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AB3STRACT
This investigation has shown that only three species of

Potamopyrgus Stimpson can bhe recozgnized from New sealand,

compared with the six species and three subspecies recognized

by Suter (1913). The species are, P. antivodum Gray 1343,

P. vunoides Hutton 1382, and P. 2stuarinus n. sp. P. dawbini

~Powell 1955 from the Auckland Islands is probably referable

to P. antivnodum, but the position of (?) P. melvilli (Hedley

1916) from the Kermadec Islands has not been determined. The
European species EF. Jjenkinsi (Smith 1889) cannot be separated

from E. antivodum on morphological or anatomical grounds and

may also be referable to that species. All species now

placed in Fluvionupa Pilsbry 1911 should probably be referred

to Potamonvyrsus.

£, estuarinus and f. pupoides are both smooth-shelled,

bisexual, non-ovoviviparous and confined to brackish water.

P. antivodum is hizhly variable in shell size, shape and

ornamentation, inhabits fresh and brackish water, 1is ovovivi-
parous, and populations may consist entirely of parthené—
genetic females, or contain variable numbers of sexually
functional males. Rearing of snails in the laboratory has
shown that snails do not necessarily breed true with respect
to shell ornamentation, and that shell shape and ornament-
atiou is not determined primarily by environmental factors..

The shell of £. estuarinus cannot be distinguished from

that of some X. antipodum but E. puvoides may be readily

identified using shell characters alone. 1fo significant

interspecific differences in operculum, external morphology,



body pigmentation or structure of the male revdroducltive system

are found but L. pvunoides possesses minor radular differences,

and E. antioodum differs in the condition of the female repro-
ductive system. .. ihe diploid (2n) chromosome number of all
tiree species is 24.,

Qualitative paver chromatozrapny of crude foot muscle
and mantle edge extracts, and quantitative ion-sxchange

chromatosraphy of shell periostracal protein have disclosad

no important biochemical differences between species.

P. antivodum is widely distributed in fresh waters and
no clear relationship betvieen shell shape and ornamentation,

and different kinds of habitat have been found. P. estuarinus

nas a falrly restricted braclkish water habitat and is fre-
quently found near river mouths in harvours where snails mnay
regularly be exposed to the air for part of each tide cycle.

P. _pupoides is also restricted to brackish water but normally

remains fully aquatic at all times. Experimental studies on
salinity relationships, habitat selection and the effects of
desiccation have demonstrated 1mportant differences in the
environmental relationships of the three species which can be
correlated with their distributions.

Life history and population studies made in three pop-

ulations of P. antivodum (two ponds and a stream) over a 13-

14 month period have shown that reproduction occurs through-
out the year with peak.activity in spring and sumner.

eneration time as indicated by lavoratory rearing.of snails
is 9-12 months. Population age structures differed markedly

between ponds and stream and reflected differences in the
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physical environments of the two habitats. DVistribution,
occurrence in drift and effects of floods were examined in
the stream. ©Snails were generally most abundant in places
sheltered from the main current or among vegetation, and
large numbers were present within mats of willow roots. P.
antipodum 1s a regular member of the drift fauna and floods

have an important role. in regulating population age structure.

The distribution of £. antivodum in thermal waters was
also investigated, and experimental work indicates that high
water temperatufe is probably the wost important factor limit-
ing distribution. The maximum temperature at which snails
were found in the field, 2800, is also the temperature at: . .
which activity ceases and the snalls enter a comatose state.

Finally, a study has besn made of the parasites of
Potamopyrgus. An unidentified protozoan (Sporozoa :
Porosporidae), occurring.in an encysted state, is the most
important internal parasite with infection rates as high as
86% having been recorded. .ithe larvae of-13 species of.
Trematoda were ldentified and briefly described and their
rates of infection determined. The monostome cercariae are

the most important group of parasitic trematodes.. ‘the

commensal. oligochaete Chaetocaster limmaed limnaei was found

in association with E. antiovodum in-Lake Pupuke, Auckland,

and was observed to be predacious on embryonic snails.

L4



FREFACHE
A thorough investigation of the systematics of the llew

4ealand species of Potamoovyrzus has long been overdue and is

the main aim of this fhesis. Couparative examinations of
morpholozical, anatomical and biochemical factors, as well
as environmental relationships nave been made 1in the search
for specles differences and in order to describe the extent
of inter- and intraspecific variation within the component
species. All factors have vecn examined primarily for any
systematic information they wmay yield rather than to eluc-
idate structure and function for its own sake.

In the systematic section of this thesis the conclusions
reached as a result of the study are presented before the
detailed account of the investigations leadinz to their form-
ulation. This has permitted a more cohesive account to be
written with the emphasis being placed on interspecific
differences.

The secondary aim of this work has becen to examine some

aspects of the biology of the freshwater species P. antipodumn.

L)

This has involved studies of the life history and population
dynamics in three populations, field and experimental work
on thermal relations, and an examination of the snails'

parasites and their rates of infection.
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1.0 THE SYSTEMATICS OF THE NEW ZEALAND SPECIES
OF POTAMOPYRGUS

izl INTRODUCTION

The Hydrobiidae are a family of the Rissoacea, one
of the largest superfamilies of Mesogastropoda (= Taenio-
glossa). In the past the Hydrobiidae héve also been
referred to by the family names Amnicolidae, Bulimidae,
Bithynidae and Paludestrinidae but according to Stimpson
(1865) and Solem (1959) Hydrobiidae has priority. Two
genera of Hydrobiidae are at present recognized from New

Zealand, Potamopyrgus Stimpson 1865 and Qvacuincola Ponder

1966.

The Rissoacea are predominantly marine but are not
uncommonly found in brackish and fresh water, they are all
small molluscs the majority less than 2-%mm high, and bear
a close resemblance to one another. Their major character-
istics have been summarized by Fretter and Graham (1962).
Typically, they have small, sméoth shells lacking an
umbilicus, they are gregarious, detritus feeders possessing
a drystalline style but ﬁé oesophageal glands, a short
intestine, a long narrow foot with pedal glands and most
males possess a long nérrow pénis. The female reproductive
tract is complex, and in particular the rissoaceans are the
first group of monotocardians with the accessory genital
s%ructures constricted off the main duct. .Considerable
variation exists within thé group as regérds the.detailed
arrangement of the ﬁarté;.ﬁut all are distinguishéd by

having the recéptaculum'seminis and bursa copulatrix prox-b

imal to the capsule gland on the course of the female duct.



The families Hydrobiidae, Rissoidae, and Assimineidae
arg closely related but the Hydrobiidae is considered by
Fretter and Graham to be the most primitive of the three
because of the smooth architecture of the shell, the breadth
of the foot, and the possession of long pleuroparietal
connectives in the nervous system. Stimpson (1865) and
Cooke (1895) suggested that the Hydrobiidae is closely re-
lated to and probably originally derived from the marine -
intertidal family Littorinidae. Johansson (1956) on the
other hand assumed the Hydrobiidae, being generally
restricted to fresh water, to have originated'}rom some
branch of the marine Rissoidae, and considered that the con-
ditions fouud in this latter family varied enough to Jjustify
such an assumption. Johansson rejected :XKrull's (1935) hypo-
thesis concerning the Pulmonata as the origin of the
Hydrobiidae.

Below the family level, classification of the iydro-
biidae has proved most difficult in the past and much
confusion in the lower systematics.has resulted. Much of
this is the result of attempts to produce classifications
relying on shell characters, which in many cases have been
found to be highly variable (Suter, 1905; Berry, 1943;
Hubendick, 1955; Muus, 1963%). ,Conchological similarities
are also found between many genera (Stimpson, 1865; Cotton
194%; Iredale, 1943%).. A parallel situation has been
described in the freshwater family Pleuroceridae of which.
Dazo (1965) has written, "the use of shell characters alone

in this group, where intra- and inter-specific variation



is so common, does not seem to provide a good criterion for
intrafamilial classification.” Stimpson (1865) in his
pioneering work on the Hydrobiidae, relied'primarily on rad-
ular structure to délineate genera but this alone has also
proved to be insufficient in producing a reliable classific-
ation.

Recent workers (Dazo, 1965; Davis and Lindsay, 1967)
have stressed the importance of considering and:evaluating
a wide range of characters in order to arrive at adequate
objective definitions of genera and species. Davis and
Lindsay stressed the value of precise anatomical-studiés
involving whole organ systems as well as cytological data,
and Davis (1966) suggested that some of the more useful
characters for defining generic, specific and.subfamilial
categories may include external morphology, verge, radula, .
mode of progression, male gonadal structure, female repro-
ductive system, buccal mass morphology and the nervous °
system.. .

Some of the results of the earlier taxonomy. have been
the superficial application of names to intra-specific
variants and the: classification of many species in incorrect
genera due- to 'systematic decisions being made from:.inadequate
data.: Considerable ' taxonomic and nomenclatural confusion
has resulted,. clearly exemplified in the Australian' Hydro- .
biidae, four genera being recognized by Cotton (1943),
compared with 13 by .lredale the following year. Similarly,
variation and plasticity of South American Planorbidae

formerly was not recognized, resulting in over 200 names



being anplied to probably no more than 25 valid species
(tiichelson, 1966a).

According to sazo (1965) all operculate freshwater
mastropods frow all parts of the world, other than those
belonging to the vViviparidae and Pilidae, were initially

includead in the genus Melania Lamarck 1/92. The first

hydrobiid named was dmnicola limosa (Say, 1817) originally

placed in the viviparid genus Faludina ITamarck 1816,
Htimpson (1865) in his important "Researches upon the
Hydrobiinae and allied forms" suggested the division of
the family Rissoidae (= present day superfamily iRRissoacea),
already separated from the Littorinidae by Adams (1865),
into six subtamilies including the Hydrobiinae. In this
family he recognized 15 genera including Potamopyrgus
which he erected to contain the Hew Zealand species lMelania
corolla Gould 1847. 1n Thiele's (1931) classification, the
Tamily Hydrobiidae (referable to Stimpson's Hydrobiinae) is
subdivided into eight subfamilies containing 53 genera, the
largest subfamily fHydrobiinae including 33 genera in seven

tribes. Potamovoyreus is placed in the Hydrobiinae and

species classified in this genus are recognized from iew
sealand, Australia including Tasmania, (treat Britain,
Burope, tropicel America, and central Africa.

ime dew “ealand '"species” were initially placed in four
zenera, Amnicola Gould and Haldeman 1841, dydrobia Hartmann
1521, Kelania Lamarck 1792, and Paludestrina 4'Orbigny 18%9
on the basis of shell characters, and the European &

S e

jenkinsi has also been classified in raludestrina and



is so common, does not seer to provide a good criterion for
intrafamilial classification.™ Stimpson (1865) in his
Dioneering worlk on the dydrobiildae, relied primarily on rad-
ular structure to delineate genera but this alone has also
provad to be insufficient in producing a relianle classific-
ation.

Recent workers (Dazo, 1965; Davis and Lindsay, 1967)
have stressed the importance of considering and evaluating
a wide rznge of characters in order to arrive at adequate
objective definitions of genera and species. Davis and
Lindsay stressed the value of precise anatomical studies
involving whole organ systems as well as cytological data,
and Uavis (1l¢66) suggested that some of tne more useful
characters for defining generic, specific and subfamilial
categories may include external morphology, verge, radula,
mode of progression, male gonadal structure, female repro-
ductive system, buccal mass morphology and the nervous
systen.

Some of the results of the earlier taxonomy have been
the superficial application of names to intra-specific
variants and the classification of many species in incorrect
genera due to systematic decisions being made from inadequate
data. Considerable taxonomic and nomenclatural confusion
has resulted, clearly exemplified in the Australian Hydro-
biidae, four genera being recognized by Cotton (1%43%),
compared with 13 by iredale the following year. Similarly,
variation and plasticity of South American flanorbidae

formerly was not recognized, resulting in over 200 namnes
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its radular structure, form of the female reproductive
system and possession of a calcareous smear on the oper-
culun. The most significant difference from Thiele's
(19%1) diagnosis is that the females are not all ovovivi-

parous.

1.2 REVISED DIAGHOSIS O FOTAMOTYRGUS

Potamopyregug Stimpson 1865

Tvpe (¥onotypy): kelania corolla Gould, 1847

Shell dextral; height less than 1Omm; shape variable ovate-
conical-cylindrical; up to eight whorls, ventricose-flat
sided, smooth with or without shouldering and/or periostracal
spvines; body whorl over half height of shell; imperforate;
aperture ovoid, continuous (in fully grovn shells); oper-
culun ovate thin, corneous, subspiral, usually possessing a
calcareous smear. Radula taenioglossan; central tooth
trapezoidal, inferior margin nearly straight, faintly tri-
lobate, basal cusps close to lateral margins; lateral tooth
denticulate, shank 2-3 times length of subrhomboidal body
which possesses no basal peg; marginals finely ssrrate, long

and slender, shanks straight, sharply curved at free ends;

cusp formula 23:33123:;% s (7-13) : (14-32) : (21-48).
Animal with long pointed tentacles. ZBEisexual or partheno-
genetic, ovoviviparous or non-ovoviviparous. Ilales with
long, narrow non-lobate penis containing a single duct,
normally coiled beneath the mantle edge and attached to the
head on right of mid-dorsal line; vas deferens strongly

coiled; prostate imbedded in visceral mass. Ovoviviparous



females possessing a thin walled brood pouch, with the sperm
channel (= ventral channel) incorporated in its floor; non-

ovoviviparous females with the sperm duct (= "spermathecal

duct" of van der Schalic and Getz, 18€2) separated from the
accessory glands above, and also functioning as the pallial
oviduct. Habitat, fresh and bracliish water, occasionally in
sea water, and way be semi~terrestrial on high tidal flats.
Synonomy

Until further anatomical information is available the

synonomy of other genera with Potamovnyrgus must be considered

tentative. Such genera may include Austropyrcsus Cotton 1942

and Hluviopupa Pilsbry 1911.

153 THE NiW ZBALAND SPRCISS OF POTANOPTRGUS

The genus Potamopyrsus was erected by Stimpson (1865)

for the New Zealand hydrobiid Melania corolla Gould (1374).

Stimpson's diagnosis of the genus was based primarily on rad-
ular structure, but also made use of shell characters and
external features of the animal. In 1882, Hutton trans-

ferred all the Wew Zealand Hydrobiidae known to him to

Potamonvrsus, placing them in four species differing in
shell form and ornamentation, as well as raduvlar structure.
suter (1905) finding Hutton's restriction to four

species unsatisfactory, published a second revision of the
genus in which he placed the 1l species originally described
from ilew Zealand in five ‘specics and three subspecies and
also described a further new species. Suter was aware of

the great variability found in the shells of New Zealand



species of fobtamopyrgus and stated that, "it is difficult

to find the sam2 form of a sopecies in more than two or
three localities”.‘ fevertheless, he still based his snecies
discrimination on shape, size, colour and spination of the
shells, and was asparently convinced in his own mind of
the reality of his named species.

Fowell (1955) described P. dawbini from the aAuckland
Islands basing his specific diapnosis solely on shell

characters and in the same paper he tentatively transferred

Tatea melvilli Hedley 1916, from the Kermadec Islands, to

Potamonyrgus. No further revision of the genus has been
made since that of Suter although Ponder (1964) has stated
that, "clearly there have been too many species named in
MNew Zealand," and he has made suggestions as to likely
synonyms. The classifications of Hutton and Zuter are
given in ‘lable 1.

Suter's revision has remained the definitive work on
the New Zealand snails of this genus, but, despite his clear
descrintions and awvareness of variability within the species,
later workers have found that many snails cannot be ident-
ified satisfactorily according to his scheme. It is clear
" that a far greater range of variation is found within this
group than was admitted by Suter, and extensive documentation
of this has been necessary before the relationshipes of
members of the group could be reasonably determined.

In this study the syétematic significance of the shell
including protoconch, operculum, radula, anstomy, pigment-

ation, reproductive status, chromosome numbers, cnvironmental



TABLE 1.,

Classification of the New Zealand species
ag envisaged by Hutton (1232) and Suter (19

of Fotamopvrsus

205) .

Suter

. i : Oripginal species
(A1l Pctamonyrous) gt >t

Autton
(411 Potamonyrsus)

(Amnicola badia )
(Gould 1348 %
badia (Hydrobia fischeri)
—— (Dunker 1852 )
P>
) corolla™
(Ivdrohia reevei )
(Frauenfeld 1862 %
(Melsnia corolla )
(CGo uld 1847 )
corolla (
(Paludestrina cumingiana)
(Pisher 1860 )
Y cunminmiana
corolla salleana quuﬂestLjna salleana )
.Fl Jhef l( )O )
snticodum Armicola antinodanum)
Gray 138453 )
)
ezenus Amnicola szena )
Gould 1S4u )
) antinodun
snelaeus IIvdrobias spelaea )
Frauenfeld 1262 )
J
antinodum Awmnicola zelandiae )
zelaniiae Gray 1643 )
subterranens Potamonyreus zubterraneus
Mn. SP. Suter 1905
gpelacus nuvnides Fotamopyrgsus vunoides nunoides
Hutton 1282 N. SPe.

Pootnote to Table 1

1. Huter (1905) isives reasons for omittin

speciles described from Iiew rYealand.

g, three further



1Y,

(a) Hvdrobia crogsei iraucnfeld 1365.

This nawrwe was proposgad in case the name cumingiana

oi wischer should not bg accepted as there already

existed a taludestrina cumingi d'Orbigny 1240.

(b) (?) Hvdrobia ciliata Frauenfeld 1865.

Descrived as from Liberia but very similar to
Autton's figure of corolla. Suter considered a
mistake had been made.

(c) Amnicola gracilis would 1852.
The shell first described by Gould as Amnicola

egena was inadvertently called gracilis in the

final report.

2. ™Melania corolla Gould 1847 is not corolla of Hutton
but the shell figured by Reeve (1343-78) as corolla.
He took the wrong species, A. badia as corolls.

3, I'wo further species E. dawbini Fowell 1955 and (?) P.

melvilli Hedley 191c are not recorded irom the two main

islands of New Zealand.

relationships and certain biochemical factors have been
examined, and it has been concluded that on the main islands
of iiew Zealand only three valid species can be recognized.

‘the three species can be divided into two groups on the
basis of their female reproductive systems, method of
reproduction, and habitat preference.

(a) Havang normal bisexual reproduction, non-ovovivi-
parous; inhabiting brackish waters

(b) Ovoviviparous, and either bisexual or partheno-
wenetic; occupyinsz fresh waters or to a lesser eixtent

A

hraclkicsh water.



The rormer group contains two species P. vpupoides

Hutton and F. estusrinus n. sp. and the second a highly

variable species P. antinodum (Gray) incorporating all the

spacies recognized by Suter (1905, 191%) from the two ma

islands of Wew zealand with the excaption of . nunoides

Gray's original description of Amnicola sntivnodanum

(= ¥. _antipodum), ("Inhabits ilew Zealand in fresh water.

shell ovate, acute, subperiorated, generally covered with
a brown cearthy coat; whorls rather rounded, nouth ovate,
axis three lines; operculunm horny and subspiral; variety sopire

rather longer; whorls more rouaded."), clearly does not apply

to f. =stuarinus as he states that it inhabits fresh water

and is tound in rivers with Fhysa variabilis Gray (= Fhysa-

astra wvarisbilis), a species which occurs only in fresh

water.

Important diagnostic characters of the three species

are sunmarised below.

Fotamopnyresus oupoides Hutton, 1882

1882 Potamopyrsus pupoides Hutton, Trans. H.Z. Inst. 14:146

1905 Potamopyraus spelaeus vupoides Suter,
Trans, §.5. Inst. 37:266

bhell, height less than 2.5mm, conic-cylindrical, obtuse in
apical region; whorls 5, flat, smooth, never possessing

spines or lkeels, suture often margined below. Reproduction
sexual, sexes in approximately eqﬁal nunbers. Females non-
ovoviviparous. Inhabit lower reaches of streams and rivers,

and cstuaries which are susceptible to tidal influence.



Yotamopyreus antivodum (Gray, 1843}

154% Amnicola antipodanum Gray, in Dieffenbach, "Travels in
N.2." Vol., 2:241

1905 Potamooyrzus antipodum Suter, lrans. H.4. Inst. 37:263

1905 Potamopvreus antinodum

zelandiae Suter, L 1263
1905 Potamopyrius badia Suter, R 1 264
1905 Potamopyrsus corolla Suter, b : 260
1905 Fotamonvrgus corolla

gallcana Suter, " 1262
1905 Potamopyreus ezenus Suter, " : 265
1QC5 Potamopyrzus swnelaeus Suter, " : 266
1905 Potamopyresus subterraneus Suter, " ' 1 267

For all earlier synonyny reference should be made to Suter
(1213).

Shell ovate-conic, height fully grown 3-1Omm; shape
highly variable, slender and elongate to ventricose; spire
long or short, loosely or tighfiy coiléd, whorls flattened
to rounded, with or without shouldering and variable
periostracal spination. Ffemales ovoviviparous, the lower
oviduct forming a brood pouch. Reproduction sexual or
parthenogenetic, sex ratio variable. Inhabit fresh waters

of practically every type and also brackish water.

Potamopyvreus estuarinus n. sp.

Shell ovate-conic, height up to 7mm; whorls 6-7,
smooth, flattened; never possessing periostracal ornament-
ation; sutures sowetimes margined below; apical whofls
frequently eroded. tdemales non-ovoviviparous, reproduction

sexual, sex ratio approximates 1l:1. Rostral ané mnantle



vigmentation always very dark. ‘he ecological niche of

thiz species is restricted and distinctive, the snails
inhabitingz the lower tidal reaches of rivers, and part-
icularly harbour mud. flats adjacent to river mouths, where
they are alternately exposed and covered by water of varying

salinity. L. estuarinus is indistinguishable from some

forns of I’. antinodum using shell, radula, and operculum
characters and non-reproductive internal anatomy.

Holotype (Fig. Sa): Bell Block, Taranaki, in small, brackish
stream -/9/66. N.J. Winterbourn. Deposited in Dominion
Museum, Vellington, New Zealand.

FParatypes: Auckland, Dominion and Canterbury Luscums.

Ths

[

shell of r. dawbini FPowell from Auckland Islands

is similar to that of some populations of F. antipodum from

ew Zealand and may be referable to that species, but the

identity of the Kermadec Islands species Tatea melvilli

Hedley (= ? Potamopyrgus melvilli) remains problematical asgs

material was noti availlable for examination.

1.4 DETAILED SYSTHMATIC ACCCUN'T
1.41 MORFHOLOGICAL FuATURES
KLETHODS

(a) SHELL

Examination of shell form and variability was made in
two ways:-

(i) Keasurement of shell parameters (quantitative)

(ii) Overall comparisons of shape and size

(qualitative and quantitative)



411 shell measurerents were made with a linear eye-
plece micronster inserted in a stereoscopnic microscove
(magnifications X 12.5 and ¥ 32). Three shell paraneters,
nheicht, width and heisht of averture, were measured, witn the
aperture of the shell facing upwards (lig. 1). All shells
measuvred verse oriented in exactly the same way to ensure
uniformity of measurenment criteria. Neasurements were made
to the nearest C.lmn.

For corparative nurposes ratios of shell heisht to
shell width (h/w) and shell heizht to aperture height
(i/ap h) have been employed as well as direct comparisons
of initial measurements. Sokal (1965) has pointed out the
sultability of ratios when dealing with material hetero-
meneovs for size, a2lthough they do have numerical dis-
advantages by having a greater inherent error than the
measurenents from which they are calculated. Shells of
fully zrowm snails only were used in comparative studies.
This precantion was taken in order to eliminate any errors
which might be introduced as 2 result of allometric growth
of shells, although, in those populations examined, growth
did not appear to be allometric with respect ©To the ratios
vsed (Iig. 2). The number of snails taken for measurement
from each pooulation was determined partly by numbers avail-
able, and in all cases was selected to give a thorough
indication of the full range of variation found within the
population. Localities of populations from which shell

measurenent data were obtained are listed in appendix <.
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Ylnorl counts have been made to the nearest complete
whorl. Considerable difficulty in determining whorl numbers
wa.s experienéed due to erosion of the shell apex and ths
prescnce of encrusting msterial on many shells., Counts have
peen made, thercfore, only when all whorls were clearly

visible.

(2) Qverall coiparisons

som2 shell charactlters cannot be conveniently expressed
as neasurements, e.g. convexity and shouldering of whorls
and degree of ornamentation. <These characters do not lend
themselves to biometric examination. Comparisons of such
characters have, therefore, been made directly and using
shell tracings wmade with the aid of a "Zeiss” drawing appar-

atus working on the principal of the camera lucida. The

triangular graph paper (as percentages of their sum) to
(95 - - E £ s o<

facilitate inter- and intra-specific comparisons of overall

shell shane.

(b) EHMBRYO SHELL

Imbryos were taken from brood pouches of female snails,
and tracings of shell outlines were made as above at a mag-
nification of & 400. imbryos from 19 populations represent-
ing a wide range of shell forms, and having a wide
geographical distribution were examined (Appendix 4).
leasurements (Fig. 1) made from shell tracings were:-

(1) Diameter of inner half of the apical whorl at right

anzles to the shell suture.

s



(ii) Diameter of whole apical whorl as a continuation

of the measurement of whorl 1.

(c) OrLRCULUL

OCpercula were removed from snalls and cleaned for a
few wminutes in a weak solution of oxalic acid. Termanent
mountcs were made in polyvinyl alcohol (PVA). lixamination
was made with a binocular microscope using both bottom and
ton lighting, the slide being placed on a dark background
in order to facilitate the observation of any calcification
within the operculum. Outline tracings were made at mag-
nifications of ¥ 160 and ¥ 40C.

Opercula of snails from 74 different localities
throughout iHew Zealand, representing a wide range of shell

types were examined. (Apvendix 1).

(d) RADULA

Radulae were extracted from the buccal wmass by bhoiling
for several ninutes in dilute (about 4%) KOH. Radulae were
stained in picric acid and permanently mounted in PVA. Some
radulae were mounted intact, whereas the teeth of others
were teased apart to facilitate study. Lxamination was made
at magnifications of ¥ 100, X 400 and i 100C. A4ll méasure—
ments were made with a linear eyepiece micrometer. Wduplicate
counts of cusps, denticles and serrations were made on at
least three lateral, inner, and outer marginal teeth from
each radula. Radulase frowm 31 populations were examined.

(iAppendix 3).

:].(5'



Terninology used in describing radulas is that of

Teetin
Central - middle (first) tootia of the radula row
Lateral - second tooth of the radula row (paired)

Inner Earginal - third tooth of the radula row

(paired)
Cuter Varpginal - fourth tooth of The radula row
(paired)

Minor '‘eruminologv

Cusp - a large, distinct cutting process

Denticle - a small less distinct cutting process

jerrations - fine, numerous cutting processes
The term “cusp formmla" is used in a general sense to

include all three types of cutting vrocesses.

(e) LulRNAL alATOMY

The anatomy of snails was examined by dissection
J J [}
serial sectiong and the use of sbteined whole mounts.

(1) Dissections

The mosu successful dissections were carried out
on fresh material in transparent watch glasses or cavity
slides, using a stereoscopic microscope. Under such con-
ditions maxirum definition and contrast between organs was
obtained.

(2) Serial sections

Snails were fixed in pouin's fluid, sections were
cut at 5—1Q}g stainad with iZhrlich's haematoxylin and
counterstained with eosin. Ilaterial for sectioning was

obtained from the tollowing localities.



13.

Y., antipodum from Lake iFupuke (Takapuna, Auckland),
Whangarel falls snd Wiritea otream (Palmerstoa vorth).

Y. estuarinus from fuia (ianukau llaroour) and

S

Hdavelock (larlborough Sound

=

P. nunoides from dawvelock.

(%) #hole mounts

Some snails were relaxed using magnesium chloride,
vhereas others were rewoved from tieir shells and trans-
ferred direct Tvo bouin's fluid for fixation. They were
then stained in borax carmine for 24 hours, differentiated
where necessary in acid alcohol, dehydrated, cleared in
clove 0il and xylol, and mounted in Canada balsam.

Compared with dissections and serial sections, whole
nounts were found to be of little value, particularly as

the dense pigmentation of many snails obscured much

internal structure.

(f) CHROMOSQME NUNMBERS

Determination of chromosome numbers was done using
squash methods as recommended by Burch (1960) and
Patterson (1967) rather than sectioning as employed by
Jacob (1957, 1958). B8quash techniques permnit better
observation of individual chromosomes for severzl reasons;
there is no shrinkage of chromosomes as is caused by paraffin
embedding; all chromosomes are brought nearly into a single
optical plane by pressure of the cover slip; chromosomes
are more spread out; the technigue is faster and simpler

and allows examination of a greater amount of material.



Ul

hells of freshly obtained snails were cracked and
examined immediately without prior fixation, or fixed for
24 hours at 4°C in Carnoy's fluid (alcohol: glacial acetic
acid: chloroform, 6:1:3, v/v/v). HHaterial was stored
in 0% alcohol in a refrigerator until required.

3rall pieces of gonad (both testis and ovary were
examined) and digestive gland from the apical whorls were
rermoved and stained in acetic-orcein (17 orcein in 45w acetic
acid) for 10-15 minutes on a cavity slide. Naterial was
transferred to a plain microscope slide in a minimum of
acetlic-orcein, gently squashed under a cover slip and
exarined using a Leitz bilnocular microgcope with oil
immersion and magnification of X 10CC.

Material examined consisted of:

£, antipodunm from Yiritea Stream, Falmerston North

(occasional males found in populations hut females only
xamined), Plimmerton (sexes in approximately equal
proportions, both examined), and Zhannon (parthenogenetic
temales only).

P. estuarinug from Huia, Manukau Harbour (males and

females examined).

P. punoides from Plimmerton (hoth sexes examined).

() LABORATORY REARING

P. antipodum has been kept successfully in the

labhoratory in seversl kinds of small aquaria. Under these
conditions growth was normally continuous and fairly rapid

(minimum generation time of about & months);, and embryos



were released by large numbers of adult snails. Fortality
of snails of all ages was negligible.
Trangparent plastic boxes (1l4xllxb6cm) with loose-

fitting 1ids made suitable aquaria and were adopted as the

"standard habitat" in this study. Boxes were half filled
with Tap water, and contained several grams of finely

sieved pond mud and pieces of Ilodea canadensis. No art-

ificial =seration of the water was required. After setting
up, the only attention necessary was the maintenance of the
water level and the addition of small gunantities of sieved
pond mud at infrequent intervals. ©Some supdlementary rear-
ing was carried out in 9cm diameter petri dishes, which were
narticularly suitable for obtaining recently released
enbryos. Van der Schalie and Davis (1964) have also
reported on the suitability of petri dishes ag growth
chambers for the Oriental hydrébiid Oncomelania formogana.

i)

P, estuarinus and L. pupoides have alco been kept in

the laboratory for shorter periods of time in similar
containers containing wud from their original habitats,

. . o (@]
and water wvarying in salinity from 0-35 /oo‘

RESULIS
(a) SHELL

(1) General shell form

The shells of the lew Zealand species of Potamopyrsus

are small and plain (apart from periostracal ornamentation),
and offer few stable or satisfactory taxonomic characters.
Because of their small size and simple form they are

difficult to describe in any detail. The shells of



2148

Z. sstuasrinug and P, antipodum overlap in size and form

but the shell of £. punoides is distinct in its small size

and more cylindrical shape, althouzh some forms of =,
anbivodum, e.g. shells from Jananaki (Fig. 4), bear some
resemblance to tnem. The ranze of shell form in the three

species is i1llustrated in Fizs. 3-5.

(2) 5nell dimsnsions

n important aspect of this study has been the
biometric examination of shell size, shape and variability
within and between poonulations, as shovn by measurements of
shell heizht, shell width and anerture heicht. It was
reasoned that by compvaring these parameters from a large
number of ponulations, the nature of the shell variation
(i.e. whether continuous or discontinuous wvariation existed)

within the Potamonyrsus complex could be determined. Any

discontinuities tnus found might be indicative of separate
lower taxonomic groupings, which could then be further
investigated. Results of this examination are summarised
and discussed below.

fiaximum shell heishts in all populations examined are

shown in Fiz. ©a. The values obtained for P. antipodunm

form a distribution possessing a single peak and approx-
imating to a normal curve. iaximum shell height of E.

puvoides lies outside this range, whereas that of F.

estuarinug is within that of . antipodum.

Tae relationship between mean height : aperture height
ratio and shell height in populations of P. antipodum is
shovm in Tig. 7a. It is apparent that no clear correlation

cxists bebtween ths two statistics. Similarly, there is no
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(a) Vaximum shell heights in populations of rolbamonyrsus sop.

301id line -~ P, antipodum (100 ponulations)

rolken line - i, punoides (4 porulations)

Dotted line - 2. estuariaug (4 pooulations)

(b) Fean heisht:width (h:w) ratios, and mean heicht:anerture

(=~

w2izht (h:ap h) ratios, in 100 populations of 2. antipodun

a - h:w ratio

D - h:ao h ratio
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clear relationsnipn between thne heiszght : width ratio and
shell height (Iig. “b).

‘hen the frequency of occurrence of the mean h/ap h
and h/w ratios are plotted for all populations of 2.
antivodum (Fic. 9b) the diztributions are andproximately
normal, althouch a wider range of variation is exhibited
oy the h/ap h ratio. Rance of wvariation of shell ratios
within populations is compared in Fig. 8b. Lhe distrib-
ution curves have a single neak, but in both cases also
have a moderate degreze of positive skew. This is orobably
not siznificant, however, as some degree oi skew, normally

to the right (i.e. pogitive), is to be exvected with many
zoological variates according to Simwson, Roe and Iewontin
(1960), and may cenerally be isnored.

Sihell ratios of selected ponulations, nrezented as

"dice grams" are comnared in Figs. 9 and 10. Althoush some

ulations of P. antioodum are so unlike that they could

be conzidered at least subspecifically different (Hiayr,
Linsley and Usinger, 195%), it is clear that continuous
variation in shell shape is found within this species. In
Fizs. 9 and 10 the populations are arranged in order of
increasing mean h/an h ratios, and little correlation
between aperture heicht and shell width is apparent.

Dig. 11 compares shell ratios in three populations
at 12 month intervals. Smooth and sniny shelled snails are
considered scparately. Althoush shell form has remained
relatively constant in some popunlations, in others a shift

in the mean ratios aad a change in the extent of wvariation



FLGURIE 2

(a) ¥ean shell heiw=ht plotted against nean heishbt:anerture

height (h:av h) ratio, in 92 ponulations of P. snvinodwn

(b) ilean sihell heizht plotted against mean height:width

(h#w) rabio, in 92 nopulations of ¥. antipodumn
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(b)

b - comnlete first

enpryo shells of I,

JIGURES 8

antinodun

st whorl

whorl

Ffrom 19 novpulations measurad)

Range of wvariation in shell height:shell width (h:w)

ratio, and shell height

in 95 povnulations of £.

-~

:anerture neieht (h

Uib)

:ap h) ratio,

antinodum

minimum of 10 shells

froa each monulation measured)
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JIGURE O

showing variation in chell height:shell width
(h:w) ratios, and shell heigsht:aperture height (h:ap h)

P

ratios, in 12 selected wooulations of ¥. antipodum. (JTumbers

At richt arc samole sizes.)
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"Dice-grams’ ghowing variation in wshell heighb:shell width
(h:w) ratios, and shell hei~vht:anerture heiecht (h:ap h)

ratios, in populations of i, dunoides and . egbtuarinus.

(iMumbers al risht are sample sizes.)

a - d = £, ounoides

- h = ¥, eshbuarinus

Localities

- zeathcote

- davelocl

Huia

- Laikato Heads

a - favelock (arlborough)
H - Heathcote

¢ — Yananaki

a = Porirua
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“Dice-grams® showin:y variation in shell heisnt:shell widith
(hh:w) ratios, and shell heishl:aperturse height (h:an n) ratios
) bl e ] “ s

in . antinodum firom three povulations at 172 monthly intervals

(Aoril 1965, above; April 19téH, below). tumbers at right show
sample sizes.
a — Tiritea stream (smooth shells)

B - " " (seiny she

~ =

c - Pond A, Massey University (swmooth)

Jd - n " i (’—_‘,T‘;J’(}_‘Y)
¢ - lond B, " " (smooth)

f - " " " (spiny)

Tor Key to "Dice-gmrams" see Fisure 9
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orescnt has been found. The total range of variation in

shell shape in vhe Thres species, as indicated by the three

gnell measurements is summarised granhically in Fig, 12a.
Tin=lly, the results of an examination of whorl numbers

from full-=zrovm shells in 10C populations of ¥. antinodun

arc presented in Table 2. Tonszidarable variation is found
between no-ulations but no clearcut divisions into discrete
grouvons is apparent, althouzh as a general rule the taller

the shell the greater the number of whorls develoned.

Humbers of ccmplete shell whorls commared with shell heights

in 1CC ponulations of r. antivodun.

thell heircht “horls
mm 4 5 3 7 8 Totals
3=%5.9 1 13 il 3
4-4.9 2% 50 1 54
5-5.9 K 4 15 2 2R
H=-0.9 1 5 1 7/
V=79 1 1
8-5.9 2 1
Totals & 41 12 4 i 100

To conclude, measurcment of shell parameters has not
provided evidence of clearcut morphological grouvs existing

within the P. antinodum complex but rather has shown the

existence of continuous variation of size and shape

throughout the group. F. pupoides is easily distinguished

by its small more “cylindrical' shell, but the shell of P.
egtuarinus is indistinguishable from some forms of E.

antinodum.
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(a)

(b)

(c)

BIGURE 12

Comparative graphical representation of variation in shell
shape, as indicated Ly relative proportions of shell
height, shell width and aperture height

S0lid line - P. antivodum

Broken line - P. estuarinus

Dotted line - P£. oupnoides

Maximum variation in shell shawe found in single populations

of PP. antipnodum

30lid line - “Whakarongo (26 shells measured)

Broken line - Bunnythorpe (21 shells measured)

Variation in shell shape in a field sample, and in the
ovrogeny of a single indiwvidual from that population, reared
in the laboratory

a - Shannon (17 field and 17 laboratory reared
individuals measured)

b - Pond A, Massey uUniversity (19 field and 19
laboratory reared individuals
measured)

Solid lines - field

Broken lines - laboratory reared

A1l three graphs are drawn to the same scale



(3) ghell ornamentation

The presence or absence of spines has been considered
important in the separation and identification of soue

species of Fotamopyrcus (Suter, 1905, 1913), but field

observations and rearing experiments made in the course of

this study have showvn that within the 2. antinodum complex,

considerable variation in degree and nature of shell
ornamentation is found, even, in many cases, within a single
population (Fig. 13). Also, the development of spines may
or may not be associated with shouldering of the whorls.

The shape of indiviaual spines is shown in Fig. 5c. In some
cases each spine is separate but in others a number of
projections have a common base, culminating in the totally
fused condition found in some shells such as those from
yvananaki (Fig. 4q).

Crnamentation is purely périostracal as in P. Jjenkinsi
(Boycott, 1929), and no calcium is found in the spines since
they remain intact and continuous with the periostracum when
the shell is decalcified with HCl. 1t has been suggested
that the periostracum is a quinonetanned protein (Brown,
1952; Degens, Spencer and Farker, 19e7).

(4) Laboratory rearing programme

P, antipodum was reared in the laboratory in order

that shell form and ornamentation of progeny of known
parent snails could be examined. Other investigators have
considered that much shell variation is the result of
exposure to different environmental conditions (Dell, 1953,
1956; Hunter, 1961), and this has been observed in

Simlimnaea tomentosa reared under various conditions in the

t-"T @



LIGURE 13
Outline tracings of shells showing the variation in shape

and ornamentation in fiwve populations of P. antipodum

a-c - Fiha 3tream

d-f - Kahuterawa River tributary
g-1 - Stream by Laké-Rotowhero
j-1 - Bunnythorpe (stream)

m-s - lakara River






laboratory by Boray and iicliichael (1961). 1n this study the
éiperimental situation.has‘ﬁéén reversed and snails taken
from differing environments have been reared in the
lébéfatorj'undér idénfica1 conditions. Expérimentalﬂpop_
ulations were maintsined for a period of three years.

(i) Ornamsntation

Table 3 summarises the type of shell ornamentation
developed by p%ogeny of %32 snails from 12 populations. Of
14 émootn parent snails, nine produced totally smooth young
and five both smooth and spiny young. o smooth'pafent'was
found to produce only spiny juveniles. _OI 18 ébiny adult
snails, however, only three produced all spiny young, three
pfoduced both spiny and smooth young, and 12 produced smooth
young. In all cases snails from natural populations con-
sisting'solely:Qf smooth snails bred true in the laboratory.
A contrasting situatiph existed when comparing snails from
Lakes Paringa and Fltawater, both of which are predominantly
spiny in the field. Whereas under laboratory conditions
progeny of the former were predominantly spiny, three out
of four snails from the latter produced only smooth shelled
young.

‘As snails from different populations were reared under
identical laboratory conditions it is impossible .to infer
environmental influences as the,only:factors determining -
shell ornamentation. This must therefore have a genétic
basis (see p. 92). Results of a more comprehensivé'rearing
experiment are summarised in Table'4. All of the Plj

generation were taken from Massey Pond which consists solely



TABLE 3,

Results of laboratory rearing of snails showing development
of shell ornamentation.

; Shell form| Juveniles Shell form in » =
Population of Parent [Smooth 3ninv| Natural Habitat Habitat
Shannon Spiny 6 - All extremes Ditch

4 ! 49 - from strongly
4 " 25 - spiny to smooth
3 " 46 — .
1 " L*_O -
f n -
n n 22 =
n Yon 2 _
U Smooth 30 -
" " 28 -
Porangahau Smooth 20 - |Mixed Ditch
Tiritea Smooth 79 2 Smooth dominant [Stream
" n 25 = A
Makara Smooth 22 1 Mixed shells Stream
" n lO 1
" 141 3 5
i Spiny 5 2
Tokomaaru Smooth 6 -1 Mixed Lowland
" Spiny - 14 river
Khandallah Smooth 10 - All smooth Brook
Paringa Spiny - 18 |[Almost all Lake
i ¥ 2 35 spiny
ltawater Spiny - 17 Almost all Lake
" Slight 25 - spiny
spiny
" Spiny 56 -
n n 15 -
Otaki Sviny 16 - Mixed Strean
i " 16 6
fastbourne Smooth 5 - A11 smooth Trickle
Franz Josef| Omooth 13 - A1l smooth Stream
1 " 1" 9 =
Ohau Smooth 12 - Mixed Lowland
- river

*Habitat classification after Elton and Miller (1954).




of parthenogenetic females, and in which smooth and spiny
shelled snails are present in approximately equal numbers.

All generations were kept under identical experimental
conditions and a coﬁsiderable'amount of variation in shell
ornamentation was found between the progeny of siblings,
and between generations.’

TABLE 4,

Results of laboratory rearing experiments using partheno-
genetic females taken from Pond A, Massey University Campus.

1 ; Py ' i F3
Smooth shelled—— Smooth——a — 535 smooth
Adult —~—>Smooth — 37 spiny—a sp— 3% spiny
\2 smooth

b sp—10 spiny
¢ sp—22 spiny
Smooth——> 43 smooth .
0010 o) 7 o PR 4 - B '
Spiny-::::::i 20 spiny—a sp—33 spiny
it 5 4 smootiN\b sp—10 spiny
c sp->le spiny

sm— 43 smooth
sm—>12 smooth
sm— 5 smooth
sm—> 6 smooth.
sn=> 20 smooth

Spiny shelled=?21
Adult SN0

Spiny shelled<§?6 smooth

Adult %3 spiny
/. smooth shelled—92 smoothe—a sm—>25 smooth-a sm—>1l smooth
Adults - b sm—=24 smooth
¢ sm—> 35 smooth
d sm— 27 smooth
e sm— 20 smooth
£ sm— 8ssmeoth.,
(ii) Shape

In contrast to results obtained in ornamentation
inheritance experiments, it was found that overall shell form

(size, whorl convexity and proportions of shell parameters



but not shouldering of whorls, which is apparently linked
with spine development), of young snails closely resembled
that of the parent. This held for snails from 12 widely
differing habitats, reared under the same environmental
conditions. = Range of shell variation between daughter snails
is slight and less than that found in samples of randomly
selected adult snails from the original habitats (Fié. 129).
It therefore seems unlikely that environmental changes which
may occur in tﬁe habitat will result in immediate, large . .
scale phenotypic changes in shell shape in the immediately

following generations.

(b) EMBRYO SHELL

The embryo shell”ié the protoconch of the free-living
snail, éndlis frequently of different design, texture and
colour from the adult snail. Often molluscs with similar.
adult shells have different protoconchs which can therefore
be of considerable assistance in determining relationships
(Powell, 1957). Even in closely related .species the. shell
apices may often be different, probably due td different .,
modes of development (Dall, 1924). Berry (1943), discussing
the Michigan Hydrobiidae, considered the éhape and position
of the protoconch to be one of the best taxonomic characters

of the shell.

In Potamooyrgus the shell apex is often broken,

severely eroded or encrusted in older shells, but as an
embryo the shell is semi-transparent and the young mollusc

is visible in outline within it. There is no ornamentation



on the shell but transverse growth rings are visible. 'The
embryo shell possesses one and a half whorls when released
from the parent's brood pouch and in :older snails- is not
differentiated from later developed shell.

When the diameters of the internal half of the apical
whorl and the whole first whorl of embryé shells of P.
antipodum are plotted in histogram form (Fig. 8a), a single
peak 1is obtained in each case, and the distributions are
approximately normal. lore variation is found in-the first
whorl, as by this time: more growth has occurredEand there is
more room for individual variation. The range of measure-
ments found in. four populations is given below.

Ponulation Nos. of shells "~ 1lst half whorl 1st whorl

- | _ measureq : . mic;ons microns
Lake Rotoiti“ N :‘ - B
- (Nelson) 10 ' - 15 - 20 33~ 35.
Lake Pupuke - 10' 12 - 25 25 - 35
kit. Wharite - ‘ 10 * 1P 2Bk 28 - 40
Lindis Pass 10 L5 % 20 -~ 25 - . 38i- 50

It is clear - that almost as wmwuch variation in size can
occur within a single population as between all popuiations,
and that neither qualitative characters,nor whorl measure-
ments are_of value in distinguishing taxonomically:distinct

forms. 1

(c) OPmRCULUM
The structure of the operculum has been widely used as
‘a- taxonomic character in gastropod classification, but it

appears to have bezn of.little value in separating members

29.
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of the Hydrobiidae below the generic level. Berry (1943),
considering the liichigan Hydrobiidae, regarded variation in
the form of the overculum within a species as being too
great for it to be a reliable character. However, it does
help to separate subfamilies, and Cotton (1943) produced a
key to what Hubendick (1955) calls "the 13 so-called genera
of Australian Paludestrinidae", largely based on opercular
characters.

Hydrobiid %percula.were described by Stimpson (1865)
as like those of the Rissoinae (= Rissoidae), in being sub-
spiral, and not provided with a process. He describes the
operculum of Potamopyrgus simply as corneous. Suter (1913)
did not elaborate on this statement, but Ponder (1967) has

provided a clear figure of the operculum of P. antipodum

and has noted the presence of a calcareous smear close to

-

the columella edge.

The following more detailed description is based on all

material examined in this study. Terminology used is that

of Ponder (1965).

The operculum (Fig. 14b) is flat, thin, semi-transparent,
colour range yellowish - golden - brown; oval to ear shaped;
the shape and size dependent on that of the shell aperture.
Mucleus subcentral; subspiral growth lines clearly visible;
no distinct marginal area; left end more pointed than
right; outer margin more strongly curved than inner; muscle
insertion area indistinct; a narrow, clear, quasi
crescentic area extending over half the length of the

operculum is present close to the inner margin. The clarity
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fIGURE 14

(a) Radular teeth

(b) Operculum (outer side)
(c-e) Embryo shells

(f) Animal extended (ventral)

(g) Head pigmentation (dorsal)

Abbreviations
central - t - tentacle
lateral m - mouth lobe
inner marginal mg - mucous groove
outer marginal ap - aperture
calcareous smear g - granule
clear area op - position of

operculum






of this area is somewhat variable. A small, irregularly
shaped, .calcareous: smear is usually present to the right of
the nucleus. ~The”extent and degree of calcification is also
variable but it is clearly visible when the operculum is
viewed with top lighting against a dark background.

The operculum is of no value in distinguishing the New

Zealand species of Potamopyrgus.

(4) RADULA .

The structure of the radula has been of major importance
in the classification'of Hydrobiidae particularfy at the
generic level (Thiele, 1928, 1931; %Wenz, 19%8-44; Stimpson,
'1865 Pllsbry, 1911 Berry, 1943). ‘However, it has been shown
that con51derab1e 1ntraspec1f1c variation in tooth morphology
may:-occur (Krull, 1935; Berry, 1943; Solem, 1955; luus, 1963;
Davis, 1966), and therefore differences found must be eval-
uated Wlth extreme caution before their taxonomic value can
be determlned ‘ _

N The radula of Potamopzrgus is taenloglossan, oossess1ng
the typlcal row formula 2%y 1 il -2, NO important deferences
in general tooth morphology have been found between soecles,
and representatlve teeth are 1llustrated in blg 14a.
ollght varlatlons are Iound in the p081tlons of teeth on the
radular rlbbon w1th respect to one another. Some 1nd1v1duals
have a clear space between the central and lateral teeth
“hereas in others no gap is found.- rhls may vary, even

within populatlons.



Radular length generally increases with an increase in

snail size (Fig. 15), radulae of full-sized P. puvoides

measuring up to O.6mm, whereas those of the other two
species may be up to i.4mm long.

In all three species radulae of tully grown individuals
examined possessed 62 to 93 rows of teeth (Appendix %). The

rows of teeth are closer together in ¥. pupoides than in P.

estuarinus or P. antivodum (Fig. 16b).

#

Cusp formulae for the three species are given below.

P. pupocides

e A

P. estuarinus

(3-2)—}—(2—4) : 8-9 : 14-19 : 21-35

P. antipodum

=D2)=1=(3=B) . o 1z . o - -
ST oey ¢ 7713 0 15 22 . 24-48,

-

Results of a detailed study of cusp variation in three
populations of P. antipodum are presented in Table 5 and
Figure 16a.

Variations in cusp formulae are considerable, part-
icularly in P. an%ipodum. Within this species similar shell
formns may -have very different formulae, whereas conversely,
very different shell forms sometimes have similar radulae.
Some of these relationships can be examined by reference to
Appendix 3 and Figs. 3 and 4. Muus (1963) and Davis (1966)
both report that cusp variation is also commonly found
within individual hydrobiid radulae, although variants are

normally a small minority (often 2% or less). Davis gives



FIGURE 15 -
Radula length plotted against shell height

in 14 populations of Potamopyrgus spp.

p - P. pupoides

e - P. estuarinus

all other points - P. antipodum
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FIGURE 16

(a) Humbers of serrations on inner and outer marginal teeth

in three populations of P. antipodum. (Twelve radulae

examined from each population; counts made from three
teeth in each row of each radula.)
11 - inner marginal
M2 - outer marginal
a - Pond A, Massey University
b - Tiritea Stream

¢ - Wakara River

(b) Number of rows of teeth per unit length of radula (0.22mm,

in middle of ribbon) in Potamopvreus spp.

So0lid line - P._ antipodum (52 radulae)

Broken line - P. puvoides (11 radulae)

Dotled line - FP. estuarinus (3 radulae)
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of this area is somewhat variable. A small, irregularly
shaped, calcareous smear is usually present to the right of
the nucleus. The.extent and degree of calcification is also
variable but it is clearly visible when the operculum is
viewed with top lighting against a dark background.

The operculum is of no value in distinguishing the New

Zealand species of Potamopyrgus.
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(4) RADULA .

The structure of the radula has been of major importance
in the classifioation{of_Hydrohiidae particulariy at the
generic level (Thiele, 1928, 1931; Wenz, 193%8-44; Stimpson,
1865, Pllsbry, 1911 Berry, 1943). ‘However, it has been shown
that con51derable 1ntraspe01flc variation in tooth morphology
may:occur (Krull, 1935; Berry, 1943, Solem, 1955; Muus, 1963;
Davis, 1966),7and therefore differences found must be eval-

uated w1th extreme caution before theilr taxonomic value can

be determlned

05

The radula of Potamopz gus is taenloglossan, possessing

the typical row formula 2'1'1-1'2 uo 1moortant differences
in general tooth morphology have been found between spec1es,
and representatlve teeth are 1llustrated in rlg 1l4a.

ollght varlatlons are found in the p051tlons OL teeth on the
radular rlbbon w1th respect to one another. Some 1nd1v1duals
have a clear space between the central and lateral teeth

,hereas in others no gap is found rhls may vary, even

within populatlons.



Radular length generally increases with an increase in

snail size (Fig. 15), radulae of full-sized P. pupnoides

measuring up to O.6mam, whereas those of the other two
species may be up to i.4mm long.

In all three species radulae of fully grown individuals
examined possessed 62 to 93 rows of teeth (Appendix 3). The

rows of teeth are closer together in ¥. pupoides than in P.

estuarinus or B. antivodum (Fig. 16b).

¢

Cusp formulae for the three species are given below.

FP. pupoides

_EZ:E}‘}‘%%:?% : 9-11 : 21-25 : 29-30

P. estuarinus

(%-g)—i-(g-4l: 8-9 : 14-19 : 21-35

P. antipodum

=5)-1=(3=5) . o'vz . 1e_25 . ou_
Goey =502y ¢ 7713 : 15-32 : 24-48.

Results of a detailed study of cusp variation in three

populations of P. antipodum are presented in Table 5 and
Figure 1l6a.

Variations in cusp formulae are considerable, part-
icularly in P. an;ipodum. Within this species similar shell
forns may -have very different formulae, whereas conversely,
very different shell forms sometimes have similar radulae.
Some of these relationships can be examined by reference to
Appendix 3 and Figs. 3 and 4. Muus (1963) and Davis (1966)
both report that cusp variation is also commonly found
within individual hydrobiid radulae, although variants are

normally a small minority (often 2% or less). Davis gives



JABLE .5,

Summary of variation in numbers of cusps, denticles and-

serrations on the radula teeth of P.

antipodum from. three

ponulatlons

Population Central Lateral Inner . Outer .
Marginal Marvlnal

lMassey, Pond :;5%“3“54:5} 9 -11| 20 - 25| 31 - 47

Tiritea Stream | 3= 4)‘_1(5 2y | 9 - 11}-25 - 35| 32 - 45

liakara River E;:%‘E“E‘;:Z% gax 31l 21 %29l B2 uz

®fxamination of (1)

(2)

Twelve snails per population

Duplicate counts of cusps, denticl

and serrations'on at least three

teeth per row per radula.

es

the extent of known variation Within Hvdrobia totteni as

follows:

(2-5)-1-(2-5)

s

1 -1

6-9

: 10-13

: 8=12°

When this is'compared with species of Potamopzrgus, the

varlatlon in cusp number on the central tooth is found to

exceed that of any of the Hew éealand species.

atlon on the lateral lles between that found in P pu901des

and P antlnodum, and that of the marglnals can probably be

Cusp vari-

cons1dered comnqrable to that found in P pupoides and P

estuarinus but less than in P. antlnodum

Comnarlson is

dlfflcult here because of the overall reductlon in cusp

number in H tottenl.
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1
To conclude, P. pupoides can be separated from P.

estuarinus and P. antipodum using radular characters. (it
is smaller, and the rows of teeth are closer together), but

within P. estuarinus and P. antivodum there is sufficient

variability in shape, cusp formulae and radula-shell ratios
to prevent specific differences being defined.

Hutton's (1882) cusp formulae for four New Zealand
ﬁspepies?wcanHQt,_ﬁhe:efore,~be_givenythe,diagnostic import-
ance ‘he gavevt;em. The minor variations in tooth shape.:
shown in his figures appear to have been produced by.orient-
ation of the radula for illustration rather thén_py.true
structural differences, and the radula dimensions he provided
are all too large.  Ponder's (1967) figure of the radula. of

P. antipodum is also inaccurate. The central tooth .is some-

what distorted with excessively long and narrow basal..
processes,: and misplaced basal cusps, and the lateral shows

too few denticles on the cutting edge..

¥hen radulae of P. antioodum and . P. estuarinus-are

compared with those of the Iuropean P. jenkinsi described

by Woodward (1892) and Krull (1935) (new_material also
examined) shape of teeth, cusp formulae, radula length and
numbers of rows of teeth are all found to.lie within; the same
fange.._Woodward states that the laterals do not project
beyond the centrals but are clear of them, although in the
New Zealand species both conditions occur. . It seems,likely

that further.studies of the radula of PE. jenkinsi would show

the existence of more variation than has been recorded to

date.
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The Venezuelan species placed in Potamopyrgus by Baker

(19%0) differ from the New Zeéland species 1n -the shape of
the outer marginal tooth and by the possession of a peg on

he lateral toeth of the radula. These, and other anatomical
differences suggest that they do not in fact belong in

Potamopyrgus.

n

LD

(e) EXTERNALS OF ANIMAL (Figs. 14 f and g)

' The extefhal norphology of the three species: 'is ident-
ical, except for differences in size, and intensity of head
and mantle pigmentation. The following description applies
to’ all three species.

Tentacles long and slender, clear, with black pigment
distributed as in Fig. l4g. Eyes with prominent piguent
cups, in -bulges at bases of teptacles. Rostral pigment

distributed in fine!transverse bands, dark and evenly dis-

persed in P. pupoides and Y.  estuarinus but often lighter

and more variable in P. antipodum. - Mouth lobes white,

normally with grey crescentic markings dorsally. Pigment-
ation of head:behind level of the eyes always dark. Buccal
mass often visible dorsally near the base of the rostrum.
Foot broad, grey, with a stippled appearance, rounded
posteriorly, truncated anteriorly, the anterior margin
nearly .straight,: the antero-lateral angles somewhat
auriculated. .The anterior mucus slit is prominent and
extends the width of the foot. .IHaatle .skirt black, with
a well defined, pale, anterior margin. -Large numbers of

shining white "granules" are found in the foot and pale
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mantle edge, and frequently in the mouth lobes and tentacles
close to the eyes. -They do not appear to be distributed
in an organized manner.  Similar “granules" have been - -

described by Davis (1966) in the. tissues of H. totteni.

Robson (1920) has noted considerable variability in
colour and pigmentation of . jenkinsgi,: and-Warwick"
(1952) hés]suggested that it may exist in three strains,-
differing in m%ntlegpigmentation.as well as. shell shape.
Heywood and Ed&ards (1962), however, consider that lack

of pigmentation. in some populations of 2. jenkinsi is

probably a phenotypic response to environmentai conditions.
Both Fretter and Graham (1962) and Muus (1963) state that
head pigmentation is distinctive in different Huropean
species of Hydrobia, and is a useful aid in identification.
Their respective figures are contradictory, however, and do

not convincingly support .this view. Davis (1966) has also

noted. that head pigmentation. of H. totteni is distributed
in a distinctive manner, although it may vary in intensity.
No. consistent specific differences in pigment distribution

. hgye been found .between New 4ealand species of FPotamopyrgus

and within P. antipodum no correlation: has. been. found

between pigment intensity and shell form.

(£) REPRODUCTION

~. 'In Burope, populations.of E. jenkinsi normally exist
as parthenogenetic females and only a solitary male has

been recorded_(Patil, 1958), from the River Thames in



England. Similarly, the New <ealand "species" of -

FPotamoovrgus -have been assumed to be parthenogenetic ...

(Ponder, 19Y64), apart from I. pupoides which Ponder found

to have normal bisexual reproduction.
The present. investization has shown that in New

4ealand, Potamopyregus by no means consists solely:of part-

henogenetic females, and in fact males are relatively common
and present in all three species. Why males have not
previously been?recognized‘is no doubt partly because of a
lack of interest in the living' animal by earlier workers,
and also .because .the penis of the male 1is not'iﬁmediately
visible when the animal is withdrawn from its shell. It is
nidden beneath ‘the mantle edge which must be folded back
before:it ‘can be seen.

A preliminary investigation of sex ratios was made:
by examining six to 10 individuals from 63 populations. of

P. antipodum, five populations of F. estuarinus and  three

populations of Y. pupoides. Males were found 'in all

populations  of the two latter species and in 24% of the

Y. antinodum populations.

"Results of a more comprehensive investigation are -
presented in Table 6. Males were found in nine of the 24

populations- of Y. antipodum examined, and in seven of these

they constituted less than half of the total sample. In

P. estuarinus the sex ratio approximated 1:1.and-in P.

pupoides females predominated in a ratio of about 5:1.
Considerable variations in sex ratio have also been

recorded in Hydrobia ulvae by Rothschild (1938). :In the

37



hydrobiids Pomatiopsis cincinnatiensig and P. lanidaria, of

which extensive collections have been examined, females out-
number males by 1. 7 l and 2.9:1 respectively (van der Schalie
and Dundee: 1955; Dundee, 1957).

In some populations of P. antivodum from West Coast
lakes sexual dimorphism with regard to shell height has been
found, females attaining a greater size than males. This is
clearly indic%ted in Table 6 by comparing the sex ratios for
large and mediﬁm—sized snails in these populations. Sexual
dimorphism in hydrobiids has also been noted by Dundee (1957)
in Pomatiopsgis lapidaria and by van der Schalie and Davis

(1965) in Oncomelania formosana.

(2) Male reproductive system (Fig. 17)

The gross anatomy of the male reproductive system is
identical in all three species, and closely resembles that

of P. jenkinsi described by Patil (1958). The testis lies

in the upper whorls of the shell on the columella side, and
from it @fises the vas deferens, a narrow, highly con-
voluted tube with a thin, muscular wall. It passes through
a large prostate gland embedded in the tissues of. the
visceral mass at the posterior end of the body whorl, and
finally runs forward on the head, close to the skin, to the
penis, opening at its tip.

No proximal dilation of the vas deferens, as described
by Patil, and suggested as a seminal vesicle, has been
found. The vas deferens of mature individuals in all three
species is normally crammed with living sperm throughout

its length. This gives ita conspicuous white appearance.




FIGURE 17

(a) Diagrammatic representation of male reproductive system
(b) 3perm

(c-d) Position of penis on head

(e) Penis extended

() Penis contracted

(g-s) Penis shape in preserved specimens

%) 3ection of vas deferens containing sverm

Abbreviations

D - penis
pr - prostate
t - testis

v - vas deferens






TABLE 6.

Sex ratios determined in samples of Potamonvreus spp. from

30 localities

Fopulation Huggﬁﬁiig Female|Male|% Wale Notes
(a) P. antinodum
¥aitomo Stream 100 59 4] 4]
Lake Pupuke 89 6l 28 31 Large snails. No
. sexual dimorphism.
" " 57 36 21 57 Small snails.
Lake Taupo 100 100 @) 0
Lake FPukaki 100 100 0 0
Avon River 100 100 0 0
ilakara River 100 100 0 0
Lake Paringa 100 ol 9. -9 Jarge snails only.
Sexual dimorphism
, : found.
! " ks 31 15 16 52 |iledium sized snails.
Green Lake 100 100 0 0 ' -
Lake wairarapa 50 50 0 0
Hokowhitu Lagoon 100 100 0 0
Lakée Tutira 50 50 o 0 _
Lake Wahapo 100 70 320 30 Large snails. Sexual
£ : o dimorphism found.
Lake Tanthe 20 19 1 5 Large snails. Sexual
" ' dimorphism found.
4 L 4.0 19 21 52 Hedium sized snails.
‘Waikato River 30 27 3 10. |Large snails. No
(Cambridge) sexual dimorphisn.
Z U 3G 27 % 10 Medium cized snails.
Iinton Stream 200 200 0 0
Ohau Pond 50 50 0 0
Kahuterawa River "
(tributary 1) 100 100 0 0
(tributary 2) 84 84 0 0
Pond A, :
Massey University > 500 All 0] 0
Pond B, :
Massey Universit > 500 All 0 0
Dannevirke (ditch 50 49. 1 2 g
Tiritea Stream 40 A 3 7.5"
Yfaiotapu (streamn) 50 50 0 0
Piha River B 50 33 17 34
(b) P. estuarinus
Waikato River | 50 249 23 46
Havelock (river) E 50 32 18 %6
Heathcote River E 50 29, 4 2l 4=
Huia Stream B
(Dec.) 40 ¥ 1 22, 55
(Aug.) 60 25 55 58
(c) P._vupoides o
Plimmerton B 40 56 4 . IO
Havelock (river) T " 50° 36 14 28
‘lananaXki b 75 57 18 24

ji

exposed to brackish water

= Waximum % males in 15 monthly samples.




operms have a slender conical head and.a long, lash-like

tail (Fig. 17/b), and are all of the one kind.

Their

dimensions:(living) are given in Table 7 in which com-

parison is made with the sperm of . jenkinsi and H. ulvae.

TABLE 7.

Dimensions of sperms of iew Zealand species of Potamonvreus

compared with ﬁhose;of two species of ITuropean Hydrobiidae

Species Total Tength | Head Lencth | Reference
(microns) (microns)
P, antioodum 110 ] This study
°, _estuarinus 140 M " "
P, pupoides 110-120 e " b
P. jenkinsi Y, B 14-6 Patil (1958)
H. ulvae 100 o 1 i g l

‘The sperms of the New Zealand species are comparable
in length with those of H. ulvae but two to four times the

size of those described for F. jenkinsi. As the sperm of

©. jenkinsi was observed in sectioned material, however,
it is possible that the dimensions giveﬁ are not a good
indication of their length in life, as it is possible that
wax embedding contracts ‘the sperm tails in a similar way
that it contracts chromosomes as indicated by Burch (1960).
The penis (verge) is situated on the right side of the
head'beneath’the mantlé'edge. It is simple in form, taper-
It thus

ing at its tip and bears no accessory lobes.

closely resembles the penis of P. Jjenkinsi figured by Patil

40.
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(1958). 1In life the penis is colourless and semi-translucent,
the vas deferens being visible within. 1t is capable of
considerable contraction and expansion, and when contracted
the walls near its bése have a somewhat telescopic appearance,
and the vas deferens becomes strongly convoluted. In pre-
served specimens the shape and orientation of the penis tend
to vary considerably, and usually it becomes somewhat coiled,
especially at the tip. Fig. 17g-s illustrates the condition
of the penis iﬂ a number of preserved snails. Histologically,

it is similar to that of P. jenkinsi.

As a taxonomic character, the male copulatory organ has
been considered by Berry (1943) to be most reliable, and he
found that different species of Michigan Hydrobiidae had
characteristic penis structures, which paralleled differences
in their radulae. By contrast, New Zealand species of

Potamopyrsus have simple non-lobate copulatory organs which

are of no value as specific characters.

(3) Female reproductive system (Fig. 18)

The structure of the female reproductive system divides

the New “ealand species of Potamopyrgus into two distinct

groups which possess major differences in the form of the
lower section of the oviduct, and its associated glands.

(i) P. _antioodum -

The ovary is situated on the columellar side of the
digestive gland in the apical whorls and reaches almost
to the tip of the spire. It has a white, rather lumpy
appearance when mature, and contrasts strongly in colour

with the brownish digestive gland which has a stippled



£IGURE 18

(a) Diagrammatic renresentation of the female reproductive

system of P. estuarinus and F. nunoides

(b) Diagrammétic representation of the female reproductive

system of P. antivpodum

(c) P. antivodum - animal removed from shell

(d) T.S. empty brood pouch of P. antipodum showing position

of sperm groove

(e) T.S. "spermathecal duct" of . estuarinus

(f) Developing egg of P. estuarinus at the 4-cell stage,
taken from the lumen of the cabsule gland

(g) BEgg capsule of P. _estuarinus

Abbreviations
ap - female opening to dg - digestive gland
nallial cavity o - ovary
cp - capsule gland st - stomach
ag - albumen gland mc - mantle cavity
sd - "spermathecal duct" T - rostrum
(= pallial oviduct) f - foot
bc - bursa copulatrix m - muscle
rs - receptaculum seminis ec - egg capsule
od - oviduct bpl - brood pouch lumen

bp - brood pouch
sg - sperm groove






appearance. ''he oviduct leading from it is slender and thin
walled, but its walls become greatly thickened in the region
of the bursa copulatrix and receptaculum seminis. Anterior-
ly, the reproductive éystem consists of the pallial oviduct
which has a prominent, clearly demarkated groove, the sperm
channel, on its ventral surface. In immature individuals
the thin walled lower oviduct is circular in cross section
but in mature snails it becomes greatly enlarged and dis-
tended to forﬁ}é brood pouch within which over 100 embryos
in various stages of development may be found. ‘The sperm
channel leads directly to the very large bursa copulatrix
and the smaller feceptaculum seminis. Both normally
function to store sperm (Fretter and Graham, 1962), but must
have lost this function in parthenogenetic individuals.

Fretter and uraham suggest that the well developed bursa

copulatrix of P. jenkinsi may act as a waste dump for excess

egg capsule secretions. Surrounding the pbsterior wall of
the brood pouch are a prominent albumen gland and a mucus
(shell) gland. The single opening of the pallial oviduct
is situated close to its anterior extremity. The condition

found in P. antipnodum agrees with that found in P. jenkinsi

by Patil (1958) and Fretter and Graham (1962), but

contradicts the claim of Krull (1935) that in P. jenkinsi

there are two openings to the exterior, one from the brood
pouch and one from a physically separated sperm channel.
Reproduction occurs throughout the year.

(ii) P. estuarinus and P. pupoides

In these two species the form of the female system is

identical and differs markedly from that of P. antipodum in

42,
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the structure and function of the lower section which is
dominated by the strongly developed Capsule'glénd." The "

ovary, positioned as in P. antipodum communicates with the

oviduct, at the lower end ‘of which the bursa copulatrix
and receptaculum seminis are situated. These are of

similar size and shape to those of ‘P. antipodum but in

fertilized .individuals the receptaculum Seminis has a vivid,
white appearance, given to it by masses of sperm packed
inside. Both these diverticulae are outgrowths of the
"spermathecal duct",-'a straight‘tube with a musculariwall,

similar in cross ‘section to that of Pomatiovnsis -lapidaria

figured by Dundee (1957). It opens to the anterior of
the mantle cavity. The "spermathecal duct"” is completely
separate -from the'capsule gland above. This is unlike the

condition found in Hydrobia, whére the capsule gland forms

the pallial Oviduct,'wi%h the ”sperméthecal duct“'running
along its ventral surface only partialiy separated by
longitudinal folds of tissue. At the posterior end of the
capsule gland, and immediately in front of the bursa
copulatrix is the smaller albumen gland whose ‘lumen is
continuous with that of the capsule gland, and -also in
communication with the "spermathecal duct" below. Although
the exact course of the eggs through the system has not
been firmly established it seems certain that the capsule
gland does not function as a pallial oviduct. Evidence from
serial sections indicates that it has no anterior opening
to the mantle cavity nor any connection with the "sperm-

athecal duct" below. ‘Also, developing eggs have never



been found in its lumen. . Bggs (up to the eight cell stage
of development) have, however, been found in the lumen of
the albumen gland from which it is assumed they pass down
into the "spermathecal duct', which also acts therefore

as the pallial oviduct. This situation is similar to that

found by van der Schalie and Getz (1962) in Pomatiopsis

cincinnatiensis, in which the "spermathecal duct" is separ-

ated from the accessory glands and functions as the pallial

oviduct. -

The eggs of P. estuarinus and Z. pupoides resemble

those of the terrestrial hydrobiid Pomatias elegans figured
by Fretter and Graham (1962). They are sperical with a
granular appearance, possess a. thick (15}0, striated,
fibrous-looking shell, have no organs of attachment, and

are laid singly. Eggs of P. estuarinus have a diameter of

about 200U, whereas thoge of E. pupoides are larger, and

about 570%. 4 o

Gametogenesis has been observed in collections of

P. estuarinus made in.January, May, August,_§ethmber and
December, and it therefore seems probable that it occurs
throughout the year. Less 1s knowvn regarding P. pupoides
but females.containing developing ova have been observed

in spring and summer.

(g) CHROMOSOME NUMBER

. Squashes of male and female gonads from all three
.species were examined to determine chromosome . numbers.

Interpretation of ovarian material was not easy as the

q’q‘ .



majority of nuclei were in interphase, but testis squashes
included numerous cells at various stages of spermato-
genesis and could be readily interpreted. Chromosomes
could be distinguished with some difficulty in early pro-
phase and were most clearly counted in late prophase and
metaphase. In all three species the diploid number 2n=24
was found and male gametes: possessed the haploid complement
n=12,

‘Rhein (1935) reported the diploid chromosome number-:

of P. Jjenkinsi from ZEurope to be 20-22 and Sanderson (1940)

found British specimens to have 3%6-44 chromosomes and -

suggested that they may be a tetraploid "race" derived

from the Continental diploid "race'. Both these observations

were made on sectioned material, and Patterson (1967) has
indicated the need for more exact studies using squash-
techniques before these.figures can be ‘confirmed.

In his review of chromosome numbers in the Streptoneura
(=Prosobranchia), Fatterson (1967) lists haploid. numbers for
10 species of IIydrobiidae in the genera Pomatiopsis,

Oncomelania and Hydrobia. These all lie within the range

16 to 18. He also states that in families or genera where
there is chromosomal number variation, this variation is
usually not more than & two bivalents, although a maximum
variation of 12 has been found in the. pleurocerid genus

Semisulcospira, and even a variation of six within a

single "species of the muricid Purpura. As a rule, chromo-
some numbers in the Streptoneura tend to be conservative,

as they are in the Iuthyneura (=Opisthobranchia + Fulmonata)

&Lb.



(Mreh, 14657 and this iz veorne out in the Hew

enacien of Fobowonyrous which all vosceesm

cgmuae number. wongervativoness in this
indicated by *ein's (1LE35; ficure of 2n=20-22

Gy e =9 + (=R R 2 0 il ) e O 1T Sy
deniinsi. Tt seems uwnlikely thet mueh, il eny sinificmnce

<

can be g£iwen to the fact thot the chrowosoms nunher

f FPotamonvrscus is ths

loviest of a1l
the hydrobiids examined to date,

(?.l'.‘

e 1 ~ - T .
y although Bypep (1065)

found that the lover srouss of suthyneura vo

nuvmbers, rattsrson (19067 ! has found that in

LANy cases it

is impossible %o correlate low numbers with "srimitiveness”

in strevptoneura.

sedaly A1T47

e
=
Nt
—-n

(non-renroductive)

The rmross intsrnal anatomy, ercluding the repreductive

svstenm, oi 211 threc woecies is essentially the same and

chows no significant differences from the situation

described for r. _jenkinsi by “obson (1520),

Frull (1%25) and

petween the spe

(0

cigs is in The number of «ill filawents, 35

e

being found in specimens of Z. zntinodun =zngd

e _natuarinus

exanined, »ut only 15 in !, punoidsa.

l.42 pI0GGE I0al FATIOURS

IRTROUUCTIOS

In racent years abthenpts bo use blochewmiesy) characters
in taxonomic studies nave vgen 2ate With varyine deprces of
suce2828 (Alasbon and .urancr, 1663%), “he ad ian pl wadme

siocinenical, as onmnozed to morphclodical char:



prasuRsd to lis in the lact vhat they ave soerally affected

only ia a suantitetive way Ly modiflers, whereas= pany mordho-

lomwical characzers way pne inflaenced gualitatively by

numerous wodifisrs, nany of which exert fhsir

effect 1n =
cryntic way. It ¢hould be realized, nows

chemiczl facsors by thzmsslves are not necessarily anv more

"

olhjective than wracise anatomiczl data when it comes tn

cownering taxa in terms of genetlic, or vhylomenetic relation-

shin, unless the factors under concsideration are knovm to be

homologous (Davis nnd Lindsay, 1967). ®Bv themsslves bio-

chersicnal differences do not define ftaxonomic catesoriss, but
waen considered alony with anatomical and cytological data,

niochemical studies way make a useful contribution. Awong

the Diocharical substancas which have heen evaminad for taxr-

onomic information in 2nimals and nlants are amino acids,

nrotsinsg, fatty acids, carbohydirates, alkalcids, cvanorenetic

subatances, mhenolic substances, guinoncez, and terpenoids

) a3

»11 asg serological and immmological data (Alston and Turner,
18%%). In taxonomic studies on :‘ollusca, the techniques of

paner- and lon-exchangse chromatorranthy, disc- and imauno-

eleccbrovhoresis, spectrovhobometry, and serolosy and
inmmunolosy, have baen emnloyed in examinations of blood, c=p
and foot proteins, Dlood and shell amino acidg, and body
mucus.  The value of these techniques ‘has been revieved by
“ichelson (1%Gba, 1Gtbb), Davis and Lindszay (1%67), and
3hiselin, Degens and Spencer (1¢97). In this study, body
mucus, free amine z2cids in foot and nmantle tissue, and the
aning acids of meriostracal protein have besn exanined for

any taxononic information %l




iaxonomic studies of molluscs involving body mucus
were Lirst made by sirk, rain and Zeyer (1954).
haner chromatborraphy to I'resh tizsvue zxtracts of the foot
muscle of scven species of land snails and obtained
characteristic vltra-violet fluorescence and absorption
patterns for zach svecics. .hese matberns were all clearly

distinzuishable irom each other, and showed neither geo-

graphic variationg, nor caifferences when the snalls werc fed

snecific {luoreszcent pstterns from snail mucus and foot

tissue preparations, smd wright (1959) in a study of the

caromatowranhic patterns of tfluvorescent substances in zpecies

of Limnaez found that it was the Lody mucus, not the slime
trall mucus which gave the pattern. iie also obtained
constaht vatterns for different speciegz, although in a later
study (‘rizht, 1964), he iound a marled

derree of variation

-

in nacvtern vetweaen different populations of the worpho-

logically variable species [dInaea pereser. Urignt (1959

speculated that chroratograpinic natterns may represent more
fundamental taxonomic characters than many worpholosgicsl
characvzrs in ceneral use. ‘Whe nature of +the fluorescing
matter in rucus is not known (Jright, 1%64), although
wobertson (1457, has sugiested that zome finorezcing subh-
stances may bz amino-sucars, and ‘azazune ani Yoslzawa
(195C¢) qguoted by “right 359) have ifentified zlucosznine
and. malactose in delix foob wucus, 2nd zlucosamine, mannose
and malacturonic acid from enaill mucus »mucin.
snromatozranhic analyses of free z2mino aclds have been

sade by a number of wovkers usinz Tissus sauashes 1Iron

They avnplied

o9,



ceveral artbhrowod gicuns, and aqualibative differcucss
interpretesd az naving tazononic significancs hsave bson Tound
in a number of chem. Qowis (135?} foumd that wuscles of
varions cnecies of Urustacea appsar to contsin differsnt
sinino acids some of whichh seew To be s

.,

mzzati-iaverse (195%) obtained constant and distinctive
natterns of amino acids and fluorescent substbances from

tigsues of zenetically imovm strains of Drcsonhila

melanogaster, althougsh the interpretation of his results

'__.

haz heen queried csince by alston and Turner (1963). Ball snd
Clark (1953) obtained free amino acid differences from the

vodies of the mosquitoes CJulex quinque fagciatus, C. tarsalis

and C. sbtigmatogoma, and concluded that paver chromatography

L]
’11

o)

=min

O

acids nizght offer an additional and useful method
of delineating swecies differences, or of indicatinz phylo-
venetic relationshins. iiicks (19547 also applied amino acid
chromatogzrachy to a study of certain mosquito snecies which
ere difficult +to separate on mornholosical baszes and he
obtained convincing differences. Iater Micks (1956)
obtained distinctive differencss between certain Hemintera,
Dintera and Orthontera, at the ordinal level, and also could
diztinguish betwesn three cenera of cockreaches but not
between svecies within a single zenus. dobertson (1957)
cbtained differences in chromatégram pnatterns between

1% species of Coleontera, Lenidontera, Uiptera and
ymenontera, althoush he found that the analyses wmere
comnlicated by pattern Aifferences evident in larval, punal

and acult stares of come snacises. He concluded that as

=

_'. Fa]



difTerences are fowmd at bthe

v__}

ecific level, paver chromat-

orraphy of thiz Kind i: a valuable tavonomic tool.

In this stuly, free amino a2cid matbterns from molluscan

foot wmuzcle =2nd mantle shirt Tissue have been sxanmined. ‘Mhe
Toot wos chosen ss the »rimary source of material as it 1: 2

relatively larrme and homogencous structure, easily senarable

frori the visceral massg, and 1t is an orzan characberistic of

the phylum follu

(G]

ca.

The use of amino acidos from molluscan shell nrotsin
for phylorenetic and taxonomic vurposes 1s a very recent
developnent, and preliminary stuvdies have indicabzd that it
could be a uzmeful taxonomic technique (Dezens, 1%67;
Grnizelin et al., 1957). The molluscan shell is produced
by s2cretion of precurszors from the epithelial tissuwe in
snecialized areaz of the mantle and may consist of several
layers., The outer layer or pmeriostracum is not calcified
and over 95 . is cowmosed of protein (Degens, 1%67). It
acts as a protechive outer coveringz. he inner layers of
the shell are calcarcecous and inclule a proteinacecus matrix
=hich gerves az the sitefor the nucleation of the mineral

phase. The uncalcified matrii is laid dowm ewtracesllularly,

‘,_.'-
[

and only after it is formed is inorganic material from the

mderlyine tissue incormorated

C_J

into the shell (Ghiselin et

al., 1967 In “wytilus californianuys the orsanic watrix

represents avout 1 of each wineralized shell layer (Hare

19655, A5 2 Bpecles L

O.

efined, in part, by its distinct

3

venetic cowmosition differians from that of other gp 5,

@

3Cie

|"‘n

g - o1 - - 3 - o Y : L - -~ f= e | 1. . -
mmnbs of the body, it is reasonzble to eipect that gfene

and as proteins are penetically determined structurzl ele
et

[N
0



diverpgence between species wonld

e disnlayed in a diversencs

of protein commosition. rroteins are characterized by their
individual amino acid gequences, and by employing ion-

exclhange chromatograshy quantitative estimates of the amino

acids nresent can

n be ohtained, differences in values thus

obtzined being indicative of Aifferences in protein

cormmosition.

ln this investigation, amino acid analyses of

periostracal protein have been made but the matrix of the

coleified shell has not heen examined. reriostracum was

chosen ior two main reasons;

(a) Tt is easy to obtain relatvively large quentities
of material commared

with niniwmal amounts of matri:z protein.

(b) Shell ornamentation is periostracal, and

commariscns of amino =acid comnosition of smooth and spiny

shells is of interest

T.BETHODS

(a) Ticus fluorcscence

I'rezh foot tissue was ciushsd on a sh2st of 'Thatman

no. 1 filter pavper with a glass rod, making a concentrated

spot (disweter vp to 1.0cm), l1-2cm from one edge. 4 number
of snots were prepared on each naper, un Lo 20 snails con-
Eributing to each aspot, and were dried thoroushly in a
current of warw air. rsutanol-acetic acid-vater (1GG:22:5C

v/v/v) was usad as solvent, asz vecommendad by Wirk et al.

(1954 and Wrisht (19%64). Fapers were developed by

ascendinz chromatosraphy in a saturated atmosphere. 4T the

. #



1, the oaper was dried, and emanined for fluoi

gscence patterns using an vltraviolet lamp, with a vazde

Tt

125w rercury vapour bulb. xanmination of vapers prepared
for free anino acid =amalysis (Lethods L)
for fluorescence patternz. The followlng svecles were

exanined,

o]

otamonyreus antivodum, i. esbtuariavg, . nupoides,

pielanopzig trifagciata, Lalia neritoides, 3ijglimnasa

d’

omentoga, £hvea fontinalis, Helix aspersa =nd an unident-

ified limacid sluz.

(b) Tree zamino acids

Jree amino acids in foot muscle and mantle tissue were

ervanined qualitatively by descending paper chromatography.

The visceral mass was first

U]

"

senarated mechanicslly from the
100t and mantle sekirt of each &nail, and the foot znd mantle

-

tissue wasz then vlaced, separately, or tomether, in a contri-

fuge tube containing a few drops of distilled water,
2C Ireghly killed snails viere used in each oreparation.

Lt was ioportant that only a miniwual sanount of water was
added to tne snail bissus zo that ths preparation rewsined

L9 ]

rzlatively wviscous and concentrated, yet was {luid enough

to allow easyv application to the paper. 3nails were vul-

verized thoroughly in the centrifuze tubz with a clean

iy

—

zlagss rod, and were then zentriiuced for 5-10 minutes,

AL%

The somawhat viscous supernatant was spolbted ouuvo & sheetb

= “a

of "hatwman no. 1 chromatozraphby paper =2oout 1Ccnm from one

enct. Zeveral pots as well as standard reference amino

scids wers run on each sheet. Spotiing was carried out

7l



Tracinss of ulira-~violat fluorsscence and absorntion natterns

obtained Hy chromatozran
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of ¥fresh fToot muscle
from four snecies of liasgbromoda. Solvenb; butanol:acetic acid:
waber (100:22:50, v/v/v). A1l goots vallow; those with broken

cutlines faint.
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) =1 B h . a ° =
vile three pulmonates 1, fontinslis, L. neritoides and 3

asSpersa from which identical chromatograms were obtainad,

ly Faint. A typical curomutozran is shown in rir, 20

A OO o 5 .
(C; ATINe =cids of nericstracal nrotein

The znecies could not bs distinmuished by quantitative

e¥anination of their veriostracal »rotein amino =2cids which

&re similar in all sopecies and nossess a high dezree of

ntra-specific variation.

-~
@
N
=
j—

ts of analyses are nresented in Zable 8 (n.57).
Tocalities and shell forms of =aails exawined are shown

below.

22iple no. Species collectGion snell fornm

locality

1 . _punoides Jananaki Smooth

2a -, estuarinus Huia

b " H 1

e 1" " 1"
A B Heathecote "
5 P. antivodum  Dannevirke L
5 " Lake TFupuke 3niny

@

‘ixed smooth
and spiny

Ynangareli Falls

L Lake Tutira Smooth
" n i S,Oiny

Reproducibility of results was tested on two samples

of P.

#“hen two identical runs were made on the same sanple (2b

and 2c), the mean variation setween amino acid values was

estuarinus from Huia (Table &, Wos. 2a,2b,2c; p.57),

U1
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pIGURS 20

Free amine acid natterns oblained oa cnromatogranhing foot
musclce and mantle-edee Sissues from four snecles of Gastronoda.

solvent; vusanol:acebic acid: water (3:1:4, v/v/v).

1. Paysa fontinalis (foot)

&)

Letia aneritoides (foot)

.\
I
.

4, ielix aspersa (mantle)

=

.. rotanmopyrcus antipodum (foot)

ala - alanine lys - lyszsine
21ly - «lycine nro - vnroline

leun - lsucine val valine
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-~ ,0 . ~0 \ . L
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tyrosine (highest in spiny Lake Fuonuke sample) relative
prooortions of amino acids are of a similar omier. This
similarity is clearly demonstrated in Table ¢ (p.53) where
amino zcid ratios in all samnles have been adjusted for

ease of comparison, glycine being given a valuce of 100. The
presence of increased tyrosine 1a spiny shells is probadly

of ro significance, however, as high concentrations are also

found in the smooth shelled P. =s3tuarinus.

e finding of considerable variation in coancentraticns

of amino acids in the periostracum of lotzuopyrsus s»p.




TABLE 8.

Shell periostracum amino acids in thrge species of Potamopyrgus.
100C ( /oo) total amino acids.

Expressed in parts per

Species upoides estuarinus antipodum

Sample no. i 2a 2b B 3 4 5 6 7 8
Locality Wananaki Huia Heathcote | Dannevirke Pui;ke “h;:§i;el %;mzztiga LES;§§;§3
Amino acid

Aspartic Acid 121.4 |129,3| 114.8 | 109.4 149.3 133. 4 126.6 114.8 D785 98.7
Threonine 43,9 9.1l 32.0 [ 320 44,8 45,8 LL, 5 31.6 L8, 2 55.C
Serine 53,4 Ly, 3| bLo.6 | LO.1 53.0 L7.2 Lzs 35.4 50.3 67.0
Glutamic Acid 70.1 68.2 61.5| 63.7 36.2 73.7 75.9 52.1 7L 4 85.3
Proline 47,8 47,31 s4,c i 58,1 21.7 23.9 22.6 26,2 L4y, 8 5%.6
Glycine 329.3 | 357.0| 342.2 | 3k2.3 265.9 318.8 288.9 Lc0.9 268.9 205. 4
Alanine 69.8 57.41 54,5 | 51.6 76,08 4z,0 7C.6 Lo.3 87.1 1C9.56
Half Cystine T Ty T e T T i T T
Valine 45,0 L. 4 by, 2 Le,1 60.2 564 Lo, § 34,2 Ly, 3 62.5
Methionine 6.9 7.0 L.9 SNe 8.3 8.0 5.8 1.7 5.2 10.2
Isoleucine k.9 22:8(| - 21.1 |1 20,7 27.8 2647 28,3 17.6 29.8 36.8
Leucine L6.C Lz L Lo0.1 Lo, 2 54,5 57.5 Se> 5087 55.5 6C.2
Tyrosine 23,7 2.4 69.2 | 71.3 37.1 Lo,.9 63.9 L7.8 32,0 32,0
Fhenylalanine 54,9 5,3 k1,2 | 47,5 L3.1 54.3 S1.2 6L.1 54,9 Ls .9
Lysine 27.0 21.2 | bh9.2 | L43.1 34,1 2.3 29.3 3%.8 Ly, 2 37.3
Histidine 3.9 1.8 2.9 2kl s 5.9 2.3 11.3 7e3 3.k
Arginine 31.8 16.2 | 27.4 | 32,7 35.7 30.9 39.0 37,8 35,3 37.%

T = Trace
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nrotein amino acids

pecies of Fobamopyreus.

wnere olycine

Y

a23buarinus

antinodum

i i
tanple no. I 23 | 2h ! Z2e | 3 1 4 5 6 7 3
I : | : :
_ { | :
Annino acid | ! ;
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. . IS b - - - b , A

Asp 27.0 | 356.2133.6 (32,1 56.7141.8 43,5 43,6 &30

2 a1 7o ke, ofad. g
19.1418.0 h&.& {32, 5 leg.0
13.3{15.8117.¢| 8.2 7.5

Tyr T2 (17.5120.2 (20,904 0|12.322.1 BL, 91119
Ehe 16.7 2.7112.0113.915.2[17.C|17.7 [16.0 | 20.4
s 2.2 5.5 14 .4 [12.6|12.3|1CG.2|1C.1 | R.4116.4
His 2 G.5] C.B| Q.6 Q.5 1.5 C.8] 2.3 2.7
ATE 9,7 451 2.0 961354 F21135.51 951151
: T = ‘lrace

i 1 AU o
i o T

~
A

il B,

41.5
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TABLE 1C.
Ratios of amino acids of periostracum in various Mollusca and Brachiopoda selected from the literature

for comparison with Potamopyrgus. All amino acid values are in parts per 100C. Numbers in
parentheses are lo ranges.

References Fresent Study Degens (1967) Piez‘(1961) Degens (1967) Hare (1963) Degens (1967) Degens (1967) Jope (19

Fotamopyrgus Gastropoda Bivalvia
spp- Mean Australorbis Mean Vytilus Cephalcpoda Brachiopoda Brachiorg
Mean of of of
9 indivs. 12 spp. glabratus 12 spp. californianus 1 sp. 1 sp. 1 sp.
Amino Acids
- 0.b ' '
OH-Fro - (0-26) 3 - - 65 - =
1k 31
33 izl (131-156) 183 (13-72) 26 224 89 135
Thr Iy (37-7G) 22 (8-35) 9 L8 31 16
101 25
SJer L7 (81-126) 91 (21-59) 69 67 438 75
Clu 71 (116-142) & (10-38) 25 1C1 50 L7
37 38
Fro ] (32-43) L7 (28-5L) 24 74 & ) . 92
77 512
Gly 212 (68-87) 265 (391-671) 503 132 171 32k
39 37
fla €6 (81-99) &3 (23-62) 8 46 0L 37
2 5
4 Cys T (1-5) - {(1-14) 14 38 ] 13
69 30 :
Val L& (66-72) 32 (16-55) 32 L9 39 26
6 18
Vet 6 (L-9) 1 (6-56) 4 3 5 1
57 12
soleu 26 (49-66) 15 (6-26) 13 28 11 12
97 18 .
Leu L9 (91-103) 34 (9-35) S 41 26 20
11 30
By 48 (9-14) 25 (12-74) 155 12 3 59
BA. b3 | ;
Fhe _ 50 (30-46) 21 (24-80) 10 LR 19 cs 16 e
28 20. ' .
Lys 35 (20-39) 52 (14-29) 22y 'E g I .25 %28
His b ~ (0-148) b T (2-11) 17 E LT el ' 6 32
Arg ik e vDew - (23=45) 15 wxty  (13-55) L1 e 35 98 - 64

a0t

* Whole shell protein 5hélysed‘6f,thié-freshwater Speci;é;
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reinforces ginilar findinzs obtained in othar studies. ilaps
(19€%) found that neriostracum showed =wore variation in

aning aclid comwosibion than any otuer structural unit of the
chell, and showsad That camnlezs frow the growing edge, arcund

tne perifery of a single specimen of ivbilus californianus,

maz very from 1l0-12 in nmamoers of residues of many amino
acids. Zlearly defined diiferences in amino acid ceompositien

of meriostracus betwecen individuals of Laqueus californisnus

(a brachiopod,; have also been rienenstrated by Jope (1267)
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stracurn cufficicent to masi cenetic differcnces in nmany casas

i)

another immortant source of amnino acid variation @ay be
orotein aslercseneity, i.e. more taan one nprotein may con-
tribute to the wneriostracur, as has been suzgested by Hare

(1485, Degens et al., (1467, aad Jope (1967).
Althouzh comparisons between proteins fromn different
shell layers are no® strictly valid, the amino acid

counosition of rsotawovoyrpus periostracal »nrotein cshows a

closer zfrinity to tne zhell matrix proteins of the fresh-

water pulmonstes Australorvnis ~leabratug (Table 1U; p.57) and

elisoma sp. (Ghiselin et al., 1967) than to sny nsarine or
terreatrial mollu=cs exanined. All the freshwater snecies
are chzracterized oy hish concenlrations of clycine, ~lutamic
cid =2nd asnartic scid. Ghisslin et al., (1%:%} have found
srat a marked change in anino acid compociticn of shell

matriy nrotein occurs with a change from 2 marine 4o a fresh-

axine zcids chansine in the direction of concentrations
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found in wore primitive (marine) wmolluscs, e.o. Haliotis

and ucula.
In this study, determninations of amino acid composition
of veriostracal orotein have not successiully distinguished

betwsen snecies of iotamodyrcus, nor shown that character-

el

istic @ifferences exist vetween shells nhaving difrerent

]

)

i

egrses of shell ornam=ntation. <ather, it has shovn the
existence of shell variability at the molecular level,
paralleling the wide ranze of variation found in overall

shell shape and form.

1.43 cdV IRCilaadVilal RALATTIONSHIES

(a) DISTRISUTION Al GoidiAl wCOLUGY

FPopulationz of rotamonyreus spp. are found throurchout

the two main islands of kew .ealand, =2nd E. antiocodum also

occurs on a numeer of islends including Stewart, Hen, ureat

2nd Little parrier and <hatham. The auckland Islands gsvacice

r. dawbini may also be referable to ;. antivodum. The <nowm

distributions of E. estuarinus and £. pupoides, and the

)
T

loz

lities from which :f. antinodum has been collected are

civen in Appendix 1.

(1) . estuarinus

Y. _estuarinug has a clearly circumscribed nabitat, and

is confined to brackish water. OComzmonly it i3 found near
the moutnhs of streams and rivers entering harbours, where
the water is of fluctuating salinity. .reaquently, the
anails live a2 semi-terrestriel =:xistence on nmud flats or
mucdy banks adjacent %o river channels, or in harbour baci-

sters and salt swamp

mn

. in thess situations they may lie



exposed to the air for over half a tide cycle, and for the
other half live in water of high salinity. '"he snails are
inactive when exposed on mud flats, and may lie on the sur-
face of the mud, be partially buried, or be grouped gre-
zariously alongside or under stones, wood, etc. Williams
(1960) noted that in the Heathcote estuary snails tended to
bury themselves in the mud when the tide was out, and also
to occupy cfacks and crab burrows. Rosenberg (1963)
recorded up to 884,000 snails per square metre in the
Heathcote estuary.

Uther snails remain immersed throughout the tide
cycle, and may occupy various substrates including sand,
mud, the upper and lower surfaces of stones, and clumps of
weed. In river estuaries, snails are normally most
abundant towards the seaward end, where salinities remain
high.

Some past reports of tvhe finding of E. antipodum in

brackish water (Suter, 1913; Oliver, 1923; Powell, 1933;
Bruce, .1958; Ponder, 1964) undoubtedly refer to P.
estuarinus. 4ll of Oliver's" observations probably refer
to . that species which he noted living a semi-terrestrial

existence near the land edge of mangrove (Avicennia

resinifera) in 3hoal ﬁay; Auckland Harbour, on mud near high
water at Rangitoto island, and along tane. landward border of
tidal mudflats in auranga Harbour. Among the animals he
found associated with P. estuarinus were the nmud snail

Amphibola crenata, the crab Helice crassa, and species of

¥ Shells deposited in the Dominion Museum collection are
all typical of P. estuarinus.



amphipod. Subsequent field observations made.during this
investigation, and by Bruce (1958), have shown that these
species are almost invariably present on mudflats where

P. estuarinus is found.

(2) P. pupoides

P. punoides is confined to brackish water, and is

frequently found in association with P. estuarinus in river

estuaries, but is less frequently found on mud flats where

it would be exposed to the air for regular periods of time.

P. pupoides exhibits no marked substrate preferences and is
found on stones, mud, and among living and decaying veg-
etation. Frequently, it is abundant in river estuaries on
a substrate of smooth, clean sand.

(3) P. antipodum

P, antipodum occupies a wide variety of habitats,
including lowland rivers, stony streams, creeks, ditches,
estuaries, ponds, lakes (as deep as 420 feet, according
to Suter, 1905b), coastal dune lakes, springs, wells and
permanent seepage. One of the few freshwater habitats
it seems unable to colonize is the temporary pond (Barclay,
1966), as the snails lack resistant stages capable of
carrying them over long dry seasons (see p.78). Within
the P. antipodum complex a number of relationships between
particular shell forms and geographical or ecological
distribution are evident but none of these relationships

appears to be so well circumscribed, or clearly defined, as

to warrant taxonomic recognition of the populations concerned.

The main trends noted are:-

63.



(i) Wany snails at high altitﬁdes, and/or in relatively
oligotrophic waters, e.g. Lake Rotoiti, lielson Lakes
National Park, have a much smaller adult size than do most
lowland populations.” These snails are predominantly smooth
shelled.

(ii) Snails in wany, but not all, populations north of
Auckland attain a very large size, their shells sometimes
exceeding 1Omm in height.

(iii) There is a tendency for spiny-shelled snails in
lake, and river populations, to have relatively slender,
strongly shouldered shells in the south, whereas they become
broader and less strongly shouldered further north.

Although laboratory rearing work has indicated that
shell form is not a simple phenotypic response to environ-
ment, small size may be partly a result of decreased growth
at low temperatures, or where the quality of food available
is poor. Conversely, attainment of large size may be partly
attributable to exposure to higher temperatures for a longer
period, permitting an increase in the rate and amount of
growth. The North Auckland snails larger size is produced
by an increase in whorl number, rather than by.an overall
incfease in size of the whole shell. .

Snails of this species are also able to tolerate waters
of markedly different calcium content. On the one hand they
have been taken in streams flowing from limestone caves at
Waitomo and Waiomio (Northland), and on the other from a
stream at Walotapu where calcium incorporation into the
shells is so poor that it is almost impossible to pick up

snails without crushing their shells.
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Maximum shell height, degree of bacterial encrustment
on shells, and ornamentation of shells have been compared
in populations representing I'ive major habitat types
(Fig. 21).

In all five habitats the mean maximum shell height lay
between 5 and 6 millimetres, and the greatest range of sizes
was found in ditches and stony streams, from which, however,
the largest numbers of samples had been drawn.

All degrees of encrustment, light, medium and heavy
(see key to I'ig. 21), were encountered in all five habitats,
and were fairly evenly represented in ditches, stony streams
and ponds. In lakes and lowland rivers, however, over 609%
of populations consisted of snails with only slightly en-
crusted shells.

Populations possessing all five degrees of shell
ornamentation were found in four out of five habitats, and
only in ponds were populations dominated by spiny indiv-
iduals not found. Only six ponds were represented in the
survey, however. As a general rule lakes tended to consist
predominantly of spiny individuals, whereas smooth-shelled
snails were more abundant in running water. Further dis-

cussion on the ecolo of P. antipodum in running waters is
8y g

given in Section 2.1.

This examination has shown that no clearly defined
relationship between shell form and geographical or ecological
distribution can be demonstrated. This serves further to

emphasize the heterogeneous nature of P. antipodum.




PIGURE 21
Relationships between shell height, shell form, shell encrust-

ment, and type of habitat, in 97 populations of E. antipodum

Habitat types (based on the classification of Blton and
Miller, 1954)

1. Ditch - A small body of water containing slowly moving or
stagnant water. Generally in open farmland. Muddy and
weed infested.

2. 3tony stream - A small body of water with medium water svpeed.
Bottom of stones or gravel rather than mud. Usually lacking
much vegetation. Often upland or in bush.

3. Graded River (or stream) - Lower reaches of a lotic habitat
where substrate is mainly mud and silt not stones or gravel.
vegetation has often reappeared.

4, Pond - A small medium sized body of still water ({1 acre),
usually with a muddy bottom and considerable weed.

5. Lake - A large body of still water, more permanent than a
pond. Vegetation often confined to the margins.

The 97 populations consisted of: 28 ditches, 40 stony streams,

'7 graded rivers, © ponds and 16 lakes.

5hell encrustment

Light - Shells clean or lightly flecked with encrusting material.

Medium - Shells lightly but fairly completely covered.

Heavy - A thick coating of encrusting material begins to obscure
shell structures and distorts the shell apex.

Shell form

1. All (or almost all) snails smooth.
2. Predominantly smooth.

3. Half smooth, half spiny.

4. Predominantly spiny.

5. A11 (nr almnat 211) aninv.
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(b) SALINITY RELATIONS

(1) BSalinity rance

All three species of Potamopyrgus are found over a

wide range of calinities, but only 2. antipodum is found in

fresh water. The range of salinities at which the three
'species have been observed is shown in Table 11, and results
of salinity determinationsmade in a series of habitats are
given in Table 12 (p.67). In some cases, salinities were
obtained from a single station at high and low tide, in
order to determine the range of salinities to which

individual snails were exposed.

TABLIS 11,

Salinity ranges within which the three species of

Potamopyrgus have been found living.

Species Salinity o/OO Maximum Diurnal
e e Range
Maximum | Minimum =
P. antipodum 20.4 0 17.7

P. pupoides 32.3 | 2.7 "

P. estuarinus 34.8 2.7 "




TABLIs 12.

Water salinities recorded in habitats of FPotamopyrgus sPP-

Localities Salinity Snecies present
< L. £ —
/oo antipodum| puvoides |estuarinus
Fortland Road estuarw
(Auckland)
Station A <1 X
B <1 X -
C 16.3-4,7 py X X
D 19.0-2.7 M X X
E £1.0-3.3 X X X
F P6.4-12.9 X X X
G P6 4-27.0 X X
Hobson Bay (Auckland)
(mangrove swamp 30.6 X X
Otama Bay (Coromandel
Pen.)
Stream - Upper
Station P7 . 2-14.7 X X X
L - Lower
Station  [29.4-19.7 X X
Littoral pond Sens b X
Supralittoral
trickle {1 X
Jaikato River
(Tuakau) el X
Kaotuna River _
Coromandel Pen.) 10.6 X X
Waihou River
(Hauraki Plains) 16.3 X
Porirua Harbour area
{ahao Stream 6.2 X X
Kahao Stream mouth X
(pool) 18.6 X
Porirua Harbour X
mud flats 34,8
Horokiwi Stream X
mouth 16.7
Horokiwi Stream 150 X
Small unnamed y X
tributary 2. i
Hutt River 4 <
(Wellington) 22.1-13%.4 X
Waikanae (stream) R X
Take Sllersmere’ 9.5-6.0 X

*data supplied by G.W. Yeates (pers.

coma. )
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(2) Survey of snail distribution within a single estuary

Introduction

The three species of Potamopyrsus are rarely found
living together, but they do coexist in a narrow inlet of
Hobson Bay, Auckland, which runs parallel to Portland Road.

A small, permanent, freshwater stream runs into the upper end
of the inlet, and the mixing of fresh and salt water results
in the formation of a salinity gradient (Fig. 22).

| 1he substrate of the inlet is mainly foul smelling,
highly reduced black mud on which are scattered stones,
bricks, broken branches and pieces of scrap metal. (ilament-
ous algae grow on the upper surfaces of the more stable
stones, and occasional patches of weed also grow in the upper
reaches. The estuary is bordered by grassy banks and rushes,
some of which are submerged for much of the time. 'the firmer
substrates and vegetation provide habitats for all three

species of Fotamopyrgus which exhibit no clear substrate pre-

ferences, although the mud forming the bulk of the estuary

bed is not colonized. During high, spring tides, the in-
fluence of salt water may be felt as high as Station B (Fig.
22). When the tide is out, water recedes down the inlet,

and above Station F most.of the bottom is exposed, except for
pools of water trapped in small depressions. The invertebrate
fauna associated with Potamopyrgus spp. in the brackish water
section includes the mud snail Amphibola crenata, Tenagomysis
novae~zealandiae, Amphipoda, Polychaeta, and dipterous larvae,

including Chironomus zealandicus, and representatives of the

Tipulidée, Pphydridae, Stratiomyidae and Syrphidae.



Methods
Because of the irregular distribution of the snails,
quantitative sampnling procedures were not used, and samples
were taken by sweepiﬁg a hand net through vegetation, and by
scrapning snails from the surfaces of hard objects into the
net. Water samples were taken in mid-stream close to the
stream bed at Stations A-E, and at the side of the stream
among vegetation where snails were found at Stations F and G.
YWater salinities were determined by titration with silver
nitrate (Harvey, 1963). A single set of water samples was
taken at high and low water during one tide cycle.
Results

Results are shown in Fig. 22. P. antipodum inhabited

fresh water and the upner estuary, whereas the other two
species occupied the lower estuary. In the section of
widely fluctvating salt content all three species were
present together, P. antipodum being numerically dominant at

the upper station. Maximum salinity to which P. antipodun

was found exposed was 26.40/00 and the minimum at which

F. pupoides and P. estuarinus were found was 2.70/00.

(3) Exverimental studies

In order to determine the full range of salinities
tolerated by each species, a number of laboratory tests
were carried out. Hleven salinities were selected, O, 10,
20, 30 —--- 100% sea water, made up by diluting freshly
collected sea water with distilled water. Sodium chloride
solutions were not satisfactory as in preliminary experi-

ments using them, gnails were 1lnactivated at concentrations

14
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FIGURE 22

Distribution of Potamonvrgus spp. in the Portland Road

arm of Hobson Bay, Auckland, in relation to water
salinity.
Key
Graph shows salinity readings at high and low
water during a single tide cycle.
A-H, Sampling stations.
Horizontal bars show distribution of each species.
Vertical histograms show numbers of each speciés
at each station as a percentage of the total snail
numbers. (Values below histograms are sample sizes.)

a - antivodum v - punoides e - estuarinus
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of less than 10/% sea water (3.50/0O salinity). Salinities
of all experimental waters were checked by titration with

silver nitrate. Ten fully-grown individuals of I._estuarinus,

10 of E. vuvoides, and 20 of P. antipodum, half from a fresh-

water habitat and half from brackish water, were placed in
glass finger bowls containing 200ml of water, at each

salinity. Localities from which the experimental snails were

taken are listed below.

P. estuarinus - Porirua Harbour tributaries

P. pupoides - Porirua Harbour tributaries
P. antipodum (fresh water) - Tiritea Strean
(brackish water) - Waikanae

Snails were transferred direct to experimental salinities
from water from their natural habitats. All experiments
were run at room temperature (18—2000) for a stgndard time
of 24 hours. On terminating an experiment all inactivated
snails Were transferred to water with a salinity.of 5.50/OO
and then examined again after 24 hours. All experiments

were run in duplicate.

Results and discussign
After 24 hours, all individuals of P. estuarinus and P.
pupoides exhibited normal activity at all experimental
salinities, 0-100% sea water. P. antipodum, from both
populatioﬁs? was act;ve up to 50% sea water (17.50/oo

salinity). Some reduced movement of P. antipodum was found

at 60% sea water (210/oo salinity), but at higher salinities
all snails remained completely withdrawvm into their shells,
their opercula acting as physical barriers isolating the

snails from the surrounding water. After a further 24 hours



in water of 5.50/Oo salinity, all previously inactivated
snaills resumed normal activity.

In the field, the highest salinity at which P.

antipodum has been found is 26.40/OO (75% sea water),
slightly higher than the greatest salinity at which activity
occurred under experimental conditions. It is possible,
therefore, that some intraspecific variation is found in

P. antipodum with respect to salinity tolerance as has been
found in P. jenkinsi by Duncan and Klekowski (1967).

Although P. estuarinus and P. punoides have not been .

observed living in fresh water in the fiéld, they seem able
to live in it, and have been kept in fresh Watef in the
laboratory for several months. This ability to tolerate a
wide range of salinities is clearly advantageous, as rapid
changes in salinity are regularly encountered in the
estuarine reaches of rivers inhabited: by populations of all
three species.

By comparison with the New Zealand species, salinity
relationships of the Buropean P. Jjenkinsi have been well
documented over the years (Johansen, 1918; Quick, 1920;
Bllis, 19%2; Nicol, 1936; Adam, 1942; Bondeson and Kaiser,
1949; Lumbye, 1958; Bryan, 1963; Todd, 1964; Duncan and
Klekowski, 1967). Adult snails from both fresh water and
brackish water have been found to be tolerant of salinities
from fresh water to full sea water, in all of which they
actively move and feed, and establish new levels of internal
concentrations very rapidly. Young, however, are born only
in salinities from fresh water to 120/00 (34% sea water) in

freshwater populations, and up to 180/00 (51% sea water) in

'/lo



brackish-water populations (Duncan and Klekowski, 1967).

These findings seem to suggest that like P. antipodum, P.

denkinsi is gradually losing its euryhaline character, and

becoming a more closely adapted freshwater form.

(c) HABITAT PREFEREICE

Introduction and methods

Apart from inhabiting waters of different salinities,

P. antipodum and P. estuarinus are frequently found in

contrasting physical environments. P. estuarinus is often
abundant on high tidal mud flats bordering streams, where
snalls may be exposed to the air for an appreciable period

of each tide cycle, whereas P. antivodum always remains in

the water and is never found on semi-exposed flats.
Laboratory experiments were carried out to compare the
behaviour of the two species when a choice between submerged
and exposed substrates was offered. ' the experimental
apparatus consisted of a rectangular plastic box (20x10x7cm)
with a cardboard floor covered in a layer of river mud form-
ing a sloping "ramp". The floor was subdivided into three
zones, a lower submerged section, an upper zone of slightly
damp, exposed mud, and a middle zone of saturated mud also
exposed to the air. Snails used were obtained from Huia

(P._estuarinus), and Piha (P. antipodum), 100 snails being

used in each experimental run. Tap water was used in
experiments on both species and sea water was also_used
with P._estuarinus. The different salinities did not

affect the resnmonses of P. estvarinus in the experimental

gituation. All experiments were carried out at room

temperature, 18-20°cC.

72.:



7>

Results and discussion

Results of tymical experiments are shownAin Fig. 25,
In (a) the snails were distributed evenly throughout the
box at the start of the experimental period and a single
examination of their subsequent distribution was made after
17 hours. In (b) all snails were placed in the submerged
section of the box on commencing the experiment, and their
distribution was exawined after 1, 2, 24 and 772 hours.
Similar results were obtained in (a) and (b). A clear
behavioural difference between the two species was apparent,
the majority of P. estuarinus finally sélecting the driest

substrate, whereas almost all P. antinodum remained in the

water, or were buried in the water-saturated mud of the

middle zone. Movement of P. estuarinus from the water to

the dry upper zone is clearly shown in Fig. 23bl-3.

1he results obtained for P. antinodum.agree well with

the situation found in the field, the snails remaining
almost entirely aquatic. The relatively large numbers
occupying the middle zone of water-saturated mud, is
-probably explained by the presence of favourable respiratory
conditions at the air-water interface in this zone. A
similar situation is regularly found in still water lab-
oratory cultures lacking vegetation, in which the majority
of snails move up the sides of the containers and settle
immediately beneath the surface film.

Although in the experimental situation most P.
estuarinus remained permanently in the dry zone and
exhibited no active movement back to the water, in their

natural habitat they do not normally remain exposed to



FIGURE 23

Selection of submerged and exposed substrata by P. estuarinus

and P. antipodum in laboratory exneriments.

(a) Snails initially distributed throughout box.

Examined after 17 hours.

(b) All snails initially in water.

bl - examined after 1 hour
b2 - " " 2 hours
bB _ I ] o4 n

bq_ - n n 72 i
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the alr for more than a few hours at a time, as tidal move-
ments ensure they will be covered at regular intervals. 1Lt
is essential that the habitat should be sﬁbmerged regularly
as snails cannot mové about and feed when the substrate is
dry. One consequence of this positive movement out of water
could be to prevent colonization of permanent river channels
where salinities are lower than those experienced on
adjacent mud flats. This would also effectively isolate

populations of Y. egtuarinus and . antivodum in many areas

where their ranges overlap.

(4) DESICCATION

Associated with the colonization of a non-aquatic
habitat is the problem.of desiccation. <This 1s a problem
potentially faced by all terrestrial animals and is likely
to be of considerable importance to aquatic species such as

F. estuarinus which find themselves periodically exposed to

the air. P. antipodum although strictly aquatic sometimes
inhabits small bodies of fresh water which have fluctuating
water levels, or which are susceptible to draining by
natural o£ artificial means. 1n such situations, if the
snails are unable to withstand exposure to air, whole pop-
ulations may be quickly destroyed. An example of the effect
of artificial drainage of a pond on a population-of P.
antinodum is described”in Section 2.1.

Laboratory tests were designed to examine the tolerance
of the three species of Potamopyrgus to desiccation, firstly

under totally artificial conditions in perfectly dry air and



on a dry substrate, and secondly under more natural con-
ditions, on a damp substrate and in moisture~saturated air.
Methods

(1) To determine the time snails can exist in a dry
atmosphere before death occurs, experiments similar to those
of van der Schalie and Getz (1961, 1963) were carried out.
Shells of experimental snails were dried thoroughly with
filter paper and placed in dry, 9cm diameter, open, petri
dishes which were kept in a desiccator containing calcium
chloride as desiccant. The apparatus was maintained at
room température, 20-22°C.

In a first series of experiments 50 snails each of P.

estuarinus and P. antipodum, and 20 of P. pupoides were

used. All P. pupoides were fully grown individuals, whereas

the other two species included snails of various sizes.
five individuals of each species were removed from the
desiccator every hour for the first three hours, and then
every six hours after the first six hours until all were
dead. A snail was considered dead if it showed no sign of
movement within an hour of being placed in a shallow con-
tainer of water.

In a second series of experiments 10 large (shell

height > 5mm), and 10 small (<2.5mm) individuals of ;28

estuarinus and P. antipodum were examined after 16 hours.
(2) A permanently saturated (100% RH) atmosphere was

prodﬁced in 9cm petri dishes, by placing six thicknesses of

water-édaked filter paper on the floor of each dish which

was covered with a lid. As petri dish}lids are loose_



fitting, they permit adequate gaseous ezchange with the out-
side atmosphere (Davis, 1964). Dishes were kept at room
temperature, 20-26°C. Forty individuals of each species
were used in the experiment, and all were examined daily to
determine whether they were dead or alive, until all snails
had died. Death was not éasy to determine towards the end
of the experiment, as with an increase in time the snails
gradually withdrew further into their shells until in many
cases the operculum could no longer be seen. A snail was
considered dead when no withdrawal reaction was elicited
upon prodding the operculum firmly with a needle, or when
signs of putrefying tissue were visible around the averture
of strongly withdrawn individuals. Because of the nature
of the experiment it was not possible to immerse snails in
water to determine whether they were alive or dead.
Results and discussion
(1) Results of exposing snails to a still, dry atmos-

phere are shown in Tables 13 and 14(p.77).

TABLE..13.,

Survival time of Potamopyregus spp. in a still, dry

atmosphere, and on a dry substrate.

Time in hours

Species All alive Some_dead All dead
P. antipodum 0-6 ©6=30 ' 30
P, estuarinus 0-6 6-42 4p

P, pupoides 0-6 6-24 24

76.



TABLE 14.

Humbers of large and small individuals of P. antipodum and

P. estuarinus alive after 16 hours at 0% relative humidity.

Species ' Numbers of snails
Large > Smm Small £ 2.5mm
Alive Dead Alive Dead
P. antipodum 8 2 0 10
P. estuarinus 4 o6 0 10

In all three species, the first individuals died after
6-12 hours in a dry atmosphefe, and the longest exposure

before death was between 36 and 42 hours, by some individuals

of P. estuarinus. It is clear from results of the subsidiary
experiment (Table 14), that large individuals were able to
tolerate longer periods of desiccation than small ones. This
is probably to be expected, as more water can be held inside
the shelis of large, withdrawn snails than within the shells
of smaller ones. This water should take longer to evaporate
and so protect the snail tissues against desiccation for a
longer time. A similar result was obtained by van der
Schalie and Getz (1961) forlthe amphibious North American
hydrobiid Pomatiopsis cincinnatiensis, small individuals
(<2mm) being less tolerant to desiecation than adult snails

(4mm). HMaximum survival time for 2. cincinnatiensis at 25%

RH and 27°C was 43 hours for young, and 75 hours for adult

gsnails.
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(2) Survival of snails in a moisture-saturated atmos-
phere, and on a2 damp substratum is shown in Fig. 24.
Direct observations indicated that snail tissues did not
become rapidly desiccated under these conditions, and that
at all times moisture was maintained within the shells of
the snails. Cn a damp, but non-submerged substrate, how-
ever, movement, and consequently feeding, cannot occur and
therefore death may result from starvation combined with
desiccation, rather than by desiccation alone. Deaths of

P. antivodum and P. dunoides are attributed to the combined

effects of desiccation and starvation, therefore, but the

situation found in F. estuarinus was very different.

P. estuarinus apparently entered a state of dormancy or
aestivation and had a high survival rate over a long period,
under the experiumental conditions. Individuals which had
remained dorwmant up to 50 days resumed activity when trans-
ferred o a vessel of water. Hibernation, aestivation and
tolerance of desiccation are considered to be primarily
achievements of the higher Stylommatophora (¥orton, 1958),
although short term aestivation does occur in some
Pomatiasidae (Hunter, 1964) and Hydrobiidae (Dundee, 1957).
Little is known about aestivation in most operculate genera,
although it has been suggested that the operculum could be a
preadaptation permitting successful sealing of the shell
(Hunter, 1964). It would therefore correspond in function
to the epiphragm, or the dried mucus film, across the
aperture of aesti#ating or hiBernating land pulmonates.

Many land prosobranchs desiccate and die extremely

readily, and most are restricted to habitats where the



FPIGURE 24
Survival time of Potamopyrsus spp. at 100% relative
bumidity, on a damp substratum, at room temperature
(20-26°C).

50l1lid line -~ F. antipodum

Broken line - FP. estuarinus

Dotted line - P. pupoides

a - subsample of 10 P. estuarinus removed
and placed in water. All resumed

activity.
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atmosphere is moist (Morton, 1958). Quick (1920) found that

Hydrobia spp. could withstand long periods of exposure and
survive in an apparently desiccated state, and iundee (1957)

nas noted that dormancy occurs in the amphibious FPomationsis

lapidaria in very cold or hot and dry weather. This evident-
ly ensues when there is a lack of sufficient available
moisture, the snails lying with their opercula inserted well
into the shell apertures during the inactive period, and
beconing reactivated with the onset of rain. ¢Clearly the
ability to withstand long-periods of exposure out of water is

advantageous to snails such as P. lanidaria and P. estuarinus

which possess an amphibious way of life, and may suffer pro-

longed periods of exposure out of the water.

1.44 DISCUSSION

(a) THE SPECIHS FROBLIM

As now envisaged, three species of Fotamopvrsus are
o 9

recognized in Hew Zealand. Two of these, P. puvoides and

P. estuarinus, are clearly distinguished using morpholog-

ical, reproductive, and ecological evidence, but P.
antipodum contains a heterogeneous assemblage of forms
embracing all the purely freshwater populations. It
includes a wide range of morphological variants, as well as
differing reproductive formé, and is found under diverse
environmental conditions. In the past, many of the forms
included in this species have been considered morpholog-
ically distinct enough to be recognized as separate species,
or to have had restricted geographical distributions

allowing them subspecific recognition. <his study has



shown that continuous morphological .variation exists
within the complex and that discrete geograpvhical dis-
tributions of taxonomic subgroups, consistent with the
definition of the subspecies (Mayr et al., 1¢53), are
difficult to find. A gradation im reproductive types from
normal bisexual forms, through populations with few males
to total parthenogenesis is also found, and the possession
of these different states, apparently unassociated with
particular morphological forms, or the occupation of part-
icular habitats, adds further to the difficulty of dis-
criminating distinct taxonomic units within the complex.

‘'he possession of a parthenogenetic mode of reproduction
by a large proportion of the populations of P. antivodum is
perhaps the major factor responsible for so much of the tax-
onomic uncertainty within the genus, as it has permitted the
formation of many reproductively isolated clones in which
divergent evolution has been able to occur. A comparable
situation is found in the viviparid genus Campeloma in which
both bisexual reproduction and parthenogenesis occur, and in
which "the systematics of the species are in a chaotic
state" (van der Schatie, 1965).

The biological species definition (e.g. Mayr, 1963:
"Species are groups of aptually or potentially interbreeding
natural populations which are reproductively isolated from
other such groups"), applies only to bisexual organisms, and
is not applicable where asexual or apomictic reproduction
occurs. Asexual and parthenogenetic organisms therefore

present problems in nomenclature, and it is recognized that



in general the taxonomy of obligatory parthenogens must be
arbitrary. Ln the past it has been based primarily on
morphological evidence (Buchanan, 1947; White, 1954; Mayr

et al., 1953%; Brown, 1959; Dobzhansky, 19€l; Sneath, 1961;
Mayr, 1963). In practice, the majority of bisexual species
have also been recognized by criteria other than repro-
ductive isolation and morphological characters which are
often the only evidence available, have been the most widely
used criteria for species discrimination.

Unfortunately, in freshwater invertebrates, marked
intraspecific wvariability is characteristically found
(Rensch, 1959), and nowhere is this more marked than in the
fiollusca (Berry, 1943%; Hubendick, 1951, 1955; Dell, 1953,
1956; Hunter, 1957; Berrie, 1959). 3Shell size, shape,
thickness and markings, vary within many species, and much
nomenclatural confusion has arisen because of descriptions
based on few shells from few localities. In the Hydrobiidae,
Berry (1943) considered the shell to be the least reliable
character for species determination because of its minute
size, generalized shape and lack of constant characters.
Variation of the operculum is also too great to allow its use
as a reliable character, and variation is also found in the
radula.

The problems introduced by variation in defining the
molluscan "morphospecies'" have been discussed by Schilder
(1956%) and Solem (1959). The former concluded that "groups
of similar shells should be treated as different species if

they can be separated by at least one well-recognizable



character showing no intermediates even. in extreme speci-
mens'". Solem in his studies on Hew Hebrides land snails
emphasized the importance of morphological intergradation
as proof of specific identity, and considered that variations
in size, colour, height of spire and thickness of shell were
by themselves of little or no importance in separating
species. . 3olem was also disinclined to use "subspecies" as
a means of indicating variation obviously correlated. with
physical conditions of ‘local areas. In contrast, earlier
workers, e.g. Powell (1949) and Iredale (1943), were in
favour of ‘naming such forms if only to "keep them under
notice". /-

Continuous morphological variation is found 'in the
shell, radula and operculum of P. antipodum and similar
morphological variation has been described by Dell (1956)

in the New Zealand freshwater pulmonates Simlimnaea and. -

Physastra, both. of which he concluded :consisted of a single,
highly variable species. Dell (1953) also considered that
there were strong grounds for .employing a single name to
cover all the nominal épecies-of the freshwater mussel
Hyridella because of their extreme morphological plasticity.
However, because a few forms could be defined geographically,
as well as morphologically, he retained .names for them in the
belief that they were subspecies in the making.:

- The occurrence of sexual reproduction and partheno-=

genesis in P. antipodum poses further problems. . White (1954)
and l'ayr (1963) have pointed out that ‘it is illogical to

recognize parthenogenetic and bisexual "races" of the same



species, irrespective of the morphological recemblances
between the genotypes, and they considered that such forms
were better recognized as sibling species, if they were in-
distinguishable by ordinary taxonomic criteria. On the other
hand, Liayr et al. (1953) have agreed that it is unjustifiable
to give nomenclatural recognition to forms with temporary or

facultative parthenogenesis. In F. antivodum, sexually

reproducing and parthenogenetic forms are connected by
intermediates possessing limited numoers of males, aﬁd it
seems likely that in such populations both parthenogenesis
and sexual reproduction may occur.

In view of this lack of a sharp division between repro-
ductive types, and the presence of continuous morphological
variation within the complex, it is most sensible to consider
the whole range of intergrading populations as a single
species as recommended by Huxley (1942), Hecht and Tandon
(1953), Lewis (1957), and Alston and Turner (1963).

The inclusion of all the New Zealand freshwater forms of

Potamopyreus in a single variable species, E. antipodum, also

supports the claims of Hubendick. (1954) and Hunter (1957)
that the freshwater gastropods in general consist of a com-
paratively small number of widely distributed species
possessing a high degree of intraspecific variation,
characteristics which reflect the small size and transitory
state of the freshwater environment, and the high degree of
small-scale, short-term isolation which can occur within

them compared to a terrestrial or marine population.

&
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(b) THE SIGNIFICANCE OF PARTHENOGENESIS

Parthenogenesis was first discovered in molluscs by
Boycott (1919) in P. jenkinsi and was confirmed by Quick
(1920) and Robson (1923), and studied cytologically by
Rhein (1935) and Sanderson (1940). Parthenogenesis was

later discovered in the American viviparids Campeloma rufum

and C. decisum by van Cleave and Altringer (1937) and

Medcof (1940), and the former was studied cytologically by

Mattox (1937). Parthenogenesis in Potamopyrgus and

Campeloma is thelytokous (female diploid parthenogenesis)
of the apomictic type, (i.e. it is ameiotic and neither
chromosome reduction nor fusion of nuclei takes place in-
the egg), and a single maturation division is- found. Part-
henogenesis has also been found in four species of
Melaniidae (Jacob, 1957), and again it is ameiotic but
involves two maturation divisions. In many animals, part-
henogenesis is frequently accompanied by polyploidy

(Suomalainen, 1950), and of the molluscs examined three

species of Melanoides are polyploid and one species is
diploid (Jacob, 1957). It has been stated that P._jenkingi
exists as two distinct genotypes, a diploid race in EBurope
(2n=20-22) and a tetraploid race in Great Britain (2n=3%6-44)
(Sanderson, 1940), but Suomalainen (1950) and:FPatterson
(1967) consider, however,. that these results need re-
investigation.

In the lielanoides species, parthenogenesis is oblig-
atory, although small numbers of sexually non-functional

males are found in two species (0.01-3.0/% of populations).



Obligatory parthenogenesis has been considered the rule in

P. denkinsi also, although the finding of a male by Patil

(1958) »provides possible evidence to the contrary. G#ales
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and are scarce or rare in three other species of Campeloma
about whose reproduction little is known (Mattox, 193%8;

van der “Schalie, 1865).

In F. antivodum parthenogenesis is avomictic (2n=24)
and polyploidy has not been observed in any'snails exanined.
In populations where males are present, they are always
sexually functional and male gametes nossess the haploid
chromosome number (n=1¢). Circumstantial evidence therefore

suggests'that‘parthenogenesis is not necessarily obligatory

in all populations of P. antipodum, and that where it is not,
and fertilization occurs, a reduction in the chromosome
number of ova must occur so as to maintain the diploid number
and not produce a triploid race. Perhaps the stimulus
bringing about meiosis in the aeveloping egg*is the occurrence
of copulation, or the presence of sperm in the female system.

A situation closely paralleling that found in P. antivodum

has been described by Robertson (1966) in species of the

chrysomelid beetle Calligrapha. These possess extremely
variable sex ratios, ranging from 1:1 to all female pop-

ulations, and parthenogenesis in at least oné species,

Calligrapha scalaris, is facultative.” - -
The origin of parthenogenesis in all cases examined
is considered to be from sexually reproducing forms, i.e. it

is a secondarily derived condition (Mayr, '1963; Suomalainen,



1961), and Mayr has stated further that, with the apparent
exception of the bdelloid Rotifera, virtually every case of
parthenogenesis in the animal kingdom is probably of very

recent origin. A recent origin for parthenogenesis in r.

antipodum is indicated by the continued presence today of
bisexual as well as parthenogenetic populations, and by the
retention of the sperm channel, bursa copulatrix and
receptaculum seminis in the reproductive system of-part-
henogenetic females. A parallel situation is found in .-
parthenogenetic species of Calligrapha which retain a non-
functioning spermatheca (Robertson, 1966).

The advantages parthenogenesis gives to a species have
been discussed by several workers (White, 1954; Mayr, 1963;
‘omlinson, 1966), who have concluded that it is particularly-
advantageous to animals inhabiting temporary or marginally
suitable habitats where population densities are often low.
In these situations it permits a single individual to
commence breeding without requiring a mate as a new clone
may be started immediately, and the reproductive capacity
of .its members is doubled as all individuals will be -egg
producing females. Parthenogenesis is also likely to be
advantageous to_sessile or sluggish animals ‘whose gametes
are not widely distributed. In short, parthenogenesis .
increases productivity by allowing rapid build up of pop-
ulations, and therefore it can be of definite, short term
advantage to forms.possessing 1it.

Contrasting with these short term advantages, however,

are probable long term disadvantages imposed by the genetic

56,



limitations of this form of reproductcion in which genetic
interchange with other organisms has been lost. Apomictic

(diploid) parthenogenesis is normally associated with great

3
D

genetjc stability, as.genotypically new forms can arise only
through mutations. ‘ihis stability must be expected to lead
to a lack of adaptability in obligatory narthenogens,
followed by eventual extinction, or perhaps a return to
sexuality, according to Vhite (1954). 3Because no exchange
of genes 1s possible, a parthenogenetic species will consist
of an indefinite number of biotypes which will continue to
diverge as different mutations establish in different lines
of descent. Thus, a high degree of variability will ult-
imately result within many parthenogenetic species, variabil-
ity which will not necessarily be correlated with geographic
distribution in the same way as in a bisexual form. ‘he
attainment of such great variability is not universally
found, however, and some parthenogenetic species seem to have
no more variation than sexually reproducing species. Perhaps
this 1s because the vast majority of mutations are recessive,
and not able to becomnme homozygdus in the absence of re-
combination (Mayr, 1963).

In P, antipodum, a large amount of variation is found

both within and between populations, variation which in most
cases is not clearly correlated with geographical or
ecological distribution. Also, the evidence available
suggests that totally parthenogenetic populations are most
common 1n the more temporary bodies of water such as ponds

and ditches, rather than in the relatively more permanent
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and stable conditions provided by large rivers and lakes.
Compared with 2. antipodum, a far smaller amount of

variability is found in P. jenkinsi in Great Britain (T.

Warwick, pers. comm.), and if Sanderson's (1940) finding

is correct that in Great Britain P. jenkingi is a polyploid,

then this may help to explain this condition. Zvolution
certainly does not come to a complete standstill in poly-
ploid, parthenogenetic populations (Suomalainen, 1961) as
has been claimed on theoretical grounds (White, 1954), but
polyploids do differ from diploid organisms in that it is
very difficult for a mutation to affect the phenotype. This
is because each new allele has to compete with a number of
wild-type alleles and the only gene mutations that can be
expressed in the phenotype of polyploid apomictic part-
henogens are those dominants which exert an effect strong
enough to overshadow that of two or moré alleles at the same
locus. Such mutations are rare (Suomalainen, 1961; Mayr,
1963).

Further speculations regarding the expression of
mutations in apomictic parthenogenetic animals, which may

be relevant to P. antipodum have been made by Suomalainen

(1961, 1962). He argues that increasing heterozygosity will
occur between more and more gene pairs (because elimination
of recessive mutations by natural selection is impossible)
until the two chromosome sets can no longer be considered
diploid or polyploid in a genetic sense. This will reduce
obstacles to the expression of the mutations present in

them, and may thus, in part, even allow the formation of

88.



morphologically divergent biotypes. Further, with a con-
tinuous increase in the desgree of heterozygosity, an apom-
ictically parthenogenetic form gets an ever increasing
chance to benefit from heterosis (hybrid vigour). This may
therefore provide the basis for the great adaptiveness and
dispersive ability of many parthenozgenetic forms
(Suomalainen, 1962), although it is in direct contrast with
the widely held view alluded to previously, that part-

henogenesis leads Lo a lack of adaptability, and long term

disadvantaze (White, 1954).

(c) SHSLL ORWNAMENLATION

Studies into the factors causing spininess in shells
of 2. jenkinsi have been the concern of several workers
(Robson, 1926; Boycott, 1929; Boettger, 1931; Steusloff,
19%9; Adam, 1942; Bondeson and Kaiser, '1949; Warwick, 1944,
1952), and a number of Hypotheses have been put forward to
account for this condition. None, however, has answered
this difficult question satisfactorily, and research is
being continued by Mr. T. Warwick of the University of
Zdinburgh (pers. comm.) who has been concerned with this
problem for over 24 years. IMr. Warwick is also examining

ornamentation in the New Zealand species P. antinodum, and

therefore experimental studies in this field have not been
made .during the course of the present investigation.
Nevertheless, because considerable variation in the degree

of ornamentation is found in Y. antivodum as in P. jenkinsi,

a discussion of the situation pertaining in the latter is of

coansiderable interest andrelevance.
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Ornamentation in P. jenkinsi exists in many degrees of
strength, from a faint line to a well marked épinous keel,
and in addition accessory keels may also exist (Warwick,
19445 Fretter and Graham, 1962). The ornamentation is
purely periostracal (Boycott, 1929; Boettger, 1931), and
Boycott found that internally, no irregularity of the
mantle edge corresponding to the ornamentation could be
found. Warwick (1952), however, concluded that the keel
was produced by a small, blunt 'lobe of the maﬁtle edge, and
Steusloff (1939) has stated that in certain cases the whole

shell participates in ornamentation. . In P. antivnodum

ornamentation is purely periostracal and no sign of a mantle
lobe has been found.

‘Since P. -jenkinsi was first discovered in 1889 in
brackish waters in the British Isles, its subsequent dispersal
through the brackish and fresh waters of Britain and Burope
has been followed with-considerable interest. The keeled
form was the first found, both in the British lsles
(Marshall, 1889) 'and in Belgium (4dam, 1942), in both
cases in brackish water. Adam stated that in Belgium, shells
ornamented by a keel or spines were found exclusively in
saline watér, whereas fresh water was inhabited by animals
with smooth shells. Eondeson and Kaiser (1949) reviewing the
situation in Denmark noted a similar situation, the.older
records mentioning the keel as typical of the shell whereas
more recent records from.inland-localities showed an increase
in the numbers of individuals without keels. Siefert (1935)

stated that the more saline the water the more ornamentation



was found, and Steusloff (1939) found that water of high
salinity caused by industrial waste pollution harboured spiny
snails, whereas lower dowvn the river where the water was
purer smooth shelled snails predominated. As a result of
these observations, water salinity was considered to be the
most important keel inducing factor. Results of experi-
mental work, however, have not upheld this view. Bondeson
and Kaiser (1949) were unable to find any real relationship
between shell structure and salt content, -and Robson (1926)
and Boycott (1929) both bred the spined form in salt and
fresh water. After 15 years' work, Boycott tentatively
concluded that ornamented individuals were the result of
breeding under "bad" conditions such as small containers

or dirty water. Boettger (194%) on the other hand
propounded the view that keel development was due to optimal
conditions provided by a combination of food, temperature,
pH, and especially a surplus of oxygen in fresh or brackish
water, and wWarwick (1944, 1952) has suggested that algal
netabolites carried in the water way be the keel inducing
factors. He considered that the keel inducing influence
need only act during the first few weeks of 1life, and that
it probably acted in a quantitative manner to produce keels
of varying strengths. ¥arwick's work has also indicated that
both common and trace inorganic constituents of natural
waters have no direct effect on keel production, that excess
plant organic matter neither causes nor ‘inhibits keel form-
ation, and that good aeration frowm birth has no keelingi

cffect in either brackish or fresh!'water.' He has ‘also -



sugzested that in Britain F. jenkingi may exist in three
strains which differ phenotypically and genetically, although
they may live side by side, and that keel production is partly
genetically determined by the strain to which the parent

snail belongs. Bondeson and Kaiser (1949) have found it
difficult to accept ﬂarwiék's 'algal-metabolite-keel-~

inducer' proposal and suggzest that his results might be

better explained as the result of optimal environmental
conditions as concluded by Boettger (1949).

In P. antipodum all degreces of keel production may

occur in a great variety of habitats, and within pop-
ulations, or even between the progeny of a singie'individual
there may be marked differences in shell form. Vvhere P. .
antinodum is living in brackish water, both smooth and spiny

shells are regularly found. The two solely estuarine species

P. estuarinus and Y. pupoideg always have smooth shells, how-

ever, as have the three hydrobiid species, Hydrobia ulvae,

U. ventrosa, and H. neslecta, which represent their nearest
ecological counterparts in Furope. It seems reasonable to
conclude, therefore, that shell ornamentation develgped along
with ovoviviparity and parthenogenesis, concurrently with the
invasion of fresh water from a former marine and/or estuarine
environment (Fig. 25). )

A possible genetic basis for shell polymorphism in P.

jenkingi and P. antinodum "is suggested as follows. Ornament-

ation may be under polygenic control rather than determined
by a single pair of alleles, and the eXpreSsion‘bf different

degrees of shell ornamentation could result from interaction
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Suggested steps in the evolution of the New Zealand species

of Potamopvrzus.



between'eﬁvironmental factors and the genomes of shell:
secreting cells in the mantle. Characteristically, only a
part of a cell's genome-is manifest -at ‘any oné.time (Markert,
1965), and environmental changes would modify and direct gene
function producing phenctypic differences, e.g. inducing
spine development, when the correct genes were ‘active. This
mechanism,is in accordance with the situation found in the
production ‘of .different isozymic -forms of lactate:dehydro-
genase in vertebrates, in which environmental changes -
(possibly differences in oxygen availability) regulate gene
function (Markert, 1965). A éiﬁiiafiﬁedhénism'could<' 2
reasonably .account tor the apparently random, -intra-specific
variation.in shell ornamentdtion which 'is frequently found,
and which cannot be explained in simple Mendelian terms or as

solely environmentally controlled changes.of the phenotype.

(d) THE RELATIOWNSHIP. OF FLUVIOPUPA TO 'POLAMOPYRGUS .i....0. 7

The ‘genus -fluviopupa Pilsbry 1911 ‘was established for

a Fijian species Tluviopupa pupoideg Pilsbry, and now

contains species from the New Hebrides; Lord Howe Island "
and the Austral Islands (Hubendick, 1952; Solem,* 1959). =
Hubendick (1952) ‘has suggested.that a nunber of other -
Pacific Islands Hydrobiidae might "also belong-in?FluVionu a,

including :the Mew .Zealand species Potamopyregus spelaeus.. . In

fact the :species referred to by Hubendick was almost
certainly Suter's -(1905): P. spelaeus pupoides which possesses

a pupiform shellunlike 'his P. swelaeus spelaeus. ‘As’a’

result of.:the present :study. P. pupoides has been reinstated
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as a full species, whereas F. spelaeus has been synonymysed

with F. antipodum.

3olem's (1959) revised diagnosis of Fluviopupa is

given below.

Fluviopupa Pilshry, 1911

Shell minute, pupiform, with obtuse apex and only slightly
rounded whorls. Aperture ovate, vertical or sloping
forward below, peristome completely or almost completely
free from under portion of body whorl. Operculum thin,

horny, paucispiral, with sub-central nucleus. Radula

: : i : (4=-5)=1-(4-5) :
typically amnicolid, central (Z=djel2=4) © lateral with
/=12 cusps, marginals with about 30 minute cusps. Ienis
with single duct, tip simple or bilobed, some species with
a median bulb.

‘'ype species: (monotypy) Fluviovbupa pupocides Pilsbry.

This diagnosis could equally well refer to Potamdpvrgus

with respect'to radula, operculum and penis struéture, and
with some feservation to the form of the shell. Males of the
three New Zealand species of Pofamo gus, and the male of

s jenkinsi alllboésess simple, non-lobate penes similar to
thdse of some sﬁedies of Fluﬁib upa, and the radula structure

including cusp formulae of ‘the two genera fall within the

same range of variation. Typically, shells of Fluviopupa
species are smaller and more pupiform than those of

Potamopyrgus species but that of F. brevior (Ancey)(formerly

known as Potamopyrgus brevior) is less pupiform, and more

conical than that of P. pupoides, and falls within the



range of shell shape found in P, antipodum.
As. this study and others have shown that the shells of
Hydrobiidae are generally unreliable as taxonomic characters,

P. pupoides should, in our present state of knowledge, be

retained in Potamooyrgus. The validity of Fluviopupa as a
distinct genus must be considered open to question, unless.
anatomical studies, particularly of the reproductive system,

show important differences from Potamopyrgus.

(e) DHE RELATIONSHIP OF P. ANTIPODUM TO THE EUROPEAN SPECIES
P, JENKINSI - e

: R : 1 )
P. jenkinsi made a sudden appearance in Europe, heing

fifst described by E.A. Smith'in1188§,?a1though it may have
been present as early as 1859 (Fr8mming, 1956). Its origin
is uncertain and has been the subject of considerable spec-
ulation which has been reviewed by Adam (1942), Bondeson and
Kaiser (1949), and Fretter and Graham (1962). The sub-
sequent distfiﬁutionlof'P. jenkingi through Europe has also
beenldiscdssea by these authors as well aslﬁﬁbendick (1950),
Hunter and Warwick (1957), Lucas (1960), and Heﬁss‘(l96i);
Unconfirmed fossil evidence which indicateé that it was
living in Fngland in Roman times has been presented by
Kennard (1941), but andeson and Kaiser (1949) ha&e stated
that these records "must be much doﬁbfed". Attempts to
explain the sudden appearance of P. denkinsi ih Burope have
béén'made by various authors, and two poésibie.explanations
have been'suggésted, (a) that it arose by.mutation, aﬁd.tb)
that‘it had been introduced from elsewhere. Steusloff

(1927) suggestéd that P. jenkinsi arosé by mutation from




Hydrobia ventrosa, but there has been no further support for

this theory. Boettger (1949) suggested that it may be a

mutant developed from the ‘est Indian species Potamopyreus

crystallinus introduced into Burope. Bondeson and Kaiser
(1949) have hypothesized a possible Australian origin-on
account of the close resemblance to the Australian species

Austropyrgus pattisoni, and Boettger (1951) has more recent-

ly suggested a New Zealand origin for P. jenkinsi, as he

considered its shell characters identical with those of the

South Island species P. badia (= P. antipodum). As a result

of this present investigation, a closer comparison can be

made between P. jenkinsi and P. antipodum.

Both P. jenkinsi and P. antipodum show a high degree

of morphologicalivariation with respect to the shell, radula
and body-pigmentation although this variation is greatest

in P. antipodum (Warwick, pers. comm.). The two species
cannot be differentiated between using these three char-
acters, the operculum, or the structure of the reproductive

system. The chromosome number 2n=24 found in P. antipodum

correspbnds closely to Rhein's (19%5) unconfirmed value of

2n=20-22 in P. jenkinsi from Burope. Both species are ovo-

viviparous, and P. jenkinsi is parthenogenetic as are many

populations of P. antipodum. A single male of P. jenkinsi
has been described, however, (Patil, 1958), and it is
possible that a similar situation to that.found in P.
antipodum in which, variable numbers of males occur in some
populations, also exists in P._ jenkinsi.

Both species reproduce throughout-the year, an unusual

961



97.

condition in freshwater Mollusca (Fretter and. Graham, 1962),
and although a maximum of only 35-40 embryos have been
recorded in the brood pouch of P. jenkinsi, compared with

over 100 in some individuals of P._antivodum, this is un-

likely to be of systematic significa ce. Rather, it is
probably a function of the snails' (and therefore the brood

pouch) size, as P. jenkinsi rarely exceeds about Smm in

shell height, whereas P. antipodum may attain a size of

10mm. The colder norfhern Buropean climate experienced by
P. Jenkinsi may 'help to explain its smaller maximum size
compared with the New Zealand species.

As in morphological and reproductive features, con-
siderable variation in ecology is found within the two
species. P. jenkingi was initially found in brackish water
(1889) and has since colonized inland waters thfoughout
fZurope and the British Isles, first having been recorded in
fresh water in ¥ngland in 1893 (Hunter and Warwick, 1957).

. antipvodum éimilarly is found in fresh and brackish water

although it is primarily a freshwater species and has
cerfainly been established in that environment for a much
longer period than has P..jenkins'. Salinity records and
experimental work have shown that both species possess a
high degree of euryhalinity and can tolerate considerable

and rapid changes in salinity. Maximum salinities at which

P. jenkinsi can live and reproduce (12-180/00) correspond.

closely to the value of 17.50/00 obtained in this study at

which normal activity of P. antipodum ceases and the snaiis

withdraw into their shells. Both species tolerate waters
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with high and low calcium content, and live in a variety of
still, and running water habitats,‘On hard and soft sub-
strates, and amongst vegetation.

Because reproduction is primarily by parthenogenesis,
the species criterion of interfertility between groups
cannot he applied. Consequently, determination of species
limits must be based on the morphological, cytological and
biological evidence discussed above. The possession of
parthenogenesis by thesé species has led to the establish-
ment of ﬁany reproductively isolated populations betweén
which no géne exchange can occur, and it hgs been postulated
that this genetic isolation of populations has permitted the
production of such a high degree of phenotypic and genotypic

variation within P. antipodum. Presumably a similar

situation is occurring in P. jenkinsi, although in the short
time that it has been established in Hurope only a limited
amount of divergence between populations (and gene pools)

has been able to occur. P. jenkinsi has been described as

genetically unstable by Fretter and uraham (1962), as
occurring in a number of strains some showing substrains by
Warwick (1952), and by Bondeson and xaiser (1949) as a
species in evolution.

To conclude, no significant difference between the
two nominal species have been found, and the evidence avail-
able suggzests the& are therefore the same. In this case, -

P. jenkinsi (E.A. Swmith, 1889) should be synonomyzed with

P. antipodum (Gray, 1843), the latter being the first

described and having priority.
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The systematics of the Australian freshwater hydrobiids,

some of which are, or have been placed in Potamooyrgus, are

not clear at present and their relationship to the New

Jealand species of Potamopyrgus cannot be clarified until

after comprehensng morphological and biological studies
have bheen made. The presence of several related genera and
species in Auséralia, including Tatea, which Ponder (1967)
has showvn to be a hydrobiid genus closely allied to

Potamopyrezus, and the widespread occurrence of IFluviopupa

(='Potamopxrggs?) species and others possibly referable to
this group in- the 3outh Pacific (Hubendick, 1952) strongly
suggests that New Zealand is near the geographical centre

of Potamopyrgus evolution. It seems likely, therefore,

that the i#uropean snails have been introduced from the
Australasian region, thus supporting Boettger's (1951) hypo-

thesis.

e BN LIMTPERSINY
LIBRARY
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2.0 BIOLOGICAL STUDIHS O P. ANTIPODUM
2.1 POPULATION STUDIES
INTRODUCTION

No studies have been made specifically to examine

aspects of the ecology or life histories of Potamopyrsus

SPp. in uew Zeéland, but some observations on their distrib-
ution and ecblogy have been made during the course of other
investigations. ‘the most comprehensive population data
available are those provided by Allen (1951) who made
quantitative assessments of snail numbers and biomass in
Horokiwi Stream for a period of over two years (1939-41).

He found that pP. antipodum was an important member of the

invertebrate bottom fauna and was freely eaten by trout.
Allen (1958) also discussed variations in snail numbers in
riffle samples as part of a general consideration of bottom
fauna distribution. 3Scott (1965) has carried out experi-
mental studies on the distribution of P. badia (= P.
antipodum) in relation to substrate particle size.
"Information on Potamopyrgus spp. sathered during the :
course of synecological studies has been recorded by Suter
(1905b), lakes; Oliver (1923) marine littoral zone;
Armstrong (1955), Lake ‘taupo; “unningham et al. (1953),
dune lakes; Hirsch (1958), polluted rivers; bruce (1958),
filliams (1960) and Hosenberg (1963), estuary pollution;
Barclay (1906), ponds; and Hopkins- et al. (1966b), streams
and effect of UDT. Uhe importance of Potamopyrgus as trout
food has been examined by Fhillips (1931), Smith (1959),
Lane (1964) and Fish (1966), and as food of other fish and



birds by Cairns (1942), Burnet (1952) and Hopkins (1965),
eels; Parrott (1929) and McDowall (1965), bullies; Dickinson
(1951), shags (probably secondarily via fish); and Carroll
(1967), white faced heron.

In this study, population structure and reproductive

activity in three populations of P. antipodum have been

examined over-.a period of 13-14 months. Supplementary
information on growth rate and ‘generation time has been
obtained by labofatory rearing of snails, and some aspects
of the ecology of a stream population have been invest-
igated. -

'STUDY AREAS

(a) Tiritea Stream

Tiritea Stream has its origins at an altitude of
1450 feet in the northern Tararua Ranges and flows into the
Manawatu River twelve miles to the west. The catchment
arca of Tiritea Stream and its tributaries is ‘clad partly
in regenerating bush, with steep grassland comprising the
remainder. The lower section of the stream meanders through
gently undulating, terraced grassland.. Observations were
made in the lower half of the stream where the generally
unstable bed consists of silt, gravel and small stones
forming alternating pool and riffle areas. It is subject to
frequent and rapid changes in water level throughout the

year although in dry summers extensive weed beds of charo-

phytes, Potamogeton ochreatus, and filamentous green algae’
may develop in many places.  The stream is subject to a

minor degree of organic pollution derived from farmg, Massey

LEM.,



University and D.5.I.R. laboratories situated in the Tiritea
valley.

(b) Ponds A and B

The two ponds, situéted about 300 feet apart, had
surface areas of approximately 500 ft2 and maximum depths
of 3 feet. Both were filled with water pumped from an
artesian bore, and although situated about 120 feet from
Tiritea Stream and normally isolated from it, in times of
severe flooding (such as occurred in April 1965) they could
be inundated by water from the stream when the latter over-
flowed its banks. There was, therefore, a limited opportun-
ity for mixing of snails between the three populations. The
pond beds were covered by a shallow (up to 2 inches) coating
of fine mud, and during most of the year their waters were

choked by a dense growth of the oxygen weed Zlodea

canadensis. In August-September 1965, the ponds were emptied

and cleaned, and in May 1966, Pond B was permanently filled
in.
CLIMATE /
Andrewartha and Birch's (1954) environmental component
"weather" is in many ways less complex in aquatic than

terrestrial environments because humidity is not involved,

and also because extremes of temperature are less and change

is not so rapid. Temperature is the main variant (Reynoldson,

1966) and its importance has been stressed' by numerous

workers (e.g. Fuirhead-Thomson, 1958; Macan, 1963%; WHO Report

120, .1957). ‘A second climatic factor often of “considerable

importance’ to ‘freshwater molluscs is rainfall, which affects

102. -
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water level, flooding, current speed, temperature and water
chenmistry in the snails' environment.

(a) Temperature

Local air tempefatures normally provide a reliable
guide to temperatures found in swall bodies of water, and
have been utilized by ecological workers, e.g. Duncan (1959)

in a study of the pulmonate mollusc, Physa fontinalis (L.).

In Hew Zealand, Winterbourn (1966) found‘a close relationship
between air and water temperatures in Swanson Stream, and
Barclay (1966) reported a similar close correlation between
water temperature of a temporary pond and the surrounding
air temperature.

Air temperatures recorded at Grasslands Division,
D.5.I.R., in the lower valley of the Tiritea Stream during
the period of regular monthly sampling are summarized in
¥ig. 26a.

Mean monthly temperatures ranged from-goc to 19OC,
with mean maximum temperatures of 2500, and mean minimum
températures of 4.500. The diurnal temperature range of
the stream water and the air above it was recorded in
September, 12 readings being taken over a 24 hour period
(Fig. 26b). As expected, temperature fluctuations were far
greater in the air, 21-5.7°C (range 15.3°C) than in the
water, 16.1—10.900 (range 5.200). Changes in water temper-
ature followed those in the air, although there was a time
lag of about one hour. lean air and water temperatures
recorded over this 24 hour period were almost identical

(12.4 and. 12.8°¢C respectively). This evidence supports the



FIGURE 26

(a) Air temperatures recorded at Grasslands Division, D.3.1I.R.,
Palmerston North, in the lower valley of Tiritea Strean,
during the period of monthly samﬁling (March 1965 — April
1966) .

Key
Vertical bars show temperature range each month.
Horizontal bars show mean minimum, mean maximum;

and mean monthly (&[maxtmin) ) temperatures.

(b) Diurnal air and water temperatures recorded in Tiritea

valley at lassey University on 16-17 September, 1966.
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contention that local air temperatures provide a reliable
indication of mean water temperatures.

(b) Rainfall

Allen (1951) found that an unexpectedly close relation-
ship existed between flood conditions in the Horokiwi
Stream, and rainfall figures reCordgd at Flimmerton three to
four miles away between the lower valley of théhstfeam_and"
the sea coast. The nature of this relationship was that a
given rainfall at Plimmerton normally produced a rise
about 12 times as great in the stream level ih?the'following
24 hours. A similar relationship exists between rainfali
and level of the Tiritéa Stream as indicated by regordings
taken at Grasslands Division, D.3.I.R. (Table 15;. An
increase in stream level of the order of 10 to 12 timég the

raihféll'recorded in 24 hours was found to occur.

TABLE 15,
Relationship between rainfall recorded at Grasslands
Division, D.S.I.R., Palmerston llorth, and rises in level

of Tiritea Stream in May 1967.

Date Rainfall Water level Date | Rainfall | Water levef
(inches) | (inches above (inches) |(inches above
normal) normal)
8 May| 0.2 o ., |- 22 0.0 0
9 0.1 3 = | [2Ea- e 0-
10 0.1 2 2L 0.1 0
T - D - 5.5 w25 "0:6 6"
e 0.0 3.5 %6 0.2 8
15 0.1 2 S alwn 3y -8B 14
e 0.3 8

104,



105,

Allen (1951) classified floods into three categories
according to their severity, and his scheme shovn below has

proved suitable in evaluating flood conditions in Tiritea

Stream.

Classification of floods (after Allen, 1951).

Type Rise in level |Averace rainfall | Disturbance of bed
(24 _hours™)

Slight 12-23" 1.0-1.99" Some movement of
' surface gravel.
loderate 24—55“ ' 2.0-2.99" Extensive movement

'of surface gravel.
Some bank erosion.
Severe > 36" >5.d“‘ Widespread, deep

' _ . , : ' gravel .disturbance.
Overflowing banks.

“Consistent rainfall over several days has a cumulative effect

on water level of a similar order to the 24 hour values
given.

Employing rainfall data obtained by Grasslands Division,

occurrence and severity of floods during 1965-66 were deter-

mined (Table 16).

TABLE 16.
The occurrence of slight, moderate and severe floods as
determined by rainfall data obtained at Urasslands Division,

D.S.I.R., Palmerston North, during 1965-66.

Year Tvyoe . : : fionths

J, F.M A M J..J A 8 O N D Totals

1965 |51light IR T2 1 S
iioderate _ 0
Severe: ~-[-F-i AL S 1 2

1966 | Slight - 2 N = ¢ 1 J- ¥ S
Moderate il 2 3
Severe 1 I 2
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METHODS

(a) Tife history and nooulation dynamics

(1) Sampling

1665-April 1966) in Pond A, and for 13 months (April 1965-
April 1966) in Fond B and Tiritea Stream. Samples were
collected monthly, except in the period after the ponds had
been drained when additional sampling was carried out. All
sanples were taken with a long-handled dip net (18 meshes/cm)
which was swept through vegetation and bottom mud in the
ponds, and along a submerged shelf and beneath the banks in
the stream. Sampling was non-quantitative with respect to
substrate area but embryo counts were utilized to provide a
quantitative -aspect to life history data. ‘About 200 indiv-
iduals, randomly selected from field samples were examined
each month (Appendix 6). Samples half this size have been
used successfully in comparable studies by Duncan (1959) ‘and
rmunter (1961). During the period when FPond A was dry, 2ft2
sanples of bottom mud were collected at weekly intervals

and examined for snails.

(2) Rize determination

MVaximum shell height was used as the sole indicator of
size. “This is a widely accepted practice as the use of
linear shell measurements is considered to provide a general
index of the whole growth of the snail (Wilbur and Owen,
1964). Measurements were made as in Section l.4. -

(%' Embrvo examination

Embryos were removed from adult snails by two methods:
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(1) Bnails were squashed between two plates of glass.
this was a satisfactory method of obtaining embryos
© but the soft parts of snails were invariably
damaged when usging it. As other observations were
being made on the snails simultaneously, it was
~generally unsuitable.

(ii) Shells were dissolved in a weak (approximately 2i7)
solution of hydrochloric acid. Soft parts of
‘preserved snails were not affected when this
technique was used, and embryos were easily removed
by making an incision in the brood pouch .wall.

This method was adopted on-most occasions.

(4) Sex determination-

Sex .could not be determined while the snail remained in
its shell. Mature females with shells removed were’easily
recognizable by their brood pouches containing embryos while
males of all ages-possess a .penis which is found on the right
side:of the head behind the right tentacle. The penis is
normally hidden beneath the anterior mantle- edge which must
be turned back: to render it wvisible.

(5) Determination of srowth rate and generation time

Because of the lack of a clearly defined reproductive
period, it was not possible to follow the growth of snails
using :population data obtained in- the field.:  Therefore
snails wefe reared experimentally in the laboratory to obtain
an estimate of the growth rate and generation time.

One quart "Agee" jars which had been immersed in Pond

A for a month to allow encrusting green algae to settle on
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their sides were used as rearing containers. Jars were
filled with tap water, and several strands of #lodea

canadensis and about 10 grams of finely sieved vond mud were

added. WMo artificial aeration was riecessary. Ffurther
additione of pond mud were made at intervals throughout the
growth period and the decomposing organic matter within it
provided sufficient food material to sustain continuous
growth.

P, jenkinsi is listed as a detritus feeder by Fretter

and Graham'(l962), Newell (1965) has shown that the related
H. ulvae digests mainly the bacterial ‘coating on organic

debris and silt, and van der Schalie ‘and Davis (1965) were

able to rear the Oriental hydrobiid Oncomelania successfully
on a substrate of unsterilized mud supporting a rich micro-
flora of diatoms which when decaying formed the snails' main
food supnly.

" During the growth period water temperature was recorded
continuously with a maximum-minimum thermometer suspended
in a separate container alongside the four experimental
aquaria. BShell ‘height was employed as the solé indicator
of growth.

(b) Stream ecology

(1) Sampling-

‘Difficulties encountered in obtaining quantitatively
meanging?ul;éagplés_f:q@'freshwater habifafs{:particu}arly
rﬁnning Qatefsléré manj; and have béenwexpreéséd by .
innumerable ‘worikers (for reviews see Cummins, 1962, and
Southwood,ri966). The tremendous variability of micro-

habitats within a small area of stream bqﬁfoﬁ normally
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leads to the variance of a series of samples being very
large, e.g. Needham and Usinger (1956) found that they
required 73 lft?;Surber samples from a single riffle, to
obtain an accurate estimate (95% confidence level) of the
numbers of bottom fauna organisms present. It is not.
feasible for such enormous sampling programmes to be -

carried out in most'invesfigations which therefore have

to rely on limited quantitative, or semi-quantitative methods,
a number of which have been discussed recently by Morgan and
Bgglishaw (1965).

To investigate the distribution of P. antipodum in .
Piritea Stream two surveys were carried out, in October 1967
and March 1968.. All samples were taken with a~lft2 (9.21dm2)
Surber sampler. In October, -distribution was examined at
three stations (Stations 1,3,6, Table 24, p.128), 15 samples
being taken from a riffle at each station, three samples
from adjacent .pools, ‘and at B3tation .3, four samples from
within willow roots .along the stream margins, and two from
mud in still water beneath the banks. In llarch, three extra
stations were incorporated in the survey (Stations 2,4,5,
Table 24, p.l28), On this occasion 10 samples were taken
from a riffle at each of the six stations.

. In conjunction with bottom fauna sampling the following

physical and chemical measurements were made.
Measurements . Methods
1. Surface water velocity

measurement of pressure waves.
. Water temperature - ‘mercury thermometer. N

3. Dissolved oxygen -
concentration and

N

5-day BOD .. . ., .. - ‘Winkler method.
4. pH o B - - battery pH meter.
5. Total alkalinity ' titration with 0.02N HC1, methyl

(at pH 4.5) ~ orange as indicator.



(2) Drift

Drift sampling was carried out using the method
employed by Waters (1962). A Terylene net (183 meshes/cm),
% feet long, its mouth 3 feet wide and 2 feet high, was
enclosed in a protective outer bag having a strong canvas
base. The net was set up on the stream bed in a current,
two long brass voles driven into the substratum holding it
firmly in place. The lower edge of the mouth of the net was
held firmly against the stream bed by a heavy chain enclosed
within the front hem of the canvas base and attached to the
two brass poles by metal rings. Drift samples could not be
taken when the river was in flood because large amounts of
silt accumulated in the net and the increased weight resulted
in it being wrenched from its original position on the stream
bed.

(3) Effects of flooding

Because of the irregular distribution of snails on
similar substrata within the stream bed, (Table 24, p.l28),
estimates of numbers per unit area of stream bed provided by
limited sampling programmes are susceptible to a high degree

of sampling error. Also, as snails were frequently most

abundant in still water and on an uneven substrate, e.g. among

willow roots or beneath banks, quantitative stream samplers
such as the Surber sampler could not always be successfully
employed. Because of these limitations, estimates of snail
numbers before and after flooding were made from samples
representing '"one standard sweep", taken with a fine meshed
net (40 meshes/cm), from a carefully selected and clearly

defined area of stream bed.
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RuSULTS AND DIBSCUSSIONS

(a) LIFE HISTORY AND POFULATION DYNAMICS

(1) 8Size structures of monulations

YMonthly height distributions of snails in the three
populations are shown in Figz., 27 in which numbers of
individuals in each millimetre size class are plotted as a
percentage of the total sample. It is clear that small
individuals were being recruited into all three vopulations

throughout the year, and that growth of any particular age

group could not be followed from month to month by inspection

of histograms.

(i) Tiritea Streanm

Population structure in Tiritea Stream remained almost
constant in all months. At all times a high percentage of
the snails were small individuals in the 0.5-3.5mm classes,
and in January and February 1966 individuals of the smallest
class (0.5-1.5mm) constituted 70% of the total population.
There must be an increasingly high rate of mortality as
snails grow older, as numbers in the large size classes
remained consistently small throushout the year.

(ii) Pond A

From liarch to August 1965, the population was pre-
dominantly an old one, the two largest size classes constit-
uting up to 81% of the total snails. "These large snails
almost certainly represented a number of generations.
Throughout this period small numbers of young snails were
being recruited into the population. In November a marked

increase in numbers of young snails was found. This hisgh

111.



FIGURE 27

Monthly size structures of three populations of

F. antinodum from April 1965 to April 1966.

a - Pond B

b - Pond A

¢ - Tiritea Stream
% Period when the pond was drained. See Figure 28.
The width of each bar is proportional to the
percentage of the total population in that size

class.

The number at the head of each column shows sample

size.
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nroduction rate was maionbeined unbtil ¢sbruary 166, but wags

beginning to decline in #arch, and had fallen to a fairly
low level Dy Anril, ihe populacion structure from .ovenber

1465 Lo Farch 1865 yvas therciore

it
1._.-!
[
o
-
=

Treverse of that
found from :arch to Jusust 1965.

o~

Lreining of whe pond 4id nol appear to »esult in

O

selective wortality of particular size groups (Mig. 28b)

f

Raduction in ponulation size cach weel after draining is

sipovn in #ig. 28a. Hollowing refilling there was a gradual

f) ¥
increasc in numbers from 4% snails ner 2t~ to 15C per Ef'l:a

in the iirzst five weeks. Tinis was accomplished by vhe
release of young, and redisnersal through the pond of =nails
which nad accumulated in smell damp depregssions during the
dralning neriod. Wine weeks aiter reflfilling a .'r_"ft2 sawmnle
of wud contained Z40 snails, The majority being young
individuals.

(iii) Pond B

Population sitructure, as indicated by histosrams,
varied considerably from month to month. In May and
Deptember 1965, the population was predominantly old,
numbers of =nails increasing in ecach succescive size class.
gy contrast, large numbers of young individuals were found
in Junc and July 1955, and Pebruary and rarch 1966. fFrom
late Zentenber To becember and Lo a lesser extent in early

196% the wpopulation assumed a bilmodal form, but by April

the larger reak was no longer evident and recruitment of

U}

voung snails invo the novuiation had also declined,
Bafore Graining of the pond the populabion was a fairly

<

old one, 545 of the anails being in the two larzest sisze



Fovulation structure of . antinodum in Fond A during

the period bebwncen drainine and r=filling.

)

>

(a) Ifumbers of snails per 2ft° of nond bed

(b) Dize structure

cl ~ pond cleaned out, dead plant material and a
considerable amoun®t of surface mud removed.
dr - water drained from bpond.

Ka)

rf - pond refilled.
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"Gtudents" t-test with Bessel's corvection (foroney, 1953)
wag applied To the voolsd wonthly data.

This is adequately explained when it is rcalized that
gnells may take several months To develov snines, so that
somwe smootn-shelled juvoniles are notentially spiny adults.
rercentares of smoolh-shelled snails, adults and Jjuveniles,
between ionds A and B did not differ sigmmificantly frow each
ocher (P0.4Q), nand similarly no significant differcnces were
found between Fond A and Tiritsa, or Fond B and Tiritea
nonpulations when 2dult and Juveanile snaila were conzidered
separately. Significant values (P<C0.05 and ¥<¢G.0l rospect-
ively) were obbtained when Hotal povpulations were compared
however. These resulle can be exolzined when size-structures

of <he monulations are talke:

o]

into account {(Fig. 27). In
Tiritea Strean, adult snails constituted a very small nart
of the total »onrulation comnpared with the situation found in
the nondg. Therefore, viaen all individuals were lumped
together, the larger znails did not msreatly affect the pro-
vportion of smooth-shelled individuals in the whole
ponulation. As Gz juvenile section of The nopulation
necessarily producszs a high percentaze of srooth-shelled
snalls, as cyplained earxlier, the percentaze of smooth in-

:\

dividuals in the whole ponulation will consequently ve high.

5.

This underlines the necessity of cowparing directly
conparable grouns in a situation like Lhis where mornholog-

ical

(@

haracters cnange with age, and age-structures of the

nopulations being compared are different.



TABLE 17.

Pond 4 and Pond B populations:

Percentages of smooth-shelled snails each month, in Tiritea Stream,

March 1965 - April 1966.

Months
M A M 3] J A 5 0 N D af T M A

Tiritea Stream
Total snails - 86 82.3 93 91 90.5 96 90 90 98.3 99.2 99.7 96.4 90.6

> 3.5mm - 72 k5.5 96.5 93 87 83.6 73.4 78.8 80 92.k - & 58.8

< 3.5mm - 88 86.5 92.3 90 91.5 1O 92.8 92 98.8 $9.5 99.7 96.6 93.5
Total snails 90.¢ 98.6 81.2 93.4 94,5 90.3 * *  75.6 78 79.1 72.7 66 %0

> 3.5mm 89.4 98.5 78 88.5 89.6 91.5 y * 41,7 50.2 L6.2 45,5 33,3 96

<, 3. 5mm 93.5 98.9 86 97 9%6.7 86.4 E * 90 §0.3 081.2 74 70 83,6
Pond B
Total snails - 72.6 75.5 ¢9Lk.2 92.6 92.5 *  83.L 84 74 71 83.2 91.5 86.5

> 3.5mm - 66 74,4 83,6 81.3 89.5 i B6YR 757 78S 6N 61.5 80.5 7

< 3.5mm - 8.5 78 97.5 96.2 96 g 182 90 72,7 77.7 86,2 9k.5 &8.8

* see Table 20.

*GT
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Yercentanes of smooth-shelled snails in ronds & and DB

during the period of draining and cleaninz: Sentenber-

CDectober 1955,

Jentenber Uetob

-
IJ

f

1 5 1

& 22 29 = iz 20
Fond A
Potal snails 33.5|180.5|95.5| 93 |84 187.6|177.3177.6

> 3. 5mn 86.21 77 193.6]1100 [81.5] 286 |75.6|3C.2

< 5. 5um 0L 4 19%5.6|1C0 [©5.8(10C |1CC |82.4(71.2

(=

Total gsnails Bl 2\ D2 2

JJean nercentages of zmooth-shelled snails in the three

populztions, over the whole neriod of the investigation.

Tiritea 3Stream Pond A Pona B

Total gnaills Q1.3 55.2 32.8

N/

5. 5mm 7C.3 4.1 76.5

< E:\ N 5111]‘1] L:'_]_ . (?r F,):—J) . 7 86 . 5




(5) Zeasonal chanres in embryo production

In oxdexr o ermanine seasonality of breeding, nuabers

ealngs

of =ravid snails @}5.5mm), nd counts of embrros present in

D=l

brood nouchans of gravid snails vere made each wmonth. A4S
well as seasonal changes ia =mbryo vroduction, dififerences

in numbers of emhryos present in individual =analls will be

caused by bheir inmediaite reproduvclive state, bul errors

ntroduced ia this way should cancel each other out when

&

samhles of adequate size awve taizen. Yercentazes of adult

snalls containing embryos cach month, in the three vop-

ulations are aiven ia Table 20 (n.118).

AT

At all ©times a far higner nercentage of pond than

stream sn2ils contained embryos. The comparvabtlvely small

7|

nercentapge of gravid snails occurring in the stream can
probably be explained, in part, by bthe =more rigorous living
conditions provided by the stream habitat. It is likely
that, in the stream, snalls reguire a higher vnrcportion of
tonelr energy budset for growth and maintenance activities,
vwhereas in Lhe vonds the sheltered habitat is highly
favourable to snail «rowth and energy can :orc readily he
utilized for meproduction.

Humbers of enbryogs pregsent in brood mouches of gravid
snails each month, in each novwulation, are shovm in PFig. 2°.
In Mritea Siream neak embryo production occurred in swamer
and reproduciuive activity was leasl in winter. Spring was
a neriod of increasing schivity, but in auturm numbers did
not greatly evceed those obtained in winter. In both nonds,

goeing, rather than summer, was the season of greatest

—
=7
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TABLE 2C.

Percentages of adult snails (shell length »3.5mm) with embryos each month and for ihe whcle study
period (March 1965 - April 1966), in Tiritea Stream, Pond A and Pond B.
are the means of the monthly values.

Cverall percentages

Months
; , - : ; . : Cver-
M A M ) j B 3 C N D J M A |
Tiritea Stream |31.3 | 6.2 |12.5 | 9.4 | 10 31 jE@7.5126.7 1 Lz 130.8 27 e’} 2He2
Pond A 93,5 [76.6 |66.6 | 3¢ [93.5 | 90 97 [96.8 | 90 | &6.7 |10C 1co | 33.L 88,8
Pond B - |81.6 |93.4 [93.4 | 80 |100 87 |93.5 |8L.6| 87 90 83. 7¢ | 86.5

it w3



FYGURE 29

ilumbers of embryos over gravid fesmale cach month, in three

nonulations of L. antipodum.

a - Tiritea SLrean
b - Pond A
c - Fond B
LCY
Horizontal lines shoiwr mean numbers.
Vertical bars show one scondard deviation either

aide of the mean.

Lunbers are samnple sizes
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reproductive acbivity. hen mean production per snail in
the ftaree populations is compared (fabls £1), sanails from
Pond B are found o have Deen 1most nroducitive, menn nunbers

of embryos nroduced per cnalil bdbeinz significantly hicher

0 |

than was found in rond A (F¢0.01), bubt not simmificantly

greater than was found in Tiritea Stream {(F>C.C5).

TABLE 2],

ilean aumbers of embryos ner gravid enail in the three

populations over the full sbtudy neriod. (Heans derived

1

from neans of all monthly values.)

O

Fonulations seain numbers of embryos per =snail

Tiritea Strean 26.5

t'ond A L&

IFond is] 30.7

(4) Zex ratios

Poth nond nonulations consisted solely of part-
henogenetic females, but linited numbhers of males were
oresent in Tiritea Stream. These were assunced o be sex—

ually functional as livingz sperm vas obt

=
&
D
s
—
U J)
o
i3
fa)
=
D

testes and vas deferens of those snalls examined. Deasonal

occurrence of moles in ddiritea Stream ls shown in Yable 22.
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ol 27

Pumbers of mele, female, snd zmregarine infected snails
(ghell heizht> 3.5un) in nonthly samdles frow Tiritea

Shream,.

tionths

IR

(D

Femzles &4 55 24 32 5045 40 15 35 21 1% 12 37 43
0

S 1 ¢ 1..¢6 0 ¢ ¢ 1 2 o 1 1

"N

Gregarine
infechkbed i @@ e R @l B 5

ny
(%]
(&
T
ro

-

(5) Incidence of narasitism

P, antinodum can be severely infected vwith the cysts of

an unidentified snoromoan »rotozoan (Gregarinida; Forosnor—
idae) and to a lesser extent by the larval stages of a

n

[
i
=y

i

\’D

ign is discussad in greater detail.) Tn the three

populalticns stuvdied, no infection of snalls by trematode

larvae was found, althouszh eels (ipsguillas spn.) examined from

PTiritea Htrean contained gut trematoles vhose larval stages

infeet . _aatinodum. Snorozoan cysts were found in znails in

the stresm noodulation, and auvmbers of infected snails found

each month are shova in ‘able 22. Snails harbouring cyste are

rendered infertile, and in some males the nenis becomes

ol

sreatly reduced. DIurianz the course of Lhe study only two

anails in vond B were found infected =and nonz viere discovered

in cond &. Ieavy infection by cysbs must be of considerable

v of trematode specics. (Zee Zection 4.0 where parasit-
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d

O]

n grotrth of four laboratory nonulations of

b, antinodum,

Uoner graph shows water temperatures recorded in
she laboratory s2ach month. Vertical bars chow
temperature ranges.  eans are Jjoined Ly a continuous
line.

im = 2nell heicht at vihich snails may fivst vecone
reproductively active

T - firast release of enprvos
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TABLE 23.

Mean monthly growth of

P. antipodum in four laboratory ropulations.

Months
A M J d B (] C N D ] F
Mean shell length (mm)
Fopulation A .2 1.7 2.5 5P L2 4.8 5.3 S.b o by S5.h 5.4
Population B 1.1 1.4 2.0 2.5 3.0 L1 L.9 9.3 S.h S.h 5.l
Population C L2 1.k 1.7 2l 2.1 L.k L8 5.3 5.3 5L 5.3
Fopulation D il 51 1.6 251 2.8 3.4 L.c 4.8 L.9 L,9 L,9 L9
Ilean monthly growth in
porulations combined
(mm) - 35 ||| @5 0,55 | 0.7 0.9 0.65 | 0.65 | ¢.25 c C

W

(ot



(/) Swpnary of life nigtory and vwonulatinn data

Three ponulations oi .. ~mbinodun were studied, two in

small nan-made ponds, and 2 Lhird in a lowlsad (Tiritea)
stream. 1n all nowulacvions snails existed in wwo shell

foring,

(a) with sonines and keeled whorls

(b) with esmooth wmnornamented sholls.

Considerable variation in shell size and shavne was found
between and within populations. 5Small numnbers of wmales were
present in the strzam population, Hut all nond snails were

o

narthenogenetic

}—.;J

amales.

o

rfroportions of smooth and sviny shelled snails were
deternmined =ach month. Gver 825 in Tiritea sbrean, 66> in
rond A and Ylw in Fond B had smooth shells throughout the
sanpling veriod, and when all monthly samples were nooled
it vas Found that mo significant differences in vronortions
of smooth and spiny shnells existed bebween pooulations. 1t
‘was also fouad that a larger vercentage of Jjuveniles
(<3.5mm) than older snails Dossessed smooth shells, the
resnlt of late snine developnrent occurring in cone

individuals,

Jopulation size structures were =vamined each month,

n

Cl

pvut because reproduction occurred throughout the year,

zrowech of marticular age zrouns could nol be followed from
wenth Lo month. ‘throughout the yvear the stream population
was dominated Dy large aumbers of swall individuals, whereas
botn wonds contained 2 precominence of larger snalls, in @most
wonths. Wnese larzer snalls provasbly reprasented wore than

one cenerabtion., Siffercnces in population stiructure nrobably

125,



reflect a higher mortality wate brouzht about by the less
favourable enviroawent of Lne sbream comcared with the
zheltered cubrophic conditiong, and absence of predators and

nairasites in the »nHonds. Draiaing and cleaning of the ponds
wvas carried out during winter, and alibouzh this seriously
reduced the numbers of snaills oreseont it did not climinate

the ponulations.

dunbers of mature snzils (H>%.5um) containing cembryos

were determinad eact monvh. A lower overall nercentasze of
snalle in Ghe strean contained cworyos thon in the nonds.

seasonal fluctuations in numbers of reoroductively active
snalls within =sach opopulation were slicht, but numbers of
cabryos nroduced varvried scasonally, nmarisumn production

belng in soring in the ponds, cad in suarer in the sglraaw

=1

w

A

findings confirned higtosran data vhich susgested that
bhie siveatest numbers of juveniles were libsrated in the
warner wonths., fearinz ol cne2ils in the laboratory showed
that adult size (>2%.5umm) may bz ativained aiter six months

growth, and tiat releas

the first young =nails wmay occur
atrter nine wontis.

(3} Discussion: mrowth snd resroduction

Laboratory zrowth studies bhavs not always provided an

accuratz guide to wrowth in the iield (Dundee, 1957;

Tlgenberg, 16656) and the gmeaeration length (release from

brood pouch to oroduction of youns) of nine to 12 months

cr

obtained in the present laboratory study should not,
therefore, be regarded as an absolute, or unvarying value.
It is »nrobable that zrowith varies considerably in the field,

as found in Hydrobia vlvae by HZothschild (1938).
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tcecordine to Fr8wmins (1956) the generation time in

-

Y, Jenwingi is four Lo five months, with few individuals

living lonzer than scven monbhs, =nd Boycott (193&) has
aiven one year as the life swan of that soecies. Commared

with theese values, f. anbinodum has been found livinz for

up to nine months after narturitioan in the favourable
conditions provided by laboratory cultures, althoush it has
not been found bhreedineg a second time. 1t is susoected that
gimilar lengevity occurs in l‘onds 4 and 3.

Raproduction throughout the year is unusval in fracsh-
water molluscs which generally possess a restricted and

learly defined breeding period (Frebter and Graham, 1662).

The imropean k. jenkingzi, however, like ¥. antivodum can

reproduce throughout the year (Patil, 1958), although it
does not always do so. ILuwmbye and Immbye (19€5) who studied

ponulatbions of F. djenkingi at three localities in Denmark,

found that spails did not srow, or reoroduce in winter during
which water temperatures bhelow 270 were recorded. They found
that soring and summer wvere the most important times for

reproduction and growth. Farturition occurs only in sumner

in Camnelomna rufum, a Worth American, wnarthenogenetic, ovo-

vivinarous, freshvatcr mastronod, althoush ovulation and
embryonic development occur in all seasons (Yan Cleave and
Al Gtringer, 1937; sedcof, 1040). In dorthern Hemisophere

tenperate regions, considerable intraspecific variation is

fnown o occur in growth rates, reproduction, and life cycles
e

of Creshwater vulmonates (Huntor, 1$64), but the most comnmon

attern is 2 sinmle, annual life cycle with breeding in late



soring or eavly suameer. Hunter (19C1) consildered thsb

'r}.JF\

ons2t of ths vreelinz szason was denendenty

on Ltne intsr-

action of botn endozenous (renetically determined) and

----- 3, and This view was also
held by Duncan (1359) who concluided that the most immortant

b IR ¥
enviconmental factor stimulating onszet of breeding and
influencing =zrowth rate vas water temperaturc.

in Few Lealand, ths only publiched accouml of ths life

cycle of a freshwater wollusc is that by Tercival (1°31) of

the mussel CUinlodon lutulentus (= Hyridells wmenzesi) which

wvas found to have a restricted breedinm scason, the ripe
mlochidia beins oroduced from the end of ifovemher o the end
of January. in conltrast to this, other iiew sealand frech-
water invertebrates, includins some Llecoptera (Liinterbourn,

1466, and the crayfish faraneohrons nlanifrons (Honlkins,

1956), are able Lo raproduce throuzhout the year. Sinmilarly,

in the three vovulations of . antivodum examined in this

study, neither snvironmental, nor endozenous factors re-
strictad the »neriod of reproductive activity to part of the
vear. Hevertheless embryo production did nolb occur evenly
throughout the year, and the peak neriods of ewbryo nro-
duction found in spring andé suamer may de related to the
higher water teuperaturss exnerienced at those tires.

The cacacity to reproduce at any time of the year is
obviously of considerable benefit to a specles such as .
antinodun which has linited active powers of dispersal,

cspecially =ze it often inhabits impermanent waters where

without the ability to reproduce immediately upon

126,



colonization the building up of Dovulations viould be peverely

curtailed.

(b) 5Tu=Al: HCOLCGY

(1) Distribution

3

degults of the two surveys in Tiritea dorean are gilven
5 o o . . \
in Table 24 (».128). In October, the stream bed was clean,

and veed was ahgsent excent al Station © vwhere charophyltes and

e}

Lotanoseton ochreatus formed a permaneant weed bed. Bv con-

trast, the March observations were made when the water level

¢

was very low, current velocity had fallen, and luxurious

srowuhs of weed were present in many places.

=
!

Y. antisodum is not an important member of the fauna

in shallow, swiftly flowing weter where bLhe vottom is stony
and unstable, and the water turbulent (Stations 1 and 2),
but where vegetation has become established on ths stream
bed, a more pernanent and stable environment is produced and

colounized by i, antivodum. %here water velocity was low and

Tlow non-turbulent as at Station 5 and in »arts of Stations
5 and 4 in ¥arch, snails cowld also colonize the =main streax
channel even where vegetation was absent. Mhe mozt inportant
microhabitats in Yiritea o6ream zve orovided by rezions of
relatively still water at the sides of btlhe stream out of the
wain current, where vegetation (includinzg willow roots) pro-
ides a commaratively »nrotected niche, and where tThe sub-
astratum of fine mud contzlning decomposing organic matter
nrovides an abuandant and acce=sszible food suonly. Coaditions
of this kind are abundant in the lovrer reaches of the stream.

The r2duction of dissolved oxypen iound ia thoe water atb

1 o

/-
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(2) Cccurrence in

Lream Adrift

Yight, 24 houw drift samnles were talken in ¥ay during

2 neriod of intevmittent rain during vhich o numwber of

fluctuations in ¢treanm level occurred. the net vas set un

ag onown in Fiz. 31 immediately downstream from a concen-

tration of willow roobs within which a substantial novulation

0f enalls was livinzg., o enails occuvied the section of

scony =tream bed between the willow roots and the net.

funbers of snails tsken ner 24 hour pariod ranged from 45

(mean 9%.,5) but no clear relationshin batween total

aumbers and stream level was found (Table 27). DNDuring szasvere

floodinz drift samnles could not be taken. IYroportions of

different size classes present in the dvift were sinilar to

hoge in the ponulation as a whole, g0 1t can be inferred

that no one size of snail was wmore susceptible to drifting

PR



Disgran of a section of Yiritea 3tream showing nosition

drift net.

Asbbreviations

r - riffle (snails absent)
sb - chingle bank

vir - region of willow roots
vt - willow tree

Arvows indicate main current



wr

wr

0
]

S
‘33&lt9
O.OOOOOOO
"“‘"‘.
OOOOOOO 2
0000“ X
B
tllllv
f 0000
: 00000

10 ft



,i.".‘..'; G]J -i ____:i .
Wwalyosis of 24 hour driflt sammles talken in diribtca Strean

in Tay 1867.

date 21 9110l 11] 12115 | 16 (22125 |24 |25

e - | = J =K

mter level l
(Inclhes above

nor=aal level ) &l 7 I 2I5.510..5 2 31 @l G| O] 6 [lieans
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) Aaffect of floods

W

In conjunction with drift sawplinz, observations were
made on the offect of flooding on population numbers. Tt was

found that no appreciable increase in nunbers of drifting

.fl

snails ocecurred ifollowing a maising of the s

o

cean level eight
inches 2bove normal, and similarly a lizht fleood (14 inches

above norual) had no destructive effect on snails livine

-3

along the stream margins, as the water there still remained

relatively uvadisturbed. Co 22 June, however, the water level
rose 24 inches, and standard sweevn sampnles talen when The
level hiad fallen to 10U inches above wnoral showed that a sub-
stantial reduction in =nail numbers had occurred. After
floodine an average 168G snalls ner standard aween (nean of
four samples) was obtained compared with an averape of 596

(nean of four sawples; before flooding; i.e. the population

131 4



nad been weduced to 275 of ite previous size. e povoulation

had the saie size atruciure beiore and after flooding, how-

[y

ever, s0 it avoears that snails of all sizes are equally

cts of floods of this wmagnitude.

suzceptinle wo the &fle

(]

(4) Discussion

Results obtained in the streanm diztribution surveys
1 with those of iiirseh (1953) and Allen (1951).

firach found that snails were abundant on aqualic weeds a

0

wvell as on the stream Led itself particularly where the

current was not ecspecially rapid, and Allen found that

Potamonyrsus (= Z. antioodum) occurred predominaatly in
quiel water in Horokiwi Stream. The discovery of .

antipodwn as an iwmportant member of the stream drift is
particularly interestingz in view of laters' (19¢1, 1962)

findings that wmolluscs did not appear to drift at all in

the stream ne had under observation. 2. antipodum has,
however, been recorded in drift samples by Hopkins {(1966).
4lthouszh the functions of drift are rather obscure

(Gaters, 1965; 8lliott, 1967), its prime imporbtance to I.

antiovodum could well be as a dispersal wechanisn.
The effects of floods on a stream bottom fauna in ew
Zealand have been exawmined by Allen (1951), who found that

I

in Horokiwi 5Slream zome floods destroyed half or more of the
total invertebrate botbtom fauna. In particvlar, he found

that Y. antipvodum and bthe other outstanding quiet water

1.7

grouns, the 3lmidae (Coleovtera) and Cligochaeta, were

ceriouvusly reduced in aumbers, density of Fotamonyrsus belng

ecbinated at as little as 105 of that before flooding.



Loderate or severe Ifloods wera sixovn to hawve occurred in
riritea Stream on at least seven occagions in 1965-66 (Table
16; ».105) and it ie postulated that sweh floods actively
control ponulation gize and sbtructure, tihelr ireauency pra-
venting larize numboers of adult snails accuwulzting.  ‘ihe
povulation tTherefore retains a structure dominated by youns
individuals. BEscausge largsme numbers of small enails live in
tiae relative shelter of sediments lodsed awmonsz thick mats of
willow roots, it is likely that a nucleus of youns snails
would always be retained, rezardless of the severity of the
floodinge,

Ihe immorbance of Tloods as regulatvors of population
density in streaw invertebrates has also been noted by
nwasrous other workers, including Badcock (1949), Zanar (1951),
and Waitland and renney (1966). Althouph it is nostulated
thiat flooding is the most active arent rezulating size and
structure of the snail population in iiritea Stream, other
factors vhich must have an effecl include availability of
suitable microhzbitats, parasitism, 2and predation by fish.,

Az the Dotbtom fauvna consists of only a relatively few

abundant sp»ecies, F. antivodum is probably an immortant

conponent of Lhe diet of eels (Ancuilla soo.), trout (3alwmo

s0.), and nullies (Gobiomorohus son.), all of which are

apundant in Viritea Stream, and knova Lo feed on Potamonyrazus.

(See references D.100 znd also confirmed by eramination of

wut contents of all Tthres fish specias from Wiritea 3tream. )

Ot



% o8 Powt AL G DANTONSHINS OF F. A PTE0DU

Lad 200U IOoN
Surveys of thermal watarz in the caabral dvorth Tsland
a

( “interbonrn aa?d BHrown, 10587; “interbourn, 19%8) have zhowm

Lhat the distribubion of F. antinodun is rosbrichbed to waters

of ralstively low femmarature. ‘he wmaximom femnerature ab

. I . Oy .
rwhich 1t hae been found is 2870, ia 2 small stresam in

. y : T omn T BN Ot
aimangu Valley, and it has also been recordsd at 26°% in

Imalze -otomaliana, and in a streanm at ‘iaiotanu. Ii is abseat

Gobovhero (32-34°0) but is nresent in a cold =brean
legs than 160 feel away, and is abundant in the littoral
rezion of all non~thermal laltes examined in The lotorua-lauono
region. ‘thege obaervations surgest That distribution of L.
antioodum may be liaited by hizh water temperaltures, sither
directlv or indirectly, and exnerimental ztudiecs have bheen
uvndertaken to Hest this hyvothesis.

SATRATALS AMD

e iwportance of settling on a standard rate of bheating
in all lethal temperature 2xoerimznts has been empnhasized by
svans (1948, as rate of heatinz affects the wime of death.

A rate of increaze of 19u/5 ninubes, =zssumed o be sufficicn®-
1y slow to malkke any lag between bhody ltewmnerature =nd the

sureounding water temoerature cmall enouph te be aneplected,

(1]

vas adonted by lLowanloch and hayves (1828), broskhuysen (1940),

and. swvane (1948), and was recowimendad by Vuirhead-Thowson

4

(1852} for stvdies on bilharzia-sn=zils in A0 reseawnch oro-

oramnas. Guater (1957) also conzidered that useful cormesrisons

could be made in this way. ¥hen carrving out experimscntal



work using this rabte of Lermerature inecrcase, the imnoritance

ofF meclimatization of the orranius

to different tewmperabure
is loresely overlooked or ne;lecteﬂ,lbowsver. fhe imnortance
of acclixatization has been discussced and smohanized by
Ceilbrunn (1952), Giszse (1%63), sacan (1963), snd shirmonsky
=nd. Saghiova (19€3), and othor workers have uge
vericds of exvosure often incorvoratiar short term acclimat-
izatbion, e.z. fvoy, Lratht end Clawson (1942), and fraenkel
(1965) .

Ia this study it has been ososgsitle to malke some com-
narisons between znails living in thermal and cold waters so
that lonz term acclimatizalbion has been built into the
exnerizental nrocedure. Lhree series of euxoeriments were
carried out uzin~ different ratez of tempnarature increase,
19:/5 minutes, 1HJ/hDUﬂ, and 1°92/24 hours. All snails were
keot in the laboratory for abt least 24 hours before experi-
mentation, and were uzed within three days of collection to

eliwinats any nossible clfects of starvation (Tumbye and

snails were oblained frowm three localities:

: g ‘ 0
1. Taipuscrawera stream (varm), Tauno; 22-2470C,

Z - . N, - . .
2. lake Taupo; 1070 al Time of collection.

§ N £Om e

5. Pond A, Hasseyv University campus; lo v at time
of collection.

The ceneral method of ivans (1943) vas employed.

Fanils were placed in 400wl bea'zers of tap waber, and the

water was zlowly heated ovar a bungen fle

i

me 5y 2 rate of

100/5 ninubes. Giabter was asrated coniinuously

o

inerane

[H

€ 0



neing a nurn. Cerenty-four

in 2ach experimental run.

0

noint was reached when snails

and tne operculum vas withirawm vell iaside

GUTe.

),

position, bult with a lowering of water ten

activity.
Series 2.

Bealiers containing tavp water wvere

with wecioanical shernos

mperature accurave G

creased aib 2 rabte of 610

conbinucusly. HFour bhundred

tniversity, vere uwsed in this series of

Death was the experimentsal end point.

nental Lemperalunrcs ewnioved, the sunails

on beinz transferced Lo water at ailir

24 hour vmeviod, livine snails

degree of activity. hich showed no

onc hour aitcre

considersd dead.

neries 4.

i)

mxperinents were carried oul under the

88 Heriega 2 bulb the

19

-

;/1 hour., 1n duplicate experiments, each

nails obtained from fond A, Massey

analls were kept in normelly aerated water,

viater throush wi

grasadl

Lat control
auperature was
boakenrs

from
AT
were
temperature at

guickl.y

air.

temperature was increase

University,

gnalls vere used

che shell aper-

womatvose snalls characteristically aseumed +his

weraburs resuned

nplaced in a water

of
in-
asrated

weire

ron¢ A, lassey

m

gvDerinuents.

2all ewneri-
inactive, bul
showed some
sign of movenent

termmerature were

saine conditions
d at a rate of
employing 1CO
half the

and half in

yich pure oxyien was continuously bubbled

15¢

L,

X



i congenliration of

diegsolvod in the water shoulb Tive tivwes.

shiovinry any vercentidle wovament
vias determined at the znd of each hourly wariod. Sefore

obhrervations were wmade, {lazls were

Lo

activate gnails vhich wers nerel

comatose gtate.

sericg L.

Results are summarized in Wable 28, 1050z of indiv-
idual experiments wanzed between 29 and 32°¢ and LDIOCS
between 32 and 34°C. o significant differencas between
snzils freon vonulations livioz at different environmzntal
tenpsratures, or bhebtwean snails acclimatized in the
laboratory at diffeorent tempecratures were found.

PABIGE 22,

~xperimental tewpseratures av which snalls from waters having

a el

differvent envirvonmental tenneratures ceased activity. Rate

- Ok e ool :
of btemperature incrsasze 1730/5 minutes.

10, 1l

S N VIS ; T
m-o . ) T

invironmental
temperaturve 0¥

1050 | TD1OO

~
£y

2Ll

1 Jaipuwerawera Strean 209G 51
: 5 :

~J

o n n ” R 5)
» )/-

3G
D Pond 4, Massew University 166 40
6 11 11 HO 7)()
7 Talke ‘lavoo 1670 31
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= Yater Uemoerature at Gime of colleacting.




21GURE 32

liental annaratus used to nrovide suner-ovysenated

conditions at above-ambient ULenneratures.

sbbreviations

ab = a2irbight rubber bung

br - pubbler

o = atnoanhere of pure oxveen
0S5 - OoXygEen source

ot - outlct Lube

8 - gnails

t - thermounoter

Il

thermostatically contrelled water bath
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G
I



oS

)

T ab T = A=
_—/ ||o[I\=" —EH ="
- __."—t‘)r' | . N ..~

-
=




)~ am f | PR 2 - S, . - - - 3 . b A ~ » (,).'
Reeults obtained bHy incraasine water tomparvabore 1°C
24 hours are =iven in Mable ZC,  ha upner lethal linit and

IB50 were 32°0.

PABLIN 29,

survival of enails ovpossd to high temperatures. Iate of

. O v - . s v B
incraase 173/24 hours. 2esults sypressced as percentases of

anails alive.

derperineatal temperatures
Trperiment °C
nunbar

NS
0O

5G 51 e

1 LG g8 AP 0

100 QL 575 O

(%

4 reduction in snail activity occurred with an increase

. D Al Rl --‘O; . . t
in water tenperature fron 26 to »0°0, in voth normally

acrated and superoxyrenated vater (Fig. %3%). This suggests

that the incrzase in temperature itself was the major factor

denressing activity. dHowever, the fall in activity was less

e ol

rapid vnder sudcroxygenated conditions than in alr saturated

water, and thigs indicates that the reduction in available

oxygen found at nisher temneratures was also a contributing

factor.

hen Lhe water temmerature was lowversd again fron BOOC,

snall ectivity gradually incransed, but aever reacned tThe

o e

same hilrh levels as in the first half of the evneriuants,



Tunbers of snoils sctive at successive ewnerimental
: . = i Q
tenneraturas, increased at a ratce of 1-S/hour.
a -- ¢ = yperiment 1

b - ad -~ ivwperiment 2

pioken lines - normal asration

solid lines - super-oxygenation
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thal a close correlation existe betwesn The te
~hicn cnall achHivity ceases and
maximun temperatuvre at which snails have bz

fizld (28

wing that

recovery from exposure to hizher termeraburass
not complete in all individuals.
DL30U 35108

The 2xnerincntal results obtained in ©

heat octupor ensves, and the

pzen found in the

. Clearly, thevefore, water tespecature is

imoorvant in limiting the distribution of P. antipodum in

How

closely resenble thoase described by Lumbye (1953)

denlkiansi, in whbich 2 ranid fall in gbandard metabolic

o
_ R O

-

4ealand's thermal region.

The temperature relationszhinsg of L. antipodum also

< 1O &'

rate

o~ b . n . e > .. R I e (0]} . B - i
found alt 29°C in brackish water znd %270 in fresh viater.

L5
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O SARASIRSS Gt POIAL .OPYRGUS

L B20DU0AT0

In conjunction wibh systenatic =znd ecolosmical shudies,

»2

an exsmination of the marasilbes associated with Fokbamoovreus

spPp. was carried out, emphasis beins nluced on the dearee and
incidence of infection of sn=2il nooulations wather than on
the parasites bhemselvesa. The warasites belonsed to two
major grouns, »orosporid lrobozoa and larval Trematoda, and a
commensal oligochaste sxiiibiting nossible parasitic tend-
enciles has also been found. Organisins associated with the
outside of the szshell, includinz filamentons and encrusting
Alzae, Bacberia and stallked pnaribrichous Frotozoa were not

conaidered in Uhilis stuvdy.

Living snails were squashed between two sheets of glass,
and on microscoplic ewamination any pmarasites could be
meadily rcznoved fromn the snaill tissue. Close examination
of narasites was made using a binocular, commound nicroscope
(un to X 400 magnification) znd an inverted phass-contrast
microscope with sinilar magnifications. :.ebhrvlene bHlus and

thyl green (1l in acetic acid) wmere ussd to stain specimens,

in

ul

and photorranhs were alsgo talzen Lo aid direct observation.
A11 measurencentsz were made with a linear or squared eyeviece
micrometer, and unlesg stated obtherwise are of fully grovm
larvae (Trematods) in death attitude. 4s the primaecy aim of
this study was not Go make an anatomical stwiy of the para-

aites themsclves, but ©

O

investigate the extent of »narasitism

in ponulations, only bhrizf descriptions of the warasites are

40 ]

aiven to orovide a2 taxononmic basi

2

to thig worl.

L4,
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LatiVal Wi anUa

Latereat 1n carcarise infectins Fotaronverus gun. vas

Cirvost cuzenderad by soolied =ovkers who wonted to know
nether =znalils of Hhiz meonus scted sg intermodiabe hosts of

sica. Fonkick (1827) believed he

L - 4-34 - £ T 1- T T . ] 3 .y
vz found the larva of ¥, hevnatica, as vell as vie cer—

w2 R

carias of whnree other =swpocles narvazitizing iobamnonvrous butb

iacfarlane (1937) showed +that it was definitcly not the

internediate host although it wos infected by, "at least 14
other flukes whoge adults live in fish, birds and »amaals".

~ -

Tn later years, iacfarlane (1538, 1945, 1651, 1652) described

the life nistorics of ithrce of those species, Joitncazcun

anagnidis, Telopmaszter onigthorchis, and stesadexanmene

ansnillae (=, 3. ALl larval treaatodes recorded from

Jow wmealand Tresbhwater molluscs are listed in ‘fable 30(p.241a),

Jercaria 1 (Me. 35)

ody white, zranular in apncarance, a

(%

I_l.

-

pES]

T of dark long-

itudinal bands evitendinz dovm the body, following the courses
= J 3

of the main anterolsberal sxcretovry C L

analey; oral zucker in-

congnicuouss no eye wnobs oresent; nostorior locomotor

Thesive nanillae) not stronmly devalonsed; nostarior

wounded ;

vesicle circular;

’

n=th of hody. Uercariae ceoatninually

¢
]
5]
|
LS
[
0
i, |
o

b
o
=
=
n
1

scular body contraciions, buit the tail is

Locomotion LY a looning,

==



L LGURE 34

Trematode narasites of P. antinodun

- the gsnecies recorded by tacfarlane.

a-c oHbtecodexramene anruillae Yacfarlane

a - cercaria (dorsal)
b ~ cercaria (lateral)
c - redia

yoitocaccum anagnidis tHicknan

d,e - cercaria (dorsal)

5] - cercaria (lateral)

ioe]
1

spnorocyst

h-j Yelomagler ovnigbhorchis iiacfarlane

h - cercaria (dorsal)
i - cercaria (lateral)

J - redia
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STGURE 35

parasites of Folhkamonvrious son.
- ‘onostoma cercariae
Cercaria M1
B - cercaria (dorsal)
b,c - chanzes in shape of cewrcaria
d. - vonne redia
e - matacevrcaria rcmoved from cyst
cercari 2
1 - full sized cercaria (dorsal)
o - young cercaria
Jal - older cercaria developins nizmentation
i - redia
Jsk - metacercarial §j+a cn shells
1 - lateral view of cyatb

Cercazyia i'%

cercaria (dorsal)
redia

Uercaria 4

0 - corcaria (dorsal)

n,q - changes in shane of cercaria

T ~ cercaria (lateral)

S - 1redia

G - cercaria encysting

Abbreviations

adhesive nanilla cl - outer layer
eut bifurcation on -~ operculum
develoning cercaria os = oral sucker

eye

spot
excretory vesicle

ne = nenstnra
ph - pharynu

tion «land

no = protrusible organ

Tin

filamenscous alga 2t - stylet
germ cells sltec - gtristed
intestine G - tail

inner laycr

nmetacercaria

zth of

14

Lnear

cuticle

[N
v - virgula organ
vae - ventral

scales, G.lmm.

.Jucl:er







PABLE 3G,

Larval trematodes recorided frcm ey Zealsnd

freshvater

Mellusea

o e ————e
[rematode sp. Primary Host lolluscan Host| ° IAtermediate . .__1
Hest #utherity
e —

Coitocaecum Gobiomorphus P. antigodum faracallicpe Macf N
anasoilic cobioides fluviatilis o arlang
Hickmann Salmc fario (2mphipoaa) 1939)

Calaxias
brevipennis
G. attenuatus
{all fish)
e —

Telogaster Anguilla F. antivodum G. gobioides Macfap]
cpisthorchis australis G. brevipennis (132 ?ne
Mac?, (eel) Fhilypnodon spp. 5

e ——

Stegadexamene A. australis I'. antipodum rhilypnodon SPp. | Macfarl:
anguillae A, dAieffenbachii G. Robidiﬁgs 24 (liilane
act. % 251)

e

Zalicophoron Bovis domesticus| klanorbis -

ijimai (Fukui) (decmestic kahuika Jonaghan
cattle) (1952)
e

Echinostome 2 P. kahuika =

cercaria Jo?iggi?
Py &4

[Cercaria Fuligula Simlimnaea :__—-“—_—‘_f-""_”—“

longicauda novaezezlandiae tomentosa Macfarlane
(black teal) (1949)
e ———

Fasciola Cvis aries 5imlimnaea - .

hepatica L. (sheep) tomentosa Vh?farlane
— 1937)

Gorgodera iyla aurea Sphaerium spp. | Xanthocnenig D
australiensis (frog) Fisidium spp. zelandicyg a%e
Johnston TE;;E;ETIy) 1967)

B

Bifid-tailed i P. antipodum A .

cercaria HOFT;SE)
4

L )



dedia
dhites
prominent.
Length -

Greatest width

Yetacarcaria and

P o .
LT SG

achive; cazoble of

Liwmited

1. linm

S 9mu

contraction;

iztacercarial cyats are roushly soherical;

o o v i a - i
C.11 - O.18mn, wrosts orve act

antigodum or on tue
face of
flattened to fit tno
erxanined having cysts

incideace of

In some instances cysts were found

fungal growth on their outer

he netacsrcaria
Its hody tapers oogtseriorly,

s

present. Ghen in the

its anterior and nosterior ends me

revolving moveuents.

da

disbinguished throuzgh the cyst

4

Sloal;

cnail: T. antipodun

Tocalitiss found

Take Tupuke, Takapuna,

thorpe, tanawatu.

ached
chell clons=

the cyst atbtached to the

attached,

2hell of

regenvlas the ¢

cyst the

curvature of the

tha snail

surfaces.

o mormhological

wall,

Auckland ;

o the

=nall

anertura.

{or other

surface.

infection fownd

d6hz

nonulation was never hizh, 1t seews

ercaria

eting. 1t

strean

ailso contained

dianater,

to the onmerculum of i,

ihe gur-

rats) is

411 shells

ive cer-

within angy

onable
Tthay have

vo be infected

when
and a prominent oral
li

.
15

neart

that cer-

Just left.

hy a

relaxed.

sucker i3

curled up,

capable of

can e

Bunny-




1=

derearin 2 (Mixz. %5)

20dy contractile, oval when relaxed, Ltz nosterior

marsin challowly concave; onaque, wnite, granular in annear-

ance; oral sucker nou conspicuous; & clear, circular,

cxeretory vesicle wisible posieriorly; adhasive pnanillac

vary nrowvlnenh; a Halr of darii cye snots pressut anlberiorly

behind ths oral sucker, in zowe incividuals cach “eye

aonearing to bhe wade up oi Lwo adjoininz spotg; hetween and

around the eyesnpots is a band of very consnicucus dark pic-

mentation; tail simple and contractile. JTaactive.

rewly cnerged cercarise difier Ifrom fully grova cer-
carize by no%-having the anterior pignent band develoned,

and by naving the toall less tian half the lensth ol the body

vnen at rest.

Lan

VAN
T

Body length 0 C.54 - &.4
Body width s Culy = GoZ21mm

.22 — (G,3%mm

it'ail length

cranular in

3imilar to vhat of Cexcaria :1; wnite,

Dnearance; vharvny proninent; active, contractile.
Lenzth : C.95nmn

HMaxdimun width @ C.35mnm

metacercaria and Jvast

The c¢corcaria eacysts on the onerculum znd shell of the

nost snail as does uercaria il. snails Gake

Tukaki had owver %00 c¢ysts abtached to their shells. Jyst

“osh snails: P. antivodun, L. punoides

f'.)t



wocnlitiez Sound

SbTent asar binvon, . wnawatu; Uolowhimu Lazoon,

Falweraton Warth; avon livsr, Jhvistchureh; lake mlaki

K
Aanvarbary; akara River, 'ellincton; lake Putira, iHawkes

tays Hahao Stream, Forirva arbour.

Gevcaria #3 (Fig. 35)

sody gray-hrovn, tail wnore transparent; two omaque,

lonzibtudinal bands on body as in Zszcaria 1'l; three zyesvots

?

ovresent, twe latoral, one nmedian imemediately noaterior to
the oral sucker; two pronounced adhecsive vapillae at Lhe
nozterior hody angles; tail with a seemented apnearance in
wobh 1life and death. Cercarise very active coanared with
otiier monostome carcsriae found, swimming belns accomnanied
v abrons contrachblons of both hodv and tail. hen abtached
to a flat surface the two nosterior adhesive panillse are
in coatact with the subgtratum snd anpear to act as sub-

sLbitutes for & ventiral cuclker.

Body length @0 Coo7 = Guo/44mn

Body width : C.11 - C.l1l%nm
Tail lenmth  G.953% = @.5%0mnm
Nedias

Indigtinzuishable froxm those of Clesrcariage 'l and 2

‘mewatmnent, of Cerecaria

Jercariae of this soecles encysted on the bottom of a
slass digh within ainutes of beine removed from Lhe snail
host. Wuring eancyctment the Lail thrashed frantically while

atbached to the ontside ol the cyst, =224 the body of the

cercaria rolled arovnd continuously within the developing




syab. A6 bhiae shane the three ovesosobs were clearly viaibla
throurn the cevat wall dut later the wall hecsme wore trans-
Tvcent and Lthe -.'e_';r"-*:_:'.f_m;ljsz ¢ould no lonzer hHhe s2on.

tae ¢yet congliobs of vo layers, =i dmner laver iaitially

naving a colden apvsarance, vhich is laid dosm Tirst, and a

thiclker onbtar laryer which st Clest is eatirely clear. (o

‘.
(3]

complation of encvatisent, the inner layer asavnmes a TTRY
sonsviat fibrong avosaraacs, 20d the outer laver armesrs

nore molden vwhen wviewed vith transmitted lisnt. A naryor,

clsar gnace smists hetweoen the aniwal and the eyst wall and

3.
—
-
©
Lil

or movement of the develoning wmetscercaria,

Uysts are normally Tound atsached to shells =zad oneccula

of hoot wnalls 25 in the other monostome coercariae,
Dimensions of bhe commleted cyst and its comionsnts:

axlimpa diasmeter of cyst

|__2
~3
I
=
3

=

thickness of ouber cyst wall : 0.015 - 0.0
Thickness of inner cvst wall : C.O0CY = C.C1llun
Tiameter of encysted cercaria : C.15 - C.1%mn

‘ot snail: £, antioodum

Localities found

dokownitu lagoon, Falmerston dorth; Lributary to

c2huteraws divar, couth of Fslwmerston dorth.

Jercaria 4 (Fim. 35)

Bodv wnite, onacue; tall nore btransoavent, with a fin
ronnine tha leazth of the tail ventrally and thres-quartsrs
of itz lensath dorsally; two nromiaent, dark eyesnobts Dresent;
lonsitudinal bands of pigmeat extend down the body to the

clear, cirvcular, ewerctory vesicle; oral sucker not clearly



seen; nosterior of

HAr;ine

nanillaa.  The bodr, but

ontractility, and can

elonsated T 1life

ag lonm 25 HThe bhody, bubt 25
imates the vody lenabh. Der

movenents of the taill which

I~
-

tail ig detacaed frow

about vigorously for =zeveral

oy lenzth
Sody width
P'ail length :

Jac-1lile, cwvlindrical;

diReull.ane

lo il
not T
Glisars

lia

reariae

e,
o

"flanzed" forminz adhesive

tail, exhibits considerable

Lrom a spherical to a narrow,

cail is norwmally about twice

death it contracts, ani an)Hrow-

sviim actively by thrashing

iz held vertically sbove the body.

the hHody it continues to thrash

M i_l).llt’d:";‘s .

0.2G = C.4%mn
C.1ll = C.21um
C.2¢9 = C.56nn

translucent white with an almost

oharynx; inasctive. (ver a dozen cercariae may
clearly he gseoen wiithin the redin.

Length
iraatest width

i 1‘1 ".m‘:‘l'lt

Jercaria aha

cncystment has obs

liberation Ffirom tThe

~]11s

: 2.0ma
: UL 19mm

of ifobswonvrmus specics and

erved. gl @

0

oon after

'.
l_J

The procens iz identical to

that described for Deprcaris 5.
Host snalls: . antivodum, . cstuarinus

T:ocelities found

Streanm near Linton, ian

Lake Pupuke, Daltapuna, duckls

"aitomo.s”

awatu; Avon iiver, Christchurch;

and; wia, anukan sarbour;



Avdb i 11 _bheir 2sfiaitive hosts

vhove ace wot koovm, but bhey are ascumzd Lo he Darnsllcs

- . . - N i . g < 1.he
yivpde, posaibly duocks. imrgavin 13 clonsly reaswbhles Lhe

'J
l,.._.l
]
N

sarvearia of ot

peingti Subesann (= Copcaria

soneatomni Idnstow) a

parasite of the donestle

Tuek in “urcope (Haves,

Mo miabliched

duclzs have haen mads

°nd the Denartoznt of Axriculbure's .i:xlls

leneareh Uentre had ao imowledce of anv bird flukes in wawW

fiag besn made of ©vwo siides of vonostone
¢ collection of the Uanterbury Lailversity do

menb.  Jlulkies on poth olides weora collacted £

o . . - - oF s — - qJEY - « s S o
Lake airarapa in “ay 195 Cne has heen ldentified 27

&

latatponis verrucosa (Fr8lich), and Gthe other as a 3eCODAL

species of Oatatrovig. Tt is oossible tThat bhey ars tne

adult stames of Ttwo of the larval moncatomes rcnorted O0

() durcocorcous Dorcs carine

Uopesria Tl (Fiz. 38)

&, oranslucent, chane rizidly defined; suckers

W
> s = @ - JaTiw e i i 3 Jasamy A o WA
not =asily ascen, ths venbtral sveker posterior to the TG

noint of the body; escretory vesicle small, Y-shansd; ¥

———

egten half the lensth of

conbainins two TOWS

ol

within it; furcae

3

i caudsl bodizsg clearly

o

lonzer than weil sten, Toverins towards cheir apices

active

Body lenemth : 0. 16mn

- -



SIGURE 36

Pprematode parasites of i, sativodum

— furcocecrcariae, Uercariasa,
inhidiocercariae

. . Ente
a-b “ercaria o2

- cercaria (dorsal)

o

H - snorocyst

c - cercaria (dorsal)

o = young cercariae sghowing
chanzes in shape

h - cercaria (lateral)
i - svorocyst

Jercaria X1

j - cercaria {(dorsal)
iz - 3POrToCcyst
Tinear scales, C.lmm

wor meanings of abbreviations
ki

see Figure 55







mdltes exlindric2l 1 ith rounded ends.

Fensth ¢ Q.54

Hath  r CLlZmm

-

‘nedl hogb: . entioodiwm

Loecnlicy fonnd

ILale “iadrarapa.

furcocameconus cargarize similar Lo thi

the juvenile forms of flukes of ithe

nostes are birds, iacluding domestic duecks

{Davres, 1846}, Tro slid he o

2 wusnter

=
b 25 B

o

s in G

ancclopy Devarbnent collsetion contain =iv

Ar L

the small intestine and ducdenum of ducks

Le |

These may rooresent the adult of Zervcaris

o =,

izeid

5 ane

reese

Imorm o be

and

(]

fanily striceidae whosne
avan
nmry inivervsily,

Tlukes fron

at Lake tairarapa.

ks

Cevcaria ¥2 (Fiz. 58)

A mewbor of the "Lonhocexca’ sroun (anharyageal,

3 LN LS + [ o - s 2k T S = 5 TS o5
previinreate, noenostons cercarias) ol frcocercariac,

normal auckers preszent, but posszszes a yuscular

(5 R 3

e ]

snberior orman whico exhlbits sbtroncr, tszlesconic

m
S

—

130row dowsal fin pressnt on hody; taill
trwo furcae at aboul three quarters of itlgs
moos conbinual cdntraction and exwpansion,
exnhibits active Hhroshing wovement

3ody lenzth

o
R
i

Jaximum bodwv uiidth ¢ O, CGHmn

)

o)
=
=
o]
i
]
&
'.,-"i
T
=
|—
gt
&

[R)s)

nrotrusible,

movenents;

stbem divides

length

and. th

0, 10mm

n
=]

nodw

o

2il

into

under—



INoreerst
Gwvold, cyliadrical. Javesrviae about.to leavs the
gnorocyal are alwosgit an lonz as the sporocyat itself.
senmth @ 0,26 - 0, 2300

idth o CLLl2 = G, Ldam

Snaill host: F. oaabinodui

Twealitiss Found

stream nesar Idnton, !'anawatu; Take Wutira, Eawkes BDay.

Nemarics

a

i number of loohocercous cercariae are known to develoD

into perasites of the blood vascular aystem of Cyprinid

fishes (carp). AL least four speciss of cyprinid are found

ja

in Jdevw aealand (loods, 1363) and could thevefore orovide
defdinitive host for thiz flulke.

—— yoo.

(3) Ziohidiocercarise

Cercaria i1 (Fis. 36)

™ .

A member oif the "JSercariae ilravlae” zroup of ILilhe
(1609) . wWnite, traaslucent; considerable contraction and
exnension of the hody and short Uall is found; oral sucker
larzer than ventral sucker, soylet and virgula organ very
promninent; excratory vezicle a Y-shaped sac with a long,
narrow nostervior wbem; cubicls striated; mwovowent by
mscular conbractions and by side to side lashins of the
tail.

fody lenpth ¢ O.1l5mm
Hody width o O, 0Gmn

Tail lensth : 0.07mm

1"/-.'- oJ8



o oOracESG
fiibe, oval, the sidss souzaas

agvalonin® carcariaz “way

Cercarcia 1

~1
=
_;_.‘ .

0

\l

v

Translucent, wi

gucker and stvlet nrominent; large oen

wresent, one @roup elbher wide of the
axteodinz some distance behind it
anicuous; venbtral sucker not

placed,

oy B

e

of the bodiy dravm in medially in {the T

at the sucretory nore;

biranchas T—shaned

gtructure;

by o loeminz action ginilarx to that of

ﬂ
3
L

sonty Lonzth

S

axioun oody width

SOOFOCYET

niha

chviousg I

a1l absent.

vIUy acuive but have not bheen ohserved o

(e 28ma

ebtration zlands
oral
rynx small,

Tort above,

orm of =

exeretory vesicle a narrow, tw

Uercariaec
a caterniilar.

swim.,

CLCRam

Tubular, sewi-transparsnt, inactive; containing

numbers of clearly visible cercarise.
pength ¢ O.olom

Width o e

0. 25mm

iboutb

0]
‘L_l;
4

incon-
centirally
almost as large as oral sucker; posbarior wargin

challiow V

O
move

P i
LOey

large



. s - ;
(%) Syionocoonzlug Dasrearviae

Bmmevaynday 7 %0 58
geroavis izl (Bleg, 97)

Jocy onague, whibe, flattencd, oval, non coatractile;

ct

il atronely developed, no fin vresent; oral suclker and
sharynx clearly visible; a psir of dark erFesonls nresont
pbehind the lewzl of the pharynx; ventral sucker not vipible

3 Lo L

frow avove, the saze dizmeber ag Ghe oral sucker and nlaced

iohtly vosterior to the midpoint of the body; inaclive,

~
—
a
=)
¥
I
=g
)
LRl

0.,2C - 0,26mn

Sody width @ C.07 - 0.0%mm

2
'_
I__J
l,_.;
@©
=
3
ot
53

0017 - G.20mnm
Hedia
Lavrze, sac-like, narrowing anberiorly; nharynx small

and inconsnicuous. Iully grovn rediae contain about 12

nature carcariae which comdletely Tfill the Lody cavity.

Length ¢ 1 .A4mm

fayirum width

C.38mn

Snail host: F. antinodum

TLocalitics found

L]

Strean nesr Linteon, ¥anawatu; Leke Tutira, Hawkes Bay.

L

” % F Sae N
Jercaria - 42 (Fis., 37)

L -

The larzost cercaria found parvasitizing . sntinodum.

Body vwhite, ellipbiecal, greatest width obf the midwoint;

<
[}
=
c
L)
LY
I__I
j‘\
5
@
Vrd
t
]
]
O]
1
'
b
cd
%)
e
(@]
dir
=
=1
(©)
cr
()
=)
-~
&
51
i_l
)
-
s
(0]
[}
(A
D}
kj

than oral

glirntly posterior o the niddle of the



Trematode parasites of L. anvinodun

- Gymnocsenhalous cercariae

a-d Jercaria Gl

&l

cercaria (laseral)

b - cercaria (dorsal)

i
v

¢ - cercaria in gwinnianm

a1 -

d - redila

e-i Cercaria G2
e - cercaria (dorsal)
f - cercaria (lateral)
g - youn= redia
b - middle aged redia
i - fully grown redie
Linear scales, G.lum

For weaninvs of abbreviations
gee fisure 35

]

nosition







230d7s fureatisn of Tho guw

marmin of the ventral

¢evsloped fin runs the

poaglberior third
the snail
attitude, lying
Hocl

so0y width

Tail leagth ¢
2ad 5

Redin

hibit

‘nite; tubular; ex

phazyni promilneant; develoning

P.Adlwa\ claeq:
serior to the pharynx

extending

Length

v

laximunm viidth

2niinodun

Tl gl El
AVECS .;J'::'j.}r -

(&) Tncidsnce of infection of

clearly visible
tail
Lengbia
dorsally;

hogt
0on

length : 1.0

slight wriggling
cerc
arly visible

is

a1
alrogst as lono
0f une

poor svrinm
pany cercaria

- 1.1lmm

G, Bmm

C.75

- C.a7nnm

.
ariae (gane

In young

clearly visible

almozt half the body length.

1. 5mm

QL. 25mm

Lobanonyvreus anecies

1.1
LG

rally

as

&)

tail war

anterior

e
(‘?. L]

T .

body,

trally

agssune a

thelr dorsal surfaces.

movements;

about

-
<

~

rediae the

sinmple

larval brezavodes

nl=tions evawinad are

mceountaered in 13 of

exanined, and in 12 of these

maling then clearly the

-

parasitizing this

ite

.C5. 3N

aspec

trematode
of infection in all
stiorm in
the 17 povulations of E.
Lonos

woalt imnortant

specics renders Gl
cnail

Table 31.

e

noat

DOD=

Dercarias

were

antinodum

tome
of

sroun

east dnfcection rate

g

he

species vierc prasent,

trematodes

within



TABLE 51.

Incidence of infection of Potamovyrgus svp. by rporosporid
Protozoa and Trematods

Trematoda
2nail  Locality Date of Number |Porosporidae| DNumber of (% snails
Host Collection|of snails| % infection|Cercaria spp.|infected

examined found
IP. antipodum
L. DPupuke Dec. '66 100 86 0 0
L. Pukaki Jan. '66 100 66 1 L
lakara R. Apr. '66 1GO 28 1 3
L. Pupuke Aug., '66 1.¢o 2 1 1l
Avon R. Jan. '66 1CO 27 2 2
L. Tutira Jan. '67 260 12.8 6 4.6
L. Wahapo Jan. '66 100 10 0 0
Green L. Jan. '66 100 10 0 0
Kahuterawa R.(1) | Oct. '66 100 8 0 0
Hokowhitu Lagoon | May '66 1C0O 8 2 8
Kahuterawa R.(2) | Oct. '66 84 6 il 1.2
L. Taupo Apr. '66 ) 2.9 2 8.6
Bunnythorpe !
(5tm.) Oct. '66 150 155 3 2
L. Paringa Jan. '66 100 [ 1 &
Bunnythorpe
(pond) Cct. '66 2C0 0 0 0
Linton (stm.) Cct. '66 200 0 by 2.5
L. Wairarapa Jan. '67 200 0 2 5.5
Yaitomo (stm.) Dec. '66 100 0 2 3
P. estuarinus
Huia Aug. '67 2C0 C 1 0.5
P. pupoides
Kahao Stm. QOct. '67 150 ¢ 1 C.66
P, estuarinus and
I'. pupoides
Yananaki Dec. '66 100 0 C 0
Keathcote R. Jan. '66 200 0 0 0
Havelock R. Jen, '66 15C 0 0 0
Avon B, Jan. '66 200 0 0 C
Eutt R. Jan. '67 100 0 C 0




15%,

individual populations, 8 and 8.6/> of adult snails, were
also produced by monostome larvae alone. Maximun infection
rates for all species are shown in Table 32 (p.155).

These may be'coﬁpared with the fi”uLbS 51V€ﬂ oy
Wacfarlane (193%9, 1952). He found that in HeathCote River

0.5-1.0% of adult Potamoovrgus were infected with cercariae

of Coitocaecum anasnidis, 2.7% by Lelogaster onisthorchis

and Stegadexamene aneuillae combined, and 15.8% by all

trematode species (number and identity not given), and in Hut
Stream (Canterbury) he recorded 0.7#% of snails infected by

=

5. anguillae.:

Numbers of snails infected by trematode larvae in New
Zealand populations are low compared with many infection

rates recorded elsewhere. In the United Xingdom Rothschild

(1941) found that up to 70% of Hvdrobia ulvae over 3.75mn
high were parasitized, and in a study of a Welsh lake Erobert

(1966) found 51% of all molluscs examined were infected, in-

cluding 64% of the prosobranch Bithynia tentaculata. These
rates are much hicher than the maximum of 8.6% found in this
qtudy, or the 15.8% recorded by ﬂacfarlane, but sporozoan

\a

1nfectlons of P antipodum have been found to attaln com-

parable high levels (Table 51 p 153).
”ost specles of mollusc that have been eyamlned act as
1ntermedlate host for less than 10 trematode spec1es (Ewers,

1964), although there are a number of exceotlons lncludlng

the pulmoﬂabe L1mnaea natalenalu, the host of at least 43

known spe01es of cercarlae., At leabt 1% species are now

known to use PE. antloodum as an 1ntermedlabe host, and thls
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TABLL 52,

Maximum incidence of infection by trematode cercariase in

populations of Potamopyrzus svp.

Cercariee . liaximum % infectlon
Coitocaecum anaspidis 4.5
Pelogaster onisthorchis — Olos/
Stegadexamene anguillae 2.0
Cercaria kil 1.15
Cercaria fi2 : 6.0
Cercarig M S 2.0
Cercaria il4- U & oL 2
Cercaria ¥l ; x e U
Cercaria F2 0.8
Cercariag il - : et 1,2 - y
Cercaria G2 - : . SOy
Cercaria Cl 1.0

concentratlon of trematode larvae in P antlpodum maV have
]..

developed because sultable alternatlve snall hosts are

lacklng in New Zealand. Probert (1960) found that trematodes

Wthh have a prosobranch snall as 1ntermed1ate host never

Daras1tlze pulnonate snalls, and £~ "ntlboduﬂ.ls Lhe only
prosobranch w1dely dlstrlbuted 1n new Zealand fresh waters.
| The develoDment of a larre number of host oaras1te
relltlonshlps al:o prov1des further strong ev1dence that P.

A

amtlpodum has been ostab11shed in New uealand fresh waters

=\
N



for a lons bilme. Fhis conbtrashts shrikinzly with the sit-

nation found in arong and Bribain where +. denlzinsi

mareagite free (Freilter and Grahan, 19¢2). Little

ation is available on varasitism of freshwater snails in

Australia, althouzh in a literature survey Johmsbton and

Gleland (1957) have quoted a zinsle instance of unidentified

Crematode larvas beinr found in e Iglhanonirsus species from

"allarat, Victorila.

PHOLOZOA

Tany individuals of F. antinodum have heen found con-

taining cysts of a worosporid nrotozoan, which comnletely
nacls the goire of the zhell and replace wuch of the digest-
ive mlaad and onad, as well as ocecunying svaces bebween

the vigceral orwans. FParasitisn of . estuarinus and P.

punoidsgs hazs not veen found. Infecled snaills are always

rendered infertile by the nresence of cvats but non-

reproducitiva behaviour does nob apnezr to be affected.
Tife cycles of mewbers of the torosporidae nesarly

tagh

alwavs involve a crustacean nrimary host and a wolluszcan
secondary aost (Vosziel, 195%). Sporozoites in the gubt of
crusbacezan encyst and nroduce huse numbers of nalked gymmo-
snores (mametes). These arc then transferred o the

sacondary molluscan nost whers conulalicn oceurs, usually

in The blood lacunaz of tne @ills. syzotes form oocyszts in

which a ginele gporozoite devalons. “he crusbacean

is usually reinfected by eating infected welluscs.
TIn chis case it is not imiovm what crustscean host is

involved but it ssens likely that it could bz The awmphipod
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Paracallione fluviatilis which is frequently found in

association with P. antipodum. In the three habitats studied

for over a year on the Massey University Campus, cyst infect-

ed snails were found in the two in which P. fluviatilis was

also found, but not in the third where the crustacean was

absent.

Sporozoite (Fig. 38)

Sporozoites have not been discovered free within the
body of an infected snail, but have been removed from cysts
by applying gentle pressure to them, thereby breaking the
cyst walls. ‘he sporoéoite is clubshaped, and granular in
appearance. Its protoplasm contains numerous vacuoles hut
no obvious nucleus, although somewhat diffuse sections of
protovlasm take up the nuclear stain, methyl green. ‘the
outer membrane of the sporozoite has a striated appearance.

Length : 0.21lmnm
Faximun width : 0.05mm
Cyst (Fig. 39)

Cysts are spherical and bounded by & smooth clear wall.
Inside the cyst, the sporozoite is coiled with its anterior
and posterior ends meeting. ‘there 1is a small'space left
between the sporozoite and the cyst wall and the sporozoite
is able to mwove within the cyst. ilost encysted sporozoites
appear to have two darit patches present in their cytoplasm,
but these have not been observed as definite structures after
the sporozoite has been removed from its cyst.

Diameter of cyst : 0.10 - 0.12mn

Thicltness of cyst wall : O0.0C5mmn



FIGURG 28

The protozoan (Sporozoa : Forosporidae)

parasite of Fobtamoovrius sSDD.

a - Sporozmoite removed from cyst

b=

i
I

Snorozolte beinz squeczed (rom
cyelt and showing the striated

appearance of the body surface






FIGURE 39

The protozoan parasite of Potamonyrgus spp.

a

b

cysts removed from snail tissue
cyst with outline of sporozoite
seen coiled inside

T.3. cyst infect snail visceral

mass






Incidence of infection

Incidence of infecdtion found in populations of
Potamopyrgus spp. from throughout New Zealand is shown in
Table 31 {p5dSs). All snails examined were over half grown
and showed no external sign of infection. Infection is not
restricted to older snails, however, and”in two collections
(August and. December, 1966) of. . juvenile snails (<2.5mm high)
from Lake Pupuke, Takapuna, 10 and 307% respectively were
found to be infected.

Monthly infection rates of P. antipodum in Tiritea

Stream from March 1965 to April 1966 are shown in' Table 22
(pel20)k.

OLIGOCHAETA" . ; X L}
Chaetogaster limnaei

The naidid, Chaetogaster limnaei, was found in close

physical association with-P. antipodum in.  Lake Pupuke,
Takapuna, Auckland, but was not. found in any other: pop--

ulation.  Ch. limnaei exists in two forms, considered by

Gruffydd (1965a) to be subspecies, which differ in setal:-
number, habitat and diet. Only the outer form, Ch. limnaei

limnaei: has been recovered from P. 'antipodum, the worms

being found on the head and anterior region of the foot,
and around the mantle edge.

Previously, Ch. limnaei seems to have been recorded
from pulmonate snails only, principally limnaeids and
planorbids.: In:New Zealand, Marples (1962) records-it.as
being common in the mantle cavities of Planorbis sp. in the

vicinity of Dunedin, and the writer has seen one specimen

158,



FIGURE 40

Chaetogaster limnaei limnaei (Oligochaeta : Naididae)

a,b - embryo shell of P. antipodum

in gut of Ch. 1. liwmnaei







of Iymnaea stagnalis from a home aquarium infested with

over 90 worms.
Incidence of infection

3ix percent of snails in a sample of 100 individuals
taken from Lake Pupuke on 26 September, 1966, carried

Ch. 1. linnaei, one to three worms per snail.

Food, and the worm-snail relationshivo

Gut contents were examined by squashing worms beneath
a cover slip on a microscope slide. Dominant food organ-
isms were diatoms. This is in accordance with Gruffydd's
findings and confirms the identification of this worm as

Ch, 1, limnaei, as the subspecies wvaghini feeds only on

molluscan kidney cells and concretions. In one individual,
however, a most interesting condition was found, the
pharynx and crop each containing a single embryonic shell
of P. antipodum (Fig. 40). Ch, 1. limnaei is knowm to be
predatory on Protozoa, rotifers, and trematode cercariae
(Gruffydd, 1965b) living within the tissues of the host
snail, but a situation such as this in which the worm feeds
upon the young of its host may well indicate an advance
from pure commensalism towards a parasitic relationship
with the host. Whether the embryonic snails concerned were
removed from the brood pouch of the adult or were preyed
upon after they had assumed a free-living existence is not
k¥nown, but if the former were the case then the attribution

of parasitic tendencies would certainly seem Jjustified.
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APPUNDICHES

APPHNDIX 1.

Index to localities from which snails have been
collected during this study.
Localities are grouped under land districts (licLintock,
1959).
Key
(a) Shell measurements
Rédula

populations examined
Operculum

nd
3
]

Bmbryo shell

(b) Sex determination :

m

males found

f females only found

b'e detailed sex ratio examination made

(¢c) Habitat types A

Classification modified after Elton and #iller (1954)
1. Ditch |

2. #lowing "upland" stream

3.‘Graded "lowland" river or estuary

4. Pond

5. Lake

6. 'Irickle

a ‘Tidal influence at times



Land Listrict 1 North Auclkland

e Sex
Wo. TLocality Shell|Radula|Gperculum Jfﬂjﬂ’o (a) (b)
- TPrelin.Detailed
v P, antipsdun

1 Whatipu X X X DX m
2 Avclztland

Domain X £
E Fortland Rd.,

Auckland
4. worthcote X X
5 Swanson
© Takapuna X X X X
7 Lake Pupuke X X X X m X
8 Kakamatua 3tmd X X m
9 Waiomioc Stm. i X X X 32
10 T.ittle Huia X
11 Fakiri Stm. 1 X m
12 \1] oon 2 X
13 Piha Stm. , 10 X -
14 ihangarei

falls 3
15 Wananaki
P. pupcoides
A Wananaki - e X e S X
B Hobson Bay
C Portland ©d.,

Auckland

P. estuarinus

a Waikato River
mouth

b Huia

c \Jananaki-

ol

e

7

-4 X m i

b b
B
>

Hobson Eay
Portland R4d.

Land bDistrict 2 Bouth Auckland

P. antipodun

16 1rirau, Wai-

makariri RH. X T
17 lake ‘farawera A X X X 5i)
18 Lake Taupo X X X f pic
19 Green lske,

Rotorua X X X i X

(Cont.)




Land District 2 - South Auckland (Cont.)

. ; ‘ P & _ | E@mbryo Sex A
Mo . Locality Shell| Radula| Operculum Shell (a) (b) Habitat
Prelim.Detailed
P. antipodum (Cont.) _
20 YWaikaretu :
do. 1 p, f Bl
21 Ho. 2 _ X L
22 "aitomo i m X e
23 ‘Ylalpuwerawera
Stm., Taupo X 2
24 Waimangu 2
25 Stream,
L. Rotowhero 2
26 Iake Rotorua 5
27 Lake ngahewa 5
28 “Waiotapu Stm. 2
29 L. Rotomahana 5
30 Waikato «.,
Cambridge X X T bid 3
31 . wWaiotapu wo.2 1
32 Gtama Bay
(Coromandel
Pen.) 3a
3% Waikato R.,
Tuakau 3
P. puvnoides
5 Otama Bay
(Coromandel
Pen.) 3a
r Kaotunu R.
(Coromandel
Pen.) 5a
P. estuarinus
f Otama Bay Sa
g Kaotunu R. 3a
h Waihou R.
(Hauraki
Plains) 3a
Land Pistriet 3. Taramalcl
P. antipodun
34  raponga X X X i 2
25 Dawson Kalls X ) m ?
36 Opunake £ X X m 2
37 iarea : f =
v, _estuarinus
i Bell nlock m la




Land District 4 CGishorne
T T T o STV S ﬁimbryo : S . = . 4
7o, Locality Shell|Radula|Operculun Shell faj (v) Habil fiest
' Prelim.Detailed
P, antipodum
58 Te Kaha 2
Land District 5 Hawizes Bay
P. antipodum
39 ‘Jallingford X £ 5
40 ‘fiimbledon f 1
41  doodville ¢ X f 1
42 Dannevirke
Ho. % X f [l
4.3 Ho. 1 i 3
44 planawatu 2. X f 2
45 Porangahau X 1
46 Dannevirke
. Now: 2 X X m 1
47  l'e Aute 4
48 TLake Tutira 5
49 KMt. “harite X e X X f 6
Tand District 6 Wellineton
P. antioodumnm
50 ‘Thakarongo
Ho. 2 ' X _ 1
51 Apiti-Utuwai X X f , 1
52 ¥arioi A 4
5% IHokowhitu X iy e 1
54 Yhakarongo
Ho. 1 X ) 1
55 Shannon A i) 1
56 Pahiatua A 2
57 Bunnythorpe 2.t
No. 1 X X 4
58 Levin tlo. L . | 1
59 Bunnythoro " - S
No. &iury X 1
60 Maxwell X B : 3
61 Utuwai X £ T 1
62 Aokoutere ] by 4
63 Levin No. 2 q by e
o4  Kahuterawa R.,
trib. 3 £ 6
65 Otaki- X X ) f 2
66 ihands llah X X X m 2
- " (Cont.)




Land PDistrict 6  Wellinston (Cont.)

sy
o

e . - 5 , Embryo PEX .
Mo . Locality 3h211| Radula| Operculumn Shell (a) (b) Habitat
) Prelim.Detailed

P. antiovodum (Cont.)
67 Kahuterawa R. i il =5
68 :t. Bruce X it 2
69 Waiwakawa R. X X f 1
70 Xonewa X £ 1
71 Lake Rotoaira X i X f 5
72 Tokomaaru R. X X f 3
7% Waikawa R. X i 2
74 North of

Mt. Bruce X hi} 2
75 Ohau River X m 2
76 Tiritea Stm. X X X f x 2
77 lMassey

University

To. 1 X X X i} X 4
78 No. 2 X X f p'e 4
79 TWo. 3 X _ p'e 2
80 ,Pond, Ohau R. X X 4
81 Tokaanu X f 5
32 Kahuterawa R.,

: trib.' 2 il f X 1
8% A X D4 2
&4 Bunnythorpe

© Stm. Xz f 2
85 Ohakune . - X 2
86 Tongariro 2
87 L. Wairarapa 5
88 Eastbourne m 2
89 Paekakariki X m 1
90 Waikanae . 2a
91 Horokiwi Stm. 3a
92 Kahao Stm.. ) 2a
93 Makara River 4 b X X i b 2,53
94 "Linton - == 1
P. pupoides
G  Hutt River %a
H Horokiwi Stm. 3a
I Kahao Stm. X 3a
P. estuarinus
J Hutt River ga
k florokiwi Stm. oa
1 ~Kahao ‘Stm. - X~ o - sa -
mn Porirua Hbr. a
n Porirua Hbr.

trib. a

~
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Land Digtrict 7 Helson

. = . . E : _ Bbryo Sex } )
Jo. Tocality Shell| Radula| Operculum| - : (a) (b) dabitat
N Ohell TNy @M L oo TN S = -
Frelim.Detailed

P. _antipodum
95 TLake Rotoiti )G 58 f 5
J6. Doughboy Ck-, -

Llurchison - X T 2
)7 Karamea: - . X | f 1
98 Take Rotoroa |- X X X X =
99 Waimea Creek,

destport 6
100 Birchfield, -

Westport 1
101 Waterworks,

lestport In
102 McXennas Ck.,

Westport 2
103 Piu Piu '

e g S B © -t . - dew oo 0w R . o S
Tand District 8 isarlboroush
P. antipodum
104 Pelorus Bridgeg X X X bij 2
105 L. Bltawater S T BT £ . e - 5
P. ovupoides
J. Havelock R. X X X m X %a
P. estuarinus
o) Havelock R. X X X m X 3a
Land District 9 Westland

F. antipodum
106 Lake Wahapo X PG /4 X 5
107 Lake Ianthe X X X pid 5
108 l.ake Paringa X X X X m p'e 5
109 Punakaiki _ . 2
110 I'ranz Josef x X X X f 2




Land District 10 Canterbury

189

Sex
Mo. Locality Shell| Radula Operculun ggg{{o (a) (b) Habitat
; ‘ . Prelim.Detailed

P. antinodun
111 Avon R. mouth X m %a
112 Avon R. Chch. X X X X bi % 3
113 Ilam, Chch. X X 17 1
114 Take Pukaki X X X f X 1
P. pupoides
K Avon R. mouth X X X m 3a
P. estuarinus
D Heathcote R. -

mouth A X X m X %a

Tand District 11 Otago and Southland

P. antipodum
115 Lindis Pass X X X X T 2
116 Lake Wanaka 5




APPENDIX 2.
Shell measvrement data
» Fe) + L)
& 5 B
g g | g% 3 :
< A o = o
o o Do © B 3
~ ~ T ~ ~ N [\ ~ + o
= =] - 3 (O sl (o] K~ (<]
£ £ | B38| 8| s 5 | 58| 5| B4 8
= o ] T 0 [ ] [1o) ko] S L T Qo
2 & ) | =l 2 i s Sl = F <5 5
b ~N e BN 5 < N s 8 £ 0
5 b 0 & Se| S5 = o o SE| 85 | 25 &
B S a0 &0 &0 oo [oRl oY) o &0 a0 &p joReT} o a0 ~A —| Q
[o)) W '~ S e o -~ - . oA © -~ « -~ < o~ E
g | 22 S 2 he|lHhd | 22 g2 Hhe|l ad | £g 2
P. antipodumn
1 1.96/2.12-1.78/ 0.09(0.022| 1.68| 1.73-1.58|0.06|0.015| 9.116
2 2.19|2.57-2.00{ 0.1%|0.029] 1.75| 2.08-1.65/0.12|0.027|5.3|20
4 2.40|2.74~-2.21/0.15|0.040] 1.92| 2.24-1.77/0.11|0.030| 6.1 |14
o 2.1112.40-1.85/0.13|0.0%2|1.73/1.85-1.56/0.03|0.020| 5.2|16
7 2.22|2.%6-2.04/0.08|0.020{1.701.82-1.54/0.08|0.020|6.83|15
8 1.82|2.02-1.69]0.10(0.027/1.59/1.71-1.49{0.07|0.019| 7.4 |14
9 2.00|2.%6-1.78/0.15|0.0%38/1.59/1.71-1.41|0.07|0.018] 7.2|15
10 1.31|2.00-1.65/0.09(0.,024|1.61|1.76-1.53/0.07|0.019|8.5|14
11| 2.30(2.44-2.16/0.08({0.019/1.82]1.92-1.74[0.04|0.010| 6.4]18
1211.97/2.08-1.85/0.06(0.016|1.72]1.96-1.64{0.09|0.024| 8.5 14
16 11.85(1.%6-1.70/0.10({0.042|1.60}1.68-1.53|0.05|0.020|5.2| ©
17 | 2.06(2.34-1.830.14(0.033| 1.64{1.79-1.52]0.08|0.022| 6.9|14
18 | 2.%4(2.59-2.18/0.13{0.035|1.76|1.90-1.65[0.08[0.022| 6.2|14
19 | 2.05|2.3%34-1.83%3]0.15/0.0%2/1.65/1.75-1.52|0.07|0.017| 6.9(17
20| 2.38|2.64-2.14/0.13|0.0%2{1.8C| 1.89-1.67|0.06|0.015| 5.9|16
21l | 2.21|2.%6-2.07|0.08({0.022|1.76/1.87-1.67[0.07{0.019|6.3[13
221 1.94]2.08-1.80,0.08{0.020(1.68}1.77-1.61|0.05|0.012|6.1|17
23 | 2.38|2.53-2.22(0.08|0.018/1.87(2.00-1.67|0.08[0.018| 4.3%|20
30 | 2.0712.27-1.77/0.12|0.028{1.71}1.83-1.59|0.07|0.016|6.6|19
34 | 2.22|2.60-2.00[ 0.23|0.057[1.82|2.08-1.61|0.16|0.040| 4.8|16
3512.1%3|2.29-1.96{ 0.12(0.030{1.71]1.82-1.57(0.05(0.012{ 6.2|16
26 | 2.08(2.22-1.94{0.08[0.025/1.77/1.89-1.67|0.06|0.019| 6.4|10"
37 12.09|2.22-1.97{0.06|0.016{1.70{1.75-1.63|0.04|0.011} 5.9| 14
49 1 2.29|2.46-2.04/0.12|0.030/1.80[1.89-1.72(0.05|0.012| 4.6|16
329 12.2712.77-1.96|0.26|0.08111.80(2.04-1.63(0.15|0.047} 5.4 10
41 [ 2.3412.65-2.12(0.17|0.042[1.85|2.18-1.72[0.12|0.030| 5.3|16
42 12.%212.82=-1.9410.40(0.125}1.84|2.18-1.66{0.20(0.062| 5.9|10
43 1.93 2.48-1.7210.32|0.160[1.62[1.92-1.43{0.21|0.105| 4.4 4
44 11.93(2.08-1.7310.11{0.028|1.67(1.73-1.58/0.05|0.013| 5.9|15
L5 | 2.53|2.74-2.25/0.16[0.050(2.02{2.08-1.86|0.08[0.025| 4.8| 10
46 | 2.0412,19-1.£9/0.10|0.030|1.78|1.84-1.66|0.07|0.021| 6.3(11"
¢3 | 2.33|2.84-2.17{0.15/0.036|1.89(2.07-1.70|0.10|0.024| 5.0|18
50 | 2.2112.61-1.95]0.24|0.073]1.72]1.90-1.61}0.11]0.033| 5.5111
51 | 2.1912.30-2.06/0.07/0.018[1.73|1.78-1.68/0.04|0.010| 6.2|15
52 | 2.49(2.56-2.42|0.07|0.041|1.77]1.81-1.71|0.05(0.029| 4.0 3
53 | 2.34|2.68-2.20[0.12|0.032(1.87{2.04-1.30[0.06|0.016| 5.1| 14
"S4 | £.18|2.64-~1.80 O 2610.051[1.80(2.20-1.52|0.17|0.033| 6.2}| 26

190



[o 3V}
S S8 | S8l 38 | 58| Se Sal Sg| 823
antivodum (Cont.)
2.08]2.36-1.71| 0.19 1.69(1.73-1.55|0.08 PG
2.00/2.11-1.88| 0.09 1.71]11.77-1.62|0.07 5.3
2.18(2.28~2.00| 0.08 1.81(1.94-1.6%|C.10 5.2
2.09|2.52-1.92| ¢.16 1.76|2.00-1.61|0.09 6.1
2.22|2.3%36=-1.96| 0.10 1.87|2.04-1.61(0.12 5.0
2.11(2.22-2.04| 0.09 1.65|1.76-1.62|0.06 Dl 1L
2.21(2.56-2.03] 0.12 1.7311.90-1.64(0.07 5.9
2.36|2.54-2.08| 0.14 1.89(2.04-1.77(0.12 IR
2.1%12.28-1.91| 0.10 1.76/1.89-1.65|0.06 6.0
2.34(2.54-2.16| 0.12 1.80[1.96-1.68(0.08 5e%,
2.2412.45-2.00( 0.13] 1.7611.89 6510.08 6.0
2.2112.41-2.08| 0.07 1.81/1.91-1.72(0.06 Bl
1.98|12.10-1.83%| .09 1.67|11.76-1.62[,0.05 lote)
2.0312.%5-1.91| 0.17 1.7011.78-1.6%|(0.05 6.0
2.06|2.14-2.00] 0.06 1.7611.84-1.70|0.05 6.9
2.04(2.3%6-1.80|0.1& 1.6411.8C-1.50|0.09 6.4
2.5312.79-2.%6| 0.08 2.06|2.24-1.93|0.08 5.0
1.87(2.00-1.66|0.12 1.61/1.70-1.50|0.05 D J5
1.9712.17-1.74] 0.15]( 1.62{1.75-1.52(0.08 5%
1.93(2.185-1.65]C.18 1.64/1.78-1.53%3|0.09 4,6
1.7411.92-1.62|0.13 1.56|1.67-1.49|0.07 4.7
2.19(2.39-2.08|0.09 1.7%]1.81-1.66|0.04 5.4
2.30|12.54-2.09|0.1% 1.3111.94-1.71(0.08 0.4
2.30(2.67-1.90| 0.24 1.8%312.11-1.56|0.13% S
2.09(2.24-2.00|0.06/ 1.7711.8%3-1.72|0.04 5.9
2.2812.91-1.97(0.23 1.82]12.14-1.67|0.14 589
2.1412.24-2.04|0.06 1.7611.86-1.64|0.06 505
2.2412.56-2.09|0.13 1.7011.80-1.58(0.08 4,3
2.29|12.65-2.08[0.15 1.71]11.83-1.57|0.07 5.4
2.27|2.46-2.18|0.10 1.7711.86-1.66[0.08 4,8
2.46(2.82-2.25310.15 1.7911.97-1.69|0.07 U7
2.0512.%2-1.90(0.10C 1.7012.18-1.56|0.15 Do
2.26(2.45-2.1110.27 1.7711.87-1.6110.07 3.8
2.7912.94-2.55[0.12 1.88|2.00-1.70]0.06 Die
2.49(2.73-¢.2010.14 1.9312.11-1.79|0.09 5.6
2.52|2.34-2.3%32(0.14 1.7611.90-1.62|0.08 5.0
2.37|12.48-2.1110.10 1.7511.82-1.56|0C.07 5.9
2.19|12.26-2.11|0.06 1.7311.85-1.6710.06 6.3
2.47|12.80-2.24[{0.15 1.8311.93-1.7410.05 5.8
2.50(2.92-2.22(0.17 1.83|2.16-1..62]0.12 5.9
2411 2.90-2.26|0.16 1.81/1.93-1.6%(0.08 Dol




E| g
= =2 o | o

38| S8 | sg| s |38 38 | 3g| Su| dd|8s
2.4912.60-2.36|C.08[0.026|1.91(2.C0-1.85|G.05|0.020|2.5
2.43%12.72-2,31|0.10{0.029(1.88[2.00-1.811C.04(0.018| 2.5
2.25|2.60-2.07|0.18[0.047{1.84|1.97-1.77|0.07|0.029| 2.2
2.3%|2.50-2.20(0.11[{0.066(1.Y5|2.07~1.87]|0.08|0.056|2.2

P. estuarinus

@) 2.%2(2.45-2,11(0.10|0.027|1.8%]1.91-1.72|0.06{0.016(7.1

b 2.3712.61-2.1110.1%3(0.03%|1.59(2.00-1.72(0.08]0.020|5.9

P 2.2112.38-2.03|0.10{0.024-({1.71(1.92-1.59(0.08[(0.019|6.3

a 2.4112.67-2.14/0.13|0.0%3|1.84(1.93-1.7110.0710.018(5.9




AFPPENDIN 3,
Radula measurements
cusn nos. on teeth
Fopulation IMedian
Mo. dorsal lateral Lateral . Ml M2
1 9(11) 3-3 13 24-26 | 40-42
) V4 3=5 S 15 3%-35
6 9 5=3 9 28-29 | 35-37
V4 9 3-3 8 20 32-3%6
9 11 4.-4 11 24-25 | 33-41
A 9 4-4 9 21-22 -
17 11 3-3 12 29-32 | 31-34
18 9(11) E=r L 22-23 | 32-35
35 9(11) TIE T il 25~ :|i129-31
37 709) | 4-4 11 22 | 38-39
4.9 -9(11) 3-3 10 27 46-48
46 9(11) | (5)4-4(5) 11 26-29 | 33-43
49 9 4-4 9(11) 21 34.-38
2 9(11) 4-4 11 22=-24 | 38-40
65 9 3-3 9 21-23 | 37-38
66 9 4oy 9(11) 20=-24 | 26-29
71 9 3-3 11 17-20 27
76 9(11) 3-3 11 See text
77 9(11) 3-3 ) See text
89 9 44 9 24-26 33
98 9 5-3 9 15-16 | 24.-25
104 9 4oy 12 22=-2% | 31-34
0 7/ 3-3 8 18-19 | 24-25
105 11 44 11 29-31 | 37-359
110 ) 3=3 9 27 4448
106 7(9) -4 10 2l 31-33
108 9 44 9 18 33
114 11 44y 9 20-22 | 24-26 |
P 7(9) 3-3 8(9) 14-17 | 21-25 -
112 9 3-3 1 27-28 | 41-44
113 9 3=3 10 20=-27 | 32-34
115 11 4oy 11 21-22 | 30-34
J 11 5-5 11 24-25 | 29-30
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AFPENTDIX 4.,

EBmbrvo shell measurements

Outlines of embryos were drawn on paper with the aid of a
camera lucida at 400 times magnification using a Zeiss binocular
microscope.

lieasurements given are the tracing diameters (400X) of the
innermost whorls taken by drawing a pencil line at right angles
to the bezinning of the suture (see Fig. 1).

(a) First half whorl
(b) First whorl

Measurements in mms.

Locality First half|lFirst Locality First half |First
whorl whorl whorl whorl
L. Rotoiti 52 26 Ohau Pond 18 30
(I7elson) 14 25 18 27
14 25 (8) 19 32
(10) 11 25 16 Sl
13 26 15 31
16 26 17 32
16 27 16 30
15 27 16 36
13 26
s 26
Franz Josef 18 30
15 26
Utuwai-Apiti 14 25 (8) 18 32
12 24 20 35
(%) 16 26 20 22
14 27 20 30
1Ly 29 16 30
20 22
Fupuke Pond 15 27
16 3] .. TIanthe 14 . 23
16 z22 17 24
) (7) 17 ' 25
18 25
L. Fupuke 14 26 14 - 26
9 20 16 27
(10) 19 27 - 16 26
16 25
18 28
18 28 L. Paringa 23 31
15 28 18 30
13 27 (7) 17 31
14 20 23 A
14 21 19 24
' 18 27
17 28

Lk



——a

*‘_'_'_‘—'—-—_.______
’ First half|First | Localjy First half |First
ol whorl whorl 7 Ehorl whorl
_"_"""——--._.___
o h 18 29 ‘v.:‘Jhatipu 20 28
uegioys Bue 18 31 _ 21 25
(%) 16 23 (7) 17 24
13 27 17 53
. 19 30
18 29
alkara %2 gz 16 55
__—""——'--—-_________
(8) 19 24 o
17 29 Yaiwakawg R, 17 g2
19 26 16 2>
18 5 (8) 20 32
15 26 22 36
21 30 15 33
15 33
R. 1 16
Avon I 17 %% ————
S
(9) 18 33 Lindig Pass 19 33
17 25 17 30
13 24 (10) 19 39
17 25 19 38
14 23 19 35
15 27 19 36
18 33
7 31 i %2
_ . 1 19 -
Green L 18 31 13 31
(7 20 39 A
20 35
- 23 26 L. RotorOa 16 28
19 25 18 28
22 28 (8) 18 30
18 27
18 26 3 28
1 3 18
Jharlte 1e gg 23 g;
14 21
(10) 10 35
- 19 30 [ T
9 21 L. Tarawera ‘ 18 28
r5 24 : 18 27
13 25 (8) il 38
11 27 16 41
gl 27 16 36
15 34
53 " 5
‘laiomi 17 : 18
lalomio 19 3? I
15 28 Total Populations = 19
%2 gg Total Individuals = 143




APPUNDIY 5,

Raw daba obtained in ecolowical studies on P. antipodun

Tey to Tables

Column

a. Fopulation number as in Anpendix 1.
b. Mabitat clagsification as in Appendix 1.
c. Ornamentation of shells

1. A1l (or almost all) snails smooth
2. Predominantly smooth

5. Half smooth, half spiny

4, Fredouminantly spin;

5. All (or almost all) sviny

d. #acterial shell coating

1. Light
2.I Medium
. 3 MEEy ®*x Sample too
e. Substrate (= snail habitat) small for analysis
Stones
. Weed
. Mud
HWarth banks
5. Grass

FWMPOH

f. Waximum shell height (mm)

a bl e | ad o it a Bl fe:l. ‘& e bil
i) 2 | z3]l2|2,4 9 25 2 LR 4 6
2 2 Bl 4 5 23 | 2 | 1| 3 2 4
3 3a|l 1|2 2 5 2as ' Bk =b 1 5
4 2 12 k32 6 25 | 2 | 3|1 2 5
6 41 12 3 5 oy 8] 2l 1 2
7 S il e WLIL P 7 2715 | 4l 1] 2,3 5
3 2% Bl 1 1 7 28 b 2 115 1 2
9 2 145 3 7 29 Bk e Bl 2, 5 4
16 | 2 | 31.2F a5 8 50 b e i 2l | 255 S
11 2 | 5|3 4 6 LI ! A (0 R A 5 5
12 2412k 4 3 34 | 2 | 1|2 4 4
13 Ral 1 5 f L% S} ol $A419 4. 6
4 12 128 2 9 3 2 2k% 1 6
15 | %al 413|1,2,3| 5 57 | & ¥ %5412 1 5
16 3 1111 4 5 33 2 212 2 4
i) 5 T 413 2 6 49 [ 6 |11 2 4
113! 51 3|1 2 6 38k B o) Ovif 4 5
e 2 el a 2 6 40 [ 1 | 3|2 2 4
20 i 5 2 5 41 1 (1121]2,3 5
21 L {4]11)2,3 p 42 |1 | 1}111]2,3 6
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APPENDIX 6.

Raw population data

(a) Tiritea Strean

mm

WNumbers of snails in monthly samples 1965-66

ELOUDS 5 4 J J A S 0 N D J F I
0.6-1.0] 2 1 2 4 0 0 0 11339 | 34| 50| 22
1005 (2? (1? 26| 31| 12 6 1| 12 126 | 89 [111

1
1.6-2.0| 63| a72| w1| 53| 27| 35| 24| 36 ue'| 37 | a9
(6) | (6) © | &) (DG | o5 | (D (&)
2.1-2.5| 40| 71| 61| 35| 29| 58| 36| 60| 7 8| 19| 17
(5) | (8) |(22) | (2) | (5) (3) | (3) (1) | (2)
2.6-3.0 33| 37| 49| 19| 26 | 44| 16| 41 0 5 9
_ 6) | B) | 2)| (&) | (L (2) | (3) | 14 (iy
3.1-3.50 8| 22| 23| 18| 15| 18 6| 14 |(3) 1 0 3
s (3) | ()| 2)]| (5)] (2) (2)
3.6-4.0 10| 15 9| 18| 14 | 13 4| 1% 1 g
4) | (8) (2) [ (2) |(5) | (1) | (4). | 12 (1)
4,1-4.5 3 P 5| 11 6 | 11 i 8| (2) 2 1
(1) (L) | 2) | (3) | (L) | ()
4.6-5.0l 5 3 i 7 8 5 5 6 2 1
(2) | (3) | ()| (@) | Q) [ )| )] ) 6 2 1
5.1-5.5| 1 1 4 8l 11 | 11 0 21 (2) 5 2
(1) (1) Ly s

5.6-6.0 2 5| 12 72 | 14 2 1 5 3 1
6.1-6.5| 4 1 2
Totals | 200 | 209 | 234 | 216 | 175 |216 | 98 | 197 | 469 | 228 | 200 |216

(28) |(37) |(17) |(20) |(17) | (9) [(10) {(20) | (7) [(2) | (1) |(&)

Fizures in brackets are numbers of spiny shelled snails.



Humbers of snails in monthlv samples 1965-66

197

EIOUDS 1 A M J J A B 68 3 D ) 3 I
0.6-1.0| 1 0. | 0-«§15. | 114" 1 14 |9 | 10 | 39 | 16
1.1-2.5| o |37 |19 |27 | 32 5 114 | 59 | 81 | 63 | 43
| (1) - (1) : (3)] (3)] (1| (1)
1.6-2.0| 4 |45 | 20 | 28 | 51 5 125 |61 |61 | 54 | 26
(2) | ()| (2) (1) - €1 ~(2) [(20) (15X (@A) | )
2.1-2.5| 6 |27 |14 |17 | 22" | 15" 43" (297 | 28" | 21
~ 4)| 3| @ | (7) |(20) [(a1) [ (17) | (12)
2.6-3.0 | 16 .| 23 9 |18 | 17 9 5 |20 | 18°| 12°| 26
(L) (3| (W] W] 3) G)| @ | (D] DH[AD
3.1-3.5 (18 |26 |16 |19 | 16 9 3 5 4 9 | 11
(1) | (1) (1) | (1) (3) @)
3.6-4.0 (36 |26 |37 |31 | 22 | 37 10 6 3 3 6
(3)-1 ()| (] @6)] (2] (5) (8) 2| 3]
4.1-4.5 |34 |32 |67 (45 | 34 | 61 18 3 3 S
(7) (15) | (3)| (B)| (4) (8) (L] 3] &)
4,6-5.0 | 91 7 |13 | 10 9 | 16 29 9 6 3 4
(&8 )| (1| 2] (1) 125 | ()| ) (2)
5.1-5.5 | 35 ] 2 2 6 15 1 il 1 1
) (2) (11) (1)
5.6-6.0 | 1
rotals P4l P24 197 [210 (216 |1e4 242 216 (216 [216 |161
(24) | (3) |(37) |(14) [(12) |(16) (59) |(40) [(45) [(59) | (55)
(c) Pond R :
0.6-1.0 1 1 |42 (53|27 1|1 0 | 21 1| 35 | 55
1.1-1.5 2 6 |75 | 40 | 28 1 5 7 | 64 8 | 42 | 49
4 - , (10) (3)] (1)
1.6-2.0 13 |15 |16 | 19 | 10 5 |13 | 11 | 34 | 22 | 49 | 27
(LG @ | (1)} (@) tC21) F2)y] (9] (2)
2.1-2.5 24 | 14 7 T 5 0 |13 | 12 | 22 | 23 | 37 | 14
®) 1 (5) | (1| (3) E2m | ey & GOk W N 65Y
2.6-3.0 33 |17 |11 | 22 | 1& 2 4 5 |12 |26 | 23 | 11
WG| @W] @ @] @] @] @] ] G| G @
3.1-3.5 24 |21 |10 | 15 | 12 4 3 6 8 | 28 4 3
) (7) | (1) | (1) (1) {2 20, @) | 3> Loy 20 @)
3.6-4.0 31 |22 |14 |11 | 23 1 1 4 3 | 32 3 7
(11) | (1) (1] (1) @ (10) | (3)
4.1-4.5 35 | 3% |14 | 18 | 36 7 3 4 | 13 | 22 5 6
(11) [(13) | (2)| (&) ] (8) | (1) (W 3| (D] (3| (&4
4.6-5.0 40 |66 |16 |15 | 45 | 11 7 119 | 13 | 37 | 16 | 24
(1e) ((17) | (&) | (2)| (5) | (5) @) | (@) |(16) | (4)]| (4]
5.1-5.5 20 | 14 5 4 | 10 5 4 6 | 18 | 16 2 4,
(5) | (#) (@B G2h ey ) &yl €59
5.6-6.0 4. 1
. (1)
Totals p23 (210 |10 |eos [210 | 377 | suf| 74P |212 |216 216 |200
(61) {(49) [(12) [(15) |(16) | (9) | (9) [(12)[(55) [(63) [(36) |(17,

Pigures in brackets are numbers

% See_Appendix 6(4d).

g 2rt2

of spiny shelled snails.

samples during dry period.



(d) Pond 4

Zeriod of draining and clesninz 1965

min
ZToups

no \V) [l
?‘ — ?\l—‘(f
Y,

Y
i
IS

l*‘ . 1—4 .

W
—
l
W
b\nO\nG\nO\ﬂO\nO

Totals

9]
Humbers of snails in 2ft~ samnles

o

sept.l 3 15 22 29 Oct.o 13 20
G 0 0 0 0 C 0] 0
2 0 1 2 3 1 0 5
9 3 2 5 5 3 5 5
(1) ) (2)
15 2 O © L 1. 9 5
(1) (4) (2)
27 15 G 5 3 10 8 19
(L) | (2) (1) (&)
17 11 5 3 5 8 12 13
(1) _ (1) (1) (5)
34 | 15 2 4 4 8 23 25
(&) (3) (1) (2) (4) (3
102 e 23 12 16 46 45 39
(19) | (21) (1) (3) (6) | (14) (9)
43 23 5 4 16 a. 23 515
(3) | (2) (1) (3) (3) | (&) (%)
10 2 2 1 2 il = 8
(1) (&)
il 1
059 | 143 4l 45 54 89 |128 152
(30) | (28) (2) (1) (7) (11) | (29) (34)
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