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I. Genoral
A, Introduction:

Bver since Marine Boology began to take its place
as & section of Biological Research, divergent views have
been held as to the limits of mearine end supra-merine regions;
particularly is this so with regard to the fixetion of the
boundary betwesn littoral and sub-littorsl regions. Thus
Murray(1898) defines littoral as down to 20 fathoms, while
Flattely and Walton(1l922) in their devision of plant zones,
consider this lower boundary to be at low-water mark.

Sernander(1927) applies the degres and nature of exposure as

8 principle of division. On his principle the boundary betwesn
littoral and sub-littoral would ocoincide with the lower limit
of intermittent exposure.

Ag the upper limit he had taken the normal high
water line, but this plan had besn modified by Kylin(1918)
‘who took, &g his upper limit for the littoral zone, his
"Physiological High-water Line".This line, determined by three
factors, normal high water level, wave motion and solar
illumination, constitutes the upper limit of algal growth.
Sjostedt(1928) objects to the term "Physiological High-waterr
Line" , and substitutes his term "Lotus-line", with exactly the
same meéning. In his case it was equivalent to the lower
limit of the Verrucarisa-maurs Association. Here the sams
author discusses the matter of division and proposes a system

of division of the coastal region which would appear to bhe
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quite satisfactory from a botanical point of view.

In this work it will be noticed that I have not ¢
classed the smaller groups uundser ecological terms. This is
because I have been unable to reconcile my own conceptions of
the standing of the various groups, with those set out in ths
various text books. Thus Pearse(1927a) divides sassceiation on
Piles, Wharves and Ships into:

Stratum 1. Surface Animals.
Stratum 2. Boring Animals.
while in the Association of Mud Beaches, he groups them as,
Stratum l. Animals of Drift Line.
Stratum 2. Animals of Intertidal Zona.(ﬁ%&nﬂi”ﬁﬁéfzk%z%)w
Stratum 3. Aninmals eé—ohmbﬁ?ovl@mvéffzﬁjg '
vl tp Amamats Lo goon ¢
Stratum F.Animels of Shore-water.
It seems to me that he has confused two methods of classification.
In the one case we have surface as distinct from sub- surfacs.
In the other case tide level is the criterion. It seems to me
that tide level is just as important on piles as-on muddy or
rocky beaches, while the distinction bstween surfags and sube
surfece forms is cuite as definite on muddy beaches &s on
piles.

As I have found similsr difficulties with other
classifications, and not wishing to obscure facts by & nomenclature
which sesems to mean somsthing different to sach writser,

I have endeavoured to confine myself to such ecological

terms as seem to have & fairly well established and counstant

meaning.
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In New Zealand, Littoral Eeology is practically untouched.
A paper by Oliver(1923) on "The Marine Iittoral Plant and
Animal Communities in New Zealand", while a very interesting g
general survey, bears the stamp of an attempt to cover
seversl thousand miles of coast line in a few months work.
The "History of thePortobello Marine Fish-Hatchery and
Biological Station” by Thomson(1921) is chiefly an account of
attempts to introduce various marine food enimals into our
waters; and these accounts, wunot from want of care but from
lack of knowledge of our coastal conditions, &nd the natural
difficulties involved in such & change, read like an obituary
column., The sgcount also contains & few notes on the fauna,
and & list of somevspecies found. Last year work was commenced
on & biological survey of the Auckland Harbour, but nothing
has &8s yet been published, though I hope it will result in some
useful informetion , especially with regard to the bresding
habits of littoral molluseca.

Agide from the work mentioned, there are s few scattered,
incomplete and often inaccurate notes on the habits of some
marine forms: but &s & general rule, the approximate locality
in which & species ocours is the only ecological fact known
about it.

Animsal Ecologﬁ in this countryusmust be difficult till
more specialists in particular lines have ariseﬁ. At present
an ecologist must do the majority of the identification
himgelf, and this is made more difficult in that much of the

necessary literature is wunobtainable, while very few groups
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have been revised within the last 30 years. In every class
of invertebrates there are probably many new species, while
"lumping" he&s been over common in the past.

.In this paper & definite attempt has been made to
outline the chief ecological characters of two +typical types
of New Zealand beach. Work was concentrated on the shifting
or microlithic bsaches, and the stéble or macrolithic bsachas
are here but summarised in so far as essential to the unity -
of the area. It was not expespgted, éonsidering the magnitude of
the task, the time at my disposal, the distance from the
laboratory and the elmost sntire lack of apperatus, such as
boat , nets, and much chemicsal gesr, that the morg intimate
details of the region wduld be determineds The lack of data
as to the quantities of phosphates , nitrates, sulphides,
carbon dioxlide and the hydrogen lonviconcentration, due 1o
the necessary gear being unobtainable, I regard as one of the
most serious defecte of this work; but it is hoped that the re
-sults here recorded will be of serviee 1in opening up the

particular lines of study in this aree.
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B. Methods of Work
l.Determination of Physical and Chemical
Environmental PFactors:

As much date as time and the conditiouns of work
‘would allow was ‘collected on this side of the question.As the
nature of a given locality is a function of its past, a briedf
geological sketch of the origin of sach locality has been collectad

The waltar was examined for chlorine by the usual volumetric
method, using silver nitrate with potessium chromate as
indicator. In test experiments an accuracy of .0l grams of
chlorine per litre was obtained, and L consider the results
thréughout as correct to at least .02 grams of chlorine
per litre.

Densities were determined by the density bottle method,
the usual precs&utions being taken.

Oxygen content waes determinsd by an asdaption of Dr.
Thresgh's method.It depends on the liberation of iodine from
potassium iodide and sodium nitrite by sulphuric acid in
presehce of dissolved oxygen, in an atmosphere of coal gas.
From my experiments I do not consider this method as
accurate as that depending on the oxidation.of ferrous iron;

but it is quicker and sufficiently accurate for the purposae.

2. Organic Environments:
To familiarise myself with the animals of the
locality , some months were spent in collecting from the surfsece

, under stones, and sleving mud. The material was taken back
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to the laborstory for identification. Practically all the iden

~-tification I d4id myself , but 4 worms(one & new species)

were determined for me by Dr. Benham(Dunedin) , while

an amphipod was refered to the family Phoxocephalidee for

me by Dr. Ehilton(christchurch)?%As I considered that for the
~work to be of any value , the identification must be accurate,
I have had my identifications of worms and crustacea checked

by the above two workers.The mollusce were compared by me with
specimens in the Canterbury Museum ,identified by Suter. In

the faunistic lists I heve endeavoured to use the most

correct names, except in the casé cf the mollusca. Here I
considered it better to retsin Suter's nomenclature as it is best
known énd established. I am quite satisfied that in many ceases
Suter's nomenclature is faulty, but any person wishing to
consider this question should oconsult the papers in the

New ®#saland Institute Transsctions by Iredale and Finlay.

An attempt has been made to reduce distribution in tide
level to & numericeal form, not because it was considered that
the problam was solved by so doing, but that it was found to
be by far the simplest and most precise method of demonstrating
the actual state of affairs. Throughout, the graphic method
has been used as much as possible , because it was felt that h
hundreds of figures would be of little interest to anyone except
the worker, whereas when graphed the results of months of work
can be taken in at & glance.

K Bal (Guatondia ) examocsn @ Hpplerict for i) 00 Teonochocar
A e snilinonidoe afueice . Dale io oy 2o e ot
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C. Conditions affecting New Zealand generally:
l1.Position:

New Zealand, extending for nearly & thousand
miles south of latitude 34 South, offers a variety of conditions
from a&lmost tropical in the far north to sub-antarctic in the
extreme south. The islands are of various origins and, being
1100 miles from thé nearest large body of land, have &
typlcal insular or oceanic climate.

2. Ocean Currents:

The ‘'gencrally accépted views (Oliver 1923)

are as followss

The coasts aro washed by two mein ocean currsnts.

The Antarctic Drift Current is confined to the
gouth end of the Island, reeching up as far north as Jackson's
Bay on the west and Banks Peninsula on the east. From Jackson's
Bay the current flows southward, through Foveaux Strait, and
up the east coast as far as Banks Peninsula where it is deflected
eastward to the Chatham Islands. To this deflection is perhaps
due the identical element in ths Chatham Island and Banks
Peninsula fauns, especially noticeable in the mollusca.

The other current is a branch of the Notonectic
Current {Hedley 1915) which after following down the east
coast of Australia, is deflected eastward on coming into contact
with the Antarctic Drift Current, about the latitude of
Tasmania. After crossing the Tasman Sea , 1t impinges on the west

coast of New Zealand, and is again deflected , now northwards,
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and passes round the northern part of New Zealand, continuing
in an eastsrly and south easterly direction. Winds no doubt
cause diversion in the surface water, and to this may be
attributed the presence of logs from New Zealand rivers at
the Kermadec Islands. A part of the eastward coast current ,
after passing through Cook Stralt, continues in a southerly di-
rection to about the latitude of Banks Peninsula, where it
is again deflected , now in a south easterly direction.

From information recelved from Captain Bullons, Professor
Spelght, and my own observations , I believe the ocurrent system to
be far mors odmplicated. In Figure 1. 1 havo shown the
current system recognised by Marshall.

S. Tides:

Though the climatic conditions of these
islands are largely dstermined by such large currents ,
"local surface currents are more or less dependsent on tides.
Owing to the absenca of any lafge land masses in the Houth
Pacific, the tidal wave has a comparatively free course. It
appears Lo strike New Zealand from the south west, and from
there works up both coasts of the North and South Islands.

At full and change of the moon , the tidal wave rsaches the
gouth west extremity of thse South Island at about 12 a.m..

Two hours sees 1t through Foveaux Strait, and in another couple
of hours 1t has reached Lyttelton and even Wellington. Here

it eplits, one branch going up the east coast, towards Napler,
while the other one passes through Cook Strait. The northarly
branch passes up on round the East Cape, to the North Caps,

and then decends alomng the west coast. At Cape Kgmont 1t meets
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the Cook Strait branch about ten hours after its first incidence
on our coasts, (see Figure 1l.).

The amplitude of the tide varies greatly from place to
place according to the configuration of the land. Whers thers
is an open coast with no disturbing factors, the spring tide
rise is about 4 feet; while at Auckland and Nelson, situsted
at the apex of a funnel-shaped bay, the water banks up to
12 feet or more.

The highest spring tides sometimes follow the full moon
and sometimes the new moon(Oliver 1983) ; but the periodic
difference between the height of night and day tides, recorded

by Hedley(1915) in Australis seems never to have been noticed

hare.
4, Climate:
The range of length of day for Auckland and
Dunedin is: -~ __Auckland. Dunedin,
Longest day 14 hours 40 minutes. 15 hours 46 minutes
| Shortest day 9 hours 38 minutes 8 hours 89 minutes

Most other parts of New Zealand come in betwean these extremes
It will be seen that the difference between daylight and dark
for any particular season is not very great,

New Zealand 1is very favourably situated for sunshine and
the average daily period of bright sun for the whole year

" is about & hours, :
The seriaes of water and a&ir temparatures for Auckland

and Dunedin, recorded by Oliver(1923 p. 50Y-501) , gives a
fair idea of the coastal rangs in temperature for the country.
It is true that certain shallow waters vary much more than

thegse limits, but for the average set of coastal conditions they
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gsufficiently accurate. These result show a fair relsation
betweaen air and sea temperatures, though it will be noticed,
especially from the graph:-

a. That air changes precede sea changes.

'b. That the amplitude of air changes is greater
than the amplitude of the corresponding sea changes.

D. Conditions affecting Canterbury.

As the areas considered here &re on the outskirts
of theCanterbury Plains, an idea of the nature and origln of
them seems necessary for the full understanding of these
aresas. lhese plains extend for about Ilo’miles along the
east coast of the South Island. They owe their origin to the
great deposits of gravel poured out of the mountein area
during fhe advance, maximum and decline , 0f the glaciation
during the Pliocene Period and later. At that time the sction
of erosive agents was more iantense, and the quantity of material
shed from the mountain area correspondingly greater than that
carried now,

Von Haast(1879) satates: " Sinee my report on the
Canterbury Plains, published in 1864, all the levels, surveys,
and engineering works, together with well sinkings, have
amply confirmed my views that the Canterbury Plains ere of
fluviatile origin; that with the exception of some moranie
accumulations in the upper parts, and the drift sands
around Banks Peninsula, and the partial lacustrine deposits
filling the former extension of Lake Kllesmere, the whole of

the plains were formed by the deposits of large rivers issuing
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from the front end of large glacisers.”

A rough geological sketch of the ares , larzely after
Haast, is given in PFPigure 2,

The greatest width is 40 miles and there is & steady
rise from the sea to the Southern Alps. It is due to this range
that the North West Wind, whieh sweeps 8Cr0SS the Tasman Sea
and étrikss the West Coast 8s a wet wind, passas over the Canterburyv
Plains &s & hot dry one. This wind is rather notorious on the
plains for its suffocating heat and’parching effact, and
undoubtedly helpes to sharscterise the flora of the plains.
It cgrtainly decreasss the rain fall , Christchurch showing but
£25.% inches anpnually.The climate of Canterbury is almost
continental; but ss the sea is approached ,sdistinetly milder
set of conditions is met with.

The areas cousidered here are the Heathcote Estuary and

~the Brighton Beach, both situated immediately to the north of

Banks Peninsula&.
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II. the Shorse Line Formation.
IIla. Microlithic Substratum or Shifting Besach Sub=formation.
A, Type of Sandy Beach --Brighton Beach.
8. Locality:

The Brighton Beach stretches for about 8miles
immediately north of Banks Peninsula. It starts in a sand spit
immediately north of the mouth of the Heathcote Estuary,
and is practically uniform to the mouth of the Waimakariri River.
The line of the beach is not much west of north.Most of the
observations were made on the 3% miles from the Brighton Pier
to the mouth of the Heathcote HLstuary. The position is
indicated in Figure 2.

b, Conditions Offshore:

The Admiralty chart of these waters, basgsed on
Captain Stdbes survey of 1850, shows that the sea bottom off the
coast has a very gradual slope‘ Thus off the Waimakariri the
5 fathom line is one mile out, while the 8 fathom line is two
miles odffghore, the 10 fathom line 4 miles , the 12 fathom
lins 6 miles. The slope off New Brighton proper is slightly
steapar, the 9 fathom line coming much closer inshore
towards the southe

Sand is recorded at & distance of 2 miles out from the
Waimakariri in & depth of 8 fathoms, while mud and fine shell
material appear to be widely distributed further out. There
are few records off New Brighton , but these seem to poilnt to
similar conditions there.

The depening offshore is so gradual that material :brought
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down by the currents from the Waimakeriri will appreciably
advance the shore line, and will alter the grade of the rivers
upstream to & slight extent. There is ample evidencs that
such an effect hags taken place.
c. Currents:

The general currents affecting New Zealand were mentioned
in an earlier section.lt was there pointed out theat the Banks
Peninsule is regerded es the meeting ground of two main currents,
the Notonectic and the Antarctic. The Notonectiec is a warm
current when it strikes the west coast of the South Island,
and to thig fact may be attributed the presence of Snapper
(Pagrosomus auratus) in higher latitudes on the west than on
‘the aast coast. The same iaétor may explain the larger size
of the whitebait( young of Galaxias attenuatus) from the former
locality. In all probability the west coast water temperature
, from Jackson's B&y north, is warmer than corrésponding
positions on the east coast. But the current system off the
Brighton Beach is by no means simple and is largely affected
by the tides. The avail&bfé informatian is extraordinarily
gscanty.

Neither the Marine Department nof.thefbyttelton Harbour
Board were able to give ms any information; and their chief
sauthority seemed to be & 60 year old chart which is eanything
but complete.

Dr,Dendy was of the opini&n that there were two main
currents off the coast. He states(1897):- "lMr. R. M. Lang

informes me , and what he says harmonises well with my own



observations, that there a&re two well marked currents off
the coast at New Brighton.The one is more inland , coming
from the mouth of the Waimékariri River,tending south along
the shore , and bringing with it enormous gqusntities of
drift wood when the river ig in flood; the other, & more
important current, tending northwards for a long distence up
the coast. It is probably this latter which , in heavy weather
, brings to the beach from the rocky coast of Banks Peninsula,
and the mouth of the ILyttelton Harbour, tlhe vast gquantities
of gient seaweeds, Macrocystis and D'Urvillea,”

In an enginesring report on the Waimakariri , Sir A. Gibbs
(1928) states:- " In the case of the Waimakeriri, however,
the discharge is into Pegasus Bay, a backwater, as it were,
of the Pacific Uce&n, which is formed by the projection of
Banks Peninsula. This bay has a shallow depth for a long way
out from the shore, and the main ocean currents, travelling
northwards, are deflected past it, and only an eddy of the
main current, having a southward tendency, eacts at the mouth
of the river. The result is that the sand and other fine
ma&terial, brought down by the river , is not swept away, and
removed, but is deposited in the river bar and along the shore
» bhus bullding out the shore line and flattening the gradient
of the river near its mouth."

It will be seen that this may be but an extension of the
suggestion put forward by Dendy and Lang. In support of this
eddy theory it may be mentioned that the Brighton Beach has

certeainly grown out considerably within the last 40years,
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though this may , of cours , be attributed to the tide set.

Code and Mathews(19ll) in another enginesring report
on the Heathcote Bstuary Canal Scheme, state:-" It is however
apparent that the mouth of the River Avon‘has, in the course
of time, becn pushed to the southward, until the rocky
ground prevented any further movement in that direc¢tion.
This is evident from the sand spit extending southwards from
New Brighton to the river mouth. Further northwards , near Kaiapoi
2 similar spit exténds southwards of the Waimakariri; giving
evidence of the same action.! (i.e. the action of an inshore
current )

Of the drift bottles liberated at Dunedin, practically all
those recovered were from localities considerably to the north
of the point of liberation. Those found furthest from"home"
were recovered at Rangitata River( about 100 miles south
of Banks Peninsulal), Keiapoi Beach(near the mouth of the
Waimekariri) ,Sumner , Lyall Bay(Wellington) and one from
Maunganui(Chatham Isds.).

Exam{nation of the heaches north of Brighton leads to the c
conclusion that the current which sweeps past Banks Peninsula
strikes the coast agein at about & miles south of the Waipara.

It will be seen that these obsarvations do not agree altogether
gsatisfactoraly with the generally accepted course of the main
currents of New “ealand. Further observation is necessary
before even the most general scheme of currents can be
satisfactoraly drawn up; But from the data herse summarised
, and from my own observationsg on drift material, and the actual

movement of water, I am of opinion that:-
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l.There are two main currents off the Brighton Beach.
2. One inshore moving down past Sumner from gpout
thres miles s>uth of the mouth of the Waipara River.
b.0One further offghore, moving up from Banks Peninsuls
and further south, perhaps & branch of the Antarctic current,
which travels in & northerly direction till it strikes the
coast  8outh of the Waipara | where it divides, giving off &
nértherly branch whieh continues up the coast as far as Cook
Strait, and a southerly branch which ultimately gives rise
to branch a. above.
| It 13 possible that a third branch to the Chatham
Islands may erise ffom the same point.
2.The ultimate result is a backwater in Pegasus Bay,
with & gently sloping bed of fine deposit.
3.The course of the currents st any particular time

are largsly effected by the tidal currents.

de Tides:

The tidal wave reaches the Brighton coast at about
the same time &s at Lyttelton. The spring tide rangf&s normally
about 6 feet, and washes a width of about 9byards. ihis width
may , however be greatly varied by winds as a north easterly
wind will raise it another foot, while & similar wind f£rom the
south will lower it ahbout the same amount.

Captain Featherstone, for many years Harbour Mester at
Kaiapoi states( private communication) that the flood tide off
~ the mouth 0f the Waeimskariri,sets northward at about 2 miles per

hour, and the ebb tide to the south at 24 miles per hour.

There is thus a balance in favour of the drift to the south}
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and this is more important in that floods in the river are
ugually accompanied by northerly winds which cause an increased
set to the south., [t is to this balance in favour of the Bouth;rn
get that that Professor Speight attributes the rapid advance
of the Brighton foreshore.

| It would seem that at New Brighton at least, the flood tide
does not affect the shore current greatly., but the constant
balance in favour of the southern movement, is in support
0f the theory of the existance of a southern, inshore current
off the Brighton Beach.

If this area of ocean is to be rsgerded as & backwater.
it will obviously have an important bearing on the kind

and quantity of plankton brought to the beach.

Q. Prevailing Winds &t New Brighton:
1, Kast from the sea-- Loist and has a modifying
aeffect on the temperature.
ii. North West from 6ver the Plains-- Hot and Dry
iii. Bouth West --- Co}d often with rain.It is the

usual cause of storms on this plece of coast.
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f. Substratum:

The bsach consists of fine quertz sand. At low
wator the slope ls about one degres, but it gradually incrsases
to three at 8 hours exposura, geven st high water mark,
and continues to increase as it rises into the dunes.

The size of perticles , is, on the average, &t low wabter
level .35 t0.40 mm, dismetexr but varies'eonsiderably. The
particles are all rather ruggad and angular in appearasnce,
and their clear colour sesems to point to very little impurity
in the silica.

At high water mark the particles show grester vari&tion'in
size and shape, varyivg from .5 to .15 mm.in the same sample.
Contrary to wha might be expected, they are even more angular
than those at low water. A general view of the beach is given
in Plate 1. |

g. Temperature:

Under the conditions under which the work wag
done, it was impossible to obtain continuvous readings of temparature
« The following readings must, therefore,ba regarded as only
avproximately correct.

Aiy Temperature: (all temperatures are in degrees C.)

Spring Sunmexr Autumn Winterx Annual
Mean 10:86 14.5 11.1 7.8 11.1
Maximum 13.9 20.0 15.0 15.0
Minimum Deb 1l.1 6.0 DD

These represent day temperatures only. I have a few readings

for night tempsratures, the lowest being -3 degrees C.
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Water Temperature:

Spring

Summe r

Autumn

Winter

8.5

9.5

8.0

7.0

Sand Temperature:

The sand temperature is & funcection o6f its position in

the tidal belt, the state of the tide, and the temperaturs

of the water and air respectively.

The temperature falls as

one decends below the surface as is shown in the following

tables.
Summer
Air Temperature 19.7Water Temperature 11.2
Tide full out.
Hours exposure per Surfsce 10 ems.| 20 cms.| 30 ems.! 40cms.
complete Tide down, down down. down.,
_Low Water. 11.4 11,1 - . -
2% 18,1 11.6 B, - -
b 14.4 11.6 11,1 - -
5 1,7 11.4 10.3 9.6 -
9 16.9 1}.5 " 9,9 8.7 :
18% 23.2 | 13.3 9.9 8.4 8.4
Winter :
Air Temperature 16.2 Water Temperature ll.l
Tide full out,
Hours exposurse per| Surface 10 ems.| 20 ems.| 30 cms.| 40cms.
complete tida. downe down. | down. down.
IJOW Watel}'a 11.5 llcO - - -
2% 12.4 11.3 - - -
5 LZCg 1102 10.2 bl
i 13.5 10,0 9.2 9,0
9 15,38 10,1 8.7 8.6
124 16,3 9.7 8.7 8.6 8.6

The effect of the sea in

reducing the tempsrature

gradlient with depth is very notioeable in the lower levels.
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h. water Content of the sand.
The following table gives the minimum water
content of the sand for the first four inches for various
tide levels:

Aly Temosrsture. 17.1l.Hot Sun. Time 12 a.m.

Hours Exposure per Complete Tide |Percentage of water to dry sand
Completely Exposed. 4.,576%
9 5.646%
7 15.2 %
5 25,02 %
B - 27.9 %
Tow Waber 30.1 %

The graph, Figure 3, was made from these results.

| /C(r—fure 3.
5 Zone IT fm/,é/&,{%am W’W&/W 75/@62/&/6(;
’ al varcowo Aile ~lovelo .
o TNzl
5
1
2
20 §
*g |
5 % 3
v
e Q
5 - ®
0 / 2 3 4 5 2 4 & g /0 7t /2 /3
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i. Chemical Charscters of the ﬁater.
Suspended Metter:

Normallj the water is exceadingly clear and,
except for a few sand particles raised by the surf, contains
no solids in suspension. At times of storm large objects are
present, such a&s seawesd, but little if sny mud.

Smell:

Agide from the 80 called sea smell the water is
odourless.--~ a good sign of freshness and purity. Tests for
sulphur compounds and nitrogenous imparities yielded only
negative results.

Aeration:

A sample of water taken from the surf was full
of bubbles of gas. Lven when the bubbles wers allowed to escape
an analysis gave the oxygen content as: 10.2 milligrams per
litre at 13.5 degrees C. It follows that the water is
ordinarily over sgsturated with air and particularly oxygen.
This is, of course , to be attributed to the efficient stirring
action of the waves,

Chlorine content:
The chloride , when estimated as grams of
shlorine per litre of solution, gave the following figures.
Low Water 18,67 grams. High Water /3‘8'?mme;70@@¢Q;
Density:
Low Water 1.244 ( 15.5/4)
jo ¥rotection:
The be&ch is prazctically without protection from

the sea.Certaimly the Banks Peninsule helps to deflect currents
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and some wind, but this effect is not sufficient to temper the
violence of the surf to any extent. At the back the besch rises
up to low sand dunes, built by the action of the north east wind,
These may shield the beach from the north west wind , but only

to a limited extent.

2. Ploristic Composition:

There is practice&lly no true flora in this araa.‘
Between tides there is no visible plant iife , excapt 2 hugs
pile of drift seawesds and kelp, which apparently come from
Banks Peninsula .In this pile & large number of’speoies of
Algae ars representsd.lhe most common. genera mét with are:

Hormosira, Carpophyllum, Merginaria, Cystophora,
Macrocystis, Ulvg, Porphyra, Cladhymenica, Nelophallum,
Sarcodia, Gigantina, Pachymena, Ptilota, and D'Urvillea.
My knowledge of botany is too elementary to determine the
various species in this group.

Above the belt of drift Kelp there is & vacant spece of
gsand, rising up to low sand hills supporting a growth Scirpus
frondosus, and the introduced grass , Ammophila arenaria.

No doubt the absence of flora can be attributed to the
lack of stable substratum, organic material , and nutrative salts
in the sand. The Plant Ecology of these dunes is discussed by

Peg(1913].
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3. Paunistic Composition:

a. Catalogue of Species.

Anpelida Polycheaeta.
Family Nephthydidae.
Nephthys macrure Schmarda., «--==- | Hutton 1879

Quite common burrowing in the sand up to 4 hours exposurs.

In my collections fron New Brighton, I have & fragment of

another polychaete, but it must be rather uncommon.

Mollusca
Pelecypoda.
Family Mesodesmatidas.
Mesodesma subtriangulatum Gray, ----- Suter 1913 p.967.
Common in sand from about 7 to 2 hours exposure. Popularly

known as the "Brighton Pipi'.

Family Mactridase.

Mactra discors Gray. ——— Suter 1913 p.964.
Apparently quite common below low water.

Spisula seqilateralis Deshayes. ===-- Suter 1913 p.969.
Apperently quite common below low water mark.

Zenatis ecinaces Quoy and Gaimard.,--- Suter 1913 p.971.
Occurs from low water to about 20 fathoms.

Resania lanceolata Gray., ---- Suter 1913 p.973.

Ogcurs 1n about & fabthoms.

Pamily Veneridae.
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Pamily Vensridas.
Dosinia anus Philippis =~c-== Suter 1913 p.978.

Common below low tide.

Family Psammobiidas
Soletelline nitide Sray. -- --- Suter 1913 p.l005,
Prom well below low water to about & fathoms. 4pparently

quite plentiful.

Pamily Saxicaridac,
Panopea zel&ndica Guoy and Gaimard. Suter 1913 p.1013.

From low water mark to about 6 fathoms. Very.deep in the sand.

Echinodermata
Behinoidea
Family Scutellidas.
Arachnoides zelandiae. Graye. =---= Farguar 1898 p. 321.

Below low water mark.

Holothurioidea
Family Dendrochirotae
Cucumaria ocnoides. lVendy. Dendy 1898a. p.36.

Below low water . Fairly common.
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Crustacea
Amphipoda,
Family Orchestidase
Talorchestia quoyana (Milne-KBdwardsi) Chilton 1916 p.294.
Common all along the Brighton Beach at and sbove the kelp line
--=- frem 7% hours exposure to high water spring tide.
Talorchestia telluris (Bate) Chilton 1916 p.299.
A few specimens from sheltered places near the mouth of
the Waimakariri. Does not seem to frequent the pure ocean
besache.
Family Phoxocephalidas.
Specimens refered to this family by Dr. Chilton, from 4 hours

exposure down to low water.

Isopoda.
Family Cymothoidae.
Pseudasga punctata. Thomson. . Thomsgon 1884 p.234.

In sand from four hours exposure down to low water.

Family Phseromidac.
Scutuloidea maculata. Chilton. Chilton 1883 p.70¢.
Reported from Brighton Beach by Benunett but net found
by me.
Family Scyphacidas

Actaecia euchroa Dapna. Chilton 1901 p.130.

Plentiful in and on sand at bottom and just below the

drift kelp line.



Macrura.
Family Callianassidae.
Callianassa filholi A, Milne- Mdwards. Filhol 1874 p. 429,

Occasionally burrowing in the sand at low water.

Myriapoda.
Order Chilopoda.
An unidentified membsr of this group is quite common on dead

birds etc. in the drift kelp line.

Arachunida.
Araneida
Family Theridiidae.
Latrodectus hasselti Thorsll. ' Cambridge 1902 p.2b5/
The Katipo spider. Occasionally found in drift kelp, but

usually above the drift line.

Insecta.
Diptera.
Family Phycodromyiidae,
Coslopa littoralis Hutton Hutton 190V p.80.
Common on kelp all through the summer months.
| Family Milichidae.
(Agromyze) fulvifrous Hutton. Hutton 1900 p.93.
(Mr. Tonnoir informs me that it does not really belong
to this genus-- his revision of the group is in eourse of
publication in the Records of the Canterbury Museum. )

Common in kelp all through the summer .
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Coleoptera,
Br&éhalytra.
Staphylinus occoculatus Pabricius. Broun 18%3p.107
Occurs in the drift line in the summer amogz.dééz§ing

matter.

 Aves.
FPamily Spheniscidac

Budyptula minor minor (Forster) Mathews and Iradale 1913 p.222,
(Blue Penguin)

Occasionally cast up as drift.
Family Diomedeidas.
Diomedea apomorphora spomorphora
Lesson Mathews and Iredales 1913 p.239.
(Royal Albatross)
Occasionally driven onto the besach,

Family Laridac.

Sterna striata striata Gmelin Mathews and Iredale 1913 p.244.
(New Zealand White-fronted Tern.)

Common flying over the beach.

Brachigavia melanorhyncha Buller. Mathews and Iredale. 1913 p.247,
(Black-billed Gull)

With the next species , the commonest bird on the besach.

Larus dominicanus antipodus(Bruch). Mathews and Iredale 1913 p.248
(New Zeulsand Black-backed Gull)

With the previous species the commonest bird on the besch.
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bs Commpnities.of the Beach.

As might be expected from the arduous nabure of the
environment, and the absence of an established flora, the
beach ié poor bhoth in species and in individuals. 0f the five
zones into which I have divided the beach, only three are at
ell!thickly populated. ‘he zoning is very sharp and clear
cut({see summary graph--Figure 6), with three quite definite vacant
spaces. In this locality , division by hours of exposure,

!
ﬁight above low water, or minimum moisture content of the
i

gand,leads to practically the same result; and in this
comparatively simple environment, each of these methods of
divigion is fairly satisfactory. The characters of the

five zones may be set out as follows:-
(Numbers in square brackets indicate average density of pop-

ulation per square metrec, at position of optimum for the species].
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ii,
Zone I.
Low water down to about & fathoms.

Just at and below low water , moving about partly
under the sand, is the cake urchin Aracnoides zelandiae, while
the scely pink holothufian, Cucumaria ocnoidss iies burried
about here and lowsr down. To this region too, may be referred
Mactra discors, Spisula sequilateralis, and lPossinis anus.

Still further out to sea , and probably at a dégth of several
fathoms, there must be a great sand bank inhabited by & very
rich population, but owing to the fact that it 1s rarsely stirred
by the tides and currents, and that its inhabitants are buried
10 to 12 inches deep, they are rarely seen casté up on the shore.
Occasionsally dead valves of the members of this associatioh,?anopaa
zelandicea,and Resania lanceolats, are met with among the drift
rubbish. At very rare occasions, however, this bank is disturbed,
and then huge plles of relatively rars molluscs are .cast up on
the shore. An exsmple of such 2 case was recorded by Dr. Dendy
(1897) .He attributes the routing out of these f£irmly anchored
denizens of the deep, Lo a mixing of the two currents, thus
causing a vortex which would stir.up the sand and perhaps
unearth the organisms concerned.Perhaps heavy raiuns, swelling
the Waimakariri, freshened the witer over the bads and partly
killed the animals, this condition cdineiding with the ebb tide
,ceusing the vortex mentioned. A somewhat similar oocurrence in
Sidney is attributed by Hedley(l915) to this freshening effect,
while 1n Japan the freshening was supposeu first to kill the

scawead, and subsequently the dead weed poisoned the water,
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Until systematic observations are made for a number of years,

the full explaination of this phenomsnon cannot be given, and

this tends Lo show how little is really known of even the most
important factors controliing the life of the sub-littorsal

Z01na.

Characteristic growth type---adaptsd for retention
of position 10 the sand.
iii.
Zons II.

Low water to three and & half hours exposurse.

This zone has a véry poor fsuna. The small amphipod
of the family Phoxocephalidee, shows no apparent adaption for
life in this locality, but the isopod, Pseudaega punctata,
is an extraordinarily rapid burrower, shooting the sand out
betwaen its uropods in a continuous stream,

The most numerous species in this zone is the polychaste,
Nephthys macrura. This worm burrows rapidly and continually
evarts its pharinx, perhaps in search of pray or to assist
. in burrowing. it is an unusually strong swimmer and its
pals grey colour renders it lncounspicuous in the sand., The
crustacean, Callianassa filholi, another rapid burrowser,

preys on Nephthys.

Characteristic growth type----adapted for swimming =

and burrowing.
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iv.
Zone ILII.
Four to six hours axposure.

Nephthys macrura and Pseudaesga punctata, are
gquite scarce here; they really belong to zone II. The dominant
form is the " Brighton Pipi", Mesodesma subtrianguleatum.
This pelecypod is very definitely adapted to its mode of lifs.
In its habitat it is exposed to the full force of the wawses,
to the rush of retreating wgter, to short bubt acute periods
of desication. The smooth shell with slevated umbo , is
wedge~-shaped, and well suited for guick downward burrowing .
which process is aéomplished by the large foot. In damp
sand , & pipli measuring 65m.m. in length, was observed to draw
itself completely under the sand in 45 seconds from the time
the first move wsas made. The elongated siphons, far longer than
thogse of its shelter-sscking relative, M. australe, allow it
to remain at 1 to 2 inches below the surface of the sand.
Plates 2 shows the animal in position. The surface position a
adopted by M. sustrale would be unteunnabls here. When the
tide is over the pipi bed , the molluse pushes the loug
siphon up through the sand, and spreads out the ciliated disc

to the water. 0On the retreat of the tide the siphons are

withdrawn ianto the shell(Plate 4.)
The animal does not live successfully in sheltered places,

and in such localities it 1is succeeded , first by M.australs
, and then by Chione stutchburyil.
Rather a strange method of gaining access to the pipi
is reported. The gulls(Black-backed and Black-bllled) are said
to carry the shell high in the air aand then drop it. I have twicse
gean gulls drop pipies in this manner, and in both cases the shell

broke, but the bird made no attempt to eat.
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The apparently haphszeard distribution of Mesodesma on the
beach is very misleading.It is really confined to & rather narrow
belt of the tidal zone as is seen in Figure 5. Only the so callsd
first fear pipiss, the Qf group , were considered, The inhzbitants
eat the pipi and if the larger onés had been counsidered the
results might have besn disturbed. As a matter of fact the few
figurss 1 have point to a sharpsesning of zoaning with growth.

I do not know the time of spawning but would sxpect it to
be not later tham Octobsr or Novembsr. In Figure 4, I havs
shown the size against pumbers Zfor two gomparable lacalities
for March acd april.It will bs sesn that the curves show two
definite pairs of peaks, A.B.; A'.B'.. The fact that the peak
move on would séem to show that they are not dues to errors of
sampling, but w;uld correspond to two spawning maximsa,
perhaps two months apart. Half way between is another but
much smaller spawning périod. From these curves 1t can be sesn
that the pipi incresasas by §p to 70%'of its length in the
four months,March to July.

Exasmivation of the shell of the éipi shows thet it is de-
finitely banded with dark riongs, which I think can be corrslatsed
with the end of & season's growth.(Plate 3.) Thus the pipies

I have galled this yearé growth shaw no dark bands. Examigation

of shells gave the following results:
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Tiangth of first ring | 16 to 23m.m.
Léngth sacond =first ring 14m.m.
LLength third -second ring Bm.m.
Lagngth fourth- third ring. 7m,.m,

iLength £fifth -fourth ring Tm.me

| Length sixth -fifth ring m.m.
Length seventh -gixth ring Om.m.,

From these figures it will be seen that , 1f the
rings msre to be regarded as yearly bands, fhen the adult
pipi of about 60m.m. length is in its seventh year, sand
some individuals can continus on into their}eighth ysar; but
the seven ringed individuals are rare. From observations on
the shell and the above measursments, 1t would seem that the
larger shellg are Just about to lay down another dark layer.
But these results are not suffieient to establish the growth
rate or that these bands are annusal ones. One obvious difficulty
is the necessity explaining how this year's pipi woﬁld dQuble
its size 1in the next few months, as 1t would seem to havs to
do 1if it is to calch up to the first ring measuraments.
Agein there 1s a strange shortage of "years" 1 to .3 and less
g0 of 4 and 5. Thus s 1/4 square mstre gave, on 20/7/29,
Numbe i of Hings Number of In?ividuals
5
0
22

19
o7

~3O> (O ] TR 10| =
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In the sandexcept immediately after & stuorm, about99.9%
of thse pipies will be found to be definitely orientated with
ralation to the tide , the umboes pointing seawards. In one day
over z thousand individuals were turned& round, but on the following
day the percentage of individuals éo turned wss normal, With
the smaller animals the tide rip is sufficient to upset the

orientation, but the snimal mukes every attempt to regain this

position.
The pipi has three obvious enemiss.
1. Birds.
2. Human beings who use them as food.
3. A solae.

I have not esan complete specimens of this fish

, 80 that I am unable to refer it to its species. The gut
from about December (or earlier) to March, is filled with small
pipies , up to five mem. in length. To this f£ish I attribute 0
8 good deal of the heavy early mortality in the pipi. But as this
animal does not appear to touch individuals over about 6 m.m.,
and a comparison of the curves'in figure 5 will show that the
mortality rate increeses with fall in tide level, when the
mé&jority of the individuals are past the ém.m. size, there ars
probably other fishes preying on the pipi.

Growing on the upper-end of the oipies from the largar
ones down to those with at least one ring, 1s & sertularian,
(which is new to me and~has hean sent to Bale for identificatig%)
This ahimal is not found on first year forms and only sparingly
on groups 2 to 4. Beyond that the roughened end of the shall

gecms, Jjudging by the large growth, to offer & very favourable

situation. The food relations of this sertularian, living
F Releworti, e, D%,,VLMLO%,;{O%L/@ G oot e CorLoiin anto LAe

Colunky MNO//(:& Tt e e Getgo to the @(Wa/
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completely below the surfaece of the sand, should §rove very
interesting. Here in the midst of the microlithic substratum
, an animal which requires & macrdalithic one, has found such a
habitat. While the sepsration of snimals into micro and macrolithie
forms seesms to me to be fundamental, this ex&mple shows how
difficult it is to draw any hard and fast lines in the classifica-

tion of habitalis.

Typical growth form---- Adaption for reteution snd rscovery

of plage in the sand, agaianst tidal movemsnt.

v°zone IV.
7 5 8 hours exXposurs.

\Exe@pt for an uoncowmon and unidentified polychsaete,
the small isopod, Actascia euchroa, seems to be the only
fegular inhabitanf of this zons. This animal which is about
1/6 ingh. long, Vis bsautifully marked on the dorsal surface
with dark grey and gresn, so that it forms an almost perfect
-match with the sand. Iﬁ can move excesdingly quickly and
scurries about ocn the beach as it is laid bare by ths retreating
tide; but if disturbed it immsdiat@ly riils up intc a ball
which is so like & sand blob, that unless an observer has
gseen the animél moving , he would slmost certainly pass it'by.

It mskes holes about one to two inches desp, whieh have s
frill of loose sand round the top , and outwardly look liks the
splash of & rain drop or & piece of gpray.(Plate 5)

On the aporoach of the tide or the onsset of rain, the animal
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returns to its burrow and remains there till the tide has
roetreated or the rain has stop.ed long enough to allow the surface
of the sand to dry somewhat. |

It was suggested by Dr. Chilton that the animal was nocturnal
in habits, but my observations at night do not support this

idesa. The animal seems to be positively phototropice.

vi,
Zone V.
8 hours to full exposure.

About 3/4 tide lies the long line of drift kelp already
described,. Added to this medley is a‘pile of drift wood
and rubbish, dead birds, barnacles, and in the holdfasts
of the large kelp, D'Urvillea antarcticsa, many_varitias of
chitons , gastropods, Polyzoa, Sertularis, and the wealth of
plant and apnimal remains always found in and around the
roots of seawead.
Among this mixture of drift, burrowiung beneath it.in the
VSand, is a large amphipod, Talorchestia quoyana, which is
by far the most numerous inhabitant of this region. It
feads on the drift kelp, &lmost exclusively D'Urvillea
and Macrocystis. Its burrows are almost always just beslow
high water mark. The animal can withstand complete and fwequent
wettings of the surf, but is almost completely terrestial
and runs and leaps with great sgility. Correlated with this

mode of life,the hind legs are prodigiously developed and
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much stronger than in purely gguatic forms.

The great wideninz of the body is probably to be explalned
in that gtability is required in extra-aqueous progression
as the typical Gammarie form was svolved 1n water and was
unsuited to terrestial conditions.

Its colour, & mottled greytwith black brown patches, is
well calculated to matech a patech of dirty sand or sand speckled
seaweed. It is worthy of note, that, ifknocked off into the sand,
it lies on its side which is entirely grey and a p@rfegt match
for the sand; and if dug out it will lie very still for
gsome time, and can easily bhe overlooked. It , too, 1s & highly
specialised organism, abd cannot survive a change in its economy;
thus attempts to introducefﬁﬁt of reach of the spray, even in
as damp & locality, and where 1ts food was provided, proved
futile. It is apparently intolerent of fresh water and is seldom
saan out of cover during raein. On the advance of the tide ,
it mesks shelter in its burrows and remains thers during the
pariod of submergetce.

T. telluris has been placed in this group, but it seens
to prefer the proximity of fresh water. Thus it is found up
at the mouthof the Waimakariri River and &t the entrance of the
Avon River into the Heathcote LEstuary.

Another organism found in this zone is a chilopod(sent to

Archey for identification) . 1t lives on desd birds sund is found

in and among the feathers. It is cryptozoic 1in general habit
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, moving away from the light immediately it is brought from
cover; but it prefers & faint light to complete darkness(lab.
results). |

A number of Diptera are common here , especially in the
summerrmonths.~aThe.chie£ 0of thess are Coelepg littoralis
and (Agromyza) flavifrons. Both these animals are well suited
to their surroundings. The blackish brown body of Coelopa
closely matches the dark brown kelp stems on which it rests,
while the slate colour of Agromyza 1is close to that of the
gsand. The only specimens of the latter which L have taken are
faemales. Both of these have long narrow wings suitable
for strong flying , I am at present rearing out two species
of dipterous 1#&& taken from rotting kelp; and at least one of
these is distinct from the above two speciés:

The New Zealand poisonous spidaf, the katipo( Latrodectss
hasselti) is sometimes found‘hera though it rsally belongs further
back among the dunes. It has a prominent scarlet band on the
back of the abdomen which might be taken as an example of
"warning" colouration. The famale spider spins a cocoon for
her purplish sggs about the middle of November . This
cocoon is suspended among the rubhish above high water mark.
Other obgservers note that use is made of old tins and bottles
for the reception of the cocoon. I have naver baen fortunate
enough to ses these cocoons hatch out, butRobson (1879}
gtates that the young appear as transparent individuals in
the beginning of February.
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In spring and summer,the cryptozolc besetle, Staphylinus
oceulaﬁus ? , is quite common under the kelp, burrowing through
the refﬁsa;. while dipterous larvae are plentiful in the deca&ing
shelfish and kelp.

0f the remsining forms found among the drift kelp few if
apny have any important effect on the economy of the locality.

I have called this association the drift kelp @association as
all the iOrms found here are dirsctly dependent on the drift
kelp and the refuss which acecompanies it , for food and shelter.
The quantity of drift kelp is vary yariabla. Sometimes there
is sn enormous pile, 20 yards in width , and almost continuous
for the whole length of the beach. At such times thg amphipod
becomes morse common and,if it is summer, the flies, beetles
and centipedes are more plentiful. At other times , when certain i
winds and states of the tides concide, the beach may be swept
clear; or & long continued spell of calm weather may leéve'
but dried up fragments of kelp. At such times all the
fauna except the amphipod, disappears, and even this amphibod

burrows deep back into the sand, and is much less obvious.
(Plate 6 and 7.)

From a zoological point of view, the dominant form: is
the large sand hopper,Talorchestia quoyana.
Characteristic growth type-~- Burrowing and cryptozoic

adaptions. Swimming of little importance.
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c.EBxperiments on the Faums and Laboratory work.
A swmmary of the experiments carried out on some of the

dominant forms is given below.
Me sodesma subtriangulatum.
This species was transplanted to different localitiaes

with the following rasultbse.
l. When placed in sand at the end of the spit, subject

to a slight lessening of surf and salinity, & colony of 26
all died within a& fortnight.

2. When placed inside the Bstuary, with no surf and
much decreaged sal;nity, in places already occupied by

M. australe,

In Bstuary sand(10% mud)
15 placed.
10 days later 9dead. p.
18 days later all disapeared..

In Bsturine Mud.
18 placed.
open valves found in 9 days, no' trace of
live shells.

Sheltered sand beach.
25 placed
all- disappearaed in b days-- probably dug
by & fishing party.

Talorchestia quoyana.
Transplanted into the Estuary with kelp supplied.

Just inside the Estuary.
34 placed
2 found three days later.
nine found 7 days later,

Half way inside the Estuary.
43 placed. :
none found 8 days later.

At entrance of the Heathcote KRiver.
55 placed. A A
one found 6 days later.
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The above experiments were repsated without supplying kelp,
but in no casse were any hoppers feund after two days.
Consideration of results for T. quoyana.

The above results are not as satisfactory as could be
desircd for the followlng reasons:

The animal, by its great ability to hide , might be
present and never be found, in spite of the careful search made.

The kelp would get slimy and stsle in a short time in
the fresher water of the Estuary.

It was impossible to visit the axpériments every day,
and a certaion amount of interference by fishermen and
others may have taken place.

But ths general trend of the experiments seems to point

to the facts that:-
&, The animal cannot live permanently out of reach of

the spray.
b. The animal cannot tolerate more than a very limited

freshening of the water,

It is worthy of note that in this species,the males go
through a form similar to thaﬁ 0f the #flemale. Perhsps the males
are at one stage hermaphrodite or even definitely female.

With this change ig associated & change 1n the first and
second gnathopods. This change in what is a speciflie character
s, gave consgiderabls trouble during identification. |

It has been suggested that this animsal is;ﬁOCturnal in

habits because it is so seldom seen in the bright light.

Seversal attempts to keep it in ceaptivity having failed, I
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watched the animal on the besach for several nights. It did-
not seem any more active or obvious at night than at day time.
When disturbed , 1t fled from an electric torch, but whether
this wes negative phetotropism, or désira to rsegain cover,

I cegnpnot say.

d. Birds of the Brighton Besch.
The birds do not belong to any pariicularly zone,

but range like scavengers, ovér the whole area. The Terns do
not seem to frequent the beach very much. Very likely the
small crustaceans for which they dive in the estunary amd in
lass broken water, cannet be obtained here., The Black-backed
and Black- biliad Gulls are extremely constant and éumerous
members of the fauna. Something has &lready been said of the
methods empldyed by the former to open shells of M. subtri&ngulatum:
. However it is accomplished, it is certain that this bird can
break into all the bivalves of the besch. Brokeun and torn lactrs
and Dosinis are quite common, with gscratehing and marks to show
where the guli has besen pulling the shsell about. It is quite
2 common sight to sse this bird at work, finishing off ocne
of thess large bivalves.(Plate 9.]

In stormy weather these animals usually retreast inland,

where they will eat worms or grain---- in fact anything.
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f. The Brighton Beach Community.
~--=-=Digcussion of Results.

Frem the @bove it will be seen that there are 5 zones

on the beach. Thes dominaent forms of all the zZones are highly
adapted for burrowing, while even the minors are mostly
modified to the seame end. But if the various zonss are considered,
‘it will bes seon that there is a gradual but definite elimination
of swimming forms({e.g.Nephthys, or compare Pseudsege punctata
which swimgs well with Actaecia suchros.).

Burrowing becomss less and less & method of obtaining feod
, and more and more & method of aveiding desication and attacks
by enemies. What from & human point of view would be called
"Protective Colouration” is more highly developed as the upper
‘zones are reached. Agein compare Actaecia and Pseudaege, or
the Phoxocephalid with Talorchestia.

Again there is a definite dividing line between the snimsals
which feed only when the tide is over them {(Z%ones I -III],
and those which feed ounly whey are uncovered{Zones IV - V),
It will be seen that this division coincides with a division
into an area which is more than half its time submerged, and
an 2ree which is more than half its time exposed. A glance at
the minimum water content graph(figure J.) will show that
the same line of division coincides with a rapid drop from

nearly saturated sand to rather dry sand.

g. Comparison with similar areas in other placses.
On exposed sandy beaches throughout New Zealand, similar

communities are met with, though in some parts of the West Coast
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M. ventricosa is reported &s having replaced M. subtriangulatum.
It might here be of value to mention two other types
of migrolithic~oosan beache with which 1 am acquainted.
To the south of Banks Peninsula is a long oceanh beach
composed of small rounded stones of from 4 to .8 mem. diameter.
There the shingle is so motile anq the surf so strong that no
pipli beds have been sstablished. At high water therse is little
or no kelp, dus to the fact that all the curresnts tend to the
north, and would carry &ll Kkelp from the rocky Banks Peninsula,
awayxfrom the beach. The result is that the sand hoppor
association at high water is missing.(Plate 12)
Still another type of microlithic ocean beach is reoresented
at Akaroa. The beach is comp sed of rounded pebblss, of from
one to four inches in diameter. The rattle of these stones
under the influence of even the mildest surf, is sufficient to
axplain th@'absence of the low water pelecypod association.
At high water there is & little kelp but the large amphipod,
T.’quoyana, is absant. Parhaps the size of the stones is
unsuitable, as this animal never seems to inhabit anything but
fine sand.(Plate 13 and 14).
Thus 1t is evident that the location of the Brighton
Beach, in a backwater/of the Pacific Ocean, which hss: probably
led to the fine nature of the beach, and which results in a
constant and sufficient supply of drift kelp from Banks Peninsula,‘
hags determined its phygical nature and thus the nature of its fauna
Prom New South Wules, Hedleyll915) reports a strikingly
similar formation. Here Donax deltoides réplaees M. suntriangulatum

o« It i8 extraordinary how similar the habits of thess two forms
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are; and Hedley's description of the shape, habits, and

situation ofvhis form, could be applied to the local species
without bsing iscorrect in the smallest det&il.

Under kelp he describes the sand hoppers ,Talorchestisa
guadrimanz and Orchestia maclaysna, which seems to &zrse
identically with our sand hoppsr association. Hedley(19158)

’ in this connection , states;- "In all countriss and various
climates the ocean beach preserves the same exXternal appearance.
If by soms cosmic changs, the climats of %}dney becams warmer

, then in response, & thicket of Rhizophora would spring up

oan the Zosterete of iiddle Harbour, and & reef of coral

would build on the Hormosireta of the Heads. But the sandy
beach, though shelterinz another series of species, and

perhaps serving &s a turﬁle incubator, would still remain

unchanged. extsraoally.”

bh. Summsrye. A

The ecean besch is a regien of few, hizhly specialised
forms. lts chief character is its moving and unstable form ,
which prevents the establishment of & flora , sxzcept back in
the duns area. Comssquently all forms are dependent on the
sea for their livelihood; and dependent on their burrowing
ability for protection, there being no shelteriang rock,
or vegetation as is found in many localities.

The coastancy of this sub-formation in all climates, in varyiag
degrecs of sunshine , 8alinity, etec., leads %o the conclusien
- that the deciding factors in establishing it are:

l. Finely divided substratum.
2. Ocean surf, bringing a pleantiful supply of
plankton.

5. An adjacent recky coast where kelp can grow ,
with & current frem it to the besach.
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And provided these are prescnt, this formation will appear

regardless of almost all other considerations.
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B. Type of Muddy Estuary=----- The Heathcote Estuary.
1.Physical Factors.
&, Situation and Fermation.

The aresa khown as the Heathcote Estuary is
s8ituated immediately north and north west of Banks feninsula.
Acecording to von Haast (1879) its existance may be explained
as follows;-

" The Banks Peninsula itself, a big mountainous region
of volcanic origin, was in the post-pliocene era, separated from
the plains by & narrow arm of the sea. Soon however, the eéoan
swell travelling northwards, carryimg the products of disintegpratio:
of the post- pliocene deposits, and assieted by the material
from the rivers, was directed by the two prevailing winds te
form & dam from the mouth of the Rakaia to the isolated volcanic
system.(Banks Peninsula).Year by year the dam grew till it formed
a definite isthmus which was really & shingle spit. Behind this
spit, 2nd sheltered from most disturbances, now lay & long arm
of the sea with an entrance to the nerth of Banks Peninsula.
Into this the gelwyn, Weimakeriri, and probably the Rakaia,
fell. Gradually the shingle and sand , brought down by the
northern rivers, the Waipearsa and the Ashley, travelling with
8 northerly swell, built & bar across the bay, thus forming
a large légoon, of which Lake Hllesmere is the only remnant."
The other part of the once large arm of the sea dWind1ed,
in size till the small area known as the Heathcote Estuar&

ig the only remnant.
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At the same time the tidal action off the coastvat New
Brighton was extending a sand bar across the entrance of this
area so that now it has an area of but 24 square miles.

The Heathcoete Estuary ; as at present existent, has the
shape of an equilateral triangle , with sidas approximately
2 miles long. Into it run the two rivers, Aven and Heathcote,
both to some extent at least, of artesian origin. They flow
through remarkably flat country for many miles ,with the
sinuous course of rivers running very nesr grade. HEach of
these rivers flows in et an angle of the triangle , while the
gpening to the sea is at the other angle. This opening is
about 250 feet wids at low water, but a large rock, Shag Rock,
reduces the free passage to about 180 feet with a depth of
20 to 25 feet. (Plates 15-16]).

There are many artesian "leaks" in the Estuary, but in
gaddition it receives the water from 150 squére milele. Little 1911,
; the ssme authority quotes the amount of water flowling out of
the Lgtuary at ordinary tides as  9500,000 tohs.

The map shows the general shape of the area. The seawsrd side,
from the outlet to the mouth of the Avon, is but little west
of north in direction. It changes from almost wholly sahd et
the outlet, to rather soft mud &t the Avon. Plant growth , too,
" changes from the ordinary sand dune grasses, Scirpus frondosus
and Ammonphile arenarie, &t the mouth of the Estuary, 6 rush
topped banks,with plant Suada maritime creeping on the ground.
At the Avon the rushes are an almost pure formation of

Juncus maritimus, and Leptocarpus simplex.



61.

The side running from the Avon to the Heathcote,is north-#e-zL
Bt G Soth Soetildeat '
of—east in direction.It is more uniform in composition, con-
sisting of a stiff clay sand bank, rising two or three feet from
the level below. The bank is topped in most places, by a flat
lavel ara&, supporting the usual salt reed swamp, interspersed
with occasional stunted maenuka trees, gorse, and the hox wood
tree( Plagisnthus divaricatus) .
The side from the Heathcots to the outlet is rathercégggg%%aééﬁ

Cand s Wt -
of-—geubh, in direction,. It shows great varistion.For the
firstl/5,1it is rather like the previous section; then its
natural aspect is altered by a stone wall with rocky patches
balow. This gives way to a tram ceause-way which cuts off
an area of 115 acres of mud flat. This area is still in free
communication with the rest of the Estuary , by twovopeniags
in the cause-way. The banks of the area are typical of
Salt-Reed Association, but here the box-tree is more common.

At the other end of the cause-way, a rocky outcrop,
an extension of the Hedcliffes volcanic mass, Jjuts out into
the BEstuary at & place I have called "Rock House Point."
Rrom there on for some distance the bank is an artificial stone
wall, which at Monks Bay, changes to a stons ﬁall with &
sandy beach in front of it. From thers the banks are cocvered
with rocks , put down when the road and tram-way were built.
The ﬁaxt change is at ~hag Rock .

This zrocky erea , jutting out intd the seaward

opening of the gtuary, is a continuation of a volcanic
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gpur. Prom there the coast is rocky round to Sumner.

Just past Shég Rock, however, another cause-way has been
built, and mud has so accumulated that it was considered with
the rest of the ﬁstuéry.

Within the limits described i1s the Lstuary itself. It is a
flat area , cut up by water channels. Almost the whols arsa
is uncovered during tides, except these water channels , and
over half of it is above half tidse.

Near the mouth of the Lstuary, especislly on the Brighton
gide, in isolated banks, a considerable admixture of sand is
found. For some distance inside the Spit;tha gubstrstum is
entirely fine sand, while further in the proportion of sand
decreases. At Monks Bay the proportion of sand is quite con-
sidérable,and at the higher levels at othsr‘places. Further in
the Eétuary , and always near the water channels, the mud is
soft and heavy,---- grey on top with black, evil smelling
substancs beneath. When the Avon and.Heathcote Rivers are reached,
the sand has practically disappeared, thera being nothing
but heavy mud Qt low water, merging into clay at high tide mark.

A few pieces of rock here and thers, a few piles, odd
pleces of wood, and tins, are the only exceptions to almost
eomplat@ microlithic substratum.

b. Climate.
Tempsrature:
Aixr:
The temperature range at the mouth of the Estuary is
about that alrsady recorded for the Brighton Beach. As the upper

ond of the Lstuary is approached,the conditions approximate
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to these of Christchurch and becoms more sxtrema.
Water.

The water temperature shows even greater departure from
the conditions at Brighton. In summer ths upper end of the
Bstuary is almost invariably several degrees higher than the
lower end, while in wintei the reverse is the case.lt must be res-
lised , too , that the kind of day,state of the tide , and
other factors, iafluence the result. An approximate idea

can be gained from the following readings at Heathcote Bridge.

Jn. Fbe Mh. Ap. My. Wne Uy, Az. Sp. Oc. Nv. Dc,
Air. 18;819,918¢814,512.7 9.210:48.7 9.912.816,31?.9

Waﬁerl?.?lB.117.814.212.110.010.4 8.4I0.112.415.917.5

But it must be borne in mind that these readings were all
taken in the day time, and that in the winter nightd the air
temparature falls as low a&as 2 or 3 degrees bslow zero, and
the water to4 or 5 degress C.
The temperature of the mud shows @& gradient similar to that

found for the sand at Brighton ﬁaaeh .

Alr temperature{in shade) 1ll.4 Water temperaturse 10.4
Hours exposurs. Surface.!l0cms. | 20cms. |30cms., 40cms. )
down down down down
2hrs. 10.3 10.3 10.0 | 9.5 10.§%
4hrs. 10.2 10.1 9.8 | 9.7 9.5
8hrs, 10.2 10,0 9.6 | 9.4 9.2

-%Th@ rise in this value is due to the seepage of water.
For the rest of the climatic factors, the readings given for

Christchurch(N.Z. Ye®r Book 1915) are very approximately corrsct.
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c. Currents and Ilides.

The only currents in the LEstusry are the river and tidal
currents, and the swdrls and eddies produced by them.The tids
rises to betwsen 4 and 6 fast in the Kstuary, and is about %
to one hour later than at Lyttelton. A change in wind, however,
has a pronounced effect. An easterly wind, sither & north easterly
or & south easterly, tends to bring the tide in a little séarlier,
raisafit to a greater height, and keep it in a little later.

A waesterly wind hes almost the oppositeveffect. Usually the

tidal movement in the Lstuary follows the simple harmonic
expression given by Bruce(1926)., This 1s illustrated in the followi!
-g graph{Figure 8) of time against tide ﬁight, taken at the

Mount Pleasant Pier.

/4 72 /
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d. Composition of the Water.

The chloride content , estimated as grams of chlorine
per litre, the oxygen estimated as milligrams per litre, and
the density, were estimated for different samples , taken
at different places and stutes of the tide. The localities wherse
these samples were taken are indicated in figzure 9.Ths actual
results of the analyses is given below and the results of
the chlorine estimation ; shown in figure 10, Though it was not
expected that these would provide any definite relationship,
it was felt that they were necessary if these results were to
be of any use for further work or for comparison with other

localities,.
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11/16 3| Low Water. Surface] o114 4,26
10.5/11.2| 4| Low Water, Coming in. Surface}! 179 11,0015
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15/2 21 High Water, Going out, o 18,7 11.0244
13/16 10| Low Water. (Brighton Beach)" 18.68 [1.0244 | 10,2
10.8/14.,2]11{ Low Water. Tide going out " « 307
11,2/12.5]12 | Collected off mud flats. " 8.23

Tide going out. )
11/5 Tide low, Coming in, " 11.53 [1.017
10,8413 Tide high. Hot day. " 12.6
Gul/662 Tide nearly high. Going out" 17,15 [1,0224
14,6/1.6 Tide high. Going out. " 18,46 {1,0240
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6.8/6.2 Tide 1/3 in, and coming in 9,96 7.6
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Surface| 13.65

11/5 % Tide. Coming in, f 12,82
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11.5/10,2 High Tide. Bright sun. " 18.7 [1.0948>
11/5 Nearly high. Going out. " 18.0
13/4.8 Nearly high. Bright sun. " 18,53
5/447 Very nearly low water. ,

Tide going out,. ft .90 396
14,5/2.6 High Water. Bright Sun., " 18,53
5/44,7 High Water. Going out. n 13,33 |1L.018
15,4/2.,4 Low Water, Coming in. t 14,7811,0186 | 92,07
14/1.7 Tide third in, Coming in M 13,74 {1, 0181
10/5.8 High Tide. Bright sun. n 18,54 {1,0245
6e8/642 Tide nédrly high. Going

out. 4 £t below surface. 2ft

off bottome. 17.2 [1.0224 5663
11/¢ Tide nearly high. Bright

sun. &'t down, 18.6 [1.0243
5/4,7 Low Water. 8queezed out of

mud. . 13.6 {1.0200
15/2 High water going out. 4 ft

dowri. , 18,7 11,0243
045411,5 Tide high. Bright Sun. 5 ft ‘

down, ' 17.0 [1.0229
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As well as the'"spot" samples from all over the Estuary, four
stations were established, at Heathcole Bridge, Mt. Pleasant
Pier, Rock House Point, and Shag Roek. Here samples were taken

at frequent intervals ,over the wholg of & tide.From thess
results, which are summarised below, the graphs on Figure 1l.
were constructed, which allowed me to build up a fairly accurate
picture of the salinity changes in the LEstuary. The four stations
are marked XI, X2, X3, and X4, on Figure 12,

Station XI
Beathcote Bridge X2.ctd.
Time after sallnity Time after Salinity.
Low VWater Low Water
-2 hrs. 5.573 -7hrg. mias. 16,17
-lhr. 40Omin. 4,394 -7 14.57.
-1 15 3.594 -6 45 15.37.
-1 0 2.625 -6 30 16.23.
- 45 2,129 -6 30 14.44.
- 30 1.775 -6 15 16.79.
o . 6528 -6 0 17.15.
15 03822 ' -5 45 17,76
30 4825 -5 30 17.79
45 05193 -5 16 17.68
1 16 <4613 -5 Q 17.68
2 156 D.78% -4 45 16.62
3 35 9.792 - 15 15.54
6 20 13.550 "y 45 15.37
6 3D 14,060 -2 45 14.19
6 50 14,060 -2 l& 13.22
7 5 150?00 ‘ "'1 55 80962
7 20 13.700 -1 0 6.002
7 35 13.450 - 50 5,008
7 50 13.420 - 5 2.697
: 10 1.804
Station X2, £o L.647
Mt. Pleasant Pier 40 L. 597
’ 1 cler. 55 2.271
1 10 ‘ 3.903
-8 30 13,580 1 40 4,508
=8 0 15,780 & 10 9.805
-8 0 16.220 2 40 10,180
-7 45 16,440
-7 30 15,080
-7 30 16.290
-7 1E 15,850
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66
67
66
69
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LieWe
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Salinity (') WO, fPine afterk

1247
13.3 81 10 mins
15.1a 82 o)
14,76 83 15 o
14.89 84 30 o
14,80 85 45 v
15,63 86 L.15
16,31 87 | L.45
16620 88 | 2,185
15.89 89 | 2.20 T
16,42 20 2.45
17.94 ol 3.15
18,76 02 345
18,72 o3 4,15
18.93 o4 4,45
19.26 96 5
19.26 96 | 5,15
19.13 97 | 6.30

98 5.45

G

100 | 6,15

101 | €,30

102 Fedb

103 7

SHAG_ROCK

wSalind

ty

17,97
18,68

19.36
18.78
19.28
18.26
19.28
18,92
18.86
19.16
19,26
18.85

18.89

, 86 Taken from

Rock Pool
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Discussion of Regults.

It will be noted that the readings vary considerably fowam
different states of the tide, depth and locality.

Chloride Value,

In many cases where fresh water enters salt water, a definite
stratificatién of the water has been noted. fmong the workers
who have noted this effect may be mentioned Huntsman (1918) and
Cowles (1923). In the case under consideration such a stratifi-
cation was not observed (cf. results No. 31, 32, 34, 35) the
salinity varying little with depth for the same state of the tide
ete. Probably this is to be explained in terms of the shallow-
ness of the area, and the large proportion of tidal movement.

At full tide the salinity varies from 12-14 units of éhlorine
near the entrance of the rivers to about 18-192 in the lower paris
of the Bstuary.

At low tide when the water is confined to the water channels,

(cfthe Hradlorls & Ooe Rivers)
the salinity varies from almost fresh at the mouthyg («114 to .9
units of Chlorine) to 14 - 15 units at the mouth of the Estuary.

A fact worthy of note ig that water taken from the mud itself
has a salinity distinctly higher than the water at low tide.

An interesting fact brought out by the tidal salinity curves (fig
11) is that the maximun and minimum salinities at any point are
reached after high and low water respectively. The salinity
change is most rapid at about half tide. It will be seen that

animalg living at high water at Heathcote Bridge need be no better

able to withstand freshening of water than those at low water at



61,
Shag Rock.
Densgity.
The density, except in case No. 4 seems to follow the
salinitye. The irregularity in this case may quite likely be due

to suspended matter in the water.

Oxygen Values.

As there ére but seven values for Oxygen, no detailed con-
clusions would be justified. But these results'point to a very
definite and considerable decrease in the proportion of dissolved
oxygen as we proceed up the Estuary (Fig 13). Proximity of mud
seems 1o decrease the oxygen content as the differences hetween
results 18 and 31 might be supposed to show. But the decrease
from 10 to 4 mmgs. 1s a rather large decrease and seems to show
conclusively that surface water is not neceésarily saturated.

2e IMoristic Composition.

The Estuary shows remarkably little flora, Except for a |
little Ulva in sheltered rock pools and on muddy sand banksaiittle
Zostera, the salt reed formation, and one or two small plants, it
is bare mud. The.flora will be congidered with each areae.

3e PFaunistic Composition.

as Catalogue of Faunistic Species,

The following is a list of species of animals found in
Heathcote Hstuary wlth which is included the list from the New
Brighton Piles. No attempt has been made to identify the numerous
gpecies of protozoa and small crustaceﬂlwhich have been found.

Except for these, the list probably includes all the common forms,
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though in some casés the animals have not been identified and
are referred to their group only,

PORII'ERA
Calcarea
One speciés from below rocks inside Shag Bock - unidentified,

COELENTERATA

Hydrozoa

Several forms on rocks and shells, notably a sertularian
on pipi and mussel shells at Brighton beach.

ANTHOBOAA
Pamily thllactidae

1. Oulactis plicatus Hutton 1879 p. 311. In rock pools
at shag Rock and between rocks at low water covered with pieces
of shell,

Family Bunodidae

2. Bunodes aurecoradiata Stuckey. fStuckey 1008 p. 367)
In mud on any solid object from Monks' Bay to Mount
Pleasant. Range from © hours exposure to low water, Also on
other species of Anthozoa.
ECHINODERMATA

Asteroidea

Family Ksterinidae

3. Asterina regularis Verrill (Bennett 1927 p. 135)
Common at Shag rock and in as far as Monks' Bay., Range

to half hour exposure or more,
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PLATYHELMINTHES

Tricladia

4, Leptoplana australis.

Common wnder stones and in deep moist crevices at Shag Rock
and inside as far as the long tramway embankment. Range to 2
hours exposure,

Nemertinea

Apparently five species - none of which have beén identified.

1le Large black nemertine under gtones Jjust inside Shag
Rock, also on Brighton Piles,

2e Pink nermertine. Very common under stones at Shag Rock
and some distance inside the Estuary. (Perhaps Amphiporus
heterophthalma Schmarda).

3e  Thick black nemertine under stones in mud at Monks
Bay (Perhaps |

4, Grey striped nemertine, not unlike Lineus marinus, in
mud at Mount Pleasant.

Se Dirty coloured, large form - Mount Pleasant in mud.

ANNELIDA POLYCHARTA

Family Aphroditidae

5e Lepidonotus polychroma Schmarda. (Benham 1909 p. 72)
Very plentiful under stones up to 1 hour exposure at Shag
Rock and outside. Scarce inside the Estuary but occurs as far

up as Rock House Point.
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Family Phvllodocidae

Ge Porroa

(Eulalia) microphylla Schmarda. (Ehlers 1204 p, 16 and
1807 pe 6). ‘

Very plentiful on mussel beds at and outside Shag Rock.
On New Brighton Piles. Does not occur in the Estuary fufther up

than Monks Bay.  Range up to 6 hours exposure,

Family Nereidae (Lycoridae)

7. Nereis australis Schmarda, (Benham 1209 p. 73)

Moderately common in the lower parts of the Estuary chiefly
under stones and sometimes in loose membranous tubes. Range up
~ to 3 hours exposures |

8. Nereis vallata Grube. (Benham 1809 p, 73)

Common under stones and burrowing in the mud. Most plenti-
ful well up the BEstuary and takeé the place of Chione stutchburyi
near the Heathcote Bridge. Range low water to 3 hours exposure.

Nereis amblyodontaISchmarda. (Benham 1909 p. 74)

Occurs to 6 hours exposure‘at shag Rock and outsidej; inside
the Egtuary as far as Rock House Point. Range low water to 6
hours exposure.

Nereis kerguélenensis

Recorded by Oliver (Oliver 1923 p. 541) but not found by
me.

Family Nephthydidae

9, Nephthys macrura Schmarda. (Hutton 1879 p. 321),

This species has an unusually large range, It is quite
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common in the sand at New Brighton where it is almost the only
polychaetes It occurs in the Estuary up as far as half way
between the Heathcote Bridge and Mount Pleasant. Ranges up to
5 hoursg exposure in mud and 4 in sand,

Family Glyceridae

10. Glycera origera Schmarda., (Benham 1909 p. 79).

Quite common from Shag Rock to half way between llount
Pleasant and Heathcote Bridge. The range as I have observed
it is from low water to 3 - 4 hours exposure, Benham records
it dovn to 35 fathoms,

Family Bunicidae

11l. Lumbriconereis sphaerocephala Schmarda. (Benham
1919 p. 79). |
Occurs fﬁeely over the Hstuary especially in stiff mud.

Family Arichiidae

Scoloplos cylindrifer BEhlers,

Fairly common in muﬁdy parts of Lstuarys.

Aricia papilloséaA V

Recorded from here vy Oliver (1928 Do 541} but not so
far seen by me.

Scolecolepides benehami Fhlers. (Ehler 1907 5 Noe 4 Do
14.)

Common at Mount Pleasaht, at about 8 hours exposure,

Family Spionidae

12 Spioe. Benham says "An undescribed species I believe,

It differs from 3. aequalis Ehlers in its much larger tentacles

on the Prostanium, ¢
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Common at Mount Pleasant, at about 7 hours exposure.

Family Terebellidae

13. Thelepus plagiostoma Schmarda. (Ehlers 1904 p. 50)
In tubes under stones at low water at Monks! Bay butl not
COMMOI, |

Family Arenicolidae

14, Arenicola assimilis var, affinis Ashworth. (Ashworth
1903 pe. 737).

Common in stiff sandy mud near Mount Pleasant. ' Range from
6 1o 4 hours exposure.

Family Serpulidae

b 15,  Vermilia carinifera Gray. (Hutton 1879 p. 326)
On rocks as far in the Egtuary as Rock House Point. At
Shag Rock forms large masgses. Range from low water to 6 hours
exposures,
16, Spirorbis zelandica Graye. (Hutton 1879 p. 327).
Gn mussels at low water at Shag Rocke.

Eamilv Hermellidae

17. Pallasia quadricornis Schmarda. (Hutton 1879 p. 324).
Tubes common all over lower part of flats, Only one
animal taken at low water, Mount Pleasant,.

Sipunculoidea

18, Dendrostoma huttoni Benham (Benham 1905 p. 308).
Low water to 8 hours exposure in soft mud from Shag Rock

to Mount Pleasant.
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CRUSTACEA

Brachyura

Family _ Cancridae

19. Cancer~novae4§ealandiae (Jacquinot and Lucas)
(Chilton and Bennett 1928 p, 744).

Common dutside Shag Rock. In mud in the Estuary as far
as Monks Bay bu£ not commonly in so far. Range to 5 hours
exposure,

30. Ovalipes bipustulatus (Milne - Edwards ) (Chilton and
Bennett 1928 pe 755).

Occasionally at Shag Rock, in deep water, attracted by
meat bait.

Family Ocypodidae

21, Hemiplan hertipes (Jacqg and Lucas) (Chilton and
Bennett 1928 p. 752), ;

Common in muddy places from latter part of Monks Bay to
past the Heathcote and nearly to the Avon Bridges. Range from
5% hours exposure down,

Family Grapsidae

22. Hemigrapsus seﬁdeﬂtatus (Milneé-Edwards) (Chilton and
Bennett 1928 p. 764).

Common at Shag Rock and outside, Not common inside the
Estuary. Avdids muddy places. Range up to 7 hours exposure
in sheltered places. Usually up to 4 hours exposure,

23. Hemigrapsus crenulatus JMilne - Edwards) (Chilton and

Bennetts 1928 p. 766).

Common from rock pools on the open coast to far up
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the Avon and Heathcote. Range from below low water to 8
hours exposure, under stones.

24, Cyclograpsus lavauxi Milne-Edwards. (Chilton and
Bennett 1928 p. 770).

Common under stones at Shag Rock. Occasionally associated
with Helice crassa in the Estuary and forming a colony in a
gravelly place near the Heathcote Bridge.

25, Helice crassa Dana. (Chilton and Bennett 1928 p.
772).

Common inside the BEstuary from Monks Bay to far past the
Avon and Heathcote Bridge. Range from 8 - 6 hours exposure on
the open flat. Range up to 10 hours exposure in galiimarshes.

~/
Family Pinnotheridae

266 Pinnotheris pisiim LinnaBus., (Chilton and Bennett
1928 pe 775).

Occurs in many large mussels (M.edulis, M. canglliculus%
and apparently the same species found in the cockle and pipi.

27, Hymenicus varius.* Dana., (Miers 1876 p. 50)

Occurs in the dark brown weed ~m-raco=n= in pools and on the
flat between 5 and 7 hours exposure.

28, Hymenicus pubescens+ Dana. (Miers 1876 p. 51)ﬂ

On mud just inside Shag Rock. Range up to 4 hours exposure,
+ This verydifficult group has never been properly revised, and I
am by no means satisfied with my identification. gome of my

specimens are at present with Bennett (Australia) who is revising

the groupe.
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ANOMURA

Family Paguridae

29, Iupagurus novae-zeasjamdoae {Dana) (Thomson 1898 p. 173)

Common in rock pools and in sheltered places ag Shag Rock.
Less commonly inside the Egtuary up to Rock House Point. In
-shells of Turbo smaragdus, Monodonta aethiops, Struthioloria sp?
Euthria littorinoides, Cominella maculata. Range about low
water,

30. Bupagurus traversii,. Filhol. (Thomson 1898 p, 179).

Two specimens taken in rock pools at Shag Rock in shells of

Monodonta aethiops.

Family Porcellandiae’

31, Petrolisthes elongatus (Milne-Edwards) Thomsén 1898
pe. 189)

Quite the commonest decapod érustaoean at Shag Rock. Under

stones and in sheltered places from low water to 6 hours ex-
posure. Occurs plentifully inside the Estuary in stony places
up as far as Rock House Point, and more sparingly on to Mount
Pleasant.
MACRURA

Pamily Alpheidae

32, Betaeus aequimanus Dana (Miers 1876 p. 83)
At Shag Rock in weed, Range about low water except in

very damp places.



70,

Family Palaemonidae

33. Palaemon affinis. A Milne-REdwards., (Miers 1876 p.
85.)
Common from Shag Rock to Heathcote Bridge in pools and
open water, Always submerged.
AMPHTPODA
Family Orchestidae

e

34, Orchestia chiliensis Milne-~Edwards, (Thomson 1898

pe 199). | |

Quite the commonest Estdrine'émphipod. In rush bases,
ebris under stones, in clay banks, from Rock House Point to well
past the Avon and Heathcote Bridges. Range from 5 to over 10
hmﬁsemmmmm

35, Ralorchestia telluris (Spence Bate) (Chilton 1918
Pe 299)

One specimen from near Pleasant Point, at about 8 hours
e Xposure., |

Family Calliopiidae

36. Poracalliope fluriatilis (Thomson) (Chilton 1921 DPe
529).

Common in muddy pools on the weed, and‘taken’in the tow net
from lower part of the Estuary. Extends from almost completely
sadt, to almost completely fresh water, Range totally immersed,

Family Gammaridae

37. Melita inequistylis (Dana). (Chilton 1921 p. 535)

Under stones in muddy places in the upper part of the
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Estuary, above Rock House Point. Range from 5 - 8 hours eXpPo s~
ure, but never in dry placese.
In addition there are at least two species at Shag Rock
which I have not identified. |
ISOPODA

Family Cymothoidae

38. Livonica raynaudii Milne RBdwards (Thomson 1921 p. 114)

TFound in the gills of the sand Tlounder (Rhombosolea
plebelia) From March to May. _

39, Nerocila macleayii Leach. (Chilton 1891 p. 68)

Found clinging to thé fins of the following fish. Red
Cod (Physiculus bachus) Sand Flounder (Rhombosolea phebeia)
Yellow Belly (Rhombosolea leporina)e.

Family Sbhaeromidae

40, Sphaeroma quoyana Milne-Edwards (Chilton 1919 p. ll);

Pound boring in sandy clayey rocks, in pileces of .wood etc.,
from Shag Rock to past Rock House Point, Range about’and below
low water but upto 3 hours exposure in one case,

41, Isocladus spiniger Dana (Miers 1876 p. 113)
Under rocks at Shag Rock. Range low water to 3 hours exposure.

Family Tdoteidae

An individual of this family was taken in the tow net in
the lower part of the BEstuary.

Family Ligiidae

42, Ligia-novae~zealandiae Dana. (Chilton 1201 p. 107)

Commgn in an isolated patch near Heathcote Bridge. Under
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and on stones and decayed wood. Range 6 - 10 hours exposure.

Members of this gréﬁﬁ'éééuf Treely on the mud from Shag

Rogkt to Heathcote Bridge.

COPEPODA

Occur freely, both in the water and on themud throughout

the whole length of the Estuary. Apparently several différent

formns.

from

' CIRRIPEDIA

..........

Family Hepadidae

Lepas australis Darwin (Filhol 1874 p. 485).

On drift kelp etc, coming in from outside.

Family Balanidae

........

Common on rocks and any solid place throughout the Estuary

6 « 9 hours exposures

44, Elminius plicatus Gaimard (Filhol 1874 p. 489)

very

488 ) -

Shag

Common on rocks in exposed places at Shag Rock, but extends
little inside the Hgtuary. Range 5 = 8 hours exposure.

45, Tetraclita purpurescens Wood —=-we- (irilhol 1874 pe.

In one small group in a sheltered place on rocks just inside
Rocke

Balanus decorus Darwin (Filhol 1874 p. 486),

In bases of drift kelp.

Chamaesipho columna Spengler, (Filhol. 1874 p. 489)
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On cockles {(Chione) and pipi (Amphidesia) near Rock

House Point.

OLLUSCA
Class | Amphineura
Family "Mopaliidae

46, Plaxiphora caelata Reeve. (SutePVi913 De 19)
Under stones at and below lewcwatemFrom Shag Point to Rock
House Pointe

Family Acanthochitidae

47, Acanthochites porosus Burrow, -(Suter 1213 p. 27)
One specimen taken under stones below low water near Shag
Rocks

Family Chitonidae

48, Chiton peilisserpentis Quoy and Gaim@&rd, (Suter
1913 p. 33).

Abundent on stones from outside the Estugry'to Rogk House
Point, and occasionally near the Heathcote Bridge, Range from
low water to 4 hours exposure.

49, Chiton quoyi Deshayes. (suter 1913 p. 34),.

Very abundant over samd area as C.péllisseppemtis,but
always under stones. Range from below low water to 4 hours

exXposSure.

Clasg Gastroppdds.

Family Acmaeidae

50, Acmea fragilis Chemnitz. (Suter 1913 p. 68)

One specimen under stone just inside Shag Rock.



Acmea pilleopsis Q. and G. (Buter
Occasionally on rocks inside Shag Rocke
Acmea stella Lesson ~ (Suter

One specimen on rock inside Shag Rocke.

Acmea parviconoidea Suter (Suter

Common on rocks at Shag Rock.

51, Acmea helmsi B.,A. Smith v (Suter

4.

1913 p. 71)

1913 p. 73)

1913 p. €9)

1913 p. 69)

Common on shells of Monodonta corrosa, Amphibola crenata, and

any solld material in the muddy parts of the Estuary.

Family Patelliidae

52, Helcioniscus radians Gmelin -(Suter

1913 p. 81)

Common at Shag Rock and a little inside. Range 2 - 7 hours

exposure.
53, Helcioniscus ornatus Dillwyn, (suter
Distribution as for H. radians.

Family Fissurellidae

54, Scutus ambigus Chemnitz. (Suter
On rocks below low water mark, only small ones

far as Monks Baye.

Family  ®rochidae
55, Monodonta coracina froschel, (suter
On rocks at Shag Rocke
56, Monodonta'nigerfima Gmelin. (Suter
One dead gpecimen Shag Rocke

57. Monodonta aethiops Gmelin. (suter

58, Monodonta atrovireng Philippi. (Suter

1913 ps 80)

1913 p. 103)
seene. In as
1913 pe 114)
1913 p. 114)

1913 p, 116)

1013, p. 117)
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59, Monodonta corrosa A. Adams, (Suter 1913 p. 117,

Very plentiful on muddy and rocky parts of the Estuary
from Monks Bay to past the Heathcote Bridges Range 3% to 8
hours exposure,

60.  Monodonta lugubrig Gmelin, (Suter 1913 p. 119)

Shag Rock and just inside, always under stones. Range

Cantharidus tenebrosus Huttoni E.A. Smith. ( Suter 1913 p.
129)

In scattered patches over the Hstuary. MOst plentiful
in Zostgrabeds. Range low water to’4 hours exposure.

Family Turbinidae

61, Turbo smdragdus Martyn. (Suter 1913 p. 162)
Shag Rock and a little ingide. Range from 4 hours
exposure dovi .

Family Idtorinidae

62, Litorina cincta. Q. and G, (suter 1913
Pe 187)

Shag Rock and Brighton piles. Range 7 to 10 hours
exposure, sometimes down to 4 hours exposﬁre.

63, Litorina mauritiana Lamarck (Suter 1913 p. 188)

Shag Rock to Monks Bay on stones. Brighton Piles,.

Range 8 to full exposure.

Family Rigellidae

Risellopsis varia Hutton. (suter 1913 $. 191)

High water on Brighton Pilese
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Family Hydrobiidae

64, Potamopypguss antipodum Gray. (Suter 1913 p, 231)

Upper part of the Estuary in distinetly brackish water,
from Mount Pleasant, some distance up the Heathcote River. ‘On
opén mud, in bases of rushes, in vegetation. Range almost the
same as Oe.chiliensise

Family Cerithiidae

Ceritﬁidea subcarinata Sowerby. (Suter 1913 po 239)

LIn large numbers on small clumps of the green weed.  On
mud in the lower part of the‘Estuary, egpecially behind the small
tramway embankment.

Family Bucecinidae

65, Cominella maculosa Martyn. (suter 1913 De 387)

Common in rock pools al Shag Rocks

66, Cominella lurida Philippi. (Suter 1913 p. 384)

Common all over the muddy part of the Estuary, from Monks
Bay to past the Heathcote Bridge. Range from & hours exposure
downe | |

Femily Chrysodomidae

67. Tuthria littorinoides Re&ve. (suter 1913 p. 376)
Comnion under, stones from inside Shag Rock to Monks Bay.
Range. Low Water.

Family  Thaigidae

68, Thals scobina albomarginata Deshayes. (Suterr 1913
Poe 427).

From Shag Rock to Rock House Point. Common on rocks from

4‘.1}0 " .
10 hours expogure. sometimes in clusters under rocks
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lower dowrte

Family Amphibolidae.

69. Amphibola crenata. Martyn. (Suter 1913 p. 597)
Common on mud ffom outside Shag Rock to past the Heathcote
Bridgee Range on mud from & to 8 hours exposure. In salt reed
swamps from 7 to 10 hours exposure. |
Family Siphonariidae
70 Siphonarié abliquata Sowerby (Sutez 1913 p. 599)
Shag Rock. Range low water to 6 hours exposure.
71. Siphonar;a;&ealandica Q. and G. (suter 1913
page 600). | | |
Shag Rock to Rock House Point. Range low water to 4
hours exposure.

Family Onchidiidae

Onchidella Rigricans Q and G, (Suter 19213 p. 811)
Inside Shag Rock to Monks Bay. On mud and in sheltered
places from low water to 4 hours exposure.
LAMBELL IBRANCHTIA
72, MNytilus edulis Linn&. (suter 1913 p. 862)
Commoh at Shag Rock and ¥n to Monks Bay. Range 2 hours
exposure downe.
73, Mytilus canaliculus Martyn. (Suter 1913 p. 864)
Common owdr same Jocality and range as M. edulis,
74. Mytilus magellanicus lamarck.  (Suter 1913 p. 865)

Common in large banks on the rocks at Shag Rock. Occasion=-
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ally inside the Estuary. Range from £ hours exposure down
to low water. .

75, Modiolus &te® Zelebor. (suter 1913 p. 866)
Common from Shag Rock to Heathcote Bridge on Piles and
rocks. Range 6 to 7 hours exposure.
76, Modiolus impacta Hermanne. (Suter 1913 p. 869)
Just inside Shag Rocke Several shells in a nest of
byssus threads. At low water under stones.
.7 77 Modiclus barbata Reeve (Suter 1913 p. 868)
In mass of fibres in‘mouth of empty shell Just ingide
Shag Rock, at low water.

Family Tellinidae

780  Tellina deltoidalis Lamarch (Suter 1913 p. 948)

In the Estuary confined to the area between Rock House
Point, Pleasant Point and just past Mount Pleasant. Range
from &% hours exposure to below mow waters

Tellina Spenceri Suter (Suter 1213 p. 953)

2 Specimens apparently referable to this species from
Rock House Point, | |

Family Mesodesmabtidae

Mesodesma subtriangulatum Gray (Suter 1913 p. 957)

TFound at Moﬁnt Pleasant and Monks Bay.  Almost certainly
introduced by fishing parties,

79 Mesodesmaséustrale Gmelin, (Suter 1913 p. 960)

Common inside the Estuary in sandy banks from just inside
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shag Rock, to just past Rock House Point. Range from 3 hours
exposure downe

Family Mactridae

80, Mactra ovata Gray. (Suter 1913 p. 9266)

Live shells taken in ones and twos over the upper half of
the Estuary, from 7 to 1 hour exposure. All these small forms.
Large bedsls of dead éhells aﬁpear in various places,

Familv.Veneridae

“Chiene Stutchburyi Graye. (Suter 1913 p. 987)

Common in muddy té sandyApiaces from outside Shag Rock
to past the Heathcote Bridge, Range & hours exposHie to
below low water.

FPamily Pholadidae

8le Barnea similig Gray. - (suter 1913 p. 1017)
From Shag Rock to Monks Bay, burrowing in soft rock at
low water, |
PISCES

Order _ Selachii

Mustelus antarcticus Gunther.
HOLOCTEPHALT

Family Chimaeridae

Callorhynchus milii Bory. (Phillips 1927 p, 11)
Comeg into lower part of Estuary with the tide.

TRLEOSTOMT

S e

remily Galaxiidae
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Galaxias attenuatus (Jenyns) (Phillips 1927 p. 13)

At one time this fish was common and bred in the Estuary.

Now only scattered individuals are takene

1027

1927

Family Anguillidae

Anguilla australis Richardson (Phillips 1927 p. 17)
Common under stones and rocks in muddy placese.

Family Synemathidae

Syngnathus blainvillianus Eydoux and Gervais (Phillips
pe 20),

In Zostera Dbedse

Hippocampus abdominalis Lesson. (Phillips 1927 p. 20)
Taken eccasionally in lower part of the HEstuary.

Family Gadidae

Physiculus bachus (Red Cod) (Block and Schn) (Phillips
P. 23).
Common in lower part of the Estuarye.

Family Pleuronectidae

Rhombosolea plebeia (Richardson) (Phillips 1927 p. 28)
In Bgtuary from March to May as far up as Mount Pleagant.
Rhombosolea leporina Gunther. (FPhillips 1927 p. 28)
Common all over Estuary all the year round.

Family Mugilidae

Agnostomus forsteri (Cuv., and Val) (Phillips 1927 p. 30)

Common throughout Estuary at high water.
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FPamily Scaridae

Pseudolabrus celiodotus (Forster) (Phillips 1927 p. 41)
Common from Shag Rock to Rock House Point.

Family Rlenniidae

Tripterygium varium (Forster). (Fhillips 1927 p. 50)
Near Heathcote Bridge.
AVES

Family Laridae

Sterna striata striata Gmelin. (Matthews and Iredale 1913
p. 244,)

Common in the Estuary.

Bruchigavia melanorhyncha Buller (Matthews & Ireéale@ 1913
De 247) ‘ |

With the next species, quite the commonest birds in the
Estuary. '

Larus dominicanus antipodus (Bruch) (Matthews & Iredale
1913 p. 248)

With the previous species quite the commonegt birds in the
Egtuarye.

Family Charadriidae

Cirrepidesmus bicinctus (Jardine & Selby) (Matthews and
Iredale 1913 p. 252). The Banded Dotterel,
Common on mud flats as the tide goes out.

Family Carbonidae

Phalacrocorax carbo steadi (M & I.) (Matthews & Iredale

1913 p. 411).
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Hack Shage Common all over the Estuary
Stictocarbo punctatus (Sparrman) (Matthews & Iredale
1913 pe 414). |
Spotted Shag. Common all over the Estuary.

Family Alcedinidae

Sauropatis sanctus forstéri (M & T.) (Matthews & Iredale

1913 p. 429).

Common in and about the 'Estuary.

(h) Communities of the Estuarye.

. These communities may be divided into two groups, those in
areag. supporting plant growth and showing three strata of life,
and those in areas not supporting plant growth and shbwing two

strata of life.

(ab) 'Region of growth supporting vegetable growthe

(1) Zostera sub association.

Zogstera groWs but sparsely in the Estuary though I cannot
see any reason for this. It cannot be a climatic or a temper-
ature factor for Zostera grows as well in Parenga harbour, neér
North Cape as in Stewart Island in the far south, Nor would
it seem to be soil as Zostera grows &s well in mud sand as in
pure mud. In the Bstuary it does grow in sandy places 5ut only
in stunted scattered groups. In small localities however in the

mud ikl reaches a fair state of development.



834
zZostera is noteworthy in that it is one of the new marine
flowering plants, It however flowers but rarely. Thus
Hedliy (19215) says that he has never found Zostera in flower in
twenty five years and I can trace no record of ite flowering in
New Zealand, The significance of this fact is of Botanical
rather than Zoological interest. |
| The rhizomes of Zostera are matted together to form a
dense tangle of threads, which serve to hold the substrate to-
gether, But the chief feature of Zostera is its narrow ribbon-
like leaves, These are sﬁrong and tough with'iong fibres,
This, combined with their long slender pliant nature makes them
well fitted to withstand the constant ebb and flow of the tide.
According to Osterfield (1908) ﬁhe leaves contain air which
causes them to stand up in the water,

‘When Zzostera oceurs in any quantity it forms such é’&ense
growth that it would smother any intruder, Consequently it
occurs as an almost pure association.

The association may be divided into three sgtrata and one
small group as:-

a. Sub surface layer.
Burrowing pelecypods: and worms.
he Surface layer.
Gastropods and a few crabs.
Ce Green Vegetative Part of the Zostera.
Herbivorous gastropods.
de Pools in the Zostera bed.

Spider crabs, shrimps etc,

8. Burrowing Pelecypods and woris.

This stratum does not differ greatly [rom the other pelecy-
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pods of the Bstuary, excépt that lhemiplax hertipes is practically
absent. Tt consists of the cockle (Chione))occasional Tellina
deltoidalis, the worms Scoloplos cylindrifefand Lumbriconereis
sphaerocephala,

Be Surface gastropods.

Confined to Cominella lurida and an occasional Monodontae.
The latter are more or less rare and seem to be strays from the
mud flats.  Trophon pléd%us is occasionally found here as is
Cerithidea subcarinata. It is worthy of note that all the sur-
face forms have long tapering shells, well calculated to admit
of rapid movement through the Zostera. An epizoic anemone
' Bunodes aureoradiata, growing on the cockles really belongs here,
It is the same one as is found commonly on the Estuary.

Ce Vegetative laver,

Here on the stems occur Monodonta atrovirens (scarse and
small) Cantharidus tenebrosus huttoni.

On the shells and on the stems of the weed is the small
shell, Notoacmea helmsi,

d. POO]—S.

In the pools is found the ordinary shrimp, Palaemon affinis,
but it is usually of smaller size than that found lower down the
Bstuary, and of a less transparent colour (possibly due to the
excess of sediment in the water)e. The crab Hymenicus varius is
also present. Conditions in theSgzn pools must be rather

different from the ordinary Esturian life, but not to the extent
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found in the mud pools, as there is always ample cover. A
sample of water which I took from one of these pools, while
cloudy and containing much organic matter was rather poor in
animal life.

One of the outstanding features of the Zostera is that it
is entirely free from Amphibola crenata. Amphibola may and
does occur right up to it, but is practically never found in-
side this area. It may be that the dense growth of the Zostera,
keeping light and air from the surface of the mud inhibits the
growth of the distance on which the Amphibola apparently feeds.
Or it may be that the dense mat of rhizomes makes it difficult
for Amphibola to pass the necessary mud through its inte#hstine.
S0 far I have found no distanee in mud from Zostera beds, but
they could easily he miésed. Another possible reason is that
its rounded flattened shell, however guitable for the open mud
flats is extremely ill suited for movement smong the matted
strands of the Zostera. This 1s emphasised by comparison with
the "stream line" shells of Cominella luride, Cerithidia sub-
carinata, and Trophon plebéus.

The Zostera in the Heathcote Estuary when compared with
similar areas elsewhere, shows the following differences:-

a. oSmall extent.
b. Does not extend below low water mark.
c. Poverty of asgsociation.
d. Scarcity of burrowing crabs.
The crab Heterograpsus crenulatus, does not seem to live

here, but rather comes here for shelter or foyr breeding purposes
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Thus, in April I found large mature individuals of both sexes.
In June I failed to find mature individuals, buﬁ found very small
Half developed crabs which I think are young Heterograpsus
crenulatuse.

(1i) Salt reed Swamp Sub-association.

The Heathcote Estuary on the landward side passes back into
a tangle of sall reeds of the species,Leptocarpus simplex and
Juncus maritimus. Warming ( 191Q. ) stateé.that salt
marshes "afe not only floristically but also anatomically and
morphologically so pecullar that they differ widely from fresh
water swamps," It might be expectlted that the fauna would be
eqﬁally distinct.

It is noteworthy that in this area, Leptocarpus simplex
which occurs lowest down in the zone and would be most exposed to
the movement of the water, has much more pliant stalks than the
other form. It occurs all over the area from Pleasant Point to
the Avon Bridgee

In most places the edge of the Bstuary is a steep bank ris-
ing aboveiftide, which is quite riddled with the burrows of Helice
crasad, From the bank back the area is comparatively flat.

For the most part it is thickly covered with reeds, with every
here and there an open space, These open spaces are inhabited

by Amphibola crenata while the whole area is more or less burrowed
by Helice crassa. It seems worthy of note that while Amphibola
is here much smaller than the aversge adult; Helice crassa shows

no diminution in size, but rather seems to increase in size in the
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burrows far up in the swamp. Possgibly the area affords a good
protection from birds, or perhaps the food supply here is good.

Heterograpsus crenulatus can be found here in channels be-
tween the rushes and under the fushes themselves, It is usually
below the average size and pale with green markings. It possibly
lives on the small shell fish, Potamopyrgus antipodum which is
80 commoh here, The bases of the rushes collect a varigty of
debris and small growth which harbour several amphipods. One of
these seems to agree with Orchestia chiliensis and is almost
identical with specimens identified by Dr. Chilton as such.

‘The small shell, Potemopyrgus antipodum occurs thickly in
among the bases of the rushes and a number of worms chief of
which are Scoloplos cylindrifer and Lumbriconereis sp&erocephala
are also found.

To suﬁ upﬁthe Salt reed sub-association has three "habitats'h,

a, The sub surface habitat
Worms and crabs part of the time.
be Surface habitat
Crabs, amphipods, Potamoprgus antipodum.,
Cce Vegetative habitat
Green stems of reeds, various flies, spiders
etcCe
A rather interesting point 1s that the Inaﬁga,Galaxias attenuatus
is supposed to deposit iﬁs eggs on the rushes. The Maoris have
a legend that, if after the Inanga have gone up the swamp, fhe
next tide does not reach to the same level, the whitebait will

be poor next season. As thig fish (Galaxias attenuatus) is

practically fished out in the Estuary, the fact that I have found

N0 eggs does not affect the matter in ejther direction.
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This dommunityAis practically constant throughout New Zealand.
In the far north aflittlé Mangrove is usually present, but this
does not seem to affect the association materially. T have no
information of similar communities elsewhere.

(iii) Green Weed (Syphonocladialis) Sub assocciation.

In very local gpots in the Estuary is found this green weed

(S¢ladophera).  This grows in thick mats on the mud. Below the
mud is the usuval grouping of Chione and Wofms and in addition &
few Helice crassa. But in the weed itself is found a turret
shaped gasteropod, Cerithidea subcarinata. The long tapering
shell of this animal is admirably suited for moving rapidly}about
in the tangled mass, and the zostera is the only other place where
it regularly occurs. Whether it feeds on the weed at all I cannof
say but this is unlikely as it has the groved lip to the shell
which secems to be associated with carnivorous forms and it can be
"caught" with a piece of old fish héad.

(ive ) The Mud Pool Community.

In small pools at the base of the banks in Estuary and on
the mud in the upper flats, is the black weed Scythothamnus.
Lustralis,.

It is not very plentiful, but growsvon stonesy shells and
pieces of woode At first sight the pools seem absolutely devoid
of inhabitants, but on careful examination they are found to con-
tain a characterigtic and sharply defined group. The weed it-
self’ is the dominant form and at the bottom are Chione

stutchburyi and Potamopyrgus antipodum, though the latter occur
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only where the pool is near the banks, apparently having strayed
from there.

The weed shelters a small amphipod, Paracalliope fluviatills:
which clings among its stems. This tiny organism is mottled so
that when it is at rest either on the grey sand or on the black
weed it is very difficult to see. = It would scarcely be noticed
if it were not for its rapid movement in the water.  Its whole
body is well fitted for swimming and clinging to the weed.
Gliding about the bottom of the pools are flounders warl about
one inch long which I have identified as Rhombosolea leporina.
They too show wonderful colorative agreement with their surround-

: . . . . i
ingse This probably assists them in the capture of the1r~préy

V ' |
as well as protecting them from their enemies, It seems that
at this stage they live on the small crustacea, Paracaliope
fluviatilis as the followingkstcmaqh content,typicél of several
dozen examined, would seem to showe

7 limbs or portions of limbs, almost certainly

from Paracaliope fluviatilis. :

3 large portions of the above crustacean.

8 small transparent valves of a shell which

agree in most particulars with a very minute
Chione.

1 portion of a worm,.

2 pieces of substance from the black weed.

The animal was .9 incheg in length. It would seem that
this flounder spawns in the Lstuary or else the young individuvals
retreat there at an early age, for they are guite plentiful

there, though their habit of partly covering themselves with

sand or mud and their dull colour renders them inconspicuous.

)
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Another rather peculiar member of this community is the crabe.
Hymenicus varius. It clings to the black weed and ites stick-
like legs are so like piecés of the weed that it is rarely found
unle ss speéially looked for in its known haunts. A little
formalin, however, quickly brings it out,.

In the slightly deeper pools the shrimp, Palaemon affinis
occurs but the specimens are always small,

This pool life is a highly specialised one for the follow-
ing reasonse.

Ale The temperature shows greater variationlthan in the

outside water as the lollowing temperature readings shows

WINTER SUMME
Pool stuary Pool Lstuary
3.1 3.2 18,1 17
4,9 563 15,4 ‘ 14,0
3 [ 1 4: @ 4 15 -y O . 14: ® 1

2o The salinity changes greatly)at high water mark showw
ing the salinity of the surrounding Wéter but at low tide,
especially on a hot windy day, rising considerably, due to evapor-
atibn ag is seen by the following figures;—

Air temperature 16.90 Ce Hot Sun. Pool exposed 7 hours.
Chloridé content 17,1 uvnits. Chloride content at i,W. 15.2

3. Lack of protection. When the tide ds oul,allk.the
inhabitants of these areas are left open to the attacks of pre-
datory animals. In this connection it is worth emphasising

the protective colouration and habits of the organisms,
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(v) Hack Weed (Scythothamnus Australis) Sub association.

The black weed already mentioned as growing on Chione is not
confined to that shell although it is quite\often found there.
It shelters a relatively small group of animals and contains bﬁt
few species. Thus the only animals found there are a PolyZooQ,
a stunted 8Sertularian, Notoacmea helmsi, an amphipod a small‘crab
(Hymenicus varius), Ewo species of Onchidella,and occasional
specimens‘of»Cantharidus tenebrosus huttoni.

As might be expected with a collection of animals on a
weed exposed to the sweep of‘the tide; conéiderable adaption to;
wards retaining the hold of the piant is shown. To this is
added a more or less perfect proteétive coloration and form. To
what an extent this is so may be gathered from the fact that care~
ful search in the field yielded only Cantharidus tenebrosus hutt-
onie It was only when the plants were treated with a weak
solution of formalin in the laboratory that the rest of the
population was revealed,.

- The crab, H. varius, is very like H. pubescens except that

it lacks the hairy back. It has long "spidery" legs provided
with stout hooked claws. Its flat body is well suited for moving

about among the matted strands of the weed, The amphipod is f

similarly provided only in this case the flattening is lateral .
instead of dorso-ventral, The large flat base of the Ohchidella
forms, probably serve the same function, and their dorsal surfaces

are protectively mottled. Such a group would be worth consider-

ing from the point of view of Ecological equivalence.
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(bb) Area of Estuary without Covering of Plant Growth.

(1) Mesodesma Consocies,

In the more sandy parts of the Estuary and notably on the
isolated banks in the middle of the stream, M., auskteale is very
pléntiful. The beds are open to the full flow of the tides which
brings a géod food supply. It also brings dange#)for the water
becomes considerably ruffled over the beds}and exposes the shells
to the attacks of the gulls., These seem to be fully aware of
this fact as they congregate in considerable numbers over these

.beds at the turn of the tide.

With regard to the action of water this animal occuples a

[

position mid way between that of M. subtriangulata and Chione and
as might be expected, the siplion, fobt and shell are a compromise
between these two forms.
{with this animal occurs the same worm as is found on the pipi
beds on the open beach, Nephthys macrura.?b
It 6ccurs up to about 7 hours exposure while i1t descends
below Low water. Tt reaches a maximum of up to 400 large in-
dividuals per square metre, at almost 2 hours exposure. It shows
growth bands which, while less definite than those of M.
subtriangulatum, are quite obvious (Plate 18).
(ii) Nereis vallata consocies,
Higher up the Avon and Heathcote Rivers, the cockle dis=~
appears and its place is taken by the worm, Nereis vallata. This
animal is qguite plentiful in this part of the Hstuary and makes

semipermanent burrows from low water to 3 hours exposure. These
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are lined with slime and br@&nch in a complicatéd manner. The
animals themselves are guite red in colour with weli marked blood
vesselse They have a densit& of population of about 150 per |
square metre,

(iii) Cyclograpsus community.

At the Heathcote Bridge is a small but interesting community.
This locality is the remains of ‘an 0ld stone embankment from which
a few odd pile stumps jut out. It extends from % to 4 tide; the
substratum is a mixture of,finerﬁud and large boulders with an
admixture of fine gravel. Bvery tide brings up a pile of veget~'
able refﬁse. The salinity range is 4 to 14 units.

The most conspicuous member of this community dés Cyclograpsus
lavauxi . This crab never burrows properly in the sense in which
Helice crassa does, Ir it is dropped on to very moist soil it
will shuffle its body down a little with a forward and downward
motion similar to the second motion of Helice crassa, but when the
surface of the carapace reaches a level with the mud it stops.

In nature it is usually found under stones or against them.
The curious way in which the‘last pair of legs has a dorsal trend
is adapted to this habit of backing up against rocks. In this
position the weight is carried on the second, third and fourth
pair, while the fifth pair are placed against the stone to give
a "push off" in either direction when required.

The red mottled colour of the carapace is a good match to the
gravel among which it is usually found. Its clean legs and body

perhaps explain why it is not found in the mud. It may be a
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remnant of the once much greater size of the Hstuary. It seems
certainly tobe a rock crab rather than amud one and is quite
common oOn ﬁost rocky shores, particularly where there is a fair
amount of small gravel.

The eggs of this animal are small, only 2 mm, in dimmgter
Chilton and Bennet record this animal in copula, in November 28
1927 under a pile of sténes. The description states that they
made a clicking noise with their mouth partss

As some doubt has been raised as to whether New Zealand
possesses two species of Cyclograpsus or only one, it may be of
interest that I have collected over fifty individuals from a very
small locality and thaﬁ, though they variéd through the complete
range of post megalopa development, I quite easily determined
them a as C.lavauxi as distinct from C. whitei.

Another member of this association is an emphipod, Orchestia
chiliensis. This animal is brown in colour and is quite plenti-
ful under stones. It apparently 1iﬁes on the vegetable refuse
so plentiful here and ite colour serves 10 protect it.

The male of this animal seems to pass through a female stage
as shown by thé shape df the Gnathopod. A rather curious cases

‘perhaps a gynandromorph swas found where the second g@éthopod on one
side was female while that on the other side was male, Ag well
as beihg able to leap, this animal can swim qﬁite well,

Helice crassa is also found here.,

The Isopod, Ligia nOVaewzeélandiae, is found here among the

rocks, scattered over the shingle, and in the rotten piles.
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Ity too,is protectively coloured.
In the mud,the same two worms, Scoloplos cylindrifer and
Lumbriconereis sphaerocephala are founde.
(iv) Typical Area.
For more intensive study an area at Mount Pleasant was

selectede.

At

Ova. P2
Tetling Jeltoiclalis '3 o qund

i
S Mesode sma australe .

e
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Phvsical Characiers

This area extends from the ddge of the Estuary, across a
‘wide mud flat down to the water channel. The first part is
shingly with a slope of some 129, This soon gives way to the
mud surface with a slope of 20 marking the region of 9 hours
exposure. By the time the 7 hour exposure region is reached
fhe slope is 50 -~ 58 minutes, and this continues, more or less
regularly, down to the region of 3 hours 40 minutes exposﬁre,
where the bank drops suddenly down to the water channel at a
slope of about 100, but flattens down at‘l hour exposure to
about 20 and continues to flatten, so that the bed of the water

channel is almost horizontal as :-

Lo

\\\jflfiw.

At the line of separation of the two slopes, at about 4 = 3

hours exposure, is a great deposit of shells in the mud, which
helps materially in keeping the rest of the flat constant in
slope. The flat is composed of about equal parts of sand and
mud, and is not very soft to walk on. It shows the usual grey
colour, just below the surface, and in the higher levels is very
hard and "gritty" at a depth of a few inches.

The change of salinity in the water over the area is given.
in the summary graph, where minimum salinities are plotted against

hours of exposure,
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Fauna

At high water is the Amphipod, Orchestia chiliensis, living
on the drift and refuse7collecting among and on the stones.

Below and reaching‘a maximum at about 94 hours exposure, is
the worm, Spio (n. sp.) This worm reaches a density of about
300 per sdquare metre, It lives in semipermanent burrows, which,
while running largely separateleanastom0$e in places. The
burrowg themselves are 1ined with a rust coloured material which
seems to hold the walls in place. This animal makes burrows
about € -« 3 feet deep. It avoids the softer muq)and is thickest
in the solid, blue compressed sand. It migrates downwards as
the tide retreats and rises as the tide comes in. Th¥g in a
square foot dug to a depth of one foot at various stages of the

tide the following results were obtained:-

State of Tide Right | Right Coming in but not
Out ink quite up to area.

Number of
worms found ) 23 11

It was necessary to dig rapidly as the animals are very
sensitive to vibration and will go "to earth' at the least
dis turbance of the substratum. Thi® worm is very similar in
habits to Scolecolepides benhami except that the latter does not
seem to be confined to such solid areas. These worms extend

down to about 6 hours exposure. In the Hstuary they seem to
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occur wherever the conditions are muddy and there is a gtiffen-
ing of sand.

As the tide goes out the Banded Dotterels ( Arrepidesmus
bicinctus) can often be seen in flocks of ten or twelve slowly
making their way over the mud flats Just as it is exposed. They
peck down at intervals and very likely seize these worms. This

would account for the sensitiveness of the latter to any dis-
turbance at the surface.

The holes of some of the worms are shown in Plate 20,

At about 8 hour exposure, a crab, Hélice crassa, becomes
quite common, and extends down to about 5 hours exposure, It
occurs all over the Estuary in places where the substratum is
reasonably solid and not too sandy, within this range,

(Plate 21 and 22), but ite greatest work is seen in the banks
which line the HEstuary, and in thée salt reed swamps beyond. The
latter belongs to a different association but the former may be
considered here.

At low tide these sandy clay banks appear riddled with holes
(pPlate 24,) 1In places the honeycombing is so complete that the
bank has fallen away, while in one plmce a stone wall has been
built out to protect it from the wyavages of this animal. But in
spite of the glaring evidence of their handiwork there is scarcely
a crab to be seen, in fact, unless one approaches very carefully
he will find the bank bare. Even when a piece of bank #dg torn
down few will be found, though the bank is riddled from top to
bottom,
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The animal sppears to retire to the lower levels as the
water flows out. Many of the bubrows intercommunicate so that
when one lble is being explored the occupant moves on but does not
fly out into the open except as a last resort.

The actual burrows themselves contain an assortment of
rubbish, straws and even feathers. Much of this rubbish is
undoubtedly carried in by the tide, but I have seen crabs in the
act of carrying straws into the warrens, Quite often the
&eépest part of the warren slopes down, so holding from half to
two and a half inches of water, at low tide. Another peculiar
thing about these warrens is that at the end of a large hol@é
which is a largé deflale, there is sometimes a small hole in which
is a small male, This I have found sixteen times so that it
would seem to be more than mere coincidence. It probably has
something to do with the breeding habits.

The scarcity of these crabs about the warrens Suggesfed
that they werc nocturnal in habite. = To test this a number of
observations were carried out in the field and in the laboratory.
In the: former case it was found that after a long watch, in
some cases about two hours,but usually about fifteen minutes,
some crabs appeared,very stealthiiy. Particularly was this so
when the weather was warm and sﬁnny‘ Their mode of coming out
seemed rather peculiar. First one or two small animals would
creep out in little bursts of speed, with pauses between. Huite
g time after, one or two mature individuals appeared half out of

the burrows and remained there, motionless. Then they would
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- disappear into the burrows only to reappear to be followed by

geveral otherse. It would seem that the older ones have Y“learned

by experlence" or perhaps that the more cautlous ones have sur-
v1ved. It would seem, then that crabs come out of these warrens
during the day, but are exceedingly timid and have fair powers
of vision.

For c¢loser observation some were kept in a glass vessel,
half filled with salt water which was changed fairly often. It
was found best to keep the water in a éeparate vessel sunk into
the mud, and to saturate the mud with salt water,

For the first day they refused to burrow at all. Next
morning they had made a fair beginning. The two most likely
explanations were £hat:- ,

They only work at night; or

They only work when there is no movement around them.
After several hours watching they had made only small shallow
burrowsy just to a level with the top of the carapace, By
pulling down the blind the room was made dark and in a few
minutes the @hole\%amilyéwere moving slowly about, and were soon
at work hollewing out their pits. By means of an electric torch
I was able to watch most of the processes by which the pits are
dug. The procedure varies considerably according to the hard-
ness of thekground, the depth to which the pit has sunk and
several other factors.

To begin with the last two joints of the third, fourth and

fifth walking legs are thrust into the mud and held rigidly
THE LIBRAK ;
UNIVERSITY OF Cant ROUKRY
CIHR!S"ICHURCH, I
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there for a ew moments. The®t by a combined shoving of the
first and second legs of one side and a pulling of the legs on
the opposite side the crab pulls away a piece of mud. This pro=-
cess is repeated two or three times. .Next the animal sinks
down in the depression it has made, and pushes against the ant-
erior side of this depressgion with the outer side of the hand.

It then pulls itself forward, depresses the posterior part of

the carapace, and pushes back, By pepetition of this process,
the crab sinks in the mud till it is just visible. Tﬁen it
repealts the first motion with the third fourth and fifth pairs

of legs. Now the crab concentrates on work on either the right
or left side, and as soon as it beginis to get below the surface
it uses a slow, paring motion with the lower hand. It must be
realised that all these motions are extremely 51oW. The rapid
gcuttle for safety 1s one of the few timeg when this animal moves
gquicklye. The flst broad palm is an excellent grubber. For a
time the pieces of mud so loosened, are removed in much the same
manner ag that described for step one; but once the hoies be=
come deeper it is necessary to push it up ahead. This is done'
by the uppermost hand assisted by the second and sometimes by

the third pair of legg., . Each little piece of mud is laboriously
pushed up the tube and rolled clear of t@e mouth., Just to see
what the animal would do, the observation tank was tilted so

that each pilece as it was pushed out rolled back again. This

happened four times, (about fifty minutes). Then it deliberate-

ly set about pushing back its mound of earth. I a small stone



101,
be rolled into the burrow it will be repeatedly removed. i
water is added, the process is accelerated. Now themud is
brought up adhering to the first leg by which it was excavated;
and it is scraped off at the surface by the other limbs.

Most of the burrows have a narrow neck about half an inch
from the surface after which they widen out, The mouth of a
burrow is shown in Plate 21,

Tt is not known whether each crab has its own burrow, I am
inclined to think not, By marking crabs I found:?

(1) When alarmed they fled to the nearest burrow, regard-
legs of whose it waé, and sometimes tried to force their way
into a burrow which was much too small.

(2) vwhen not alarmed théy usually return to the same burrow
but often two use the same burrow.

T am by no means certain of the food of these animals.

Thus a piece of carrot put in was thoroughly attacked for a

time. In this case the tip of the ch®lipede was run over the tiy
“of the carrot and applied to the mouth at frequént intervalse.
When a piece of Chione stutchburyli was put in, the process was
rathef different. The soft part was seized between the two
hands and slowly torn into shreds. . The ghred was then raised

to the mouth with the left hand, and the third maxillipedes
pressed lightly against it, perhaps for taste but more likely to
brush off‘sand particles,

After a time the shred was pulled out of the mouth and then

again raised, and the process repeated. To view the process I
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used a small mirror as otherwise it was impossible‘tb.see the
under side of the crab. They are reporteﬁ as eating flieg but
I have no record of this. - So far I have been unable to identify
any of the material from the digestive tract, though care was
taken to see if any remnants of flies legs or wings were present.
The material seemed to be a mixture of vegetable and animal
matiers.

When watched in the field they will be seen to pick up
microscopic objects from thérnud with the hand, and éppiy it
to the mouth. Examination of the gut showed Very numerous
small round hodies, perhaps unicellular algae, which were too
constantly present to be the result of chance. These animals
feed while the tide 1s out, and retreat to their burrows on
the return of the tide. On a hot sunny day, if all is still,
the little specks of light, which are the shining backs of
these animals, can be seen hurrying busily about.

An interesting adaptation of the third maxillipede is
shown in this crabe. The terminal joint of this appendage is
long and has a number of extremely long hairs. When this
cerab is out of the water it will be observed to swing these
third maxillipedes back and out, turn the outer three Jjoints
out and then reverse the whole process. » At the same time the
eyes are lowered so that the terminal hairs sweep the eyes,
with a brush like motion. These motions are not regular but

are repeated at irregular intervals. Sometimes both sides move
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together; quite often separately. Very occasionally the motion
is carried out under water but it is then never so complete nor
is the eye depressed to meet it. My first idea was that it was
a cleaning process, and to try this out some mud wasg put on the

eyes, but there was no response. Then I observed the same crab:~‘

1. In water :
very rare and incomplete response.
Ze In damp tubes.
not very frequent motions
3. In hot dry tubes

auch more frequent motions.
It geems that the chief function of this motion is the moistening
of the eye which would become dry out of the water. A crab
from which these terminal parts were removed and which was kept
in e dry tube for some time appeared to have its power of sightv
impaired.

The power of vision of these animals is good. They are
sensitive to a shadow or 1afge object at any distance inside
16 feet. But they did not show any sign of seeing a small
object, such as a pencil at a greater distance than two or three
inches.

If this crab is disturbed by a large shadow at some distance
it will scuttle for its holej; but if suddenly disturbed away
from its hole, by a closé object, it either remains rigidly still,
or crouches down, showing only the slaty grey back and upper
portions of the legs which match the mud perfectly. In their
natural surrouwndings they move more or less together, one moment

all is still, next moment they are all on the movej next moment
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all is still again. This may be quite an efficient protection,
for the simultaneous movement tends to distract the attention of
the obgerver from any particular individual, so allowing it to
”'Siﬁk into stillnegs and the mud wiﬁhout the observer being sure
exactly where it has gone. That considerable protection is
needed is shown by the fact that the birds of the Estuary, both
the guils and the kingfisher (Sauropates sanctus forsteri) prey
on itsregularly.

The remains of this crab from a Kingfisher are shown in
Plate 23,

This crab affords rathef a good example of Hcological
succession.  As it begins to mine into a bank it at first makes
it more and more suitable for its own use. Soon however, the
bank begins to crumble away and leave but the broken ends of
galleries Jutting out from the heach. Such a state of affairs
is illustrated in Plates 24 and 25, It is then abandoned by
the crab. If the Jjagged surface 1s polished down by the sea
and sand brought in, it will again form a home for Helice, now
burrowing in the flat where once it burrowed into the‘bank.

The megalopa stage of this crab is common on the upper part
of the flat at the end of February and the beginning of March.
By the end of March the small, transparent forms have largely
given place to minute pigmented crabs, each with a 1iny hole of
its own. (See Plate 22).

At about 7 hours exposure Amphibola crenata starts to
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appear, and increases rapidly so that it has reached its
maximum at 75 houbs exposure (Plate 26). From there on its
numbers drop rapidly, till it practically disappears at about
3% hours exposure. The rapidity with which its numbers rise

and fall is shown in the following figures:-

Metres down from Number of Amphibola
Pege per 20 sguare metres.
1 0
2 0
3 0
4 0
5 0
6 3
7 14
8 19
9 16
10 18
11 22
12 2l
13 23
14 14
15 47
16 129
17 2eeg
18 360
19 368
20 369
21 447
o 354
23 382
24 326
25 295
o6 269
p 213
28 203
29 176
30 147
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N.B. To obtain usable readings, it was found that 20 square
metres in aline at right angles to the slope of the beach, was
the minimum,.

Thus for a few sauare metres the results ran:-

Metres Across

res

-t

16 |8 5| 1 0| 5| 4 ?2lel 12l 2 6l 1]1|c¢c|lo|lolo
11 {31 3l/10(138|12 ¢ 7lizli112| 4| 3| 7l 4| 1 ol o]l ol o
oleol11]i8]eol1s 15]21(17lig]ic iz 7] o o] ol o

12 |14 11| ¢

13 3 3| 2| 1]10{16,22|32|35|26|14 (17|27 23 |20 |22 (2130 |21 |15

Bven with this area, it was found necessary to correct the
figures by sampling at different times in the same area, The
complete set of figures for all the gastropods for each sguare
metre of this 20 x 200 metre patch was taken, in an effort to
correlate the irregular distribution with some factor, but so
far these results have been unproductive. A rather interesting
case 1s that of a sandy spot on the other side of the Estuary, .
Here the usual point of maximum distribution of Amphibeola is bare
of this animal, which appears in scattered groups at the bottom
of its usual range - lMoncdonta corroca, in the same locality
reaches the greatest density I have yet recorded - 1668 per
square metre.

Amphibela seems to have a large salinity range, thriving

in water with a chlorine content of 10 to 12 units wherever there
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flat muddy slopes above half tide, 10 units of chlorine
appear to be its usual lower limite

The anaioﬁy and general habits of this animal are quite
fully discussed by'FaPnie (1919). There she records finding
only mud with diatoms in the gut, which agrees with.my own
observation; The commonest diatom was Mavicula. As diatoms
do not appear to be common in the mud, it is not surprisipng
thdt enormous guantities of mud are passed through the gut.

I have measuredlseven'yardé of mud, ejeeted during a single

tide,

The following table summarises a series of results of
experiments carried out with the idea of determining whether the
common predatory animals wouid eat Amphibola when the shell was
broken. In each case the Amphibola was left where the animal
would find it) and careful watch kept; With the crabs it was
not so difficult, as it was usually but a matter of keeping
quiet and still, But with the birds I found it practically
uselege to keep cloger than about two hundred yards. With
eagh Amphibola a pipi shell was left and by this means it could
be seen whether contamination or natural suspicion caused
rejection and whether the animal was reacy to eat; for if one
were taken and the other left it seemed natural to suppose that
this showed preference for one and dislike for the other. At
the same time it gave some indication of the attitude of - the

animals towards pipi food.
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fnimal No. of Iix- Amphibola Pipi Nos

periments. Taken, ReJjected Taken rej. Result.

CRABS

Helice
- crassa 26 © 2 7 8

Cyclograpsus

lavauxi 8 1 3 a 2 4

Hemiplax

hertipes 12 2 5 3 4 5

Heterograpsus )

crenulatus 14 3 3 4 2 8
BIRDS

ack-backed ‘

Gull 6 - 4 3 1 2

Black-bealed

Gull 7 1 3 4 - 3
. Sea Swallow 3 - 2 1 1 1

Total 76 7 29 19 17 31

In the majority of cases the number of eﬁperiments was not

enough to give more than a rough idea, It will be observed that
over half of the tests (31 out of 76) returned no result. That

is to séy that, during the time of observation, the animal would
not approacl the test sample, The proportion of these has no
significances

Of the Sé cases where a result'was observed, it will be
seen that for Amphibola, 6 crabs took it but 20 rejected it, and
for birds the ratio is one to five and the one case recorded as

"taken" was merely pecked at, perhaps out of curiosity, rather
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than = desire for food, The total gives 7 taken for 29 re-
jected.

With the pipi the results are quite the other way, Here
the ratio for crabs is 11:15, while for birds it is 8:2 making
a total of 19: 17,. When it is congidered that the animals
would probably be suspicious ,and whatever care is taken, the
making of observations always disturbgs animalsgyand that the
time allowed, although sometimes as long as two hours, was
strictly limited, the results for crabs seems to point to the
fact that the pipiis a more or less acceptable food to at least
Hemigrapsus crenulatus, and possibly Hemiplax hertipes.

With the birds there is no doubt that it forms a satigfacts:r
ory meal.

To sum up it might be supposed that, Amphibola crenata,
being usually enclosed in a hard thick shell, does not form a
very important article of food for the ordinary predatory
animals of the Rstuary.

After I had come to the above conclusions, I found socme
bushes, quite‘a distance from the Egtuary, behind which were a
large number of Emﬁhibola shells, The area is usually fre-
quented by the Black-backed Gull, so that it seems that some-
times, at léast,'it does add Amphibola to its dietj but this i

be
must /only at certain times,as all the shells were old,though the

birds still frequent this locality. Possibly they represent
a pariod of food scarcity.

But while the animal is moderately safe from the swift
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preying animals, it has two impoftant enemies, The first of
these is the scavenger of the Egtuary, Cominella lurida., = I
have found this animal crowded in large numbers over shells of
Amphibola, The largdst number that I have observed in the case
of Amphibola is 83, but the usual number is between 20 and 40.
For some time I was not sure whether Céminella attacked the live
animals or merely feasted on the dead ones. While the latter
does occur, I have found crowds of Cominella grouped round live
shells, apparently waiting for them to open up. In one case I
found the long proboscis of Cominella thrust in behind the horny
operculum of a live.Amphibola.'

Amphibola apparently habbours a pafasitic worm, as the
oviduét is often recorded as distended with eggs of a parasitic
Trematode. Farnie states "I{ have found these several times, and
in some animals they are so numerous on the right side in the
muscular region of the body between the rectum and the genital
dact that both the rectum and the genital duct are hidden from
view.,"

Amphibola, though a pulmonate, can withstand complete
submergion for a considerable period. Thus Hutton states that
he kept them completely immersed for a wQek while Farnie,stateg
"If kept in a glass of fresh water the cover of which is sealed

up, it will live for a week, if completely immersed in fresh water

but_not so sealed, it will last for a fortnight; il completely
immersed in sea water it will last for a monthj; but if left with-

out water at all it does not live more than a/day." The time
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the animal will live in a closed vessel depends, as would be
expécted, on the siz® of the vessel, In all cases where I
have tried theée experiménts, the animal died - -in about three
weeks. Perhaps the disagreement of these two results is due
to the fact that I used Hstuary water which would have a smaller
Oxygen content.

Where the animal lives on the mud, even at low tide, it is
kept quite damp. It is however exposed to the sun for con~
siderable periods, and might be expected to suffer f{rom its
raySe Its grey colour which would minimise absorption, and the
thick shell are adaptions which meet these conditions:*

Sometimes the animal burities itself in the mud but for what
purpose ig uncertain, ' |

Its flat circulér foot is splendidly adapted to facilitate
movement over the soft mudeWith Amphibola the greét factor of
existence‘is the presence of inter-tidal mud ,free from Zosteras.
Thus, though it can tolerate vast changes in the salinity, and

and coeWss in large numbers over quarter of the tidal belt, it
is very sensitive to change in. substratum. Attempts to intro-
duce it into rock pools and sandy beaches have proved futile,.
This state of affairs is to be explained in the light of the
remarks on its food; but what is more diffiéult to explain is
its abgerieec, in Zostera beds. It will occur fight up to the
beds and even intc the outer fringe, but will go no furthef

although there is apparently no change in the soil. An attempt
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to introduce 73 animals into the Zostera beds proved futile.
At the end of eight days but two individuals could be found, A
possible explanation is that the matted roots of the Zostera make
it dmpogsible for the Amphibola to pass the large amountg of soil
through ite body that it requires. Perhasps the diatoms cannot
thrive when they are covered with the thick mat of Zostera, thus
leaving the ground barren of food for the Amphibols, A search
for diatoms in this locality provided only negative results . The
breeding habits of this animal are fully describdd by Farnie.

Beginning at 74 hours exposure is another surface gastropod,
lionodonta corrosa. It reaches its maximum at about 4 hours
exposure and in some localities, especially where there is more
sand, it may reach a density of population of 80 per~square metre.
It has the low spired character so well shown in Amphiboia and
here it may serve the same function as that in Amphibola, namely
that of minimising the chance of being upset by the waves and
ripples. The sculpture and external pigment is usually badly
corroded (Plate 27).

It 18 worthy of note that an rocks and other pieces of
macrolithic substratum, where a firm looting can bhe found, the
same sgpecies occurs, but is usually much larger and higher in the
spire. Two sub~species of this species occur. M. corrosa
plumbia and M. corrosa undulata, hut they differ only in minute
details and as far as I can see, have the same habits and relat-

ions. Ag Monodonta moves over the mud it leaveg a track with a

T

centre line as j/w*””“ . When observed feeding in the

—
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aguarium it is seem to swing left and right and back again.‘ Like
Amphibola if feeds and moves chiefly when the tide is ups,

Another commnon surface gastropod is Cominella lurida.

This animal has a range from 7 to 4 hours exposure and differs
from the proceeding two in that it is carniverous and a scavenger,
It has iarge flat foot and an exceedingly long protrusible
proboscis. The shell is long and tapering, in striking contrast
tonthat of Amphibola, and this fact can be correlated with the
difference in habits of the two forms. Amphibola is a slow
moving animal while C. lurida is a rapid moving gastropod and
would requlre to offer the minimum of resistance to the watere.

In fact the shell is stream lined. The very broad flat foot
prevents the animal from sinking into the mud and being_smothered
or being toppled over by the ripples at high tide.

The outer surface of the shell ig usually completely
corroded, often resulting in the obhliteration of the sculpture,
and proéducing a shell similarly coloured to that of Amphibola,
(probably serving the same function). The ingide of the shell
is deep reddish blue, themantle hlacke

Cominella has a long gré&e in its shell and it is due to
this that it has to keep to the damper parts of this area during
low water, Sometimes it partly buries itselfl.

Cominella will eat any animal refuse, In its search for
food it is apparently directed by smell, Thus I once saw a
nunber of these animals heading for a dead crab, which [rom the

nature of the ground must have been out of sight. They were
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approaching from different directions at distances varying from
é to 8 inches. It does not seem Lo have good powers of sight
and is not very sensitive to shadows. v

On the surface gastropods there is a large number of‘smali
Acmea forms all showing great variation in colour and shape but
all bhelonging to the one species, Notoacmea helmsi. The large
forms of'this shell occur on rocks and it is quite possible that
dispefsal over the otherwise impassable mud is secured by thus
attaching themselves to these moving gastropods.

This type of habitat group is Quite constant throughout New
Zealand. In the northern districts it is often replaced by a man-
grove growth with these forms still present under somewhat similar
conditionsy but even here there is a large amount of open mud
flats hardly distinguishable from those described, elther in
gpeciles presént'or in habit.

Hedley (1915) reports a rather similar state of affairs from
Sydney.

On the whole this type of community is more dependent on
the climate than the open sandy beachj Dbut within a fairly wide
climatic belt seems to depend almost entirely on the presence
of a more or less land-locked area for its existance.

The ¢ommon Jug worm, Arenicola assimilis var. affinis is
comrmon from 6 Lo 4 hours exposure. Its habites do not differ
noticeably from those described for European foIms. Animals take:

from here were uncomfortable in pure sea water hbut soon settled
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down, In water from Low Tide at this point they soon died,
This may explain their vertical distribution. |

Nephthys macrura is quite common from five hours exposure
down to low water while Glycera ovigera becomes common at about
two hours exposure, particularly where there is a fairly solid
bank.

Ai about 6 hours exposure the two bivalves, Chione
stutchbuyri and Tellina deltoidalis begin to appear.

The distribution of Chione in the $idal belt is shown in
the sumary graph (Fig. 19). It increase&rright down to low
water, the apparent irregularity in the cur?axatBQ hours exposure
being probably due to the change in slope and nature of the sub-
stratum at this point. It does not extend far below low water,
but I have not examined its actual distribution in this region.
It occurs from right out on ocean beaches where (there is some
shalter) to well past Heathcote Bridge thus having a high water

range of 19 « 11 units fﬂ)The low water range is much greater,

varying from 19 to .6 units. Just to what‘salinity change

the animal is exposed is uncertain in high parts of the Estuary,
as here the animal always closes its shell at low water, while
those higher up in the tide may still be open, bathed in the
water of higher salinity left by lhe receding tide, At Monks!
Bay, they seem to stay open ag long as the water is over them.
Gxperimentally I found that this animal'remained open in water
of a salinity of not less than 8 units. Within this range,

congiderable alteration in the general appearance of the shell
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can be notided.  Shells from the EstuFine mud are noticeably
corroded over the upper half (Plates 28 and 29). Again the
size falls, as is .shown in the Tollowing series of observations

made in Marche

Locality Average 1ength over a 100
- specimens
Sumner 42 mm.
Just inside Shag Rock 31
Mount Pleasant 24 0
Heathcote Bridge 25 "

A somewhat similar result is obtained for the ratio.

Total Breadth of 100 Specimenge

‘Total Length of 100 Specimens.

s - > = . a3

Locality Value of Ratio

N
Sumner « 20
Just Inside Shag Rock . . 8880

Between Rock Houge Point
and Mount Pleasant . « 8460
Mount Pleasant . ,8550

Heathcote Bridge ' « 8500
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The second table shows a relative lengthening of the shell
in the Estuary. It should be pointed out that what seems to
be true for the average is not true for the individual which
shows a wide variation for this ratio.

Another feature of Estﬁ?ine Chione is the extreme thinness
of the sheil. It can often be broken with a tap of the finger.
The large beds of old shell would seem sufficient to keep up the
supply of lime, and it isrnoteworthy that this thinness of shell
1s more obvious in older speciméns and hardly noticeable in the
smaller forms below 20 me.m. in length.

Another feature of REsturine Chione are the burrows of a
small polychaete (unidentified) which are very characteristic
in appearance, and occur on fully GO per cent of the larger
shells. (Plate 28). :

What I take to be growth and disturbance rings are shown
but not as definitely as was found by Orton (1826) for Cérdium
edule. Motile sperms were present in most of the larger
specimens at the end of February and the beginning of March,
but various small points make me think that the spawning season
is rather extended, The graph of gize against numbers (Fig 16)
wag made on lgt March 19293 but in the light of Orton's work on
the way in which one year group "over rides" the end of the
previous years group, I am not prepared to give any interpretat-
ion of these figures, till T have worked out my‘other resulis.

As regards enemies, the birds seem to find it a very
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palatdble dish. The crabs attack it, while with Cominella
Iurida it is a favourite food. In one case I counted 167 of
these scavengers on a single Chione. Cercaria ﬁectin%ba |

Chilton 1905) is present in the Sporocyst stage in'November,
but not more than 1 per cent of infection is present. The
polychaete, burrowing in the shell may weaken the shell.‘

The birds seem to be the most powerful enemy; but a double
commensélism affords some measure of protection.

The first of these is an epizonic anemone, This anemone
Bunodes aureoradiata, occurs all over the muddy parts of the
Bstuary, but it requires a so0lid substance on which to Tfix its
column. Almost every piece of wood every stone half covered.
with mud, supports a colony of these animalg, Dead shells,
rock pools, and even tins are studded with them, They are
brown grey with a row of tentacleg, When the tide is out they
retract their tentacles into their column, but on the return of
the tide they again show them.

An interesting light is thrown on the life factors of the
anemone by a person who for many years lived in the neighbourhocod,
In talking of Monks Bay he saide. "This beach used to be sandy
and free from anemones, but as the mud came the anemones began
to appear," |

‘But the complications of the life of this anemone are not
completed with its attachment to the Chione. In the tissues of

this animal are symbiotic algae (Stuckey 1908) which assist it in

procuring oxygen in return for food and shelter. It is probably
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due to this factor that this animal is able to go so far up the
Oxygen-poor 3 Estuary/when all others othhis group seem to be
confined to fairly well oxygenated water. |

The other commensal on Chione is a weed, Scythothamnus
australis. This plant grows on practically any solid substance
in the muddier and fresher parts of the Egtuary, and even on
Amphibola.

Tellina delibfdalis does not increase regularly down to
low water, but reaches a maximum at about 33 hours exposure where
it has a density of 180 per square metre. From there down it
drops very suddenly and then continues to fall to low water. It
should be noted that this very sudden break in the curve coin-
cides with that in the curve for Chione and indicates the positién
of the change in slope and substratum (see summary Graph - Fig.
19). Tellina does not stand vertically but horizontally in the
substratun. The valves of the shell are slightly asyﬁ%trical/the
end where the siphon comes out being formed into a grove in the
upper valve. The siphon comes out and then turns through a
right angle up through the two inches of mud to the surface, The
general position of the shell is illustrated in Plate 31. This
position which would require fair stability of substratum énd re-
duce the burrowing power of the animal would account for the
numerical fall as the looser material of the 3 hours exposure mark
is reached.

In the REstuary this shell is confined to the narrow triangle

betwenn lines drawn from Rock House Point to Pleasant Point, and
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from there to a little beyond Mountrﬁleasant.

These shells are but little corroded, but'éhow a definite
dark staining which is only found in Est@%ine forms of this
species and is perhaps‘due to sulphur bacteria. |

A size-numbers graph, made in March is‘shown in Fig. 18.
Feom this graph it would appear that three definite year periods
are represented, at about, 7, 23 and 34 m.m. respectively. If
these are year periods, the curves are exceedingly irregular,
and either the gfowth rate must vary greatly from year to year,
or several year periods must be entirely absent; an examinat-
ion by the methods of Orton (1926); though more difficult than
with @mfdium3 might be possible and would settle the matter,

One thing the curve seems to suppo?t and that is a doubt-
ful observation of motile sperms in January, for if that is the
end of the breeding season, no small shells would be observed
in March, which is what the graph showse.

Examination of the food tract showed in Spring, sandy
rubbish and diatoms, while in Winter, 1little but sand, organic
debris and rubbish were observed.

The chief enemies are the gulls which often peck off the
log siphons. In addition the crabé, ﬁemiplax hertipes, and
Hemigrapsus cremulatus are of importance, especially as a source
of mortality among the smaller individuals.

The crab, Hemigrapsus crenulatus, lives in muddy places

undersstones from high tide to low water, and occurs practically



121,
throughout the Estuary. It is found far up the Avon and Heathi
cote Rivers at a high water salinity of 8 units but here it is
small and apparently lives on the small shell) Potamopyrgus
antipodum, as I have found fragments of this shell on the hand
and mouth parts. In the other direction it can be found but in
coastalonols and under stones at Shag Rock, in gituations,
typical of the ordiﬁary rock shore crabs. Such a range is unigu
in New Zealand crabs and probably not surpassed in any group of
animals, It ig of an oc@féous shade with deep green brown
blotches and a large number of reddish-brown s?gts on the
carapace, and part of the limbs. The outer surfacd of the hand
is a deep yellowish cream, and inside there is generally a
dense tuft of hair, covering part of the finger and hand. The
anterior border of the second third, fourth and fifth legs has
a thick double row of amber coloured hairs, while the inside
border of the last two of these is similarly provided. The pad
on the inside of the hand does not appear in immature males and
only slightly in mature females and may be a sexual character or
perhaps of use in copulation. All these hairs and even the pads
may help to keep mud out of the gills; but when it is combined
with the flattened nature of the limbs and the horizontal move-
ment of the last two pairs, and even the third pair, it is pro-
bably more specially directed towards preventing sinking in the
mud and to render progress across the soft mud more easy (Plate

32). A comparison of the gait of this crab in muddy places with

that of rock crabs brought in for the test seemed +to show that
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theré was more in favour‘of Hemigrapsis crenulatus tham mere
familiarity with muddy conditions.

These same hairs are typical of Hemiplax hirtipes found in
‘the same 1ocality énd burrowing in the mud, It is probabiy
this character which has allowed these two crabs to thrive where
Hemigrapsus =sgexdentatus and even Helice crassa have failed to
establish themselves.

There is a relatively large difference in the sizes of the
sexes., The largest male I have collected is 30 mm. long by 35
mm broad, while my largest female is 20 by 22mm. Chilton and
Bennett (1928) quote the same state of affairs. WVhen I have
taken these animals in copula, the male‘has always been a large
specimen while the female was always comparatively small. The
female has always much smaller hands, less markedly toothed.

I have a series of females with abdomens varying from almost
the narrow one of the male to the exceedingly large one of the
female, This development seems to coincide with progress to-
wards sexual maturity, females with eggs invariably having the
large broad abdomen. It is by means of this and the appendages
of the abdomen that the eggs are kept in place. One female with
eges which I watched walking on mud, carried herself much higher
off the mud than is usually the caée, perhaps to prevent injury
to the eggs. The eggs are about .18 mm, in diameter.

This crab is preyd4d on by the gulls and the Smooth Hound
(Mustelus antarcticus). I have often taken 20 - 30 specimens

of this crab and of Hemiplax hertipes from the gut of this fish.
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Just inside Shag Rock, occurs another crab of somewhat simila
-habits. This is Cancer novae zealandiae, and is very similar to
the English edible crab of the same genus. As a large number
of eggs of the latter had ~een liberated at Portobells (Dunedin)
from which the northerly currents would bring them up in this
direction (?),1 was rather doubtful if this were our native
species or the English form. The specimens I obtained agreed
well with some identified by Chilton and Bennet ag.i C. novae
zealandiae,
These crabs move about whén covered by the water and seem
to feed on shell fish and worms, portions of which I have found
in their stomachss Probhably other marine animals are devoured
but I have not been able to identify their remains. At low
water they almost bury themselves at the base of a rock in the
soft mud. There they lie hiddencwith their eyes, upper margin
of the carapace, and the top of their maxillipedes above the
surface. . These large flat maxillipedes are well fittéd to‘keep
mud out of the mouth,
In the same area as that in which Cancer is found but rather
above the Chione beds, is a small crab which does not burrow,.
This is Hymenicus pubescens. This animal as the name implies,
is strongly pubesCent,‘ahd this haifiness is egpecially marked
over the dorsal surface. It possesses a flatfish body and long
spidery 1egs. In its natural surroundings.it does not move
quickly when diSturbed‘aé do so many crabs. Even in ordinary

life it moves with a slow deliberation which may easily go un-

observed., It is a grey colour and its hairy body picks up
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a little mud so that it looks like a tlob of that material.
With such a disguise, rapidity of motion would be a disadvantage.
The slow deliberate mode Qf progress is well calculated to main-
tain the deception.

Another crab Hemiplax hertipes, very occasionally occurs
low down in the Estuary. It is rarely found above half tide,
and is confined to the soft sticky mud and to the water channels
and the very sloppy parts of the HEstuary. It does not go far
- up the river and is, in fact, rather restricted in its dis-
tribution.

This crab is much breader than long, the ratioufactor being
about 1.56. The carapace is slaty grey, speckled with blacke.
The last three pailrs of legs have the same thick bands of ambér
coloured hairé on the outer margin as was noted for Hemigrapsus
crenulatus,. They have the practically horizontal movement:
and thickendéd Jjoints noted there, The second leg alone is
almost devoid of hair and it differs too, in that it has a more
yerticdl movement, though this i1s not completely so. The first
pair of legs differ in the two sexes. In the female the hand
is relatively sma11 with the fingers making a very obtuse
angle with the hand. In the mature male the palm is very large;
being half as long or more than the greatest carapace width;
while the [ingers are about .7 of the length of the palm. The
angle made between the slope of the fingers and the palm seemsto
alter as the animal becomes mature, The following series of .7

individuals would seem to sghow this.
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Width of Angle between Width of Length of Hand
Carapace. Palm and fixed Carapace. Length of
Finger Length of Fixed Finger.
Hand,

3lmm, 113% 1l.724 - 1.388

30.5 mm e 12L% le7 1.286

28 mm. 120% 1.807 1.477

22 mm. 132% ' 2.44 1.125

22 mm. 14.0% 2,44 1.125

20.5 mm 1349 2,278 1.2

19.8 mm. 14.0% 1.98 1.357

The above facts are of interest because the identity of the
animal is largely dependent on the relative gsize and sha?e of the
hand. There were originally two supposedly different animals
named by the same name by Jacqg. and Lucas, and Heller respectively.
The distinction was dependent on the shape and size of the hand.
Chilton and Bennet (1928) have united these supposedly different
species, assuming that the differences mentioned are but
differences in growth stages. The above series, while far too
short to hase a decision upon, seem to support this conclusion.
The underside of the animal is white to pinkish cream, a marked
contrast td the dull upper surface. ~ When the animal is disturbed
it may settle into the mud. If it cannot do this it will rear‘
hack till the dorsal surface of the carapace almost touches the
mud. In so doing it suddenly flashes from dull grey to white and

the effect is quite startling. In this position it spreacds the
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hands out in a “terrifying attitude,ﬁthe whole effect being to
give an intruder a start. It 18 quite possible that this
terrifying attitude 1s a means of protection from other animals.
Another possible reason for the posture is that the downcurved
hands can be used for attack or defence towards the upper surface,
only by assuming this position (Plate 33).

The eyes are prominent and on very long stalks, It is ﬁot
uncommon to find the animal with the carapace on a level with the
mmud and the two eyes turned almost vertically upwards. If
alarmed it will depress them and then raise them or perhaps only
one, The prominent spine at the anterior lateral margin of
the carapace may serve as a protection for the eyes.

The possible use of the hairs on the limbs, and the horizon-
tally moving legs have already been mentioned.

This animal burrows quite freely, but its burrows (Plate 34)
are quite different from those of Helice cragsa. Once an
observer is acquainted with this animal, he can readily identify
its handiwork. The methods of work of this crab were observed
in the laboratory and in the field. The process may be divided
into the following stepse.

1. The crab either carries out a motion similar to that
degcribed for the first motion for Helice crassa, or, more usually
merely setltles ils body down into the mud with a shuffling back-
ward and forward motion of the carapace,

e The long hands are thrust far in under the ventral sur-

facee The inside of the hands form a '"VY shape as



o 127.
o N ety e
wc‘-
— N

Then the hands are drawn forwsrd, the tips of the Tingers being
kept together. In this way a wedge shaped piece of mud is pushed
out from under the crab.

3e Next the settling motion is repeated to be followed by
a repetition of sbage 2. |

Ag the crab works only in mﬁddw~water~saturated ground, I
was unable to watch its progress more than < inch below the ground.
As far as I could see it continued the same method down all the
Way. This idea'is sﬁppcrted by the fact that all the holes that
I have seen begin by a more or lessmuddy pool, and the crab was
found at the back of this. The hole, while having no definite
shape like that of Helice crassa, is wery characteristic. One
specimen in the laboratory burrowed a rather spiral hole, but this
may have been due to an obstruction.

In the field I have seen the animal carrying off Tellina.
In the laboratory it ate Chione, Amphibola, Worms and even broke
a small piece of Telliﬁa deltoidalis. All these may enter into
its diét. Examination of the digestive tract provided no
identifiable matter, nor was it expected that it would. The
tearing to which all the food of crabs is subjected would make it
unrecognisable,

I have twice found this animal in copula. In April I found

several cases. The male lies on his back with the pointed
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abdomen inserted under the flat broad abdomen of the female.
The latter is curved over the dorsal surface of the male, The
female lies on the ventral surface of the cephalothorax of the
male. The female was completélyenveloped in the long first
limbs of the male, and the hairy inner sides of these appendages
were tightly pbessed against the dorsal surface of the female.
In each case the female wags much smaller than the male and the
male had the greatly angulated hands. I have never found the
smaller specimens in copula, In the beginning of June.I found
two more copulating pairs, In each case the pairs were lying
Qut above the watef (it was low tide) and it took a gréat deal
o%.annoyance to get any respoﬁse from the animals One pair
remained in this position for 18 minutes after I first observed
them,
115, Wacrolithic Substratum, or Stable Beach Sub~formation5
(A) Commmity i Piles atiBrighton Beach. Plates 35 and 36,
At %QW water Mytilus canaliculus occurs as small specimens up
to 40 mm. They areamost covered with a sertularian. The
whole being matted into a thick clump, fading into the sand
below and Modiolus ater above, The‘later‘zt first closely
covers the pile but graduvally fades away into scattered groups
and give way to flminius modestus (a bharnacle) at between high
water spring and neap tide. There ar@{hﬁeedefinite associat-
iong here,

(1) Low water to one third tides Zone Mytilus canaliculus

Associlation.
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Mytilus‘canaliculus grows in thick clumps up to é or 8
inches in depth.  The whole is bound together by byssal
threads and contains some sand. The sertularian is confined
to the outer end of the mussel probably on account of its food
supplyd

In the‘mixture is found the polybhaete Fulalia microphylla,
It is exceedingly plentiful and is found crawling over the
mussels at low tide, Its deep green colour forms an excellent
match to the mussels, probably protecting it from birds. 1In
my experiéncé it is almost always found on mussels.

In and among the shell and byssus,and even gliding over
the mussels is a large black nermetine.‘ I have seen gpecimens
which stretched to fully 3 feet in length. When irritated it
knots itself and even breaks itself into pieces. It de
covered with a thick coating of slime.

(2)  The third tide to High Water, neap tide Zone.

The Modiolus ater assoclation.

This asgociation is very dense for the first half of
this area. I have some evidence that the barnacle association
developed first and that it once stretched well down below the
present limits of this association below the present limitg
of the mussel association in the presence of deadAbarnacles;
belew! thérmass iof mussels, If this is so it affords an ex-
cellent example of succession in time.

(3) High water neap tide to spring tide Zone.

The Elminius modestus association.
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This association is fairly thicke. In addition to the dominant
form are the Gastropods, Litorina cincta, L. maritiana and
Rigellopsis varia.

(B) Community on Rocks at Shag Rock. (Plate 37)

This area at the mouth of the Hstuary, is formed by a spur
of the main Banks Peninsula volcanic mass. | Its rocks are hard
black basalt, not friable and therefore suitable for the support
of' the barnacles, Ii is largely open to the surf and its
salinity change is not pgreat (See X 4 Fig. 12). It resembles
the rocky.coast far more closely than the Egtuary.

The area divides naturally into iiffpur zones, separated by
different dominant forms but most easily defined by tide levels,

(1) From the road QZj%igh tide-Zone.

Litorina mauritiana sub-association.

Here there is very little 1life of any sort. Two specieg of
gpider occur. Both are of the quick moving, hunting type, and
show remarkably close resembiance to the black-grey background.
Rather typical of protectively coloured animals as distinct from
protectively shaped animals, they move in little spurts of apeed
followed by periods of stillness. They both make a rather
irregular wep among the rocks and one forms a tunnel shaped nest in
exposed placess .

Litorina mauritiana, the dominant form here, is quite different
in habhit, It apparently lives on lichens on the rocks, as there

is little else here to live omn. It is of'ten found high up among
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the weeds, and while it haunts the more sheltered side of the
rocks during periods of bright sun light, it is very tolerant of
dryness, Hedley describes a very similar condition in Sydney,
and this group seems to hold a similar positicn in almost all
parts of the world,

The fly, Cé&lopa littoralis is seen here all through the
Summer and Autumn.

The small barﬁacie Elminius modestus is found here but is
more often dead than alive, especlally at the end of the Summer.
It seemg to be a mere stray from the region below.

This region, on account of its aridness and barreﬁness is
not very pnroductive of life. ﬁi'is almost a wacant space be-
twean the truly marine and the truly terrestial fauna, It is
perhaps a barrier between the land and’the 8€8.

(gj;AVHigh water mark ©6 1/3 tide. |

The Elminius modestus sub association.

In this region Blminius modestus is the commonest form.
Litorina mauritiana is present in large numbers and with it is
L. cincta. As the lower levels are reached the limpet form be-
comes more CONMmon. Among these may be mentioned Helcioniscus
ornatuse.

The only vegetation here is Ulva and an unidentified alga
but the former seems to disappear in the winter, It provides
shelter for a small musse%; Modiolus ater, quite common here.

Thais ecobia albimarginata is guite common here on and under rocks
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and in sheltered places are occasional clumps of tube worms,
Vermilia carinifera. These latter are but strays from the next
. Zone. Many of the organisms characteristic of the next zone are
common here in demp secluded places,.

Siphonaria obliquata is quite ccmmon here, It seems to
descend 1in the zone when about to deposit its eggs, which is done
- from about December to March. The eégs are Jlaid in a thick
gelatinous mass, thickly coiled on itself in the form of a snake
coil,

The animals have to withstand not only the periodic drying,
at low tide but also the force ol the waves. The result is that
all the shells are more or less solid. The tent like form ie
the normal form and often it is strengthened with ribs. This is
well illustrated in Siphonaria obliquata. |

Tn the debris at the bottom of this area, in among the small
mussels, is the very dark green polychaete, Bulalia microphylla,
Under stones at the bottom of this zone are occasional specimens of
Ch%iien guoyi.

: Crabs (Petrolisthes elongatus and Hemigrapsus sexdentatus)
are common here only at high tide, These animals seem to perform
a periodic motion up and down in phase with the tide.

(3) Half tide to % tides

This zone is rather a set of small communities than a true
community. In démp places between the rocks huge masses of the

worm tubes, are found while the loose rocks harbour a multitude of

crabs,. Chief of these lattér are P, elongatus, but H. sexdentatus
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and He crenulatus are quite common. Ho. sexdentatus may come here
for shelter during the time the female carries the eges, as in
March ahd April by far the greater percentage of these animals
were females with cggse

A small Isopoel, Isocladus spiniger, is quite comuon running
about among the rocks, ‘It is quite easy to miss it as its grey
doreum is an excellent match for the rockse

A simple sertularian is common on the rocks in damp places.
Turbo smaragdus and Monodonta lugubris like seclusion. The latt-
er is hever found out in the broad day light, but always under
stbones.

The Chitons, C. peliiserpentis and C. quoyi are common
herey the former on top and the latter under stones., With this
difference in the pdsition may be correlated the larger and thicke-
er girdle of C. pelliserpentis,

(4) Zone 4 - % to low tide.

This zone also has several associations, Chief of these
are the Mytilus magellanicus and M. canaliculus Associations.
The former shows great development on some of the outlying rocks,
Just at low water mark. Here they form such a dense mat as
practically to shell the whole rock face. The difference of
habitat of this Hrm and Modiolus ater is well shown in this place.
There cach of these forms cover the rock densely, the one at low
water, the other at half tide, In between these is an area com-
paratively free from fauna. Very definite growth bands are seen

on the shell of nagellanicus,
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Such areas, covered with shells, affofd protection for some
weaker forms, but other lforms tend to be crowded out. Thus where
Mytilus is well established it soon crowds out Elminius modestus
and 1. placatus (which are replaced by E. sinuatus (?) on the
shells themselvesiq siphonaria obliquata and Helcioniscus are also
crushed out, while motile forms such as worms and amphipods are mort
plentiful there than on the open rocks.

In some places wheré the rocks are well broken up a fair
amount of emall material has collected, and here Worms can be Ffound
burrowing. The most noticeable one of these is Glycera ovigera.
It is pale pink to white in colour with a very pointed anteriore.

It does not appear to make permanent burrows but seems‘to burrow
in search of‘food.

Under stones is a rather interesting little polychaete,
Lepidonotus polychroma. This animal has horny, dull grey elytra or
its dorsal surfaces |

The short stumpy body of this animal fits into any nook ih the
rocks so that when a stone is overturned it may easily be missed.
Another animal occupying the samewsition is Leptoplana australis,
These are very abundant in rocky situations. Here it attaches iﬁu
self to the under side of rocks and its colour so nearly matches
the colour of the situation that it Wwould pass unobserved if it
were not for its mévements‘ These movements are almost amoeeboid
and are accomplished with exlraordinary changes in shape. In one

gspecimen observed the ratio, Length/Breadth varied from .7 to 0.9.

It swims freely in the water the movements being accomplisheqd by a
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kind of "flapping" movement of the lateral lobes. |
The animal is sometimes found inside shells of Pelecypods
where the mollusc, although alive seems unable to close its shell.

The animal is rather sensitive to change of salinity and
will rupture if washed in fresh watere.

A small protectively coloured amphipod is often found under
these rocks, but I have not been able to identify it. It slides
along on its side in a very curious mannere.

Quite aocommon animal is a red nemertine. It occurs in
clumps under stones. ' When irritated it protrudes a long pharinx
which 1s exceedingly sticky. |

The polychaete Nereis amblyodonta is quite common here and
has more or less permanent burrows under the rocks, in the sandy
debris.

fixcept for Litorina, this area shows almost all £he forms seen
in the other zoneS.»

Besides the (€rustacea mentioned, a small shrimp, Beateus
aequimanﬁs is sometimes found. It is reported as varying in
colour from green to red and this could probably he correlated
with the colour of the envirorment. It has a curious way of using
its antennae, which are long and thick9 to leap about on lande.

swimming in the open water and extending well up the Hstuary,
is the shrimp, Palaemon affinis. This animal is so transparent
that it often escapes observation.

Daym atl low water there is some plant growth but this does not



135,
reach the magnitude of the marine forests found on so many rock
coasts), as for instance at Diamond Harbour. It seems that
these large growths of éeaweed will not develop in the presence
éf a large amount of f[resh wéter. It 18 true that some of the
smaller growths seem to be able to tolerate a fair admixture of
fresh water but nearly all the prolific algae turn into a
gelationous mass if put into fresh water. This absence of
these great algal growths more or less distinguishes the rocky
area of the Estuary from that of the épen shore.

In this area are rock pools.  These support.a variety of
highly specialised forms of life. These conditions lead to
speciaiisatioﬁ of form and many of the animalg in this position
are rarely found elsewhere, What was said for mud pools with
regard to saiinity, temperature etc., applies equally for the
rock pools and they should be elassedAas a separate group.
‘Salinity readings for a rock pool of characteristic type gave
24.3 units of Chlorine,Klug (1924) who studied the Biote in
Tide Pools came to the conclusion that the temperature was the
deciding Tactor and salinity was not. It is desirable that
further observations should be made to see 1f this generalisat-
ion holds.

The dominant form is usually a species ofAsea anemone.
One ¥ary interesting form (Oulactes plicatus) has its column
studded with small sucker like processes, to which piecds of

shell adhere, Thus when the animal is closed up it appears to
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be but a piece of ghell sand. In April Ilobserved this animal
pouring clouds of white gubstance, presumably genital productg;
into the water:

Particles of shell [ish placed over the animal were often
stuffed ihté the column.  After such a process the animal usually
remained closed for a time.

Examination of the stomach showed it to contain amphipods
and other minute crustaceous animals. In addition, there were
very small protozoa.

The large sessile barnacle, E. plicatus, hag not so far

been mentioned as it does not seem to belong to any of the

associations discussed. It occurs on exposed rocks from Z to

LN

tide in more or less branched clumps. Unlike E. sinuatus, it
does not seem to protect itselfl by close growth. In fact the
close growing type seems to be a form from which this animal
departs more and more as it grows older. With the isolated,’
éxposed position may be correlated the very solid, conical shape
supported by ridges.

(C) .ghag Rock to Monks Bay. A muddy transition area.

This area ig a transition from clean surf rocks to muddy
. rocky area, Just as on the other side of the channel, inside the
Brighton 8Spit, there is a lransition from clean surf beach to mud.
This zone has largely been altered by artificial works and as a
result the associations are ill def'ined.

(1) Low Water to % tide Zone.

This association, a cockle associatlon, has been already des-

cribed. Under and on rocks a rather different asgsociation 1is
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met with, The chitons, C. palliserpentis and C. quoyi are
common, as are also the crabs, Petrolisthes elbngatus, Cancer
novae-zealandiae, and Hemigrapsus crenulatus. A few mussels,
Mytilus canaliculus, occur and here the pea-crab is still common,
The crab lives within the mantle cavity of the mussel, and
apparently depénds on the regpiratory current of its host for
Toode The mussel does not seem 1o mind its presence but will let
it go in and out, when the touch of a straw would cause it to
close, Its white colour and‘weak legs are the result of its
sedentary, concealed mode of 1life, but its rounded angle-less form
is well calculated to give the least possible annoyance to its
hoste The crab is not confined to this pelecypod but is found
in all the common ones,

(2) Zone from % to # tide.

The mly association is that of the worm tubes, already des~
cribed for Shag Rock. A curiocus pulmonate, Onchidella nigricans
is found here, This animal has a thick skin and secretes a thick
goating of slime which no doubt serves the same function as the
shell in ordinary mollusca.  Anteriorglly it has an orifice to
its pulmonary chamber and when submerged it closes this apperture.

The barnacle H. modestus is common here and both here and
below in muddy places are the ~gasbropods, Monodonta lugubris and
Tuthria littorina.

"~ In themud in secluded places is a small grey and a black
nenerting. The  large polychaete, Nerels amblyodonta, is common

here and the evidence of an accident lis sometimes shown in a
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curiously narrowed tail.

fmong patchies of Modieolus ater are found the characteristic
polychaete, Rulalia microphylla, |

From + tide up the area is similar to that at Shag Rock‘except
lthat there are fewer individuals. The curiously flattened barnacle
Tetraclita purpurescens, is found in sheltered places.

(m 'The community of isolated portions of Macrolithic
Substratum in Mud.

Rocksg in mud form rather a definite association. Below are
worms’ TPhelepus plagiostama, a tube worm being one of the most
noticeable. This animal is confined to the lower portions of the
HEgtuary. Its tgbe has a membranous base to which are attached
pieces of shell and odds and ends. The resﬁlt is an admirable
camqphflage; though from its posiiion, it is doubtful if this is
the fimction it serves.

Another worm from the same locality, but with a much simpler
tube 1s Nereis australis. Other worms are Scoloplos cylindrifer
and Lumbriconereig sphaerocephala, In addition are chitons in
the lower portions of the Hstuary, while small Acmea forms
(Notoacmea helmsi) are common. On ‘the upper side of the rocks are
a few barnacle, K. modestus, and a large form of Monodonta corrosa.

The association is then divided into two fairly definite
strata, one above and one below the rock,

Quite common under these rocks is the Amphipod, Melita
inaequistylis, While quite different from the animal found at

Shag Rock it has the same habit of sliding on its side. I think
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that it lives on some small growbths on the under sides of the rocks
Another member of this group is Sphaeroma quoyana (M.E.)e.

I have,twipe come across this animal,. T have found it burrowed
into rockaég)depth of 2 to 24 inches. At one time it was thought
that it only inhabited the holes already bored by other animalsl
(Dana) but it is practically certain that this is not so. InAthe’
case of the piece of sand stone the holes differed from those of
Barnea gimilis in that they were bored in all directions and not
only ok right angles to the surface as is the case with Barnea
gimilis, In addition each animal approximately fitted its burrow,
a case not to be expected where the animals were merely using
burrows already made. Agaln T know of no other animal, that will
burrow into stone, that will go so far up an Estuary. The animal
seems to be able to withstand a fair admixbureof fresh water with
the salt, the minimum salinity of the water in which I found it
being about 10 gms per litre. I have also found it burrowlng
into wood and it seems to be able to rise as high as 4 tide in the
littoral belt but no further. Once I kept an animal alive in
salt waterifor 4 days. The hole in which it was working was cut
back so that I could watch it at the face. The animal was workin
in wood. Once it was seen to move slowly from the face, keeping
the posterior two appendages closely pressed against the wood so
that a little wood dust was pushed out of the groove, This may
be the regular use of these appendages. During this, time (4 days
the animal bored about 1/16 inch, The animal was about 1/3

inch long.
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Another borer, the Teredo, was found in a‘drift loge It
was alive though 1t is the only time I have found it here.
Much of the wood, especially at the lower end of the Egtuary
showed some boring, which seems to me to be the work of the
Gribble (Limnoria lignorum), I have failed to find the animal

Citself

1lec Other Considerations.

Ae Birds of the Heathcote Estuary.

The general habits of the gulls were sketched in the account
of the Brighton Beach. In the Tstuary they add various worms,
thé éiphons of bivalves, and offal to their diet. When several
Black-backed @Gulls are gathe?ed‘together they hold quite a chorus
of dismal cries, suggested of a native mourning;ceremony.

An even more graceful bird is the White-fronted Tern
(gterna striata striata). It is rather awéllow like when in
flight, with long pointed wings and forked tail, VWhen in good
condition its breast is a bheautiful shade of palest pink. This,
however, usually fades in the mounted specimen, (P1ate 40).

Although this animal is so showy in the air, it 12 comparabiy
-1y inconspicuous when seeﬁ on the mud flats. This is partly
due to the broken outline produced by the black head.

When a large number of them are feeding together there seems
always some individuals who do not feed but are always ready to
give the alarm if anyone approaches. Though not recorded as
migrating it disappears from the Bstuary about the beginning of
May . It is an exceptionally fine diver. One gul examined con-

tained crustacean remains.
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The Banded Dotterel (Cirrepidesmus-bicinctus) occurs in the
Bstuary, and its habits on the mud flats have already been noted
(Plate 41). |

During the suwmmer months, two Shags are found at Shag Rocke
These are the Black Shag (PhalacrocoraX carbo steadi) and the
spotted Shag (Stictocarbo punctatus). The former seems to stay
all the year but the lalter dissppears about May. They never
seem to dive but can stay under water Tor a long time, the long-
est time I have ndted for the Black sShag being 65 seconds.
They rise from the water in a most ungraceful and laboured manner

(B)  fish of the Hstuary.

During the work,od few facts relating to the habits of the
fiﬁh‘found, were recorded,

Mustelus antarcticus, the Smooth Hound, comes up the
Betuary with the tide and goes out as it ebhs. Examination of
the digestive tract showed specimens of the crabs, Hemigrapsus
crenulatus, and Hemiplax hertipes,>in large numbers,

Anguilla australis occurs throughout the Estuary in muddy
“places. The specimens found are usually small, not exceeding
10 inches.

Physiculus bhachus, the Red Cod, is common in the lower part
of the Lstuary and up as far as Mount Pleasant at the time of
high tide. Examination of the digestive tract showed small
flounders, seaperch, pipe-fish, sprats, crabs (Bancer mévaeu
zealandiae, Hemd~rapsus érenulatus, H. seXdentatus, Hemiplax

hertipes) and worms,
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Rhomboélea plebia, the Sand Flounder, comes into the
Bgtuary from March to May. It does not go further up the Estuary
than Rock Housé Pointe. fExamination of the digestive tract,
showed detritus, and portions of crustacea too disorganised for
closer identification. In the gills is the parasitic isopod,
Livonica raynaudii.

Rhombosolea leporina, the YellowlBelly, is well distributed
in the Estuary. It goés wéll up the mouths of the river when the
tide is high but retreats to below Rock House Point as the tide
recedes. Gut contents, similar to those of R. plebeia were
found.. Some habits and food notes of the young Yellow Belly
have already been recorded.

Agnostomus forsteri; the Yellow-eyed Mullet, is quite comnon
in the Rstuary, and goes up the rivers, Its gut contained
ctosely packed wads ofVUlva.

Pgeudolabrus celidotus, the Spotty, is commen at and around
Shag Rocke Its gutl contained remains of bivalve (8mall
Mytilus) and Gastropod mollusca.

(€) Erosion of ghells,.

Erogion 1s one of the most typical‘features of Estﬁ%ianeshells
yvet the cause of this erosion is not fully understood. Oliver
states "Erosion in mulluscan shells hag been ascribed to acidity in
the water by nearly all authors who have written on it. The
following are the fafts as I have observed them,

l. IForms within the Hstuary are more eroded than those outside

the lﬁstua:py .
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2o The further up the Estuary the greater the extent of
erosion,

3e Forms on sénd are less eroded than forms on mud.

4, Forms completely buried show little erosiom.

5e Forms partially buried show greatest erosion at about
the surface line,

Ge Forms with a membranous coal ee.ge Amphibola, are
better able to withstand erosion.

e On the whole,. areas of greatest erosion are those of
lowest Ph, value, but to this rule there are many exceptions,
when the detailed cases are considered,

From the above it might be argued that erosion is largely
due to a small Phe value, produced by

a. River watler relatively rich is CO 2,

be Acidity produced by organic decay of the mud,

But the process is by no means & simple one, for water coliected
from the mud showed a higher Ph. value than that collected from
water channelse Again exposure to the air seems greatly to

accelerate the process.
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1l de Comparison of the Brighton Beach and Heathcote

EBstuary.

It is worthy of note that some of the. game genera
are represented in the istuary as are fd;dvon the
Brighton Beachj but rarely is the sameispecies.common

to both. Thus ¢ ==

New PBrighton ' Estuary
Mesodesma Mo - subtriangulatum M. australe
Mactra M. discors M. ovata (scarse)
Tellina T. alba ' T.deltoidalis
Chione C. yatei C.etutchburyi
Nepthys N. macrura Ne macrura
Talorchestia . Te gquoyana : A Orchestia

chiliensis.
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Some elements present on the beach are absent from the
mstuary as for instance Arachnoides, the cake urchin, But in
general the mud is much richer than the sand, both in species and
in individuals. Storms are greatly redqced in violence so that

EsTuavgn €

wave aetion does not injure the Eae%%ine Fauna to the same
extent. The mud is less mobile and therefore less corrosive
than the sand. Perhaps the most important feature of all is
the‘comparatively stable substratum, which while sloppy enough to
allow worms to burrow in it, is stable enough and sufficiently
free from commotion to allow of the development of a rich,
microscopio fauna and flora, and allow crabs to méke permanent
burrows. It will be noted that all these are factors which tend
to reduce the dependence on chance,

But against these advantages of the Estuary, must be
mentioned the muddy nature of the water, the variation in salinity
from time to time, the greater temperature changes, the commotion
and altenctiem caused by a change in path of a tidal creek, the
tomic and perhaps corrosive properties of the products of de-
composition, and the reduction in oxygen concentration.

Comparison of the charts summarising the Brighton Beach and
the selected area in the Heathcote Estuary, shows that while in
the former the stratification is very distinet, in the latter
some merging of zones is apparent. This lack of distinctness
is to be explained on the following grounds,

(a, Smaller angle of glope in the Hstuary would tend

to spread the distribution of each species.
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(b) The three~fold food sources.
(i) Sea and River Water.
(ii) Microscopic growth on and in the mud.
(iii) Vegetable debris from the region above.
This would tend to promote two strata of life, burrowing
animals and surface feeders.
(c) The milder qonditions allowing surface animalgs to feed
when they'aré covered with the tide.
Fxcept in the somewhat doubbful case of Chione and Tellina,
two animals with similar feedingvhabits do not occupy the same
ZONE , In thisﬁmw'much interspecial competition is avoided.

11ll. Conclusione.

An investigation of the intertidal zone, the boundary hetween
sea and land, will inevitably bring before the investigator the
problem of the movement from land to sea and vice versa; Tor
whatever view is held as to the place of origin of 1ife, the solid
fact remaing that migrations from land and fresh water to the sea
and from the latter to the former have undoubledly taken place and
are at present propressing. The present investigation is not
sufficiently advanced to add much to the large amount of evidence
available, (Pearse (1927b) summarises the various lines of
evidence, and emphaéises the Tact that it is not a question of
one route excluding all othersg,; but of many independent lines of
progress.

It has been pointed out by various workers that there is a

definite stratification in the tidal zone (eg. Huntsman 1918),
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In the areas studied this was very definitely 80. It has
been suggested that these zones are established by animals
éeeking to avoid competition, and this may well be the case for
in these areas, the zones are practically never occupied by
two competing animals. This leads to a very suggestive
speculation as to why animals should move up in the tidal helt.
The majority of animals can feed only either when the tide is
over them or when the tide is off them, very few being able to
feed at both periods. If an animal passes the 6 hour exposure
line, it will generad}ly be feeding on products of the mud or
of the fauna and flora above the tidal belt, and owing to the
movement of water it will be easiest for it to become adapted
to feed when not covered by the moving water. That such is the
case would seem to be instanced by Talorchestia quoyana,
Actaecia euchroa, Helice crassa and Orchestia chiliensis.
\Vhen once this stage i8 reached it is obvious that the higher
the animal moves in the tidal belt, the greater will be the
time during which it can feed, so that demand for food might
be expected to produce an upward movement in these animals,

In his work at Tortugas, Pearse (1929) has studied cages
where, there being no fresh water, migration must take place
diftectly from sea to land, without fresh water as an intermediate
He has shown that -

(2) Animals with a landward tendency can withstand
longer periods in the air than in fresh water.

(b} ©Such animals are more tolerant of fresh water than
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ones without such a tendency, living in the open oceane.

In thegse investigations similar results were obtdained
Talorchestia guoyana lived eight days withoul sea water but died
in four hours when saturated with fresh water. Mesodesma
s@btriangulatum camot tolerate Esté%ine conditions, Act®decia
ehchroa will live days longer in sand than in fresh water and
the same is true of many rock forms which were tried. All suéh
results must yet be revised in the light of the many experiments
which have shown that, if the change'were made sufficiently

survive
gradually, marine animals could/far greater variations in
galinity than were normally fatal. The crab, felicé crassa,
failed to'establish itself in fresh water, but when the water was
gradually diluted over a period of a month, it lived quite
happily in fresh water for two months and was quite healthy when
the experiment wag discontinued. Strangely enough, though this
fact has been known for a considerable time, the majority éf
workers has not applied it, probably because of the time involved.
But it is obvious that such experiments throw much more light on
the real ability of animals to move into freshened water, than
the rather crude method of hurling organisms into [fresh water, and
recording them ag Ystenohaline' because they died,

Pearse (1229) gives a rather interesting discussion of the
decrease in % of gill to Dbody volume as crabs ascend in the
tidal belt. I have tried his method with the crabs of the

Bstuary, but my results do not give any definite relation.
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A factor which seems to have heen omitted in all discussions
on factors influencing rise in the tidal belt is that of change
of salinity. I haveAshown in my graphs that a species which was

undergoing the lowest salinity which it could tolerate at low

water at Shag Rock, would find no difficulty from & salinity point
of view, in accommodating itself to conditions at high water at
the IHeathcote Bridge. ’It Cén be seen that benthic species,
moving up an Hgtuary with a large change of salinity with tide,
would have three limes of adaptation open to them.

(a) Develop "euryhalinism',

(b) Develop some means of excluding water during
extremes of freshness.

(c) Rise in the tidal bhelt,

(a) This is the usual scheme suggested for tidal animalsg,.

1 congider it is largely due to the failure of many observers to
note the exact position in the tidal belt, and the change in
salinity with the tide level. I feel Satisfied that when the
facts are considered from this point of view, many of the present
salinity ranges will have to be greatly modified, In the
Estuary, certain species have amply succeeded in this direction
as a glance at Fig 20 will show.

(b) The exclugion of water during extremes of freshness is
illugtrated in Chione stutchburyi. It appears to occur in mussels
and may be an explanation of the close fitting valves of so many
so called “"Euryhaline! polecypods, The abgence of such close

fitting valves in Tellinae, may have a definite bearing on its
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confined distribution. 3uch a method, however, cannot be alto-
gether satisfactory as it greatly curtails the time available for
feeding. It is however a very important adaptation and the
ignoring of it by many workers is to be regrettited.

(e) Rise in the tidal bhelt is an obvious means df overcoming
the lack of salt in the low tide area in such places as the
Bstuary. Obsgservations on Helice crassa, would seem to show that
this is taking piace, as in the upper parts of the rivers it is
confined to the marshy area at high tide. In the light of my
observations on this animal in pure findshwater, I =m disinclined
to give too much weight to this evidence till I have had time to
consider it more fully, in connection with food supply and exposure.
It will be noted that such a rise would involve a gradually in-
creased adaptation to life in the air.

Such a method of Ypushing™ animals out of the water by
'salinity changes, is of considerable appeal for the following
reasons.

(a) Estuarine conditions being muddy, would show an ex-
ceedingly slow gradation in substratum, Hence most of the
microscopic’life would be able to "go up" with the animals which
preyed on them,

(b) 1In such places the upper limit of the tidal zone often
extends into marshy conditions where life would be sheltered from
the full vigors of exposure to sun and desication. In other words
the "vacant space" barrier is absent, (Plate 44).

(¢) Pearse's observations (1929) on the greater ability of
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lendward moving animals to withstand desi®ation than freshening
watér, is significant.

But however these facts work out, I am not going)after but a
provisional survey of a local area, to add to the tangle of
theories as to the method of migration. I mention this matter
here because I éonsider that the possibility of animals being
"pushed" up to terrestial habitats by freshening of water has been
overlooked and is worth investigating, not as a complete theory}

but as an addition to the factors involved.

N.B. PFor Bibliography on this matter see Pearse 1927b, 1029

Carpenter and references.
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