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The kettlehole vegetation is noticeably 

. depaupera ted. The primary cause of 

this is the complete submergence of 

the region for some months of each 

year. This environmental factor 

operates through both the genotype 

and the phenotype of the plant. The 

conclusions were derived from floristic 

and sociological studies of the 

vegetation, transplant experiments with 

Xiola cunninghamii, and an analysis 

of the properties of the soil .. 
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FIG. I. 

'rht~ kettlehole from 

the northwest, Nov., :1963. 





PART I. 



'.", '(. \ ..:. ~_) ,~\l1 ;;i\.0U~Y 

CHR.I$lCl-k:+:'Cij, N.Z. 

A glaciated landscape provides a great diversity of 

landforms that challenge the intellect to probe their origins. 

Equally challenging are the distinctive plant associations 

that may be found on these landforms. When traversing the 

st. Bernard Saddle mors.ines of the Cass River Basin one 

encounters a small basin nestled in the moraine humm.ocks and 

striking for its distinctive low plant covering that differs 

markedly from the immediately surrounding low-tussock grass-

land. A close examination reveals that many species of the 

tussock grassland are absent from this kettlehole and those 

that are present are commonly dwarfed; also there are present 

a number of species not found in the surroundings. The 

present study proffers explanations for these characteristics. 

The tasle is approached through three avenues. 

First, the vegetation and its floristic units is considered 

fully in the hope that a detailed knovlledge of the plants 

and their SOCiological behaviour may reveal the origins of 

the vegeta.tion. Second, one plant is chosen to be the 

subject in transplant experiments from 'vhich information 

regarding the nature of the dwarfing is obtained. Finally 

the soil is examined to decide which factors may determine 

the characteristics of the vegetatIon. But before each of 

these is discussed the kettlehole and its environment must 

be described. 

The kettlehole is situated on Pleistocene glacial 

moraines of the St. Bernard Saddle Which is on the western 

rim of the Cass River Basin in the Upper Waimakariri River 

Basin (fig. 2.). The exact location is given as N.Z .• M.S. 1.0 

Most of the Waimakariri watershed is made up of 

indurated Triassic grey wacke, siltstone and argillite, chert 

and volcanic rocks. These increa.se in induration northeast-

wards towards the main divide. The present geological 

structure has been formed on this base b.Y the action of a 
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Flg. 2. THE I,OCA'TION OF THE KETTI.:EHOLE 

based on map by Burrows in "The 
Flora of Cass", 1958 Ji and on Lands 
and Survey Dept. provisional map 
of the Broken River Catchment, 
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series of glaciers. Gage (1958) has proposed a sequence of 

ice advances and withd.rawals indicated by the present-day 

deposits. This sequence represents the Otiran glacial stage 

in the late Pleistocene. (fig. 3.). From the chronology 

presented by Gage, that which he calls the Poulter advance 

is seen to be the youngest in the region and marks the end 

of the Otiran glacial stage. The st. Bernard Saddle moraine 

appears to be a medial moraine built out from the base of 

Sugarloaf during the Blackwater advances and enlarged by the 

addition of lateral moraine from a westward bulge of the trunk 

glacier during the subsequent Poulter advance (Gage ~958). 

This interpretation is more or less in accordance with that 

of Speight (1938). 

The glacial processes associated \\Q th the Otiran 

advances are responsible for the origin of most of the lakes 

within the Waimakariri watershed and for the countless small 

ponds and tarns. Of those which are said to be kettleholes 

the largest is Lake Mary Mere while the feature under consid

eration is one of the smallest. 

The St. Bernard Saddle moraine shows the character

istic hurrmlocky topography of moraines which in the terminology 

of Taylor and Pohlen (1962) is described as strongly rolling 

(3-4/). The kettlehole is a moderately shallow basin within 

the moraine hummocks. It is more or less oval in plan, 

being :131 yards long by 43 yards wide.. This basin collects 

all the run~off from surrounding slopes and has been observed 

to be full of water to the limit of the vegetation under 

consideration for at least two months of the year. The 

fluctuating water level has been observed over tl'JO years and 

the observations recorded in fig .. 4. 

NUrse (1958) has given an account of the climate at 

Cass and this can be taken to apply in general to the area of 

the kettlehole. She refers to Kidson (j932) for two types of 

(6) 
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northwest wind. The IIlocal Norwestertl is described as that 

produced entirely by loca.l pressure differences and is a dry 

desiccating wind. Areas exposed to this wind may have a 

different vegetation to sheltered areas, other climatic 

factors being equal. The other or "true Norwester", is that 

wind which has crossed from the West Coast and in descending 

from the Alps has developed the Fohn characteristics. On 

the plains this wind is dry but in the mountains it is still 

a wet wind in contrast to the "local Nor\>lester". Most of the 

rain in the Cass region falls when the "true Norwester" is 

blowing. The biological station seems to be situated at the 

point of transition from wet to dry for the "true Norwester". 

There are occasions When one can see that it is raining no 

more than two miles inland yet quite fine at Cass or conversely 

wet at Cass but fine a short distance towards the plains. 

However, the average annual rainfall of 50.24 inches recorded 

over 40 years at Cass probably applies for the kettlehole 

region also .. 

Extensive temperature recordings are not available 

but it can be noted that at the Cass biological station up to 

150 of frost has been recorded for July while the temperature 

rEmges from 41oF.in July to 72.40 F. in February and March. 

(Nurse 1958). The air temperature at the kettlehole is not 

considered to deviate significantly from this. 

In the Cass River Basin snow falls frequently 

during the winter months and sometimes as early as March. 

On the flats depths of 9 inches have been recorded but at 

low levels even in hollows such as the kettlehole the snow 

never lies more than a few days. (Nurse ~958) • 

Concerning the fauna of the kettlehole no attempt 

llas been made to make a dete.iled record. However, in the 

course of other investigations a few earthworms have been 

observed mainly towards the outer limit of the kettlehole 

(7) 
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vegetation.. It is presumed that these are seasonal invaders 

from the surrounding soil since the winter inundation would 

undoubtedly dro~n these animals and preclude a permanent 

population. 

When there is water in the kettlehole it is visited 

by sheep but their effect upon the vegetation or the soil is 

not considered to be significant. 

Of some importance are the aquatic organisms that 

live in the water during the winter months.. Samples of the 

water have been examined by Dr. E.A. Flint and lists of genera 

present are given in Appendix I. This information lull be 

considered more fully later when the contribution of 

nitrifying organisms to the nitrogen content of the soil is 

discussed .. 

In the following pages the broad impression given 

in this section vTill be elaborated and explained in the light 

of more searching observation and experiment. 

(8) 



PART II 

THE VEGETATION. 



In this section it is intended to present an 

account of the taxonomy and general biology of each species 

in the kettlehole and their relationships to each other 

within the habitat. This latter consideration will be 

approached by reference to standard sampling procedures. 

The biology of each species is intended to give a background 

for the interpretation of the sociological observations and 

to elucidate other aspects such as the origins of this type 

of vegetation. 

Note: Unless otherwise cited, lI,Allanl! refers to Allan 
H.H.:1.961 "Flora of Ne,,, Zealand, Part I" from 
which much of the information regarding the 
individual species was gleaned. The terminology 
regarding distribution and habitat is derived 
from the same work .. 

(::1.0) 



LIST OF SPECIES IN THEKETTLE'JIOLE 
VEGETATION. 

Violaceae 
Polygonaceae 
Haloragaceae 

Onagraceae 

Hyperioaceae 
Staokhousiaoeae 
Ombelliferae 

Rubiaoeae 

Compo sitae 

Gentianaoeae 
Plantaginaoeae 
Lobeliaceae 
Convolvulaceae 
Scrophulariaceae 
Labiatae 
Juncaceae 

Cyperaceae 

Gramineae 

Viola cunninghamii Hook.f. 
Rumex acetosella L. 
Haloragis micrantha (Thunb.) R.Br. 

ex Seibold et Zuee. 
Myriophyllum propinquUm A. Cunn. 
Epilobium inornatum ~elville 
Epilobium tenuipes Hook.f. 
Hypericum japonicum Thunb. 
Stackhousia minima Hook.f. 
Centella uniflora (Col.) Nannf. 
Hydrocotyle tripartita R. Br. ex A.Rich 

val'. hydrophila (Petrie) Cheesem .. 
Coprosma petriei Cheesem. 

val'. atropurpurea Ckn. et Allan 
Nertera setulosa Hook.f. 
Galium parpusillum (Hook. f.) Allan 
Celmisia gracllenta Hook.f. 
Cotula pl!lrpusilla Hook.f. 
Gnaphalium traversii Hook.f. 
Gnaphalium collinum Labill. 
Gnaphalium luteo-album L. 
Hypochaeris radicata L. 
Gentiana grisebachii Hook.f. 
Plantago triandra Bergg .. 
Hypsela rivalis E. Wimm. 
Dichondra brevifolia Buchan. 
Gratiola nana Benth. 
Prunella vulgaris L. 
Juncus articulatus L. 
Juncus effusus L. 
Luzula cheesemanii Buchen. 
Carex flaviformis Nelmes 
Carex gaudichaudiana Kunth. 
Eleocharis acutus R. Br. 
Poa colensoi Hoole. f .. 
Anthoxanthum odoratum L. 
Agrostis muscosa Kirk 
Agrost1s tenuis Sibth. 
Deyeuxia forsteri Kunth. 

val'. humilior Hack. 

(:L1) 



Bryophytes 

Lichens 

Rhacomitrium lanuginosum (Hedw.) Brid. 
V8.r. pruinosum H.f. & W. 

Campylopus clavatus (R.Br.) H.f. & W. 
Hypnum cupressiforme Hedw. 
Thuidium furfurosum (H.f. & W.) Jaeg. 
Cladonia sp. 

SPECIES REPRESENTED IN THE KETTLFROLE BY ONE OR A FEW 
PLANTS AND CONSIDERED TO BELONG TO THE SURROUNDING 

GRASSLAND. 

Rosaceae 
Epacridaceae. 

Ericaceae 
Compositae 
Thymeliaceae 

Acaena SPa 

Cyathodesfraseri (A. Cunn.) Allan 
var. IDuscosa (Simpson) Allan. 

Gaultheria antipoda Forst.f. 
Raoulia subsericea Hook.f .. 
Pimel&a oreophila Burrows. 

(:12) 



VIOLA CUNNINGHAMII Hook.f. Fl. N.Z. 1: 16, 1852 .. 

The biology of this species will be treated in 

detail in the next section. For the moment it is sufficient 

to indicate that it is a highly polymorphic species distributed 

throughout the lowland and subalpine damp places of New Zealand 

as well as occurring in Tasmania. It is a. species typical of 

streams banks, bogs, and shadier aspects in grassland. 

gives the flowering time as October to January. 

RUMEX ACETOSELLA L .. Sp .. Plant. 338. 

Allan 

The first Ne,,, Zealand record of this adventive plant 

appears in Hooker's list published in ~867.* It appears to 

have spread very rapidly and was said by Thomson (1922) to be 

one of the most abundant weeds in the country. It is found 

in a great varie~ of habitats including the harsh conditions 

of scree slopes and both ve~J dry and very wet sites. 

(i940) gives the altitudinal limit as ~200 m. or more. 

Allan 

In the kettlehole Rumex aceto.sella is not common and 

is not considered as an important constituent of the vegetation. 

The few plants observed in the kettlehole have been very 

stunted and ~th red-tinted leaves. It is suggested that 

they are annual invaders which become established during the 

dry period but are killed off on submergence. There is no 

evidence for the existence of the normal perennial condition 

with rapid spread by means of long creeping root stocks. 

HALORAGIS MICRANTHA (Thunb.) R.Br. ex Siebold et Zucco Fl. jap. 
:1: 25, :1843. 

The Haloragaceae is a small but widespread family 

whose members are mainly aquatic or at least inhabitants of 

damp places .. There are two representatives of the family in 

the kettlehole vegetation - Haloragis micrantha and 

* Thomson (:1.922) dates this list 1864, but since it occurs in 
the later part of lithe Handbook" it is more properly dated 
1867. 

(13) 



Myriophyllum propinguum. The former is common in boggy and 

peaty situations throughout New Zealand and its range extends 

through Tasmania and Australia to Asia and Japan. It is a 

characteristic species of the tarns and bogs in the 

Waimakariri River Basin,. but because of its confinement to 

wet ground below 2,000 ft. Burrow's (1962) can record its 

presence in only two of his eight regions within the area. 

The flo\lfering time given by Allan is November to March. 

Wi thin the kettlehole Haloragis micrantha is 

abundant and certainly one of the important species determining 

the physiognomy of the vegetation. Here the specimens have a 

rather pronounced redcolouration in the shoots; this was 

more pronounced late in the summer. Such a condition appears 

to be characteristic for the species and more particularly 

observed in the stems. The dimensions of the kettlehole 

plants are to some small extent less than that of plants from 

other localities. But it has not been possible to examine 

material from a large number of sites and it would surely be 

found that the size of the plants varied within a reasonably 

small range. Allan describes the leaves as 3-~O rom. long; 

the kettlehole specimens have leaves 3mm. long. All things 

conSidered, the Haloragis micrantha in the kettlehole are here 

treated as typical representatives of tile species grOwing in 

a habitat that is not unexpected. 

MYRIOPHYLLUM PROPINQUUM A. Cunn. 1n Ann. nat. JUst. 3:30, 1839. 

The cosmopolitan genus Myriophyllum contains about 

forty speCies that are confined to streams, lakes and swamps. 

M. propinguum occurs throughout New Zealand as well as Tasmania 

and the lower latitudes of Australia. Along with Eleocharis 

acutus" M. propinguum forms a pure community in the centre of 

the kettlehole. Flowering has been observed immediately 

before 'the complete drying of the pool. 

(:14) 



EPILOBIlrn INORNATUM Melville, Kew Bull. 14; 29S, 1960. 

The entire, elliptic leaves are the principal 

features used by Melville (op.cit.) to distinguish ~~ilobi~ 

inornatum from its close relatives. In extreme forms the 

leaves are said to be as small as 2 rom. long, sub-orbicular 

and thick in texture. Although commonly entire, a single 

shallow tooth may disturb the outline. The capsules are 

glabrous. The specimen from the kettlehole fulfils these 

requirements. However, it appears that Cheeseman's (1925) 

name E. nerterioides var. angustum could also apply, and 

this is not referred to by Melville in his original diagnosis. 

In a later publication (1962) he mentions that specimens 

originally identified as E. n~ul~JjfQlium var. angustum 

Cheesem. 1906. (= E. l}erterioides var. angustum Cheesem. 1925) 

proved to be E. inornatum. We may therefore take 

E. nerterioides_A. Cunn. var. angus tum Cheesem, and E. inornatum 

Melville, as synonymous. Melville distinguishes two varieties, 

E. inornatum var. inornatum has capsules 17 - 20 - 26 rom. long 

and peduncles 25 - 35 - 50 rom. long. E. inornatum var. 

brevipes (Hook.f.) Melville has capsules 12 - 20 rom. long and 

peduncles 5 - 15 rom. long. From an examination of herbarium 

material it is apparent that the kettlehole-type plant is 

distinct enough from other material in the E. ner.terio~ 

complex to warrant the specific rank given by Melville. 

Thus the name Epiloq~ym inornatym is used here. However, 

the species "TaS apparently erected on scant information 

and further investigation both in the field and under cultiva-

tion "Tould be desirable. (Fig. 6.). 

Melville's holotype was collected at Lake Tekapo 

and cultivated at the Otari Gardens, Wellington. The 

isotype in the Botany Division herbarium is also of garden 

origin. This specimen is thus more luxuriant than plants 

from natural habitats but it has the essential characters. 

Although Melville was unable to indicate the distribution of 

( 15) 
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Fig. 6. The map sho\is the range of E .. inornatum 
determined from collections in B.D. herbe (A) 
E. inornatum isotype, cult. Wgtn. ex L. Tekapo. 
B.D" herb. No" 97l89. (B) E. ino£ll~~ kettlehole, 
Casso (C) E. inornatum L .. Tekapo, B ... herb. 
No. 90813. (D) E:peTtioidefo between Egmont & 
Pouaki Ra. B ... D. herb .. No. 116555. 

(scale, 1div.~1mm. le. approx" X4.) 

Note: all except C. show the dorsal aspect of leaves. 



the species, the herbarium specimens that conform to the type 

suggest that it has a wide range. A number of localities in 

the South Island are represented and tl~ere are also specimens 

from the Aucldand Islands.. For the North Island there are 

collections from Ruahin.es and the Wellington district. It 

seems safe to assume that this species occurs over much the 

same range as plants referable to E. nertorioides, with the 

reservation that its extension northwards may be limited. 

(fig. 6.).. Herbarium specimens are not always sufficiently 

annotated but many specimens are known to be from damp places -

bogs, tarns and riverbeds.. E. inornatum is thus considered 

here as a species typical of the kettlehole-type vegetation. 

EPILOBIUM TENUIPES Hook.f. Fl. N.Z. ~: 59, 1852. 

It is said to be difficult to distinguish between 

E-Qilobium elegans Petrie and Epilobium tenuipes Hook.f. 

However, the latter species generally has smaller leaves clJ.ld 

appears to most often dry a pinkish-chaff colour. There is 

thus no doubt that the specimen from the kettlehole is refer

able to E. tenuipes. 

Cheeseman (1925) mentions the limited distribution of 

this species in the North Island and its occurrence in damp 

situations of the mountain districts of the South ISland where, 

he says, it is not uncommon. HOl-TeVer, it is poorly represented 

in the Botany Division herbarium and there is the suggestion 

that it may be more uncommon than he or Allan (1961) suggest .. 

The species is not recorded by Burrovls (1962) for 

the Middle Waimakarirl area and does not appear in the species 

list of Philipson and Bro\<mlie (1958). It "Tould appear then 

that E. tenuipes is a rare species in this region. But the 

possibility that it has been mista~en for E. elegans must be 

kept in mind. In the present discussion the specimens in the 

kettlehole are referred to E. tenuipes, the species is 

considered as comparatively uncommon in the region, and its 

(:16) 



habitat is tak~n to be more often damp grassland and herbfield 

than the kettlehole type. But it is not meant to imply that 

it is exceptional to find the species in this situation, 

indeed Burro'VlS (.1962) gives its habitat as wet ground, 

2,000 - 4,000 ft. 

The genus EPilobium is notoriously complex and the 

amount of variation ,~i thin and between species is considerable .. 

That this is attributable to hybridism is a consideration that 

is mentioned throughout the literature but about which no 

definite statement can be made. On the other hand Clapham 

(.1952) reports that a large number of hybrids have occurred 

in Britain and that they are almost invariably sterile. The 

two species of Epilobium in the kettlenole are placed in 

different sections of the genus by Allan. E. inornatl~ 

belongs with E. nerterioides in the section Sparsiflorae 

while E. tenuipes is in the section Microphyllae. Plants 

of this latter section usually have stems with a slightly 

woody base and the few flowers are confined to the axils of 

the uppermost leaves whereas in the Sparsiflorae the flowers 

are in the axils of intermediate leaves. Al though they gro1;u

together in the kettlehole habitat there is no evidence of 

hybridism between the tvlO species .. 

HYPERICUM JAPONICUM Thunb. Fl. jape 295, 1784. 

The family Hypericaceae is represented in New Zealand 

by two species of Hypericum - H. gramineum Forst. f. and 

H. japonicum Thunb. Both are found throughout Australia and 

Tasmania whilE'! the latter extends northward to Ja.pan. The 

habitat given by Allan is "lowland to montane, open places, 

margins of tarns and slow-flowing waters throughout .. !! The 

specimens from the kettlehole appear to be in no way atypical. 

Laing and Blackwell (1957) (p277) list Hypericum as 

one of the genera in lv-hich cleistogamy occurs. An intensive 

search of both contemporary and recent literature has failed to 

(j.7) 



substantiate this statement. The phenomenon of cleistogamy 

has not been observed in the H. japonicum grollling in the 

kettlehole but the possibility of its existence must be borne 

in mind. 

STACKHOlJSIA MINIMA Hook. f .. Flo N. Z. 1: 47, -:1.852. 

endemic. 

The single New Zealand species of Stackhousia is 

It is found in damp grassland. habitats in lowland 

to higher montane regions from lat .. 380 southvlards .. In th.e 

Waimakariri River Basin it is a common constituent of the 

vegetation of tarns and temporary pools (Burrows:L962). 

Although Allan says the species is IIrather local", its 

insignificance, even when in flower, suggests that it may 

commonly be overlooked and would be more often recorded in 

a. locali ty l..men an intensive vegetation survey "ras being 

carried out. It is not unknown for S. minima to be confUsed 

wi th Coprosma petriei with which it gro\vs in close association 

in the kettlehole. Here the speCies is represented by a 

single patch no more than two or three yards in diameter .. 

Throughout the period of study it has not been observed in 

flower. However, Professor Philipson (pers. com.) has noted 

it in flower. There is a. suggestion that this stand of 

S. minima may not be regenerating sexually, but that mainten-

ance of the species is by vegetative means. In a later 

section it ,viII be suggested that self-fertilization may 

result in sterility and that cross-fertilization is precluded 

by the delay of the flowering season due to inundation. 

Allan (:1.961) gives the flowering time as January to February. 

CENTELLA UNIFLORA (Col .. ) Nannf. in Svensk. bot. Tidskr. 1.8: 
413, :1924 .. 

There are about 25 species in the genus Centella., 

occurring mainly in South Africa and Asia. C. uniflora, 

the single New Zealand species, is endemic. It is closely 

related to the genus Hydrocotyle to which it was referred by 

Colenso (1885). Both genera are creeping perennial herbs of 

(:18) 



grassland and wet open ground. c. un1:f1.Q.rlh is common 

throughout such habitats in New Zealand. 

October and March (.illan) .. 

It flowers between 

HIPBOCQ1Y1E TRIP,ARl1TA R.Br. ex A.Rich. in Ann.Sci. phys. 
4: 209,1.820. 

Allan describes the distribution of Hydrocotyl~ 

tripg~~ thus - "lowland to montane swamp margins, shallow 

water and flushed ground from latitude 39° southwards. 1I It 

is also said,to occur in Australia and Tasmania but there is 

some possibility that the New Zealand species may be distinct 

and should rightly be referred to H, mus90sa R.Br. exA.Rich. 

The val'. hydrophila (Petrie) Cheesem. has a local 

distribution within the same range as the species. In 

d.istinguishing it from the species Cheeseman (1906) says it 

is much smaller and more delicate and that the leaflets are 

minute, entire or with 2-3 shallow crenatures. An examination 

of herbarium material reveals gradations from the minute 

variety to the more luxuriant species; the possibility that 

Cheeseman's variety is merely a depauperated form must there-

fore be admitted. Allan remarks - "The status deserves 

fuller study". For the present discussion the plants in the 

kettlehole are referred to only at the specific level. On 

this basis the distribution given by Burrows (1962) indicates 

that the species is connnon in areas along the course of the 

upper Waimakariri River. 

January (Allan) .. 

The flowering time is November to 

The two members of the·Umbelliferae in the kettlehole 

vegetation - Centella unif19JrA and gyd±ocotyle tripar~i~ -

commonly occur together on the margins of lakes and tarns and 

the sites of temporary pools. Their presence in the 

kettlehole is expected and their habit there is in no way 

divergent from that which is typical of their respective 

speCies in the context of the above discussion. 

(19) 



COPROSMA PETRIEI Cheesem. in Trans. N.Z. lnst. 18~ 3~6, ~886. 
var. atropurpurea Ckn. et Allan. in Trans. 
N.Z. lnst. 56: 22, ~926. 

In the North Island Coprosma petrie! is confined to 

the Volcanic Plateau and in the South Island it occurs in the 

mountain districts between Mt. Arthur in the north and Lake 

Wakatipu in the south. It is an abundant representative of 

the vegetation in montane grassland, stream margins, and open 

pla.ces, up to 4,000 ft. The two varieties are based firstly 

on the drupe-colour. The variety petriei is usually described 

as having translucent blue drupes, while var. atropurpurea 

has drupes that are a dark red colour and normally the foliage 

is darker than in var. petriei. The two varieties often grow 

together yet in the kettlehole only C. petriei var. atropurpurea 

is found while in the surrounding grassland the predominant form 

is the var. petriei. Indeed, in the short tussock grassland 

of the St. Bernard Saddle Moraines no red-druped plants have 

been found. Before attempting to explain this distril~tion 

the two varieties will be considered in more detail. 

The following descriptions are taken from Taylor (~961 

(:1.) Fruit globular, translucent, with blue surface pigmenta.
tion or sometimes white. Leaf with clusters of short 
often recurved hairs on both surfaces, stipule margin hairy 
•••••••••••••••••••••••••••• C. petriei var. petriei. 

(2) Fruit globular, translucent wine red, leaf either hairless 
or with an occasional long hair on the surface or at the 
apex, stipule margin smooth and hairless • 
•••••••••••••••••••••••••••• C. petriei var. atropurpurea. 

In the genus Coprosma male and female flotvers are 

normally produced on separate plants although they have 

occasionally been observed together and even hermaphrodite 

flowers are known (Cheeseman :.1887; Colenso l889,; Wild and 

Zotov 1930). With regard to C. petriei few observations are 

recorded in the Ii terat'llre. However, an examination of 

herbarium material gives no reason to believe that in either 

variety is the condition any different from the normal 

c1ioecism. 
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Although hybridism is known to occur freely in the 

genus and is the explanation for considerable polymorphism, 

Allan states that the two varieties of C. petriei do not seem 

to hybridise. This is an unusual situation when one considers 

how well suited to cross-fertilization the flowers are. It is 

suggested that a worthwhile study could be directed towards 

finding a reason for this ability of the two varieties to 

remain distinct wi thin the same habitat. In the region of the 

kettlehole it is a matter of the two varieties remaining 

distinct within each of two adjacent habitats. 

In this latter instance the separation of the 

varieties can be explained by the delay of flowering in the 

kettlehole variety caused by inundation of the site. This 

hypothesis will be presented in more detail when referring 

to Viola cunninghamii. But an explanation is still required 

for the absence of var. petriei from the kettlehole. 

It is not possible here to offer a definite explana

tion but merely to suggest that some micro-factor of the 

environment may preclude the b11.le-druped form from the 

kettlehole and the red-druped form from the grassland. That 

the interaction of major ecological factors is responsible is 

not considered to be the case because the two varieties are 

lmown to grow together in other localities. It is tentat

ively proposed that a profitable line of research may lie in 

an investigation of the relati va regimes of Nitrogen or other 

such elements in the two habitats. It w~ll be mentioned in 

connection with the soil stUdies (part IV.) that there is a 

high Nitrogen regime in the kettlehole. That this favours 

the var. atropurpurea and not the var. petriei could be 

considered as a possi bili ty. Likewise in the grassland the 

lower Ni trogen r~gime may preclude the var. atropurpurea but 

. favour the var. petriei. Nitrogen is here merely taken as an 

example; other micro-elements may produce this effect. On 
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the basis of such an hypothesis, where the two varieties occur 

together the effective element would be at equilibrium with 

respect to the tolerances of each variety. The chemistry of 

the genus Coprosma has received considerable attention from 

biochemists and botanists, especially with regard to the 

various drupe colours and the use of the information obtained 

in the taxonomy of the group (Aston 1918; Briggs at. a1. 

j.948-1954; Taylor, 1960) " Unfortunately none of this work 

has been concerned with Coprosma petriei. 

NERTERA SETULOSA Hook. f. Fl. N.Z. 1: 1.12, 1.853. 

N. setulosa is easily distinguished from other species 

by its clothing of stiff hairs on both surfaces of the leaves 

and on the stems. Allan remarl(s - IIclosely allied to 

N. re]tans f. Muel1. of Austro~lia and forming wi th ita group 

worthy of subgeneric rank ll • N. setulosa has a somewhat local 

distribution throughout New Zealand. It is found in lowland 

to montane grassland, open places and forest margins. Burrows 

(.:1.962) records it from grassland up to 2,000 ft. in the regions 

of the middle Waimakariri, Broken and Kowai Rivers. The 

flo'vering time given by Allan is November to February. 

Although abundant in the kettlehole, N. setulosa is possibly 

a more characteristic species of grassland than of t~e type of 

vegetation in the kettlehole. 

GALIUM P9RPUSILLUM (Hook.f.) Allan Fl. N.Z. 592, 1961.. 

The three New Zealand species of the cosmopolitan 

genus Galium are endemic. G. purnusillum was previously 

placed in the genus Asperula (Hook.f. Fl. N.Z. 1: 114, 1.853). 

In the kettlehole two morphological forms were first observed -

one is glabrous while the other has ciliate leaf margins. 

The ciliate form presumably corresponds to Asperula aristifera 

Col. Trans. N.Z. Inst. 21: 88, 1899 which is included by Allan 

in G. pGrpusillum. In describing the latter species, Allan 

says that the margins of the leaves are usually ciliate but 
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that it 1s a very polymorphic species. When the two forms -

ciliate and non-ciliate - are seen together the difference is 

so remarkable as to suggest that there are two distinct species. 

HO'vJever, an examination of herbarium material from many 

locali ties and habitats reveals a gradation bet"Jeen the two 

fOTIns and in some cases ciliate and non-ciliate leaves occur 

in the one collection. F'urthermore, in the early summer of 

1962-63 an attempt was made to obtain collections of both 

ciliate and non-ciliate forms to cultivate but the ciliate 

form could not be found in the kettleho1e. It is suggested 

that the morphological di versi ty is caused by seasonal gro"Vlth 

factors or by conditions in the habitat or both of these. 

HO\lTeVer, detailed growth experiments and observations in the 

field are required to be more positive in this conclusion. 

Galium p~rpu..?i11um i::: distributed throughout both 

islands of New' Zealand in lowland to montane damp places in 

forests, edges of swamps and bogs, and grassland. Cockay-.ne 

(1928) says - liThe tiny starry flovlers of ASl?erula p'&rpusilla 

betrayed its presence, othervrise hardly noticeable. I! This is 

another species '''hiah is often overlooked in a vegetation but 

in such places as the kettlehole it is so abundant as to make 

a very obvious contribution tOll/ards the physiognomy of the 

community. 

CELMISIA GRACILENTA Hook.f. Flo Antarct. 1: 35, 1844. 

The genus Celmisia is one of great compley~ty and 

especially is there considerable confusion \-lith respect to 

C. gracilq:gEa and and their allies. The 

distinction betvTeen those tyro species is rather ill-defined 

ru1d there exists a considerable variety of forms that fit 

between the tV-TO descr1ptions. 

Allan states that C. gracilentaoccurs from lat. 370 

southwards throughout lowland to lower montane grassland, 

herbfield and bogs. The great diversity of its habitats is 
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indicated by the fact that BUrrO\lTS (1962) records its 

presence in all eight of his regions within the Waimakariri 

River Basin. 

COTULA PEJ:lPU SILI,i\. Hook. f. Hand bk N 8 Z & FL 143, 1864. 

In the North Island C. Tyerpusilla has a limited 

distribution - East Cape and Hawkes Bay to Dannevirke. It 

occurs throughout the South Island in grassland and stony 

places up to about 4,000 ft. This species is relatively 

common in the Cass Basin but in the kettlehole vegetation 

it is considered as an unimportant member. 

GNAPHALIu}1 TRP~VERSII Hook.f. Handbk N.Z. Fl. 154, 1864. 

Certain specimens of Gnaphalillrn from the kettlehole 

fit Allan1 s description of G. traversii and match with 

specimens. in the Botany Division herbarium. However, it has 

been noted that plants of this species in the kettleholl" may 

be minute and mat-forming and not unlUee the plants described 

as G. traversii var. mackayi (Buchan.) Kirk. But this 

variety is not recognised as such by Allan who states that 

plants attributable to it have, under cultivation, assumed 

the form of the species. Furthermore Allan says that 

intermediate forms bebTeen G. traversii and var. 

~~~~ have been reported as hybrids but that tile field 

evidence suggests that the differences may be due to habitat 

conditions. Under ti19se circumstances the kettlehole 

specimens are here referred to G. traversii. 

In New Zealand G. traversii is found in montane to 

alpine wet tussock-grassland, herbfield and bog from lat. 390 

south\vards. It also occurs in Australia. The flowering 

time given by Allan is October to March. 

GNAPHALIUM COLLINillI Labill. Nov. Hollo PI. Sp. 2: 44, 1806. 

~~~~~~ is a polymorphic species of lowland to 

montane grassland and open places throughout New Zealend. 

It also occurs in Australia and Tasmania. Its polymorphism 
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is evidenced from a close comparison of specimens in the Cass 

herbarium, University of Canterbury. Specimens from Mt. 

Horrible and Sugar Loaf Bush have a rosette habit, those from 

Lake Sarah and Middle Bush are taller and many branched, while 

a specimen from the Cass Riverbed appears to be intermediate 

bet""Teen the above forms. The kettlehole specimens are quite 

small and to a considerable extent more woolly than larger 

specimens. In the Botany Division herbarium there is a sheet 

of tV-TO specimens collected at Golans Valley, Wellington. One 

specimen is very large and was growing amongst reeds, the 

other was g,rowing on adjacent open, boggy ground and matches 

the kettlehole specimens. It is concluded then that 

G. collinum is a highly polymorphic species much influenced 

by the habitat .. 

GNAPHALIUM LUTEO-ALBUM L. Sp. PI .. 851,17530 

G. luteo-album is a highly polymorphic group that 

occurs throughout New Zealand in a variety of forms and in 

many different types of habitats. Al131l gives the flowering 

time as September to April. The plants in the kettlehole are 

peculiarly stunted, the single ascending stems being no more 

than 3 or 4 em. tall. They are annual inhabitants of bare, 

stony patches where they form almost pure stands in \"hich the 

plants have a very distinctive distribution - they are not 

closely crowded but evenly spaced witi1 a distance of about 

2 cm. between them. In ascribing a name to these plants it 

would seem possible to use Kirk's G. luteo-album var. compaetum 
I 

for which the type locality is Lake Lyndon. Mr. A.J. Healy 

(Botany Division, .D.S.I.R.) has examined the specimens 

by reference to the pappus hairs, determined that ti1ey fit 

the classical description of ~~~~~~~~. He has sp ecimens 

identical to the kettlehole ones collected at Lake Tekapo .. 

However, he considers it undesirable to ascribe a varietal 

name in the present state of knowledge concerning t~1e species. 
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The situation is best summarised by Allan -

"The forms of G. luteo-all?!m! found in N.Z. still 
require much study, especially in relation to 
European forms, which may have naturalized 
representatives. It seems inadvisable to create 
new names till such a comparison has been made." 

With regard to the genus as a Whole Allan may be 

quoted again -

"The detailed analysiS of our spp. of Gnaphalium 
requires cultural and genetic study, owing to the 
apparent prevalence of hybridism, the presence of 
naturalized forms and spp., and the ready response 
of several to habitat conditions." 

Hybridism between these species in the kettlehole is not known. 

In this habitat they are quite distinct from each other; the 

difficulty arises in relating them to other representatives of 

their own species. In this respect the noteworthy point is 

their "ready response ....... to habitat conditions". 

GENTlft~A GRISEBACHII Hook.f. Ic. Pl. 636, 1844. 

Of the ~OO species of Gentiana at least 24 occur in 

the New Zealand flora. G. grisebachl1 is said to be one of 

the first of these to flower, December being the earliest date 

ci ted. 
. 0 

The species occurs from latitude 39 southwards in 

montane to subalpine grassland and harbfield. In the southern 

part of its range it descends almost to sea level and sometimes 

is found in shrubland or forest margins. 

~. gris~~chl1 is also a rather polymorphic species 

with considerable ability to adapt toa varie~~ of habitats. 

Cbeeseman (1.925) describes t"TO varieties - var. matthews!i 

has stouter stems, broader, more oblong leaves, and larger 

flowers than var. novae-zelandiae. However, Allan does not 

admit this division and, although the kettlehole specimens 

approach the var. ~elandiae form, it seems best not to 

ascribe a var:f.etal name but merely to draw attention to the 

plasticity of the species. 
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ELANTAGO TRI.A.NDRA Berggr. in Minneskr. fisiogr. Sallsk. Lund 
8:16,1877. 

All except two of tl1.e New Zealand species of Plantago 

are endemic. Several widespread European species are natural-

ized - Allan (1940) lists six of these .. P. triandra is one of 

the endemio species. It ocours in boggy areas in tussook 

grassland from Kaingaroa Plains southwards but is not known 

from the Tararua Range or from Mt. Egmont. In the South 

Island it is oonfined to the higher rainfall areas. Cheeseman 

(:1925) limits P .. triandra to the South Island and refers the 

North Island plants to P. masonae .. In distinguishing between 

these two speoies Cheeseman (:192~) points out the follollung -

(Pe masonae differs from P. triandra) ••• !lin the 
more robust habit, very fleshy and proportionately 
muoh broader leaves with obtuse callous tips, more 
minute sessile flo"lers the peduncles of which 
apparently do not lengthen in fruit, in the stamens 
being always 4, and in the smaller capsules." 

Specimens collected from the edge of Lalee Sarah more or less 

fit this description (Fig. 7.) .. On the other hand there are 

in the Botany Division herbarium specimens from the North 

Island "Ihich correspond to the kett1ehole plants and 1'i t 

Cheeseman's description of p. triandra. It is therefore 

maintained (in agreement with Allan (1961» that there is no 

foundation for separating the North Island and South Island 

specimens. However, it is still possible that within the 

complete range of the species (sensu Allan) there may be a 

group separable under Cheeseman's name P. masonae. This 

statement is made in spite of Allan' 5 remark that tlsize, 

texture and shape of leaves change with age of plant, habitat 

and season.1t Plants from the edge of Lake Sarah and from 

the kettlehole were cultivated in Christchurch during the 

S~mer of 1962-63. Al though the kettlehole specimens became 

more luxuriant there was a marked tendency for the two forms 

to remain distinct (Fig. 7.). In the meantime the kett1ehole 

specimens are referred to P. triandra while it is noted that 

other habitats may support a form which could be worthy of 
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specific. ranlc. To elucidate this matter further lengthy 

cultivation along with breeding experiments is required. 

HYPSELA RIVALIS E. Wimm. in Pflanzenr. ~06: 121, 1943. 

The plants previously referred to Isotoma 

fluviatilis (R. Br.) F. Muell. ex Benth. are now found to 

be ~ypsela rivalis. The genus Isotoma is composed of 10 

species of Australia, Tasmania, the "Jest Indies and Society 

Islands. It was previously considered that Ie fluviatilis 

of Australia occurred in New Zealand but it was found that 

the specimens did not match the Australian material. Wimmer 

(op.cit) removed the New Zealand section to the genus Hypsela 

on the basis of its glabrous vegetative parts, the inner 

surface of the corolla being non-villous, and especially the 

indehiscence of the fruit. The species H •. rivalis thus set 

up is endemic to New Zealand, the other three species in the 

genus occurring in South America and Australia. 

In the North Island tile species has a rather limited 

range having been recorded from only the Ruahine Range, Lake 

Waikareiti and Lake Wairarapa. It is not uncommon in damp 

places in the South Island and is particularly characteristic 

of lake shores and temporary pools. In the vegetation of 

such habitats in the Waimalcariri River Basin it is seldom 

absent (the type locality is given as Broken River). For 

the flowering period Allan gives November to April. 

DICHONDRA BREVIFOLIA Buchan. in Trans. N.Z.lnst. 3: 208, ~87l.. 

The genus Dichondra, of some ten species, is wide-

spread in warm regions. Of the two New Zealand species 

D. repens J.R. et G.Forst. is cosmopolitan while D. brevi folia 

is, to quote Allan, "probably endemic". It should be 

mentioned that Kirk regarded the latter species as a variety 

of the former - D. rep ens var. brevifolia. D. brevi folia is 

. distributed in coastal to montane grassland throughout New 

Zealand. Burro",s (1962) records its presence in the tussock 

(28) 



FIG. "I. PLANTAGO %BIARDRA. 

A: plant from kettle
hole soon after 
transplanting. 
23.12.1961. 

B: plant from shore of 
Lake Sarah soon 
after transplanting. 
23.12.1961. 

c: plant from kettle
hole after 2 months 
under cultivation. 
24.2.1962 • 

D: plant from shore of 
Lake Sarah after 2 
months under 
cultivation 24.2.1962. 

. " 

E: During winter the 
above plants died 
down. Bere the 
new growth is shown. 
20.9.1962. 

Scale: The pots are 4" in diameter. 

F: ~mpressions of leaves. 

a: from kettlehole plant under cultivation. 

b: 3 leaves from kettlehole plant in wild. 
The centre leaf is immature. 

c: from Sarah plant in wild. 

d: from Sarah plant under cultivation. 

a. b. d. 
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grassland of t,ofo of his regions wi thin the Waimakariri River 

Basin. The species appears to be extremely variable in size 

and the smallness of the kettlehole specimens is not considered 

unusual since the lamina diameter does fall within the range 

given by Allan (3-6-(8) mm.) The flo'llTering time is November 

to January (Allan). 

GRATIOLA NANA Benth. in DC. Prodr. 10: 404, :1846. 

The two Ne1lT Zealand species of Gratiola also occur 

in Australia and Tasmania. G. nana has a rather local 

distribution throughout both islands of New Zealand where it 

occurs in coastal and lo'wland boggy ground and swamp margins. 

It is such a common plant in the vegetation of ponds in the 

Waim~{ariri River Basin that its presence in the kettlehole 

is to be expected. It flowers from November to February. 

PRUNELLA VULGARIS L. Sp. Plant. 600, :1753. 

This native of Eurasia and North Africa was first 

recorded in New Zealand by Hooker in 1867. It is now very 

common in damp pastures and wasteland throughout the country. 

l,ike many weeds this is a very plastic species and in the 

kettlehole is much depauperated. 

JUNQ..US AIITIQULATQ§. 1. Sp. Plant. 327, :t 753. 

This species of rush is described by Healy (1953) 

as being-common to locally abundant along rivers and creeks 

and in swampy places throughout N ei'! Zea,land. It is an 

adventi ve plant first recorded by Kirk in :1875. 

JUNCUS ~£Y£. L. Sp. Plant. 326, 1753. 

Plants to which this name has been applied were first 

recorded in New Zealand in 1855 by Hooker. Cheeseman (1906) 

considered bro distinct forms 'llTi thin the species that are 

distinguished mainly by the nature of the pith. It is now 

generally held (Healy 1953) that the form with interrupted 

pi th j.s J. polyanthemos Buchen. while that v-D. th continuous 

pith is J. effusus. The latter species has much the same 
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distribution throughout New Zealand as J. articulatus. It 

is believed that J. effusus is adventive but there now appears 

to be some doubt about this. In part IV this matter is 

treated in more detail when considering the presence of rush 

remains in charcoal. 

The speCies of === have an altitudinal range from 

sea-level to over 4,000 ft. and are characteristic plants of 

wet and swampy si tuations but are also kno1l1ll to occur in drier 

conditions. In the kettlehole .T. effucus occurs only in a 

few isolated clumps. It is distinctive amongst the other 

in the vegetation because of its size, being as tall 

as 2ft. On the other hand J. articulatus is a prostrate 

plant that is a common constituent of the vegetation. 

I,UZULA CHEES:E.f-tA.NII Buchen. Monog. .Tunc. 146, 1890. 

L. chees~~anii has a limited distribution in the 

South Island ,\lith an altitud.inal range of 4,000 - 6,000 ft. 

(Cheeseman 1925). In the kettlehole vegetation it is not 

common and is confined to the regions bordering on tussock 

grassland. 

CAREX FLAVIFORMIS N elmes Kelv Bull. (1.): 

This species 'was previously referred to C. flava L. 

In the North Island it has only been recorded from the 

Waimarino Plain. It occurs in wet situations in the 

mountain regions of the South Island and is also found in 

Tasmania. Burrows (1,962) records its presence in wet 

grassland and swamps of five of hi s lower regions of the 

Waimakariri Basin. It is not common in the kettlehole. 

CAREX GAUDICHAUDIANA Kunth. Enum. ii: 417, :1837. 

This species occurs in watercourses in open country 

up to 5,000 ft. (Hamlin 1954). Hamlin does not give any 

details for the distribution but from the herbarium material 

it appears that the species is widespread in New ZealEmd. 
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It also occurs in Australia. Burrows (1962) records the 

species in montane and upland bog throughout the Waimakariri 

Basin. 

Both the sedges mentioned here are common constltuent~ 

of the vegetation of boggy sites and although not especially 

abundant in the kettlehole are expected in this situation. 

FiliE9CHARIS ACUTA R.Br. 

E. acuta is an abundant species in wet places through

out New Zealand. It's range extends to Tasmania, Australia, 

and Norfolk Island. It is common in ponds, lakes' and swamps 

throughout the Waimakariri Basin. Like Myriophyllum 

propinguum, E. acuta forms an almost pure associatlon in the 

centre of the kettlehole • 

. ANTHOXANTHm'l ODORATrn{ L. Sp. Plant. 28, 1753. 

This grass which is a native of Europe and Northern 

Asia was first recorded in New' Zealtmd by Hooker in 1864. 

It is abundant in lITaste places, light pasture and modified 

10\<1 tussock grassland throughout the country. Thompson (1.922) 

states that it flo,o[ers between September and November. 

lU though can reach more than a foot in height, in 

the kettlehole it is only 6-8 ins. high and the leaves are no 

more than two inches long. It is common in the Kettlehole 

but more often confined to the dryer regions near the "rimn. 

lLGROSTIS MUSCOSA Kirk in Trans. N. Z. Inst.13: 385, :1881. 

This diminutive Agrostis has a restricted range in 

both islands of New Zealand except in Otago where Cheeseman 

(:1.925) says that it is not uncommon in the eastern and southern 

portions of the province. The altitudinal range is given as 

1,500 - 4,500 ft. but descending to sea-level in Southland" 

In its natural habitat, and in the kettlehole, this species 

forms round cushions 1-2 ins. in diameter but under cultivation 

it becomes lank and as tall as 6 ins. It is said to be 
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perennial. The leaves of specimens cultivated in Christchurch 

were sectioned at the time of transpla.nting and then one month 

later. The two cross-sections are here diagramatically 

represented -

A B 
X;JOO. 

It is seen that after a month under cultivation the leaves 

increased in size and the lateral vascular traces became more 

prominant. In leaf B there was also a decrease in the number 

of stomata observed. It should be noted that these diagrams 

\1ere taken from one of many sections examined in each leaf' 

(cf. Connor 1960). Leaf A was 3 mn. long and leaf B ~5 mm. 

J.ong .. 

l!.GROSTIS STOI,OlilIFERA L. sp. PI. 62, 1753. 

This introduced grass is native to Europe and Asia 

and was first recorded in New Zealand by Kirk in 1878. It 

is very common throughout the country. However, there 

appears to be some confusion in its nomencla.ture.. Allan 

(1936) mentions that there are two distinct groups with 

intermediate forms between them. In the kettlehole it is 

abundant and forms large clumps with curious secondary clumps 

at the end of long stolons. It is doubtful Whether this 

plant is actually the A. stolonifera of Europe. 

AGROSTIS TENUIS Sibth. Fl. axon. 36, 1794. 

This species is also a veI7 common adventive grass 

and in the kettlehole is more abtmdant than A. stolonifera. 

The two species are eaSily distinguished in this habitat by 
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the "stoloniferous lf nature of the latter. However, it is 

possible that hybridisation between them occurs. Without 

considerable experimentation it would be presumptuous to be 

too specific about the status of these two grasses. In the 

kettlehole both have a low, more or less prostrate, habit 

"\I1hereas in other situations the A. tenui~ is quite tall (up 

to.a foot high) and A. stolonifera, although remaining 

prostrate, is considerably more lu~~riant. 

DEYEUXIA FORSTER~ Kunth. val'. hurnilior Hack. MS. 

Cheeseman (1925) states that this species is 

probably not uncommon in mountain districts throughout 

New Zealand. Burrows (1962) does not mention this particular 

variety but records the presence of D. fosteri throughout the 

Waimakariri Basin, in grassland, forest clearings and snow 

tussock. According to Cheeseman (1925) the root is often 

perermial and this certainly appears to be the case in the 

kettlehole. The culms are said to be 3-10 ins. high but 

in the kettlehole they do not reach 3 ins. 

THE MOSSES AND LICHENS. 

The speCies of mosses in the kettlehole are 

probably the five most abundant in New Zealand and have a 

wide distribution else'fhere. Rhacomi trium lanuginosum var. 

pruinosum occurs in South Africa and New Zealand. This is 

a somewhat peculiar iii stri bution especially when one 

considers that the common form of the speCies, which is very 

widespread in the Northern Hemisphere, does not occur in New 

Zealand but is found along with the variety in South Africa .. 

Such a s1 tuation arouses speculation about the evolution of 

forms. However, it is apparent that there may be some 

nomenclatural complexities concerned and that detailed 

examination could reveal no close connection between the 

South African and New Zealand forms. 
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Hypnum cupressiforme is a very variable plant for 

which Sainsbury (1955) gives four varieties. The kettlehole 

specimen approaches the var. filiforme but the high degree of 

polymorphism precludes the dogmatic application of a varietal 

name here. This species and Polytriphum jpniperinum are both 

cosmopolitan, while the remaining - R. lanuginosum and 

C. clavatus - are found in South America, Australia, Tasmania 

and New' Zealand. 

They are all common mosses of grassland and open 

ground. R. lanuginosum v. prl.linosum is particularly abundant 

in mountain districts, while Campylopus clavatus is said by 

Sainsbury (1955) to be probably the commonest moss in New 

Zealand. In th e present discu ssion the significant fact 

is that, although relishing damp conditions, these mosses 

can survive dry periods and, indeed, do commonly occur in 

dry gras slands. They are abtmdant in the kettlehole where 

in particular Polytrichum juniperinum is of conSiderable 

physiognomic importance. This species forms a number of 

large mats with only a few other plants such as Galium and 

Hypericum intermingled. 

The lichens, represented by two species of Cladon!El: 

and an unidentified speCies, are of little significance in 

the kettlehole vegetation. c. aggregata only occurs at the 

"rimll and is more typically a member of the surrounding 

grassland vegetation. 

Appended to the species list for the kettlehole is 

a short list of species that are considered to belong to the 

vegetation of the surrounding grassland. They are represented 

in the kettlehole by one or a few individuals near the "rimlT 

and mostly occur in theN.W. sector where the demarcation 

between the two vegetations is not as distinct as elsewhere. 
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From the preceeding accounts of the individual 

species in the kettlehole various factors present themselves 

for further discussion. But before proceeding with this it 

is desirable to give a speoies list for the surrounding 

tussock grassland as a basis for certain comparisons. Each 

species in this list will not be treated in detail but their 

collective attributes will be mentioned in relation to the 

kettlehole species. 

LIST OF THE PRINCIPAL SPECIES OCCURRING IN 
THE GRASSLAND SURROUNDING THE KETTLEROLE •. 

Fj.licinae 
Violaceae 
Caryophyllaceae 
Geraniaceae 
Thymelia.ceae 
Myrtaceae. 
Rosaceae 
Fhamnaceae 
Umbelliferae 
Ericaceae 
Rubia.ceae 

Compo sitae 

Plantaginaceae 
Lobeliaceae 
Campanulaoeae 
Juncaceae 
Grsmineae 

Blechnum penna-marina (Poir.) Kuhn. 
Viola cunninghamii Hook.f. 
Scleranthus uniflorus William.son. 
Geranium sessiliflorl1m CaVe 
Pimelia oreophila Burrows. 
Leptospernum scoparium J.R. at G. Forst. 
Acaena anserinifo·lia (J .R"et G.Forst.) Druce. 
Discaria toumatou Raoul 
Oreomyrrhis colensoi Hook.f. 
Gaultheria depressa Hook.f .. 
Coprosma petriei Cheesem. val'. petriei 

. Galium perpusillum (Hook. f .)nlan 
Nertera setulosa Hook.!. 
Brachycome sinclairii Hook.f. 
Cassinia fulvida Hook.f. 
Celmisia gracilenta Hook.f. 
Cotula perpusilla Hook .. f. 
Raoulia subsericea Hook.f. 
Senecio bellidioides Hook.f. 
Plantago spathulata Hook.f. 
Pratia angulata Hook.f. 
Wahlenbergia alba-marginata Hook. 
Luzula campestris D.C. 
Agropyron scabrum Beauv. 
Deyeuxia forsteri Kunth. 
Festuca novae-zelandiae Ckn. 
Poa colensoi Hook.f. 



From the biology of the kettlehole species the 

first distinguished feature requiring comment is their 

geographical range. It is noteworthy that none of these 

plants extend to South America or, indeed, have any close 

affinities with species there. The follOwing is an analysis 

of the distribution of species from the kettlehole vegetation 

and from the vegetation of the surrounding tussock grassland 

(hereafter referred to as the Itgrasslandll ). 

Kettlehole Grassland 

Endemic 64% of Dicot.spp. 80% of Dicot.spp. 

Australian/Malaysian 32% n 10% II 

Australian &: Sth.ilmerican 10% " 
Cosmopolitan 4% " 

These percentages are derived only from the species 

of indigenous Dicotyledones. It should be pointed out that 

the species common to both vegetations are all endemic except 

the Viola cunninghamii which is also found in Tasmania. Of 

the endemic species in the kettlehole all but three have 

decided connections with Australian or Malaysian species. 

In the grassland only five endemic species have such 

affinities, the remaining ten being strongly endemic. The 

follOwing plants in each vegetation may be referred to as 

an Australian element: * 

~I- The term "Australian Element" should not be taken in the 
same sense as such writers as Cockayne (1928). 



Viola cunninghamii 

Haloragis micrantha 

Myriophyllum propinquum 

Stackhousia minima 

Centella uniflora 

Hydrocotyle tripartita 

Coprosma petriei 

Nertera setulosa 

Celmisia gracilenta 

Gnaphalium traversii 

Gnaphalium collinum 

Gentiana grisebachii 

Hypsela rivalis 

Gratiola nana 

GRASSLAND 

Viola cunninghamii 

Acaena anserinafolia 

Discaria tOlliuatou 

Gaultheria depressa 

Coprosma petriei 

Nertera setulosa 

Cyathodes fraseri 

Cassin5.a fulvida 

Celmisia gracilenta 

It is thus calculated that 64% of tile kettlehole 

Dicot. species and 45% of the grassland Dicot. species have 

Australian affinities. In dealing '-1i th a small area such 

as the l{ettlehole the variety of individuals is so small 

that it is more logical to consider the species than other 

taxa. But it is dangerous to apply observations so derived 

to historical considerations. The above plants, as species 

ShO\-T an Australian affinity but at the generic level tt'1e 

affinity may not appear the same. For example consider 

the genus Viola where in the Southern sphere the great-

est concentration of endemic. species is in Sout-h America. 

(Good 1947, p&136). It is thus concluded that on the 

evidence of the species lists alone it ,{ould be inadvisable 

to suggest a possible origin for the kettlehole vegetation. 

At s stage let it suffice that this vegetation shows 

marked Australian affinities and that there is a notable 

absence of l{ettlehole species in the Subantarctic IslandS 

and South America. (Appendix II 1s intended to illustrate 

this point.) 
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beyond N.Z. 

Gratiola nana 
Haloragis micrantha 
Hypericum japonicum 
Viola cunninghamii 
Myriophyllum propihquurn 
Gnaphalium luteo-album 
Carex gaudichaudiana 
Carex flavi10rmis 
Eleochal'is acuta 

Stackhousia minima. 
Cotula perpusilla 

Celmisia gracilenta 

Gnaphalium collinum 
Die hondra brevifolia 

Centella unlflora 
Nertera setulosa 

Agrostis muscosa 

_lJIi" 

Plantago triandra 

r-----------------------------------~'-----------------~--------~,. 
Epilobium tenuipes 
Hydrocotyle tripartita 
Coprosma petriei 
Gnaphalium tra.versii 
Hypsela riva!is 
Gentiana grisebachii 

KETTLEHOLE. 

CASS 
Luzula cheeseman i i 

DISTRIBUTION OF 

SPECIES OCCURRING 

IN THE KETTLEHOLE 

heavy lines indicate the 
northern limit of spedes. 
ref. All a n. 1951 

Fig. 8. 

__ 40" 

__ 42." 

44" 



The distribution of the kettlehole species 

wi thin New Zealand is indieated in Fig. 8. The 

significant observation here is that a large proportion 

of the species have their latItudinal limit about the 

middle of the North Island. Lat. 390 more or less 

comncides with the northern extremity of the Ruahine 

Mountains. These facts illustrate the conclusion that 

the kettlehole vegetation is one of mountain regions. 

But such vegetations are not to be considered as typical 

of mountains but rather of the intermontane basins. A 

study of the distribution of species in the W~imakariri 

Basin reveals that few kettlehole species occur above an 

altitude of 4,000 ft. This information is derived from 

Burrows (j.962) and is set out in Appendix III .. 

Referring to Burrows map we see that kettlehole 

species are most common in his "Middle Waimakaririu and 

"Kowai Gorget! regions .. These are the regions immediately 

bordering the main Waimakariri stream and contain the greater 

proportion of glacial moraines with their accompanying 

lakes, tarns and bogs. Many of the kettlehole species 

are confined to these sites and may characterize their 

vegetations .. In particular mention can be made of another 

kettlehole situated on the small plateau separating Lakes 

Rawdon and Mary Mere. This is considered to be a 

perfect example of a kettlehole. It is quite spherical 

in plan, about the same size as the Cass kettlehole, 
, 

but considerably deeper. When first observed (May i963) 

there was no water, but it was evident that for some 

part of the year water lay in this basin. It is 

significant that there was a marked zonation of the 

vegetation as opposed to the apparently random distribution of 

species in the kettlehole. The grassland of the surrounding 

plateau extended over a pronounced "lip" into the basin. 

This then gave way to a broad zone containing 
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The kettlehole between lakes Rawdon 

and Ka1"1 Xere. View trom the Borth -

December, 1963. 
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the following species: 

Scleranthus sp. 

Raloragis micrantha 

Epilobium tenuipes 

Pimelia sp. (oreophila) 

Stackhousia minima 

Centella uniflora 

Cyathodes fraseri 

Galium p'erpusillum 

Gnaphalium collinum 

Rypochaeris radicata 

Vittadinia australis 

Wahlenbergia albomarginata 

Agrostis muscosa 

Deyeuxia forsteri. 

The central "pool" occupied about one-third of the area and 

was demarcated by a narrow stony zone with a vegetation 

composed of Scleranthus Spa Clemisia gracilenta, Agrbstis 

muscosa and Trifolium sp.. The IIpool" itself supported a 

very close sward of Agrostis sp. (possibly A. stolonifera) 

and Trifolium sp. with a few' very stunted plants of Cassinia 

fulvida, Poa colensoi and a species of Carex. It is 

apparent that the outer strand most closely resembles the 

kettlehole vegetation but there is a notable absence of 

such important species as Coprosma petriei, Viola cunningAamii 

and Plantago triandra .. The impression was given that this 

site was more akin to a grassland type of vegetation. It 

is suggested that it had originally been grassland similar 

to that of the surrounding plateau and has comparatively 

recently been invaded by the kettlehole-type speCies subsequent 

upon the retention of water in the central, temporary pool. 

Another damp situation in the region was observed 

on the hills beside L. Rawdon. This approached more the 

. swamp type of vegetation being characterized by large isolated 

hummocks of red-tussock (Chionochloa rubra) with Eleocharis 

acuta, Carex gaudichaudiana, Galium perpusillum, Agrosti§ 

stolonifera and a species of Ranunculus. In May the area 

was covered by about 1 inch of water. The "strand" was not 

clearly demarcated and the vegetation merged with the 

surrounding tussock grassland. 
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Kettlehole species may also be found in the variety 

of types of vegetation on margins. Notable amongst thesE 

is the association of ,;:;.;;;:~.-...:;;=;;.,.,.,.c;...;::;.;=::..;::::.:::.J' Galium purpusillum and 

other species on the muddy shores of Lake Lyndon. 

One is led to conclude that in this inte~nontane 

basin the kettlehole species are common to certain damp 

situations but the vegetation as a unit is not often repeated. 

From a discussion of the distribution of species we 

are led to consider their means of dispersal. Reviewing the 

species in the kettlehole we find that the Compositae and 

~~~~~ have plumose disseminules; these are the only 

groups witl2 disseminules that are efficiently wind dispersed. 

Qf the remaining plants, the members of the Rubiaceae have 

drupes ~hich must rely upon animals for dissemination, while 

the majority have various forms of capsules. These capsules 

are often somewhat lJJinged and may thus become a disseminule. 

In :;;;:;,.t.~~=-=..;:..,;:;:=.;::::.. the capsule is indehiscent so certainly 

is the disseminule since the seeds are not released until the 

capsule wall has disintegrated. The species that are 

definitely not wind dispersed have notably less affinity with 

non-endemic Such species are ~~~~~~~~~~ Nertera 

setulosa, Stackhousia minima and 

It can be inferred that there has been, and is, 

exchange of species between Australia and New Zealand within 

the groups where d~ssemination is by wind. The remaining 

species rely mainly on the activities of animals and in 

many cases have no great range or rapidity of dispersal. 

As an example consider Plantago triandra. When plants of 

this species from the kettlehole were under cultivation 

seedlings grew up very close to the parent and seldom 

outside th.e radius formed by the longest Cheeseman 

(~925), as already mentioned, defined a speCies 

which, amongst other distinguishing features was said to 
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have minute sessile flovTers, the peduncles of which apparently 

did not lengthen in fruit. This situation has been observed 

in the kettlehole plants; here the peduncles are no more 

than 5 mm. long at fruiting and certainly never as long as 

2.5 cm. as given by Allan (1961) • for p. triandra. The 

plants under cuI tivation retain!~d this characteristic of a 

short peduncle. Such a feature undoubtedly affects the 

area of dispersal. Few of the Dicotyledonous plants in the 

kettlehole have peduncles that elevate the fruiting body far 

beyond the vegetative plant, implying that groups apart from 

the Compositae and EpilobimIl have a somewhat inefficient 

means of dispersal. 

The information on the mode of reproduction of 

kettlehole species is summarised in Appendix IV. 

Unfortunately iittle work has been done on this aspect of 

the New Zealand flora and the early work of Thomson (1880) 

was mere conjecture based on observations without the 

benefi t of modern experimental techniques. 

certain facts are noteworthy. 

Firstly the presence of cleistogamy must be 

mentioned. This condition, bringing about self-fertiliz-

ation is common in --=;;;;.;;::.;;;;. and has been definitely established 

for Viola cunninghrunii. (Allan 1961). This will be 

discussed more fully in Part III where the species is 

considered in detail; in "I::;11e meantime it is sufficient 

to point out that .cleistogamy is not obligatory in V. 

cunninghamii, chasmogamous floVIers alvTaYs occur as welL 

The presence of cleistogamy in other kettlehole 

species is doubtful. 

Thomson (1880) says: 

In discussing Hypericum japonicum 

II •••• remarkable for producing a set of flm'lers in 
which the capacity for self-fertilization is so 
complete that they have almost become cleistogruaic. 
There is no tru.e abortion, but only great diminution 
of the corolla and stamens, and the flowers produce 
seed without having ever opened. 1I 
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Hm;qever, this observatton has never been sUbstantiated. A 

further doubtful case of self-fertilization is reported by 

Thomson in Epilobium. All members of this genus are 

strictly hermaphrodite and Thomson says that all seem to 

be self-fertilized except the larger flowered forms "1hich 

are probably entomophilous. In Dichondra rep ens (of which 

D. brevifolia was previously considered a variety) Thomson 

mentions a tendency towards cleistogamy in small flowered 

forms. It is also said to occur in the genus Juncus. 

In certain spectes self-fertilization is definitely 

prevented; these are the species which in Fryxellts (1957) 

list are designated dichogamous and se1f-incompatab1e. In 

the kett1ehole flora examples are Nertera setu1osa, Ga1ium 

p'Q:rpusillum and Gentiana sp. (Thomson refers his remarks to 

G. mon tal1.a) • Apart from these Thomson refers to Plantago 

raoulii as seemingly exclusively cross-fertilized. Others 

in which faculative cross-fertilization is a possibility are 

Ha10ragis micrantha and Coprosma petriei, which both have 

large plumose stigmas suggesting anemophi1y. Galium 

nrarpusillum is reported by Thomson to show distinct 

dimorphism. In one form the stigma is almost sessile on 

the ovary and in the other there is a well developed style, 

but no corresponding difference in the stamens is described. 

There are no obligate apomicts in the kett1ehole 

flora but in Agrostis stolonifera and A. tenuis the condttion 

does occur. Eleocharis acuta and Rumex acetose11a may also 

be apomictic .. 

'rhe largest proportion of species occur in the 

group "B" of Fryxell (:1957), that is those which are 

partially cross-fertilized and partially self-fertili 

Examples of such species are Epilobium tenupes, E. inornatnm, 

stackhousia minima, Gratio1a nana, and others. However, it 

is maintained that most often species are se1f-ferti1izec 
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This contention is based on the observation that in many 

cases the flmJers are inconspicuous and on reduced peduncles 

amongst the foliage. Such a situation is disadvantageous 

to the efficient dissimination of pollen. Cross-fertiliz

ation is not considered to be very prevalent and in many 

cases will be at least confined within the bounds of the 

. kettlehole vegetation. The inference then is that for each 

species so affected a pool of gene exchange is set up 

within the kettlehole vegetation and that there is little 

gene flov1 beyond into the surrounding vegetations. This 

is particularly the case where species in the kettlehole 

are not represented in the immediately surrounding grassland; 

for example Haloragis micrantha, Epilobium inornatum, Hypericu 

janonicum. Stackhousia minima, Centella uniflora, Hydrocotyle 

tripartita, Plantago tria:ndra, Hypsela rivalis, Dichondra 

brevi folia, Gratiola nana, .Luzula cheesemanii, Carex 

flaviformis, C. gaudichaudiana, and Agrostis muscosa. 

To carry this matter fUrther attention must be 

drawn to the flm,rering times of the species under considerat~ 

ion. This information has already been given for each 

species but is collected in Appem'Ux V. In this tabulation 

it is observed that the greatest proportion of the species 

commence flovrering in November, and that during December and 

January all species are in flov1er. These facts, derived 

from Allan (1961) and Cheeseman (1925), represent the 

earliest and latest time of flovrering throughout the range of 

the species in New Zea18nd. But from general observations 

i tvJOuld appear to be fairly appllcable to the representat-

ives of the species in the \<lTaimakariri region. In the 

kettlehole, hovrever, flowering is generally delayed. This 

ev:Ldently results from the presence of the water delaying 

the commencement of spring gr01lvth. This relationship 

between flO'l.t{ering periods and inundation is represented in 
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On November 15th, 1962, it was noted that a few 

of the Viola cunninghamii in the kettlehole were in flower. 

This would represent the commencement of the flowering 

season for that species in the kettlehole. At that time 

the area was half full of water and that which was not 

inundated was quite wet. At tile same time other species 

in flower were Celmisia gracilenta., Haloragis micrantha and 

Hypericum japonicum. The list of Appendix IV indicates 

thftt for these three species it is quite usual for flowering 

to commence in November. But if this be the case then the 

period of vegetative growth is curtailed. Haloragis 

micrantha and HynericuRl japonicum in the kettlehole are 

not considered to differ greE,tly from their types, but, as 

has already been noted the Celmisia gracilenta is some'\vha t 

depauperated. .A brIef divergence into morphogenesis will 

indicate the possi bili ty that this depauperation is due to 

curtELilnlent of the period of vegetatiye grov.'th. 

It ts generally held (Sinnott 1960. P. 417.) that 

size differfmces are attained by differences in rate or 

duration of gro~lth or both. Gro"ith rate may be genetically 

controlled. Thus factors affecting duration of growth may 

affect size. In certain plants, the vegetative phase is 

determinant in the sense that once flower initiation has 

commenced there can be no further initiation of vegetative 

organs. If flowering is controlled by climatic factors, 

that is, if it is obligatory for it to commence \~hen a 

certain temperature or photoperiod is attained, then the 

end of the vegetative phase will be independant of the 

conditions prevailing before this time. Thus it is 

postulated that delay of the onset of vegetati v€ gro\\ith, 

in curta.iling the duration of gro"lth will result in the 

reduction in number E!Ild size of vegetative organs. 

album. 

This would be the situation in Gnanhalium luteo

First flo~ering for this spectes is given as 

November, but on November j5th, 1962, there was no sign 
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of even seedlings. Flowering has not; been noted until the 

beginning of Janua~J. That Is applicable to other 

species in the kettlehole is possi bIe. 

The follo"i.ving es exhibit the above mentioned 

lIdetel'minate ll gr01~ith which in effect means tb.ey have terrrdnal 

inflorescences:-

Haloragis micrantha 
Stackhousia minima 
Galium pnrpusilluID 
Gentiana grisebachii 

Gnaphalium travel'sii 
Cr. collinum 
G. luteo-el bum 

Of these species and Gentiana grisebachii 

are normally late flmqering, connnencing January and 

December respectively. And both plants in the 

kettlehole are not abnormal. It is considered that the 

hypothesis given above to attempt all 

depauperation c'olJld apply principally to 

of some 

album. It is noted that this species is an annual and 

especially significant is the fact that it is the only 

obligate annual in the flora of the kettlehole, although 

it has been known as a perennial in other tuations. 

remaining plants appear to be perennial or at least 

The 

biennial although they are capabJ~e in other situations of 

being annunl s. 

In revie~~ng the morphological of the 

plants under consideration it is found that there exists a 

peculiar combination of xeromorphism and hydrornorphism. The 

peculiarities of the habitat demand that for three to four 

months the plants grow in waterlogged soil while in mid-

tmmmer the conditions can be deseri bed as semi-arid. 

all the species in the kettlehole xeromorphism 

occurs. Most not1:tble are the small leaf size and compact, 

mat habilt exemplified in Coprosma petrieL typical 

xerophytic feature of inrolled leaves is exhibited by 

and to a lesser extent the grasses, 
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notably Agrostis muscosa. The presence of leaf hairs, 

from pubescence to tomentum is general and indeed the only 

species which could be termed truly glabrous are ~=;:;;;; 

cunn:Lngha:rnij, Haloragis micrantha, Stackhousia minim,a, 

Hydrocotyle triparti ta, Gentiap.a_.£risebachii and Hypsela 

rivalis. The presence of IIaqueous ll tissue has been 

reported in Viola cunni n.R.hamii (Fmreraker 19:J7). 

Gnaphalium traversii (Betts.:l920) and Plantago tria.ndra 

(Betts 1920). 

These xerophytic features which undoubtedly 

contri bute towards the tolerance of the species of the 

midsummer desication are overlain by a number of hydrophytic 

features notable amongst which is the almost universal 

presence of thin epidermal layers with no great development 

of cuticle. This was particularly evident in sections of 

Agrostis muscosa. when leaf sections were talten after 

plants had been cultivated for a short period the epidermis 

appeared. to be stronger and eli d not collapse as it had done 

in sections from wild plants. 

StoJllata occur on both surfaces of a leaf but are 

generally more nurne:('o1.1S on the undersurface. 

E1)il~ium ..e.R2., 

and the grasses the stoTllccta 8.re neither sunlcen no.1:' 

raised, .:md appear to have no special adEtptions of tb.eir 

guard cells. (f3etts 1918. and 1920; FoweraJ{;er 19:17). 

AlthJugh not a distinctly hydrophytic feature this is 

contrary to the condition expected in xerophytes. 

'rhe presence of an endoderruis in the aerial parts 

of a plant may be considered as a hydrophytic feature. 

Eames sndIVlcDanlels (1947, p. 161) ment:Lon its presence 

specifically in Plantago and grasses, and more generally in 

aquatic plants and species of moist habitats. 

the function of this anatomIcal feature there 
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be much discussion but the above authors intimate that the 

more reasonable approach is to consider that an 

endodermal layer acts as a sheath preventing loss of sap 

from the vascular bundles, "ihere the external medium is 

aqueous. If this interpretation is accepted then an 

endodermis is a very necessary feature of 

of hydrophytes. 

aeri part 

Of particular interest is ti1e presence of 

hydathodes on the undersurface of the leaves of Plantaf:.9 

triandra (Betts 1920). are water secreting structures 

which occur in plants grov-ling in habitats favouring rapid 

water absorptlon with slO'i.<J transpiration (Curtis and Clark 

1950. p~ 173). Such a 8ituat10n exists in the kettlehole 

especially during the months October to December. 

It has her,,," been inc1icctted that all the plants 

under consideration have certain special characteristics 

1}Jhich enable them to live together under the conditions 

provided btJ the 1l:ettlehole. Thi s "1i ving togetherll as a 

biological entity must nm,! be examined in detail. 

~lIodern ecological thought centres mainly about 

the concept of the plant communi as an "organism". If 

this view is accepted, the existence is implied of some 

form of organization as in a plant ·wl1ich may be considered, 

as a collection of cells organized in various ways.. The 

basic organization of a plant community is considered in 

three forms - vertical, horizontal, and chronologicaL. 

(Hopkins 1957). Vertical organization or layering will 

not be conSidered here. The vegetation under survey is, 

by reason of i lOlG mat structure, essentially a single-

layered community. Horizontal organization, as revealed 

in tne pattern of the dispo tion of species, will be treated 

in detail B.nd from this and other sources an attempt 1IJl11 be 

made to deduce chronological orgcmi!2:ation in the form of 
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.successional or cyclic es. 

The vegetation must first be viewed as a static 

enti ty by recording the at one potnt in its life. 

To. this end t:ae vegetation 'vas mapped by laying dOvID a 

series of transects one metre apart along each of 1IJ11ic11 the 

occurring at one metre intervals 1!Jere recorded. In 

effect this procedure covered whole area in a one metre 

grid. The tran$ects ran north to south from the base line 

laid down outside the northern edge of the kettlehole 

vegetation. The map thus obtained is given in fig. LO. 

In this form it is little more than a record of the 

observations and apart frOlTI the central stands of ===== 
and no pattern is apparent. The distributions 

of individual species must nOl<[ be extracted from the map 

considered alone or in groups to bring out any pattern 

may be present. 

As mentioned above tllTO plant associations are 

:lmrnediately obvious - these are the central pure stand of 

Hyrlophyllum propinguum surrounded by an almost pure 

aSSOCiation of Eleocharis acuta. outside tilese areas an 

idea of the basic pattern is obtained by considering the 

distri bution of the species of grasses (fig. 13a). From 

this it becomes apparent that there are t1'lO further illajor 

aSSOCiations: the one indioated by Deyeuxia forsteri, the 

other by Agrosti s tenuis. 

The remaining species are distributed in these 

regions and, as it will become evident in the ensuing 

d:lscussion, each species is confined to a remarkable 

extent, to one particular region. 

The floristic regions del:lmi above coinc:lde 

ItTi th broad of degrees. of inundation. The 

IIJ:Ylj,,oR.hyllum association is purely aquatic and dries 
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Aa 
Ag 
AID 
Ao 
As 
At 
Bs 
Ca 
Cc 
Ce 
Car 
Cg 

CIa 
Cig 
Co 
Cp 
Cu 
Cf 
Db 
Dt 
Dt 
Ea 
El 
Et 
Fn 
Gc 
Gd 
Gg 
GI 
Gn 
Gp 
Gs 
Gt 
Hc 
Bj 
am 
Br 
Bt 
Hy 
Je 
Lc 
Ls 
Kp 
Is 
Pc 
PJ 
Po 
Pt 
Pv 
Ra' 
Rl 
Rs 
Sb 
Sm 
Tf 
Tr 
Us 
Vc 

KEf. 

Acaena anserin1folia 
Agropyron scabrua 
Agrostis muscola 
AnthoxanthUll adoratum 
Agrostis .tolonifera 
Agro.tis teauis 
Brachycome sinclairii 
Cassinia fUlvida 
Campylopus cla.atus 
Celm1sia gracilenta 
Carex flavito~8 

* Carex ,audichaudiana 
and luncus articulatus 

Cladonia 'aggregata 
Cladonia gracilis 
Cotula purpusilla 
Coprosma petriei 
Centella uniflora 
Cyathodes fraseri 
Dichondra brevi folia 
De.yeux1a forsteri 
Discaria touaatou 
Eleocharis acuta 
Epilobium inornatum 
Epilobium tenuipes 
'estuca novae-~elandiae 
Gnapnalium collinua 
Gaultheria depressa 
Gentiana grisebachii 
Gnaphalium luteo-album 
Gratiola nana 
Galium p.rpusillam 
Geranium sessiliflorum 
Gnaphalium traversii 
Bypnua cupressiforme 
Hypericum j aponicum 
Baloragis micrantha 
Byplela rivalis 
Bydrocotyle tripartita 
Bypocbaeris radicata 
Juncus etfusus 
. Luzula cheesemanii 
Leptospermum scoparium 
Myriophyllum propinquum 
lertera setulos8 
Poa colensoi W. 
Polytrichum junipertum 
Piaelea oreophila 
Plantago triandra 
Prunella vulg~ris 
Rumex acetosella 
Rhacomitrium lanuginosum 
Raoulia subsericea 
Senecio bellidioides 
Stackhousia minima 
Thuidium furturosum 
Trifolium sp. 
Unidentifiable seedling 
Viola cunninghaa1i 

* in the process of recording 
Juncus articulatus became . 
contused with Carex 
gaudicbaudiana. The two 
appear to be equally 
CQUIIIlon. 
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completely for only a short time each year. The Eleocharis 

association embraces the central IIpOOlll which is the region 

next Illost continuously inundated and demarcated by a 

relatively sha.rp cha.nge in slope at lts outer limit. Here 

the pure stand of Eleocharis acu.1£1 is fringed by Hydrocotyle 

tripartita and to some ex.tent Juncns articulatusi~ (fig.j3b .. ) 

The Deyeuxia forsteri association covers that area 

which is referred to as the Ild.arap" region. Along 'Vii th the 

denominative species above Galium purpusillum is equally as 

common. other species present are Agro sti s stolonifera., 

Pla:t;l~§,gQ..j:.RiaD!1.r.§., Cente]J,!LllDif:!,9.r.s, lli12_.91l!1!dn~hamii" 

Carex gaudichaudiana, Juncus artlculatus, Gratiola nana and 

to some extent Gnaphali'l1m luteo-e.lbum. 

The remaining 14 or so species occur along with 

A.grostis tenuls on the outermost region or "Strand" that is 

inundated for the shortest period. 

It is evident that in traversing the kettlehole 

from driest to YJ'ettest site there is a decrease in the number 

of species. This follows naturally from the increasing 

demcmds of tbe habitat upon the plants as the "later regime 

increases. The si tuatj.on 18 graphically represented in 

fig. j2. where the number of weeks of total inund£tion in 

ea.ch region has been calculated from the diagr81n in fig. 9. 

Fig. :1.1. lndicates that thE're is B. decrea.se in the 

area of the regions on the same vector as the increasing vlater 

r~gil1le and decr(:.Etsing numbers of SlJecies. Decrease in area 

resul ts in less variet.y of habi t.at concli tiona and consequent 

reduction of the numbers of species. 'rhe pure stand of 

.,(- As mentioned in fig. :10. J. ctrticulatus became 
confused in the recordings ".ri til Carex gaudichaudiana. 
Al though they appear equally common the plants shoviTI 
to be associated "Ii th the ElElocb.aris acuta are mainly 
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M;yrio12h;yllJll!l examplifies the ultimate state in the extra

polation of this concept. The other extreme is approached 

by the Agrostis teni1.1s association with its variety of species 

which, as will be shovm, are not all randomly distributed. 

Wi th these point~l in mind it is necessary to proceed nov! to 

a detailed examination of each region for internal patterns. 

The M;yriophyllum association is a pure aquatic stand 

in which the plants are randomly distributed. Such a 

si tuation is expected in an area as small as 27 square metres 

in "Thich the presence of water for 30 weeks of the year 

excludes all but true aquatic species. Water provides a 

very uniform habitat in which apart from variations in the' 

nature of the substratum the only major factor a.ffecting the 

disposition of plants is mutual competition. 

The Eleocharis association is conditioned by the 

same factors except that it is not so truly aquatic. The 

outer limit of the pure stand of Eleocharis acuta is to some 

extent invaded by H;ydrocotyle tripartita, and Juncus 

articulatus. However, neither of these species are confined 

to this region and perhaps are best considered as indicative 

of a transition zone beh/een the Eleocharis and the surrounding 

association of Deyeuxia forsteri. 

The remaining two associations are of most interest 

because of their variety of species. The damp region which 

constitutes a narrow' strip around the Eleocharij3 expanding 

into the centre of the "restern end of the kettlehole is 

dominated by De;yeuxia forsteri and Gal.111m_12urliusillum (fig.jH3c). 

Both species are randomly distributed in all parts of this 

region except the south-western extremity where the dominant 

grass is Agrostis stolonifera.. Carex gaudichaudiana is most 

prevalent in this small patch but also occurs scattered 

throughout the rest of the association. This region of 

C. gaudichaudiana and Agrosii,§ stolonifera iSi 10vrer lytng 
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ground than that occupied by the Deyeuxia forsteri, but is 

not as wet as the Eleocharis stand. Plantago triandra is 

associated. wI th the Deyeuxia forsteri but has a clumped 

distribution. Centella uniflora only occurs in the south 

eastern corner to v-r11ioh Gratio1a nana is also confined. A 

single record of Carex f2aviformis occurs amongst the 

c. gaudichaudiana. Viola cunninghamii is most common 

towards the centre of the Deyeuxia association but does to 

some degree extend into the Agrostis tgptus association in 

many regions. The distribution of this species is someiv-hat 

disjunct. The large rush Juncus effusus is represented by 

a few plants in the tV-TO dampest regions (fig. j4b.) It has 

already been mentioned that Hydrocotyle tripalJ':ti ta skirts the 

Eleocharis stand arid in part extends a short distance into 

the Deyeuxia association. 

It is observed here that the two main species, 

Deyeuxia forsteri and Galium purpusillum have their random 

distribution restricted by greater dampness in one small region. 

The degree of dampness also limits the distribution of Agrostis 

sto1onifera, Hydrocotyle tripartita, Gratio1a nana, Cente11a 

unif10ra and Juncus effusus. The remaining species have a 

disjunct distribution that cannot be attributed to the , 
variations in water regime. 

In the outermost association Agrostis tenius is more 

or less rflIldomly distributed except that. at the eastern end of 

the kettlehole it is replaced by a patch of Agrostis muscosa 

(fig.13a. ) Associe.ted with the A. rilUscosa is Celmisia 

graci1enta, Cotula perpusilla, Epi10bium inornattun and 

Gn~J2hali um 1 uteo-al bunt_ But these latter species do occur 

in other parts of the kettleho1e. (fig. 14c.) The species 

next most atrqndant to Agrostis tenius is Anthoxanthum odorattun 

which has a somevlhat patchy distribution to,,,ards the "rim" of 

the kettlehole and only rarely approaches the 
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association. (F:I.g.13a.) • The mosses recorded in the 

species iist appear to occur only in the drier, Agrostis 

tenius association. Polytrichum juniperinum has a clumped 

distribution although this is not particularly obvious in the 

diagram (Fig. 15a.). The map of the distribution of grasses 

in fig. 13a. indicates a few patches from "Thich grasses 

appear t~ be absent. These areas are occupied by clumps of 

Polytrichum juniperinum which has closely associated with it 

Haloragis micrantha, Dichondra brevifolia and to some extent 

Viola cunninghamii. (Fig. 15a.). Courosma petriei is 

another randomly dispersed species, but only on the upper 

levels; its distribution approaches that of Anthoxanthum 

odoratum, although it is not necessarily closely associated 

with this species. 

·Stackhousia, minima is remarkable for the fact that 

it is confined to a small patCh at the western end of the 

kettlehole. (Fig. 15b.). Other species of disjunct 

distribution are Nertera setulosa, Gentiana grisebachii, 

Hyuochaeris radicata, Gnaphalium traversii, G. collinunl, 

Epilobium inornatum, Hypericum japonicum, Hnsela rivalis, 

Campylopus clavatus and Hypnum cupressiforme. 

Within this major association the environmental 

conditions are somewhat uniform. This is excepting the 

expected increase in water content of the soil from the "rim" 

towards the centre. The distributions of Anthoxanthum 

odoratum and Coprosma petriel can be related to this 

gradiant both speCies occupy the drier places. Agrostis 

muscosa and its associated species occurs on an area of 

light, stony soil where there are large bare patches. The 

disjunct distributions of the remaining species cannot be 

related to any habitat factors. 

Special mention must be made of the peculia.r 

distribution of Gnaphalium luteo-album. The main stands of 
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this depauperated annual are on bare stony ground at the 

eastern end of the kettlehole. These patches are surrounded 

by Agrostis rnu§co§£!, and associated species~ but the main part 

of them is covered during the summer months by pure stands of 

the G, l~teo-album. These present a remarkable appearance by 

the fact that the plants are uniformly spaced about inches 

apart. This is believed to result from root competition in 

the depauperated, stony soil. 

From the diagrams pres'ented here it is deduced that 

the vegetation of the kettlehole comprises two groups of 

patterns. Firstly there is the major pattern embodied in 

the four easily delimited associations which are related to 

the water r~gime. Superimposed upon this is the non-random, 

contageous distribution of a number of species giving a 

mosaic pattern.' The species which define the major pattern -

Myriophyllum propinguum, Eleocharis acuta~ Deyeuxia f~rsteri, 

Galium purpusillum, Agrostis tenuis and Coprosma 'Retriei - and 

are limited to areas of a particular water r~gime, are common 

species which have efficient means of reproduction and 

dispersal. The species of mosaic pattern have inefficient 

means of dispersal and could not rapidly spread over a wide 

area. 

The presence of the mosaic pattern suggests that 

the vegetation as a whole 1s a comparatively young one; that 

the area has been colonised in recent times. This conclusion 

will be substantiat,ed by results from the detailed study of 

the soil where it is maintained that the vegetation is no 

more than 500 to 000 years old. 
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PART III 

TRANSPLP~T EXPERIMENTS 

WITH VIOLA CUNNINGHAMII 



In an objective examination of any entity it is 

necessary to strip it of all external influences and consider 

its substance alone. A living organism, however, cannot be 

so treated since it ceases to exist when removed from its 

environment. But an alternative environment can be provided 

and by comparing the 'behaviour' under the two sets of 

conditions it is possible to recognise and define the fixed 

qualities of the organism. This is the principle behind 

transplant experiments where a plant is removed from its 

natural environment to a new one. It is not possible to 

change the environment of a plant too drc~stically but the 

comparatively slight changes that can be made enable the 

experimenter to distinguish between those characteristics 

which are fixed and those which are variable. The fixed 

charecteristlcs are of importance to the plant t&~onomist. 

The variable factors concern the ecologist by indicating 

ranges of tolerance for various environmental conditions. 

This dual purpose of transplant experiments has only become 

apparent with the development of the concept that all the 

characteristics of a plant are governed by 'genes' or 'gene 

complexes' which·in some cases rigidly dictat€.! the form of a 

characteristic and in others alloi>l a wide variation influenced 

by conditions in the enviromnent. The experimenter with 

transplants is tbus endeavouring to decid.e which specific 

characteristics of an ecotype are heritable and which are 

environmentally determined. 

The taxonomic system of Linnaeus is based upon the 

form of the reproductive organs of plants. Linnaeus recognisec 

that these organs varied less than others - in modern terms, 

they arE-i 1nheri table and not subj ect to environmental 

influence. The Linneam syst€~m, the basis of "classical" 

taxonomy, gives a static view of the plant kingdom, in 1"hich 

the basic unit is the species. With the acceptance of the 

DarvTln1an concept of natural selection and more particularly 
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the subsequent genetic basis of evolution, the artificial 

nature of the IIclassical ll taxonomy became evident and there 

has been a groidng desire for a more natural system embodying 

phylogenetic relationships. Whereas in IIclassical fl taxonomy 

the plant kingdom is viewed as 8, static entity, the modern 

view is a dynamic one. 

Although the phylogenetically based system is 

considered most desirable the present nomenclature is still 

derived from "classical" observations. As is pointed out 

by Heslop-Harrison (1955) the IIclassicalfl taxonomy is all

embracing in the plant kingdom but the more recently developed 

Ifexperimental" taxonomy with its phylogenetic considerations 

is at present confined to the fe", groups amenable to its 

techniques. 

The aim of Ifexperimental" taxonomy is, in Helsop-

Harrison1s words: 

lito identify evolutionary units, and by experiment 
to determine their genetical inter-relationships and 
the role of the environment in their formation." 

To further this aim the most common techniques 

involve breeding experiments in "Thich, by studying the products 

of both intraspecific and interspecific crosses, the genetical 

history and interrelationships of populations of a species are 

determined. Transplant experiments may be considered as 

compltmentary to the breedi,ng experiments wi thin "experimental ll 

taxonomy. 

Early transplant experiments were concerned with 

detecting variation in species and in many instances investi-

gators attempted to demonstrate the transformation of one 

speCies, or,.form of a species, into another. 

and 1895; Bonnier 1920; Clements 1919.). 

(Kerner 1891 

More recently 

the most important work has been that of Clausen, Keck and 

Hiesey (1940, & 1.948). While these workers aimed to 

determine vlhich morphological features of th€ir plants were 
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fixed by heredity and which were environmental they also 

sought to f1.nd whether the environmental features were 

reversable modifications or once established were themselves 

inheri table. For this problem they took a dual approach -

first studying uniform heredity in varied environments and 

they varied heredity in uniform environments. From these 

comprehensive experiments spanning many seasons they put 

forward a. number of conclusion.s of fundamental significance 

in "experirllential" taxonomy. Their conclusions which 

particularly concern the present discussions are -

ilL The individual plant is subject to the interplay 
betv.Jeen heredity ana. environment. When grown under 
different environments it may be quantitatively 
changed in various degrees. The changes induced 
by a ne,v environment give no evidence of permanence, 
but have been shown to be reversable modifications. tl 

"2. Each individual has as part of its inheritance 
a certain capacity for modification "./hen gro'~m 
under different conditions.1f 

"3. ]l[odifi.cations are quickly induced. II 

"4. Variation, of course, is of two sorts: that 
which is controlled by the environment (modificat
ions), anc1 that which is gove:rned by the heredity 
(genetic differences). Both contribute to the 
differences seen, not only between species and races, 
but also between indiyiduals of one populati.:m." 

Clausen, Keck & Hiesey, 1940 p. 408. 

These are the princip s by which the experimenter 

wi th transplal'lts 1s guided and above all, that there are two 

tJPes of variation, is fundrunental. But one must be wary 

not to apply this distinction too rigidly for, as indicated 

early in this discussion, all variation is confined \'vithin 

e1 ther broad or narr01.v limit;s and these limits are inheritable. 

Amongst the species in the kettlehole vegetation, 

stands out as one of tile most depauperated 

compared with representatives of the species in other 

118.1Ji tats; ina.eed, the species as a whole displays a high 

degree of variation in morpholo cal features. For this 

reason it was chose-n to be the subj ect of a series of 
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transplant experiments. But before describing these 

experiments the general biology of the species mu:::t be given 

as a background to the fuller understanding of the material. 

Beclcer in "Die naturlichen Pflanzenfamilienfl • (1925) 

divides the genus .::..:=.=:;::. into t"TO sections. Two of the New 

Zealand species (V. cunninghamii and V. lyalli:!) belong to the 

section Nomintum. V. cunninghamii is placed in the subsection 

Adnatae and V. lyallii tn the subsection Bilobatae. There is 

no mention of the remaining N. Z. species, V. filicaulli. 

Becker has 37 species in t11.e subsection Adnatae. These are 

di stri buted through Asia and Japan with three species in 

Australia, Tasmania and New Zeal2nd - this includes 

":"":".......J:::.==-== which in Cheeseman (1925) and Allan (1961) does 

not have specific rank. One species, V. selkirkii is 

circu:.mpolar in the Northern Hemisphere. 

Allan (1961) describes three species of in 

Zealand. V. filicaulis, he diGtinguishes by its long creep-

stems, leave and fimbricate bracts and stiplJ.les. 

It is found throughout N e\v south of lati tude 30 t , 

in river valleys and moist places. ts u:;mally a 

plant tlum the above, with the ste41lS not so definitely 

creeping, er leaves and long,:;r petioles, and ,<lith the 

stipl.lles and bracts entire, not lacerate. It is found in 

lo\·118.nd to sub-alptne damp places from lat. 350 south. 

Both these species are endemic. The latter is by Allan 

to be distinguisned from V. cunningham:Li by its cordate leaves, 

but this is a somewhat variable character. V. cU11.ninp.;hamii 

has short stems and tufted leaves, "'hich are descr! bed as 

either truncate at the base or narrowed into the petioles. 

This species also occurs in Tasmania where Rodway (1903) 

describes the leaves as "reniform to orbicular". Tb.is 

apparent variability in the leaf base the associated leaf 

blade dimensIons were featUres used inChe transplant 

(58) 



viola Iyu""; viola ~u"ltiflfJht1fftli' 

Variation in leaf' shape 8lld size in !!2.!! 
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D.S.l,R. Examples of V. l,yallii are given for oomparison. The 

numbers ref'er to tha B. D. herbarium sheets. 
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experiments. The variation :in leaf size and shape is 

indicated in Fig. 16. 

That commonly cleistogamic 

flo'IArers has already been mentioned. It been observed 

that in the kettlehole and surrounding habitats these are 

produced after an inl tia1 crop of chasmogamous flo\llers. It 

is most likely that the onset of cleistogamous flo'YTerlng is 

correlated "Ti th a dimin:i.shing water d~gime. Sinnott (1960) 

in this connection cites the work of Bro\lln (1952) who 

concluded that in Stipa leucotrida increased proportions of 

cleistogamous flo1·rers were produced as soil moisture decreased. 

Valentine and Harvey (1961) consider cleistogamy in connection 

vri th variation in Viola rupestri s. They suggest that the 

high proportion of cleistogamous flol.vers in this species 

-means that. there is a great deal of inbreeding wi thin the 

population. 

liThe effect of this occasional outbreeding and 
frequent inbreeding will be to produce local 
populations that are genotypically more or less 
uniform or consist of only a few biotypes, which 
·",ill probably differ slightly and genotypically 
from nelghbouring popUlations. II 

There ls also a high proportion of cleistogamy in 

v. cunninghamii and the above concept will later be discussed 

,vi th relation to the results of the transplant experiments 

which follow. 

In November 1961 a collection of 16 plants of Viola 

cunninghamii from the kettlehole and 8 from s1 tes in the 

surrounding region ''lere planted in 4" pots in a good standard 

potting soll. The. petiole length and leaf-blade length and 

width 'tlere measured at the time of transplanting and there-

after at monthly intervals. The pots were kept in a cold 

frame at Christchurch and during the winter months transferred 

to a glasshouse. The measurements taken are plotted on the 

graphs in Fig. 17. 
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Wi th respect to the petiole dimension the two 

collections at first converge but subsequently the kettlehole 

plants had shorter petioles (Fig.:l7a.). is inferred that 

this characteristic is a variable one, considerably 

influenced by the environmf::nt, but tha.t the maximum petiole 

length of tile kettlehole plants is fixed at a smaller 

dimension than the others .. The leB.f-blade area in the two 

collections remained consistently distinct but varied according 

to the seasons (Fig. 17b.). This area was calculated ~J 

taking 2/3 of ti'l€ blade length x l-1idth. Here the possi bili ty 

of a constant correlation between blade length and widtil is 

deduced .. 

HOl.<rever, this initial trial was somewhat unsatis-

factory for t",o reasons - first, the collection of plants 

from the variety of habitats outside the kettlehole was not 

large enough for a satisfactory comparison, and second, 

tovrards the end of the summer when transferred to the glass-

house many plants became badly infested with aphids 1-1hich so 

badly affected some plants that they failed to revive in the 

follol-ling spring. It was then decided to repeat the 

experiment with more extensive collections. 

In November 1.962 10 plants of Viola cunninghamii 

were collected from each of five sites outside the kettlehole 

and 10 plants from wi thin the kettlehole. 

briefly described thus -

These sites are 

M: Moraine, shaded parts of the slopes facing 
Lalce Sarah (N.N.'IT. slopes); V. cunninghamii 
associated with Festuca novae-zelandiae and 
BlechnuTIl penna-marina mostly in the shade of 
Discaria tonmatoll. 

SB: Sarah Bog, typical Sphagnum bog; plants 
associated with red tussock (Chionochloa 
rubra) 

CS: Cass Stream, boggy ground bet-vleen the stream 
and the 101·rer slope of Cass Hill; associated 
"Ti th sedges, red tUGsock and other grasses. 

CH: Cass Hill, SEe faCing slope in the damper pB.rts 
of the grassland that is dominated by red 
tussock. 
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SS: 

KH: 

Sarah Slopes 10vIer slopes of Sugar loaf 
(N.W. aspect) just above the shore of Lake 
Sar&l; an association of fescue-tussock 
grassland akin to the moraine vegetation; 
collections from tussock bases as opposed 
to collections from amongst Bleclmum perou.'t
marina on the moraine site. 

Kettlehole. 

Hereafter these sites and collections ~dll be referred to by 

the above symbols. 

The plants were, as far as could be determined by 

eye, all of approximately the same physiological age. They 

were potted as in the first trial. The dimensions, petiole 

length, the leaf-blade length and Width, were recorded at 

monthly int,ervals until the cessation of growth in April. 

The results tabulated in Appendix VI are derived from the 

average of the measurements of three mature leaves on EJach 

plant. In f:tg. :1.8. these results are graphically treat eo. 

in the same ''fay as fox the first trial. The sudden decline 

on the final observation in fig. jSa. j.S attributed to the 

cesS<'l.tion of groiAJth. The l~ltter part of the graphs in 

fig. j'l. are deriVE)d from measurements taken during the time 

1;Jhen the plants were gro11ing in the glasshouse 11[}1ich at the 

time Ivas also being used for experiments requiring the 

artificial extension of the photoperiod. Thus the I'E'~sults 

for this period are considered to be abnormal and signifi-

cant only in that the characters in the two collections did 

not converge. This laclt of compJ_ete convergence was confirmed 

by the second trial.; the graphs in fig. l8. are in essence 

comparable to those in fig. :17. Not.e that the vertical scale 

of fig. :lSb. 1.8 not the same as that for ftg. :I7b. 

As vJell as the above observations £t record was 

kept of the nature of the base of the leaf-blade for each 

plant. This information is set out in fig. :19 .. 

It has alrea.dy been noted that this character is 

considerably variable (fig. :16.). From the results in fig. 

:19. it is determined that in each population sampled the 
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plants have a tendency tal/lards a part.icular leaf-base shape .. 

In the boggy situations the leaves tend to be cordEte and in 

the dryer grassland cuneate. Aft.er trcmsplantation, during 

the initi grovrt.h . the e tended to become cordate 

H.nd then cODlmenced reversion to cuneate as the grov.ring period' 

advBncec1. This feature is readily correlat.ed vli th the 

dimensions of the leaf - if the length exceeds the breadth 

then the base shape is cuneate, and vice verSE. On this 

s fig •• 20. vas prepared. Herf~ the difference beb.,reen 

leES-blade length and 'Width is plotted against time to 

indicate the general t.rend towards the cordate form then 

bacle to the cuneate form. In thl s gra.ph the kettlehole 

plcmts notably do not appear to approcJ.ch the corde.te form. 

Although fie. :19. does indtcate tb.e presence of cordate 

form there is definitely more expression of the cuneate form 

than ln the other popUlations. 

That this dimensional correlation is in turn 

attributable to differential grovlth rates is most proba.ble. 

It is apparent that during the period of maximum grow-th the 

rate of lateral extension exceeds that in the other plane 

thus producing the cordate provid.ed of course that the 

. original dimensions were equal. The mechanism of gro1;,th in 

the leaves of Viola curmingharnii is not knovm so the decisive 

factor may not necef:~sarily be rate of growth but possibly 

duration of grovlth, and of course the nature and disposition 

of the meristematic tissue must be important. A comprehen

sive survey such as that of Milthol'.'pe (:1956) indicates that 

condi tions in the envirollllent acting upon these gro1;rth 

processes ca.n affect the form of the leaves. This is 

expressed in the varicltj.on of leaf form in 

ROvTever, th(" above results suggest tb.At eaeh population 

a fixed and inheritable range of form wi thin "Thieh the 

environmental influence react::.:. This would appear to 

particularly sep[lrate kettlehole population from 
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others since these plants appear incapable of assuming the true 

cordate form. 

The results obtained from the transplant experiments 

indicate that the phenotypic expression in the kettlehole 

population of Viola cunninghamii 1'5 the outcome of an interplay 

of heredity and environment. This may be more simply 

conceived through reference to the previously expressed idea 

that the environment reacts within bounds set by the genotype. 

The operative environmental factors must now be considered. 
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PART IV. 

THE ANALYSIS OF THE SOIL. 



In approaching the investigation of the soil the 

order of treatment laid d01<m by Taylor and Pohlen (196;2) ha.s 

been followed to some extent. The soil site and its geological 

history is adequately covered in Part I.' Thus the soil profile 

will be considered first. 

The soil profile to be described in detail comes from 

the centre of the transect illustrated in fig. 21. This 

figure diagramatically illustrates the principal soil horizons 

along a transeot through a central portion of the kettlehole. 

That this is a fair representation ofa section through any 

part of the kettlehole is suggested by observations made along 

another transect (C-D in fig. 21 inset) during tile course of 

sampling for the moisture content of the soil.. The horizons 

in the profile that ~res studied in detail are diagramatically 

represented in fig. 22.. Fig. 2.3a. illustrates the upper 

18 cm. of this profile. 

In the upper 6 cm. of the profile there is a dark, 

brown-bl.ack, fibrous, clay loam. Above this there is no 

appreciable litter beneath the almost mat vegetation. At 

about 7 cm. frota the surface there is a thin band (or series of 

bands) of charcoal. Ilnmediately below this there is a dark 

yellow-grey horizon ¥TIlich at a depth of 15 cm. merges into the 

grey/white of the next horizon. Just below the charcoal bands 

there is a layer of stones which average about 8 cm. in 

diameter. These are not apparent in fig. 2.3a. and only occur 

in the northern half of the transect in fig. 21. 

At a depth of between 17 and 24 cm. the horizon is 

almost white with prominent orange mottJ.ing. This region is 

seen towards the bottom of the photograph in fig. 2.3a. The 

mottles area brilliant orange colour and are associated with 

both living and dead plant roots and cracks in the clay. The 

mottles are lIabundal1t1l in that they occupy 20-25% of the total 

area of the ~atrix - on the scale proposed by Folk 1951, 
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quoted by Taylor and Pahlen (1962). Below this the mottling 

becomes less abundant as the matrix becomes a darker grey 

colour. To some extent this darkening of the colour is 

attributable to an increase in wetness. Between 30 and 35 cm. 

there are no orange mottles except around a few old plant roots. 

At a depth of 43 cm. the clay abruptly finishes and 

rests on a substratum. of large rocks ina cement-like matrix. 

At the plane of contact this matrix is a fine pea-gravel. 

The texture of the humus horizon is such that it 

may be described as a silty clay loam, made fibrous by the 

many plant roots. The horizons beneath this are clay. 

In order to give some indication of the relative 

porosi~r of horizons in the profile some dete~ninations of the 

water content at various levels were made. In December 1962 

preliminary detenuinations were made along a number of transects 

each from the outside to the inside of the kettlehole.' These 

indicated that more detailed determinations along, one transect 

could be taken as typical for the whole area. 

Samples for the critical determinations were taken 

on 27th January, 1963. At this time there 1mS no water in 

the kettlehole although the centre was quite wet. Sample 

points vere set at 2ift. intervals along a transect on the 

south side of the kettlehole (C-D in fig. 21 inset). At each 

of these points a 1 inch core was taken and divided into 

2 inch samples each of which was sealed in a plastiC bag. 

In the laboratory each of these samples Has weighed, dried 

in an oven (250°c) and then reweighed. From the results the 

percentage of water per dry weight of soil was calculated. 

Simplified graphical interpretations of these results 

set out in Appena,ix VII are given in fig. 24. In particular 

fig. 24b. is included to support the contention that the 

percentage of water per dry weight of soil does give a measure 
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of the soil porosity. This graph shows that the percentage 

of water increases from the outside to the inside of the 

kettleholej thus the closer to the centre a sample is taken 

the more completely saturated is the soil and the more accurate 

one would expect the consequent interpretations of porosity to 

be.. But it is contended that even at the tlrim" of the 

kettlehole these results can indicate relative porosity within 

each sample profile. It should also be mentioned that the 

results from the interior of the kettlehole are possibly less 

accurate than others because the extreme ~{ater logging made 

it difficult to extract samples of consistent volume. 

The transect along Which the above determinations 

were made does not coincide with the soil profile described in 

fig. 22. But it is considered that the profile in the region 

of thiS transect 'is essentially the same as that in fig. 22. 

except that the clay horizons are not as thick. Bearing this 

in mind, the region of the minimum porosity,as indicated in 

fig .. 24a., would correspond to the region of orange mottling. 

The profile which has been described is typical of a 

gleyed soil in which a leaching of the upper layers of the 

profile is characteristic. 

podsol of any sort. 

It cannot be safely termed a 

The profile in fig. 22. was observed in the field by 

Mr. e .. G. Vucetrich, D. S. loR., Soil Bureau, who considers that 

the layer of stones L~ediately below the charcoal is an old 

surface stone stripe. These stones have a "rusted ll core and 

a flbleached lf outer surface, a condition \Which is typically 

indicative of podsolization if the stones crumble easily. 

But these are quite hard, indicating that they have been 

"weathered tl on the sUl~face. In fig. 2.3b. a stone from this 

layer is contrasted ~th an unweathered stone from the top of 

the substratum. 
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In fig. 21. there are indications of "soil creep" 

having occurred in the past. This would explain the greater 

thickness of the "bleached ll horizon in the centre of the 

transect and the similar thickening of the topsoil in the same 

region. Along with the actions of soil creep there are the 

effects of the water percolating through the soil. The latter 

is probably the major cause of the concentration of charcoal in 

a layer at the centre of the transect. 

This charcoal layer is composed mostly of a very fine 

dust, but with careful separation of the soil, after soaking in 

water, a number of large pieces of charcoal were obtained. 

The largest of these were as great as 5 mm. square while ntwigsn 

as long as 1 cm. were recovered. Three major types of charcoal 

were identified - beech, sedge and fine dust which is possibly 

derived from grass. The beech (Nothofagus) charcoal ~s 

extremely soft and disintegrated on handling. Certain large 

lwups were identified as sedge by comparison ~th living 

material .. A large proportion of this material compared closely 

to the rhizome of Juncus effusus. However, this is considered 

to be an advehtive species so it is not likely that any charcoal 

is strict]~ refer~ble to it. Most of the very fine material is 

assumed to be derived from the burning of grasses and to some 

extent from the disintegration of beech charcoal. 

It is assumed that the charcoal is contemporary vith 

that from Porters Pass and Craigieburn (Molloy et ale 1963). 

The ages of these deposits given by the above authors are -

Site Species Age in years 
before 1950 

Porters Pass Nothofagus solandri 510 1: 50 
var. c11ffortiodes 

Craigieburn Ra 11 609 ± 45 
Porters Pass 2 900 .t- 105 

tI II tf 950 ± 105 
I 
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From the information given so far it is possible to 

postulate what the kettlehole vegetation was like at the tnne 

of the fires which gave rise to the charcoal deposit. There 

is no indication that beech forest has ever occupied the site 

of the kettlehole. It is possible that the moraines may have 

been clothed in beech forest and that the kettlehole was a 

sedge-covered opening in that forest. Burrows (195S) indicates, 

in his map of the vegetation in pre-European times, that there 

can be no certainty about the presence of forest on the st. 

Bernard Saddle moraines. 

That there has been no beech forest on the kettlehole 

is indicated by the nature of the soil profile. The general 

characteristics of the soil do not enable it to be labelled an 

iron podsol which is the type of soil formed under forest. 

There is no evidence that the present profile features have 

replaced others that might have formed under forest. 

So far particular emphasis has been placed upon the 

physical properties of the kettlehole soil. The chemical 

properties are considered to be of much less significance in 

the general problem under consideration.. It is believed that 

the chemical constitution of the kettlehole soil is not 

sufficiently divergent from that of the surrounding soil to 

contribute towards the observed differences in the t.1pe of 

vegetation. This generalization needs support and qualification 

To this end a series of experiments using lIindicator 

plants" in various soils was conducted. For the first trial in 

September, 1962, Cape barley (Hordeum vulgare) and Sorrel 

(Rumex aceta sella) were grown on three soils of different origin. 

The Cape barley was chosen because of its particularly rapid 

growth. Sorrel occurs on a wide variety of habitats and is 

useful for the fact that a number of plants of Similar size can 

be obtained from one clone. The soils were from the kettlehole, 

from a site on the moraines overlooking Lake Sarah, and a 

general purpose potting soil .. 
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The soils taken from the two natural sites were 

topsoils no more than 6-8 inches deep. Th-ese and the potting 

soil were crumbled to an even consistency and yetted so that 

they were of approximately the same major physical structure, 

as far as could be judged by feel. 

At regular intervals after the appearance of the 

first shoots measurements of the maximum height were taken. 

From the results the graph in fig. 25a. vas constructed. 

This graph and the accompanying photograph show that the plants 

in kettlehole soil were as l~~riant as those in potting soil 

while the plants in "Sarahti soil were comparatively depauperated. 

When the experiment was repeated there appeared to be much more 

agreement between plants on kettlehole and "Sarah" soils. 

The results of the second trial are graphically represented in 

fig. 25b. This 'trial was continued for 30 days more than the 

first but other conditions were simulated. 

These two sets of results appear somewhat inconsistent J 

but the important point in the present discussion is that in 

neither case were the plants in kettlehole soil any less 

luxuriant than plants in "Sarah" soil. That is, neither 

experiment indicated that there is any lower concentration of 

essential elements in the kettlehole solI than in the "Sarah'! 

soil. Indeed, there are indications, from the first trial, 

that the kettlehole soil may be richer in nutrients. This is 

to be expected when the site and form of the kettlehole is 

considered - this shallOl-' baSin, receiving the run-off from 

surrounding country, can be envisaged as a region of concen

tration of nutrients carried in solution in the water. 

It should be noted here that the barley plants on 

"Sarah" soil were noticeably a pale green colour. This 

chlorosis c01ud be due to a deficiency in either iron or 

manganese or both, as these are the trace elements most 

concerned with chlorophyll formation. (Wallace 1961.) 
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For the experiment with sorrel (Rumex acetosellgJ 

the soil was prepared as for the barley and in each pot a portion 

with two leaves and a shoot was planted. All the 18 plants 

used came from a single clone. The result s, as represented in 

fig .. 26., substantiate the conclusions reached above. 

Besides these results it was noted that after two 

months the sorrel plants in the kettlehole and nSarah" soils 

assumed a reddish colouration. This is a phenomenon that has 

been observed in these plants in the field and for ~ich no 

satisfactory explanation has yet been offered. 

It was mentioned earlier that pH determinations had 

been made. The pH of each of the three soils was determined 

immediately prior to setting the indicator plants in them. A 

Cambridge glass-electrode potentiometer was used ~ith the 

procedure laid down by Metson (1956) in ~ich 10 gm. of soil 

are added to 25 mI. of distilled water and left overnight in 

a constant temperature cabinet. The following results were 

obtained from two sets of readings: 

Potting soil 5 .. 0 , 6 .. '5 

"Sarah" soil 5.3 , 6 .. 3 

Kettlehole soil 4.7 , 5 .. 6 

The second set of readings is taken as a more true value for 

the pH of the soils at that time. 

It should be noted that these determinations vere 

made after the two 'natural' soils had been brought in from 

the field for the "indicator" experiments. They do not 

therefore give an accurate picture of the acidity of the soils 

in nature; they merely state the acidity at the time the 

experiment was conducted. Since the pH value for the potting 

soil and for the "Sarahts soil is essentially the same it is 

assumed that the soil acidity did not in any way contribute 

towards the results of the experiment. 
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Although these pH values were not determined in situ 

in the field, it is considered that the small difference between 

the pH of the "Sarah1f soil and that of the kettlehole soil can 

be useful in discussing the relative acidity of the two soils. 

It has already been mentioned that the kettlehole is 

envisaged as a basin collecting run-off from the surrounding 

slopes and that this could give rise to a high concentration 

of soluble salts. This high concentration is refleoted in the 

higher acidity of the kettlehole soil oompared with the lISarah" 

soil. The differenoe in pH of approximately one unit in the 

soils in the laboratory appears negligible, but it is oonsid

ered that in the field the differenoe would be greater. The 

pH value of 6.'3 given for the "SarahfJ soil is more or less that 

expected of suoh a soil under grassland but theaotual pH for 

the kettlehole site would be considerably lower than the 5.6 

given. However, it should be borne in mind that the conditions 

within the kettlehole vary considerably in the course of a year 

and that the acidity of the site would be much different in 

winter when inundated than in summer when the topsoil was quite 

dry. All things oonsidered, it is generally held that a pH 

in the range 5.5 - 6.5 satisfaotory for thee normal growth of 

plants, other faotors being equal, and that most plant speoies 

have a reasonable tolerance to low pH and variations in pH. 

That the kettlehole is a moderately acid site is not therefore 

considered significant in the elucidation of the problem in 

hand. 

It has been demonstrated that the kettlehole soil 

contains no less significant defioienoies of essential 

minerals than does the soil supporting the very different 

vegetation of the surroundings. These same experiments would 

appear to rule out the possibility of the presence of excessive 

quantities of elements giving a tOJric effect. H01>rever, it 

should be noted that the soil from the kettlehole, used in these 

experiments, was not waterlogged as it is at certain times of 
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the year in the field. Under waterlogged conditions there is 

evidence for various toxio effects. Robinson (1930) gives 

evidence that submerged soils contain abnormally high ooncen

trations of Manganese and also of Ferrous irons which render 

the soil solution toxio to many species. This statement is 

interesting in view of the observed possibility of manganese 

and, or iron deficienoy in the "Sarah" soil mentioned earlier. 

HO~lever, Robinson (1930) maintains that the Manganese and 

Ferrous irons are kept in solution as bicarbonates on account 

of the high concentrations of CO2 but in the kettlehole it is 

believed that there is a comparatively 10lf CO2 concentration 

as indicated by the rich population of blue-green algae. 

The algal flora listed in Appendix I includes a 

number of genera that are generally considered to fix nitrogen 

and thus eventually to make it available for plant growth. 

This enrichment of the environment 1'1ith. combined forms of 

nitrogen is possible since the protoplasmic constituents 

formed from the nitrogen are released and decomposed upon decB_Y 

of the algal cells. Alexander (1961) states that this capacity 

is associated 1o!ith the Cyanophyceae of 1iThich the kettlehole 

flora is lmmm to contain five identifiable geners_. Of these 

NostoQ. and ~l?.p.tg.rix are quoted by Alexander (1961) a.s 

predominantly concerned 1>lith nitrogen fixation. 

Further, work on waterlogging in paddy fields (Okuda 

and Yamaguchi, 1956 and Fogg 1956) has revealed that an increase 

in bound nitrogen only occurs in waterlogged soils containing 

an abundant blue-green algae population. It is thus most 

likely that the kettlehole soil has a comparatively high 

nitrogen rhgime. 

A waterlogged soil has generally been considered to 

be a medium with ver'oJ low amounts of oxygen. But Shields 

(1953), in a c'omprehensive reviel-l~ of the nitrogen sources of 

plants points out, that the presence of nitrifying blue-green 
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algae in the soil maintains a fairly high level of oxygenation. 

Finally it should be noted that there is no evidence 

in the literature that high nitrogen content of the soil has any 

inhibitary effect upon plant gro'Wth. 

(74) 



PART V. 

CONCLUSIONS. 



Throughout the preceeding discussions a number of 

ideas relating to the kettlehole and its vegetation have been 

presented. These must now be gathered into a concise view 

of the area as a biological entity. 

It is with some certainty that the age of the 

vegetation can be fixed at between 500 and 1,000 years old. 

The topsoil was formed at this time and it is believed that 

colonization by plants co~nenced immediately. There is no 

evidence that at any time during the 50q - 1,000 year period 

the area was completely inundated for more than a few months 

of a year. 

The youth of the vegetation is further indicated by 

the mosaic pattern revealed in the vegetation analysis (Part II). 

There it was shown that the fluctuating water level affects the 

distribution of ·species and confines them to particular regions 

depending on their tolerance of water-logging. But within 

these environmentally induced floristic regions the species are 

contagiously distributed. A good example of this is 

Stackhousia minima (fig. 15.). This type of distribution is 

strongly indicative of comparatively recent colonization. 

Althot~h no SUbstantial evidence can be offered to suggest 

active invasion by any particular species, the impression is 

gained that the vegetation is so far from maturity to allow 

considerable changes in its present floristic nature. 

It is here inferred that the vegetation is dynamic 

in the sense that the species composition is fluctuating. It 

is also postulated that species themselves are changing. The 

detailed study of Viola cunninghamii in Part III has revealed 

that the differences which separate the kettlehole population 

from those of other habitats are to some extent inheritable. 

Here is presented the hYpothesis that the observed divergence 

is in part caused by a lack of outbreeding from the kettlehole 

population. It was pointed out (Part III) that flowering in 

kettlehole plants of V. cunninghami! is out of phase with 
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that in plants of other habitats. ~en the kettlehole plants 

have chasmogamous flowers and are capable of cross-pollination 

the others are mostly advanced into the cleistogamou8 stage. 

This lack of coinoidence in flowering sets up a barrier to gene 

exchange. Ultimately this barrier is attributable to the 

inundation of the kettlehole for some months of each year. 

The presence of the water prohibits growth until later in the 

season, thus delaying flower initiation. 

This hypothesis depends to a great extent upon the 

presence of cleistogamy in y. cunninghamii. But various other 

features, in particular details of floral morphology, may cause 

a plant to be most often self-pollinated or if cross'-pollination 

does occur it is within the population of a small area. It is 

postulated then, that a more or less closed IIpool of gene 

exchange" may exist in many species of the kettlehole. 

Because of thiS, evolution of species would proceed independ

antly in the kettlehole. 

The differences between the pop,ula tions are thus 

attribute~ in part, to the genotype which is thought to be 

changing in isolation from the genotypes of populations 

outside the kettlehole, this isolation being caused by the 

interference of a particular factor in the environment, 

namely the periodic inundation. The validity of this 

agrument is to some extent dependent upon the asswuption 

that the fluctuation of the water level has not varied 

greatly over past years. It is difficult to establish 

this as a fact. But there is no evidence that in recent 

years the kettlehole has had more, or less water at any 

particular time of the year than observed during the past 

two years. More specifically, an aerial photograph taken 

in November 1948 shows that there was then as much water as 

has been observed at the same time over the period of study. 

The periodiC inundation is also the basic cause of 

(77) 



factors in the soil which contribute towards the observed 

divergence between kettlehole and other populations. It 

has been seen in the soil profile (figs. 21 & 22) that there 

is a thin topsoil which overlays a leached horizon. This 

latter horizon contains no nutrients of value to the plants. 

Comparatively deep-rooting plants will thus be groving in an 

unsatisfactory medium l'lhere inhibition of root growth by lo"r 

porOSity occurs. This inhibition is reflected in the 

depauperation of the aerial parts of the plants. 

In the introductory remarks it was indicated that 

the aim of this study vas to trace the cause or causes of the 

peouliar vegetation of the kettlehole and its depauperation. 

It is now possible to say that basically there is one cause -

the complete submergence of the vegetation for at least two 

months of each year. But the situation is most interesting 

in that this single cause acts upon the plants through both 

the genotype and the phenotype. 
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APPENDICES. 



Genera of Algae in two 
from the kettlehole. 
Dr. E.J~ .• Flint. 

&.9rd Nov. 1962 .. 

Green Algae: 

Zygnema 

Spirogyra 

OedogoniuUl 

Pandorina 

Bulbochaete 

(an unknovm) 

Blue-green Algae: 

Nostoc 

Coccochloris 

Tolypothrix 

Stigonema 

Desmids: 

. Staurastrum 

Micrastereas 

Closterium 

Euastrum 

Mesotaenium 

Flagellates: 

Phacus 

Euglena 

Cryptomonas 

Diatoms: 

Various genera 

samples of water 
Determined by 

g8.:tJ::t Jan. 11963. 

Green Algae:: 

Zygnema 

S.pirogyra 

Ulothrix 

Bulbochaete 

Mougeotia 

Scenedesmus 

Pandorina 

Coleochaete 

Blue-green Algae: 

Nostoc 

and several filamentous 

forms. 

Desmids: 

Closterium 

Staurastrum 

Cosmarium 

Flagellates: 

Phacus 

Euglena 

Cryptomonas 

Peridinium 

Diatoms: 

various genera. 



The Geographical Distribution of Kettlehole Species. 

Viola cunninghamii Tas. N. s. St. Ch. 

Ha.loragis micrantha Asia Mal. Aust. Tas. N. S. St. 

Myriophyllum propinquum Aust. Tas. N. S. St. 

Epilobium tenuipes N. S. 

Hypericum japonicum Asia Mal. Aust. Tas. N. s. st. 

Stackhousia minima N. S. 

Centella uniflora N. So St. Ch. 

Hydrocotyle tripartita Aust. Tas. N. S. St. 

Coprosma petriei N. s. 

Nertera setnlosa N. s. st. 

Galium pGrpusillum N. s. St. 

eelmisia gracilenta N. s. 

eotula perpusilla N. S. 

Gnaphalium traversii Aust. N. S. 

Gnaphalium collinum Aust. Tas. N. S. st. eh. 

Gnaphalium luteo-
album~~ Asia MaL Aust. Tas. N. S. St. ell. 

Gentians. grisebachii N. s. (st. ) 

Plantago triandra N. s. St. 

Hypsela rivalis N. S. 

Dichondra brevifolia N. S. st. 

Gratiola nana N. S. 

* G. luteo-album, the only species found in the Subantarctic 

Islands, 

kettlehole. 

also the only cosmopolitan species in the 
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APPENDIX III .. 

The Distribution of kettlehole species in the 
1faimakariri Basin, from Burrm'JS (1962) .. 

(key on follm.J"ing page) .. 

Viola cunninghamii 1 2 3 4 5 6 7 8 M.U.1o 

Haloragis micrantha 5 e 1. 

Myriophyllum propinquum 2 4 5 6 7 e U.1. 

Epilobium tenuipes* 2 (5) e U. 

Hypericum japonieum 5 8 U .. 1. 

Stackhousia minima 5 6 e 1. 

Centella uniflera 5 7 e 1. 

Hydrocotyle tripartita 3 5 6 8 U .. L. 

Coprosma petriei 1 3 4 5 6 7 e U.L. 

Galium parpusillum 1 2 3 4 5 6 7 8 M .. U. 

Netera setulosa 5 6 e L .. 

Celmisia gracilenta 1 2 3 4 5 6 7 8 H.M.TJ.L. 

Cotula perpusilla 4 5 6 7 e U.L. 

Gnaphalium. collinum 4 5 6 7 8 U.L. 

Gnaphalium luteo-album 1 2 3 4 5 6 7 8 U.L. 

Gnaphalium traversii 3 4 5 6 7 M. 

Gentiana grisebachii 4 5 7 e U.1. 

Plantago triandra 2 4 5 6 7 8 M.U.L .. 

Hypsela rivalis 5 6 7 8 L. 

Dichondra brevifolia 5 e L .. 

Gratj.ola nans. 5 7 e L .. 

Juncus artlculatus 4 5 6 7 8 L .. 

Luzula cheesmanii 5 6 7 8 

Carex flaviformis 2 5 6 7 8 L. 

Carex gaudichaudiana 1 2 3 4 5 6 7 8 M.U. 

Eleocharis acuta 1 2 3 4 5 6 7 8 U.L .. 

Agrostis muscosa 5 6 8 L .. 

lJeyeuxia forsteri 1 2 3 4 5 6 7 8 M.U.L. 

"* was not recorded in 5 by BUrrOl-iS. 
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APPENDIX III contd. 

WAIMAI<ARtRI RIVER' 

?co 

~ 
I Upper Waimakariri 

2 Sealey - Mingha 

3 Howdon - Andrews 5 0 ;:,1t).:' 

~ 4 Poultn 40~~-::1· .. _. 

{

5. Middle Walmokarlrl ~f 
6 Srok«n R. 

7 Esk 

{8 Kowal- Gorge 

~\~, .. ' 
Q)-' 
I 
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,. .-I ,'" .. ' 

/ _"'>~9"", \ 
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l~-. ...... _.,.J 
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/";';" 
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: ~ 
I . 
\ 
I ,. 

".-" 
I 
I .~ glaCier 

40U~isohyet 

KEY TO SYMBOLS USED 

1. Upper Waimakariri 
2. Bealey-Mingha-Edwards 
3. Hawdon-Andrews 
4. Upper Poulter 
5. Middle Waimakariri 
6. Broken River Basin 
7. Esk 
R. Lower Gorge-Kowai 

L Lowland-up to 2,OOOft 
U Upland 2,000-4,OOOft 
T Treeline 3,000-4,OOOft 
M Mountain 4,OO0-5,OOOft 
H High Mountain above 5,OOOft 
A High Mountain above 6,OOOft 
'* Listed by Cheeseman (1925) only. 
t Uncommon or rare in this area. 



APPENDIX IV .. The Mode of Reproduction in Kettlehole Species. 

Kettlehole species are underlined. 

1 • Fryxell:- information derived from Fryxell (1957) 
explanattons:-

Apom~ctic 

B 
crossfertilized selffertilized 

A, denotes principally cross-fertilized plants including 
self-incompatable, dicnogamous and dioecious species. 

13, denotes partially self-, partially cross-fertilized 
species" 

C, denotes principally self-fertilized (autogamous) 
species. 

D, . E, & F, denote faculative apomicts corresponding 
to the three preceeding categories when sexual. 

G, denotes obligate apomicts. 
H, denotes those species which have been reported as 

apomictic but for ~ich adequate information is not 
available to enable classification as D, E, F or G. 

2. Thomson:- information derived from Thomson (1330) and 
adapted to the above terminology. 

3. others:- information from various sources, including 
Uphoff (19.38). 

Comp: 

poll:-

Viola 
cunni;agham~i 
arvensis 
odorata 
riviniana 

Rumex 
acetosella 
acetosa 
arifolius 
rivalis 

Haloragis 
rnicrantha 

Myricophyllmn 
l!,rogingyum 

Epilobium 
inornatum 
tenuiJ}.rul 

compatabili~J as denoted by Fryxell (1957) 
8i, denotes self-incompatable 
D, denotes dichogamous. 

mode of pollination mainly derived from Thomson 
(1380). 

1 :2 3 4 5 
Fryxell Thomson others Compo Poll. 

(En). 
C 
B 
B? 

H 
H 
H 

(A) An. 
A An. 

B (En) .. 
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~;eeIldl:lLQIX .IY: contd. 

·1 2 3 4 5 
Fryxell Thomson Others Compo Poll. 

Hypericum 
japonicum C 
calycinulU A 8i 
perforatum G 

8tackJ,1.ousia 
minima 

Centella 
uniflora 

Hydrocotyle An. 
tril2.artita 

Coprosma A 
:2etriei 

Nertera 
setulosa A 

Galium (Asperula) 
:2!lIpusillum En. 

Celmisia A 
gracilenta 

Cotula A 
,:2.url2usilla 

Gnaphalium. A 
collinum. 
luteo-album 
traversii 

Hypochaeris A 
radicata A 81. 

Gentiana 
grisebachii 
montana A En. 

Plantago 
triandra 
raoulii A An. 
juncioides A 81. 
lanceolata A 81. 
major A 8i. 
maritima A 81-
ovata A 81-
rhodospora C 
virginica C 
whrightiana C 

Hypsela (Isotomasp.) 
rivalis 

Dichondra 
brevi folia 
rep ens B? '(En. ) 

Gratiola 
nana 

Prunella 
vulgaris A 

Juncus D 
articulatus (B) 
effusus B An. (En). 
bufonius B 

Luzula D 
cheesemanii 
campestris A D 
purpurea C 

Carex 
flaviformis 
gaudichaudiana 
paludosa A D 

Eleocharis 
acuta 
rostellata H 
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Viola 
cunninghamii 

Haloragis 
micrantha 

Myriophyllum 
propinquum 

Enilobium 
tenuipes 

Hypericum 
japonicum 

Stackhousie. 
minima 

Centella 
uniflora 

Hydrocotyle 
tripartita 

Coprosma 
petriei 

Nertera 
setulosa 

Galium 
pttrpusillum 

Celmisia 
gracilenta 

Cotula 
perpusilla 

Gnaphalium 
traversii 

G. collinum 
G. luteo-album 
Gentiana 
grisebachii 

Plantago 
triandra 

Hypsela 
rivalis 

Dichondra 
brevifolia· 

Grattola nana 
1uzula 

cheesemanii 
Carex 
g audichaudians 

Eleocharis 
acuta 

Flol'fering times 

From Allan (1961) and Cheeseman (1925) 

AJlg .s~p.t Oct :Nov Dec .-J.an Feb :r.1ar Apl M(;).y~ June Jul;i 
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APPENDIX Y,I.JI,. 

Date 

12.12.62. 

6.1.63. 

18.2.63 .. 

19 • .3.63. 

5.4·.63. 

Transplant experiments 'With Viola clIDIlinghamii 
Results of second trial. 

M .. 

P 5.0 
bl 1.7 
bw 1.5 

p 2.2 
hI 2.1 
bw 2.1 

p 2.4 
bl 2 .. 0 

bw 1.8 

p 5 .• 1 
bl 1 .. 7 
b'W 1.4 

p 2.7 
bl 1.6 
bY 1.1;. 

P :::: 

bl :::: 
bw ::: 

petiole length. 
leaf-blade length. 
leaf-blade width. 

each record 1s the average of three 
measurements in each of ten plants. 

SB CS. CH .. SS. 

4.7 4.8 5.0 5.6 
1.6 1.6 1.8 1.5 
1.5 1.9 1.6 1.4 

2.; 1.8 2 .. 3 2.1 
2·4 1.9 2.1 1.6 
2·4 2 .. 3 2.1 1 .. 7 

2.5 2.2 2.7 1.8 
1.8 1.7 1.8 1.4 
1.9 2.0 1.8 1.3 

4.6 - 2.7 1.8 
1 .. 6 - 1.8 1.1:. 
1.5 - 1.8 1.3 

2.1~ 1.7 2.9 1.7 
1.5 1.2 1.5 1.1~ 

1.6 1 .1 1.2 1.1 
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1 .. 0 
0 .. 8 
O~3 

1.7 
1.5 
1.J1• 

1.9 
1.1;. 
1.2 

2 .. 3 
. 1.5 
1.3 

. 1.9 
1.3 
1.2 



APPENDIX VI! 

Sample Depth 
No" 

A1 2" 
4n 

6" 
811 

10" 
1211 
14:11 

.A2 211 
411 
61t 
811 

10 ft 

12" 

A3 2" 
411 
6n 
8t1 

1011 
1211 

14" 
16" 
18" 

A4 211 
41• 

611 

4.1 7i-" 

A5 2t1 

4" 
6" 
8 ft 

10n 

Soil water determinations. 

The sample numbers" .A1, A2" etc." refer to 
the points along the transect. 

Cont- Cont- 'Wet 'Wt. Dry lilt. lilt. of Actual 
'B.iner ainer plus plus water dry wt. 

% water 
per dry 

No. wt. cont- cont- wt. 
ai.iner ainer 

102 39 .. 16 60.08 54.21 5.87 15 .. 05 39.00 
109 36.21 67.88 59.05 8 .. 83 2,2.84 38.66 
110 38.40 69.51 61.32 8 .. 19 22.92 35.73 
117 40 .. 13 75 .. 23 67.59 7.64 27.46 27.82 
116 39.06 57 .. 33 53 .. 8 3.53 14.74 . 23.95 
117 40 .. 13 57.4 54.85 2.55 14.72 17.32 

'113 39.00 66 .. 15 60.88 5 .. 27 21.88 24·09 

112 37.32 50.1 46.4,1 3 .. 69 9.09 40.59 
106 39.38 69.2 60.39 8.81 21.01 41.93 
137 37.84 62.7 55.62 7 .. 08 17.78 39 .. 82 
129 38.28 74.2 66 .. 31' 7.89 28.03 28.15 
130 38.1:.8 77.81 70.3 7~51 31.82 23.60 
128 39 .. 44 58~01 54~6 3.1:.1 15.16 22.49 

107 40.64 56~5 51.8 4.70 11.16 42.11 
108 37.86 52~48 48.05 4 .. 43 10.19 43.1;.7 
140 36 .. 88 73 .. 38 63 .. 38 10.00 26.50 37.73 
134 37.53 60 .. 02 55 .. 32 4 .. 70 17.79 26 .. 42 
122 37.38 45.2 43.91 1 .. 29 6.53 19.75 
119 38 .. 11 60 .. 61 56.74 3.87 18.63 20.77 
122 3'7.38 79 ~1:.9 72.39 7.10 35.01 20.28 
136 39.52 72.58 65.91 6 .. 67 26.39 25 .. 27 
125 37.39 64 .. 8 59.0 5 .. 8 21.61 26.84 

120 37.74 56 .. 8 50 .. 18 6.62 12·44 53.21 
121 38.62 54.2 49.0 5.20 10.38 50 .. 09 
123 38 .. 99 60.24 54 .. 25 5.99 15.26 39.25 
111 39.09 59.4 54 .. 5 4·90 15.41 31.79 

124 39.70 59.08 51 .. 21 7.87 11.'51 68.:37 
138 39.54 58.'5 51.62 6.88 12.08 56.95 
137 37.84 57.9 53.0 4.90 15.16 32 • .32 
118 38.06 76.6 68.48 8.12 30 .. 1:~2 26.69 
116 39.06 63.13 58.75 4·}e 19.69 22.24 
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APPENDIX VII contd. 

Sample Depth Cont- Cont- ~let wt. Dry 'Wt. 'Wt. of Actual % watel 
No. ainer ainer plus plus lTater dry Wt. per dr} 

No. Wt. cont- cont- wt. 
ainer ainer 

A6 2" 133 38.87 45.66 42.66 3.00 3.79 79.15 

4" 134 37.53 64.65 54.25 10.4·0 16.72 62.20 
611 113 39.00 56.0 50.96 5.04 11.96 42.14 
8f! 112 37.32 ,6.29 51.49 4·80 14·17 33.87 

A7 21t 140 36.88 52.5 45.0 7.5 8.12 92.36 

4" 139 39.14 75.38 62.4,2 12.96 23.28 55.67 
6ft 114 40.80 57.32 52.8 4·52 12~0 37.66 
8t1 115 38.96 64.55 58.2 6.35 19.24 33.00 

A8 211 131 37.90 51 ~61 45.0 6.61 7.1 93.09 
411 132 38~24 76~23 63~25' 12.98 25~01 51 .. 89 
611 135 39.57 61.81 55.6 6.21 16.03 38.74 
811 136 39.52 69.4,3 61.3 8.13 21.78 '37.32 

c.9 11 13t 37.90 43.5 42.29 1.21 4.39 27.50 

A9 21t 124 39.70 44.07 41.7 2.37 2.0 118.50 

4" 115 38 .. 96 60.54 49.12 11.42 10.16 112 .. 4,0 
6t1 104 40 .. 20 70.66 58 .. 6 12.06 18.4,0 65 .. 54 

9.1 8" 103 39.19 57.78 52.68 5.10 13.49 37.80 
10" 101 37.81 63.15 57.59 5~56 19.78 28.11 

A10 2" 101 . 37.81 56~77 46.3 10.4,7 8.4,9 123.32 
41f 103 39.19 79.55 64.'64 14 .. 91 25.45 58.58 
6n 127 39.64 60.89 54.4 6.49 14.76 43.97 

A 11 2" 126 37 .. 54 53.08 42.9 10.18 5.36 189.92 

4" 105 38.44 63~65 51.2 12.45 12.76 97.57 
5tn 104 40.20 71.91 60.45 11.46 20.25 56.59 

A12 211 119 38.~ 11 57.5 45.61 11~S9 7 .. 50 158.53 
4t! 129 38.2$ 8Lo 65.42 15.58 27~14 57.41 
6!f 118. 38.06 73.3 62.5 10 .. 80 24·40 44.26 

1011-20n 138 39.54 95.22 81.14 14, .. 08 41.60 33.85 

. " 
A13 

., 
38.24 . 2'1 , 132 ' 51.28 43.21 8.07 4.81 167 .. 77 

4'!-8 11 110 38.40 156.66 116.71 39.95 78.31 51 .. 01 

110 ft 139 39 .. 14 73.5 63 .. 02 10.4,8 23.88 43.88 
10"-17" 114 40 .. 80 110.13 84.74- 25~39 . 43.94 57.78 

I 
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APPENDIX VII contd. 

Sample Depth Cont- Cont- Wet Wt. Dry Wt. 
No. ainer ainer plus plus 

Centre * 
a (bottom) 
b 
c 
d 

e 
f (top) 

No. wt. cont- cont
ainer ainer 

128 .39 .. 44- 1.34.72 105· .. .32 
1.30 .38.48 56.89 49 .. 98 
127 .39 .. 64 66 .. 32 57.51 . 
111 .39.09 52.29 46 .. 67 : 
106 .3:9 .. .38 11.3.9.3 . 86.4 
1.3.3 .38 .. 87 72.9 51.72 

wt. of Actual % water 
'Water dry Wt. per dry 

, Wt. 

29 • .4, 65.88 44. 62 
6 .. 91 11.50 60.09 
8 .. 81 17.87 49 .. .30 
5.62 7 .. 58 74 .. 14 

27.5.3 47 .. 02 58 .. ;5 
21.18 12.85 164.82 

* At this point it 'Was not possible to accurately 
measure the depth and size of samples because 
of the extreme water-logging .. 
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