a dorudontid archaeocete, Mammalodon,

lived at this time in the Australian region.

The persistence of these

forms suggests that, at this stage, the primary adaptive features of
the more advanced odontocetes (echolocation-assisted feeding) and
mysticetes (baleen filter-feeding) were still not used in the full
range of environments or were not yet sophisticated enough to result
in the exclusion of animals with less specialised feeding adaptations
from some marine environments.

None of the less-specialised forms

appears to have persisted into the Miocene.
CETACEAN EVOLUTION AND PALEOENVIRONMENTS FROM THE MIOCENE TO RECENT
The Neogene was a time when older cetacean elements were replaced
by progressively more modern groups (see Table 24), so that, by the
Early Pleistocene, the global cetacean fauna probably had a modern
appearance.

Here I will give only an outline of what could be
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considered some of the more obvious evolutionary and environmental
changes, as my studies have not focussed on them in detail.

Some

of these changes also have been discussed by other authors.
Only one genus of nominal archaeocete is known from post-Oligocene
rocks.

Phococetus is represented by a single tooth of Early Miocene

age, which Kellogg (1936) regarded as that of a dorudontid, perhaps
related to Kekenodon.

This specimen needs to be reappraised carefully

before it is accepted as an archaeocete, in view of the fact that
archaeocetes have not been reported elsewhere in Early Miocene sequences
where other Cetacea are abundant.

Different "dolphin" groups which

became well established during the Early Miocene include Delphinoidea,
Eurhinodelphinidae, "Acrodelphinidae", and Platanistoidea.

This was

also the time when the sperm whales (Physeteroidea) and beaked whales
(Ziphioidea) appeared.

Amongst the mysticetes, the Balaenidae first

appear at this time.
The Early Miocene faunal changes occurred at the same time as the
establishment of the Antarctic Convergence and further development of
vertical and horizontal (latitudinal) thermal gradients, which had
profound effects on global plankton biogeography (Kennett 1977).
These changes must have affected global trophic regimes and,
concomitantly, cetacean trophic strategies.
It is known that, at present, oceanographic characteristics south
of the Antarctic Convergence make Circum-Antarctic waters very
favourable mysticete feeding grounds.

There is no evidence as to how

rapidly the Antarctic Convergence developed as a major oceanographic
feature, and hence no idea can be gained as to how quickly or at what
precise time a Circum-Antarctic biota like that of today (especially
the short food-chains in which whales participate) developed.

Itcannot

be determined if the establishment of the Antarctic Convergence in the
Early Miocene resulted in the saltatory development of the CircumAntarctic biota.

Earlier in this discussion, I demonstrated how the

initiation of Antarctic Bottom Currents and the Circum-Antarctic Current
in the Early and Mid Oligocene triggered the rapid evolution of
odontocetes and mysticetes and, by analogy, it could be expected that
if the development of the Antarctic Convergence in the Early Miocene
was a rapid event, this would be reflected in cetacean faunal

change~

At present, Southwest Pacific cetacean faunas are not known well enough
to determine if this happened, but that no major ecological radiations
(at higher taxonomic levels, comparable to the events of the earlier
Oligocene) yet have been observed in the earlier Miocene Cetacea of the
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Northern Hemisphere suggests that oceanographic changes at this time
were not as dramatic as those of the Oligocene.
Probably from the Early Miocene onwards, oceanic conditions
were fairly much like those of today.

Consequently, it might be

expected that cetacean evolution after this time would relate to the
physical partitioning of the oceans and separation of different taxa,
rather than to the appearance of novel environments.

A major

geographical change at this time was the closure of the Mid Tethys,
which resulted in the separation (and subsequent divergence) of Atlantic
and Indo-Pacific faunas.

By the Mid Miocene, global circulation

patterns were strong, and similar to those of today.
The later Miocene was a time of the first appearance of other
"modern" cetacean groups:

Delphinidae (s.s.), Phocaenidae, and

Monodontoidea amongst the odontocetes, and the mysticete family
Balaenopteridae.

In the Southern Hemisphere, climates deteriorated

from the Mid Miocene onwards, and thermal gradients probably became
more pronounced.

It could be expected that temperature changes in the

Southern Oceans enhanced the temperature gradients associated with the
Antarctic Convergence, and it may have been this environmental change
which affected the evolution of the Balaenopteridae.

At this time, the

Northern Hemisphere may have provided refuge for warm-water stenotherms
(Hemisyntrachelidae?, some squalodonts?).
From the Late Miocene onwards, there was a major glacial push in
Antarctica.

About this time (the end of the Miocene), the last

squalodontids were recorded.

It is not certain why this group

disappeared.

Perhaps, as suggested above, they were warm-water

stenotherms.

Competition from nonsqualodontid odontocetes which were

better adapted to the trophic conditions of the times, may have been
important.

Cetotheres disappeared in the Late Miocene or Early

Pliocene, and the Hemisyntrachelidae and Acrodelphidae did not survive
into the later Pliocene, perhaps for the same reasons as the squalodonts
disappeared.

It was probably from a cetothere stock that the

Eschrichtiidae arose, but the record of .this family does not extend
back before the Recent.
Uplift of the Panama Isthmus in the Early Pliocene resulted in the
separation of Atlantic and Pacific faunas, and later in the Pliocene,
the establishment of Arctic glaciation would have led to the same
temperature gradient and upwelling effects (especially in the North
Atlantic) as had appeared in the Southern Oceans some millions of years
before.

From this time onwards, cold-water stenotherms, such as Balaena,
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Monodon, and Delphinapterus, probably appeared.

In the later Pliocene, the global cetacean fauna must have been
similar to that of the present.

No major (viz. suprageneric taxon)

extinctions appear to have taken place since then.

It is not certain

if Pleistocene cooling resulted in extinctions, but Davies (1963)
illustrated that climate changes during the Pleistocene (perhaps as
recently as 20 000 y ago) resulted in the establishment of Northern
and Southern Hemisphere subpopu1ations of some species.

Some of these

already have diverged distinctly, and this emphasises clearly the rate
at which evolution may have occurred in the past.
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8.
1.

SUMMARY

Tho aims of thi8 thesis aro t.o dot.ermine

th(~

Rcope of previous

work on New Zealand fossil Cetacea, to redescribe or reassess
previously-described New Zealanq forms, to describe new forms,
and to integrate the results of the above with current
concepts on cetacean morphology and systematics (section 1).
2.

The review of the morphology and systematics of fossil Cetacea
includes reviews of archaeocete literature, squalodont genera,
and cetothere-balaenopterid genera (section 3).

3.

An annotated chronological bibliography of New Zealand
work (section 4.2) and a catalogue of previously-described
New Zealand specimens (section 4.4) are given.

4.

A Late Eocene archaeocete, aff. Dorudon, indicates the presence
of archaeocetes in the Southwest Pacific before the Oligocene
(section 5.1).

5.

Kekenodon onamata is an independent genus of Mid Oligocene
dorudontid archaeocete known from one specimen (section 5.2).

6.

Squaloddn serratus, based on a single tooth, is of dubious
status, but probably is related to Kekenodon rather than the
odontocetes (section 5.3).

7.

Specimen ZMT 62 represents an Early Oligocene, previouslyundescribed, toothed cetacean.of uncertain affinities
(section 5.4).

8.

The Early Oligocene protosqualodont described by Keyes
represents the earliest known odontocete (section 5.5).

9.

The Mid Oligocene squalodont genus Austrosqualodon is of
dubious status, and requires reappraisal (section 5.6).

10.

The Late Oligocene "Prosqualodon" hamiltoni and "Prosqualodon"
marplesi are not congeneric with each other or Prosqualodon (s.s.),
although "Prosqualodon" marplesi may be related with Prosqualodon
(s.s.)

11.

(section 5.7).

Teeth of Prosqualodon aff. davidis, from the Late Oligocene,
represent the first apparent record of Prosqualodon (s.s.)
in New Zealand (section 5.8).
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12.

"8qualodon" andrewi, as described by Benham, encompasses three
different taxa:

the holotype is of uncertain affinities, possibly

related to "Prosqualodon" hamiltoni; the paratype probably
represents a new genus of brevirostral squalodont; and the referred
specimen represents a brevirostral squalodont like Prosqualodon or
Parasqualodon (section 5.9).
13.

The Late Oligocene "Microcetus" hectori and the Mid Oligocene
"M." aff. hectori are not congeneric with Microcetus (s.s.), and
may represent platanistid-like early odontocetes (section 5.10).

14.

A rostrum of a Late Oligocene squalodont, aff. Phoberodon, provides
the earliest undoubted evidence of a longirostral squalodont in
New Zealand (section 5.11).

15.

The fragment of mandible of an indeterminate Late Oligocene
squalodont possesses supernumary teeth intercalated between the
cheek-teeth, and gives some idea of the morphological stages in
the development of odontocete polydonty (section 5.12).

16.

Tangaroasaurus kakanuiensis (Early Miocene) appears to represent
an independent genus of squalodont, but is too incomplete to be
certain of its affinities (section 5.13).

17.

An incomplete cranial endocast and skull of a Mid Oligocene
odontocete(?) indicate that the Late Oligocene "archaeocete"
endocast described by Marples also may represent a similar taxon
(section 5.14).

18.

Phocaenopsis mantelli, an Early Miocene odontocete represented
only by the holotype humerus, is of uncertain suprageneric
affinities (section 5.15).

19.

An indeterminate later Miocene ziphiid mandible represents the
first fossil ziphiid from the New Zealand region (section 5.16) •.

20.

A tooth of cf. Orcinus (Early Pleistocene) provides the earliest
record of that genus in New Zealand (section 5.17).

21.

New Zealand Oligocene - Early Miocene mysticetes are described.
The earliest recorded mysticetes are two Early Oligocene New
Zealand forms, and mysticetes were well established around New
Zealand in the Mid Oligocene.

The holotype of Mauicetus parki

represents an independent genus of Late Oligocene cetothere.
M. lophocephalus, M. waitakiensis, and possibly M. brevicollis,
are not congeneric with M. parki (section 5.18).
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22.

Summary descriptions (collection data, comments, suggestions for
future work) are appended for a range of other New Zealand fossil
Cetacea (section 5.19).

23.

The chronological succession of New Zealand faunas is outlined.
The earliest forms are Late Eocene, and the Oligocene fauna is',
at present, known best.

The Miocene-Pleistocene fauna is

relatively unstudied (section 6).
24.

Some major phases of cetacean evolution are outlined.

The initial

appearance of Cetacea, and of mysticetes and odontocetes, are
interpreted in terms of phyletic saltation, and involved rapid
adaptations primarily to new trophic regimes (section 7).
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FIG. 120.

Left periotic of Kekenodon onamata, Ma 306 (holotype) , dorsal

view.
FIG. 121-

Left stapes of K. onamata, Ma 306, internal view.

Scale bar

:l

5 mm.

rIG. 122.

Left periotic of K. onamata, Ma 306, ventral view (coated) •

FIG. 123.

Left periotic of K. onamata, Ma 306, ventral view (uncoated) .

FIG. 124.

Left periotic of K. onamata, Ma 306, internal view.

pIG. 125.

Left periotic of K. onamata, Ma 306, x-ray, dorsal view.

Orientation as for Fig. 120.

C

= cochlea,

S

=

stapes.

FIG. 126.

Left tympanic bulla of K. onamata, Ma 306, ventral view (coated).

FIG. 127.

Left tympanic bulla of K. onamata, Ma 306, dorsal view (coated).

FIG. 128.

Right supraorbital process of frontal of K. onamata, Ma 306,

dorsal view.
FIG. 129.
}~IG.

130.

Scale bar

= 100

mm.

Right supraorbital process, K. onamata, Ma 306, ventral view.
Atlas, K. onamata, Ma 306, anterior view.

Scale bar = 100 mm.

FIG. 131.

Atlas, K. onamata, Ma 306, posterior view.

FIG. 132.

Incisor or canine crown, K. onamata, Ma 306, buccal view.

t!G. 133.

Incisor or canine crown, K. onamata, Ma 306, occlusal view.

FIG. 134.

Incisor or canine crown, K. onamata, Ma 306, lingual view.

FIG. 135.

Incisor or canine root, K. onamata, Ma 306, cross-section.

FIG. 136.

Incisor or canine root, K. onamata, Ma 306, longitudinal section.

FIG. 137.

Left upper canine of K. onamata, Ma 306, lingual view.

Scale

bar == 50 rnm.
FIG. 138.

Left upper canine of K. onamata, Ma 306, posterior view.

FIG. 139.

Left upper canine of K. onamata, Ma 306, buccal view (coated) •

FIG. 140.

Left upper canine of K. onamata, Ma 306, buccal view (uncoated) •

FIG. 14l.

Incisor or canine root of K. onamata, Ma 306, buccal view.

FIG. 142.

Incisor or canine root of K. onamata, Ma 306, posterior view.

tJ'tG, 143.

Incisor or canine root of K. onamata, Ma 306, lingual view.

FIG. 144.

Lower right canine of K. onamata, Ma 306, lingual view (coated) .

FIG. 145.

Lower right canine of K. onamata, Ma 306, lingual view

(uncoa ted) •
FIG. 146.

Lower right canine of K. onamata, Ma 306, posterior view.

FIG. 147.

Lower right canine of K. onamata, Ma 306, buccal view.

FIG. 148.

Lower (left?) first premolar of K. onamata, Ma 306, buccal view

(coated).
FIG.

149~

Scale bar

=

50 rom.

Lower (left?) first premolar of K. onamata, Ma 306, anterior

view (uncoated) .
F'IG. 150.

Lower (left?) first premolar of K. onamata, Ma 306, lingual

view ..
FIG. l5l.

Lower (left?) first premolar of K. onamata, Ma 306, posterior

"iew (coated) .
FIG. 152.

Right lower second premolar of K. onamata, Ma 306, buccal

view (coated) .
FIG. 153.

Right lower second premolar of K. onamata, Ma 306, buccal view.

FIG. 154.

Right lower second premolar of K. onamata, Ma 306, posterior

view.
FIG. 155.

Right lower second premolar of K. onamata, Ma 306, lingual view.

FIG. 156.

Right lower third premolar of K. onamata, GS 476, buccal view.

FIG. 157.

Right lower third premolar of K. onamata, GS 476, posterior

view.
FIG. 158.

Right lower third premolar of K. onamata, GS 476, lingual view

(coated) .
FIG. 159.

Right lower third premolar of K. onamata, GS 476, lingual view.

FIG. 160.

Left lower fourth premolar of K. onamata, Ma 306, occlusal view.

FIG. l6l.

Left lower fourth premolar of K. onamata, Ma 306, lingual view.

FIG. 162.

Left lower fourth premolar of K. onamata, Ma 306, buccal view.

FIG. 163.

Right lower second molar (?) of K. onamata, Ma 306, lingual (?)

view (coated) .
FIG. 164.

Right lower second molar (?) of K. onamata, Ma 306, lingual (?)

view.
FIG. 165.

Right lower second molar (?) of K. onamata, Ma 306, buccal (?)

view.
FIG. 166.

Right lower second molar (?) of K. onamata, Ma 306, occlusal

view.
FIG. 167.

Right lower first molar (?) of K. onamata, Ma 306, lingual view

(coated) .
FIG. 168.

Right lower first

(coated) .

mo)~r

(?) of K. onamata, Ma 306, buccal view

FIG. 169.

Right upper third premolar of K. onamata, Ma 306, buccal view.

Scale bar

=

50 mm.

FIG. 170.

Right upper third premolar of K. onamata, Ma 106, anterior vi.ew.

FIG. 171.

Right upper third premolar of 1(. onamata, Ma 306, anterior view

(coated) .
FIG. 172.

Right upper third premolar of K. onamata, Ma 306, lingual view

(coated) .
FIG. 173.

Right upper third premolar of K. onamata, Ma 306, posterior

view.
FIG. 174.

Left upper fourth premolar of K. onamata, Ma 306, buccal view

(coated).
FIG. 175.

Left upper fourth premolar of K. onamata, Ma 306, buccal view

(uncoated) .
FIG. 176.

Left upper fourth premolar of K. onamata, Ma 306, posterior

view.
FIG. 177.

Left upper fourth premolar of K. onamata, Ma 306, lingual view

(coated) .
FIG. 178.

Left upper fourth premolar of K. onamata, Ma 306, lingual view

(uncoated) .
FIG. 179.

Left upper fourth premolar of K. onamata, Ma 306, anterior view.

FIG. 180.

Left (?) upper first molar of K. onamata, GS 476, buccal view

(coated) .
FIG. 181.

Left (? ) upper first molar of K. onamata, GS 476, anterior view.

FIG. 182.

Left (?) upper first molar of K. onamata, GS 476, lingual view

(coated) .
FIG. 183.

Left

(?),

upper first molar of K. onamata, GS 476, posterior

view.
FIG. 184.

Incisor or canine root of K. onamata, Ma 306, longitudinal

section showing detail of growth bands.
Scale bar
FIG. 185.

C

= cementum,

D

= dentine.

= 5 mm.

Incisor or canine root of K. onamata, Ma 306, detail of cross-

section.

FIG. 186.

Cheek-tooth of "Squalodon" serratus, ZMT 32 (holotype), buccal

view.
FIG. 187.

Cheek-tooth of "Squalodon" serratus, ZMT 32, lingual view.

FIG. 188.

Lower cheek-tooth (tooth 2) of indet. toothed cetacean, ZMT 62,

buccal view.
FIG. 189.

Lower cheek-tooth (tooth 2) of indet. toothed cetacean, ZMT 62,

lingual view.
FIG. 190.

Lower cheek-tooth (tooth 3) of indet. toothed cetacean, ZMT 62,

buccal view.
FIG. 191.

Lower cheek-tooth (tooth 3) of indet. toothed cetacean, ZMT 62,

lingual view.
FIG. 192.

Lower cheek-tooth (tooth 4) of indet. toothed cetacean, ZMT 62,

buccal view.
FIG. 193.

Lower cheek-tooth (tooth 4) of indet. toothed cetacean, ZMT 62,

lingual view.
FIG. 194.
Tl

Mandible of indet. toothed cetacean, ZMT 62, buccal view.

= tooth

1, T2 = tooth 2, T3

=

tooth 3, T4

= tooth

4, T5

= tooth

F!G. 195.

Mandible of indet. toothed cetacean, ZMT 62, lingual view.

~tG.

Mandible of indet. toothed cetacean, ZMT 62, occlusal view.

196.

5.

FIG. 197.

Right periotic in situ, Mammalodon colliveri, MUGD 1874

(holotype), ventral view.
FIG. 198.

Left periotic, Mammalodon colliveri?, P48867A, ventral view.

FIG. i99.

Left periotic, Mammalodon colliveri?, P48867A, dorsal view.

FIG. 200.

Right lower cheek-tooth, Mammalodon colliveri, P17535 (holo-

type), lingual view.
FIG. 201.

Right lower cheek-tooth, Mammalodon colliveri, P17535, posterior

view.
FIG. 202.

Right lower cheek-tooth, Mammalodon colliveri, P17535, buccal

view.
FIG. 203.

Left? upper anterior cheek-tooth, Mammalodon colliveri?, P48802,

buccal view.
Scale bar

= 100

FIG. 204.

Caudal vertebrae of archaeocete?, OUl1579.

FIG. 205.

Portion of skull (incomplete parietals and supraoccipital) of

indet. squalodontoid, GS 10897., dorsal view (coated).

rom.

Scale bar

100 rom.
FIG. 206.

Portion of skull of indet. squalodontoid, GS 10897, dorsal view

(uncoated) .
FIG. 207.

Portion of skull of indet. squalodontoid, GS 10897, anterodorsal

view.
'FIG. 208.

Portion of skull of indet. squalodontoid, GS 10897, lateral

view.
FIGS 209-214.

Skull fragments of uncertain assignment, indet. squalo-

dontoid, GS 10897, dorsal (?) view.
FIGS 215-216.

Scale bar

=

20 rom.

Fragments of hyoid?, indet. squalodontoid, GS 10897,

orientation uncertain.
FIG. 217.

Anterior (first?) cheek-tooth, indet. squalodontoid, GS 10897,

buccal view.
FIG. 218.

Anterior (first?) cheek-tooth, indet. squalodontoid, GS 10897,

lingual view.
FIG. 219.

Left lower anterior cheek-tooth, indet. squalodontoid, GS 10897,

buccal view.
FIG. 220.

Left lower anterior cheek-tooth, indet. squalodontoid, GS 10897,

lingual view.
FIG. 221.

Left lower anterior cheek-tooth, indet. squalodontoid, GS 10897,

occlusal view.
FIG. 222.

Left upper mid cheek-tooth, indet. squalodontoid, GS 10897,

buccal view.
FIG. 223.

Left upper mid cheek-tooth, indet. squalodontoid, GS 10897,

lingual view.
FIG. 224.

Left upper mid cheek-tooth, indet. squalodontoid, GS 10897,

occlusal view.
FIG. 225.

Left upper posterior cheek-tooth, indet. squalodontoid,

GS 10897, buccal view.
FIG. 226.

Left upper posterior cheek-tooth, indet. squalodontoid,

GS 10897, lingual view.

FIG. 227.
view.

Skull of "Prosqualodon" hamiltoni, C.02.8 (lectotype) , dorsal
Scale bar = 100 mm.

" llami 1 ton.i , C.02.8, ventral view.
lIP. " hamil toni, C.02.8, lateral view.

FIG. 228.

Skull of

FIG. 229.

Skull of

FIG. 230.

Right periotic .in si.tu on skull of "P." ham.i1 toni, C.02.8,

lIP.

ventral view.
FIG. 23l.

Right periotic of "P." hamiltoni, C.02.8, ventral view.

FIG. 232.

Right periotic of "P. " hamiltoni, C.02.8, dorsal view.

FIG. 233.

Left periotic of "P. " hamiltoni, C.02.8, ventral view.

FIG. 234.

Left periotic of "P. " hamiltoni, C.02.8, dorsal view.

FIG. 235.

Right tympanic bulla of "P. " hamiltoni, C.02.8, dorsal view.

FIG. 236.

Right tympanic bulla of "P." hamiltoni, C.02.8, ventral view.

FIG. 237.

Anterior cheek-tooth of "P.I/ hamiltoni, C.02.8, buccal view.

FIG. 238.

Anterior cheek-tooth of "P." hamiltoni, C.02.8, lingual view.

FIG. 239.

Posterior upper cheek-tooth of lIP. " hamiltoni, C.02.8, buccal

view.
FIG. 240.

Anterior cheek-tooth of "Prosqualodon" marplesi, C.75.27

(holotype), buccal view.

:trIG. 241.

Anterior cheek-tooth of "P." marplesi, C.75.27, lingual view.

FIG. 242.

Mid cheek-tooth of Prosqualodon aff. davidis, C.77.ll, buccal

view.
FIG. 243 •. Mid cheek-tooth of P. aff. davidis, C.77.ll, lingual view.
FIG. 244.

Posterior cheek-tooth of P. aff. davidis, C.77.ll, buccal view.

FIG. 245.

Incisor or canine crown of P. aff. davidis, C.77.ll, lingual

view (latex rubber cast).
FIG. 246.

Incisor or canine crown, Prosqualodon?, REF 101, lingual view

(plaster cast).

FIG. 247.

Copy of Andrew's 1906:

Plate 4.

Fig. le on the plate is the

holotype of "Squalodon" andrewi.
FIG. 248.

posterior upper right cheek-tooth, "Squalodon" andrewi, C.77.2l

(holotype), lingual view (latex rubber cast).
FIG. 249.

Posterior upper right cheek-teeth and palate, "Squalodon"

andrewi, C.77.2l, ventrolingual view (latex rubber cast, taken from
block shown in Fig. 250).
FIG. 250.

Natural limestone cast of posterior upper right cheek-teeth and

palate, "Squalodon" andrewi, C. 77. 2l.
FIGS 251-278.
(=

Upper and lower teeth of indet. squalodont, C.77.22

paratype of "Squalodon" andrewi).

Abbreviated figure captions

follow.
FIG. 25l.

Upper canine, buccal view.

FIG. 252.

Canine, lingual view.

FIG. 253.

First upper cheek-tooth, buccal view.

FIG. 254.

First upper cheek-tooth, lingual view.

FIG. 255.

Second upper cheek-tooth, buccal view.

FIG. 256.

Second upper cheek-tooth, lingual view.

FIG. 257.

Third upper cheek-tooth, buccal view.

FIG. 258.

Third upper cheek-tooth, lingual view.

FIG. 259.

Mid (fourth?) upper cheek-tooth, buccal view.

FIG. 260.

Mid (fourth?) upper cheek-tooth, lingual view.

FIG. 26l.

Mid (fifth?) upper cheek-tooth, buccal view.

FIG. 262.

Mid (fifth?) upper cheek-tooth, lingual view.

FIG. 263.

Posterior (sixth?) upper cheek-tooth, buccal view.

FIG. 264.

Posterior (sixth?) upper cheek-tooth, lingual view.

FIG. 265.

Fragment of cheek-tooth, buccal view.

FIG. 266.

Fragment of cheek-tooth, lingual view.

FIG. 267.

Fragment of cheek-tooth crown, buccal view.

FIG. 268.

Fragment of cheek-tooth crown, lingual view.

FIG. 269.

Mid upper cheek-tooth, buccal view.

FIG. 270.

Mid upper cheek-tooth, lingual view.

FIG. 271.

Posterior upper cheek-tooth, buccal view.

FIG. 272.

Posterior upper cheek-tooth, lingual view.

FIG. 273.

Posterior cheek-tooth, buccal view.

FIG. 274.

Posterior cheek-tooth, lingual view.

FIG. 275.

Detail of mid (fourth?) upper cheek-tooth, buccal view (coated).

See also Fig. 259.
FIG. 276.

Detail of mid (fourth?) upper cheek-tooth, lingual view

(coated).
FIG. 277.

See also Fig. 260.

Detail of mid (fifth?) upper cheek-tooth, buccal view (coated).

See also Fig. 261.
FIG. 278.

Detail of mid (fifth?) upper cheek-tooth, lingual view (coated).

See also Fig. 262.
FIG. 279.
(=

Left upper mid cheek-tooth of cf. Prosqualodon, C.77.23

referred specimen of "Squalodon" andrewi), lingual view.

FIG. 280.

Left upper anterior cheek-teeth (canine, first, second, third

cheek-teeth, right to left) of cf. Prosqualodon, C.77.23, buccal
view (coated).
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FIG. 281.

Right mandible, "Microcetus" hectori, Ma 653 (holotype),

external view.
FIG. 282.

Right mandible, "M." hectori, Ma 653, occlusal (dorsal) view.

FIG. 283.

Right mandible, "M." hectori, Ma 653, internal view.

FIG. 284.

Detail of mandibular cheek-teeth, "M. " hectori, Ma 653, buccal

view (coated) .
FIG. 285.

Detail of mandibular cheek-teeth, "M. " hectori, Ma 653,

occlusal view (coated).
FIG. 286.

Detail of mandibular cheek-teeth, "M." hectori, Ma 653, lingual

view (coated).
FIG. 287.

Incisor root, "M." hectori, Ma 653, lateral (?) view.

FIG. 288.

Incisor crown, "M." hectori, Ma 653, lingual view.

FIG. 289.

Incisor crown, "M." hectori, Ma 653, buccal view.

FIG. 290.

Incisor (?), "M." hector.i, Ma 653, buccal view.

FIG. 291.

Incisor (?), "M." hectori, Ma 653, lingual view.

FIG. 292.

Canine (?), "M." hectori, Ma 653, buccal view.

FIG. 293.

Canine (?), "M." hectori, Ma 653, lingual view.

t'IG. 294.

Anterior (upper?) cheek-tooth, "M." hectori, Ma 653, lingual

view.
FIG. 295.

Anterior (upper?) cheek-tooth, "M." hectori, Ma 653, buccal

view.
FIG. 296.

Anterior upper cheek-tooth, "M." hectori, Ma 653, buccal view.

FIG. 297.

Anterior upper cheek-tooth, "M." hectori, Ma 653, lingual view.

FIG. 298.

Incisor?," Microcetus" aff. hectori, OU 11520, orientation

uncertain.
FIG. 299.

Incisor?, "M." aff. hectori, OU 11520, lateral view.

FIG. 300.

Canine (or anterior cheek-tooth?), "M." aff. hectori, OU 11520,

buccal view.
FIG. 301.

Anterior cheek-tooth, "M." aff. hectori, OUl1520, buccal view.

FIG. 302.

Posterior cheek-tooth, "M." aff. hectori, OU 11519, buccal

view.
FIG. 303.

Detail of posterior cheek-tooth, "M." afL hectori, OU 11519,

buccal view (coated).
FIG. 304.

Detail of posteri0r cheek-tooth, "M." aff. hectori, OU 11519,

lingual view (coated).
FIG. 305.

Left periotic, "M." afL hectori, OU 11518, dorsal view.

FIG. 306.

Left periotic, "M." afL hectori, OU 11518, ventral view

(coated) .

FIG. 307.

Rostrum of aff. Phoberodon, Co75.33, dorsal view.

Scale bar

=

100 mm.
FIG. 308.

Rostrum of afL Phoborodon, C.75.33, dorsocxternal view.

FIG. 309.

Rostrum of uff. Pllo1Jorodon, C.75.33, ventral vi.ew.

FIG. 310.

Rostrum of a[f. I'hO}JCTodon, C.75.:n, vcntroexternal view.

FIG. 3ll.

Fragment of left mandible, indet. squalodontoid, au 5069,

dorsal view (coated) .
FIG. 312.

Scale bar = 100 mm.

Detail of second supernumary tooth and broken cheek-tooth root,

indet. squalodontoid, OU 5069, dorsal view (coated).
FIG. 313.

Detail of first supernumary tooth and cheek-tooth sockets,

indet. squalodontoid, OU 5069, dorsal view (coated).
FIG. 314.

Fragment of left mandible of indet. squalodontoid, OU 5069,

internal view (coated).
FIG. 315.

Left upper posterior cheek-tooth, aff. "Squal odon" andrewi,

C.77.l2, buccal view (coated).
FIG. 316.

Left upper posterior cheek-tooth, aff. "Squalodon" andrewi,

C.77.l2, posterior view (coated).
FIG. 317.

Left upper posterior cheek-tooth, aff. "Squalodon" andrewi,

C.77.l2, lingual view (coated).
FIG. 318.

Mid cheek-tooth crown of Tangaroasaurus kakanuiensis, C.03.1S

(holotype), buccal view.
FIG. 319.

Mid cheek-tooth crown of T. kakanuiensis, C.03.1S, anterior

view.
FIG. 320.

Mid cheek-tooth crown of T. kakanuiensis, C.03.1S, lingual

view.
FIG. 321.

Anterior cheek-tooth of T. kakanuiensis, C.03.1S, lateral view

(exact orientation uncertain) .
FIG. 322.

Anterior cheek-tooth crown of T. kakanuiensis, C.03.l8, lateral

view (exact orientation uncertain) .

Natural endocast of braincase, indet. odontocete (?),

FIG. 323.

C.48.70,dorsal view (coated).

Scale bar

=

50 mm.

FIG. 324.

Natural endocast of braincase, C.48.70, ventral view.

FIG. 325.

Natural endocast of braincase, C.48.70, anterior view.

FIG. 326.

Natural endocast of braincase, C.48.70, lateral (left) view.

FIG. 327.

Natural endocast of braincase, C.48.70, posterior view.

FIG. 328.

Incomplete braincase and natural endocast of indet. odonto-

cete (7), Ma 1666, dorsal view.
FIG. 329.

Incomplete braincase and natural endocast, Ma 1666, ventral

view.
FIG. 330.

Incomplete braincase and natural endocast, Ma 1666, anterior

view.
FIG. 331.

Detail of anterior face of incomplete braincase and natural

endocast, Ma 1666, showing position of frontoparietal suture, S.
F

=

frontal, P

FIG. 332.

= parietal.

Incomplete braincase and natural endocast, Ma 1666, lateral

(left) view.
FIG. 333.
view.

Incomplete braincase and natural endocast, Ma 1666, posterior

FIG. 334.

Mandible of indct. ziphiid, NA54,

100 mm.

rto~Bal

view.

Scule bar

Photographs courtosy of D. J. Cullan, NZOI.

FIG. 335.

Mandible of indet. ziphiid, N854, ventral view.

FIG. 336.

Mandible of indet. ziphiid, N854, detail of alveoli, dorsal

view.
FIG. 337.

Mandible of indet. ziphiid, N854, detail of

alv~01i,

anterior

view.
FIG. 338.

Mandible of indet. ziphiid, N854, lateral (left) view.

FIG. 339.

Right humerus of Phocaenopsis mantelli, M 11091 (ho1otype),

anterior view.

Photographs courtesy of A. P. Currant, BMNH.

FIG. 340.

Right humerus of P. mantelli, M 11091, posterior view.

FIG. 341.

Right humerus of P. mantelli, M 11091, external view.

FIG. 342.

Right humerus of P. mantelli, M 11091, internal view.

FIG. 343.

Right humerus of P. mantelli, M 11091, proximal view.

FIG. 344.

Right humerus of P. mantelli, M 11091, distal view.

FIG. 345.

Second premolar of aff. Dorudon, ZMT 79, lingual view.

FIG. 346.

Second premolar of aff. Dorudon, ZMT 79, buccal view.

FIG. 347.

Incisor or canine crown of afL Dorl/don, ZMT 79, buccal view.

FIG. 348.

Incisor or canine crown of aff. Dorudon, ZMT 79, lingual

view.
FIG. 349.

Tooth root (?), aff. Dorudon, ZMT 79, anterior or posterior

view.
FIG. 350.

Mid cheek-tooth, indet. squalodont, GS 40, buccal view,

(latex rubber cast, coated).
FIG. 351.

Anterior lower right cheek-tooth, aff.Prosqualodon, P14040,

buccal view.
FIG. 352.

Anterior lower right cheek-tooth, aff. Prosqualodon, P14040,

lingual view.
FIG. 353.

Posterior upper right cheek-tooth, Parasqualodon wilkinsoni,

P5528 (holotype), lingual view.
FIG. 354.

Posterior upper right cheek-tooth, parasqualodon wilkinsoni,

P5528, buccal view.
FIG. 355.

Incisor, aff. Prosqualodon-Parasqualodon, REF 112, buccal

view.
FIG. 356.

Incisor, aff. Prosqualodon-Parasqualodon, REF 112, lingual

view.
FIG. 357.

Incomplete left mandible and mid cheek-teeth, aff. Para-

squalodon, OU 5080, lingual view.
FIGS 358-363.

Incisors and canines, indet. squalodontoid, OU 11521,

various orientations.
FIG. 364.

Mid lower cheek-tooth, aff. Prosqualodon, P5532 (= hypotype,

Metasqualodon harwoodi Hall, 1911:
FIG. 365.

Fig. 6) , buccal view.

Mid lower cheek-tooth, aff. Prosqualodon, P5532, lingual

view.
FIG. 366.

Right periotic, indet. squalodontoid, REF 49, dorsal view.

FIG. 367.

Right periotic, indet. squalodontoid, REF 49, ventral view.

FIG. 368.

Left periotic, indet. squalodontoid, REF 49, dorsal view.

FIG. 369.

Left perioti.c, indet. squalonontoid, REF 49. ventral view.

FIG. 370.

Left tympanic bulla, indet. squalodontoid, REF 49, external

view.
FIG. 371.
view.

Left tympanic bulla, indet. squalodontoid, REF 49, internal

FIG. 372.
FIG. 373.

Incisor, indet. squalodont, ZMT 58, anterior view.
Incisor, indet. squalodont, ZMT 58, lingual view.

FIG. 374.

Incisor, indet. squalodont, ZMT 58, posterior view.

FIG. 375.

Incisor, i.ndet. sgualodont, ZMT 58, buccal view.

FIG. 376.

Incisor, indet. sgualodont, ZMT 58, oblique vi.ew of broken

crown cross-section seen during preparation.

Scale bar = 5

!lUll.

FIG. 377.

Worn incisor, indet. squalodont, REF 97, lateral view.

FIG. 378.

Natural endocast of braincase, indet. odontocete, ZMT 3,

dorsal view.
FIG. 379.

Scale bar

= 50 rom.

Natural endocast of braincase, indet. odontocete, ZMT 3,

ventral view.
FIG. 380.

Natural cast and bone of rostrum and anterior of cranium,

indet. delphinoid, NOM 42, ventral view (coated).

Scale bar

=

100 rom.
FIG .. 381.

Partial mandibles, delphinoid or platanistoid, ZMT 44,

ventral view.
FIG. 382.

Partial mandibles, delphinoid or platanistoid, ZMT 44,

dorsal view.

JrXG. 383.

Anterior tooth ofcf. Orcinus, ZMT 76, anterolingual view.

FIG. 384.

Skull of cf. Pseudorca, Ma 1439 (left), compared with extant

Pseudorca skull, Ma 712 (right), dorsal view.
NMNZ.
FIG. 385.

Scale bar

rom.

Maxillary crest (?) of skull of platanistoid, ZMT 73,

external view.
FIG. 386.

= 500

Negative no. B932l,

Scale bar

= 50

rom.

Supraorbital process of platanistoid, ZMT 73, dorsal view.

Elevated structure at right may be base of maxillary crest.
FIGS 387 and 388.

Part of rostrum (?) of platanistoid, ZMT 73, exact

orientation uncertain.
FIGS 389 and 390.

Part of left lambdoid crest (?) and roof of temporal

fossa (?), of platanistoid, ZMT 73, exact orientation uncertain.
FIG. 391.

Left squamosal, exoccipital, and posteroexternal corner of

braincase of platanistoid, ZMT 73, dorsal view.
FIG. 392.

Left squamosal, exoccipit.l,

~nd

basioccipital of platanis-

toid, ZMT 73, ventral view.
FIG. 393.

Right periotic of platanistoid, ZMT 73, ventral view.

FIG. 394.

Right periotic of platanistoid, ZMT 73, dorsal view.

FIG. 395.

Right tympanic bulla of platanistoid, ZMT 73, external view.

FIG. 396.

Right tympanic bulla of platanistoid, ZMT 73, dorsal view.

FIGS 397-404.
tations.

Assorted teeth of platanistoid, ZMT 73, various orienNote accessory denticle on tooth in Fig. 403.

FIG. 405.

Skull and partial mandibles of eurhinodelphinid, V9, vehtral

view.
FIG. 406.

Scale bar

= 50 mm.

Detail of rostral tip (bottom), tip of mandible (top) and

prognathous teeth, of eurhinodelphinid, V9, ventral view.
bar

= 50

FIG. 407.

mm.

Detail of posterior of skull, eurhinodelphinid, V9, lateral

(right) view.
FIG. 408.

Scale

Scale bar

= 50

mm.

Left mandible, eurhinodelphinid, V9, lateral (left) view.

Scale bar

= 50 mm.

FIG. 409.

Left mandible, eurhinode1phinid, V9, dorsal (occlusal) view.

FIG. 410.

Natural endocast of dorsal right portion of braincase,

eurhinode1phinid, V9, dorsal view.
FIG. 411.

Left tympanoperiotic of eurhinode1phinid, V9, dorsointerna1

view.
FIG. 412.

Left tympanoperiotic of eurhinode1phinid, V9, external view.

FIG. 413.

Natural endocast of braincase, de1phinoid (eurhinode1phinid?),

C.34.7, dorsal view (coated).
FIG. 414.

Natural endocast of braincase, de1phinoid (eurhinode1phinid?),

C.34.7, ventral view.

rIG. 415.

Natural endocast of braincase, de1phinoid (eurhinode1phinid?),

C.34.7, lateral (left) view.
FIG. 416.

Natural endocast of braincase, de1phinoid (eurhinode1phinid?),

C.,34. 7, anterior view.
FIG. 417.

Natural endocast of braincase, de1phinoid (eurhinode1phinid?),

C.34.7, posterior view.
FIG. 418.

Cheek-tooth, mostly preserved as natural cast, indet. squa1o-

dont, NOM 224, lateral view.
FIG. 419.

Latex rubber cast of cheek-tooth, indet. squa1odont, NOM 224,

lateral view (coated).
FIG. 420.

Anterior lower (?) cheek-tooth, indet. squa1odont, REF 78,

buccal view.
FIG. 421.

Mid upper cheek-tooth, afL "Squalodon" gambierensis, P48803,

buccal view.

FIG. 422.

Mid upper cheek-tooth, afL "S." gambierensis, p48803,

lingual view.

FIG. 423.

Mandible of p1atanistoid (?), ZMT 39, dorsal (occlusal) view.

FIG. 424.

Skull of Mauicetus parki, OU 11573 (holotype), dorsal view.

Scale bar

=

200 mm.

FIG. 425.

Skull of M. parki, OU 11573, ventral view.

FIG. 426.

Skull of M. parki, OU 11573, lateral (left) view.

FIG. 427.

Skull of M. parld, OU 11573, anterior view.

FIG. 428.

Skull of M. parki, OU 11573, posterior view.

FIG. 429.

Left periotic of M. parki, OU 11573, ventral view (uncoated).

FIG. 430.

Left periotic of M. parki, OU 11573, ventral view (coated).

FIG. 431.

Left periotic of M. parki, OU 11573, internal view.

FIG. 432.

Left periotic of M. parki, OU 11573, dorsal view.

FIG. 433.

Skull of aff. Mauicetus, C.75.26

dorsal view.

Scale bar

=

(=

paratype of M. parki),

200 mm.

FIG. 434.

Skull of aff. Mauicetus, C.75.26, lateral (left) view.

FIG. 435.

Skull of aff. Mauicetus, C.75.26, anterior view of poster'ior

part of skull.
FIG. 436.

Skull of aff. Mauicetus, C.75.26, posterior view of anterior

part of skull.
FIG. 437.
(=

Proximal part of left mandible, indet. mysticete, C.77.15

referred specimen of Lophocephalus parki) , d':>rsal (occlusal)

view.
FIG. 438.

Scale bar
P:rOXiL.'l;:l

= 100

mm.

IJr.lrt of left mandible, indet. mysticete, C. 77 .15,

external view.
FIG. 439.

Natural cast of alveolar 0anal of

mandible, C.77.18, OM,
external view.

(=

Scale bar

S1u~lodontoid

(?) left

paratype of Uphc.cephalus parki),

=

100 mm.

FIG. 440.

Left periotic of indet. mysticete, Ma 649,

(=

referred

specimen of Mauicetus parki), dorsal view.
FIG. 44l.

Left periotic of indet. mysticete, Ma 649, posterior view.

FIG. 442.

Left periotic of indet. mysticete, Ma 649, ventral view.

FIG. 443.

Left periotic of indet. mysticete, Ma 649, internal v.i.ew.

FIG. 444.

Left tympanic bulla of indet. mysticete, Ma 649, external

view.
FIG. 445.

Left tympanic bulla of indet. mysticete, Ma 649, dorsal view'.

FIG. 446.

Posterior process of left periotic, indet. mysticete, Ma 649,

ventrointernal face.
FIG. 447.

Posterior process of left periotic, indet. mysticete, Ma 649,

dorsoexternal view.
FIG. 448.

Left supraorbital process (?) of indet. mysticete, Ma 649,

dorsal view.
FIG. 449.

L~ft

Scale bar

= 100

rom.

supraorbital process (?) of indet. mysticete, Ma 649,

ventral view.
FIGS 450, 451.

Anterior (?) segment of sternum of indet. mysticete,

Ma 649, dorsal and ventral views.
FIG. 452.

Left stapes of indet. mysticete, Ma 649, internal view.

Scale bar
FIG. 453.

=5

rom.

Right periotic of indet. mysticete, Ma 651, (= referred

specimen of Mauicetus parki), ventral view.
FIG. 454.

Right periotic of indet. mysticete, Ma 651, dorsal view.

FIG. 455.

Right periotic of indet. mysticete, Ma 651, internal view.

FIG. 456.

Right periotic of indet. mysticete, Ma 651, posterior view.

FIG. 457.

Left periotic of indet. mysticete, Ma 651, dorsal view.

FIG. 458.

Left periotic of indet. mysticete, Ma 651, ventral view.

FIG. 459.

Right tympanic bulla of indet. mysticete, Ma 651, external

view.
FIG. 460.

Right tympanic bulla of indet. mysticete, Ma 651, dorsal

view.
FIG. 461.

Atlas of indet. mysticete, Ma 650, anterior view.

Scale

bar = 100 rom.
FIG. 462.

Axis of indet. mysticete, Ma 652, anterior view.

FIG. 463.

Right periotic of indet. mysticete, OU 11526, posterior view.

FIG. 464.

Right periotic of indet. mysticete, OU 11526, internal view

(coated) .
FIG. 465.

Right periotic of indet. mysticete, OU 11526, ventral view.

FIG. 466.

Right periotic of indet. mysticete, OU 11526, dorsal view.

FIG. 467.

Left tympanic bulla of "Maujcotus" lophocophalus, C.62.l

(holotype), dorsal view (coated).
FIG. 468.

Left tympanic bulla of "M." lophocephalus, C.62.l, ventral

view.
FIG. 469.

Left tympanic bulla of "M." lophocephalus, C.62.l, external

view.
FIG. 470.

Left tympanic bulla of "M." lophocephalus, C.62.1, internal

view.
FIG. 471.

Left tympanic bulla of "M." lophocephalus, C.62.1, posterior

view.
FIG. 472.

Right tympanic bulla of "M." 1 opho cepha 1 us , C.62.1, dorsal

view.
FIG. 473.

Pars cochlearis of right periotic, "M." lophocephaluB,

C.62.1, ventral view.
FIG. 474.

Pars cochlearis of right periotic of "M." lophocephalus,

C.62.l, dorsal view.
FIG. 475.

Pars cochlearis of right periotic of "M." lophocephalus,

C.62.l, internal view.

rIG. 476.

Pars cochlear is of right periotic of "M." lophocephalus,

C.62.1, external view.
FIG. 477.

Right mandible of "M." lophocephalus, C.62.1, internal view.

Scale bar = 100 rom.
FIG. 478.

Right mandible of "M." lophocephalus, C.62.1, dorsal view.

FIG. 479.

Left tympanic bulla of "Mauicetus" waitakiensis, C.62.2

(holotype), dorsal view.
FIG. 480.

Right tympanic bulla of "M." waitakiensis, C.62.2, dorsal

view (coated).
FIG. 481.

Right tympanic bulla of "M." waitaldensis, C.62.2, external

view.
FIG. 482.

Right tympanic bulla of "M." waitakiensis, C.62.2, dorso-

internal view.
FIG. 483.
view.

Hind part of cranium, "Mo ll waitakiensis, C.62.2, posterior
Scale bar = 100 rom.

FIG. 484.

Hind part of cranium, "M,,18 waitakiensis, C.62.2, dorsal view.

FIG. 485.

Hind part of cranium,

view.

"M. "

waitakiensis, C.62.2, anterior

FIG. 486.

=

Rostrum of indet. mysticete, REF 1, dorsal view.

100 mID.

FIG. 487.

=

100 rom.

view.

Photo:

R. C. German.

Detail of vascular grooves on left side of rostrum, REF 1,

ventral view.
FIG. 489.

R. C. German.

Rostrum of indet. mysticete, REF 1, in situ, dorsal view.

Scale bar
FIG. 488.

Photo:

Scale bar

Scale bar

=

50 mID.

Posterior part of cranium of indet. mysticete, REF 2, dorsal
Scale bar = 100 mID.

FIG. 490 . . Synthetic rubber cast of dorsal surface of braincase of
indet. mysticete, REF 2, dorsal view, anterior at top (coated
specimen) .
FIG. 491.

Posterior part of cranium of indet. mysticete, REF 2, ventral

view.
FIG. 492.

Posterior part of cranium of indet. mysticete, REF 2,

posterior view.
FIG. 493.

Posterior part of cranium of indet. mysticete, REF 2,

anterior view.
FIG. 494.

Left tympanic bulla of indet. mysticete, REF 36, dorso-

external view.
FIG. 495.

Left tympanic bulla of indet. mysticete, REF 36, dorsal

view (coated).

FIG. 496. Skull of afL Mauicetus, REF Ill, dorsal view.
100 mm.
FIG. 497.
Ji'IG.

49B.

Scale bar

Skull of afL Mauicctus, REF Ill, lateral (left) view.
Left periotic of ,]ff. MilUicctUB,

RT'~I;'

111, ventral view.

FIG. 499.

Left periotic of aff. Mauicotus, REF Ill, internal view.

FIG. 500.

Left pe.r:io1:ic of afL Mauicetus, REF Ill, dorsal view.

FIG. SOl.

Right tympanic bulla of afL Mauicetus, REF Ill, dorsal view

(coated) .
FIG. 502.

Right tympanic bulla of afL Mauicetus, REF 111, external

view.
FIG. 503.

Right tympanic bulla of aff. Mauicetus, REF 111, internal

view.
FIG. 504.

Left periotic of cf. Aglaocetus, REF 109, ventral view

(coated) .
FIG. 505.

Left periotic of cf. Aglaocetus, REF 109, ventral view

(uncoated) .
FIG. 506.

Left periotic of cf. Aglaocetus, REF 109, dorsal view.

FIG. 507.

Left periotic of cf. Aglaocetus, REF 109, internal view.

FIG. 508.

Right tympanic bulla of indet. mysticete, ZMT 67, dorsal

view.
FIG. 509.

Right tympanic bulla of indet. mysticete, ZMT 67, dorso-

internal view.
FIG. 510.

Right tympanic bulla of aff. "Mauicetus", Ma 1667, dorsal

view.
FIG. 511.

Cranium of aff. "jI,fauicetus", Ma 1667, ventral view.

bar = 100 mm.

Scale

FIG. 512.

Right tympanic bulla of "Mauicetus" sp., C.78.2, dorsal view.

FIG. 513.

Right tympanic bulla of indet. mysticete, OU 11571, dorsal

view.
FIG. 514.

Right tympanic bulla of indet. mysticete, OU 11571, external

view.
FIG. 515.

Right tympanic bulla of indet. mysticete, C.78.1,

(=

referred

specimen of "M." lophocephalus), dorsal view.

FIG. 516.

Atlas of indet. mysticete, OU 11523, posterior view (coated).

Scale bar
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FIG. 517.

Atlas of indet. mysticete, OU 11523, anterior view (coated).

FIG. 518.

Cervical vertebra (allocation uncertain) of indet. mysticete,

OU 11523, posterior view (coated).
FIG. 519.

Part of braincase (squamosal?) of indet. mysticete, OU 11538,

external view (?).
FIG. 520.

I

Scale bar = 50

rmn.

Part of braincase (squamosal?) of indet. mysticete, OU 11538,

internal view (?).
FIG. 521.

Proximal end of left (?) side of rostrum of indet. mysticete,

OU 11523, dorsal view.

rIG. 522.

Left mandible of indet. mysticete, OU 11523, external view.

Scale bar
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100 mm.

FIG. 523.

Left mandible of indet. mysticete, OU 11523, dorsal view.

FIG. 524.

Proximal end of right (?) mandible of indet. mysticete,

OU 11523, lateral view.
FIG. 525.

Proximal end of right (?) mandible of indet. mysticete,

OU 11523, dorsal (?) view.
FIGS 526, 527.

Fragments of pars cochlear is of left periotic of indet.

mysticete, OU 11523, internal view.
FIG. 528.

Anterior process of left periotic, indet. mysticete, OU 11523,

external view.
FIG. 529.

Natural endocast of cochlea and fragment of pars cochlear is

of left periotic, indet. mysticete, OU 11523, internal view.
FIG. 530.

Skull of aff. "Plesiocetus" dyticus Cabrera 1926, .Ma 248,

dorsal view.
FIG. 531.

Scale bar

=

150

m~.

Detail of right mandible of indet. mysticete, .Ma 1668, dorsal

view.
FIG. 532.

Detail of right mandible of indet. mysticete, Ma 1668,

posterodorsal view.
FIG. 533.

Mandibles of indet. mysticete, Ma 1668, dorsal view.

Negative no. 519a-20, NMNZ.

Scale bar
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FIG. 534.

A typical exposure of light calcareous Whaingaroan mudstone

succeeded disconformably by Duntroonian greensand.
sitting at the disconformity.

The figure is

Coal Creek, Rangitata River, South

Canterbury.
FIG. 535.

Cetacean bone (B; specimen REF 12, squamosal of indet.

cetacean) in Duntroonian greensand, just above the WhaingaroanDuntroonian disconformity.
FIG. 536.

Hammer handle is 315 rom long.

The disconformable contact (C) between the Whaingaroan

Amberley Limestone and the overlying few metres of Duntroonian
greensand (Berrydale Greensand Member ?, Omihi Formation) at
Onepunga, North Canterbury.
FIG. 537.

Disconformity? (C) between basal sandy conglomerate (left)

and upper marine mUdstones (right) in the Abel Head Formation,
Puponga, Northwest Nelson.

The pack (mid right) marks the location

of mysticete Ma 1668, NMNZ.
FIG. 538.

Typical preservation of North Canterbury Miocene-Pliocene

cetacean remains:

mysticete (?) caudal vertebrae in large (doloL_-

tised?) siltstone clast, Motunau River Mouth.
FIG. 539.

Cetacean bone (B) in large, pholad-bored dolomitised silt-

stone lithoclast of Miocene-Pliocene age, which was incorporated in,
then

eroded out of, Early Pleistocene debris flows, Motunau River

Mouth, North Canterbury.

