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ABS'l'RACT 

This investigation has shovm that only three suecies of 

Potamopyrgus Stimpson can be recognized. from New .6ealand, 

compared with !;he six species and three subspecies recognized 

by Suter (1913). Th e species are, P. sntinodum Gray 184-3, 

P. nunoid.es Hutton 1882, and P. cstuarinus n. sp. P. da.wbini 

Powell 1955 from the Auckland Islands is probably referable 

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

1916) from the Kermadec Islands has not been determined. 'l'he 

European species P. jenkinsi (S�ith 1889) cannot be separated 

from P. antiuodum on morphological or anatomical grounds and 

may also �e referable to that species. All species �ow_ 

placed in Fluviouuoa Pilsbry 1911 should probably be referred 

to .Potarnouyrgus. 

P. estuarinus and P. ouuoides are both smooth-shelled, 

bisexual, non-ovoviviparous and confined to brackish water. 

P. antioodum is highly variable in shell size, shape and 

ornamentation, inhabits fresh and brackish water, is_avovivi­

parous, and populations may consist entirely of partheno­

genetic feillales, or contain variable numbers of sexually 

functional males. Rearing of snails in the laboratory ha s 

shown that snails do not necessarily breed true vrith respect 

to shell ornament?.�ion, .. and that shell shape and ornament­

ation� is not determined prinarily by.environnental factors • . 

The shell of P. estuarinus cannot be distinguished from 

that .of some P. anti·oodum but P. uuuoides may be readily 

identified_ using shell characters alone. . l'To significant 

interspecific differences·in operculum,· external morphology, 
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body pigmentat ion or structure of the male reproductive system 

are .fOLmd but V.· DUT)Oides possesses minor radular differ ences , 

and P. ant iuodum differs in t11e concl.i tion of the female repro­

ductiv e system . ., r.L'he diploid (2n) chrornosome number of all 

three species is 24. 
���ualitative paper chromatography of crude foot Tmscle 

and rnaqtle edge extracts , and quantitat ive ion-exchange 

cllrornato:�:raphy of shell periostracal protein have disclosed 

no imp ortant biochemical differences between species. 

F. antiuoclum i s  widely distributed in fresh vmters and 

no clear relationship betveen shell shape and ornamenta t i on, 

and different kinds of habitat have b een found. P. estuarinus 

has a fairly restricted bra ckish water habitat and is fre­

quently found near river nouth s in harbours V'!here snails may 

regularly be exposed to th e air !or part bf each tide cyc l e. 

P. uuuo id es is also restricted to brackish water but normally 

r emains ful ly aquatic at all times. Experimental studies on 

salinity relationships,· hs.bitat s e l e c t io n  and the effects of 

de siccation have demonstrated important differences in. the 

environmental r'e latio nsh i ps of the· three species which can be 

c orrelated with the i r  distributions. 

J..Jife history and po:pulatiqn stucl,ies made in three pop­

ulations of P. antiuocl.um (tw() ponds and a stream) over a 13-

lL� month period have shown that r eproduc t i o n  occurs through­

out the year with peak activity in spring and summer. 

Generation time as indicated by labo ratory rearing of snails 

is 9-12 months. Population age structures differ ed �ark edly 

between -ponds and str eam and re flected differences in the 
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physical environments of the two habitats. Distribution, 

occurrence in drift and effects of floods were examined in 

the stream. Snails were generally rnost abundant in places 

sheltered from the main current or among vegetation, and 

large numbers were present within n1ats of willmv roots. P. 

antipodum is a regular member of the drift fauna and floods 

have an important role in regulating population age.structure. 

The distribution of P. antinodum in thermal waters was 

also.investigated, and experimental work indicates that high 

water t�mperature is probably the most important factor limit­

ing distribution.,. 'l'he, rnax�murn temperatv.re at which snails 

were found in the field, 28°(;, is also the temperature at 

which activity"9ea�es and the snails enter. a co�atose state. 

_Finally, .a study has. been made of the parasites of 

Potamopyrgus. An ��ident�tied �rotozoan (�porozoa _: 

Porosporidae ) , occurring. in an en.cysted state, is the most 

ii;1portant internal parasite v1ith infection rates as high as 

86% having be�n rccordeq � . The la:rvae , of· 13 species of,. 

Trematoda were identified and briefly described and their 
.· -· � 

rates of infection determined. The-monostome cercariae are 

the most important group of parasitic trematodes •. . 'l'he 

commensal, oligochaete Chaeton:aster limnaei. limnaei was found 

in association with P. antiuodum in· .Lake Pupuke, Auckland, 

and was observed to be predacious on embryonic snails. 

.J...J...J.. 



PREFACE 

A thoro1.1gh investigation of the systematics of the lTew 

lealand spe c ie s of �otamooyrgus has long been overdue and is 

the main ain of this the sis . Comoarative examinations of 

morphological, anatomic al and biochemical factors, as well 

as environmental relationships have been made in the search 

fof speci es differen ces and in order to describe the extent 

of inter- and intraspecific variation r·i thin the component 

species. All factors have �een examined primarily for any 

s ys temat i c information they T'lay yield rather than to eluc­

idate s·tructure and function for its own sake. 

In the sys temat i c section of thi s  thesis the conclusions 

reached as a result of the study ar e presented before the 

detai led a c c ount of the investigations leading to their form­

ulation. This has permi tted a more c o he s ive account to be 

written with the emphasis being placed on interspecific 

d if ference s. 

The se condary aim of thi s work has been to examine some 

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

This has invol :.�red studies of the life history and population 

dynami c s in three populations, field and experimental work 

on thermal relations, and an ·examination of the snails' 

parasites and th eir rates of infection. 
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1 .0 THE SYSTEl\ILI\.TICS OF 'rHE NEW z:hlALAND SPECIES 
OF POTAMOPYRGUS 

1 .1 IN'l1RODUC'riON 

The Hydrobiidae·are a family of the Rissoacea, one 

of the largest superfamilies of Mesogastropoda· ( = Taenio­

glossa). In the past the Hydrobiidae have also been 

referred to by the family names Amnicolidae, Bulimidae, 

Bithynidae and Paludestrinidae but according to Stimpson 

(186 5 )  and Solem ( 1 959)  Rydrobiidae has priority. Two 

genera of Hydrobiidae are at present recognized from New 

Zealand, Potamonyrgus Stimpson 1 865 and Onacuincola Ponder 

1 966. 

The Rissoacea are predominantly marine but are not 

uncommonly found in brackish and fresh water, they are all 

small molluscs the majority less than 2-3mm 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, smooth shells lacking an 

umbilicus, they are gregarious, detritus feeders possessing 
,·;' 

a crystalline style but no oesophageal glands, a short 

intestine, a long narrow foot with pedal glands and most 
' . . . 

males possess a long narrow penis. The female reproductive 

tract is complex, and in particular the rissoaceans are the 
. .  ' . � -· . ' - .__ . . .. 

first group of monotocardians with the accessory genital 
. . . . 

structures constricted o.ff'the main ·duct. Considerable 

variatio� �xists within th� group as regards the detailed 
. . ' •  . .  , 

arrangement of the parts, but all are distinguished by 
I ( ,·· 1 . - . .. . . . 

having the receptaculum seminis and bursa copulatrix prox-

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

.L. 



The families Hydrobiidae, Rissoidae, and Assimineidae 
� 

ar� closely related but the .Hydrobiidae is considere� by 

Fretter and Graharn to be the rpost �rimitive of the_three 

beqause 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 o�iginally derived from the marine . 

intertidal family Littorinidae • . Johan,sson, ( 1956) on the 

other hand assumed the .tiydro.biida,e, being _generally 
-�. 

restricted to fresh water, to have originated from some 

branch . of the· marine Hi_.ssoidae, an,d considered, .. thCI,t the con­

ditions fotll.Ld in this . __ latter family :varied enough to j,ustify 

such an assum:ption ... _Johans$on :r;eje_cted ·_Krull 's ( 19 35)  ·hypo­

thesis. concerning .the. Pulmonat� as .the origin qf the . 

Hydrobiidae • . ' ·. � - . 
• ·  

. :Below .the fall1ily l evel, classification of the Hydro­

biidae has proved most difficult in the past and much 

confusion in the lower. systematic.s .has resulted. Much of . . . . . . 

this is the .result of. attempts t.o .. produce qlassificat;ions I • -� • , ' •'· - ... • - ·' • ·-

relying on shell ch�:rac"ti�rs, ,\��ich in many case.s have, been_,.. 

found.,to be !J.ighly variable, (���.er, .1905_; Berry, 19 43; 

H\lbendick, 195 5;_. I�uus, . 19 9:3)._. ,,Conc�<?�C?gical. simi:l-arities 

'?-re Cl,lso found ,.be.tvyeen many �en, era · (Sti1llPS.on, .1 865 ; _ Cotton 

1943;- �redale, 1943) .. .... _.A .paralle,l situa,tion. has been. 

describ.ed in :the freshwater tamily Pleuroceridae of which .. 
I ' • ,. -• ' '·' ' � • . ' • . • 

·• 
' 

' 

-•' 

. 

'

, 

. • 
• ' •  • ' 

Dazo (1965) has ;written_,; nthe. use of shell charaqters alone 
- - . . . . . . .. .. . .  : - . '· ·· . .  . . 

i_�- �p.i� group, wh�r.e ,intra-:-, and int,�.r-specific variation 



is so common, does not.seem to provide a good criterion for 

intrafamilial classification.11 Stimpson (1865) in his 

pioneering work on the Hydrobiidae, relied primarily on rad­

ular structure to delineate genera but this alone has also 

proved .to be insufficient in producing a reliable .. classific­

ation • .. 

Recent workers ( Daze·, 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. ·navis and 

Lindsay stressed the value<of precise anatomical ·studies 

involving whole-organ systems as.well as cytological.data, 

an d, Davis. ( 1966) suggested that some of the more useful. 

characters for defining generic·, specific and; sul?familial 

categories may include external morphology, verge, rad)l,la, � 

mo.de of progression, male gonadal structure, . female repro7 

ducti ve syst·em, buccal mass· morphology and the nervous 

system.. · . . , , 
Some of the results of the earlier taxonomy .have been 

the superfici_al application of names to intra-specific 

variants and the classification of many species in incorrect 

gen·era· due· to· ·systematic d�cisions. being made from :inadequate 

data[:·. Considerable· taxonomic and nomenclatural confusion 

has resulted,. clearly exemp1ified in .. the· Aul;?tralian. Hyd�.o:- . ·  · 

biidae, _foul:' .. ,genera being recognized· by. CottoJ?. (1943},-. 
compared with '13:. by :lredal.e the foll9w�g year. · Similarly, 

variation and plasticity of South American .Planorbidae 

formerly was not recognized, resulting in over 200 names 



being applied to probably no more than 25 valid species 

(Michelson, l966a ) . 

According to Dazo (1965) all operculate freshwater 

gastropods from all parts of the world, other than those 

L">elonging to the Viviparidae and J?ilidae, \Vere ·initially 

included in the genus f1elania I,amarck 1'/92. The first 

hydrobiid named was Arnnicola limosa (Say, 1817) originally 

placed in the viviparid genus .faludina IJamarck 1816. 

Htimpson (1865) in his important "Researches upon the 

Hydrobiinae and allied forms" suggested the divis ion of 

the family Rissoidae ( = present day superfamily f:{issoacea), 

already separated from the Littorinidae by Adams (1865), 

into six sub1'arnilies including the Hydrobiinae. In this 

family he recognized 15 genera including Potamo-oyrgus 

which he erected to contain the New Zealand species t�elania 

corolla Gould 1847. In Thiele's ( 1931) classification, the 

family Hydrobiida.e (referable to Stimpson 's Hydrobiinae) is 

subdivided into ei3ht subfamilies containing 58 genera, the 

largest subfamily Hydrobiinae including .3::"3 genera in seven 

tribes. Potamo-oyr�us is placed in the 1iydrobiinae and 

species classified in this genus are recognized from New 

�ea land, Austral:L a iucluding 'l'asmania, \:'rreat Britain, 

Europe, tropical America, and central Africa. 

'l'he iYew Z,ealand 11species" were initially placed in four 

genera, Ju:mj_cola Gould 8 ... nd Halde:man 1841, Hydro bia Hartmann 

1321, fdelania Lamarck r;'-;;)2, and Paluclestrina d 1 Orbigny H339 

on the be,sis of shell characters, and the �European P. 

:j enk1nsi has also b,=en classified in f'a l udestrina and 

i.j . •  



is so c ommo n, d.oes not soe� to provide a good criterion for 

in tra f amilia l classification.;; f3tinrqson ( 1865) ii1 his 

:yio.n.ee:ring "Jr,Orl: on the l-iydrobi:Ldae, r•?lied pri::narily on rad­

ular structure to delin eate genera but this alone has also 

proved to be insufficient in producing a r el iable classific­

ation. 

Recent w ork er s ( Daze, lY65; Davis and Lindsay, 1967) 

have stres:3ed the importance of considering and evaluati ng 

a \vide re.nge of characters in orcler to arrive at adequate 

objective definitions of genera and species. Davis and 

Lind s ay stressed the value of precise anatomical studies 

in volv inB whole organ systems as well as cytological data, 

and Davis (1966) suggested that some of the more useful 

characters for def ini ng generic, specific and subfamilial 

categories may include external morphology, verg;e, radula , 

mode of progression, male g on a da l structure, female repro­

ductive system, buccal mass m orph ol ogy and the nervous 

sy s tem . 

Some of the resul·bs of the earlier taxonomy have been 

the superficial application of names to intra-specific 

v ariant s and the classification of many species in in co rrec t 

genera due to systematic decisions being mad.e fr om inadequate 

data. Considerable taxonomic and nomenclatural confusion 

has resulted, cl ea rl y exemplified in the .ll.ustralian Hydro­

biidae , four genera being recognized by C otto n (1943), 

co:mpared with 13 by lred.ale the following year. Similarly, 

variation and plasticity of South American Planorbidae 

formerly v;as not recognized, resulting in over 200 names 

) . 



its radular structure, form of the female r eprodu ctive 

system and possession of a calcareous smear on the oper-

culum. 'l'he roost sign.ificant difference from Thiele 's 

( 1931) diagnosis is tha t the females are not all ovovivi-

parous. 

1 . 2 :REVISED DIAGNOSIS OH PUI'A1;10I'YR.GUS 

:Potamopyrgus Stirnp::::on 1865 

� (1-:: onoty:py) : Melania corolla Gould, 1847 

Shell dextral; height less than lOmm; shape variable ovate-

conical-cylindrical; up to eight whorls, ventricose-flat 

sided, smooth with or without shouldering and/ or periostracal 

spines; body whorl over half height of shell; imperforate; 

aperture ovoid, continuous ( in fully gro•;.rn shells) ; o:per-

culum ovate thin, corneous, subspiral, usually possessine:; a 

calcareous smear. Radula taenioglossan; central tooth 

trapezoidal, inferior margin nearly straight, faintly tri-

lobate, basal cusps close to lateral margins; lateral tooth 

clenticulate, shank 2-3 times length of subrhomboidal ·body 

which possesses no basal :peg; marginals finely serrate, long 

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

cusp formula z�=§�1��=§5 : (7-13) : (14-32) : (21-48). 

Animal vvi th long pointed tentacles. Bisexual or partheno-

genetic, bvoviviparous or non-ovoviviparous. Males 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 irnbedded in visceral mass. Ovoviviparous 

6. 



f ema l e s p o s s e s s ing a t hin >.'m l led b r o od pou c. h , vl i t h  t he s�p e rm 

channel ( =  ventra l channel )  inc orp ora t ed in i t s fl o o r ; non-

o voviv ipar o u s  f e ma l e s  wit h  the sp erm duc t  ( =  ' ' spermath e c a l  

duc t ' ' o f  van d e r  S chal i e  and Ge t z , 1962 ) s eparat ed f r o m  the 

a c c e s s o ry g l and s above , and a l s o func t i on ing a. s the pa l l ia l 

o v idu c t . Hab itat , fre sh and. bra cld sh \•�at e r , o c ca s i ona l l y  in 

s e a  wat er , nnd may be semi-t erre s t r i a l  on h i gh t id a l  f l a t s . 

B-v-n onomy 

Unt i l  furt her ana t om i c a l  inf orma t i on i s  ava ilab l e  the 

synonomy of other genera with Fotamon;:rrgu s mu s t  b e  c on s id ered 

t entat ive . Buch genera may in c lud e lm s t roJ)yrgu s C o t t on 1 942 

and �luv i opupa Pi l sbry 1 9 1 1 . 

1 .  3 I'HE NI!:'N L;I�ALAND ;:JPECIES OF PUrAl\.IOPY:RGUS 

'l'he g enu s Pot amopyrr;ms wa s
· e r e ct ed by St inrp son ( 185 5 )  

f o r  the Nev; Z e a l and hydrob i id Me l an ia c oro l la Gould ( J.S?LI·) .  
�3t im}? Son ' s d iagno si s o f  the genus wa s ba s e d  p r i mar ily on rad­

ular s tructur e , but a l so mad e  u s e  of she l l  c hara c t e r s  and 

ext e rnal f e atur e s  o f  the an i ma l . In 1 8.S2 , I-Tutton tra ns ­

f e rred a l l  the New Z e al and Hyd rob i id.ae known t o  him t o  

Po tam oDvr Q:u s , p l a c in e;  them in f our sp e c i e s  d if f e r ing in 

she l l  f orm and o rnamen t a t i on , a s  vte ll a s  radu.l ar ntru.ct ure . 

Sut er ( 1 905 ) f inding Hutt on ' s  restr i c t i o n  t o  four 

sp e c ie s  un sat i s f a c t o ry ,  pub l i shed a s e c ond r ev-i s i on o f  the 

g enus in which he p l a c ed the l l  sp e c i es o r i g ina l ly d e s c r ibed 

from i.'l eT,�,T Z e a l and in f ive sn e c i G S  and thr e e  sub su e c i e s  and � ... 

a l s o  d e s c r i b ed a fu rthe r n ew su e c i e s . Sut e r wa s awar e o f  

t h e  gr eat variab i l ity f oUil.d i n  the she l l s  o f  New Z e a land 
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sp e c i e s  o f  J?o tamonyrgus and stat ed tha t , " :Lt i s  d if f i cult 

to f ind the s ame form o f  a sn ecies  in EloJ:-e  than tvw o r  

thr e e  l o c a l it ie s " . neverthe l e s s , he still b a s ed his sp e c i e s 

d i s c r iminat ion on shap e , s i z e , co l our a'"fld sp in at ion o f  t he 

she l l s , and -vva s  ayparently c onvinced. in h i s  o\·m mind o f  

t h e  r e a l ity o f  h i s  named sp e c i e s . 

:F·ov.re ll ( 1955)  d e s cribed P .  C.awbin i  fr om the Auckland 

I s l and s ba s in.g hi s sp e c i fic d iap;no s i s so l e ly on she l l  

cha r a c ters and in t h e  sane paper he t en tat ive ly tran s f erred 

Tat e a  m e lv i l l i  Hed l ey 1916 , from the Kermad e c  I s l and s , t o  

P o t a.mo-oyrp;u s . No further revi s ion o f  the g enus ha s b e en 

made  s inc e that o f  Sut er although Pond er ( 1964 ) ha s stated 

that , 11 c l e arly ther e have b e en t o o  many spe c i e s  name d in 

lfew Z e a l and , " and he h.:.J. s mad e  su gge st ions a s  t o  l ik e ly 

synonyms . The c la s s i f i ca t i ons o f  Hutt on and Sut er ar e 

giv en in 'l:ab l e  1 .  

Sut e r  ' s  r evi si on ha s rem;;dn ed the d. efini t ive work on 

the N ew Z e aland snai l s of thi s g enus , but , d e sp it e  his c l ear 

d e s cr il;t ions and. awaren e s s  of variabi l ity witJ1 in the sp e c i e s , 

l a t e r  ·wor·kers have f otmd that rnany sna il s  c anno t  be ident­

i f i ed sat i sfa c t o rily a c c ord in� t o  h i s  scheme . I t  i s  c l e ar 

that a far greater ra.nge o f  var iat ion i s  found w it hin t h i s  

(T,roup the�1. w.9. s admit ted b y  flut er , ::mcl ext en s ive documentat ion 

o f  thi s  ha s b e en ne c e s sa ry b ef ore the relat ionship s of 

m emb e r s  of the group c ould be reasonably det ertilined . 

In t h i s study t h e  syst emat i c  sign if i c a nc e  o f'  the s h e l l  

includ ing pro t o c onch , op erculum , radula , anat omy , p i �nent­

at i on , r eproduct ive statu s , chro mo some numb e r s , cmvironr:�ent a l  

o .  



J.1ABL.� 1 .  

a_ s envi s a g e d  by But t on ( 1 ?:.'32 )  G.nd i3ut c>. r  ( 1905 ) . 

( i3ut er Orig:in9..1 spe c i e s Hut t on 
A l l  r e  tamo r>y_rg;u s ) (Al l Potamooyrgus )  

( f\mni c:o 1;1 b ao i a  ) ( Gou lcl 11348 ) 
( ) 

a d ia ( Hycl r o b i a  f i s ch e r i ) ( llunker 1862 ) ( ) -,;; 
c o r o l l a·· (H 1 - b .  re eve i ) ... vc ro _ 1a 

b 

( .Fr au e n f e ld 1862 ) ) ('" 1 . 
;•, !e  an l a  coro l la ) 

( Gould. 18L�7 ) 
oro l l a  ( 

( Pa lud. e strina cum ing:L ana ) 
( Fi she r 1860 ) 

f'c 

) cuminr:iana 
c o ro l la sa 1 l e nna Pa lud e s t rina. sal leana ) 

Fi :3he r  186() ) 
a.nt i·o odum Arrm i c o la ant inod<:mum ) 

Gray 18L�3 ) ) 
�-r:J-U§ Amn i c o la e: �� ena ) 

Goulcl lf348 ') ) ) ant inodur.:� 
s o e l aeLJ. s Jivdrob ia su e la ea ) FrmJ.enfc ld 1 .362 ) ) 
8.11 t j_ no dum Amn i e o le. z e l and iae ) 
7 e l anJ i a e  C�ray H 3LI- 3 

' 
I I 

Sl)_bt erraneus F o tamoiJ:'[rP-1...1 8  sub t e rrc:m eu. s  

� ·  B p .  Sut er 1905 
spe l0 c11s nu11o id e s  Fo t arnorr'[rrru s ·ouno id e s  nun o id e s  

I Hut t on 1:382 n .  sp . 

ffo otnot�  t o  Tab l e  1 

1 .  but er (1905 ) [�ive s rea son f:3 for omit t ing t hr e e  further 

sp e c i e s d e s cr ibed from New Z e aland . 



( a )  T.Tvd rob ia cro s s e i  i..-raucn f e lc1 H365 . 
This name wa s propo s ed in c a s e  t he name cumingiana 
o f  Mi scher should not b e  accep t ed a s  t h e r e  a lready 

e�: i s t ed a }',3. lud e st rina cum in r d  d. ' Orb igny 1 8Ll-O . 

( b )  ( ? ) Hyclrobia c i l ia t a  Prc1.uenfe ld 1()65 . 

De s cribed a s  f rom L iberia but very s i m i l ar to 

..du t t on ' s f i gur e o f  coro l la . .Gut er c on s id e r ed a 

m i stake had b e en made . 

( c )  Amnicola gra c i l i s  �ould 1852 . 

The she ll fir st d e s c ribed by Gould as Arm.i co la 
egena wa s inadvert ent ly c a l l ed gra c i l i s  i n  the 

f ina l repo r t . 

2 .  *
�.te l ania c oro l l a Gould 1847 i s  n o t  c oro l l a of Hutt on 

but the she l l  f i gured by Re eve ( 18L�3-78) a s  corolla . 

He t o o k  the wrong spe c i e s , A .  bad ia a s  c o r o lla . 

3 . l'wo further spe c ie s  P .  d. awb ini Fowe l l 1955 and ( ? ) P .  

melv i l l i  Bed l ey 1916 are n o t  record ed from the two main 

i s land :::\ o f  i.'i ew :!.. e a  l and . · 

r e lat ion ship s and c e rtain biochemical fa c t o r s  have b e en 

examined , and it ha s b e en c onc lud ed that on the m a in i s l and s 

o .f  i� ew Z e a l and only thr e e  val id sp e c i e s  can be recogni z ed . 

'1'he thr e e  sp e c ie s ca.n b e  divid ed int o two e;:roup s on the 

b a s i s  o f  t h e ir f ema l e  reproduct ive sys t em s , me thod of 

reproduct ion , and hab itat preferen c e . 

( a )  Hav in1:; n o rmal b i s exual r eproduc t ion ,  non- ovoviYi­

parous ; inha b it in g bra cki sh water s 

( b )  Ovoviviparous , and either b i sexual or p artheno­

r�ene t i c ; o c cu:pyinr; fre sh ·wa t er s or to a l e sser ext ent 

bra ck i sh VJater. 
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T h e  f o rmer group c ont a in s  two sp e c i e s  P .  uupo id e s  

Hut -c on and :P . e s tua.r inu s n .  s-p . a nd the S (� c ond a highly 

variab l e  s p ·3 c i e s ]?  • s.n t :L11ocl.um ( Gray) in c orp ora t in[� all the 

sp e c i e s r e c o gn i z ed by Sut er ( 1905 , 19 1 3 )  from the t wo main 

i s land s of New � e a l and with the exc ep t i on o f  P. nun o id e s . 

Gray ' s  o r i g j_na.l d e s c r i p t ion o f  Amni c o l a  ant iuodanum 

( =  P .  ant io o durn ) , ( 1 1 Inhab it s i� ew Z e a l and in fre sh wat er . 

She l l  ovat e , a cut e , subp erfo rat ed , gen era l ly co ve r ed with 

a brown earthy c o a t ; who r l s  ra.ther round e d , mouth ovat e ,  

axi s  thr e e  l in e s ; op ercu lum ho rny and sub sp ira l ; var i e ty sp i r e  

r a t h e r  l o n ger ; "vho r l s mor e  round ed . ' ' ) , c l e arly d o e s  n o t  app ly 

to £ .  e s tua� inu s a s  he stat e s  that it inhab i t s  fre sh wat er 

and i s  f o und in riv e r s  with rlrrsa variab i l i s  Gray ( =  Fhysa-

a st r R. va r i ab i l i s ) , a sp e c ie s  wh i ch o c cur s only in fr e sh 

wat e r . 

Imp o r t ant d iagn o s t ic c hara c t e r s  o f  the t hr e e  spe c i e s 

a r e  summar i s ed b e low . 

:Po t a:rnon:y;cgus rmpo id e s But t on , 1882 

18?32 l'o t amopyrgu s pu�pid e s But t on , Tran s . p . z .  In s t . 14 : 146 

1905 l'o t amopyrcn1. s spe l a eu s  1:-JUPo icl e s  Sut er , 
�rr·an s. N . :.:; .  In s t . 37 :  266 

She l l , he i ght l e s s  t han 2 . 5mm , c on i c-cylindr i c a l , obtu s e  in 

ap i c a l  re gion ; whorls 5 ,  f lat , smo o t h ,  never p o s s e s s inc 

s� ine s or kee l s , sutur e o ft en margined b e l o w .  Reprodu c t ion 

s exua l , s exe s in a:pproxima. t e ly e qual numb er s . Fema l e s  non-

ovoviv iparou s .  Inha b i t  lower reache s o f  stream s  and river s , 

and e stuar i e s whi ch are sus c ept ib l e  t o t id a l  influen c e . 

.L .L o 



l'otamopyrr:n s ant iDodum ( Gra;y- , 124 3 )  

184?.5 A:mn i c o l a  ant ipodanun Gray , j,n D i e f f enba ch , 1 1 1.rrave l s  in 
N . Z . " Vo l .  2 : 2L�l 

1905 J?ot amo·oyr�·u s an t ipodum �3ut er , r.l'ran s .  iL Z . In s t . 37 : 263 

1905 Fotamopvrgus ant ioodum 
z c l and ia e Sut e r , 

1905 Po t amouvrn;us b ad ia f3ut er ,  

1905 Po t::n.1opyrr2:us coro l lq, Sut e r , 

1905 Po t amonyrgu s c o r o l la 
s'a l l cana Sut e r , 

1905 Potamop;yrp;us ea:enus Su ter , 

1905 Potamopyrgus sne laeus Sut e r , 

1 905 "Po t amopyrr:u s sub t e rran eus Sut er , 

1 1  : 263  

1 1  : 2EA 
1 1  : 260 

1 1  : 262 

1 1  · ?65 . '- -

11  : 266 

11 : 267 

For a l l  e arlier r:;ynonymy r e :f er en c e  s hould b e  mad e to E�ut e r  

( 1913 ) .  

She l l  ovat e - conic , he ight ful ly grmvn 3-lOmm ; shape 

highly variab l e , sl ender and elongate  to ventrico se ; spire 
·-

l on� or short , loosely or t ight ly coiled , whorls f lattened 

to round ed , v.dth or without should ering and variab l e  

p er i o s t r a c a l  sp inat ion . Fema l e s  ovoviviparous , the l ower 

oviduct form ing a bro od pouch . �eproduct ion s exual or 

parthenogen e t i c , sex ratio var iab l e . Inhab it fre sh wat er s  

o f  pra ct ica l ly every typ e and also bra ck i sh via t er . 

?otamonvrrsus e stua r inu s n .  sp . 

She l l  ovat e-conic , he i �jht up to  7ram ; whorls 6-7 , 

smooth , flatt ened ; never po s s e s s ing perio stracal ornament-

a t ion ; sutur e s  somet ime s margin ed below ;  ap ical whorls  

f r e quent ly erod ed . .·8'ema l e s  n on-ovovivi-parous , reproduc t ion 

s exual , sex rat io approxima t e s  1 : 1 . Ro stral and mantle 

..L C:. . 



l; i g men tat ion a lvmy s very dark . • :_'he  e c o l o g i c al n i che o f  

thi s sp e c i e s i s  r e s t r i ct e d  and d i s t in c t iv e , the sna i l s  

inhab i t in g  the l ower t id a l  r o a che s o f  r i v er s , and par t -

i cu larly harb our �ud. f l a t s ad j a c ent t o  river mouths , whe r e  

t hey are al t e rna t e ly e xp o s e d  and c o ve r e d  by wa t er o f  vary ing 

s a l ini ty . F .  e s tuRrinu s is ind i s t ingu i shab l e  f rom s ome 

f orms o f  v .  ant i u o dum u s ing she l l , radu l a , and op e rculum 

chara c t e r s  and non-reprod"Ll c t i ve in t e rna l ana t omy . 
"H"o l o ·t;"o e c -r.-1· 0" . .;,. • , � !.:) • . 5a ) : Be l l  Bl o ck ,  rearanak i ,  in smal l ,  brack i sh 

stre arn -/9/66 . I,I . ,J .  -VJin t erbourn . Dep o s i t ed in D om in i on 

Mu s eum ,  'i7e l l ington , New Zealand . 

Fara t7pe s :  Auckl and , Dominion and Can t e rbury l':Tu s o ums . 

The she l l  o f  � .  d awb in i I�we l l  from Auckl and I s l and s 

i s  s imi l ar t o  that o f  s o m e  p opulat i on s o f  P .  ant ipodum from 

H e1!/ Z e a l and and may be re f erabl e t o  that sp e c i e s , but the 

id ent:; i t y  of the Kermad e c  I s land s sp e c i e s  �J:la t e a me l v i l l i  

Hedl ey ( =  ? Po tamopyrgu s me lvil l1 )  rema in s prob l emat ic a l  a s  

mat e r ial wa s n o t  ava i l abl e f o r  exam ina t i o n . 

1 . 41 

M�:Gr:PHODS 

( a ) SHELL 

Bxa:mina t ion o f  sh e l l  f o rm and variab i l ity was mad. e in 
two way s : -

( i )  I.1�ea sureruent o f  she l l  paramet e r s  ( quant itat ive ) 

( i i) Overall compar i sons o f  shape and s i z e  

( qua l itat iv e  and quan t i t at ive )  

1 3 .  



A l l  she l l  m e a surement s were nad e wi th a l in e ar eye -

p i e c e  m i cron e t er i n s e r t e d  in a s t er e o s c o p i c  m i cro s c o p e 

( magn i f icat ions X 1 2  • .5 and X 32 ) . 'I'hr e e  s h e l l pa r a m e t e r s , 

he i r;ht , wid t h  and he i::;ht o f  a:9e rture , were m ea sur ed , 1.vith the 

ap e rture o f  t h e  she l l  f a c in� upward s ( H i e . 1 ) . Al l she l l s  

m e a sur ed n e r c  o r i en t e d  i n  exa c t ly the sam e way t o  en sure 

un i formity o f  me a surement cr it e r ia . l;�e a surement s w e r e  mad e 

t o  the n e a r e s t  O . lmm . 

Fo r c o �para t ive purp o s e s  rat i o s  o f  she l l  h e i ght t o  

s h e l l  wicltl:1 ( ll/v! ) and s h e l l  he ight to  ap ertur e he i ght 

( h/ap h) have b e en employed a s  we l l  as direct compar i s on s 

o f  ini t ia l  me a surement s . Soka l ( 1965 )  ha s p o in t ed out the 

su i t ab i l ity of r a t i o s v1hen d e a l ing 1.7i th ma t erial he t er o -

g e n e ou s f o r  s i z e , alt hough they d o  have numer i cal d i s-

advan t a g e s  by hav ing a gr e a t e r  inher ent error than the 

meD. sure111ent s f r o m  vrh i ch the y are ca l cul a t ed . S h e l l s  o f  

ful ly grovm sna i l s only •11e r e  u s ed i n  comparat ive stud i e s .  

Thi s  pr e c aut i on VIa f3  t al:en in o rd e r  to e l i mina t e  any e rror s 

whi ch mi ght b e  int rodu c ed a s  a re su lt o f  a l l o me t r i c  growth 

o f  she l l s , a l though , in tho s e  p o nul at ion s examin e d , growt h 

d id not app ear t o  b e  a l lome t r i c  with re sp e c t  t o  t he rat i o s  

d ( T' ' ? , u s e  _,_1 1 g . � J · T1he numb e r  o f  sna i l s  t aken f o r  m e a sur ement 

from e a c h  p o-pulat ion w a s . d e t e rmined. part ly by number s avail-

ab l e , and i n  all ca s e s  wa s s e l e ct ed to give a t hor ough 

ind icat ion o f' the ful l  range o f  var iat ion found within the 

p opula t ion . Lo cal it i e s  o f  p opula.t ions from which she l l  

mea surer::1en t data were o bt a ined are l i st ed in App end ix c .  

l..Lf- . 



T·:c ,::J. sur <:nnenl; �::; H3.6. e in t r1e study o f  uhe l l  slJap e 

v::;;1 c i at i on . 

( a )  :C1ul ly- �"To1.·m sb e l l  

( 'i:J ) n�mbryo oh o l l  

a cl_ inme t er o f · inneJ: ha lf o f  f irst nho r l  

a 2 d i2.ne t er o f  c o rm l e t e  f ir :::. t \·/ho rl 

a1) b. - i'lp ertur e he i :zht 

h - she l l  h e ight 

w - she l l  wid t h  



b 

a 



.�:\ll. e l l  llc i ,,:h !; p l o t t ed ag;� in st she l l  VJ icl.th , and again s t  

.<J.p e r ture h e i·��ht , i n  tv'o p opula t i on s  o f  1) . ant inodu_:m 

;3cale :  l o g  - l o g  

a and c - �irit ea Stream 

b and d - Pond A ,  £/'a s s ey Li n iv e r s ity 
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'Jrwrl c o 1.m t s have b e en mad e  t o  the neare s t  c orrpl e t e  

"ITho r l . C o n s idera b l e  d iff i culty in d e t e rm in ine; who r l  numbers 

wa s e xp e r i en c ed d u e  t o  e ro s ion o f  the she l l  ap e x  and the 

pr e .s cn c e  of encru st ing nmt cr i a l  on !.!.!cl.n�r she l l s . C o unt s ht1.ve 

b e en mad e , t h e r e f o r e , only when a l l  whor l s were c l e arly 

v i s ib l e . 

( 2 )  Ove ra l l  c o r:;pa r i s o n s  

Bome she l l  c hara c t er s  cannot b e  c onveniently expr e s s ed 

a s  measure ment s ,  e . g .  c onvex ity and should e r ing o f  whor l s  

and d e gre e  o f  o rnament at i on . ;l'he s e chara c t e r s cl o n o t  l end 

them s e lve s t o  b iome t r i c  examinat ion . Comp ar i s on s o f  suc h  

chara c t e r s  have , the r e f o re , b e en mad e d i re c t ly and u s ing 

she l l  tra c in g s  mad e 1Ni th t he a id. o f  a n Z e i s s  n clraning appar-

atus wo:ck inc; on the pr· L1 C ip a l  of t h e  c a m era lucida . T�J.e 

thre e in it i a l  she l l  pararJe t er r:; have a l s o  b e en p l o t t ed on 

t r ianBu l a r  graph pap e r  l a s p e r c ent age s o f  t he ir sum ) t o  

f a c i l itat e int e r- and intra - sp e c i f i c  c o mp a r i s on s  o f  overa l l  

she l l  shap e . 

( b )  ELlKtYO SHELL 

Embryo s were t aken rroB brood pouche s o f  f e ma l e  sna i l s ,  

and t ra c in r� s o f  she l l  01..1.t l in e s  wer e  mad e a s  above at a mag­

n if i cat ion of �( 400 . .ii;'l�Jbryo s from 19 p opulat ion s r epr e s ent­

ing a wid e r ange of she l l  f o rms , and having a 1vid e 

g e o graphic a l  d i st r ibut ion were examined (Appenflix L� ) . 
N e a suren:. ent s ( Fie; . 1 )  mad e f rom s he l l  tra c in g s  w e r e : -

( i ) D i am e t e r  o f  inner ha l f  o f  the ap i c a l  whor l  at r ight 

ang l e s  t o  the she l l  stitur e .  



( i i )  D i nme t e r  of who l e  ap i c a l Vtrhorl a s  a cont inuat i on 

o f  the m e a surement o f  whorl 1 .  

( c )  OP:D�I:"-{CU IJUM 

Op ercula ·we r e  r e mov ed from sna i l s  and c l ean ed f o r  a 

f e w  m inut e s  in a we ak s o lut i on of oxa l ic ac id . Permaqent 

mol..m-c s we re mad e in po lyvinyl alcohol ( PVA ) . JBxaminat i on 

v.ra s mad e wi t h . 2.. binocular ii1 i c ro s cop e u s ing b o th b o t t om and 

t op l ight ing , the s l id e  b e ing p l a c ed on a dark bacl<:ground 

in o rcl er t o  f a c i l it a t e  the o b s e rva t i on o f  any cal c i f icat ion 

w i thjn the op e rculum . Out l in e  tra c ings were mad e at mag­

n i f i c a t i on s  of X 160 a nd X 400 . 

Op ercu l a  of sna i l s  from 34 d i f f e rent l o cal it i e s 

t hroughout Hew Zea land , r epre s ent ing a wid e range o f  she l l  

typ e s  wer e  examined . ( Appendix 1 ) . 

( c1 ) F.ADULA 

Radu l a e  we re extra ct ed from the buccal ma s s  by b o i l ing 

f' o r  s eve ra l minu t e s  in d i lut e C about 4·;;,) KOH . Hadula e were 

stained in p i cric a cid and p e rmanen t ly mount ed. in PVA . Some 

rad '\..l_l a e  v1 e r e  mount ed intact , 'illhereas the t e eth of o thers 

w·ere t e a s ed apart to f a c i l itat e study . h:<a.minat; ion v1as made 

a t  maBnificat ion s  o f  X lOO , X 400 and X 1000 . Al l measur e ­

ment s wer e  mad e with a l in e a r  eyep i e ce mic romet e r . Dup l icat e 

c ount s o f  cusp s ,  d enticles :?l.nd s errat ions were mad e on at 

l ea st thr e e  l a t e ra l , illiJ. e r, a nd outer marg inal t e e t h  from 

each radul a . Radul a e  from 3 1  populat ions were e xam ined . 

(Append ix 3 ) .  
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Ter:uino log;r used in d e s crib ing rad.ula. e  i s  that of  

?ond er ( 1965 ) . 

•re eth 

C entral - @id d l e  ( fir s t ) t o oth of t h e  radu la row 

Lat eral - sec ond t oo th o f  the radula row (paired ) 

Inner Kargina l - third t o o th of  the radula row 
( Daired ) 

Ont er :-rarr;ina l. - f ourth t o o th of the radu la row 
(pa ired ) 

Minor Termino l ogy 

Cusp - a large , d i s t inct cut t1ng pro c e s s 

Dentic l e  - a sma l l  l e s s  dist inct cutt ing proc e s s  

S e r ra t i on s - fine , nu�erous cut t ing pro ce s s e s  

'1.1he terrn ' 1  cusp .f ormu l a  n is  u s ed in a general s ense  t o  

inc lud e a l l  thr e e  t yp e s  of cut ting pro c e s s e s .  

( e )  IW.r.1�B.f: .1:\..:L ANATOt:lY 

The anat omy o f  sna i l s  wa s examj_necl by d i ssect ion , 

s erial sections and the u se o f  ste ined i'lho l e  moun t s . 

( l )  Dis sect i ons 

The mo s t  suc c e s sful d i s sect ions were c arri ed out 

on fre sh mat erial in tran sparent wat ch gla s s e s  or cavity 

s l id e s , u s ing a stere o scopic  mic ro scope . Und er such con-

d i t i on s  maximum definit ion and contrast b e twe en o rgan s wa s 

obta in ed . 

� 2 )  Serial section s  

Sna ils  were f ixed in l.:iouin I s  f luid , s ections vvere 

cut at 5-lOjl, stained yJi th Dhrlich I s  ha erna t oxyl in and 

count erstain ed with eo s in .  Y5aterial f o r  s e c t ioning wa s 

obtained from the fo l l owing local i t ie s . 
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1) . antin odurn from Lake L-upuk e ( Takapuna , -'-�uckla.nd ) ,  

�fnangare i Ha l l s  and 'l'iri t e a  ,:�t r e am (Pa lme r s to.l1 i'1 o rt h j . 

l:-' . estuarinus f rom riuia (}�anukau Harb our ) and 

lia.ve l o ck U.1arlborough �:Jm .. md s ) . 

P . nun o i de s from Have l o ck . 

l 3 )  \7ho l e  mount s 

Some sna i l s  we re re laxed u s ing magne s ium chl o r id e , 

Dher e a s o ther s were r emoved from tlleir she l l s  and t rans­

f e rred d ir e ct t o  bouin ' s  f lu id f o r  fixat ion . They were 

t hen s t a ined. in borax c armine for 2LJ- hour s , d i fferent iat ed 
vv-here n e c e ssary in a c id a l c o ho l , d e hydrat ed , c l e ared in 

c l ove o i l and xyl o l , and mount ed in Canada bal s am . 

Compared with d i s s e c t i on s  and serial s e c t i on s , who le 

mount s v;er e found t o  b e  o f  l it t l e  v a lu e , part icularly a s  

t he d en s e  p i gment at ion o f  many sna i l s  obscured much 

int el�na l s t ructure . 

( f )  CHHOl\lOSm;m NUMEEHS 

D e t erminat ion o f  chromo so me numb ers vm s done us ing 

s qua sh m e t hod s a s  re c ommend ed by Burch ( 1960 ) and 

Pat t er son ( 1967 )  rather than sect ioning a s  employed by 

Ja c ob ( 1 95? , 1958 ) . Squa sh t e chn i que s permit better 
o b s ervat ion o f  ind ividua l chromo s ome s f o r  s everal rea s ons ; 

there i s  n o  shr inka ge o f  chromo s ome s a s  i s  cau s ed by paraff in 

embedding ; al l chromo some s are brought nearly into a s ingl e 

o p t i c a l  p lane by pre s sur e o f  the cover s l ip ; chromo s ome s 

ar e m o r e  spread out ; the t e chnique i s  fa st er and s imp ler 

and a l lows examinat ion o f  a gr eat er ammmt o f  ma t er ia l . 
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:3h e l l s  o f  fr e shly obta in ed sna il s i'iere c r a cked and 

exam ined imEediat e ly w ithout p r i o r  f ixat ion , o r  f ixed f o r  

2 4  hour s a t  4°C i n  Carnoy ' s  fluid ( a l c o ho l : Blacial a c e t i c  

a c icl :  c h l o ro form , 6 :  l :  3 , v /v /v) . Llat erial \'.'CJ. S s t ored 

in ?O:;; a l c oho l in a r e f r igera. t o r  unt i l  r e qu.ired . 

Sna l l  p i e c e s  of gonad ( b o t h  t e s t i s  and ovary were 

examined ) and d i ge s t ive gland from the ap ical whorls were 

r emoved and s t a in e d  in a c e t i c- or c e in ( l% o rc e in in 45� a c e t ic 

a c id ) for 10-15 minut e s  on a cavity s l id e . I.,'rat erial wa s 

t ran s f erred t o  a p la in m i cro scop e sl ide in a m in imum o f  

a c e t i c-orc e in , gent ly s qua shed und e r  a c o v e r  s l ip and 

examined using a Le itz  b inocular m i cro scope wi th o i l 

im�ner s io n  and magni f i ca t i on o f  X 1000 . 

Mat erial exaBined c on s i s t ed o f : 

� . snt inodurn from � i rit ea Ct r e am , Pa l me r s t on North 

( o cca s i onal mal e s  found in p opulat i o n s  but fema l e s only 

examin ed ) ,  �Pl inm e r t on ( s exe s in approximat e ly e qual 

prop o rt i on s , bo t h examined ) ,  and Shannon (pa rtheno p: ene t ic 

:t' e:::1al e s  on ly ) . 

P . e s tuarinu s from Huia , Nanulcau Harb our ( ma l e s  and 

f ema l e s e xamined ) . 

P . nuno id e s from Pl immerton ( bo th s ex e s exam in ed ) . 

( e;) IJABORATOI?.Y HEARING 

P . ant ipodum ha s b e en k ept suc c e s s ful ly in the 

labo rat o ry in s everal kind s o f  sma l l  a quar i a . Und er the s e  

c o nd it i on s  grovrth vm s n o rma l ly con t inuous and fairly rap id 

( mi...Tlirnum gen e rat ion t ime o f  ab ou.t 6 mont hs ) , and embryo s 
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1?7er e  r e  l ea s ed by larr;e numb e r s o f  adult sna i l s . I/1orta l i  ty 

o f  s na i l s  of a l l  age s wa s negl igi b l e . 

Trc:u1 sparent pla s t i c box e s  ( 1Lt-xllx6cm ) with l o o s e -

f it t ing l id s  mad e suitable a quar ia and w e r e  adopt ed a s  the 

" st andard ha b it at " in t h i r� study . Box e s  we re hal f  f i l l ed 

with tap wat e r , and c ontained s everal gra m s  o f  fin e ly 

s i eved pond mud and p i e c e s o f  El ocl e a  c anad en s i s . No art -

i .f i c i a l  a e ra t ion o f  the wa t e r  na s re quired . Aft er s e t t ing 

up , the only at t ent ion n e c e s sary vias the ma int enan c e  of the 

wat e r  leve l and the add i t ion o f smal l q_uant it i e s o f  s i eved 

p ond mud at infre quent int erva l s . f-}ol!le suppl ementary r e ar-

ing wa s carri e d  out in 9cm d iam e t er p e t r i  d i she s , wh i ch wer e 

part i cu larly su i t a b l e  f o r  ob t a in ing r e c en t ly r e l e a s ed 

embryo s . Van d er Scha l i e  and. Dav i s  ( 196Lt-) have a l s o  

r ep o rt ed on the suitab i l ity o f  p e tri d i sh e s as  growth .. 
chambers for the Or ienta l  .hydrob i id Onc o m e l an i a  formo sana . 

P . e stua r inus and P . pupo ide s haiTe a l :::: o b e en kept in 

t he la b oratory f or sho rt e r  p er i o d s  o f  t ime in s imilar 

c onta in e r s  c ont a ining mud from t h e ir o r i g ina l hab itat s ,  

and wat er varying in sal in ity from 0-35°/0 0 • 

l1ESUL'l'3 

( a )  SIIT.:LL 

( 1 ) General she l l  fo�m 

The she l l s  o f  the N ew Zealand sp e c i e s  of Pot amopyrgus 

are sma l l and p la in ( apart from perio stracal ornamen t a t i on ) , 

and o f f e r  f ew s t ab l e  or sat i sfactory t axonomi c  character s . 

Be cau s e  o f  the ir small s i z e  and s imp le form they are 

d i f f i cu l t  t o  d.e s crib e in any de t a i l . The she l l s  o f  

20 . 



:e . e s  t us r inu1:� a.nc�_ :-' . <: mt ipodu:m over lap in s i z e  and f orm 

but t h e  she l l  of ? . uupo id e s  i s  d i st in c t  in it s sma l l  s i z e  

and mo r e cyl ind r i c a l  shap e , a l thou�h some forms o f  � . 

G.n t i,)odurn , (� · .'S · she l l s  from �Jananak i  ( Fig . 4 ) , b ear some 

r e s emb l an c e  to t he m . �-�he ran ,�:e o f  she l l  f orm in the three 

s p e c i e s  i s  i l lu s trat ed in Fi �s . 3-5 . 
( 2 )  She ll d imen s ions 

.tm imp o rtant a sp e ct of thi s s t udy ha s b e en t h e  

b iome t r i c  examinat ion o f  she l l  s i z e , shape and variab i l ity 

v d  t hin and b e tvJe en p opulat i on s , a s  sho':m by m e a sur ement s o f 

s he l l  he i ·��ht , s he l l width and a-o erture he i �•;ht . It was 

rea soned that by comparing the s e  parame t e r s  from a l arge 

nu�b e r  o f  p opulat ion s , the na ture o f  the s he l l  var iat ion 

(. i . e . •:the ther c on t inuou s o r  d i s c ont inuous var i a t ion ex i st ed )  

within the Po tamonyrgus complex c ou ld be d e t ermined . Any 

d i s c ont inu i t i e s  thu s  found I!l i ght b e  ind i cat ive o f  s epara t e  

l o v1 e r  taxon o m i c  groupings , wh i c h  could t l1en b e  further 

inve s t i gated . B e su l t s  of this  examina t i on are surunar i s ed 

and d i :Jcus sed b e l ow . 

J'.!aximum she l l  he i ght s in a l l  p o-pulat i o n s  examined ar e 

shm7n in Fig . 6a . The va lu e s  ob te. ined for P . ant ipodUln 

f o rm a d i s t r ibut ion po s s e s s ing a s ingl e p e ak and approx-

ima t ing t o a normal curve . ! . ' ax i mum she l l  he ight o f  P . 

puu o id e s  lie s out s id e  thi s range , whereas t hat o f  P . 

e s ttw.r inus i s  within that of i' . ant ipodum . 

·rhe re lat ion s hip between mean he i �ht : ap erture he ight 

rat i o an.d she l l he ight in p o"9ulat ionE; o f  1? . ant ipodum i s  

h . Ti' '  7 s o1,1m J_n _J 1g • a .  It i s  apparent that n o  c l e ar c o rr e l at ion 

ex i st s  b e twe en the two st at i s t i c s . S imilarly , there is no 
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Out l ine tra c ings o f  ful ly- (:;r ovm , Sitlooth sb e l l s  o f  _:_..:·o t a:;:-10-ovrr�u s 

spr) . from 2 1  populat ion s , sb oDins variat ion in . ., :3 l Z 8  8.UCc 

e 

u 

1_) - l. . e s t uD.r .in u s  

i) UD 0 id e :3 

a l l othe r s  P . ant i  1) 0dum 

J..10 C H l i  t i e s  

a - . l.i:1ansare i il'a l l s  
b - ·./ha t ipu ( l'.'anul�au �larbour) 
c '.'fa i t o:rrto  
d - Dannev irkc 
e - Ilavc l o ck C �a. rlborough) 
f - Khanda l l ah ( 1;7e l l ingt on )  
g - �Cahut erawa. E i  ver C :anawatu) 
h - Tirau (�a ikato )  i 'CJhaJca:e ongo (H.:�.na\:�iatu ) 
j - 0 hal;:u.n e 

l?ond A ,  L!a s ::1 e :y  Un i ver s ity 

l - ·cahuterm'ia H i  ve r ( ; �:ane.na tu ) 
m - Lake Uo t o i t i  Cr·Te l s on Lake s )  
n - I0kc llo t o a ira ( Tau�o ) 
o - l lam , Chr i st church 
p - F:raE z ,To s e f  
q - I·in. t on C 1B.nm·1a tu) 
r - �irit ea Stream ( : �.::mawatu) 
s - Te �CaJ:u:t ( Bay o f  :Pl enty) 
t - Ashhur st ( l · ·'anawa tu) 
u - Have l o cJ:  ( L arlborou.gh) 



b 

e f 9 

J k 

p q r s 

m 

0 2 3 4 5 mm 

c 

h 

n 

t 

d 

0 

u 



Cut 1 ine tr11c in.':: f3 of' .Cu l J.y-:�r0 \'.'11 o �cnn mcnt ed ( spiny) r:Jb.el l  s o f  
P , ent iuodum rro m 20 p o�ula t ion s , shoring variation in s i z e , 

sha:p e and sp in e  deve lomnent . 

Lo ca lit ies  
a - I,,ske .f:'upuke , 'i'a�;:a r,runa 
b �a ikato �iver uout h 
c - �uckl and D o m a in 
d - ·. ·Jhat i:9u c : -c:tm.Jl':::au Harbour) 
e - }1ond A ,  ;-_;_a s s cy Un ive.:>:: E :Lty 
f - O t aki River 
f� - :Pc-�.lc i.ri C�orthJ. :t nd ) 
h - � ikato River ( Cambridge)  i - J 1ake lTgahG"0-'a ( ':{ot orcta ) 
j - Lake Faringa ( 0e s t land ) 

t: - La ke rr::n.1 p o  l J�ake Ian·che ( '..ie Bthmd)  
m - St r eam , n e a r  O t ak i  

n - :Lake '1\.1 t i  T'a ( ;-IarJke s !::SA.y) 
o - Lak e ·L"·arawo:ca 

p - J�ake o_:-�o t ouahana 

q - , ft:•.ne.:!.1..::.ld ( l-Torthland ) 
r - , ·· ·� ··L r".., n,..·'' J  ( '=' o · '- or'l'-, \ . J u  . ..  : tU .. . f-, � . l. l.J • L C . ) 
s - Poran[2_:ahau C.!airs.rapa ) 
t Eaka:::Jatne. Stream 

C.re.nukau Harbou r )  



I 

I I 

a 

9 

p q 

----� 0 I 2 3 4 5 m m 

c 

m 

r 

d 
e 

n 
0 



( a )  ( ,-, l l ·� -L 1 ::>e .!J_ o c_( , ' : c•.7 F'l:rrnonth) 
( b )  ;3he l l  of P . mroo i t1 e s  ( ITut t .c�iver , - : c l l ington) 

( c ) '3l'l<:m e s  o f  r> e r i o s t :e r:t c a l  1 1 S"9 ine s "  f:r.o-u.1 she l l s  o f  
Y � ant i-nodurn 
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Ii' IG·URfE 6 

:=;o l ic'.i. l h1 e  - P an.t i o ocl um ( lOO oonuL=J.t ions)  
Drol<:en l in e  - c· . puoo icl e s  ( LJ. P091..1.hd; ion s )  
D o t t ed l ine - P . e stua r inu s ( 4  po]ulat ion s )  

( b )  G�ean he i �bt : wid th ( h : w) rat i o s ,  and mean he i �ht : aperture 

h e i 7ht r 11 • ._, ,, ,n) \ -- • 0- lJ rat i o s , in lOO popu l at ion s o f  ? . ant inod um 

a - h : ..-v ra t i o  

b - h : o:p h ratio 
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c l ear r e l a t i o nship b e twe en the he i ght w·idth rat i o  and 
sn c l l  hc i �h t  ( liig . ?b ) . 

·.:_rlJen the fr e que.n c y  o f  o c curren c e  o f  tlw Ji1.e an h/a·p h 

.::J.nd h/w rat i o s a r e  p l o t t ed f o r  .=·l l l p op"Lllat i o n ;.:; of �:: . 

ant inodu� ( Fig . 6b ) the � i s t r i bu t i o n s  are aDp roxima t e ly 

n orma l , a l thouBh a Ti i d e r  range of  variation i s  exhib i t ed 

by t;he h/ap h rat i o . ?.an:se o f  ve,r i a t i o n  o f  she l l  ra t i o s  

1N i  t hin r)opula t; i o n s  iG  c o ; npc.r-ecl. i n  Fi g . bb . 'L'l1 e d i strib-
ut i on curv e s  hav e  a s ingl e p eak , but in b o t h  c a s e s  a l G o 

have a mod e rat e d e �r e e  o f  p o s i t ive skeu . T h i s  i s  ·orobab l -..r ., r.J 

n o t  s i 3n i f i c ant , h owever , a s  s o m e  d egree o f  s �e� , n o rma l ly 

t o  the r ight ( i . e .  y o G it ive ) , :L s t o  b e  e �·=n e c t ed �.-.: i t h  nany 

Jne l l  rat io s o f  s e l e c t e d  po�ul a t i on s , pr e e ent e d  a s  

T l cJ. i c e  grarns " are c o :'-op ::tred in :::' i c::; s . 9 and 10 . _,\lthout3h some 

:p o p11lat ion s  o f  Jl . ant in oclum a r e  s o  unl il<: e  that t h e y  c ould 

b e  c on s id er ed at l e a st sub sp e c if i c a l ly d iff erent ( Mayr , 

£in s l ey and U s in g e r , 1 9 5 3 , , i t  i s  c l ear that c o n t inuous 

var i at i on in she l l  shap e is fo1.md vli thin t h i s  sp e c i e s . ln 

Fig s . 9 and 10 the p opu lat i o n s are arran g ed in or�er of 

incr e a s ing me an h/ a:p h rat i o s , and l i tt l e  c orre l a t i on 

b et-vie en ap ert u:ee hei ght <:m.ci she l l  -vvid.th i s  apparent . 

Fig . l l  co npare s s h e l l  rat io s in thr e e  populat i on s  

at 12 mon th int e rva l s . 8mo o ·th and sp iny she l l ed sna i l s  are 

c o n s id er ed s e parat e ly . A l t hough she l l  f o rm ha s remained 

re lat ively c onstant in some popula t ions , in o t he r s  a shift 

in the mean rat io s and. a change in the ext ent of variat i on 

22 . 



:G'IGURE: 7 

( a )  Y ean she l l  he i �ht u l o t t ed again s t  o e nn he i ?ht : ap erture 

hcie;ht (h : a<) h) ra.t io , in 92 p o�;u l at i on s of 1:' . o.nt iDodum 

( b )  ! 1ean she ll  he ight p l o t t ed aga in s t  m e an h e ie;ht : v!id.th 

( 1, · \'I ) - , �  '- l· o 1· 11 o ;:;  r)OT\' '1 1  r-1 �- J. on s o f 1:":::· " n -l- i ,....od llT" - • 1 / ..1- cl V ' _ -:,; ......_ ._ }' 1, - '- r_.� U - _ . • ':.1. . u fJ 
·

- . _ • t 
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FIGlJRB 8 

( a )  ·,·JlJ.orl d i o r1 e t 8 r s  o f  e nbryo shG l l s  o f  P . rmt in odum 

a - inne r  ha l f  o f  f ir s t  whorl 

b - c o mp l e t e  f ir s t  who r l  

( 139 dtel l s  fron� 19 p o r;m_l a t i o n s  mea.Sll l::'Rd ) 
(b )  Ranse o f  var i a t i on in shR l l  hc ight : s h e l l  wid t h  ( h :  7 )  

rat i o , and s h e l l  h e i ght : a � e rtur e he ight (h : a� h )  rat i o , 

in 95 po 9ulat ion� of  F . ant inodum 

(A min.irr1um o f  10 she l l s fro m e a ch por.mlat ion mea sured ) 
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Ii'IGlJH iG 9 

' ' D i c e - gram s " sho•.'.ring va�c i.at ion in uheJ. l  hG iC�ht : s he l l  width 
( 1. · \· · 1 -r� · - l· o ,.., . I ) . I ,  . .. n U •=> ' and she l l  he i?-;ht : c:.'l. o e r l;nr e h e L:sht ( h : aD h) 
rat io s , j_n 1 3  s e l e c t ed !)ODula.t :i.ons of F . aY1 t ipo d um . 

a t  r i �ht a r c  samp l e  s i z e s . ) 

Ho r i z ont a l  l in e  - ran ge 

Open r e ctang l e  - 1 3D 

· _,l :J. c k  r e c tan r;lc 1 ':3E 
Vert i c a l  bar mean 

b 
c 
cl 
e 
f 
e; 
h 
i 

' '-'okomaaru Hiver 
Vfhat inu 
'.'fa ior•l i o  
IJake 'L'arav-Jera 
!a ivmkawa !:tiver 

Ohaktme 
\'Ihakarongo 
An it i :�handallah 

,j - LH_ke iuouJ(e 
k - Dannev:Lrke 
l - flunnythorp e  
m - ;· o unt .'h.otr i t e  
n - .l�·ak i r i 
o - i'fo odv i l l e  

n - � akara �iver 
q - I,g_ke Par in e;a 
r - Lake : ,'otoaira 

(lTmnbers 
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J:i-, I GLJEm 10 

n : Di c e - gram s n s'n owing var i a t ion in Ghell h e ir; ht : r::1 he l l  ''•idth 

l h : w ) ra t i o s , and she l l  he i �ht : a D e rtur e he igh� t h : au h )  
rat j_o s ,  in p o·9u l a t ion s o f  i . mm o itl e s  and F . e :::-;tuar inu s . 

( Numbers a �  ri sht are samp l e  s i z e s . ) 

a - c1 

C ' - h 

r.o c a l i  t i e s  

Ha V G  l o ck U ·a.rl bo rough ) 
Heatl) c ot e  
\'iananaki 
Po r i rua 

c- . uun o id e s  

�:� . e st1..1.a rj_n1..1 s  

e - .::teathc o t c  
f - Hnve lo cl< 
e_: Hu. i a  
h - � a ika b o  H G ad s 

Fo r Key t o 1 1  D i c e-gram s 11 see .t1'i gure 9 
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1T' IG1J �1. �  l l  

. : D i c e - g:caws : •  shm<ri.n._; var iat ion in shrc:: l l  he i )�ht : s h e 1 1  1 'J id. th 

( h : vv ) -ra t io s , and sl1 e l l  he ir:;l1t : apertnre hei�ht ( Jl : EJ.l;:> h )  rat i o s  

in •- . ;:tnt -i  -o o dum f r o fD thr c.� c  po�m.l 1 3. t i on D  at 1 �:: mon thly int e rva l s  
( A o r i l  19C::6 , a bove ; _:\.pr i l  l 9C.t> , belowj . 1 : umb e r s  at r i r::�h t show 

Da.mp L e  s i z e s . 

a 'i.'iritea 
l; " -
c - Pond i\_ ' 

d 1 1  -
e - Pond B , 

f 1 1  -

· �tr"eam 
1 1  

T�:�assey 
1 1  

11  

1 1  

( '' P ' O O "-h  .. .; �W V 

( �;--- iny b ;_� · - �  

<-:;h el l s )  
shel l s )  

Unive r s ity ( snooth) 
1 1  ( spiny) 
11 ( s m o o t h) 
1 1  ( sp iny) 

For Key t o  " D i c e- t:J_�ram f3 1 1  s e e  Fi r:;-;ure 9 
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pre s ent lEl. S b e en fotmd . ?he t o t a l  range of varia tion in 

Bhe l l  shap e in the thr e e  s p e c i e s , a s  ind i c .=rt ed by the tbr·ee  

s·'.le l l  m e a sur erc!ent s i s  sur:.n 11ari s e(l graphi c a lly i n  Fi g . l 2a . 

F in � l ly , the r e su l t s  o f  an exauin a t i on o f  whorl numb e r s  

from i'u l l - :::�ro·1m she l l s  i n  l O O  _9 0")!Ula.t i. o n �: o f  P . ::Y n t in odum 

arc pre s ent ed in Tab l e  2 . C on s :Ld ::;:::.. ... a b l e  var iat ion i s  fo1md 

b etwe en n o Dulnt ion s but no c l earcut d iv i s ion s i n t o  d i s c r e t e 

group s  i s  appa r ent , a J. though a s  a general rul e  the t a l l e r  

the she l l  t h e  gr e a t e r  t he numb e r  o f  who rl s d eve l oped . 

'l'A.B_L}� 2 . 

Humb e r s  o f  c o �.np l e t e  sh e l l  •,=rho r l s  C O :rDJ)a r ecl vJith she l l  he ight s 

in l O O  populat i o n s  o f  P . ant inodum . 

. �;he ll  he i •-_:':ht -.�·hor l s  

mm IJ 5 c 7 8 '1,o t a l s ,- u 

3 ·- ) . 9 l 1 3  1 1 5  

4-4 . 9 2 3  30 1 51.J. 

5 - 5 . 9  l 4 1 �5 2 22 

6 -6 . 9 1 5 1 7 

'7-'/ . 9 l 1 

8-8 . 9 1 1 

'.ro ta ls 2 41 52 L� l 100 

To c onc lud e , measurement of s he l l  paramet er s  ha s not 

provid ed eviden c e  o f  c l e ar cut morpho lo g i c a l  group s exi s t ing 

within the P .  an t iu odum c o mp l ex but rather ha s shovm the 

ex i st en c e  o f  c ont inuous var ia t ion of s i z e  and shape 

throur:;hout the grou-p . P . -ouu o i d e s  i s  e a s i ly d i st ingui shed 

by its sma l l  m o r e  1 1 c;yl ind:c i ca l 1 1  she ll , but the she l l  o f  .P . 

e stuarinus is indi st inp;uishable from some f o rms o f  P . 

ant iu oclum . 
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FIG UKtil 12 

( a )  Comparat ive graphical repres entat i on of varia t i on in shel l 

shape , as  ind icated by re lat ive propo rt ion s o f  she l l  

he ight , she l l  width and aperture height 

So l id l ine - P .  ant inodum 

Broken l ine - P . e stuarinus 

Dott ed l ine ·o - _[ . nuo o ide s 

(b ) Max imum variat ion in she l l  shap e found in s ingl e  :populat ions 

of P . ant inodum 

So l id l ine - Whakaron[l;o ( 26 she l l s  me a sured ) 
Broken l in e  - B1.mnythorpe ( 2 1  she ll s  me asured ) 

( c ) Var i a t ion in she l l  shap e in a f i e ld sample , and in t he 

progeny of  a s ingle ind ividual from that populat i on , r e ared 

in the laborat ory 

a - Shannon ( 17 f i e ld a.nd 17 laboratory r eared 
individuals  mea sured ) 

b - Pond .A ,  Ma s s ey Dniversity ( 1 9 fie ld and 19 
l ab orat ory reared individua l s  
mea sured ) 

So l id l ine s - field 

Broken l ine s - laborat ory reared 

All three e;raph s  are d.ravm t o  the s ame scale 



( 3 ) She l l  o rnamentat ion 

The pre s en c e  or absence of sp ine s ha s been con s idered 

imp ortant in the separation and ident if i cat ion of some 

spe c i e s  of Potamonyrgus ( Sut er , 1905 , 191 3 ) , but f i e ld 

obs ervat ions and rearing experiment s mad e in the c ourse of 

this study have shovm that within the P . ant inodum complex , 

considerable var iat ion in d egre e  and nature of she l l  

ornament at ion i s  found , even , in many ca se s ,  within a single 

populat ion ( Fig . 1 3 ) . Al so , the d eve lopment of sp ine s  may 

or may not be  a s s o ciated with should ering of the whorl s .  

'l.'he shape o f  ind ividual spin e s i s  sho�;m in J:t,ig •. 5 c . In some 

c a s e s  each sp ine is separat e but in others a numb er of 

pro j e c t ion s have a common base , culminat ing in the totally 

fused c ond ition found in some she l l s  such a s  tho s e  from 

Vfananaki ( Fig . L�q ) . 

Ornamentat i on is  purely p erio stracal a s  in P . jenkinsi 

( Boycott , 1 929 ) , a.."ld no cal c ium is found in t he sp ines since 

they rema in inta c t  and cont inuous with the perio stracum when 

the shell i s  d e c alc ified with HCl . lt has been sugge sted 

that the peri o stracum i s  a quinone-tanned prot e in ( Brown , 

1 952 ; Degens , Sp encer and Parker , 1967 ) . 

( 4 )  I1aboratory rearing n rogramme 

P. ant inodum wa s reared in the laboratory in order 

that; shel l  form and o rnamentat ion of progeny of known 

parent snai l s  could be examined . Other inve st i gators have 

consid ered that much shel l  variat ion is the result o f  

exp o sure t o  d ifferent environmental cond it ions ( Del l , 1953 , 

1 956 ; Hunt er , 1961 ) ,  and this ha s been ob served in 

Siml imnaea t oment o sa reared und er various condit ions in the 

c....-r . 
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Out l in e  t ra c in g s  o f  s he l l s  showing the var i a t i o n  in shape 

and o rnamen t a t ion in f ive p opul at ion s of P . ant ipodum 

a - c  - P iha Stream 

d - f  - Kahut e rawa H.iver tr ibut ary 
� 

g- i - St r e am by Lake Rot owhero 

j - 1 - Bunnyt ho rp e  ( s t r e a m) 

m- s Makara River 

i 
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laboratory by Boray and l'J1ci\Iiicha e l  (1961) . ln t hi s study the 

experimental s ituation ha s been reversed and snai l s  taken 

from diff ertng environments have be'en reared in the ' - . 

labo:rafory :U:nder - ident i cal· cond i tJ.-ons . Ex:p<.?ri!Tlenta r · p op­

ulat ions were mainta ined for a p er iod of' thre e year s . 

\ i ) o�narnent ation 

Ta b l e  3 summar i s e s  the typ e  o f  she l l  ornamentat ion 
' i ' 

d eve loped by progeny o f  32 sna i l s  from 12  populat i ons . Of :: 

ll.J- smo oth parent snail s ,  nine produced t o tally smo oth young 

and f i�e both smooth and spiny young . .r� o smoo th p arent wa s 

found to produc e only sp iny juvenil e s . O_f 18 spiny adult 

sna il s ,  however , only �t;hree produc_ed all sp iny YOUI}-g , three 

produc ed both sp iny and smo oth young , and 12  produc ed smooth 

young . In a l l  c�ses  snails from natura l :p opula t i ons c on­

s i s ting · so l e ly of sino oth sna i l s  bred true in t:he ' l aboratory . 

A contra st ing situation existed when comparing sna i l s  f rom 

Lake s Paringa and El t awater , both of which are p redom'inant ly 
sp iny in the f i eld . Whereas under laboratory c ond ition s 

progeny of  · the former ·-were pred ·o-rn inarit ly sp iny , three _ out 

o f  four snai l s  from the latter produced only smo oth shelled 

young . 

As snai l s  from d ifferent populations wer·e  reared und er 

iden� i cal },aborat ory C.OD:d it ion s it __ _ i ?_ i_mp o s s ib l e  to inf e�_ . .. 

environmental influ'enc � s  as the only ' faqtors d e t e rmining_ <­

she l l  ornamentation . Thi� must therefore have a genet ic 

b a s i s  (s e e · p .  92 ) .  Re sult s ·  o f  a more compreh f:m s ive rearing 

exp eriment are summari s ed in Tab l e  L� . Al l of t he P1 _· 

g enerat ion were _ taken from Ma s sey Pond which con s ists  s o l e ly 

5 . 



TABLE :S .  
Re sul t s o f  labora t o ry rearing of snail s showing developm ent 

o f  sh e l l  ornament at i on . 

PoDulat i on 
Shel l  f orm 
o f  Parent 

Shannon Sp iny 
1 1  " 
11  " . .  I f  11 

I f  1 1  

tl 11 .. 
1 1 ' 1 1  

1 1  
�: · 
· • . 11 
. i  

11 Smo o t h  . ,• 

1 1  1 1  

fl?o r angahau Smo o t h'  

Tir it ea Smo o th 
1 1  1 1  

Makara Smo o th 
1 1  1 1  

" n 
1 1  Sp iny 

Tokomaaru Smo o th 
1 1  Sp iny 

�handallah Smo o th 

Par ing a Sp iny 
rr  " 

'Elt awat er Spiny 
1 1  S l i ght 

. .  sp iny 
1 1  Sp iny 
1'1 1 1  

Otaki Sp iny " 11 

Ea stbourne Smoo th 

Franz Jo se f Smo o th 
r r  . .  1 1  1 1  

Ohau · smo o t h  
' 

. . 

J11venil e s  
Smo o t11 

6 
49 
25 
46 
LW 
25 

6 
7 

30 
28 

20 

79 
- 25 

22 
10 

3 
5 

6 
-

10 

-
2 

-
25 

56 
15 

16 
16 

5 

1 3  
9 

12 

ri • on 1 n v  

-
-
-
-
-
-
-
-
-

. -

-

2 
-

1 
1 
3 
2 

> 1  
14 

-

18 
3 5 

17 -

-
-

-
6 

-

-
-

-
.. 

Sh e l l  f o rm in 1 . . � 
Na tura l HRb itat Hab ltat 

Al l extreme s Dit ch 
from strongly 
sp iny t o  smo o th 

.. 

' 
. .  

Mixed Di t ch . .  
Smo oth d ominant Str eam 

Mixed she l l s  St ream 

Mixed IJowland 
river 

Al l . sm o o th Bro ok 

Almo st al l Lake 
sp iny 

Almo st all Lake 
sp iny 

Mixed St ream ' ·, 1 

Al l smo oth Trickle 

Al l smo oth Stream 

Mixed Lowland 
river 

*Hab itat clas sificat ion aft er Elt on and Miller · ( 1954) • . . 

26 . 



o f  parthenoge-net ic f ema le s '  and in whi ch smo oth and sp iny 

she l l ed snail s are pre s ent in approximat e ly e qual numb e r s � 

All gene rat ion s were kept und e r  id ent i cal exp erimen t a l  

c ond i t ions and a c on s idera_b l e - amount o f  var i at ion in she l l  

o rnament at ion wa s f otmd between ·  the progeny o f  s ib l ing s , 

and between generat ions . ·  

·rABLE 4 .  
Re sul t s  o f  l aborat o ry re aring eip eriment s u s ing partheno ­

gen e t i c  femal;� s  taken from Pond A,  Ma s sey Un ivers ity Campus . 

Smo oth she lled�: Smo o th 35 
Adult ;:. Smo o th 37 

� Smooth 4 3  
f::lmo o th· - . ... 

_ S� iny �2� 

Sp iny she l l ed� 2 1  
Adult - 20 

S ID? Ot'a 
sp lny _ b 

c 
- d 

e 
Sp iny she l l ed � 56 smo oth 

Adult � 3 sp iny 

Sill---? 4 3 
SID4 1 2  
sm � 5 
sm � 6 
sin� 20 

F -2 

smo o th · 
sp iny\: 

c 
smo o th 

sp iny� a 
smo o t  b 

c 
smo oth 
smo o th 
smo o t h  

- smo o th, -
smo o th 

sp '-! � sp iny 
smo o th 

sp ---?10 sp iny 
sp ---? 2 2  sp iny 

SP --733 s p iny 
sp-�10 sp iny 
sp -7l6 sp iny 

LJ. smooth she l led--?9 2 s mo o th� a sm4 25 smo o th- a sm � 11 smo o th 
Adult s - 'b sm -? 24 smo oth 

( i i )  Shape · 

c - sm � 3 5  smo o th 
d sm � 27 smo o t h __ - , 

· e srn -7 20 smo o th 
f sm-7 8 . smo o th -, 

In c ontrast t o  r e sult s obtained in o rnamentat ion 

inheritan c e  experimen t s ' it wa s found thiJ. t  overall she l l  f o rm 

.(s i z e , ·whorl c onvexity and proport i on s o f  she ll . parame t e r s  

27 . 



but not shouldering of who rl s ,  which i s  apparent ly l inked 

with spin e · d evelopment ) ,  of youne� snails  c l o s e ly r e s embled 

that o f  the parent . This held for snails . from 12 widely 

d iffering hab itat s ,  reared und er the sane environmental 

cond it ions . . Range of she ll variation betwe en daught er snai l s  

i s  slight and l e s s  than that f ound in sampl e s  o f  randomly 

s e l e c ted adult snai l s  from the original .  hab itat s ( Fig . 12_�, ) . 
It therefore seems unl ike ly that. environmental . change s. which 

!� 
may o c cur in the hab itat will r e sult. ·in immediate , large . . , . 

scale .pheno typic  change s  in she l l  shap e . in t he . immed iate ly 

following generat ions . 
..... 

(b ) :El\!lBRYO SHELL 

The e mbryo she ll .. i s  the pro t o c oiich · of the fre e-living 

snail , and i s  frequent ly of dif ferent d e sign ,  t exture a,nd 

c o l our from the adult snail . Oft en mo l luscs with s i�ilar 

adult she l l s  have different pro t o conchs which can th�refore 

be of . con s iderab l e  a s s i stance in determining relat i onship s 

( Powe l l , 1957 ) . Even in clo sely re lat ed . sp � c i e s  th<? . she l l  

api c e s  may o f t en be  d iffer�nt , probably due t o  diff erent 

modes · of ·development ( Dall , 1924) . Berry ( 1943 ) , d i sfus s ing 

t he Michigan Hydrobi idae , considered the . shape a.nd · po s � t ion 

of the pro t o c onch to be one o f  the best taxonomic characters  

o f  the shell . 

� Po tamouyrgus the she l l  ap ex i s  often broken , 

s everely eroded o r  encrusted in o lder shel l s , . but a s  an 

embryo the she l l  is s emi-transparent .. and _ . .the ;ygun!S �ol lusc 

is visib l e  in out line within i t . Ther e i s . no . ornamentation 

26 . 



on the she l l  but tran sverse growth rings are vi sible . 'rhe 

embryo ·. she l l  ··p o s se s s e s  one and a hal f  whorls when re l ea s e d  

from the parent ' s  bro od pouch · and in :older snai l s  i s  not 

d if f erent i�t ed from later d eve loped : shell . · 

When the d iamet ers of the int ernal half o f  the ap ical 

who rl ahd the who l e  · f irst whorl of e mbry6 · shel l s · o f P .  

ant ipodum are plot t ed in histogram form ( Fi g . 8a ) - � a s ingle 

p e ak is obtained in each c a s e , and the d i stribut ions are 

approximat e ly norma l . · hiore variat ion ' is  f ound in · the f irst 

who�l ; a s  by this t ime - mor e growth has o c curred and there is  
.�.. . 

more room for · ind ividfta l variat ion � The range of -�ea sure-

ment s ' fotmcl in . four . . populat ions is  given b el ow . 

· PoDul at ion 

Lake Rot o it i  
- (Nel son )  

Lake ·  Pupuke 

Mt . Vfuar i t e  

Lindi s Pa s s · 

No s .  o f  she l l s  
measur ed 

10 

10 

10 

10 

• lst 

. - �  . 

-� 

half whorl 
microns 

l � ' .. 

15 ;... 20 

12 - 25 

12 ..;,: 25 ' 

20 - 25 

1 st whor l  
·microns 

\ ... c•i 1 ;  , '  
····�. . . - .. . 

33 ; - 35 · 

25 - 35 

·28 . 40 

, · 38� - 50 

It i s  c lear-- that almost a s  ruuch variation in s i z e  can 

o c cur within · a s ingle - p opulat i on a s · b�tween . all populat ions , 

and· that ne ither qua l itative ' characters , nor whorl' rnea s·ure- �­

ment s are ·o f - value in · di stingui shing taxonornically • d is t inct 

( c ) OPERCULUM 
., . ' . : . 

'l'he str1.tcture of the ; op erculum has · b e en widely us ed a s  

a t axonomic charact,er · in gastropod· · cla s s if icat ion ,' but it 

app ears t o  have he en of . .  :1 i t't l e  value in s eparat ing members 

29 . 



o f  t h e  Hyd rob i i d a e  b e l o w  the gen eric l e ve l . Be rry ( 1943 ) , 

c on s id e r in g  t h e  Michigan Hyd.rob i idae , regard ed var i a t ion in 

t h e  fo rm o f  the o p erculum wit hin a sp e c i e s· a s  b e ing t o o  

g r e a t  f o r  i t  t o  b e  a � e l i ab l e  chara ct er . However , i t  d o e s 

he lp t o  s epara t e  subfami l i e s , and C o t t on ( 1943 )  produ c ed a 

k e y  t o  what liub end ick ( 19 5 5 )  c a l l s  " the 1 3  s o - c a l l ed g en era 

o f  A.u s t ra l ian Pa lud e s t r in id a e " , l ar g e ly ba s ed on o p e rcular 

chara c t e r s . 'r :. · 
•1 

Hyd r o b i id. op e rcula were d e s c�ibed by S t im:p son ( 1865 ) 

a s  l i.k e  t ho s e  o f  the , Ri s s o inae ( = Ri s s o idae ) ,  in b e ing sub­

sp i r a l , and n o t  provided \Vi th a pro c e s s .  He d e scrib e s  the 

o p er c ulum of l'o t amopyrgu s  s imp ly a s  c o rneou s . Sut e r  ( 191 3 )  

d id n o t  e lab o ra t e  o n  thi s s t a t e ment , but Pond e r  ( 1967 ) ha s 

p r o v id e d  a c l e a r  f i gur e o f  t he o p e r culum o f  P .  ant ipodum 

and ha s n o t ed t he p r e s en c e  o f  a ca lca r e ous sme ar c l o s e  t o  

the c o lum e l l a  edge . 

·rh e  f o l l owing more d et a i l ed d e script ion i s  ba sed on a l l  

mat e r i a l  e xamin ed i n  thi s s tudy . 1' erroinol ogy u s ed i s  that 

o f  Pond e r  ( 1965) . 

Th e o p e r culum ( Ji'ig . 14b ) i s  flat , thin , s emi-tran sparent , 

c o l ou r  range ye l l owi sh - g o l d en - brovm ;  oval t o  ear shaped ; 

t he sha p e  and s i z e  depend ent on that of the �he l l  ap e rture . 

Nuc l eu s  sub c ent ra l ; sub sp ir a l  growth l in e s  c learly v i s ib l e ; 

n o  d i s t in c t  mar g inal are a ; l e ft end more p o in t ed than 

r i ght ; o u t e r  margin more s t rongly curved than inner ; mus c l e 

in s e r t i on area ind i s t in c t ; a narrow , c l e ar ,  qua si 

c r e s c en t i c  area ext ending over ha lf the length o f  t he 

op erculum i s  pre s ent c r
"
o

.
s e  t o  the inn er margin . The c larity 

3U. 



( a ) 
.(b ) 

FIGURE 14 

Radular t e et h  

Op e rculum ( out er s id e ) 
( c - e ) Embryo s h e l l s  

( f ) An ima l ext end ed ( ven tra l ) 
( g )  Head

. 
p igm entat �on ( d o r sal ) 

A bbreviat ions 

c c entral t t entac l e  

l - l at eral 

im - inne r  margina l 

om - out e r  marginal 

e a  - c a l care ou s smear 

c l  c l ear are a 

m - mouth lobe 

mg - mucous gro ove 

ap - ap e rture 

g - granu l e  

op p o s ition of 
o p erculum 
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of this  are a i s  somewhat variable • A small , irregularly 

shap ed ,  calcareous · 'smear i s  usually present t o  the right o f  

the nucleus .  The ext ent and d egre e  o f  calc ification i s  a l so 

var i a ble but it i � . clearly visible when the op erculum i s  

vi ewed · with t op l ighting aga iri st a dark ba ckground . 

The ope rculum i s  o f  no value in d i st in-gui shing the New 

Ze aland spe c i e s  of  Po tamopyrgus . ·, · , 

� . ! · . •  

( d ) RADULA . 

The s t ructur e o f  t he radula ha s b e en o f  maj or imp o rt ance 

in the cla s s ifiqa,t i
_
on _ o f, Hydrp� iidae part icularly at the 

generic level ( T
-
hiele , 1928 , 1931 ; Wenz , 1 938-44 ; 3t irop son , 

l.S65 ; Pilsbry , 1911 ; Berry , 1943 ) .  ·However , it  ha s been shown 
. • , 1 '  I 1 ' 

t ha t  �6��lderable i�ir��p ee�fic varia t i bn in t o oth morpho logy 
may' :'o c cur. . ( Krull , 1935 ; Berry , 1943 ; Solem , 1 955 ; Muu s , 1 963 ; 

:Oavi s  ,_. 1966) , ( ·?.ne} . t he:r e;f(Jre d ifferenc � s  .found must be eval ­

uat ed with extreme caut ion bef ore the ir taxonomic valu e c an 

b e  d e t e rm ined . 
\ . .  

. . .  l 

The radula o f  Pot amopyrgus is taeniogl o s san , po s s e s s ing 

the typ ical row formula 2 : 1 : 1 : 1 : 2 . .N o import ant dj_fferenc e s  

i n  gen eral tooth morphology have b e en found betw� e-?- sp e c i e s ,  

and repre � ent�tive t'e�·
t ll are ill1.lstrated in J!'ig . 14a . 

Slight variat ions are found jn the p o s it i ons of te eth on the 
: · , .... t . : . 

radular r ib bon with re sp e ct to  one ano ther . Some ind ividual s  

have a. c l e ar spa c e  b e tween the central and lat eral t e eth , 
· . ... , . 

vvhereas  in others no gap i s  f ound . This may vary , even 

3 1 . 



Radular l ength generally increases  with an increa se in 

sna il s i z e  ( Fig . 15) , radul ae of  full-s ized P .  puuoide s 

measur ing up t o  0 . 6rom , whereas t ho se of the o ther two 

spe c i e s  may be up t o  1 . 4mm long . 

J.n all  t hree spe c ie s  radulae of fully grown individuals 

examined po s s e s sed 62 t o  93 rows o f  t e eth ( Append ix 3 ) . The 

rows o f  t eeth are c lo ser together in ·p .  pupo ide s than in P .  

e stuarinus o r  R. ant inodum ( li'ig . l6b) . 

Cusp f ormulae for the three s�e c i e s  are g iven below . 

P .  nupo ide s  

(4-5)- l -(4-5) 9-11 . 21-25 . ( 4- 5 )  - (4-5) 
,_ 

P .  e st uarinus 

(�-4)-1- (�-4) 
3 3 

P .  ant ipodum 

(3-5) -1-(3-55 
( 3- 5 )  - ( 3- 5  

8 - 9  14-19 

7-13 15-32 

29-30 

21-35 

24-48 . 

Re sul t s of a detai l ed study of  cusp variat ion in three 

populations of P .  ant ipodum are pre sent ed in Table 5 and 

];igure 16a . 

Variat ions in cusp formulae are consid erable , part­

i cularly in P .  ant ipodum . Within this sp eci e s  similar sl1el l  

forms  may .have very different formulae , whereas conversely,  

very d i fferent she ll  forms some t imes have s imilar radulae .  

Some o f  the se relationships  can be  examined by. .:reference to  

App end ix 3 and Figs . 3 and 4 .  Muus ( 1963 ) and Davis ( 1966 ) 

both r eport that cusp variat ion is  also commonly found 

within ind ividual hydrobi id radulae , although variant s are 

normal ly a small  minority ( often 2% or le s s ) . Davis gives 



FIGURE 15 ... 

Radula l en�th p l o t t ed aga in st she l l  height 

in 14 populat ions o f  Pot amopyrgus spp . 

p - P . pupo ide s  

e - P . e stuarinus 

a l l  other poin t s  - P . ant inodum 
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.FIGURE 16 

( a )  Numbers o f  serrat ions on inner and out er marginal teeth 

in thre e populations of  P .  ant inodum . ( Twe lve radulae 

examined from each populat ion ; count s mad e from three 

t e eth in each row of each radula . ) 

Ml - inner marginal 

Ivl2 - out er marginal 

a - Pond A ,  Ma s sey Univers ity 

b Tiritea Stream 

c - Ivfakara Hi ver 

( b )  Number of rows of t e eth per unit length o f  radula ( 0 . 22mm , 

in midd l e o f  ribbon) in Potamopyrgus spp . 

So l id l ine - P. ant ipodum ( 52 radulae ) 

Broken l ine - .r . nun o id e s  ( 11 radulae ) 

Dot t ed l ine - P . e stuarinus ( 3  radula e )  
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o f  this a t e a  i s  �omewhat . variable � A small , irregularly 

s hap ed ,  calcare ous · 'smear i s  usua l ly pr e s ent to  the right o f  

the nuc l eu s . The ext ent and d egre e o f  cal c if i cation i s  a l so 

var i a b l e  but it . i �  c l early vi sible  when the op erculum i s  

vi ewed wi th t op l ighting against a dark background . 

The operculum is of no value in d i st ingui shing .the N ew 

Zea land spe c i e s  o f  Po tamopvrgus . 
l· · ., 

�f 
( d ) RADULA . 

, ' ' I • � . • ' 

·, · ; 

The structure o f  t he radula ha s b e en o f  ma j or import an c e  

i n  the cla s s i:fi�at i
_
on . of, Hydrpp i idae part i cularly a t  the 

generic level ( Thie le , 1928 , 1931 ; Wen z , 1938-44 ; St imp son , 

l
.S65 ; Pil sbry , 191 1 ; .Berry , 194 3 ) .  ·However , it ha s b e en shown 

• • • •  · � • ., • • ,.. _ ,  .• • , • • • r ·.: : • • 1 : •• • , •• 

t hat c on� iderab le intra sp eeif i c  var iat ion in t o oth morpho l o gy 

may: :,o c cur, . (Krull , 1935 ; Berry , 194 3 ; So lern , 1955 ; Muus , 1 96 3 ; 

:oavis , _. l966 ) , ;: ·(3.nQ. t he:re�()r:e d ifferenc � s found must be eval­

uat ed with extreme caut ion before the ir taxonomic valu e can 

b e  d e t e rm ined . 
' . .  

. . . ; 

The radula o f  .Potamopyrgus i s  taeniogl o ssan ,  p o s s e s s ing 

the typ i c a l  row f ormula 2 : 1 : 1 : 1 : 2 . .r� o important d ifferen c e s  

in general t o o t h  morpho logy have b e en found betw� en sp e c ie s , 

and repre � ent�ti've teetll are i l l11 stra t ed in ]'ig .  l4a . 
: . 1 

Slight variat ions are found in the p o s itions of  t e e t h  on the 
• ' : • I : � ;  ' '  : • 

radular r ib bon with re spect  to  one ano ther . Some ind ividual s  

have a c l e ar spa c e  b etween the central and lat era l t e �th , 
· . ·, 

, .  

·whereas in others no gap i s  f ound . This rnay vary , even 

within p opulat ions . 
i . . 
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Hadular l ength generally incre a s e s  with an increas e  in 
sna il s i z e  (Fig . 15) , radulae of full - s ized P .  puoo id e s  

measuring up t o  0 . 6rnm , whereas tho se o f  the o ther two 

spe c i e s  may be up t o  1 . 4mm long . 

.ln all thr e e  spe c ie s  radulae of  i'ully grov1rn individuals 

examined po s s e s s ed 62 to 93 rows of t eeth ( Append ix 3 ) . The 

rows o f  t e eth are c lo ser to gether in P .  pupo ide s than in P .  

e stuarinus o r  P'. ant ioodum ( li'ig . 16b ) . 

CusD formulae for the three spe c ie s  are given below . 

P .  nupo ide s  

(4-5)-l-(4-5) . 9-11 . 21-25 . ( 4 - 5 )  - ( 4-5 ) 
,_ 

P .  e stuarinus 

('S-4) - 1-(:S-4) 
3 3 

P .  ant ipodum 

C 3-5) -1-C2-55 
( 3- 5 )  - ( 3- 5  

8-9 14-19 

7-13 1 5-32 

2 9-30 

21-35 

24-48 . 

Re sul t s of  a detailed study o f  cusp variation in three 

populat ions o f  P .  ant ipodum are pre sent ed in Table 5 and 

:B;igure 16a . 

Variat ions in cusp formulae are considerable , part­

i cularly in P .  ant ipodum . Within t hi s  sp ecies similar sl1el l  

forms may -have very different formulae , whereas convers e ly ,  

very d i fferent  she l l  forms somet ime s  have s imilar radulae . 

Some o f  the se relat ionships can b e  examined by .:referenc e  t o  

Append ix 3 and Figs . 3 and 4 .  Muus ( 1963 ) and Davis ( 1966 ) 

both repo rt that cusp variat ion is  also commonly found 

within ind ividual hydrobi id radulae , although variant s are 

normal ly a small  minority ( often 2% or le s s ) . Davis g ives  



'l'ABLE .5 . · : · : · ·, 

SuJDrpary of. variat ion in numbers o f  cu sp s ,  d. ent icles  and · · 

s errat ion s  . on the · radula t e eth o f  P .  ant ipodum from . th.r;e e  

populat ions* . . , . . - . . 
• Population ' 

' Central  Lateral Inner Out er . , 
Marginal ��argina l 

il'Ja s s ey ,  ,I)ond (4-5�-1- (4-5) 
( 3-1+ - ( 3-4 ) · 

Tir i t e a  Stream 

tr;'Iakara River 

' ·  2 
1 ( 3-4) 

-
-

1 - 2 
( 3-4) 

H 4-t)�-1-C 4-2� 
( 3-4 - ( 3-4 

*:sxamina t ion of  ( 1 )  ·rwe lve . . . . 

9 - 11 20 - 25 31  - 47 
' .  

9 - 11 . · 25 · - 35 32 ·. - 45 

9 - 11 21 - 29 32 - 42 

sna ils.  p �r popul,a.t i on , . ··i ·. :·· 

( 2 ) Dup l icat e ()ount s o f  . cusps , denticl  e s  . . . 
and serrat ions on at l east three 

.. .. · •  . I . 

t eeth per . row per radula • 
. : ·  -- ,• . . . ·- · . . 

� 

the · . e:x;t ent o.f - krlb\vn var�ation wit.hin B:vdrob ia t o t t en i  as  

fo l lows : : ; I ; : .. 

(2-2)-l-(2-22 : 6-9 : -10�13 1 - 1 

When this i s  compared with spe c i e s  of Po taniopyrgus , the 

. ' 

var iat ion in cu sp number on the central tooth i s  f ound to  
\ .  ; " . . 

exc e ed that o f  any of the New Zealand spe c ie s .  Cu sp var i-
·. '· . ! 

at i on on the lat eral l ie s  betwe en that found in P .  pupo ide s  
: .  � ; :  . -. . : ' 

and P .  ant ipodum , and that of the margin�l s  can prob�bly b e  
L .  . . ; I 

c onsidered comparabl e  to  that found in P .  pupo id e s  and P . . . 
e stuarinus but l e s s  t han in P .  ant ipodum . Compari son i s  

. . ' 

d i ff i cult her e  b e cause  of the overall reduct iori ' in cusp 
. , . •  ' ·  :, . .  

numb e r  in H .  totten i .  



1 
To - c on c l ud e , P .  pupo id e s  can be. s eparat ed from £:_ 

e stuarinus and. P .  ant ipodum . using radular charayt ers,, ( it 

i s  sma l l e r , and the : rows o f  t e eth are clo ser t og e ther ) , but 

wit hin P .  · e stuarinus and P .  ant ioodum . there_· i s _ suf f i c i en t  

v�;riap i l i ty in shape , , cusp! . f ormulae, , and radula- she l l _  rat ios 

t o  ·_ p:revent · _s.pe ci f i c  diff erenc e s  b e ing defined . 

Hut t on ' s  ( 1882 ) cusp formulae for four New Zealand 

t-spe c i e s  n canrrbt , . therefor� ' .. b e _ given-._ .the ' diagno s t ic imp ort-
_.. • • •• • � .  � • • • • .. # • •  

anc e  ·he gave . . them . The . minor , variat;ions in to oth sl;lape : :  

shown _in 11i s f igure s, appear t_o hay e. pe�n · prgQ.uced : by , orient-
. 

at i on .of t h e  radula for illu stratJ9n- rat{ler -than _ ,py .true : 

struc�ural d ifferen ce s ,  and the radula d imension s  he provided 

are a l l ;_ t o o  large � , : Pond er 1 s  ( 1967 )  f igure o f- the _ ra(].ula of 

P .  ant ipodum i s  al so inaccp.rat e .  . The . c_e_r1tra.l - t o oth :is some-

what. d i st o r t ed with exc e s sive ll long and narrow ba�a� : �  

proc e s se s , - !  and ;rn;Lsplac'ed _ basal cusp s ,  ar1d the latera l  shows 

- t o o  few· d en:t i,_c le s  on the cu:t;� ing : �9-J�;e � : 

. When radulae of P .  ant iD()��m and , P .  e stuar inu s - are 

compa�ed w ith t_h9 s e o f  t}le 11'uropean _ P . j enkin s i  d e sJ�rib ed 

by -Wo o_dvvard ( 1892 ) and Krull ( 1935), (new" mat erial a l so 

examined ) · sP,ape of t e eth , . cusp·. formula e , radula l ength and 

:JJ.umbers . o f . rows o f  t e eth a:re all - found tq, . lie  within : the same 

rang� . .. Woo dward stat e s  . .  that the lat erals do n o t  pro j ect 

b eyond the c entra l s . but . are -�lear pf _them , .al tlwugh in the _ 

New _ _ Zeal:and _ sp e�ie_s .both . cond�.t�ions . oc<::u:r: • • . It; _ s� em?_ : , like ly 

that furthe r , stud i � s  o f  the_ J.:'adula _ o f _ P .  · ;jenk in s i  �o.u).d _ show 

the exi s t el). c e  pf more variat ion than P,as been re, cord ed . t o  

date. •. .  • ! . J ·:. 



The Venez uela n sp ecie's pla ced in Potamopyrgus by Baker 

( 1930) d if f er fro m t he New �e� la nd spe'cies · L11. · -t he shap e of 

t he o ut er marg inal t o o t h  and . by ·t he po sse ssio n of a peg on 

the lateral t o o t h  of t he rad. ul a .  ·i;hese, and other anatomical 

d iff erences suggest t hat they do not in fact bel o ng in 

Po tamopyrgu s. - - - ·  

( e). EXTERNALS ,OF ANIMAL ( Fig s . 14 f and g) 

· The ext einal· mor pho logy of t he t hree· sp ecies= · is ident ­

ica l , '  excep t' .for di,ff'erences in size, and·. int ensit·y ·o r  head 

a nd rnari.t le· p igmentat ion. · The· fo llowin-g d escr ipt ion a pplies 

to:  a ll three · specie s. .• .' .  l ' · . . · .  

'I'enta cle s lo ng:. a nd slender ; clear , ·wit h bla ck pigme nt 

distr ibut ed as . in � Fig .  14g . Eye s vvit h prominent . p igment 

cups, in bul ges at ba ses of t enta cles. Ro stral pigment 

distribut.ed· in 'f ine L 't.r.a nsver se hands, dark and ·evenly dis­

per sed in P .  punoide s a nd' ·p • · . est uarimis but 'o ft en· light'er 

a nd more varia b1 e  in· P .  · ant'ino dum . ·� }lo ut h  lob es whit e ; · . 

normal l� �ith grey cr esce nt i c  markings dor sally . Pigment­

a t io n  • of hea d; behind .l evel o f  t he eyes always dark . Buccal 

ma ss oft en vi sible dorsa lly near t he·· ba se of t he ro strum. 

Fo b't :bro a d, · gre·y ; : wit h  a , st ippled appeara nce, roun ded 

po st er iorly, truncat ed a nt eriorly, the ant er ior margin · 

nearly .: straight :, ·� t he a nt ero -la t eral angles somewhat 

a ur icul'a t ed • · .:The . a nt er ior muc us slit is promin ent a nd 

ext ends t he width o f·. t he · foot .· · .. Mant le ,skirt black , with 

a· well. -def in-ed,. .p.ale ·, aht er id'r margin. Large: ·numbers · of 

shini ng whit e': " gratniles" are f o und in the · foot · and p'ale 

35 . 



mant l e  edge , _ and frequ ent ly in the mouth l ob e s  and tentacle s 

c l o s e  to the eye s . · They do not appear to b e  d i s tribut ed 

in an organized manner . S imilar 1 1 gr�ul·e s "  have . been - · , · 

d e s cr ibed - by Davi s ( 19�6 ) . in the . t i ssue s o f  H .  tot t en i .  

Rob son ( 1 920 ) ha s n o te� c on � id erable variab il ity in 

c o l our and p igment at �on o f. , r . . j enkinsi , - and - Warwick · · 

( 1.952 ) h��-1 sugge sted that it may exist in . thr e e - strain s , ·  

d if fering in rn.mtle . pigmentation .  a s  we l l  a s  she l l  shap e . 
�f 

Heywood and Edward s ( 1962 ) , however , con s id.er that lack 

o f  - p igmentat i on . in some p opulat ions of . P . ,j enkin sL i s  · . · . . 

prqbab ly a phen9typ ic re sp ons e - . t o  environm�mt a l  ,condition s . 

Bo th - B'ret t er and Gra)1am ( 1 96 2 ) _  and Ivluus · ( 1963 ) _ state that 

head p igmen�at ion i p  d i s t inct ive in different �uropean 

sp e c ie s  o f  Hydrob ia , and is a useful a id in ident ificat ion . 

The ir r e s p e ct ive f igure s  are . co.ntradictory , however , and do 

n o t  c onvinc ingly support , this view . Davis ( 1966 ) . has also  

n o t �q ,_ ���t he ad p igmentat ion - of  H. .  tott eni is  d i stributed 

in a . d i s t :in c t ive _ _ ma.:nne.r , . a) though _ it _ may ,_ vary in inten s ity . 

No , _, c on s i st ent spe c if i c  d, iff eren ce s in p igment d i stribut ion 

_ have b e er1 f ound betwe en .N ew Zealand sp ec i e s o f  Potamonyrgus 

and within P .  ant inodum no corre �at ion: ha s . b e en , found 

b etwe en p i g:rnent int en s ity and shel;L ;fqrm � 

( f )  REPRODUCTION 
- ( l ) , Sex rat i o _ 

. . .. ,... . . . . . 

I i • 

' . 

· In Europe , p opulat i()ns . of P .  jenkinsi · normal ly : exist 

a s  p arthenog enetic fema l e s and only a s o l itary mal e · ha s  

b e (:m r e c o rded _ (Pat i.l ,_ 195.8 ) , from the .River '.L'hame s -, in 
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England . S imilarly � · the .New '0ealand 11 spe c ie s " · o f· · . 

Po tamouyrg1.1s . have · b e en a s sumed to b e  :partheno genetic 

� Ponder , 1<)64 ) , apart from 1? . buno ide s which Pond er f ound 

t o  have normal b i s exua l reproduct ion . 

Th e pre s ent,, inv e st igat ion has. shown that in New 

Zealand , �ot amonyrgus by no means c on s i s t s  so l e ly , of part­

henogen�tic  fema le s , and in fact ma l e s  are r e la t ively ' common 

and pre sent in 'al l  three spe c ie s .  Why mal e s  have not 

p r eviously b e en recognized ·  is no d oubt part ly ·b ecaus e · o f a 

l a ck o' f  int ere st in the l iving'. animal · by earlier workers ', 

and al so  . o e c ause .. the penis of the ma l e  i s  not'  immediat e ly 

v i s ib l e  when . the .an imal j_ s withdrawn from its she l l . It is 

l'lidden beneath . ·�the . mant l e  edge . which must be fo lded ba ck 

b e fore it  ·can be s� en . 

A . pre l iminary invest i gat ion,. of sex -rat io s was mad e ' 

by e)famining s ix t o  10 individual s· from 63 ·populat ion s . of 

P .  ant ipodum , f ive populat ions of P .  · e stuarinus·: and· thr e e  

'populat ions o f  � .  uuuo ide s .  Ma l e s  were found · · 'in al l 

:p opul atfori s' of th� two' latter spe c i e i  and ln 24%- 0f the 

P .  ant inodum · populat ions . 

· Re sult s  of · a mo re c omprehen s ive inve stigation are · ' 

pre sent ed in Tab l e  6 .  · Male s  were found in nine · of · the· · 24 

p opulat ions:  o f  ·� . ant ipodum examined , and in seven o f  the s e  

they const itut ed l :e s s  .than half. o f  the total samp l e . In 

P �  e s tuar inu s the s ex rat io approximat ed 1 : 1 . and · in P .  

pupo id e s  femal e s  predominat ed in a rat io of abbut 3 : 1 .  

Con s id erable  variat ions in sex rat io have also b e en 

r ecorded in Hvdrobia ulvae by Rothschild l l938 ) . : .In the 
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hydrob i icl s  Poma t i ops i s  c incinna t i ensis and P . · lan idaria , o f  

·which ext en s ive c ol l e c t ions have been examined , fema l e s  out -

number ma l e s  by 1 . 7 : 1  and 2 . 9 : 1 re spect ive ly (van d e r  Schalie 
, ·  . .-, I . 

and Dunde e � ::- 1955 ; Dund e e , 1957 ) . 

In some populations o f  P .  ant i1)odum from Vle st Coa st 

lake s s exual d imorphism with r e gard to shel l  he ight ha s b een 

foLmd , f ema l e s  attaining a great er size than mal e s . This is  

c l ear ly ind ic£:t ed in Table 6 by c omparing the sex rat i o s  for 
f( 

large and med ium- s i zed sna ils in t he se p opulat ion s . S exual 

dimorphi sm in hydrobiid s  ha s also b e en noted by Dunde e  ( 1957 ) 

in Pomat ion s i s  lapidaria and by van der Schalie and Davis 

( 1965 )  in Oncome l ania formo sana . 

( 2 )  Male reproduct ive system ( Fig . 17) 

The gro s s  anat omy of the ma l e  reproduct ive sy.stem is 

id ent ical in a l l  three species., and closely re semb l e s that 

o f  P . . jenk in s i  de scrio ed by Pat i l  ( 1958) . The t e st i s  l i e s  

i n  the upver whorl s o f  t he she l l  on the colume l la s id e , and 

from it ��i s e s  the vas deferens , a narrow , highly _ con­

vo lut ed tube with a thin , muscular wall . · It pa sses  through 

a large pro stat e gland embedded in the tissues  o f .  the 

v i sceral ma ss at the post erior end of the body whorl , and 

f inal ly runs forward on the. head , close to the skin , t o  the 

p eni s , op ening at it s t ip . 

No proximal - d ilat ion of the va s deferens , as  de s cr ibed 

by Pat il , and sugge st ed as a seminal ve sicle , ha s be en 

found . The vas deferens o f  mature individual s  in all  three 

spe c i e s  i s  normal ly crammed with l iving sperm throughout 

it s l ength . Thi s  give s it a conspicuous white appearanc e . 
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FIGURE 17 

( a ) Diagrammatic  re presentat ion o f  mal e  reproduct ive syst em 

( b )  Sp erm 

( c-d ) Po sit i on of P,enis on head 

( e ) Pen is ext ended 

( f ) Penis c ontracted 

( g- s )  Pen i s  shap e in pre serv ed spe c imen s 

( t )  Sect ion o f  vas . d eferen s  containing sperm 

Abbreviat ions 

p - penis 

p r  - pro stat e 

t - t e st i s  

v - va s d e ferens 
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TABLE 6 .  
Sex rat i o s  d e t e rm in e d  in samp l e s  o f  Pot amon-vr F.':U s  spp . from 
30 l o ca l i t i e s 

F'o pulat ion Numb er in Fema l e  ��-�a l e  % 1 fl  1 SamP l e  r - 0 h-8. e 

( a )  P .  an t in odum 
Wa i t omo Str e am 
Lak e Pupuke 

l l  T l  

Lake Taupe 
JJak e Fukak i 
Avon River 
Makara River 
Lake Par inga 

11 11 

Gre-en Lake 
Lake Wa irarapa 
Hokowhitu Lagoon 
Lake Tut ira · 

Lake Wai:J.ap o  1 '  ..•. . .  � 

Lake Ianthe 

1 1  1 1  

· Wa ikat o R iver 
( Camb r id g e ) 

1 1  I f  

I. in ton St r e am 
Ohau F'ond 
Kahut erawa River 

( tr ibutary 1 )  
( tribut ary 2 )  

Pond A ,  
Ma s s ey Un iver s ity 

Pond B, · · · · 
Ma s s ey Unive r s ity 

Dannev irk e ( d it ch) · 
Tirit e a  St ream 
�a i o tap� ( stream) 
P iha R iver :8 
(b)  P .  e s tuar inus 
VJa ikat o .River E 
Have l o ck

-
( r iver ) E · ·· 

Heathc ot e River E 
Huia Stream 

( :Oe c . ) 
( Aug . ) 

( c )  P .  pun o id e s  

E 

E Pl immert on 
Have l o c� l i{�� r )  'E 
Wananaki E 

lOO - · · 
89 

57 
lOO 
lOO 
lOO 
lOO 
lOO 

3 1  
lOO 

50 
lOO 

50 
lOO 

20 

40 
30 

30 
200 

50 

lOO 
84 

) 500 

> 500 
50 
'-1-0 
50 
50 

50 
50 
50 

. 40 
60 

40 
; . 50 

.75 
y,, .!:I expo s e d  t o  brack i sh wat er 

59 
61 

36 
lOO 
lOO 
lOO 
lOO 

91 

15 
lOO 

50 
l O O  

50 
70 

19 

19  
:2? 

27 
209 

50 

lOO 
8L� 

_Al l 

Al l 
- 49- '  

37 
• 50 I 

3 3  

. 27 
32 
29 

18 -
2 5  

36 
36 
57 

' L�l 
28 

21 
0 
0 
0 
0 
9 

16 
0 
0 
0 -
o · · 

3 0  

1 

2 1  
3 

3 
0 
0 

0 
0 ·  

0 

0 
1 
3 . : .o 

17 

23 
18 
21 

. . 22 
35 

4 
14 
18 

4-1 
3 1  

37 
0 
0 
0 
0 

- 9 

52 
0 
0 
0 
0 

30 . 

5 

52 
10 .  

10 
0 
0 

0 
0 

0 

0 
2 

7 - 5* 
0 

34 

'-l-6 
36 
42 

55 
58 

.1 0  
. · 28 

24 

No t e s  

Large sna il s .  No 
sexua l. _ d i morph i sm . 

Sma l l  sna i l s .  

Large sna i l s  only . 
Seiu a l  d imorph i s m  
found .: _ 

Med ium s i z ed sna i l s . 

Large sna i l s . Sexua l  
d imo rphi sm f ound . 

Large sna il s . S e xual 
d imo rphi sm f ound . 

Med ium s i z ed sna i l s .  
Large sna i l s . No 

s exua l  d imorphi sm . 
Med ium s i z ed sna i l s . 

• 
, .  



Sp erms have a s l end er conical head and ! a l ong , lash-like 

t a i l  ( Fig . 1 '/b ) , and are all o f  the one kind . The ir . 

d imen s i ons ·. ( l iv ing ) are given . in Table 7 in which corn-

pari son ; is mad e  with . the · · sperm of P .  ,j enkin s i  and H .  ul vae . 

1'ABLE 7 . 

Dimen s i ons of spe rms of New Zearand sp e c i e s  o� Potamonyrgus 

compared with t ho s e · o f  two spe c i e s  o f  European Hydrobiidae 
t:' -· 

Sue c ies 

P .  ant inodum 

P .  · e s tuarinu s 
' 

te.  DUDO ide s  

P . . i enk in s i 

R ;· ulvae 

To t a l  JjenP;;th 

(, . 

(microns ) 

110 · 
140 

. . ' . 

110-:-120 . 

: 40 . � 

. lOO · 

. .  

He id Len�th Referenc e 
( microns) ' 

3 Thi s  study 

1 1  1 1  1 1  . . ' · 
_ , :  . 1 1  . 1 1  1 1  

L�-6 Pat il ( 1958 ) . 

·- ? 1 1  1 1  

The · sperms of the
.

New Zealand spe c i e s  are cvmparable 

in length with tho se o f  ·r·L ulvae but · two · t o  four time s t he 

s i z e  o f  tho s e  d e s c r ibec( . for p :� . ,j enk iris {. ·. As the sperm · of 

P �  j enkinsi wa� ob s erved in sect ioned �ate�ial, how�ver ; 
it i s  po s s ib l e  that the d imension s  given are not a go od 

. ' I , ; '• 

ind i cat ion o f  the ir lengt h · in life , a s  it i s  po s s ible· · that 

wax emb edding c ontract s ' the sperm tail s in a similar way 

that it contrac t s chromo some s ci.s indicated by Burch ( l960 ) . 
The penis ( verge ) i s · situated on the right side o f  the 

head
' .

berieath
. 

the mant l e · edge • . · It i s  s impl e  ill f:orm , .  · taper­

ing at it s tip : and bears no acc e s sory ·lobe s .  It thu s  

c lo s e ly r e semb l e s  the penis of P .  ,j enk in s i  figured by Pat i l  
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( 1 958 ) . In l ife the p en i s  is c o l ourl e s s  and s e mi-t ran s lu c ent , 

the vas d e f erens b e ing vi s ible wit hin . lt i s  capab l e  o f  

c on s id erab l e  cont rac t ion and expans ion , and when c ontrac t ed 

the wa l l s  n e ar it s bas e have a s omewha t t e l e s c o p ic app e aran c e , 

and the vas d ef eren s b e c o m e s  strongly convo luted . In pre-

s erved spe c imens the shap e and orientat ion of the p en i s  tend 

to vary c o n s iderably , and usually it be come s so mewhat c o i l ed , 

e sp e c ia l ly at the t ip .  Fig . l7g- s i l lustrat e s  the c ondi t i on 

o f  the pen i s  in a numb er o f  pre s erved sna i l s . Hi st o l o gi ca l ly , 

it i s  similar to that o f  P .  jenkin s i .  

A s  a taxonomic chara c t er , t he ma le c opul atory organ ha s 

b e en c on s idered by Berry ( 1943 ) to be mo st r e l iab le , and he 

found that differen t  sp e c i e s  of Mi chigan Hydrobiidae had 

c hara c t e r i s t i c  p e n i s  stru c ture s ,  which para l l e l ed d if f e r en c e s  
--' 

in the ir radulae . By contra st , ·
� 

.N ew Zea land spe c i e s  o f  

Potamopyrgus have s irnp}e n on-lobat e copula t o ry organs whi ch 

are o f  no value a s  spe c if i c  characters . 

,.- , ( 3 ) Female reproduct ive system ( Fig . 18 ) 

The structure o f  the femal e reproduc t iv e  system d iv i<). e s  

the N ew Ze aland sp e c i e s  o f  Pot amopyrgus int o  two d i st inct 

group s which po s s e s s  maj or d i ff erenc e s  in the form o f  the 

l ower s e c t ion of the oviduct , and i t s  a s s o c i ated gland s .  

( i ) P .  ant inodum 

The ovary i s  s i tua t ed on the co lume l lar s ide o f  t he 

d ige s t iv e  gland in the ap ical whorl s and r ea che s a lmo s t  

t o  the t ip o f  the sp ire . It has a whit e ,  rather lumpy 

appearan c e  when mature , and contra s t s · strongly in c o l our 

with the browni sh d ig e st ive gl and which ha s a st ippl ed 
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:B'IGURE 18 
( a ) Diagrammat i c  renr e s entat ion of the f emal e  reproduct ive 

syst em of P . e stuarinus and P . pu-o o ide s 
� � . 

' (b ) D iagramm�t ic r epre sentat ion of the female reproduc t ive 

sys t em o f  P . ant inodum 

( c ) P . ant ipodum - animal removed from shel l · 

( d ) T . S . empty bro od pouch o f  P . ant ipoclum showing po s i t i on 

o f  spe rm gro ove 

( e )  T . S . " spermathe cal duct " of }J . e stuarinus 

( f ) Developing e gg o f  P . e stuarinus at the L�- cell stage , 
. . . . 

t aken from the lumen o f  the cap sule gland 

( g ) Egg cap sul e o f  P . e stuarinus 

Abbreviat ions 

ap - fema l e  opening t o  dg - d igest ive gland 
pal l ial cavity 0 - ovary 

cp - cap sule gland st - stomach 
ag - albumen r;land me - mantle cavity 
sd - " snermathe cal duct 11 r - ro strum (� p a l l i a l  oviduct ) f f o ot 
be  - bursa c opulatrix m - musc l e  
r s  - r e c ept aculum s emin i s  e c  e gg cap sul e 
od - oviduct bpl - brood pouch lumen 
bp - bro od pouch 
sg - spe rm gro ove 
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app earance . 'l'he oviduct leading from it i s  s l ender and thin 

wa l l ed , but its  wa l l s  b e come greatly thickened in th e reg ion 

o f  the bur sa copulatrix and rec eptaculum s emini s .  Ant erior-

ly , the r eproduct ive system con s i s t s  o f  the pal l ial oviduct 

whi ch has a prominent , c l early demarkat ed gro o ve , the sperm 

chann e l , on its ventral surface . In immature individua l s  

the thin wal l ed lower oviduct i s  circular in cross  sect ion 

but in matur e sna ils  it b ecomes  great ly enlarged and d is-
' �-

t ended t o  fo rm a bro od p ouch within which over lOO embryo s 

in var ious stage s o f  deve l opment may be found . 'l'he sp e rm 

channe l l e ad s direct ly t o  the very large bur s a  copulat r ix 

and the smal ler r e c ept aculum s erninis . Ho th normal ly 

fun ct i on t o  store sp erm � Pret t er and liraham , 1962 ) , but must 

have l o st t hi s  funct ion in parthenogenetic  individua l s . 

J:.i'ret t e r  and \iraham sugge st tha�
-

the wel l  d ev e loped bursa 

c opulatrix of P .  j enk in s i  may act as a wa s t e  dump f o r  exc e s s  

egg CaJ? sul e  secretions . :3urround ing t_he p o sterior wa l l  o f  

the brood p ouch are a promin ent albumen gland and a mucus 

( shel l )  gland . The singl e  opening of th� pallia l  oviduct 
' . 

.. 

i s  s ituat ed clo s e  t o  it s ant erior extremity . The cond it ion 

found in P .  ant iDodurn agre e s  with that found in P . . j enk ins i  

by Pat i l  ( 1958 ) and Fretter and Graham ( 1962 ) , but 

c ontradict s the c laim o f  Krul l  ( 1935)  that in P .  jenkins i  

tlter e  a r e  two openings t o  the ext erio r ,  one from the brood 

pouch and one from a phys i ca l ly separated sperm chann e l . 

Reproduct ion o ccur s throughout the year . 

( ii )  P .  e stuar inu s and P .  pupo ide s  

In the se two spe c i e s  the form o f  the female syst em i s  

identi c a l  and d iffers markedly from that o f  P .  ant iuoduro in 
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the stru cture and funct ion of the l ower sect ion which is 

dominat ed by the strongly · "d evel oped cap sule ·  g l8.:nd . : >  The · ' . 

ovary , po s it ioned as _in P .- ant ipo dum communi'cat.e s· vvith ' the 

oviduc t ' a t  the ' ' l ower end ' o f  whi ch the bursa c opulatrix 

a.rid ' r e c ept a culum · s eminis  are situat ed. . These  are . o f  
' . ' 

s imilar ·s iz e  arid shap e to  tho s e  o f  - p �  ax1t inodum but in 

f e rt il i zed . ind ividual s the re c eptaculum semirii's ha s a vivid' , 

whi t e  app e aranc� , given t o  it  by ma s s e s  of  spe rm packed 

iris id e . Bot h  the se  divert i culae are outgrowths of the 
1 1  sp er:ffia the c a l  du ct 11 - ,  _: ·a . .  stra ight : tube ·w ith · � . IDUS<?Ular , wal l ,  

s imi lar· in cro s·s " s ect ion t·o 
.
that o f - Pomat io-o s i s  -lapidaria 

figured ' hy Dunde e' ( -1957 ) . It op en s to • 'the ant erior o f  

the mant l e . c av'i ty . The tl spermath.e c a l  duct 11  i s  compl etely 

s eparat·e · from the: , c�p sul e' . gland ' 'above . : Thi s · i s  unl ike. " 'the 

c ond ition found in H:vdrob ia , wh�re -- t:he cap sul e gland' ' forms 

the pall ia l  oviduct ' vd th the 11 sp ernia'.thecal duct n ' running 

along i t s  ventra l surfa ce only partially s eparat ed by 

l on g itudina l f o ld s  of t i s sue . · At the p'o st �rior - encf of the 
. .  cap sule gland , and immediat e ly in f ront ol the bursa 

copulat r ix ·- is  the smaller a lbumen gland who se · lumen i s· · 

c ont inuous with · that o f  the cap sul e gland , and - al so in 

communicat ion w i-th the " sp ermathecal duct " below .  Although 

the exac t  c our s e  o f ' the eggs through the syst em ha s not 

b e en firmly e stab l i shed it  s e em s  c ertain that the capsul e 

gland d o e s  not funct ion a s  a pall ial oviduct . Evidenc e  from 

s erial s e ct ions ·indicat e s· that 'it ha s no arit.erior opening 

t o  the mant l e  cavitY nor any connect ion · with the -" sperm-

a thecal du·ct " belovi . · Also , develop ing eggs have riever 



been found in i t �  lum�n . � Eggs (up to the e ight c e l l  . stage 

o f  developmc�nt ) have , however , b e en fou,nd in the · lumen of 

the album en gland · from which it i s . as sumed · they pa s s  dot-m 

i.n.t o  the ' ' sp ermathecal d.uc t " ,  which a l so acts  therefore 

a s  the pallial  ovidu�t . . Thi s situat i o� is  similar t o  that 

found by van d er Schalie  and Ge t z  ( 1962 ) -in Pomatiops i s  

c incinnat iens is , in which the " spermat pecal d uct " i s  s epar-

ated from the ac c e s sory gland s  and func tions as the p a l l ial 

oviduct • '  · 

The eggs of . P . e stuarinus and J? .  pupo id.es  re semb l e  

tho se of, : the terre strial hydrob i id Pomatias e l egan s figured 

by. , Fretter and Gra.ham ( 1 962 ) . They are sperical· with a 

granular app earanc.e , po s s e s s  a thick ( l5f) ,  striat ed , 

f ibrou s- looking she l l , have no o rgan s o f  attachment ,_-. and . 

are l a id. singly . Egg s  o f  P .  e stuar inus have a diamet er of 

about 200 )). , . whereas . tho ,se of. P .  pun o id e s  are larger , and 

about 370� .  · · '  ' , .. 
Gametogene s i s  has b e en ob served in c o l l e c t ions o f  

P .  e stuarinus mad e in . January , f,!�a.y , _  August , _  �e�t em? er and 

D� c e�b er ,  and. i t  t herefore seems ,proba,ble that it o c. cur s 

throughout �he year . . Le s s  is kno�m regard ing P .  pupo ide s  

but f emal-e s , conta ining developing ova have b een ob s erved 

in spr ing and summer . 

( g ) CHROMOSOME NUMBER 

Squa. she. s o f  rna.l e and femal e gona,d s from all  three 

- sp e c i e s  were examined t o  d et ermine chromo some . numbers . 

Int erpretat ion of ovarian material \'la s no t , easy . a s . the 
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ma j or ity of nuc l e i  were in int erphase , but t e st i s  s qua she s 

included numerous c e l l s  at various stage s o f  spe rmato­

gene s i s · and could be r e ad ily int erpret ed . · Chromo some s 

c ould b e  d i st ingu ished with some diff iculty in early pro ­

pha s e  and were mo st c l e arly count ed in lat e prophase and 

m·et apha s e . In a l l  thr e e  sp e c i e s  the d ip l o id numher 2n=24 

wa -s found and ma l e  gamet e s .: po sse s s ed the hap l o id comp l ement 

n'= l 2 . 

·· Rhe in ( 1935)  report ed the diploid chromo some number · .'. 

o f  P .  ,jenk ins i · from Europe to be 20-22 and Sander son ( 19L�O ) 

f otmd .Br i t i sh spe cimens. t o  have 36-44 chromo somes .and ·· " 

sugg e st e d  that they may b e  a tetraplo id " race " derived 

from the Cont inental d ip l o id " race " .  Bo th the se  ob servat ions 

were . mad e · on sect.ion ed mat erial , · and: ·Patter son ( 1967 )  ha s 

ind icat ed the need for mo re exact stud i e s  using - s qua sh 

t echnique s before the s e . f igure s  can be :conf irmed . 

In his . review o f  chromo some numb er_s in the · Streptoneura 

( =Pro s obranchia ) , .:Pa t t e r s on ( 1967 ) l i s� s  haplo id. numbers f o r  

10 · sp e c i e s  o f  Hydrob i idae in the genera · Pomatiopsis , 

Onc omelania and Rydrob ia . The se all · l i e  within the range 

16 t o  18 . He a l so stat e s  that in fami l i e s  or gen�ra where. 

there · i s  chromo somal number va.::t:'iation , thi s variat ion i s  

u sual ly not more than ± two bivalent s , al though a maximum 

variat i on of 12 ha s b e en found in the. p l euro cerid genus 

Semi sul c o snira , and e ven a. variat ion of s ix within a 

s ingle · ·s-pe c i e s  o f  the D.:luricid Furnura . · · A s a rule ; chromo­

some ·  numbers in the r:>tr.ept oneura tend t o  be conservat ive , . .  

a s  they are in · the E'uthyneura (=Op i sthobranchia + Pulmonata ) 



l C' � r \ 
-1.. • .'\.) ? ) 

:mJ. c r , j_ f i"' nv •.· ' s i  ::n i f i c .:_;:� c e  

n I. r- r' l• ' r  - n t r- +- .• 1 p _{' <::] C +J t l_i_ ;_·! t ·-l' • ·_:-.1• p C OI. L ,) .::: .�•:, V :;0• '- .' '.) V 1.. -· - -

i s  t he l o:· "' � t o f· ..., ] 1 . '· ··' . � '--' - . 

the hydro b l icl s 8:�a.Flined t o  d .:d; e , 2. s ,  a :1_ t bou8-:h :.::\J.rch ( 1 '�-{-· 5 )  
f o u.nd that t!1e lo •: · er  .. ; r·ou;) s o f  _.::;ut hyneura no s s e  8 S <.? ::l :t o·rer 
nu mb e r s , I� t t er son t l SG� ) ha s f ound t h2t in �any c a s e s i t 

in ' :;tl"' e 1J t o n eura . 

f'.:'.:y st en , o f' 8. 11 t hre <::: :c� - ; e c i e s  i s  e s s c�nt i a. l ly t he f::'.C3. rle c:md 

s h o \�J s n o  s i :;:;n if i c D nt :l i fi' e r en c e s  froiJ t he s i  tu,� t ion 

exa� ineJ , nut only 15 in � ·  uuo o id e s . 

1 . 4�:: 

In r e c ent years a t t e�pt G  t o  u s e  

'J.. l'l t --:. �r: o ·,'l_ r-._ ·,·.-, ·l l. C '._•, + •,_J • l l' •".· '·"' ·l.·l r_._,·_ · .• r -; ·; · , .? ,_,_-. -.• ' ,_._1:"'. _._-_. '.": v: ·i -;-: :, -.. - "> ··, ·· r ·,· tl ' . •· =- - - ' I \J '-' • .,; o:; -. .. L ,-:o, - · • - - v - • .. - , ... . _;· _ _  , :: < ! e G:re .3 s  O :L 



o n l y  i:!.1 ·. � : r' ·" ·:yv ':TtQ Ci i f' i i" T' <.: r·:'j"! , -:;-. )' P ;l ·:.� ·l;' :'1 ]'1 'T . ,  1 ). , , .. . . ..... - "" - .... . , . .  - ._, _ . _. • .  . , I . • . •• 'f 

numerou s ! :IOd i :f i :=; r r:; , r.1an�r o f  \Th iGh e �·: e rt �� h e ir e f f e ct i2.1 a 

o b � c c t iv e  t h�n n r2 c i s e  anat a s i c s l data D h en it c o m e s  t o  

c o�ua r in� taxa in t e rm s  o f  ge n e t i c , o r  phyl o ; en e t i c r e l a t i o n -

shi1J , un l e s s  t he fact o r s  und er c o n s id e ra t i on s.r e  k.JJO ',·'lll. t o  b e  

l l0 ''10 l o r o ,J '"' ( D ·" �,.. -·L ,.., ··1 11'" T l' ·ncl c:.· ..., v _ • • . . r-:: . . :> t:J. V .  C":l -: • .  - .... l _ _  J - .._ •:JC"l.. f ' 1 967 ) . '87 t he m s e lv e s  h i o -

c h e mi c � l  d if f er en c e s  d o  n o t  d e f in e  t axono m i c  c a t e ; a r i A s ,  but 

�ben c on s id e r ed a l on3 w i t h  anat o m i c a l  and cyt o l o g i c a l  d a t a , 

t h e  O i o c l1:3 D i cn. l  sub :::. t an c e s  -r;h i cl'l have b e en e -.<:;,l_!.!! hl 9cl f o r  t a �·: -

onom i c ; ;'l f o rn"J. t ion in q n il:la. l f; and n lant s a.re a.m in o  a c it'J. s , 

·l) rot; s in s , i'a tty a c icl. s ,  c a.rb ohycira. t e  s ,  a H::a l o id . . s ,  cye.n O (" e n e t  i c  

s1J.b :,:;t a:n. c e s ,  -::>ll eno l i c  sub s t an c e s , q1 .1 ino1v : s , end t erp en o icl s  R. :3 

\'. e l l  a s  

] o�·l ;;: ) - ·  .i .... _) • 

s r; r o l o c.: i co. l  Ftnc1 iurm .. m o l o !.}: i c a l  c1 a. t a  ( Al ston a.ncl �i ... urn er , 

In taxonomic stud i e s  on ;· � o l lu s c e. , the t e c hn iqlJ G S  o f  

·o .:: ·o er- end i o n- c :·;. c hF.Lll.f!:G chrom3. t o r�:rar;hy , cl i :::. c - :=md i:mmuno -

i mmuno l o r:,:y , ha,,-8 b e en eou l o y ed. in e:·:an ins.t ion s o f  b l o od , :::: ::.�c , 

.?.nd f o o t  pro t e in s , blo od. anc;_ e h e l l  amino a e id G ,  and b ody 

Ji:U C U S . Th e v2.lu e o f  t h e s e  t e chn i qu8 s ·n.a s  been r e v i eY.:ed by 

In thi s stud y , body 

�J cus , fr e e  A�ino a c id s  in f o o t  and mant l e  t i s sue , and the 

� ·t- "  '·· n - , .. , . -· f ....,�, .-. . , . . +· .1"• ·"'"·T . . , ·:. ·.•  ., a·•·l'f- o -· 11 , ,,.n.y · <=�·"· '· i'l. O . . : l C J . .ll O .L ,. ! ,;o. u lO Tl .. · .. ·- · ,_ 
!'-'· .. ·· · ' C , ,._ ,, ..... . L ... . 

/.j. · � ·' • 



mu s c l e  o f  s e v e n  s p ec i e s o f  l Gnd sna i l s  and o b t � in e d  

char a c t e r i s t i c  u l tra-v i o l e t  f luore s c e n c e  and a b s o rp t ion 

p a t t ern s f o r  e a c h  sp e c l e s .  

d i s t in gn i s h3.b l e  tl�om e a. c h  o t he r , and sho•.7 ed n e i th e r  g o o -

g r a p h i c  var iat i on s , n o r  d i f f e r en c e s  when t h e  sna i l s  � e r e  f e d  

s p e c i f i c  f luore s c en t  p a t t e rn s  fro m sna i l  muc u s  and f o o t  

t i s su e  I: r e p ara t i o n :=. , �md. , ,rip.;llt ( 19 59 ) in a s t ndy o f  t h e  

c nr o mc.•. t o ::-ra":lh i c  p a t t e rn s  o f i' l'LJ.o r- e s cent su b s t an c e s  i n  s p e c i e :::. 

o f  L hmR. e a  f o Lmcl t l1a t i t  "S'a s t r1e o o dy Ducu s , n o t  the s l ime 

tra i l  l't1U C U S  '.'.'hich f2;a '·Te  the pat t e rn , j·: e  8 1 :3 0  o b t a ined 

c on s t ant p at t erns f o r  d i f f erent sp e c ie s ,  G l t h o u sh in a l a t e r  
� ·�-ua·' , r  ( · ·-· ,� l· ::: · h t ] 0 6. 1 1 · )· 0 V ._} '\ . .J.. :=: �l. , - .  ,/ .-,. ' h e  :i:'Ol)lld a. 771arJ.:•8d. d e g-r e e  o f  v a r ia t i on 

in � a � t G rn b e t� e en d i ff e r en t  pouu l a t i o n c  o f  th� m o rpho -

sp ;:: cl..l l a t ed tb.a t  chr o :.na t o gral) b. i c  ") a t t e rn s  uay r eure s ent ::n o l' e  

c b R ra c "c e r s  in r; en e r a l  u s e . · ;_;·hr: nat'lu� e o f  the f luo r e s c ing 

: w  b E�rt s o n  ( l �;')'? ; ·ha s c-::1.J fs �� e  s t ed '(:; !J a t  s o :::1 c; i' l u o r e s c in r� sub -

s t o_n c e s  r.my t)O [Uu ino - su ·��ar· s ,  and- i � a ::-.2, 2w1 0 2.n�l. Y o s i z 8.V!8. 

and �a l a c t u r on i c  a c id fro� sna i l  cu cu s �u c in . 

�hroma t o sra� h l c  ana ly s e s  o f  f r e e  eDino a c i d s  h 9ve h e e n  



i a t e rn r s t e� a 3  hsv ins t o � onooic s i gn 1 f i c on c e  h a v e b e m1 !o\md 

t n El 1 1  u::G b (� :c o f  c h <:: rn • .i." .. .  ;: '.': i s ( l �· ) : ·· ) f o ·!::.n:l t t1 <:1. t ;,m :::: c 1 e s · o f  

amino ac id s s o m e  o f  whi ch s e eL t o  b e  sp e c i e s 

: '.u z za t i- 'J;a.ve r so ( 1953)  o b t  8. int=:!d con t:.t8.n t n.nd cl i s t in ct i v e  

p a t t e rn s  o f  am ino a c id s  and f lu o r e s c ent sub s t an c e s from 

t i s ::a1 e s  o f  � e n e t i c G. l ly kn o �::n stra in s of Dro son h i l a  

rne l an o P:a s t e r , a l  thouch the int er p r e t at i on o f  h i s  r e su l t s  

ha :=·. 11 8 en que r i ed s i n c e  b y  A.l s t on and 1l'urner ( 1 1:)63 ) .  Ba l l  .s.nd 

'=: l ark ( 1953 )  obt :.=l. in ed fre e 2.m ino a c id d i ff e r en c e s  from t he 

bod i e s  o f  the m o s o u it o e s  Gu l e x  ou ingu e fa s c i a tu s , C .  tar s a l i s  

and C .  :=. l; igr!lA. t o  s ome. , and c on c lud ed that pnp e l� chrorna. t o gra:phy 

o f  ami!lo 3.c id s iJ i��ht o f f E�r. nn ad(J.. it i ona l 8.nd u s eful m e: thod 

o f  d e l in e a t in!;; s p e c i e s d. i f feren c e s ,  or o f  ind i c at in ;; phyl o -

'�� enet i c  r e  l a  t ion shi :p s . > i c2>: s  ( 1954 )  a l s o app l i ed arJ in o  a c id 

c l1 r OJ::la t o :;ra:')h;}' t o  a study o f  c 0r t a in r.Jo B qu i t o  sp e d. e  s t:ib ich 

� e r e  d i f f i cu l t  t o  separa t e  on mor9ho l o � i c a l  ba G e s  and he 

obt a in e d c o nvinc ing d i f f eren c e s .  Lat er � i cks ( 1 956) 

obt a ined d i s t in c t iv e  d i f f e ren c e s  b e tw e en c erta in llenip t e ra , 

D i9t era and Ortho�t era , at the ord ina l l eve l , and a l s o  c ould 

d i s t inc:u i ::1l1 b e tvJ e ·:on t b.:r e e  ::;enera o f  c o ckroache s but no t 

o e t\•J e (:m  sn e c i e s  within a s in rd e  •;enu s . i?ob ert s on ( 1957) 
.. .. � -

o bt a ined d i ff e r en c e ::; in chro�a t ogram po. t t ern s b c�t�,veen 

17 sp e c i e s  of Co l e out e ra , Lep idop t era , Dipt era and 

Uym eno�_) t e r a , al thouch lH� f ound that the ana ly s e s  Dere 

and a� u lt st a � c s o f  some sn e c l e s .  He c onclud ed that a s  

. l  



o sraphy O f  t h i s k ind i �  a VR luah l G  taxon o � i C  t o o l . 

In t h i s  stuC y ,  fre e as in o  a c id 0a� G ern s f r o �  m o l lu s c an 

f o o t  r.m ::o c� l e  .3.nd r-:8.n t l e  s1;: i r t  ·t; i s sue b a v e  b e en s:-:an i n e d . '31ll�C; 

f o o t  � u s  c ho s en a s  the �rimary s o ur c e  o f  ma t e r ia l  a s  i t  1 s  a 

fro11 t he v i s c eral ma s s , and i t  i s  an o rgan c h a ra c t e � i s t i c  o f  

t l1e phylura ;O : o l lu s c a . 

'.i'b e  u s e  o .C a m in o  <":� c ici s i.' r om :mo l lu s. c an !3he l l  �)ro t e :U1 

f o r  phyl o :T en c t i c  a.'l.d taxono m i c pur 9 0 :2 e s  i s  a v e ry r e c ent 

d e v e l opment , and pr e l ir::J inary :=. t'L1C.U e s  :naire inrJ i c <'3. i.; c;d t ha t  it 

c o u ld be o u s e fu l  t axonom i c  t e chn i que ( De gen s , l OG7 ; 
Gh i s e l in et a l . ,  1967 ) . The mo l lu s can she l l  i s  produ c ed 

by s e cr e t i o n  o f  p r e cur s o r s  f r o m  the ep ithe l i a l  t i s su e  in 

s� e c ia l i z ed ar e a s  of the mant l e  and �ay c on s i st o f  seve ra l 
l aye r s . Th e  out e r  layer o r  p e r io ctracu� i s  n o t  c a l c i f i e d  

and ov er g5 � i s c o �p o s ed o f  pro t e in ( De sen s , 1967 ) . It  
G e t s  8. S  a pr o t e ct ive ov.t e :r.· coverin 3 .  - �'h.e inn e r  laye rD o f  

t h e  she l l  a r e  c a l care ou e.  and i n c lud e D. pro t e inac e ous  J:}CJ.t rix 

p hE u:. e . ;rh f; U...!J. C ;.3. l c i f' i e0. i � !l:>.. t r- i::  i s  la id d own extra. c e: l lularly , 

and only a f t e r  i t  i s  f ormed i s  ino rgan i c  mat e r ia l  f r o m  the 

m1.d e r l 27 i n s  t i s sv. ·2 iD c o r·p orat ed into the she l l  ( Gh i s e l in et 

s. l . ' l ��6'? ) • Tn '.' yt i hl. S c e.. l i forni anu s t h e  o rsa.n ic 1IIB. t r i?: 

r e p r e  s E: n  t s <.'tbou.t 1 . :- o f  e a c h  rr. in e ra l i z. e d  she J. l  l ayer (1-::are , 
A s  . . - f '  ' . 

t 1 ' t  a op e c 1e s 1 s  a e  1ncc , 1n par , )y 1 · s d i s t in c t  

� en e t i c  c o mno s it i on d if f e r iu� fro m thnt o f  o � h er sp e c i e s , 

'- ) (_ .' . 



d ivergen c e  b e tw e en soe c i e s  would h a  d i s� l a yed in a d iv 2 r c e n c e  

o f  m:· o t e in C O i'll) O s i t ion . 1-r o t e in s  a r e  ehari"!. e t e r i:?·. ed b y  t h e i r  

ind iv idu a l  amino a c i d  s e 01enc e s ,  and by emp l oying i on­

f·x c t, an p; e  c h r o ma t o �;ra-c-Jh:y que.nt i  t a t ive e r:it i m at e s  o f  the all\ in o  

a. c i d !'J Dl"' e f,ent c an. b e  obt a ined , d i ff e ren c e s  in va lue s thu s  

obt s. in8d b e ing ind i c a t ive o f  (1 i f f e r e n c 8 s  il1 p r· o t e in 

c: o D�;> o  s i t  ion . 

ln t h i s  inv e st iga t i on , amino a c id ana lys e s  of 

� e r i o stra c a l  pro t e in have b e en made but t h e  m a t r i x  o f  the 

c a l c i f i ed sh e l l  ha s not b e en examin ed . �eri o s tracum wa s 

c ho s en for t w o  m a i n  r e a s on s ; 

( a )  It i s  e a sy t o  obt a in relat iv e l y  larfte que.nt i t i e s 

o f  ma t e r i a l  c mm a r e cl vdth r:J in iDa. l  <J.!il01-m t s  o f  ma t rb:: :Prot e j_n . 

( b )  3he ll ornam ent a t ion i s  p eT' i o str11 c a l ,  and 

c o: '12?0J r i s o n s  of aPino P.c id c on:r� o :s. i t ion o f  smo o t h  ano. sp iny 

sh e l l s  i s  o f  int er e s t . 

LJ�'rEODS 

( a )  � �u cur:; f luor e e. c en c e  

Fr e sh f o o t  t i s su e  vm s cru shed o n  a she :� t  o f  ' '!batman 

n o . l f i l t e r  pa, er w i t h  a gl a s s  rod , mak ing a c on c entra t ed 

sr.,ot ( 6 ia12.eter u p  t o  l . O cm) , l - 2 crn from on e edg e . A numb e r  

o f  sry o t s  1:;ere prepared on ea c h  paper , u p  t o  2 0  sna i l s  c o n ­

t r ibut ing t o  e a ch sp o t , and w e r e  dr ied thoroughly in a 

curi·ent o f  ?Jarm a ir .  Bu t ano l-ac e t ic ac irl-1-'·' '=-' t er ( lCO : 2 2 : 5C 
v /v/v ) v:a s u s ed f.?, s so l Vl�nt , as :c e c o l"w:J end ed b:.r :U.rl: et a l . 

( l ? 5L� ) .£1_nr:l . ·.l:r i ?ht ( 196-4- ) . i:· a.pers  ':! ere d eve l oped by 



e iFl o f  a. ro.m , t he p <:t p e r  v.Ja s d r i c cl , �md e:-::2. � ·: L:J.r:: c'L .f o r  f luo -c·-­

e s c e n c e  p a t t e rn s  u s ing an u l t r a v i o l e t  l amp , w i t h  a a zda 

1 2 .5w E.:e r cur:y va}) OU r  bul b . ,���am ina. t i o n  o f  p;O! [J e r s  prepared 

for f r e e .::.uJin o a c id ana l ;:,n:: i s  (L . e t hod s b) '· : e J.' G e. l s o  e '�8.I '1 in ·2 il 

for f lu o r e s c en c e  pa t t r�rn s . ' L'hF: f' o l l o•.'.;inf�: s:J e c ie s  ·,,,· e r e  

exaiJin e d . 

r o t B..ll'OD:YI' ><:U s ant ioodum , }' .  0 St'\.l.3..r i ·rnJ. :; , '!:' .  DUO O icl P. S , 

i\: e lanoo s i s  t r i fn. s c i a t a , r.a t ia n e r  i to  icl e s , :) j. Jal imn g e a  

t omeD to s a , ih" s a  fon t in.a l i s , He 1 ix a spe r s a  :?J.1·:l a.n un id en t ­

i f i ed l ima c i d  s lu g . 
( b )  Sre e  a� ino a c id s  

J'r e e  a_Tn i:n o  a c id s j_n f o o t  wus c l E: n.nc1 ns:.nt l e  t i s su e  \"i 8 J:' e  

e :n:tr.linec1 qua l it at ive l y  b y  d e  .s e end in �� p 8)) e r  c bro m.3. t o graphy . 

l o o t  and ::i<:=:.n t l e  s k irt o f  e a c h  f:.n a i l , ;::,ncl the f o o t  .::md r;l<:ln t l e  

t i s su e  wa s t hen p l a c ed , s epara t e ly ,  o r  t o g e t h e r , in a c o n t r i ­

f u s e  tube con t a in in g  a f ew d rop s  o f  d i s t i l l ed wa t e r . Gp t o  

2 C  f r e s h ly !·� i l l e<.i. sna i l s  r:e r c;  u s e d  in e a c h  9 re pa.ra. t i on . 

J t  vTe. :o; iLJp o r t s.nt t 113.t only a. min hJ(il a.r:2o1mt o f  ·,_,_at ei' "V:G. s 

add. e d  t o  � h �  sna i l  t i s sue s o  t b a t  th� prepara t i on rema in e d. 

r e lat ive ly v i scou s and con c e n t rat ed , y e t  � a s  f luid enough 

t o  a l l o� e a sy app l i c a t i on to the pap e r . 3na i l s  were vu l ­

ver i z ed tho roushly i n  the a ent r i fuge tub 3 � ith a c l e an 

gJ.a s s  rod ,  and �ere then � en t r i ru scd f o r  5- 10 ninu t e s . 

end . .�. e v e r a l  ::: ·po t s  G. S Vf(->. 1 1  :.1. s s t anr5.ard r e f eren c e  a mino 

�p o t � ing �a s carri ed out 



-c'r a c :i.n �- s  o .f u l t ro --7 i o l e t  f lu o r0 ;: c en c e  :F1cl r� h :::. o r-o t ion .,, a t t crn s 

ob t ::1. in ed by chrOH'J. t o �T<3.1J h in;; s que. she s o f  f r 8 s h  f o o t  'i lli s c l e 

, . , ""  l · e ·L-. ( l nn . ? ?  . r:.. n 
....... ..J • ..__. '-i • .__ ,__ • •  ·" '- ' 

o u t l in e s  f a int . 

Jo lven t ;  bu t 8� o l : a c o t ic a c id : 
·v !· -·ju \ 

I V \• ,' • A 1 l s�o t s  y s l l o= ; 

1 . �hysa f o nt in n l i s  

3 ani 4 . �e l ix a s n e r s a  

) · L a t i3. rr e r i t o id e s  

J .. bbr e v i -3 t  irm s  

o ·- o :.: i c-· in 

s f  - � o J .vent f ront 
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t l1 e t hr e e -;ru l mon:::. t e s  J: . f o nt inal i r..; , L . n e "'"' i t o i d e s and 

s � o t s  i d en t i f i e d  a s  l ys in e , g lyc in e , a l an ine , :) ro l in e , va l in e 
::tncl l eu c in2 ·- e r e  b t · n � r; -'-'n"' 1 "'  � t  t ·· ·o ,... O ,,. P I:; l. "" "' "'  b e · o _ a l. ·..; �  , G '-· ,_. c , . "" --' � ·'- ' · "'  ln.c;s 
ly fa int . .  :�. ty p i c a l  c l:ro;·::J t o ::ra�3 i �:o  sh o�';n in l>' i ·� . -? 0 , 

( c ) ��� i n o  Cl, c id s o f  -:> e r lo s t r a c a J. n ro t e in 

fa ir-

The E ? e c i e s  cou l� n o t  b e  d i s t i��u i s h e d  by quan t it at iv e  

exao inat i on o f  t he ir � c r i o s t r a c � l  � ro t e i n a� i n o  � c id s \ � i ch 

a r e s i:u i la r  in a l l  s o e c i e s  and D o s s e s s  a b. i E· h  d c r::r e e  o f  

in t ra. - s 9 e c if i c  var ia t ion . 

-. 
1 t f 1 n t P.r'l l_· n ':'c:"' b l e I_:{ t e s u _  s o ana y s e s a r e  nr e s e  - - � _ (n . 57) . 

T ·o c a l i l:; i e s :::md she l l  fo rM s  o .f sna i l s  e:� a :r in o d  a r e  s �ovm 
b e l ow . 

JaiiD l c  n o . 

l 

2 a  

2b 
�) c.. C 

3 

5 
6 

7 
8 

-�pc c i e s  

r= . nu.n o id e s 

L- . e s tua r i nu s  

1 1  

1 1  

1 1  

P . an t in o cl um 
1 1  

1 1  

1 1  

1 1  

:::o l l e c l:; ion 
l o c a l i ty 

.'. anan a l< i  

1 1  

1 1  

Heathc o t e  

Dnnnevirke 

311 .? 1 1  f o r .-:1 

1 1  

1 1  

1 1  

1 1  

1 1  

�ake Pupuke 30 iny 

\'J'o.an(5are i .Fa l l s  � -_ixed smo o t h  
and sp iny 

Lake Tu t ira S�o o t h  
1 1  1 1  S-p iny 

--(epro du c ib i l  i t y  o f  r e s ult s i':'a s  t e s t ed on tVJo s amp l e s  

o f  J:? . e s tua r inu s f r o m  Hu ia ( -rab le 2. , i:Jo s . 2a , 2b , 2c ; p . 57 ) . 

Jhen ·two i d en t ical run s were ma:-l e  on t he same sam-p l e ( 2b 
and 2 c ) , t h e  mean var i e t  ion b e t we en ar:J ino acicl va lu e s  VJa s 

55 . 
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Fre e anino 3 c id oa e t  e rn s  ob t :j l.n orl on C (li'OTJa t o r:;r;=r?b in� f o o t  

--�u ::o c l c  c;_nd • ;i :1.n t l e - cd "_; e -c i s sue s i'rom f o ur � D e c i e s  o f  i_ra st ro ooda . 

�o lvent ; bu� a n o l : a c e t i c a c id : �a t er ( 3 : 1 : 4 ,  v/v /v ) . 
1 . �'llY'.> a fo'1 c in2. l i s  ( fo -J t ) 
2 . Lqt ia � e � i t o id e s  ( f o o t ) 

, ,  
--,· . t o tanonyr• us ant ino� um ( fo o t )  

Abb rev i at ion s 

a l a  - ;:� l an lne lys - lys in e 

· : ly - dyc ine o r o  - nro l ine 

l cu - l : uc ine vu l - val i n e  
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" - 0/ r c • 6 , raTl '\e 0 0  ' ... O . l-6 . 3°/ ) . 0 0  

J l . -1- , ( ?  d ,..,, ) . .  O C £1. _ .L  lJ J . d3. 8.D . c. O  

The m ean vRr i a t ion b o t �e e n  

Th i s  var i a t i on in c o rp o rat e s  d i f f e renc e s  b e t we en H p e c i n e n s , 

and errors intro d u c ed by d e c a l c i f i ca t i on , c hr o ma t o graphy 

a nd rt a t a  hand l in s . 

· · ar1 :ed rJ i f f e re n ce s i n  art ina a c id c o n c e n t ra t i o n s  ''' e re 

f ound b e t 1.ve en H1..1 i a  C:J.:nd 3ea t h c o t e  samp l e s  o f  :2 . e s tua r inu s , 

g lyc in e , pro l in e , tyro s ine and pheny l a l an ine b e ing �r e a t ly 

r educ ed i n  the l a t t e r , � he r e a s � o s t  o t hA r s  showed c o r r e sp ond -

in� in cr e a s e s  in prop or t i ons . Valu e s  for F . uuo o id e s  

c o rre sp ond ed c l o s e l y t o  t ho s e  o f  ,:, . e stuar iDus f r o m  H1...:.i a ,  

a l  t hou>3h tyro ;;: in e  ,_'.'a s marked ly l o ·  .. v .  A 'i.'ic:. e rang e o f  va r i -

a t  i on v'R C 2 1  s o  f ound i n  F . 2nt in o c.um , :=md no r e  la t i on s h i:D 

b o t-:;;;e en G :::.' ino .=1. c id c on c en t ra t ion , and sb c l l o rn.ar:; '2 nt a t i o n  

u • q s  a np aront . �h is i s  c l e a r l y  d emon s t r a t ed by conp � r in3 t h e  

e ·:>: t r e ne s l.le l l  fo rm s  r e pr e s e n t e d.  by Lake .Fupu:.(e ( 5 ) and 

Dan� e v irke ( 4 )  s a m� l e s . L1 the s e ., :::i t h  the s :<: c ·3Dt ion o f  

t .7-ro :=:.ine  ( h i gh e s t  in sp iny Lal"C e  Fupuke s e. �'l p l e  �� re l8. t i v e  

p r o p o  t i ons o f  amin o  a c id s  a r c  o f  a s im i l a r  o rd e r . Th i s  

s i m i l ar i t y  i s  c l e a r l y  d e mon strat ed in Tab l e  S ( p . SS ) � h e r e  

9 r.-1 ino a c id ra t io s  i n  a l l saT!m l e s  ha ve b e en 2. d j u st ed f o r  

<:· a s e  o f  c o mpa r i s on , g lyc inc b e in g g iv e n  a va lue o f  lC:O . 'l'h e 

p r e s en c e  o f  in c r e a sed tyro s ine in sp iny sh e l l s  i s  pro bably 

o f  n o  s i gn i f i c an ce , howev e r , a s  h i gh c onc entra t ion s are a l s o  

f o und in the smo o th she l l ed P . e stuar i nu s . 

�he f ind in::_: o f  c on s iderab l e  var iat i on in c on c entrat� i o n s  

o f  H. :n ino a c id s  in the p e r i o s tracum o f  l o t e.mo-o:vrr.u s spp . 
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1'/\I3UJ 8 . 

Shell perios tra cum amino acids in three spec ies of Po tamopyrgus . Expressed in par t s  per 
1000 ( 0/oo )  to tal amino a c ids . 

Spec i e s  EUEoides est uarinus a n t iEo dum 

Sampl e no . l 2a 2b 2c 3 4 5 6 7 

W ananaki Hu ia Hea thcot e  Dannevirke 
L.  '.V hangarei L. Tutira Loca1ity Pupuke Falls ( smooth ) 

Amino acid 
As partic Ac id 121 . 4  12 9 . 3 11 4 . 8  109 . 4 149 . 3  133 . 4 126 . 6  114 . 8  117 . 5  
Thre onine 43. �  35 . 1 32 . 0  32 . 1 4 4 . 8  45. 8 44 . 5  31 . 6  48 . 2  
Serine 53 . 4 44 . 3  40 . 6  40 . 1  53. 0 1+7 . 2  1+ 3.  7 35 . 4 50 . 8  
Glutamic A c i d  70 . 1  6 8 . 2 61 . 5  63. 7 86 . 2 73 . 7  75 . 9  52 . 1  74 . 4 
Proline 47 . 8  47. 3 54. 0 58 . 1  21 . 7 23. 9 22 . 6 36 . 2 44 . 8 
Glyc i n e  329 . 3 357 . 0  342 . 2  342 . 3  265 . 9  318 . 8  288 . 9 4o0 . 9  2 68 . 9 
A1i'inine 69 . 8 57 . 4 54. 5 5l o 6  76 . 8  43 . 9  70 . 6 40 . 9 87 . 1 
Half Cys t ine 'l' T T T T T T T T 
Val ine 45 . 0  41 . 4 Y 4 . 2  40 . 1 60 . 2 56 . 4  49 . 8 34 . 2 44 . 3 
r-:e th ionine 6 . 9 7 . 0 4. 9 5. 2 8 . 3 8 . 0  5. 8 1 . 7  5 . 2 
Isol eucine 2 4 . 9 22 . 8  . 21 . 1  20 . 7  27 . 8  26 . 7  28 . 3  17 . 6 29 . 8 
Leuc ine 46 . 0 43. 4 40 . 1 4o . 2  54 . 5  57. 8  57 . 5 39 . 7 55 . 5  
Tyrosine 23 . 7 62 . 4 6 9 . 2  71 . 3  37 . 1  40 . 9 63 . 9 47 . 8 32 . 0 
Phe nylalanine 54 . 9  45 . 3 41 . 2  47. 5 43 . 1  54. 3 51 . 2 64 . 1  54 . 9 
Lysine 27 . 0 21 . 2  49 . 2  43 . 1  34 . 1  32 . 3 29 . 3 33 . 8 4 4 . 2  
His t idine 3 . 9  1 . 8  2 . 9 2 . 1 1 . 3 5. 9 2 o 3  11 . 3  7 . 3 
Arginine 31 . 8  16 . 2  27 . 4 32 . 7 35 . '7  30. 9 39 . 0 37 . 8 35 . 3 

T = Trac e  

-,- ----- - . .  ··---
8 

L .  Tut ira 
( spiny) 

98 . 7  
55 . 0  
67 . 0 
85 . 3 
53 . 6 

205 . 4 
109 . 6  

T 

I 62 . 5 
10 . 2 
36 . 8 
60 . 2 
32 . 0 
45 . 9  
37 . 3 

3 . 11 
37o 3 

5 7  



:-\ :J_ t i o s  o f  1) 8 I' io s t r a c a l  -p r o t e in arii ill O ''l. C iC1 S \'7hGre G';1yc in e = 
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:; D P C i e c:;  -,)UDo id e s  e s tnar inu s  1- an t ip od ulf, ( J. � .... _,. ._ ' 
: :_)a ! :m l e n o . 

,..q_�J ino a c  icl. 

i 
: 

A s n 

:_: er  

G1u 

! .Fro 
I 
i 1 ··Jl :r 
I I 

.· \. la  

} :Jy s 

i �..r a l 

: e t  
! I s o l e'll 

: Leu i i 
: 'iyr 

.1:-'h e  

; l·:_f f3 

! l�f i c. i I 
i ;, '['r,• I �� 0 

I 
I j 

1 

1 3 . 3 

16 . 2 

2 1 . 3  

' --��---�----�--�--� I ' I ! - I 6 7 2a : 2b : 2c  ! 3 I L� 1 5 �---�----r----+----r----r-----1 i I I ' : ! 
� ,... ,-.. 1 � � c_ ' 7 �- 1 1 c 6 �, 1 1 1 1 r. 1 1 3 r_, .JO . L . �) �) , () J _) C , i �) . :._ � -�- . C <-i· _ e L) 

' I ' I I 9 . 9 (; . 4 I ') . 4- ! 16 . 9 j 14 . 'I- 15  . LJ. 
1 2 . 4 1 l . 7 1n . c; \2c, . o 1 14 . q 1 1 5 . 1 
1 q  1 1 1 c..J• C• 1 0  b" 7) ? 5 ? �  l ? � ? -· · . . .... - •  . ......_ ..,. . - , _ '._� , _ 

�,] , 6 LJ) . 6 

3 . [:) 

1 3 . 0 

1 '/' 0 I o . 

1 9 . � 

14 . 5 1 3 . 3 1 5 . 3 � 1 7 . C 2 . 2 7 . 5 7 . 8 9 . 1 16 . 7 26 . G 
100 

2 1 . 2  
'.LI 

1 3 . ? 
2 . 1  

'7 . 6 

16 . ( 
2· . 2 
1 ') . ::... 

lCC lOO 1CO lCC 1CO 

1 6 . 1  1 5 . 9 1 (3 . 6 

'1' 

1 1 . 0 1 2 . 9 1 1 . 7 �? 2 . G 1,... , - , I • r 17 . 3 

2 . C 

(-) . Ll-
l ') ') _ c:_  • L. 

� ') b . ,_ 

1 1 . 7 

17 . 5 20 . 2 

1 . 5 3 . 1 2 . 5 2 . 0 

6 . l l C  . . 4 . .-:: . . 4 (\ . . s 

1 1 . 7 2C . 5 1 3 . 1 1 0 . c 

20 . ? 14 . 0 1 2 . 3 2 2 . 1 

1 ,.., ... c:. . t' 1 2 . 0 1 3 . 9 16 . 2 1(' . 0 17 . 7 
5 . 9 14 . 4 1 2 . 6 1 2 . 3 10 . 2 1C . 1 
0 . 5 0 . 8 0 . 6 0 . 5 1 . 9 G . S 

4 . 5  s . o 9 . 6 1 3 . 4 g , s 1 3 . 5 

1C:C 10C l C O  I 
1 r. ') - '- • L 

30 . 4 ! 
1 . 9 _5 . () 

-� . g l l . l  1 '7 0 1 I • / I 
·') Q 7 I '- . ) 

16 , 0 1 20 , L� 

;'3 . 4 I 16 , 4 13 • 1 

') �-' � ') r 1 '7  <- • '-> \  � · f • r I 
I .-c;· . 5 1 1  :S • 1 1[:?, • 1 \ 

-�-----'-' __ ___,_ ___ .._ _ ____,..__ __ -'-----'----'-----'----'1---��----1. 
'1' = �Vrac e 



TA BLE 10. 

Rat io s  o f a r.1ino acirls of periostracum in various Hollusca a n d  Brachiopoda s e l e c t e d  from t h e  l i t era ture 
for c omparison w i th Potamopyrgus .  All amino acid values are in parts per 1000 . Numbers in 

parenthese s  are l cr  ranges • 

• 
.Re fe rences Present S tudy 

Fo tamopyrgus 
spp . 

Degens ( 1967) 
Gas tropoda 

Mean 

Piez ( 1961 ) Degens ( 1967 ) Hare ( 1963)  Degens ( 1967) Degens ( 1967 ) 

!-lean of of 
9 indivs . 12 spp .  

Amino Acids 
0 . 4 

OH-Pro (0-26 ) 
1 44 

Asp 121 ( 1 31-158 ) 

Thr '+l ( 37-70 ) 
101 

Ser 47 ( 81-126 ) 
Glu 71 ( 119-1 42 ) 

37 
Fro 41 ( 32-43) 

77 
Gly 312 ( 68-87 ) 

89 
!;la 66 ( 81-99 ) 

2 
1 Cys T ""' 
"' ( l-5 ) 

69 
Val 48 ( 66-72 )  

6 
l<e t 6 ( 4-9 ) 

57 
Isoleu 26 ( 49-66 ) 

97 
Leu 49 ( 91-103 ) 

l l  
Tyr 48 ( 9-14) 

37 
Phe 50 ( 30-46) 

'28 
· Lys 35 ( 20-39) i '· · 

( 0-48 )_ ·: His 4 

� ' "32 
.. . ( 23..:45) Arg . ' . ,, 

. : .;: . :_'- .. .. 

Bivalvia 
fmstra1orbis Hean Myt ilus 

of 
glabra tus 12 spp. californianus 

3 
31 

183 ( 1 3-72 ) 
22 ( 8-35)  

35 
91 ( 21-59 ) 
81 ( 10-38 ) 

38 
47 ( 28-54) 

512 
265 ( 391-671 ) 

37 
83 (23-62 ) 

5 
( 1-1 4 )  

30 
32 ( 16-55 ) 

18 
1 (6-56 ) 

15  

35 

21 

52 

4 

15 

12 
( 6-26) 
18 

( 9-35 ) 

30 
( 12-74)  

43 
(24-80) 

20 . . 
. ( 1 4-29 ) 

;,: ,  5, 
(2-11 } 

· . .:. 
27 

( 13-55 ) 

26 
9 

69 

25 

24 

508 

8 

1 4  

32 

4-

13 

9 

155 

10 

22 

17 

' :·":"., . .. · . - �  . :· . .. . �' . \ ( -· . --��--· . . 

,l '\ ...... 

55 . /"" 

. ·7 - · 
• Whole shell protein �naly�e�;· �f. thi·s .· freshwater spec��s ·. 

_.l �� 7�1 't .,. · ,. 

Cephalcpoda Brachiopoda 

1 sp. 1 sp. 

65 

224 So "' 

48 31 

67 lt8 
101 50 

74 49 

132 171  

46 304 

38 1 

49 39 

3 5 

28 11 

41 26 

12 31 

: 19 16 

25 

... 
6 

98 

. ' 

. . -·� 

Jape ( 19 

Brachi or-

1 s p .  

- · 

1 35 
16 

7S 
47 

t::;:> �·-

32 4 

37 

13 

26 

l 

12 

20 

59 

61 

28 

32 . 

64 



r e i n f o re e s  s ii:' i l ""�. r  f in,l. irP ; s  o b t ;:-:'.in c;cl in o t her st 1Jd ie s . llare 

a :1i0 o o. c id c o:,m o � i t ion t; ll an any o ther f� t ru c t ura l un it o f t he 

E hc l l , ;:md. sllm�: r: cl t 11rt t  �·.arnp l e s  .f r o m  t h e  cr ovJi.ng e d c; e , r:r i'ound 

t il e  ·p e :r i f e r:y of a s in s l e  sp e c imen o f  ;_ "'rb i l u s  c a l i i' o rn i c:mu s , 

1�1 27 ve .. r7 from lC)- 1 _5 : )  i l1 n.nm 8 e r s  oi'  l'e s idue s of r 1any 2m ino 

a c icl s . ·: l e :trly d e f in ec'l d i f f erenc e s  in amino :'l. c id c o rn p o s i  t j_ o n  

o f  �) e r io s t r a cu�: b e t'.'ie e n  il:.·.l ividua l s  o f  L"lglJ 8U S 12 3. 1 i f' o rn i :. nu s  

( a  brR.C i1. i o n od. :l J.1g ve also  O E· erl ri. enon s t r a t e d  b y  ,Topc ( 1 �6'/ ) ' 

ancl ::-rh i s e l in et 2.1 . ( l '= C? ) rl&lrc f o rmJ. 2�1•; i ron�.!en�� s l ly c o n -

t r o l l ed v ar ia t i on j n  t he amino a c i d  c o�po c i t ion of p e r io -

s t racu D �u f f i c i cnt t o  ma sk s e n e t i c  differences  in nany ca s e s . 
:�n o t h s r  i r:·:<) o r t ant t� our c e  o f  a.mL'1o a c ic3 var i a t i o n  ' "8.�'/ b e  

· )ro t e j_n h e t e r o c:.: ene i t y , i . e . uore t �1an one -pro t e i:r1. ;·tay c on -

t r ibut e t o  the v e r i o s t ra cuu , a s  ha s b e en SUG g e st ed by Hare 

( 1�6 5 ; ,  D c s c n s  et a l . ( 1�67 ) and : o p e  ( 1 967 ) . 

sb .s 1 1  L1 yer· s < J. :c e  n o t  s t r ic t l y vo. l id , t h e  am:i .no acid 
c onD o s i t i o n  o f  .r o t .?. i i':O TTrr:u s perio s t ra c a l  D ro t e in sho '.'.'S a 

c l o s e r  a f f in i ty t o  t he she l l  matrix pro t e in s  o f  the f r e s h-

-.. . at e r  .fYll h1ons. t e i',; ;., �_,_ s t r;:;, l or o i s  c · l e. l; r a t u s  ( Te.b l c  H,; ; p . 5\' )  ::1.nd 
. l " c a � � ( . - ,,� -· "" J .· -n +: l _ . e .L_ . o m "' IJ · \..T ... l l >=> e  _ l  __ e .,  a. _ . ,  

t e rre :� tr ia l  m o l lu e c. s  e ::-::a::1 i.ned . A l l  the fr·e shwat -::r sr-. c c i e s  

a r e  c h8 ra c t e r i z ed by h igh c o n c en lra t ion s o f  �lyc in e , �lu t am i c.  

acid ;;md a s'!)art ic ac id . Ghi s � l in e t  a l . ( 1 96'/ )  'have f o und 

·r:; !.:.at a D:arked c hange i::-1 an:j_no .=t c id c or:rp o s i  t ion oi' s he l l  

1 :�.::tt· T' iX :)r o t e  :L'1. o c cur s  ·.:: i th a c h 2. n ;�; e from 8. ·tJ.:e.r in e  t; o a f r e sh-
� · -

· a t; e r  cnv irom.1!en t ,  t.b. :: c. o:n c e n t r·::1.t ions o f  El. n1.unb e r  o f  the 

a � i n o  a c id s chan�in� i� th� d ir e c t ion o f  conc e n t r a t i o n s 



f o un�3 in r;wre -pr i ::i i t i v e  ( m2.r in e ) .r2 o l lu s c s , e . r; . ha l i o t :i . �:; 

and ;·l u cu l a . 

In t h i s  stud y , d o t e rmina t i on s  of au ino a c id c ompo s it i on 

o f  p e r i o s t ra c a l  � rb t e in hav e  n o t  su c c e s s i�l ly d i s t in gu i s he d  

b e tw s en sp e c i e s  o f  1 0 t amo�yrcu s ,  n o r  s h o �n that c h a ra c t e r ­

i s t i c  � if f e r en c e s  ex i s t  b e twe en she l l s  h a v ing d i f � e r e n t  

, ;_ e gr ·.� e s o f  she l l  o rnam en t a t ion . .ta th er , i t  ha s shovm t he 

e x i s t e n c e  o f  she l l  va r i ab i l it y at the m o l e cu l ar l e ve l , 

p ara l l e l ing the wide range o f  va r i a t i o n  fmmd in o vor.3. l l  

she l l  sha p e  and f o rm . 

l . Li 3 _;;,.·! V liiO.i:-E.u�·r.AL ��LN.f.1 I CJH3HIPS 

( a ) D L3 J: � U 3u i' I OJ..� Ai:ID ,_; _c;l,T ;:;.:.=u�L ECOLOGY 

Popul a t i on :::. o f  r'o tamonyrgus sp p . a r e  f o1.md thrO"t.J.f:�hout 
t h e  two ; n a in i s land s o f  �·l 8 7! u e a l and , and. F . ant i-o odum a l s o  

o c curs on a numb e r  o f  i s land s inc lud ing .Jt ewart , Hen , �r e a t  

and L i t t l e  Bar r i e r  and Ghat ha m . I'he Auc k l a nd I s l and s sp e c i e s  

1: . d awb in i  may al s o  b e  r e f erab l e  t o  .!:-' . an t iu o clum . Tbe \:n ovm 

d i s t r ibut ions o f  P .  e stuar inu s and F . uuu �id e s , and t h e  

l o c a l i t ie s f r o m  �h i c h  ! . ant ioodum ha s b e en c o l l e c t ed are 

r:- iven in App c=nd ix l .  

( 1 )  ? . e s tuar inu s 

.F . e s t 1..1.a r inu s ha s a c l early c ircum s c r ib ed hab i t at , and 

i s  c on f in ed t o  bra ck i sh '.vat e r . Common ly i t  i s  fo und n ear 

t h e  mout hs of s t r e ams and r iv e r s e n t e r ing harb o ur s , where 

t h e  .,,, st er is of f lu c tua t inr; s a l in i ty . .ITr e qu en t ly , the 

sna i l s  l i ve a s e m i - t err e s t r i a l  e�: i st en c e  on r:md f la t s  or 

mu�dy bank s ad j a c e nt t o  r iv e r  chann e l s ,  o r  in harb our bac�­

� s t e r s  and s a l t  swamp s . ln the s e  s itua t i on s  t h e y  may l i e  
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exp o s ed t o  the a ir for over ha l f  a t id e  cyc l e , and f o r  the 

o ther ha l f  l ive in wat e r  of high s a l inity . '11he sna i l s  are 

ina ct i v e  when exp o s ed on mud f l at s ,  and may l i e on the sur-

. f a c e  of the mud , be . part i a l ly bur ied , or be group ed gre -

gariou s ly a l ongs id e  or unde r  s t one s ,  wood , e t c . Wi l l iams 

( 1 960 ) no t ed that in the Hea thc o t e  e s tuary sna i l s  t end ed t o  

bury them s e lves in the mud when the t id e  wa s .out , and a l s o  

t o  oc cupy crack s  and crab burrow s . Ro s enb e rg � 1963 ) 

r e c ord ed up t o  884 , 000 sna i l s  p e r  s quare metre in the 

Heathc o � e  e stuary . 

O the r sna i l s  remain immer s ed tlrroughou t  -t he· t id e  

c y c l e ,  and may O C C!:UPY var ious sub s trat e s  in clud ing sand , 

mud , the upp er and l ower surf a c e s  of stone s ,  and c lump s o f  

we ed . In r iver e stuarie s ,  sna i l s  are norma l ly mo st 

a bundant t o ward s  the s e award end , where · salinit ie s r emain 

h i gh . · 

. .S o m e  p a s t  rep o rt s o f  t;he find ing o f  P .  ant ipodum in 

brack i sh water ( Sut er , 191 3 ; O l iver , 1923 ; Povve l l , 1 93 3 ; 

Bruc e , 1 958 ; :Ponder , 1964 )  .und oub tedly ref e r  t o  P. . 

e stuar inu s . Al l of O l iv e r • s
* obs ervat ion s  probab ly r e f e r  

t o . that sp e c i e s  which h e  noted l iving a semi""7t err e s trial 

e x i s t e n c e  n ear t he l q.nd edge - o f  mangrove � Av i c enn ia 

r e s in i f e ra ) in _Shoa l  :Oay , Auckland .har bour , on mud near h i gh 

wat er a t  Hang i t o t o. l s l and , and along t he . l a:p,dward border o f  

t idal mud flat s _in :rauranga Har bour . ,Among t ne an ima l s  he 

f ound a s s o c iated with . P . e stuarinus were the mud sna i l  

Amphib o la crenata , the crab He l ice cra s sa , · and sp e c ie s o f  

* She l l s  d ep o s ited in the Dominion Mus eum coll ect i on are 
a l l  t ypical of P .  e stuarinus . 
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amphipod � Sub sequent f i e ld ob servations mad e . during this 

inve st i gation , and by Bruc e ( 1 958) , have shown that the s e  

spe c i e s  are almo st invariably pre s ent on rnudflat s  where 

P .  e stuarinus i s  found . 

( 2 ) . P .  pupo id e s  

P .  nuo o id e s  i s  confined t o  brackish wat e r , and i s  

frequ ent ly found in a s s o c iat ion with P .  estuar inus in river 

e stuar ie s ,  but is l e s s  frequent ly found on mud flat s ?.rhere 

it  would be exp o s ed t o  the air for regular period s of t ime . 

P. pupo ide s  exhib its n o  marked sub strat e preferences  and i s  

found on stone s ,  · mud , and among l iving and d ecaying ve g­

etat ion . :H're quent ly·, i t  is abundant in r iver e stuaries  on 

a sub strat e of smooth , c lean sand . 

( 3 ) P .  ant ipodum 

P .  ant ipodum o c cup i e s  a wide variety o f  hab itat s ,  

inc lud ing lowland · river s ,  st ony streams , creeks , ditche s , 

e stuar i e s , pond s , lak e s  ( a s . de ep a s  420 feet , according 

t o  Sut er , 1905b ) , coastal dune lake s ,  spr ings , we lls and 

p ermanent se epage . On e of . the few fre shwater hab itat s 

it s e e m s  unable to c o l onize  i s  the t emporary pond ( Barclay , 

1966 ) , as  the sna i l s  lack re s i stant stage s capable of 

carrying them over long dry sea sons ( s e e  p .78) . Within 

the P .  ant ipodum comp lex a number of relat i onship s b etween 

part i cular shel l  forms and· geographical or ecolo gical • 

d i stribut ion are evid�nt but none of  the s e  relationship s 

app ears to be  so we l l  circumscribed , or c l e arly defined , a s  

t o  warrant taxonomic r e cognition of  the population s · concern ed . 

'l'h e  main trend s no ted are : -
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( i ) "' Many sna i l s  at high a l t itud e s , and/or in r e l a t ive ly 

o l igo t r o p h i c  wat er s ,  e . g .  Lake Ro t o it i ,  Ne l son Lake s 

Nat i o n a l  Park , have a muc h  s ma l l er adult s i z e  than d o  mo st 

l ow l and p o pu l a  t i on s  . · '.Uhe s e  sna i l s  are predon1in an t ly smo o th 

she l l ed . 

( i i )  Sna i l s  in many , but n o t a l l , popu l a t i on s  north of 

Auc k l and a t t a in a very l arge s i z e , the i r  she l l s  s o me t im e s  

e xc e eding l Orum i n  h e i ght . 

( i i i )  The r e  i s  a t endency f o r  sp iny- she l l ed sna i l s  in 

l ake , and r iv e r  populati ons , t o  have r e l a t iv e l y  s l end e r , 

s t r on g l y  should e r ed shel l s  in the south , whe r e a s  they b e c o m e  

b r o ad er and l e s s  strongly shou l de r ed further north . 

Al though l ab orat ory r e a r in g  work ha � ind i ca t ed that 

s h e l l  f o rm i s  no t a s imp l e  phenotyp i c  r e spon s e  t o  environ­

ment , sma l l  s i z e  may be part ly a r e sult o f  d e c r e a s ed growth 

a t  l ow t emp e ratur e s , or wher e  the qual ity o f  f o od ava i l ab l e  

i s  p o o r . Conver s e ly ,  a t t a inment o f  large s i z e  may b e  p art l y  

a t t r ibutab l e  t o  expo sur e t o  h i gher t emp e ratur e s  f o r  a l onger 

p er io d , permitting an · inc re a s e  in the rat e and amount o f  

growt h .  The North Auckl and sna i l s  larger s i z e  i s  produc ed 

by an in c r e a s e  in ·whor l  numb e r , rather than by . an overa l l  

in c r e a s e  in s i z e  o f  the who l e  she l l � 

Sna i l s o f  thi s  spe c i e s  a r e  a l s o  ab l e  t o  t o l e r at e wat e r s  

o f  marked ly d if f erent c a l c ium c ont ent . On the one hand they 

have b e en taken in streams f l o wing from l ime s t on e  cav e s  at 

Wa i t o m6 and Wai omio (No�thland ) ,  and on the o th e r  f r o m  a 

s t r e am a t  Wa i o t apu whe r e  c a l c ium incorporat i o n  · .int o  the 

she l l s  is s o  p o o r  that i t  i s  almo s t  imp o s s ib l e  to p i ck up 

sna i l s  without c rushing the i r  she l l s .  



Maximum she l l  he ight , d egre e  of bacterial encrustment 

on she l l s , and ornament at ion of shells have be en compared 

in populat ion s repr e s ent inp; f i ve ma j or habitat ty-pe s 

( Fig . 21 ) . 

In all f ive hab it at s the mean maximum she l l  he ight lay 

b etwe en 5 and 6 mil l imetr e s ,  and the greate st range of s i z e s  

v1a s  found in dit che s and stony streams , from which , however , 

the large st numb e r s  o f  samp l e s  had been dra·vm . 

All degr e e s  of encru stment , l ight , med ium and heavy 

( se e  k ey to Fig . 2 1 ) , were encount ered in all f ive hab itat s ,  

and were fa ir ly evenly repr e s ent ed in d itche s ,  st ony streams 

and pond s . In lake s and lowland rivers ,  however , over 60% 

of populations con s i s t ed of snai l s  with only slight ly en­

crusted she ll s .  

Populat i ons po s s e s s ing all  f ive degre e s  o f  she ll 

o rnamentat ion were found in four out o f  five habitat s ,  and 

only in pond s were populat ion s  dominated by sp iny indiv­

idua l s  not found . On ly s ix pond s were repr e s ented in the 

survey , however . As a g enera l rule lake s t end ed to con s i st 

predominantly o f  sp iny ind ividua l s , whereas smooth- she l l ed 

sna i l s · were more abundant in running water . Further dis­

cus s ion on the e c o l o gy o f  P .  ant ipodum in runn ing wat e r s  i s  

given i n  S e ct ion 2 . 1 .  

Thi s examinat ion has shown that no clearly defined 

r e lat ionship betwe en shell form and geographical or ecological 

d i stribut ion can be demon strat ed . Thi s  serve s further t o  

e mpha s i z e  the het erogeneou s  nature o f  P .  rult ipod1m . 



li'IGURE 21 

Relat ionship s b e twe en she l l  heigb.t , she l l  form , she l l  encrust-

rnent , and type of habitat , in 97 populations o f  r . ant ipodum 

Hab i tat type s ( ba s e9- on the cla s s if i cat ion o f  El ton and 
Mil ler , 1954 )  

1 .  Ditch - A sma l l  body o f  wat er c ontain ing slowly moving or 

stagnant wa t e r . Gen e ra l ly in open farmland . Muddy and 

weed infe s t ed . 

2 .  St ony s t ream - A sma l l  body o f  water with med ium water speed . 

Bo ttom of  s t ones  or gravel rat her than mud . U sual ly lacking 

much vegetat i on . Often up land o r  in bush . 

3 .  Graded River ( or s t r e am) - Lowe r reache s of a lot i c  hab itat 

where sub stra t e  i s  ma inly mud and silt not stone s o r  grave l . 

V e g e t at ion ha s o f t en reapp eared . 

4 .  Pond - A smal l  med ium s i z ed body o f  sti l l  water ( ( 1 a cre ) , 

u sua l ly vv i t h  a muddy bot tom and con siderable we ed . 

5 .  Lake - A large body of  s t i l l  v.ra t e r , more p ermanent than a 

p ond . Ve getat i on often c onfined to the margins . 

'l'he 97 popula t io n s  c on s i st ed o f : 28 ditche s , 40 s t ony streams , 

7 graded r iver s , 6 pond s and 16 lake s .  

Shel l  enc ru s tment 

Light - She l l s  c l ean or l i ght ly f l e cked \Vi th encrust ing mat erial . 

Medium - She l l s  l i ght ly but fairly complet e ly .c overe d . 

Heavy - A thi ck c o at ing o f  encrust ing material be gin s  t o  ob s cure 

shell s t ructure s and d istort s the shell  apex . 

She l l  form 

1 .  Al l ( or almo s t  a l l ) sna i l s  smo ot h . 

2 .  Pred ominant ly smo oth . 

3 .  Half smooth , hal f  sp iny . 

4 . Predominant ly sp iny . 
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( l )  Sa l in i ty range 

A l l  thr e e  sp e c i e s o f  Po tamopyrr:u s are found o ver a 

wid e range o f  s o. l in it·i e s ,  but on ly P .  ant ipodum i s  f ound in 

fre sh �:va t e r . The r�'1.ge o f  salin i t i e s  at �o-::rhich the thr e e  

' sp e c i e s have b e en ob s e rved i s  shown in Tab le 1 1 , and re sult s 

o f  sa l in i ty d e t ermin a t i ons mad e  in a s e ri e s o f  hab itat s are 

g iven i n  Tab l e  12 t p . 67 ) . In _ s o me ca s e s ,  s a l in i t i e s wer e  

obtained from a s ingl e  stat i on a t  high and l o w t id e , in 

o rd e r  t o  d e t e rmine t h e  r ange of salini t i e s  t o  whi ch 

ind ividual snai l s  w e r e  exp o sed . 

'l'ABLE 1 1 . 

Sal in itj range s w it h in whi c h  the t hre e sp ec i e s o f  

Po tamopyrgu s have b e en f o und l iv in g . 

P .  

P .  

P . 

Spe c i e s 

ant inodum 
. . 

m.m o id e s . 

e stuar inus 

Sa l in ity 0/ o o  
rfl.aximum Iitin imum 

26 . 4  0 

3 2 . 3  2 . 7  

34 � 8  2 . 7  

Max imum D iurnal 

Range 

17 . 7 
1 1  

11 
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:rABLJi: 12 . 
Wat er s alini ti e s  r e c o rd ed in ha bit at s o f  Po t amopyrgus spp .  

IJo c a l i  t i e s 

Po Y.tland :Ro ad e stuar-v ( Auckland ) 

Sa linity 
o

/ o o ,-

St at ion A < 1 
B < 1  
c l6 . 3-4 . 7 
D 19 . 0-2 . 7 
E �1 . 0-3 . 3 
F 126 . L�-12 . 9 
G 126 . 4-27 . 0 

Hob son Bav ( Auckland ) 
( mangrove swamp ) - 30 . 6 

O tama Ba:v (Co r omand e l  
�) 
Stream - Upp er 

11 

S t a t i on 
- Lower 

S t a t ion 
Lit t o ral p ond 
Supralit t or a l  

trickle 

Waikat o Hive r 
( Tuakau ) 

Kao tuna River 
( Coromancl e 1 Pen . )  

Vlaihou River 
( Raurak i P l a in s )  

Porirua rlarbour- area 

�n . 2-14 . 7 

129 . 4-19 . 7 
32 . 3  

( 1  

( l  

10 . 6  

16 . 3  

Kahao Stream 6 . 2  
Kahao Stream mouth 

( p o o l ) 18 . 6  
Porirua Harb our 

mud f lat s 34 . 8 
Horol<: iwi Stream 

mouth 
Ho rokiwi S t r e am 
Small unname d  

tributary 

T.-Iut t  River 
( Wel lingt on ) 

Wailcanae ( str eam ) 

Lake Eller sme r e* 

1 9 . 7 
1 . 0 

12 . 1  

22 . 1- 13 . 4 
. < 1 

9 --5-6 . 0 

S-o ec ie s pre s ent 
P .  P .  f.:. 

ant ipodum -ou-o o id e s  e stuar inus 

-.r .A 
X ·v· 
.� 
X 
X 
X 

X 

X 

X 

. 

X 

X 
X 

X 
x · 

X 
X 
X 

X 

X 

X 
X 

X 

X 

X 

.X. 

. .  

' 

X 
X 
X 
X 
X 

X 

X 

X 
X 

X 

X: 

X 

X 

X 

X 

X 

X 

*data supp li ed by G . W .  Yeat e s  (per s . c o mm . ) 
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\ 2 )  Survey o f  sna i l  d i stribut ion within a s ingl e e s tuary 

· Int roduct i on 

The t hr e e  sp e c i e s  o f  Po tamoDyrgus are rare ly found 

l ivin g t o gethe r , but t h e y  do co e x i s t  in a narrow in l e t  o f  

Ho b s on Bay , - Auc k l and , whi ch run s para l l e l  t o  Portland Ro ad . 

A sma l l ,  permanent , fre s hwat er stream run s into t he upp e r  end 

o f  the inl et , and t he mixing of fre sh and salt wat er r e sul t s  

in the f o rmat ion of a s a l in ity grad i ent t F ig . 22 ) . 

'l1he sub strate o f  the inlet i s  ma in ly foul sme l l ing , 

llighly r educ ed black mud on whi ch are s ca t t ered stone s ,  

b r i ck s , broken branche s and p i e c e s o f  s c rap me ta l . �'i l ament­

ous a l gae grow on the upp er surfac e s  of the more s t ab l e  

s t on e s , and o c ca s iona l pat che s o f  w e ed a l s o  grow in the upp e r  

r ea c he s . The e s tuary i s  border ed by gra s sy banks and ru s h e s ,  

s ome o f  whi c h  are submerged for much o f  the time . 'l'he f i rmer 

sub stra t e s  and v e g e t at ion prov ide hab i tat s for al l thr e e  

spe c i e s  of Fo tamopyrgus which exhib it n o  c l ear sub strat e p r e ­

f e r enc e s ,  a lthough t h e  mud f orming t h e  bulk o f  the e stuary 

b e d  i s  not c o l on i z ed . During high , spring - t id e s , the in­

f luen c e  of salt wat e r  may be _ f e lt a s  high a s  St at i on B ( F i g . 

22 ) . When the t id e  i s  out , wat e r  r e c ed e s  dovm the inl e t , 

and above Stat ion ]' mo st . ·of tP,e b o t t o m  i s  expo sed , except f o r  

p o o l s  o f  wat e r  trapp ed i n  sma l l  depr e s s i on s . The invert ebra t e  

f auna a s s o c ia t e d  w it h  Po tamopyrgus spp . in the - bra ck i sh wat e r  

s e ct i on inc lud e s  the mud sna i l  Amphib o l a  creriata , Tenago'mys i s  

nova e - z e aland ia e , ·Amphipoda , Po lychaet a , and d ip t erous l arva e , 

inc lud ing Chironomu s  z ea l and i cu s , and r ep r e sent a t ive s o f  the 

T ipul idae , Ephydridae , Strat iomyid a e  and Syrphidae . · 
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Net hod s 

Be cau s e  of the irregul ar d i stribut ion of the sna il s ,  

quant itat ive sam:9 l ing pro cedure s v1ere not u s ed , and samp le s 

were t aken by swe ep ing a hand net through vegetat ion , and by 

s crap ing sna ils from the surfac e s  of hard obj e ct s  into the 

n et . Wat e r  s amp l e s were t ak en in mid- stream c l o se to  the 

s t r eam bed at Sta t ions A-E , and at the s id e  of the stre am 

among vegetat ion whe r e  sna i l s were fotmd at Stations F and G .  

Wat er salinitie s were d e t ermined by t itrat ion with si lver 

n itrat e ( Harvey , 1963 ) .  A s ingle set of  wat e r  samples  wa s 

t ak en at high and l ow wat er during one t ide cyc l e . 

Re sult s 

Re sult s are shovm in Fig . 22 . P . ant inodum inhab ited 

fre sh wat er and the upp er e stuary , whereas the o ther two 

spe c i e s  o c cup i ed the l ower e s tuary . In the s ect ion of 

v1id e ly f luctuat ing sal t c ont ent a l l  three sp e c i e s  were 

pre sent to ge the r , P .  ant ipodum be ing numerically dominant at 

the upp er stat ion . Maximum s a l inity to which P .  ant iDodum 

wa s f ound exposed v:a s 26 . 4° I 00  and the min imum at which 

P .  nupo ide s and P .  e stua r inus were found was 2 . 7°/00 • 

( 3 )  ExDerimenta l  stud i e s  

In o rder t o  det ermine the ful l  range o f  sal init i e s  

t o l erat ed by each spe c ie s , a numb er o f  lab o ratory t e s t s  

were carr i ed out . Eleven s a l init ie s were selected , O ,  10 , 

20 , 30 - - - lOO% sea wat er , made up by d i lut ing fre shly 

co l l ect ed sea wa t er with d i st i l l ed water . Sodium chloride 

s o lut ions were not sat i sfactory as in pre l iminary experi-

ment s u s ing them , sna i l s  were inact ivated at c onc entrat ions 
' 
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:fi'IGURE 22 

D i s t r ibut i on o f  Po t amouyrgus spp . in the Port l and Road 

arm o f  Hob s on Bay , Auckland , in relat ion to wa t er 

s a l inity . 

Key 

Granh shows sa l inity read in g s  at high and low 

wat e r  during a s ingl e  t id e  cycle . 

A-H . Samp l ing stat ion s . 

Hor i z ontal bar s show d i stribut ion of each spe c i e s . 

Vert ical histograms show numbers o f  e a ch sp e c i e s  

at each station a s  a p erc entage o f  the total snail 

number s . ( Va lu e s  be low hi stograms are sampl e  s i z e s . ) 
a - ant inoduro p - puu o icle s  e - e stuar inus 
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o f  l e s s  than 10/6 s e a  wat er ( 3 . 5° I sal inity) . Sal init ie s 
. ·. 00 

o f  a l l  expe r iment al waters were che cked by t it ration with 

s ilver nitrat e .  'ren fully-grovm individua l s  o f  P .  e stuarinus , 

1 0  o f  P .  nun o id e s ,  and 20 of P .  ant ipodum , hal f  from a fre sh­

wat e r  habitat and half from bracki sh water , were p l a c ed in 

g la s s  f inge r  bowl s containing 200ml o f  water , at e a c h  

sal inity . Lo ca l it ie s  from whi ch the experimental snai l s  were 

t aken are l i s t ed b e low .  

P .  e stuarinu s - Porirua Harbour tr ibut aries 

P.  pupo id e s  - Porirua Harbour tr ibutari e s  

P .  ant ipodu.m ( f r e sh wat er ) - Tirit e a  Stream 

(brackish water ) - Wa ikanae 

Snai l s  were t ran sferred d irect to experimental sal init i e s  

from wat e r  from the ir natural habitat s .  All experiment s 

were run at r o om t emp e rature ( 18-20° C )  for a standard t ime 
· ,  

of 24 hour s . On t erminat ing an exp eriment a l l  inac t iva t ed 

sna i l s  were t ransf erred t o  wat e r  wi th a sal inity o f  ,3 . 5°/ 00 
and then examined again after 24 hour s . All e xperiment s 

wer e  run in dup l i cate . 

Re sult s and d i s cu s s ion 

Aft e r  24 hour s , a l l  ind ividual s  of P. e stuarinu s and P .  

pupo id e s  exhib i t ed normal activ ity at all experimental 

sal initi e s , 0- 100% sea wat er • . P. ant ipodum , from both 

popuJ._ation s
,
, wa s active up t o  50% sea wa�er ( 17 . 5°/00 

s a l inity) . Some r educed movement o f  P .  ant ipodum wa s found 

at 60% s e a  wat e r  ( 21°/00  sal in ity) , but at higher sal init i e s  

a l l  snai l s  r emained c omp l e t e ly w i  t hdravm int o  the ir she ll s , 

the ir opercula a c t ing a s  phys ical barriers i s o lat ing the 

snai l s  from the , surround ing wat er • . After a further 24 hours 
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in wat er o f  3 . 5°/0 0  s a l inity , . al l :pre v i ou s ly inact iva t ed 

sna i l s  r e sumed n o rm a l  a c t ivity • 

. In the f i eld , t h e  highe st sal in i t y  at whi ch P .  

ant inodum ha s b e en f ound is 26 . 4°/0 0  ( 75}6 sea water ) , 

s l i ght ly higher t han the great e st sal in ity at which a c t iv ity 

o c curred und e r  expe riment a l  c ond it ion s . It i s  p o s s ib l e , 

t he r e f or e , that .s o m e  intrasp e c ific varia t i on i s  found in 

P .  ant ipoduro with r e sp e ct t o  sal inity t o l eran c e  as ha s b e en 

f oliD:d in P • .  j enk in s i  . PY Duncan and Kl ekowski ( 1967 ) . 

Al though P .  e stuarinus and P .  puno id e s  have not 1:J e en 

o b s e rv ed l iving in f r e sh wat er in the f ield , · they s e em a b l e  

t o . l iv e  in i t , and have b e en k e p t  in f r e sh wat er in t h e  

l ab o r a t ory f o r  several months . Thi s ab ility t o  t o l e ra t e  a 

wide r ange o f  s a l in it i e s  i s  c l early advantage ous , . a s  rapid 

chan g e s in sa l inity are r egularly encount ered in the 

e stuar ine r e a che s o f  r ivers inhab it ed� by p opulat ion s  o f  a l l  

t hr e e  sp e c ie s .  

By c ompari son with t he New Z e aland sp e c i e s , sal inity 

r e l a t i onship s · of the l!.'uropean P. ,j enkin s i  have b e en we l l  

d o cument ed over t he ye ar s  ( Johan s en , 1918 ; Qu ick , 1920 ; 

El l i s , 1932 ; Nico l ,  1936 ; Adam , 1942 ; Bond e son and Ka i s er , 

1949 ; Lumbye , 1958 ; Bryan , . 1963 ; Todd , 1964 ; Duncan and 

Kl ekowsk i , 1967 ) . Adu lt snai l s  from b o th fre sh wat er and 

b r a cki sh wat er have be en found t o  b e  t o l erant o f  sa l init i e s  

f r o m  f r e sh water t o  ful l  s e a  wat er , in a l l  o f  which they 

a c t ive ly move and f e ed , .  and e stab l i sh n ew leve l s  of int ernal 

c onc entrat ions ye�y rapidly . Young , however , are born only 

in s a l in it i e s  from fre sh wat er to ( 34% s e a  ·water) in 

f r e shwat er p opula t ion s , , and up to ( 51% s ea wat e r) in 
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bracki sh-water populati ons ( Dlincan and Kl ekowski , 1967 ) . 

The se  f indings seem to suggest that l ike P .  ant iuodum , }1 • 

j enkins i  i s  gradual ly l o s ing it s euryhal ine character , and 

becoming a m ore clo sely adapted fre shwater form . 

( c )  HABITNC PREFERlliWE 

Introduct ion and me thod s 

Apart from inhabi t ing waters of d ifferent sal init i e s ,  

P .  ant ipodum and P .  e stuarinu s are fre quent ly found in 

contrasting phy s i ca l  environments . P .  e stuarinus is o ft en 

ahLmdant on high t idal rriud flat s border ing stream s , where 

snai l s  may be  expo s ed t o  the air· for an apprec iable p�riod 

of each t id e  cyc l e , whereas P. ant iuodum always remains in 

the wat er and is never found on semi-,.expo sed flats . 

Laborat o�y exp eriment s were c arried out ·t6 compare the 

behaviour of the two species  when a cho ice betwe en submerged 

and exposed substrat e s  wa s o ffered . · ·1·he experimental 

apparatus consist ed of  a rectangular p la s t i c  box ( 20xl0x7cm) 

\vi t h  a cardboard f loor covered in a layer of river mud form-

ing a slop ing 11ramp 11 • The floor wa s subd ivided into thr e e  

z one s ,  a lower submerged sect ion , a n  upper zone o f  sl ieht ly 

damp , exp o s ed mud , and a middl e  z one of saturated mud al so 

exp o sed to the air � Snails used were obtained from Huia 

( P . e stuarinu s ) , and Piha ( P :  ant ipodum) , 100 snails b e ing 

used in each experimental run . Tap wat er wa s used in 

experiment s on both sp ec ies and sea wat er was also_ used 

with P. e stuarinu s . The different sa linit ies  d id not 

affect the r e sponses of P .  e�tuarinus in the experimental 

s ituat ion . Alr experiment s were c arried out at room · 
. 0 t emp eratur e , 18-20 C .  
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Re sult s  and d i s cu s s ion 

Re sul t s  o f  typ ical expe riment s are shown in Fig . 23 . 

In ( a )  the sna i l s  were distribut ed evenly throughout the 

box at the s t art of the exper imental per iod and a s ingle 

examinat ion of the ir sub s e quent d i stribut ion wa s made after 

1 7  hours . In ( b )  all snail s ·wer e  placed in the submerged 

s ec t i on of t he box on commencing the experiment , and the ir 

d i stribut ion wa s examined aft er 1 ,  2 , 24 and 72 hours • 

.Simi lar re sult s were obtained in ( a )  and ( b ) . A c le a r  

b ehavioural d i f ference betwe en the two spe c i e s  was apparent , 

the maj ority o f  P .  e stuarinus f ina lly select in� the d r i e st 

sub strat a ,  whe r e a s  almo st all P .  ant inodum rema ined in the 

water , or were buri ed in the wat e r- saturat ed mud of the 

midd l e  z one . r:1ovement o f  P .  e st uarinus from the wat er t o  

t he dry upp e r  z on e  is  c learly shown in Hig . 23b l - 3 . 

'l'he re sul t s  obtained f or P .  ant ipodum agr e e  we l l  with 

the situa t i on found in the f i e ld , the snails remain ing 

almo st ent ire ly aquat ic . The r e lat ively large numb e r s  

o c cupying t h e  midd l e  zone o f  wat er- saturated mud , i s  

probably expl a ined by tne pre sence o f  favourab l e  r e sp iratory 

c ond it ions at the air-wat er int e rface in thi s z one . A 

s im ilar s ituat ion is  regularly f ound in still wat e r  lab­

oratory cu.ltur e s l acking vegetat ion ,  in which the maj ority 

o f  sna i l s  move up the s ide s of the container s  and s e t t l e  

immediat e ly b eneath the surface f i lm . 

Although in the experimental s ituat ion mo st P .  

e stuar inus rema ined p ermanent ly in the dr.y z one and 

exhibited no act ive movement back t o  the wat er , in the ir 

natural hab itat they do not normally remain expo sed t o  



1nGURE 23 

Se l e ct ion o f· submerged and exposed substrata by P .  e s-tuarinus 

and P . 8.nt ipodum in laboratory exp eriment s . 

( a )  Snai l s  in it ia l ly d i str ibut ed throughout box . 

Examined aft er 17 hours . 

( b )  Al l snails  init ially in water . 

b l  examin ed aft er l hour 
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the a i r  for m o r e  than a f ew hour s at a t ime , �s t id a l  m o v e -

m en t s en sure t h ey wi l l  b e  .c o vered at r e gu l ar int e rva l s . l t  

i s  e s s ent ial that the hab i tat should b e  submerged r e gul ar ly 

a s  sna i l s  canno t move about and f e ed •Hhen t he sub s t ra t e  i s  

dry . One con s e qu en c e  o f  thi s  p o s i t ive movement out o f  wat er 

c ould b e  t o  prevent c o l on i z a t i o n  o f  p ermanent river chann e l s  

w h e r e  s a l in it ie s are l ower than t ho s e  exp e r i en c ed on 

adj a c en t  mud f l at s .  Thi s  would a l s o  e f f e c t iv e ly i so la t e  

popu l a t i on s  o f  J:> .  e s tuar inu s and P . an t iu odum in rnru.1y are a s  

whe r e  the ir ran ge s  overlap . 

(d )  DE8 ICCA'l1ION 

As s o c ia t ed wi t h  t he c o l on i z a t i on o f  a non-aqua t i c  ' . . . 

hab itat i s  the prob l em o f  d e s i c c a t ion . �h i s  i s  a prob l e m  

p o t en t i a l ly fac e d  by a l l  t e rre s t r i a l . an ima l s  and i s  l ik e ly 

t o  b e  of con s id e ra b l e  imp o rt an c e  t o  a quat i c. sp e c i e s  such a s  

F· . e stuarinu s whi ch f ind the m s e lves p er i od i ca l ly exp o s e d  t o  

t he a ir .  P .  ant ipodum a l t hough s t r i c ·c ly a qua t i c  some t ime s 

inhab it s s ma l l  b o d i e s o f  fre sh wat e r  whi c h  have fluctua t in g  

•Ha t e r  l eve l s , o r  whi c h  ar e su s c ep t ib l e  t o  drain ing by 

n atural or art i f i c ia l  m ean s . ln such s i  triat i on s ,  i f  t he 

sna i l s  a r e  unab l e  t o  w it h s t ap.d exp o sure t o  a ir , who l e  pop­

u. l a t i o n s . may be qu�ckly d e s t royed . .!.m e xamp l e  o f  the e ff e c t  

o f  art i f i c i a l  drainage o f  a pond on a p opu�a t i on ·. o f P .  

ant ipodum i s  de s c r ib ed io S e c t ion 2 . 1  . 

. Lab o:r:atory t e s t s  �ere d e s igned t o  . examine the t o l e r an c e  

o f  t he t hr e e  sp e c i es o f  Po tamouyrgus t o  d e s i c cat ion , f ir st ly 

und e r  t o t al ly art i f i c ia l  c ond it ions in p er f e ct ly dry a i r  and 

74 .  



on a dry sub strat e ,  and secondly und er more natural con­

d i t ions ,  on a damp sub stra.t e and in mo i sture- saturat ed a ir . 

Method s 

( 1 )  To det erm irie the t im·e snail s can exist  in a dry 

atmo sphere befo re d eath o c curs , exp eriment s s imilar to tho se 

o f  van der Schal i e  and Get z  ( 1961 , 1 96 3 )  were carri ed out . 

She l l s  o f  experimental sna i l s  were dried tho roughly with 

f i lt er paper and p laced in dry , 9cm diamet er , open , petri 

d i shes whi ch wer e  kept in a d e s iccator conta ining calcium 

chlorid e  a s  de s i c cant . The apparatu s wa s ma intain.ed at· 

r o o� temp� ratu�e , 20�22°C .  

In a f irst s erie s o f  experiments '  50 sna i l s  each o f  P .  

e stuarinus and P .  ant ipodu.ro , and 20 o f  P .  Pl.mo ide s were 

u s ed .  Al l P .  pupo id e s  were fully grown ind ividua l s ,  whereas 

t he other two sp e c ie s in c lud ed snai l s  of various s i z e s . 

J!,ive ind ividual s  o f  each sp e c i e s  were removed from the 

d e s iccator every hour for the first three hours , and then 

every s ix hours after the f irst s ix hours unt i l  a l l  were 

d ead . A snai l  wa s cons idered dead if it showed no s i gn of  

movement within an hour o f  be ing p laced in a shallow con­

tainer of wat er .  

In a second serie s of experiment s 10 large ( she l l  

height > 5mm) , and 1 0  small (< 2 .  5mrn ) individual s  o f  P .  

e stu.arinus and P .  ant ipodum were examined aft er 16 hours . 

( 2 )  A p ermanent ly saturated ( lOO% RH ) atmo sphere wa s 

produced in 9cm p etri d i shes , by p lacing six thickn e s s e s  o f  

wat er- �o�ked f i lt er pap er on the floor o f  each d.i sh whi ch 

was covered with a l id .  As petri dish l id s  are l o o s e  
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f i t t ing , they p er m i t  ad e qua t e  ga s e ous e x chan r;e with t h e  out -

s id e  a t mo sphere ( Davis , 1964) . D i she s w e r e  kep t at r o o m  

t t .. ?0- 26° C . . emp era 1-1re , � Fort y  ind iv idua l s  o f  e a ch sp e c i e s  

w e r e  u s ed in the e xp e r iment , and a l l  w e r e  examined d a i ly t o  

d e t e rmine whether they wer e  d e ad o r  a l ive , unt i l  a l l  sna i l s 

had d i e d . D e a t h  wa s no t e a sy t o  d e t erm in e t o wa rd s  the end 

o f  t h e  exp e r imen t ,  as ·w i t h  an in c r e a s e  in t ime t he sna i.l s 

gradua l ly withd r ew furth e r  int o  the ir she l l s  unt i l  in many 

c a s e s the o p e rculum could no longer be s e en . A sna i l  wa s 
' •  

c o n s idered d ead Virhen n o  w i t hdrawal rea c t i on wa s e l i c i t ed 

upon prodd in g t h e  operculum f irmly with a n e ed l e , o r  when 

s ign s of put refying t i s sue were v i s ib l e  a round the ap e rture 

of s t rongly wi t hd rawn ind iv idua l s . Be c au s e  o f  t he nature 

o f  t h e  exp e r im ent it wa s n o t po s s i b l e  to imme r s e  sna i l s  in 

wat e r  t o  d e t ermin e whether they were al ive o r  d ead . 

Re sult s and d i s cu s s ion 

( 1 )  Re sul t s  o f  exp o s ing sna i l s  t o  a s t i l l , dry atmo s ­

phere a r e  shown i n  Tab l e s 1 3  and 14 ( p . 7? ) . 

·rABLE 13 .  

Survival t ime o f  Po tamopyrp.;u s  spp . in a s t i l l , d ry 

atmo spher e , and on a dry sub strat a .  

T ime in hour s 

Sne c i e s A l l  a l ive Some d e ad All d e ad 

tr.  ant i  n od urn 0-6 6.;...30 30 

b?. e stuar inus 0-'6 6-L�2 42 

P . nuno id e s  0-6 6-24 24 
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•rABLE 14 . 

Numb e r s  o f  l arge and sma l l  ind iv idual s o f  P .  ant i-oodum and 

P .  e stuaririu s a l ive aft er 16 hour s at O% relat ive humid ity . 

Spe c ie s  Numbers of sna i l s  

Large > 5mm Smal l < 2 .  5mm 

Al ive Dead Al ive Dead 

lP.  ant inodum 8 2 0 1 0  

P .  e stua-rinu s 4 6 0 10 

In a l l  thr e e  sp ecie s ,  the f irst ind ividua l s  d ied after 

6-1 2  hours in a dry atmo sphere ,  and the longe s t  expo sure 

b e fore d ea t h  wa s b e tween 36 and 42 hour s ,  by s ome ind iv idual s  

o f  P .  e stuar inu s .  It i s  c le ar from r e sult s  o f  the sub s id iary 

exper iment (' rabl e  14) , that large ind ividual s  were abl e  t o  

t o l erat e l onger p e riod s o f  d e s i c cat i on than smal l  one s . Thi s  

i s  probably t o  be exp e cted , a s  more wat er can be held in side 

the she l l s  o f  large , withdrawn sna i l s  than within the she l l s  

o f  sma l l er one s . Thi s  wat er should t ake l onger t o  evaporat e 

and s o  p ro t e ct the snail t i s sue s again st d e s i c c at ion for a 

longer t ime . A s imilar re sult was obtained by van der 

Scha l i e  and Get z ( 1961 )  for .the amphib ious N o rth American 

hydrobi id Pomat io·o s i s  cinc innat ien s i s , small ind ividua l s  

(< 2mm )  b e in f,  l e s s  t o l e rant t o  d e s i c cation than adult sna i l s  

(4mm ) . f..iaximum survival t ime f or P .  c inc innat i ensi s  at 25% 

RH and 27° C wa s LJ-3 hours f o r  young , and 75 hour s fo r adult 

sna i l s .  
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( 2 )  Surviva l o f  sna i l s  in a mo i stur e - sa tura t e d  a t m o s -

phere , and o n  a damp sub s t r atum i s  shovm in F ig . 24 . 

Di r e c t  o b s erva t i on s  ind i c at e d  that sna i l  t i s su e s d i d  no t 

b e c ome r ap i d ly d e s ic c at ed und er the se c ond i t i o n s , and that 

a t  a l l  t im e s  m o i sture wa s ma int a ined wit hin t h e  she l l s  o f  

the sna i l s . On a damp , but non- subme rged sub s t r a t e ,  how-

ever , movement , and c ons e qu ent ly f e ed ing , cann o t  o c cur and 

there f o re d ea t h  may r e su l t  from starvat i on c o mb in ed with 

d e s i c c a t i on , rather t han by de s i c c a t ion a l on e . D e a t h s  o f  

P . ant iu odum and P . DUno id e s  are attribut e d  t o  the c o mb in ed 

ef f e c t s  o f  d e s i c c at i on and s t arvat i on , there f o re , but t h e  

s itua t ion f ound in P . e s tua r inu s wa s very d i f f erent . 

P . e stuarinus appar ent l y  en tered a s t a t e  of d o rman cy or 

a e s t ivat i on and had a high survival rat e  over a l ong p e r i od , 

und e r  t h e  exper imental cond it i o n s . Ind iv idual s  whi ch had 

r ema in e d  d o rmant u:p t o  50 days re sumed a c t iv i t y  when t r an s -

f e rr e d  t o  a v e s s e l  o f  wat er . Hib ernat i o n , a e s t ivat i on and 

t o l er anc e o f  d e s i c ca t ion are c on s idered to be p r ima r i l y  

a c h i ev ement s o f  the higher Sty l o mrnat ophor a  ( Morton , 19 58 ) , 

a l t hough shor t  term a e st ivat ion d o e s o ccur in some 

Pomat i a s icla e (Hunter , 1964 ) and Hydrob i id a e  ( Du...nd e e , 1957 ) . 

I,it t l e  i s  kn ovvn ab out a e s t ivat i on in mo s t  op e rcul a t e genera , 

a l t hough it ha s b e en sugge st ed t ha t  the o p e rculum could b e  a 

p r e adap t a t i on p e rmit t ing suc c e s s fu l  s e a l ing o :f the she l l  

(H�uL t e r , 1964 ) . It would the r e f o r e  c o r r e spond in fun c t i on 

to t h e  ep iphragm , or the dr i ed mucus f i lm ,  a c r o s s  the 

aperture o f  a e s t ivat ing o r  h ib e rnat ing l and. pu lrnonat e s . 

I-t1.any l and :pro sobranchs d e s iccate and d i e  ext r eme ly 

r e ad i ly ,  and mo st are r e s t r i c t ed t o  hab it at s whe r e  the 
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FIGURE 24 

.Surviva l t ime of Po tamonyrr;us spp . at lOO% r e lat ive 

humidit y , on a damp sub stratum , at room temperature 

( 20-26° C ) . 

So l id l ine - P .  ant ipodum 

Br oken line - P .  e stuarinu s 

Do t t ed l ine - P . pupo i d e s 

a - sub samp l e  of 10 P .  e stuar inus remo ved 

and p la c ed in wat e r . A l l  r e sumed 

act ivity . 



100 

Cl> > 
0 

80 

60 

N40 

20 

: 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -i- - - - -\ 

: I 
I 

a \ 

20 

I 
\ 
\ \ I \ \ \ \ \ 

\ 
\ 
\ 
\ \ 

\ \ 
\ \ \ 

\ 
\ 
I 
\ \ \ 

\ 
\ \ \ 
70 



atmo spher e  i s  mo i st (. Mo rt on , 1958 ) � r��u i ck ( 1920) · founcl that 

Hydro b ia spp . c ould withstand l o n g  p e r i od s o f  exp o sur e and 
:3urvive i n  an appar ent ly d e s i c cat ed stat e , and Dund e e  ( 1957 ) 

ha s n o t ed that d o rmancy o c curs in the amphi b ious Pomat io n s i s  

lan idaria in very c o ld o r  ho t and dry weathe r . 'l'hi s  evident­

l y  en sue s  vvhen t he r e  is a lack of suf f i c i e n t  ava i la b l e  

mo i sture , t h e  sna il s lying with the ir opercula in s ert ed vve l l  

into the s he l l  apertur e s  dur ing the ina c t iv e  p er iod , and 

b e c oming r e a c t ivated w ith t he on s e t  o f  ra in . C l early the 

ab i l ity t o  withstand l on g · p e r i o d s  of exp o sure out · o f  wat er i s  

advantageous t o  sna i l s  such a s  P. lan ida� i a  and P �  e s tuar inus 

·which p o s s e s s  an amphib i ou s  way o f  life , and may suffer p r o ­

l onged p er iod s o f  exp o sure o u t  of the wat e r . 

1 . 44 DISCUSSION 

( a ) 'I'HE SPEC IES PHOBLEM 

As now envi saged , thr e e  spe c ie s  o f  Po tamopyrgu s are 

r e c o gn i z ed in u ev1 � e a l and . Two of t he s e , P .  mmo i d e s and 

P .  e s tuar inus , are c l e arly d i s t ingu i sh ed' u s ing morpho l o g­

i ca l , r eproduct ive , and e c o l o g i ca l  eviden c e , but P .  

ant iD odum c ont a in s  a he tero gene ous a s s embl ag e  o f  f o rms 

e mbra c ing a l l  the · pur e l y  fre shwat er populat i on s . It 

inc lud e s  a wide ran ge · of mo rpho l o g i c a l · var i an t s , as we l l  a s  

d iff ering rep roduc t iv e  fo rms , and i s  f ound und e r  d i v e r s e  

environment al condit i on s . In t h e  past , many o f  t h e  f o rms 

in c lud ed in t h i s  sp e c i e s  have be en cons id e r ed morpho l o g­

i c a l ly d i s t in c t  enough to be r e cogn i z ed a s  s eparat e sp e c i e s , 

o r  to have had r e stri c t ed g e o graphical d i s t r ibut ions 

a l l o·w ing them sub sp e c if i c  re c o gn i t ion . 'l'hi s study ha s 



shown that c ont inuous morpb.o logical . var iat ion exist s 

within the complex and that discrete geographical d is­

t ribu t ions o f  t axonomic subgroup s ,  con s i st ent with the 

d e f in i t ion of the sub sp e c i e s (Mayr et al . ,  1953) , are 

d i ff icult to f ind . A gradat ion in reproduct ive type s from 

normal bis exual forms , t hrough populat ions with few mal e s  

t o  t o tal parthenogene s i s  i s  also found , and t he po s s e s s ion 

o f  the s e  d ifferent stat e s , apparently una s s o c iated with 

par t icular morpho logical forms , or the occupa t ion of part­

i cular ha bitat s ,  add s further _ to the d iffi culty of . d i s­

cr iminat ing d i s t inct t axonomic uni t s  within the complex . 

The po s s e s sion o f  a partheno�ene tic mode of  reproduct ion 

by a large proport ion o f  the populat ions · o f  P .  ant i-ood.um is 

p erhap s the maj or fac t o r  r e sponsib l e  for so much of  the tax­

onomic unc e rtainty within the g enus , as i t  ha s permit t ed the 

f o rmat ion o f  many reproduct ivel;y isolated clon e s  in which 

d ive�gent evo lut ion has b e en abl e  to o c cur . A comparabl e  

s it uat ion i s  f ound in the viviparicl genus Ca.mpe loma in whic h  

b ot h  b i sexual reproduct ion and parthenogene s i s  o c cur , and in 

which " the syst emat ic s of t he spe c i e s  are in a chaot ic 

s t a t e " ( van der Scha l i e , 1965) . 

The biological sp e c i e s  definition ( e . g .  Mayr , 1963 : 

" Sp e c i e s  are group s o f  actually or potentially int erbre eding 

natural p opulat ions which are reprodu.ct ive ly isolated from 

o ther such group s " ) , app l ie � only t o  bis exual organi sms , and 

i s  not appl icable  where a s exual or apomi c t i c  reproduct ion 

o c curs . As exual and parthenogenet i c  organi sms theref ore 

p r e s ent problems in nomencl9-ture , and it  i s  r ec ognized that 
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in gen e r a l  the t axonomy o f  ob l iga t ory -parthen o gen s mu st b e  

arb i t rary . � n  the pa st i t  h a s  b e en baied pr imar ily o n  

morpho l o gic a l  e v id en c e  \ Buchanan , 1947 ; Whi t e , 1954 ; i':1ayr 

e t  a l . ,  195? ; Brown , · 1959 ; Dob zhan sky , 1961 ; Sne.ath , 
Mayr , 196 3 ) . ln pract i c e , the ma j ority of b i s e:Xua l spe c ie s  

have a l s o  b e en r e c o gn i zed by c r i t e r i a  o ther ·than repro-

duc t ive i s o l a t i on and morpho l o g i c a l  c haract e r s  whi ch are 

o f t en the o n ly e v id en c e  ava i l ab l e , have b e en the mo s t  wid e ly 

used crit e r i a  for sp e c i e s  d i s c r i m inat ion . 

Unf o rtuna t e l y ,  in fre shwater invert ebrat e s ,  marke d  

int ra sp e c i f i c variabil ity i s  characteristi cally found 

( Hens ch , 1 959 ) , an:l n owhe re i s  -chi s  mo re marked than in the 

f:'i o l lu s c a  ( Be rry , 1943 ; Hu.bend i ck ,  1951 , 1955 ; De l l ,  1953 , 

1956 ; Hunt e·r , 1957 ; Berr i e , 1959 } . She l l  s i z e ,  shap e , 

thickn e s s  and marking s ,  vary within many sp ecie s ,  and much 

nomenclatura l c onfu s ion has a r i ie n  b e cause of d e s c r ip t i o n s  

ba s ed on few she l l s  from f e w  l o c a l it i e s .  In the Hydro b i ida e , 

Berry ( l9L� 3 )  c on s idered the sh e l l  t o  be the l ea s t r e l iabl e  

chara c t er f o r  sp e c i e s d e t erm inat i on be cau s e  o f  i t s  m inut e 

s i z e , genera l i z ed shape and l ack o f  c on stant chara c t er s . 

V�r iat i on o f  the operculum i s  � l s o  t o o  gre a t  to a l l ow it � u s e  

a s  a r e l iab l e  c hara c t e r , and var iat ion is  a l s o  found in the 

radula . 

The prob l em s  introdu c ed by vari at i on in d e f in ing the 

mo l lu s c an " morpho s)_j'e c ie s 11 have b e en d i s cu s s ed ·by Schilder 

( 1 963 ) and So l em ( 1959 ) . The f ormer c onc lud ed that " group s 

of s imil ar she l l s  should b e  t � e a t ed a s  d i fferent sp e c i � s  if 

t hey ·can be s eparated by . at l e a s t  orie we l l-r e c o gn i zab l e · 
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chara cter showing no int ermed iat e s  everi . in extreme sp e c i­

men s 1 1 . Solem in hi s studies on New · ·Hebrid e s  land sna i l s  

emphasi z ed the impo rtance  of . morpho l o gical iritergradat ion 

a s  proof of spe c i f i c  identity , and c on s idered that varia t i on s  

in s i z e , colour , he ight of spire and thickne ss . of she l l  were 

by thems elve s o f  l ittl e  or no import ance in separat ing 

sp e c ie s  • . Solem wa s . also disinclined t o  use  1 1 sub sp e ci e s 11 a s  

a means o f  ind i cating variat ion obv iously c orre lat ed with 

physical • c ondit ions of - local area s . In ;;contra st , earlier  

workers , e . g . Powe l l  ( 19LJ-9 ) · and Iredale · ( l9L�3 } , were . in . .  

favour o f  naming - such - f orms if only t o  "ke ep them under 

not ice n .  ' · , 
· Cont inuous morpho logical variat ion i s. found ·in the 

she l l ; radula and operculum of P .  antipodum and similar 

morpho logical ·variat ion· ha s been d e scribed by Dell ( 1956)  

in the New Zealand fre shwater pulmonates Siml imnaea · 'and · . , 

Physa stra , · · both _ of whi ch he .conc luded : con s i sted of a s ingle , 

highly variab l e  sp ecie s .  Dell ( 1953 ) al �o considered . that 

there w� re . strong ground s for - employing a . single na,_me .t .. o 

c ov�r a.-11 the nomina l spec ie s · o f the --fre shwater mus s e l  

Hyr id e lla - be cau s e  -of t heir , extreme morpho logical pla s t i c ity . 

However , _be cause a f ew forms could b e  - defined geographically , 

a s  well _ a s  morphologically ,  he _retained .. name s fo r them in the 

b el i e f  -_that they · we-re subsp e c ie s ' in the making .- . _: : '  . . .  ' :  

The o c currenc e o f - sexual- reproduction - and. partheno ­

g ene sis  in . P .  ant iuodum po ses  further problems • .  , Whit e . ( 1954) 
and r.:.ayr ( 1963)  - have pointed out ·· .that · it i s  ·illogical t o  

r e c o gnize  parthenogenetic and b i s exual 11 race s 11 o f  the same 
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sp e c ie s ,  irr e sp e c t iv e  o f  the morpho l o g i c a l  r e s emb lan c e s 

b e "tYv e en the g en o typ e s , and t hey consid e r e d  t hat such form s  

were b e t t er r e c o gn i z ed a s  p ib l ing sp e c i e s , i f  they were in-

d -L s t in g;u i sh:3,h l e  by ordinary taxonom i c  c ri t e r i a . On the o t he r  

hand , Lilayr e t  a l . ( 1953 ) have agre ed that it i s  un j u s t if iab l e  

t o  g ive nomenc l atural r e c o gnit ion t o  f o rm s  with t emp o rary o r  

fa cul t at ive parthen o g en e s i s . In F' . ant in o dum , s exua l l y  

reprodu c in g  and p artheno gen e t i c  forms are c on_n e c t e d  b y  

int ermed iat e s  p o s s e s s ing l imit ed numbe r s  o f  mal e s , and it 

s e em�_ l ik e ly that in such p opula t i ons both p arthenogene s i s 

and s exual r eproduc t ion may o c cur . 

In view o f  thi s lack o f  a sharp d ivi s i on be twe en repro­

duc t ive t yp e s ,  and the pre sence of c on t inuo u s  morpho l o gi c a l  

var iat ion within the c o mp l ex , i t  i s  mo st s en s ib l e  to c on s id e r  

the who l e  range o f  int ergrad ing populat i on s  a s  a s ingle 

sp e c i e s  a s  r e c o mmend e d  by Hux l ey ( 19LI-2 ) , He cht and Tand on 

( 1953) , Lewi s ( 1957 ) , and A l s t on and . Turn er (1963 ) • 

The inc lu s i on · o f  a l l  the New Z e a l and fr e shwa t e r  forms o f  

Po t amopyrgus in_ a s ingle variab l e  spe c i e s , F .  ant in odum , a l s o  

sup p o rt s  the c l a ims o f  Hubend i ck .  ( 195Ll- ) and Htmter ( :1.957)  · 

t hat the fre sh\7a t e r  ga strop ods in g eneral cons ist o f  a c om­

parat iv e ly sma l l  numbe r  of wid e ly d i s t r ibut ed spe c i e s  

p o s s e s s ing a high ; d e gr e e  o f  intrasp e c i f i c  var iat ion , 

chara c t er i st i c s  which r e f l e ct t he sma l l  s i z e  and tran s it o ry 

s t a t e  o f  .t he fre shwa t e r  env ironment , and the high d e gre e  o f  

sma l l - s c al e , short:-.t e�m i s o la t i on which . can · o c cur within 

them c ompared t o  a t erre st r i a l  o r  mar in e . populat ion . 

8 3 . 



(b )  THE SIGNIFICA.NCE OF PAR·rHENOG:tf;l\TESIS 

Parth�no gehe sis  was first d iscovered in mo l lusc s by 

Boyco t t  ( 19 19 ) in P . .j en"k:in s i  and wa s confirmed _by Qu ick 

. ( 1920) and Rob son ( 1923) , and stud ied cy�o logical ly by 

Rhe in ( 1935 ) and Sanderson ( 1940 ) • . Parthenogene s i s  wa s 

later d i scovered in the American - viviparid s . Camo e l oma rufum 

and C .  d e c i sum by van Cleave and Altringer ( 1937 ) and 

Medcof  ( 1940 ) , and the former was studied cyt o l o gica l ly by 

Mat tox ( 1937 ) . }?art.henogene s i s  in Potamopyrgus and 

Campe l oma i s  the lytokous ( fema l e  d iplo id parthenogene s i s )  

of  the apomict i c  type , ( i . e .  i t  i s  ame iot ic and. , nE? ither 

chromo some r educt ion nor fus ion o f  nu.c:L ei tak e s ., p lace in · 

the egg) , and a s ingle maturation division is ·  found . Part­

henogene s i s  ha s a l so been fo1J.!ld. �n four spe c i e s  o f  

M.e laniidae ( Jacob , 1957) , and again it is ame iot i c  but 

invo lve s two maturat ion d ivi s i ons . In many _ animal s , part-:­

henogen e s i s ·  i s  frequent ly acc ompanied by . po lyplo idy 

( Suoma l a inen , . 1950 ) , and o f  the mo l luscs examined t hre e 

spe cie s o f  Melano id e s  are P Q.lyp l o id and on e spe.cies is 

d iploid ( Ja cob , 1957) . ·It has b e en stat ed that P • . jenkinsi 

exist s a s  . two distinct geno typ e s , a diploid race in Europe 

( 2n=20-22 ) and a t etra:p}-o id race in Great Br itain ( 2n=36-4L�) 

( Sande�son , 1940) , :but Suoma lainen ( 1950 ) and · Patt erson 

· ( 1967 ) cons ider , howe_ver , . t hat the se re sult s  need re-

_ _ i.nv� s.t ig�� i on .� -

In the Melanoides spe c i e s , parthenogene si s is obl ig-

at ory , :a lthough smal l  numoers o f  sexually :non- funct ion_al 

mal e s  are found , in two spec i e s  ( 0 . 01-3 . 0}6 of populations) . 



Ob l igatory parthenogen e s i s  ha s b e en coris idered the rul e in 

P .  � enkin s i  a l so , a l t hough the f inding o f  a ma le by Pat il 

( 19 58 )  prov id e s po ss ib l e  evid ence t o  the . c ontrary . J..�a l e s  

o c cur sp o rad i c a l ly in popul at ions ' o f c .  1--1 1  f', � ::n . . . ( ..,  h;..., ,  .f- 1 t./.1 
._ --- iA \ \.."'- '-' '-' V.. V ...&.. f V J  

and are scarce or rare in thre e other sp e c i e s  of  Camne loma 

about v.rh o s e  reproduct ion l it t l e  is · knoV�m ( t..itatt ox ,  1 1938 ; 

van d e� Schalie , 1 96 5) . 

In F .  ant iu odum parthenogeri e s is is ap omi�t ic ( �n�24) 

and p o lYlJ l o idy ha s not b e en ob served in any snaiis examined . 

�n populat ions wher e �al e s  are preserit , they are a lway� 

s exua lly funct iona l and mai e  game t e s  po s s e s s  the haplo id 

chromo s ome number (n= l2 ) . C ircumstantial e v id ence there f ore 

sugge s t s  that partheno gene s i s  is not ne c e s sari ly o b l i ga t o ry 

in all p opulat ions o f  P . ant in odum , and that where it i s  not , 
and f ert il :Lzat ion o c curs , a ' r educt ion in the chromo some 

number o f  ova mu st o c cur so as to maintain the- d iplo id numb er 

and not produc e a t r ip l o id ra ce � Perhap s the st imulus 

bringing about me io s i s  in t h e  d�ve l op ing egg ; i s  the o c currenc e 

o f  c 6pu lat i or i , o r  th� p re senc e  o f  sp� rm ' in the f ema l e  syste m . 

A situat i on c l o s e ly p aral l e l ing that fou.tid in P .  · ant i o odum 

ha � b e en d e scribed by Rober t son ( 1966 ) in spe c i e s of t he 

6hry�omelid be�tl�  Cal l igranha . These po s�ess  extremelj 

variab i e  s ex · rat io s , . ran ging froni 1 : 1  to ·· all . f emal e ·pop­

�-lat i on s ·;· and ' pa-rthenogene sis · · in at · least ' ·o:rie . .  sj)ec i e s , 

Cai l lr:rapha �c al ari s , i s  . .factl.lt at ive . 
· , . 

· Th� orig in of �arthenogene sis in all ca s e s  examined 

i s  c on sid ered. t o  be from '; sextiai ly reproduc ing form s ,  . :1': e � it 
i s  a s e c ondarily derived cond it ion (1-Jiayr';< · i963 ; Suoma i a inem , 
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1961 ) , and. _ l·!Iayr . ha s stat ed further that , v'lith the apparent 

except ion of the bde l l o id Rot if era , virtually every case of 

parthenogen e s i s  in the _anima l  kingdo.m is probably - o f  very 

r e c ent origin � A , r�.cent origin for partlwnogene.s i s  in 1? . 

ant iuodum i s  ·_ indi cated - by the cont inu�d pr e s enc e today of 

b i s exual as _vvell  as partheno genetic popula tions , and by the 

r e t ent ion o f  the sp erm channel , bursa copulatrix and 

r e c eptaculum seminis in the reproduct ive syst em of - part­

henogenet i c  female s .  A para l l e l  situat ion i s  found in , , . 

parthenogenet ic - sp ecie s o f  Call igranha which retain a non­

fun c t i on ing spermathe ca ( Robe.rt son , 1966) . 

The advantage s p artheno gene s i s  give s to _ a spe c i e s  have 

b e en d i scus sed by several workers ( White , 1954 ; Mayr , 1963 ; 

;l'om l inson , 1.966 ) , .who · have · c oncluded th9:ti i t  is part icularly . 

advantageous to animals inhabit ing tempo rary - or marginal ly 

suitab l e  hab itats where pop-q.lation densit ie s .are o :ft en low .  

In the s e  s ituq.t ions i t  permi t s a . s ingle individual t o  

c o mmen c e  bre eding wit hout r e quiring a mate a s  a · new clone 

may be start ed immediat e ly , .  and the reproduct ive capac ity 

o f  , it s  memb ers is doub l ed a s  all individual s  will .be -· egg 

p roduc ing f emale s .  Parthenogene sis  i s  also  l ikely to be 

ad.vantageou§ ·t;o _ _ s e s s i l e  or s luggi sh . animals : who s e  gamet e s  

a r e  n o t  :_wid ely distributed . ln short ; parthenogenesis . , . 

increase.s -produci{ivit;y by allowing rap id build up of pop­

ulat ion s ,- and there fore . i t . can . b e - of definit e ,  short · t erm 

a.dvantage t o  forms : ::po s s e s s ing it . · 

. Contrast iD:g with the s e  short t erm advantages , - however ,  

are probable long .t erm d isadvantage s impo sed by the genet i c  
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l im i t a t ion s  o f  thi s form of r e pr oduc t i on in whi c h gen e t i c 

int erchan ge with o ther o rgan i sm s  ha s b e en l o s t . Ap o m i c t i c  . . 
( d ip l o id )  p artheno g en e s i s  i s  n o rma l ly a s s o c i at ed with gr e a t  

g en e t j  c �.t ab i l i  t:;r , a s . g en o t yp ic a l ly n e w  f o rms can a r i s e  on ly 

t hrough mut a t i on s . 'l'h i s  s t ab i l i ty mus t  b e  exp e ct ed t o  l e ad 

t o  a l a ck o f  adap t ab i l ity in o b l igat o ry parthen o gen s ,  

f o l lowed by eventua l ext inct ion , or p erhap s a re turn t o  

s exu.a l i  ty , a c c o rd in g  t o  Vfh i t e  ( 1954) . Be cause n o  e xc han ge 

o f  gen e s  i s  p o s s ib l e ,  a partheno g en e t i c  sp e c i e s  wi l l  c on s i st 

o f  an ind e f in i t e  numb e r  o f  b iotyp e s vthich w il l  cont inue t o  

d iverge a s  d i f f e rent mutat ion s  e st ab l i sh in d i f f er ent l in e s  

o f  d e s c en t . rl'hus ,  a high d e gr e e  o f  var iab i l ity wi l l  u l  t -

irua t e l y  r e sul t within many partheno gen e t i c spe c ie s , variab i l -

i t y  whi c h  w i l l  n o t  ne c e s sa r i ly b e  c o rre lated w i t h  g e o graphic 

d. i s t r ibut ion in the s am e  way a s  in a b i s e xua l . form . The 

a t t a inment of such gre at varia b i l ity i s  not univer s a l ly 

found , howeve r , and som e parthen o gen e t i c  spe c i e s  s e em t o  have 

no m o r e  var i at ion t han se :r..rua l l y  r eprodu c ing sp e c i e s .  P e rhap s 

t h i s  i s  b e c au s e  the vast rnaj o r i ·ty o f  mut at ion s  are r e c e s s ive , 

and n o t  ab l e  t o  b e c ome homo zygous in the ab s enc e o f  r e -

c o mb inat ion ( Mayr , 1963 ) . 

In P . an t ipodum , a l arge amount o f  variat ion i s  f ound 

b ot h  within and b e twe en p opu l a t i on s ,  variat ion whi ch in m o s t  

c a s e s  i s  n o t  c l e a r ly cor re l at e d  with g e o graph i c a l  o r  

e c o l o g i c a l  d i s t r ibut ion . A l s o , the evidenc e ava i l ab le 

sugge s t s  b nat t o t a l ly partheno gene t ic p opulat ions � r e  mo s t  

c o mmon in the mo r e  t emp orary b od ie s  o f  wat e r  such a s  p ond s 

and d i t che s , rather t han in the r e l at i \re l;y· mo r e  p ermanent 



and stable  c ondit lons provid ed by large rivers and lake s .  

Compared. with P .  ant ipodum , . a far smaller amount o f  

variab i l ity i s  found in P .  ,jenkin s i  in Great Britain ( T .  

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

i s  correct that in Great Britain P .  ,j enkin s i  i s  a polyp l o id , 

t hen this may he lp to explain this condit ion . Evolut ion 

c ert a inly d o e s  no t come to a complet e stand still in po ly­

p l o id ,  parthenogenetic populat ions ( Suomala inen , 196 1 )  a s  

ha s been claimed on theoretical grolmd s (White , 1 954) , but 

p o lypl o id s  do d iffer from dipl oid o rganisms in that i t  i s  

very difficult f o r  a mutat ion to affe ct the phenotyp e .  Thi s  

i s  be cause . each n ew all ele  ha s to  c ompete with a number o f  

Vlild-typ e all e l e s  and the only gene mutations that can be 

expr e s s ed in the phenotyp e  of polyplo id apomict ic part­

heno gen s are tho s e  dominant s which exert an effect strong 

enough to overshadow that of two or more all.el e s  at t he same 

locus . Such· mutations are rare ( Suomalainen , 1961 ; Mayr , 

1963 ) . 

Further spe culat ions regarding the; expre s sion o f  

mutat ions in apomictic parthenogen e t ic animal s ,  which may 

be r e l evant t o  P .  ant ipodum have b e en made by Suoraalainen 

( 1961 , 1962 ) . He argue s that increasing het ero zygo s ity will 

o ccur between more and more gene pairs (be cause eliminat ion 

of r e c e s s ive mutations by natural selection is impo ssib l e )  

unt il the two · chromo some set s can n o  longer b e  c onsidered 

d iploid or p o lypl o id in a genetic sense . Thi s will reduce 

obsta c l e s  to the expr e s sion of the mutations pre sent . in 

them , and may thu s , in part , even allow the format ion o f  
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morpho logically d ivergent b iotyp e s .  :B'u rther , with a c on­

t inuous in cre a s e  in the d egr e e  of het e r o zygo s it y i  an apo m-

i ct ically partheno genet ic form get s an ever incr e a s ing 

chan c e  to b en ef it from het ero s i s  ( hybrid vigour ) . Thi s  may 

there fore ·provid e  the ba s i s  for the gre at adapt ivene s s  and 

d i sp ersive ab i l ity o f  many pe.rthenogen e t ic f orms 

( Suoma lain en , 1962 ) , a lthough it i s  in d i r e c t  contra s t  with 

the widely held vi ew a l luded to previou s l y ,  t hat part­

henogene s i s  l ead s to a lack o f  adapt ab i l ity , and long t e rm 

d i sadvant a.g e  ( iilfni t e , 1954 ) . 

( c )  SHELL ORNAJVIENTA'I' ION 

Stud i e s into the factors caus ing sp in in e s s  in she l l s  

o f  2 . jenkin s i  have b e en the con cern o f  several worker s 

( Robson , 1926 ; Boycot t , 1929 ; Bo ettger , 1931 ; Steuslo f f , 

1939 ; Adam , 1942 ; Bond e son and Ka i s er , · 1949 ; Warwick , 1944 , 

1952) , and a number of hypothe s e s  hav e  been put forward t o  

account for this cond i t ion . Non e , however , ·· has an s\vered 

t h i s  d if f i cult que s t ion sat isfactorily , and r e se arch i s  

be ing cont inued by Mr . T .  Warwick o f  the Un iver s ity o f  

Ed inburgh ( pe r s � comm . ) who has b e en c oncerned w i t h  t h i s  

prob l em f o r  over 24 year s . l\l!r . Warwick is  a l so examining 

o rnamentat ion in the New · Zealand · spe c i e s P .  ant inodum , and 

therefore exp erimen t a l  stud i e s  in thi s  · fie ld. have no t b e en 

mad e . during t he course of the pre s ent inve s t i gat i6n . · 

Neverthele s s , becau s e  considerab l e  var iat ion in the d e gr e e  

o f  o rnamentat ion i s  · found in · :F . · ant in odurn a s  in P . .j enk in s i ,  

a d i scu s s ion o f  the situat ion p ertaining in the l at t e r  i s  o f  

c on s id erab l e  int erest and relevance . 



Ornamentat ion in P .  · .j enkin s i  exi s t s - in many d e gre e s  of 

s trengt):l , from- a faint line to a we l l  marked sp inous ke e l , 

and in add it ion acce s sory ke e l s  may a l s o  exist ( Warwick , 

l 94L� ; .Fre t t; e r  and Graham ,  -1962 ) . The ornamentat ion i s  

pure ly p e r i o s tracal ( Boycott , 1929 ; Bo et tger , 193 1 ) , and 

Boyc ott f ound. that int ernally , - no irregularity of the 

mant l e  edge c o rre sponding to the prnament_at ion - c ould be 

found . · Warwick ( 1952 ) , however , concluded that the keel 

was produ ced by a sma l l , b lunt :l ob e_ of the mant l e  edge , and 

Steusloff ( 1939 ) ha s Btat ed that in certa in c� s e s  the who le 

she l l  part i c ipat e s  in_ ornamentat ion • . In . P . ant inodum 

ornamentat i on i s  p\l,r e ly per.io stracal and no sign of a mant l e  

lobe .ha s b e en found . 

· s in c e  .p . - .jenkins i  wa s - f ir st d i scovered in 1889 in 

brackish wat e r s  in the Brit i sh I s l e $ ,  it s sub s e quent d i spersal 

through the brackish _and fre sh wgt_e rs of Brit a j,n and Europ e 

ha s b e en f o l l owed _ with · con s id erabl e  i�t ere st . Jh� ke e l ed 

f orm was the first f ound , ooth in t_he . Brit ish I s:L e s  

( Marsha l l , 1889 ) ' and _ in Belgium ( Adam , - -1942) ; . in both 

ca s e s  in bracki sh :wa t er . Ad arn stat ed that in Belgium , \ she l l s  

ornament ed by a keeJ or _ spin e s  were found exclu s ively in 

saline wat er , whereas fre sh · \yater .was inhab it ed by . __ an imal s ­

with smooth shel l s . Bond e son and Kaiser ( 1949) reviewing the 

s ituat ion in Denmark no t ed a - s imi lar s ituat io� � the o lder 

re cord s ment ioning the ke e l  as typ ical · of - the sl'+ell vvhere a s  

more . r e c ent _ re cord s from . inl and, · l o calit i e s  showed · an . increa s e  

in · the numb ers o f  individual s  without ke e l s  . . Siefert - ( 193 5 )  

stated that · t he more .sal in e  the water the more ornamentat ion 



wa s found , and Steus l o ff ( 1<:) 3 9 )  found that water of  high 

s a l in ity caus ed by industrial wa ste p o l lut ion harboured sp iny 

sna i l s ,  whe r e a s  l ower do'-"m t he river where the wat er wa s 

purer smo oth she l l ed snai l s  predominat ed . As a r e sult o f  

the s e  obs erva t ions , wa t e r  sal inity wa s cons idered t o  b e  the 

mo st impo rtant ke el inducing factor . Re sult s of e xp eri­

mental work , however , have not uphe ld thi s vi ew . Bonde son 

and Kai s er ( 1949 ) were unable to  find any real  re lat ion ship 

b e twe en she l l  struc ture and salt cont ent , · and Rob son ( 1926) 

and Boyc ott ( 1929)  b o th bred the sp ined form in salt ' and 

fresh water . Aft er 1 5  year s ' work , Boycott t entat ive ly 

c onclud ed that ornam�nt ed ind ividuals were the re sult o f  

breed ing und er "bad " c ond i t ion s such a s  sma l l  container s  

o r  d irty water . Bo e t t ger ( 1 949 ) on the ti ther hand · 

propounded the view that k e e l  d evelopment- wa s due to opt imal 

c ondit ions provided by a· c ombination of food , temp erature , 

:pH , and e sp e c ially a ·  surp lus o f  oxygen in fre sh or brackish 

wat er ,  and Warwi ck . ( 19LJ11- , 1-95 2 )  ha s sugge s t e d  that a lgal 

me t abo l it e s  carri�d in the water may be the keel ind��irig 

factor s . He con sidered . that the k e e l  induc ing infltience  

n e ed only act  dur ing t he .first few vre eks o f  l ife , and tha t  

it probably acted i n  a quant itative manner t o  produce  k e e l s 

o f  varying . strengths . Warwi ck ' s  work ha s a l so inclicat ed tha t  

both common arid tra c e  inorganic constituent s o f  natural 

waters . have no dire c t :�ffe6t on keel product ioh , that exc e s s  

p l ant organic mat t e r  ne ither caus e s  nor ;inhibit s ke e l  f orm­

at ion , and that go od aerat ion from birth ha s n:o keeling 

e ffe ct in e ither brackish or fre sh1 wat er . : He has a'l so . . .  

9 1 . 



sugge s t ed that in Bri t a in F' • . jenkinsi may exist in thre e 

strains vThich d iffer phenotyp ically and genetica lly , al though 

they may l ive s id e  by s id e ,  and that keel .  production is part ly 

gen e t ically det ermined by the s train to which the parent 

sna i l  b e longs . Bond e son and Ka iser l l9LJ-9 ) have found it 

d i f f i cult t o  accept Warwi ck ' s  ' algal-metab o l ite-keel­

induc er '  propo sa l and sugge st that his re sult s might be 

b e t t er - explained a s  the re sult of opt imal environmental 

cond i -c ions as concluded by Bo ettger ( 19L�9 ) . 
' 

In P .  ant ipodum a l l  d egre e s  of keel produ ct ion may 

o c cur in a great var i ety of hab itat s ,  and within ·_pop-_ 

ulat i on s , o r . even be twe en the progeny o f  a s ingle indiv idua l 

there may b e  marked d i ff e-renc e s  in she ll form . Where P .  , 

ant i-oodum i s  l iving in bracki sh wat er , b o th smo oth and spiny 

she l l s  are regularly fotmd . rrhe t\-vo s o l e ly e stuarine sp e c i e s  
' -

P .  e stuaririus .and :::.3 • · puu o id e s  always have smo o th she l l s , how-

ever , a s  have the thr e e  hydrob iid spe c i e s ,  Hydrobia ulvae , 

I-I . ventro sa , and H . n ecdecta , · which repr e s ent the ir ne are st 

e c o l o g i cal cotmt erp art s in Europe . It s e ems reasonab l e  to 

c o n c lud e , therefore , tha t ·  she ll ornamentat ion d eveloped al ong 
. • . .  

w i t h  o voviviparity and �arthenogen e s i s , c oncurr�nt ly with the · 

inv a s ion o f  fre sh V.Ja t e r  from a former marine and/ or e stuar ine 

envi ronment ( Fig . 25 ) . 

A p o s s ible gen e t i c  basis  for she ll p o lymorphi sm in P • 

. j enk; ns i  and P .  ant inodum - i s  sugge st ed a s  follows . Ornament-

a t ion may - be tmd er p o lygenic control ra ther than determined 

by a s:lngl e  pair o f  a l l e l e s ' and the ·expre ss ior i ' bf diff erent 

d egrri e s  o f  shell ornament at i on could re sult from int eract ion 

r.\�,> ''7 - . 
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betwe en · environmental factors and the gertome s of she ll · · 

s e creting .. . c e l l s  · in the mantle . Charact eri stical ly,  only a 

part o f  a c e l l  I s  genome .·.is manif e st - at �a.ny olie .. . t ime (Markert ' 

1965 ) , and environmental change s  would mod ify and d ir e ct g ene 

funct ion produ.c ing pheriotypic differenc e s , e . g .  induc ing 

sp ine development � when the corr e c t  genes were · ·active . · · · 'Thi s 
me chanism � i s . in accordance with the situat ion fourid - in the 

production · of , d ifferent i so zymic -:forms o-f lactate· � dehydi:.-o­

gena se in vert ebrate s ,  . in which environmental change s . . 

( p o s s ibly d ifferenc e s  in oxygen availabil ity) regulate gene 

funct ion (Markert ,' 1965 } �  · .A s imilar me chanism could , 

r easonably - a c c ount ±"or · the apparently .:random �  · intra..:.. spe cific 

variat ion . in she l l  ornamentat ion which ·· is frequent ly found , 

and which cannot be explained in s imple Mendel ian t erms or a s  

s o l e ly environmental ly contro l le d  .. change s: .. of: tl:ie :-phenotype . 

(d )  THE RELATIONSHIP- OF tFLUVIOPtJPA TO 'PO'l'AMOPYRGUS ·.:.:.: .. , . . . :. >. . .. 

The · ·genus ·- itTuviopuua Pil•sbry- 1911 ·wa·s· ·estab'li shed fO'r 

a li'ij ian spec ie s  Fluviouupa pupo ides  Fi lsbry , '  and · r:i.ow · ; --

contains · spe c :i e s  ·fro:rn the New Hebrides ; · : Lord · How·e · Island ,. · 

an_d , :the._ Austral Islands (Hub endick , 1952 ; Sol'em· , :  1959)  �-

Hubendick \ 1952 J<has · suggested .' that a �nu·mber o-f ·o ther - · 

Pac ific � ·sland s Hydrobi idae might · also belong in · ·Flu:vi01)tma , 
inc luding: :the .N ew ZeaJand sp ecie s iPotamo-6yrgu·s s.Pel'ieus � : .. In 

fact 
.
the ·. spe c i e s  ·referred · .to by: HubendiclC' . was almo s't 

c ertainly .. sut er ' s . ( 1905): P �  f3nelaeus pupo'ides  which 'posse s s e s  

a pup iform : : shel l :'"unl ike ·:his P .  S1) e laeus ' spelaeUs· . · · : As ' a: .'. 

r e S1.:il t 'of' . :the pre sent :study< P .  pu-oo ides' ha s beeri ·re in. 'stat ed 

(')3' . ;; . 



a s  a ful l  spe c i e s ,  wher e a s  P .  sne laeu s  has b e en synonymysed 

with F .  ant ipodum . 

S o l em ' s  ( 1959)  revised diagno sis o f  Fluviopupa is 

giv en below . 

Fluviopupa Pil sbry , 1911 

She l l  minut e ,  pup i f o rra ,  with obtus e  ap ex and only s light ly 

round ed whorl s .  Ap erture ovat e , vert ical or sloping 

f o rward below ,  peristome comp l e t e ly or a lmo s t  comp l et e ly 

f r e e  from tmd er p o rt ion o f  body whorl . Op erculum thin , 

horny , paucisp iral , with sub-central nuc l eu s . Eadul a  
. l4-5) - l -(4-5) . t yp ic a l ly amni c o l id , c entral ( 2-LJ- ) - � 2_4 ) , lat eral w1t h 

·;-12 cusps , marginal s  with about 30 minut e cusp s . Pen i s  

with singl e duct , t ip s imp le or b i l ob ed , some spe c i e s  with 

a med ian bulb . 

'.L'yp e specie s :  ( monotypy) Fluvionupa puuo id e s  Pil sbry . 

This diagn o s i s  could equal ly we l l  r e f e r  to Po tamopyrp�s 

with r e sp e ct to radula , ope rculum and p en i s  structure , and 

with some r e s ervat ion to the form o f  the shel l . Mal e s  o f  the 

thr e e  New Zealand sp e c i e s  of Potamopyrgus , and the mal e  o f  

P . .jenkin s i  a l l  po s s e s s  simp l e , non - lobat e p ene s s imilar to 
.. � . .  

tho s e  of some sp e c i e s  o f  Fluvionupa , and the radula struc ture 
. 

includ ing cus:p formulae of the two g enera fall within the 

same range of variat ion . Typ ical l3r ,  she l l s  of Fluviopupa 

sp e c ie s  are sma l l e r  and mor e  pupiform. than tho s e  o f  

Potamopyrgus spe c i e s  but that of F .  b revior (Ancey) ( f o rmerly 

known a s  Potamopyrgus brevior) i s  l e s s  pup iform , and mor·e 

c onical than that o f  P .  uun o ide s , and fal l s  within the 
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range of shell shape fo�md in P . antin odum . 

As . this study and others  have shown that the she l l s  of 

Hydrobi idae are generally unrel iable as taxonomic characters , 

P .  pupo id e s  should , '  in our pre sent state o f  knowl edge , .  be 

retained in Po tamoDvrgus . The val id ity of Fluviopupa , as a 

d i stinct genus .  must be con sidereci open to que st ion , unless : 

an�tomical studi e s , __ part i cula�ly o f  the reproduct ive system , 

show imp o rt ant d i fferences  from Potamopyrgus . 
_ _  

( e ) .  'l'HE RELATIONSHIP OF P .  ANT IPODUM TO . 'rHE EUROPEAN SPECIES 
P .  JENKINSI 

\ .  
P .  ,j enkin s i  mad e a sudden appearance iD. Europe ,  beillg 

f irst d e s cribed b;Y" E . A .  Smith ' in :iss9 , :  although it may have 

been pre s ent as e arly as 1859 ( FrBmmin·g , 1956 ) . Its origin 

i s  uncert a in and ha s been the subj ect o f  cons iderabl e  spec­

ulat ion v1h:i..ch ha s been revie.wed by Adam ( 1942 ) , Bonde son and 

Kaiser ( 1949 } ,  and Frett er and Graham ( 1.962 ) . ·The sub-

sequent d i stribut ion o f  P .  j enkinsi through Europe ha s also 

been d i s c.ds �e
-d by the se author s a s  v;e ll as' Hubendick ( 1950 ). , 

Hunt er and Warwick C l957) ' Lucas C l96o)' '
' �d He�s s  ' ( 196l)  • . 

Unconf i rmed f o s s il evid enc e which indicat e s  that it  wa s 

l :i..ving in England in · Roman t ime s ha s be en pre sented by 
. ,  

Kennard ( 1941 ) , but Bonde son and Kai ser ( 1949 ) have stated 
· � , ··. · . · 

that the s e  re cords " must be· much doubted " . Att empts  t o  

exp la in' ' the sudden app�a�anc e  of p • . jenkin si in Europ e have 

and two p o s s ib l e . exp iahations 
' 

b e en made by various author s ,  

have b e en · sugge sted , ( a ) - that it aro se by mutat ion , and (b)  

that
. 
it  had . b een· introduced from elsewhere . St eusloff 

( 1927 ) sugge sted tha:t P . .  j enk insi aro se by mutation from 



Hydrobia ventro sa , but there has been no furt her suppo rt for 

this  the ory . Bo ettger ( 1949 ) su.ige sted that it may be a 

mutant deve l oped from the :ife st Ind ian · spe c i e s  Potamopyrgus 

c rystall inus introduc ed into Europe . Bond e son and Ka i ser 

( 1949 )  have hypothe s i z ed a p o s sible Austra l ian origin · on , 

a c c ount o f  the close  res emblance to the Au stral ian spe c i e s · 

Au stropyrgus patt isoni , - and Bo ettger ( 1951)  has more recent ­

ly sugge st ed a New Zealand origin for P .  j enkinsi , as  he 

c ons idered it s shell charact ers' ident ical with tho se ' of the 

South Island spe c ie s  P �  bad ia ( =  P .  ant ipodum) . As a r e sult 

of this pre sent inve st igat ion , a closer c omparison can b e  

mad e betwe en P. ,j enkin s i  and P .  ant j_podum . 

Both P �  .jenkin s i  and P .  ant ipodum show a high degree 

of morphol ogical · vari at i on with re spe ct t o  the shell , radula 

and body p igmentation a lthough thi s variat ion is great e st 

in P .  ant 1podum ( Warwick , pers . comm . ) .  The two sp ec i e s  

c annot be d ifferentiat ed b etwe en us ing the s e  three · char­

a c t e r s , · the op erculum , or  the structure o f  t h e  reproductiv e  

sys t em . The chromo s ome number 2n= 24 f m  .. md in P .  antipoduro 

c orre spond s closely to  Rhe in ' s  ( 1935 ) 1.mc onf i rmed valu e o f  

2n=20- 22 in P .  jenkins i  from Europe . Bot h  sp ec ies  are ovo ­

viv iparou s , and · P • . j enkin s i  i s  parthenogen e t i c  as  are many 

p opulat ions of P . ant ipodum . A single mal e  o f  P . . jerikins i 

ha s b e en d e s cribed , ho�ev�r � ( Patil , 1958) , and it is  

p o s s ible that a si!nilar s ituat ion to  that found in P.  

ant ipodum· in which. variabl e - numbers · of  mal e s  occur" in. some 

populat ions , al so exist s in P. jenkinsi � 

Bot h  sp ecies reproduce t hroughout the year , an unusual 
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cond i t i on in fre shwater Mollusca ( Fretter and . Graham , 1962 ) , 

and although a maximum o f  only 35�40 e mbryo s have b e en 

r e c ord ed in the brood p ouch o f  P . . jenk ins i , c ompared with 

over 100 in some ind-ividua l s  of P .  ant iuodum , this is  un­

l ik e ly to be of syst ema t i c  s ignif ican c e . Rather , · it i s  

probably a funct ion of t h e  sna i l s ' ( and ther efore the bro od 

pouch) s i z e , as 'P . ,j enk insi rarely exc eed s  about 5mm in 

she l l  he ight , whereas P .  ant inodum may attain a size o f  

lOmm . The co lder northern European c l imat e  e xperienc ed by 

P .  j enkin s i  may ·help t o  expl a in i t s  smal ler maximum s i z e  

compared with the New Zealand spe ci e s . 

As in morpho logical and reproductive f e a tures , con-

s iderab l e  variat ion in e c o l o gy is found wit hin the two 

sp e ci e s .  P .  jenkin s i  wa s ini t ially found in brackish wat er 

( 1889 ) and ha s s ince c o l onized inland wat ers throughout 

Euro p e  and the Brit i sh I s le s ,  f irst having b e en r e cord ed in 

f r e sh ·wat e r  in England in 1893 ( Hunter and Warwick , 1957 ) .  

P .  ant iuodum s imilarly i s  fol..Jnd i.n fresh and bracki sh wat er 

a lthough i t  i s  primari ly a fre shwater spe c i e s  and has 

c er t a inly b e en e stab l i shed in that environment for a much 

l onger p e riod than ha s P . . jenkin s i . Salini ty record s and 

exp erimental work hav e  shown that both s p e c i e s p o s s e s s  a 

high degr e e  of euryha l inity and can tole rat e c ons iderab l e  

and rap id change s in sal inity . Maximum sal inities at which 

P .  j enkin s i  can l ive and r eproduce ( 12-18°/00 )  corre spond 

c l o s e ly .. t; o  the value o f  17 . 5° 
I 00 obtained in this study at 

whi ch normal act ivity of P .  ant in od.urn c e a s e s and the snail s 

withdraw into the ir she ll s . Both sp ec i e s  t o l erat e waters 
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with high and low cal c ium cont ent , and l ive in a var i e ty o f  

st ill , and rUlliJ. ing water. hab itat s ,  on hard and s o f t  sub -

strat e s ,  and anong st vegetat ion . 

Be cause reproduc tion is primarily by parthenogen e s i s , 

the sp e c i e s  crit erion of int erf ert i l ity betwe en group s 

canno t  b e  app l ied • . Con sequent ly , d et erminat i on o f  spe c i e s  

l imit s mu st b �  based on the morpho log ical , cyt o l ogica l  and 

b i o lo gical evid enc e d i scus sed ab9ve . The p o s s e s s ion o f  

part�eno�ene s i s  by the se sp ec i e s  ha s l e d  t o  the estab l i sh­

ment o f  many reproduct ively iso l at ed p opulat ions b e twe en 

which no gene exchange can oc cur , an� it ha s been p o s tulat ed 

that t h i s  g en et ic i s o lation of p opulat i ons ha s permitted the 

produ cti on o f  such a high degree o f  phenotyp i c  and g eno typic 

varia.t ion within P .  ant inodum . Pr e sumab ly a s imilar - . 

s ituat ion i s  o c curring in P .  ,j enkin s i , although in the short 

t ime that it ha s b e en estab l i shed in .E.'urop e only a l imited 

amount of d ivergence betwe en p opulat ions ( and gene p o o l s )  

ha s b e en ab l e  t o  o ccur . P .  jenkin s i  ha s be en described a s  

gen e t i c a l ly ·unstable by Fretter and Ci·raham ( 1962 ) , a s  

o c curring in a numb er o f  strain s some showing substrain s  by 

Warwick ( 1952 ) , and by Bonde son and Kais er \ 1949 ) as a 

spe c ie s  in evolut ion . 

'l'o c on c lud e , no significant d i fferenc e betwe en the 

two nominal spe c ie s have b e en fom1d , and the evidenc e  avail-

ab l e  sugge st s they are th ere fore the same . In thi s ca se , -

P • .  jenkin si ( E . A .  Smith , 1889 ) should be synonomyz ed with 

.!! . ant inodum ( Gray , 1843) ,_ the latter be ing the first 

de s cribed and having priority . 
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The s·ysternat i c s  of the Au stral ian fre shwater hydrob i id s , 

s ome o f  VJhich are , o r  have been p laced in :Pot amo-oyrgu s ,  are 

not �l ear at pr e s ent and th� ir relat ion ship to the N ew 

Zealand specie s o f  Pbt amouyrgus cannot be clarified unt i l  

a f t e r  co mprehens ive morpho logical and b iological · studie s 

have b e en made . ; 'J:he pre senc e o f  several re l ated genera· and 

sp e c i e s  in Austra lia , includ ing Ta tea , \'?hi eh Ponder ( 1967 ) 

ha s shovm to b e  a hydrob i id genus c l o s ely al l ied ·to  

Pot amopyrgus , and the wide spread oc currence of Fluviopupa 

( =  P���mbpyrgus ? ) sp e c i e s  and oihers p ci s s ibly r�fer�bl �  t o  

this group in ·' the 0outh Pacific  ( Hub end ick ; 1952)  strongly 

scigg�st s tha t  New Zed land i s  n e�r the geographical centre 

o f  .Potamopyrgus evo lut ion . It s e ems likely , therefore , 

tb.a·t the .l'!,'uropean sna ils  have be en introduc ed from · the 

Australas ian region , thus support ing Boett ger * s  ( 1951 ) hypo ­

the s i s .  

; "·. �  �·C:' Ul--!1'/�'ll. 
LIS�'f. 
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2 . 0  
2 . 1  

BIOLOGICAL s·rUD IES ON P • .ANT IPODUM 

POPULATION 3TUDIES 

IlH1ROD UC1l'I ON 

N o  stud i e s  have b e en made spe c ifi ca l ly t o  examine 

a sp e c t s of ·che e c o lo gy o r  life histori e s  o f  Po t amouyrgus 

spp . in l'J ew Zealand , but some ob servat i ons on their d i s trib­

ut i on and e c o lo gy have b e en made during the . course o f  o ther 

inv e s t igat ions . The mo st c omprehen sive population data 

available are tho s e  provided by Allen . ( 1951 } ,who made 

quant itative a s s e s sment s o f  snail numbe r s  and b ioroa s s  in 

Borokiwi Stream f o r  a p e r iod o f  over two years ( 19 3 9-41 ) .  

He found that 1-' .  ant ipodum wa s an imp o rtant member of the 

invert ebra t e  bottom fauna and wa s fre e ly eat en by trout . 

Allen ( 1958) also di s cus sed vari at ions in snai l  numbers in 

r i ff l e  samp l e s a s  p art o f  a general c ons iderat ion o f  b o t t o m  

fauna d ist ribution . :S c o t t  C l9b 5 )  ha s c arried out experi­

m ental stud ie s  on the d i stribut ion· of  P .  bad i a  ( = P .  

ant ipodum ) in re lat ion t o  sub strata part i c l e  s ize . 

· Information on Potamopyrgus spp . gathered during the · 

c our s e  of synec o l ogical studie s ha s b e en re c o rded by Sut e r  

( l9U5b J , lake s ;  O l iver ( 1923 ) marine l i t toral zone ; 

Arm s t r ong � 19 55 ) , Lake '..L'aupo ;  Uunn ingharn e t  a l . ( 195 3 ) , 

dune lake s ; Hirsch � 1958 ) , p o l lut ed r ivers ; bruce (.1 9 58 ) , 

W i l l iams � 1960 ) and Ho senb erg \ 1963 ) ,  e stuary pollut ion ; 

Barc lay \ l9b6 ) , p ond s ;  and Hopkins · et al . ( 196b ) , stream s 

and e ff e c t . of DDT . 'l'he importance o f  Potamopyrgus a s  trout 

f o o d  has b e en examined by · J:-lhillips ( 19 3 1 ) , Smith ( 19 59 ) , 

Lane ( 1964) · and Fish ( 1966 ) , and a s  f o od o f · o ther f i 9h and 
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b ird s by Cairn s  ( 1942 ) , Burnet ( 1952)  and Hopkins ( 1965) , · · 

e el s ;  Parrot t  ( 1929)  and McDowal l  ( 1965 ) , bul l ie s ; Dickinson 

( 1951 ) , shags . (probably secondarily via fish) ; and Carre l l  

( 1967 ) , whit e f�c ed he�on . 

In this s tudy , populat ion structure and - r eproductive 

act ivity in three  populat ions o f  P '. ant inodum have b e en 

examined over · a p eriod o f  13-14 months . · Suppl ement ary 

info �ruat ion on growth rat e . arid · gene rat ion t ime ' has b e en 

obt a ined by laboratory rearing o f  snails , and some · � sp�cts 

o f  the e cology o f  a stream popul at ion have been inve st-

igated . 

·. . · STUDY AREAS : ·· · 

( a )  · Tiritea Stream 

Tiritea Stream ha s i t s  origin s  at a:n alt itude o f  

1450 f e e t  in t he northern Tararua Range s  and flows int o the 

Manawatu Riv e r  twe lve mil e s  to the we st � The cat chment 

area o f  Tir i t ea Stream arid its  tributarie s is · · clad part ly 

in regenerat ing bush , with st e ep grassland c ompri sing the 

r emainder . The lower sect ion o f  t he stream meand er s through 

gent ly undulat ing , t errac ed gra ssland .- : Obs ervat ions were · 

�ade · in the · l ower half o f  the �tream where thS ·general ly 

un stab l e  bed cons ists of silt , gravel · and sma l l  s t ones 

f orming -alt ernat ing pool and r iffle areas . · · It i s  subj ect to 

frequen t  and rap id change s  in wat er level throughout the 

year although in dry summers ext ensive 1.1ve ed beds · Of charo­

phyt e'S ; Pot amogeton · ochreatu s ,  and .· filament ous gre en algae · 

�ay dev�ldp iri �any p lac e s . ; The stream is subj ect  �o a 

mino� degre � o f  organic pollution derived from f�im s , · M�s sey 
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University  and D . S . I . R .  laborato ri e s  situated in the Tiritea 

valley . 

( b )  Pond s A and B 

The two pond s , situat ed about 300 feet  apart , had 

surfa c e  areas of approximat ely 500 ft2 and max imum depths 

of 3 f e et . Both were filled with water pumped from an 

art e sian bore , and although situated about 1 20 feet from 

Tiritea Stream and normally isolated from it , in time s of  

s evere flooding ( such a s  o c curred in - April 1965) · they could 

b e · iimndat ed by wat er · from the stream when the latt er over­

f lowed its  banks . 'rhere was ,  therefore , a l imited opportun­

ity for mixing o f  snails  between the three p opulations . The 

pond beds were c overed by a shallow (up to  2 inche s )  coat ing 

o f  fin e  mud , and during mo st of the year their wat ers were 

choked by a dense  growth of the oxygen weed Elodea 

canaden s i s . In August-Sept ember 1965 , the pond s were empt ied 

and c leaned , and · in May 1966 � Pond B was permanent ly filled 

in .  . . .  

Andrewartha and Birch ' s  ( 1954) environmental component 

"weathe r "  is in many ways less  complex in a quat ic than . 

t erre strial environment s - be cause  humid ity i s  not invo lved , 

and a l so b e cause  extreme s of  t emperature are less and chan@;e 

i s  not so  rap id � · Terop erature . .  i s . the main · variant ('Reynolds on , 

1966) and it s importance  has · been stressed · by numerous · 

workers ( e . g . Muirhead-Thomson , 1958 ; Maca.n ; 1963 ; \'ffiO Report 

1 20 , . 1 957 ) •· ·A · · s econd c l imatic factor o ft en of : consid erable 

importance -. t o  · fre shwat er · molluscs is  rainfal l , v;hich affect s 

102 ." ' 



water l eve l , flooding , current spe ed , t empe rature and wat er 

chemistry in the snail s '  environment . 

( a )  Te rnperature 

Lo cal a ir temp eratur e s  normal ly provide a r e l iable 

guid e to t emp eratur e s  found in small  bodie s of ·wat er , and 

have b e en ut i l i z ed by eco logical worker s , e . g .  Duncan ( 1959) 

in a study of the pulmona t e  mo llu s c , Physa font inalis (L . ) .  
L! New Zealand , Winterbourn ( 1966 ) found a c lo s e  relat ionship 

betwe en a ir and wat er t emperature s in Swanson Stream , and 

Barclay ( 1966) report ed a similar clo s e  corr e lati on between 

wat er t emp erature o f  a t emporary pond and the surround ing 

a ir t emperature . 

A i r  t emp eratures  re cord ed at Gra s s l and s D ivi s ion , 

D .  S .  I .  R .  , in the lower val l ey of the Tiri t e a  Stream during 

the p er iod of regular monthly sampling are summari zed in 

l?ig . 26a . 

Mean monthly temp eratures ranged from 8° C to  19°0 ,  l 

with mean max imum t emperatures  �f 23° 0 ,  and mean minimum 
. 0 t emp eratur e s of 4 . 5 C .  The diurnal temperature range of 

the stream wat er and the a ir above it wa s re corded in 

Sep t emb er , 12 readings be ing taken over a 24 hour period 

( Fi g . 26b ) . As. expect ed , temp erature fluctuat ions were far 

great er in the air , 2l-5 . 7° C ( ran ge 15 . 3° 0 )  than in the 

wat e r , 16 . l-l0 . 9° C ( range 5 . 2° C ) . Change s in water temper-

at11r e  f o l lowed tho s e  in the a i r ,  although there was a time 

lag o f  about one hour . Mean air and wat e r  t emp erature s 

r e c o rded over thi s 2LI- hour p er iod were alruo st identical 

( 1 2 . L!- and. l 2 . 8° C re sp e ct ive ly) . This evid enc e sup p o rt s the 
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FIGURE 26 

( a ) A ir temp erature s recorded at Gra s s land s Divi s ion , D . S . I . R . , 

Palrnerst on No rth ,  in the lower val l ey o f  'riritea Str eam , 

during the p e r i od of  monthly samp l ing (r.Jarch 1965 - Apri l  

1966 ) . 

Key 

Vert ical bar s show t emp erature range each month . 

Hor i z ontal bar s shovJ mean min imum , mean maximum , 

and mean monthly ( -�- �naxt miriJ ) temp erature s .  

( b )  Diurnal a ir and water t emperatur e s  re corded in 'riritea  

val l ey at Ma s sey University on 16- 17 Se-p tember , 1 966 . 
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c ontent ion that l o cal air t e mp eratur e s  provid e a rel iable 

ind icat ion of  mean wat er t emp erature s .  

( b )  Tia infal l  

Allen ( 1 9 5 1 )  found that an unexpect ed ly c l o s e  relation-

ship exist ed betwe en flood cond it ions in the Horokiwi 

-.3tream , and rainfa l l  figure s recorded at Pl immert on three t o  

f our mil e s . away be twe en the lower val l ey o f  t_h e  .stream and .. 
t he s e a  coast . The nature o f  this relat i on sh ip wa s that a 

given rainfa ll at Pl immert on normally produced a ri se 

about 12 t i me s  as  great in the stream leve l in ; the · fol lowing 
1 . ' . . 

24 hour s . A s im il ar relat ion ship exists b e twe en ra infall 

and l evel of the Tirit ea Stream as ind i ca t ed by recordings 

t aken at Gra s s land s Divi s ion , D . S . I . R .  ( Table 1 5 J . fuL 

increase ·in stream l evel of the ord e r  of 10 t o  12 t ime s the 

rainfa l l . r e corded in 24. hours wa s f ound t o  o c cur .  

TABLE 15 . 

. ' 

Relat ion ship between rain f a l l  re cord ed at Gra s sland s 

Divis ion , D .  S .  I .  .L L , Palme rston North , and ris e s  in leve l 

o f · 'l'irit ea Stream in May 1967 . 
Dat e  Ra infall Water level 

( inche s )  ( inche s above 
normal ) 

8 May 0 . 2  : . . 0 ' '  

9 · · o � 1 - 3 .. . 

10 . . 0 . 1  2 
l l  ,. · . .  o �·2 - 5 . 5  
12  0 . 0  3 . 5  
1 5  0 . 1  2 -

: 16 0 . 3  8 

Dat e 

22 . 2 3 - · 
24-. .  

- 25 
26 . . .  · 27 

Ra in fal l 
( inche s )  

- . 

. .  " 

o . o 
o . o 
0 . 1  

.. 0 � 6  
0 . 2 
U . 5 

· · · �  . 

Water l eve l1 
( inche s abov 

normal ) 

0 · - 0 
0 

.. . 6 · 
8 . 

- 14- . . 

lOL� . 

e 



Allen (1951) classif i ed fl ood s into thre e cat egorie s  

a ccord ing t o . the ir . s everity , ·and hi s scheme shmml below ha s 

proved s1.1.i t ab l e  in evaluat ing flood condit ions in l'iri tea 

Stream . 

C l a s s if i cat ion o f  floods ( after All en , 1951) . 

� 

Sl ight 

Jloderate  

Severe 

p • ' .. 'i. l.Se  in l�vel  

12-2 3 " 

2L�- 35 11 

. -

, . 
J 

. . 

. . , 

> 36 " 
. . 

Average rainfal l  
. ( 24 hour s�) 

1. 0-1. 99 1 1  

2 . 0-2 . 99 11 
. . 

.. . 

) 3 . 0 " 
. . ;--

�Con s i s t ent rainfal l  over. several d ays 
on 1.vat e r  l evel of ·a s'i:rriilar order to 
g iven . 

Distti.rbanc e o f  bed 
-. -

Some movement of 
surface grave l .  : ' ; , 

Ext en s ive movement 
. 'o f  surface . gravel .  

Some bank ero sion . 

Wid e spread , deep 
gravel :di sturbance 
Overflowing banks . 

has a cuii)ulat ive .e ffe 
the 24 hour valu'e s  l 

Employing rainfal l .data .obtaine.d · by G-ra sslands . Divis ion , 

o ccurr enc e .and severity o f  f lo od s  during 1965-66 were de .. t er....: 

mined_ � Tab l e  16 ) .  

1'ABLE 16 . 

The o c currenc e o f  sl �gh_� , moderate and severe flood s  as 

determined by rainfal l· data obtained at Uras s land s Divi sion ·, 

D . S . I . R . , Palrnerston N o rt h ,  during 1965-66 . 

Year �- .. 

1965 Sl ight · 
I•.�lodera t e  
Severe · � 

1966 Slight 
Mod erate 
Severe 

J , F M · 

. - ·- . .  1 · l 2 
' , ·. 

- . . . · - -

2 

· . : < · 1 
' .  : ' 1 

l 

A 

-· 

. . 

. ... . 

M 

; 

Ir1onths 

J" , J A 

I 1 
1 

l 

s 0 N D Totals 

1 1 6 
0 

l 2 
2 .  6 
2 3 

2 
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METHODS 

( a )  :Li f e  hi story and pooulat i on dynami c s 

( l )  Sampling 

Ob s e rvat ion s over a 14 month p eriod (March 
1965- Ap r i l  1966 ) in Pond A ,  and for 1 3  months ( Ap r i l  1965-

Apr i l  1966 ) in Fond B and '.riri t e a  Stream . ,_:Jamp l e s  were 

col l e cted monthly , except in the ' p eriod aft er the pond s had 

be en dra ined wheri add i t i onal samp l ing wa s carr ied out . A l l  

samp l e s were taken with a lon€';:-hand l ed d ip net \ 18 ·me she s/cm ) 

whi ch wa s : swept through vegetat ion and bottom mud in the 

p ond s , and a l ong a submerged she l f  and beneath the b anks in 

the s t r e am . Samp l ing wa s non- qtiantita t iv§ with re sp e c t  t o  

sub st rat e ·area but embryo count s were ut i l i z ed t o  provide a 

quant itat ive a sp e ct to l i fe hi s t o ry data ; About 200 indiv­

idua l s , randomly s e le ct ed from f ie ld samp l e s were examined 

each month ( App endix 6 ) . Samp l e s  hal f  this s i z e  have b e en 

u s ed suc c e s sfully in comparabl e  stud i e s  by D1..mcan ( 1959 ) ·and 

.ttunter ( i96l ) . During the p eriod when Pond A wa s dry , 2ft2 

samp l e s o f  b o t t om mud wer e  c o l l e c t ed at we ekly int erval s  

and examined fo r snail s .  

( 2 )  S i � e  d e t e rminat i on 

Max imum she l l  he ight vifa s  u s ed a s  the s o i e  ind i ca t o r  o f  
. ' 

s iz e . Thi s  i s  a wid e ly a c � ept ed pract i c e  a s  the u se o f  

l inear sh� l l  measurement s i s  cons idered ' t o  provide a g eneral 

ind ex of the who l e  growth of the snail ( Wi lbur and Owen , 

1964) . Mea surement s were made a s  in Sect ion l . L� . · 

( 3 )  EmbrYo . exam inat ion 

Embryo s were removed from adult snai l s  by two method s :  
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( i ) Bna i l s  were · s qua shed b etwe en two p lat e s  o f  gla s s . 

Thi s  was a · sat i s1'actory me thod o f  obtaining embryo s 

but the s o f t  p art s o f  sna i l s . we r e  invariably · 

damagE:;d wl:).en -U.$ ine:; it . . A s  other . ob servat ion :;; were 

b e ing mad e  on the sna i l s  s imul t an E;lous ly , it wa s 

· , genera l ly un suitab l e . 

( i i ) She l l s _ we re d i s so lved in a we ak ( appro x imately 2N ) 

s o lut ion o f  hydrochl o r i c  a c id . So ft part s o f  

. .  _ :P?:.'e s e ryed sna i l s  were . not . aff e ct ed when this 

t e chn iq�e wa s . used ,. and embryo s were e a s i ly removed 

py making a!l inc i s ion in the bro od · p ov.ch - wal l � 

Thi s method wa s ad opted on , mo st o c c a s i ons . 

(4 ) : Sex d e t e rm inat ion . _ . 

SE)X . 9 9uld not b e  determined whil e the sna i l _ r ema ined in 

it s she l l . Matur e fema l e s. with she l l s  removed were : ea s i ly 

r e c o gn i z ab l e  by the i r  brood pouche s c ontain ing embryo s whi l e  

mal e s  of a l l  age s .·-p o s s e s s  a .  pen i s  _. wh i ch . i s  f ound on the . r ight 

s id e · o f  . the head behind . the r ight · t entacle • · · . The penis · i s  

norma l ly hidden b ene ath the _ ant erior mant l e · edge · whi ch ; mu s t  

b e  turned b a ck ; t o  r ender i t  vi s ib l e . , . 

( 5 ) . 1 Det erminat i on of growth rat e  and genera t i on t ime 

Be cau s e_ of the lack of a c learly defined r eproduct ive 

p eriod ·; . i_t :�": s  �, no_t p o s s ib l e  to fo l l ow the growth of sna i l s 

u s ing ·pqpulation data . obtained - in · t he : f i e ld . �herefore 

sna i l s  were reared e�p erimenta l ly in the lab�rat ory to obt a in 

an e s·t; ima t e  o f  the growth rat e and generat ion t ime . 

· . One quart : 1 1Agee 11 . j ar s  vthi ch had been - immer s ed in Pond 

A . for_ . a . month tq _ allow encru s t ing green a lgae t o  settle on 
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the ir sid e s  were us ed a s  rearing conta iner s ." Jar s were 

fill eel with t ap wat er , and s everal · s trand s of l�l od ea · 

canaclen s i s  and about 1 0  gra.m·s of f in e ly si eved pond mud were 

add ed . No art ificia l  aeration wa s rie c e' s s a·ry . .B\i.rther 

add i t ion s · of porid rriud were mad e at int erva l s throughout the 

growth period �nd the de compo s in� organ ic matter �ithin it 

provid ed suff ic i ent food mat er ial to sustairi · cont inuous 

growth . ' •  ' !  . 

P .  j�nk in s i  is  li sted a s  a det ritu s fe eder b y  Fre t t e r  

and Graham · ( 1962 ) , Ne\<vell ( 1965 ) ha s sho�m that the relat ed 

H . ulvae d iges-t s · ma inly the bactetial · coating ·on · o rganic 

d ehr i s· and s ilt ; and van der Schalie ' and Davi s ( 1965 ) wer e  

abl e  t o  rear the Or i ent al hydrobiid Onc omelania suc c e s s fully 

on a sub strate of unst eri li z ed mud · support ing a rich micro-

f lora o'f diatoms whi ch when d e caying ' formed the sna i l s  1· ma ir:i. 

f o od supp ly . .· . :  

During the · growth ·period wat er t emp erature v.ra s r e corded 

c ont inuously with"' a :inaximum-min ii.num thermome t er suspemcied 

in a s eparate container alongs id e  the four experimental · ' 

a quaria . Shel l  'he ight wa s employed a s ·the s o l e ' iridicatbr 

o f · growth . 

(b ) St ream e do l ogy 
( 1 )  sampling ­ ' ' ' I • 

· , .-; - •' ·  . :. 

· niff icult i e s  encount ered· in obtaining quantitat ive ly 

me angingfui · sampl�s . from fre shwat er hab i ti'lt s �· part icularly 
' .  • l .  '", · �; _ · · · �� . .' •. , · . ' _I j:: � . ., . . . . . : ': _· _ · ' .· . '• 

·- · : : I 

r1p1ning .wat ers .. are man y ,  and have b een exp;e s se9- by 

innumerable ' workers ( for reviews s e e  Cummins , 1962 , and 
. . . . .. 

Southwo od , . l966 ) . The tremendous variabil ity o f  micro­

hao it at s . within a small area' of stream bo tt�m norme3;lly
. ; � . : ' 1  .... · - .. . . 

. ·. . ... .. ·.� :  .. · . . / . .  
• ··

' 

,1,_ ' • 
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l e ad s . t o  tJ:.� .. . :'!arian c e  of a s e r i e s  o f  samp l e s  b e ing very 

l arge , · e . g . Ne e_d,ham and U s inger ( 1956) f.ound that they 

r e qu i.:r:- ecl 73 lft.2; Surb er s amp l e s  . from � a s ingl e riffle , to 

obtain an .. aq curq.t e .e st imate ( 95% · c onf:iden c e  leve l )  o f  the 

numb e r s  o f  b o t t om.· ·_fauna _organ i sms pre s ent . It · i s  no t . 

f e a s ib l e  for such enqrmou s samp l ing programme s t o  b.e . . 

carr i ed out in mo st inve s t igat ions - which - therefore have 

t o  r e_ly on l im i:t{ ed - quant it at ive , or s emi-quant itative method s , 

a numbe r  of which have b e e!l d, i s cu s s ed re c ent ly by Morgan and. 

Egg l i shaw ( 1 965) . ' . . 

T o  il1ve s t i�a t e  the d i s triput io� o f  P .  ant ipodum in , 

'.l' ir it e a  Str e c:un two surveys wer e : carried out , in O c t ober 1 967 

and. i'-ilarch 1 968 • . All s amp l e s  wer e  taken with a l f t 2 . ( 9 . 2ldm2 ) 

Surber s amp l er . In .: Oct ob e r , d i stribut ion wa s e xaminec1 at 

thre e stat i o n s  ( Stations 1 , 3 , 6 ,  1rab le 24 ,  p . l 28 ) , 15 sampl e s  

b e ing t aken fr?m a riff l �  at each stat ion , thre e samp l e s 

from ad j ac ent , p o o l s , · and at Stat ion : 3 , four s ampl e s  :from 

within w i l l o w  r.o ot s :along t.he _ stream mar.gins , and two from 

mud in st i l l. wat e r  beneath the bank s . In lliarch , thr e e , extra 

stat ions were inco rp orated in the survey ( Stat ion s  2 ; L� , 5 , · 
Tab l e  24 , p . l 28 ) . . On this o cc a sion 10 samp l e s were taken 

from a r if f l e  at each of the s ix station s  . 

. In . c on j -unct ion .1JI!ith b o t t om fauna samp l ing the f o l l owing 

phy s i c a l  �nd chemical m e a surement s were. mad e • . 

. �iTea surements Method s 
;' ' . ; .. 

1 .  Sur f a c e  wat er ve l o c i t y  - mea surement o f  pre s sure wave s .  
2 .  Wat er t emp·era'ture' �- . mercury thermo'met er·. 
3 .  D i s s o lved oxygen ·· 

c o n c entrat ion and 
5-day ·BOD · 

LJ. . pH 
5 .  To t a l  a lka linity 

( a t pH 4 . 5) 

. j ' : . 

Winkler method . 
- batt ery pH m e t e r . 

t i trat ion with 0 . 02N HCl , methy l  
orange a s  ind ic a t or . 

109 . 



( 2 ) Drift 

Drift samp l ing wa s carried out using the method 

employed by ··;'Jat ers ( 1962 ) . A Teryl ene net ( 18 me she s/cm) , 

3 feet long , it s mouth 3 f e et wid e and 2 f e e t  high , wa s 

enc lo s ed in a pro t e c t ive out e r  bag having a strong canva s 

base . The net wa s s e t  up on the stream b ed in a current , ­

two long bra s s  p o l e s driven int o the sub s tratum ho ld ing it 

f irmly in place . The l ower �dge of the mouth of the n e t  was 

held f i rmly aga in st the stream b ed by a he avy cha in enclo s ed 

within the front heri1 o f  the c anva s ba se and a t tached t o  the 

two bra s s  p o l e s  by metal r ings . Dr ift samp l e s  could not be 

t aken when the river wa s in f l o od because large amount s o f  

s il t  accumulated i n  t he n e t  and the increa s ed weight re sult ed 

in it b e ing wrenched from i t s  original po s it ion on the s tream 

b ed . 

( 3 )  Ef f e ct s o f  flooding 

Bec au s e  of the irregular d i stribut ion o f  sna i l s  on 

s imilar sub strata within the strea.m b ed ,  (Tab l e  24 , p . 128 ) , 

e s t irnat e s  of numb ers per unit area of stream b ed provided by 

l imit ed s amp l ing programme s are su scept ib l e  ' t o a high d e gree 

o f  samp l ing e rror . Al so , a s  sna i l s  ·were fre qu ent ly mo st 

abundant in s t i l l  wat er and on an uneven sub s t rat e , e . g . among 

w i l l ow ro o t s  or b eneath bank s , quant itat ive s t ream s amp l er s ­

such a s  the Surber samp l er c ould not a lways b e  succ e ss fu l ly 

e mp loyed . Because of the s e  l imitation s , e st imate s · of snai l  

numbers before and afi e r  f l o od ing - were mad e frofu s�mp l e s  

r epr e s ent ing " one standard swe ep '\ taken with a f ine me shed 

net (40 me she s/cm) , from a carefully s e l e ct ed and c l early 

d e f in ed area of stream bed . 

l ib . 



}L�:SUL·:rs Al·JD Dlf3CUSS IONS 

( a )  Llli':ti; HlS'rOHY AND Po:i?ULA'I' lOH DYNAM I CS 

( 1 )  S i ze s t ru ctur e s o f  u ouul at ions 

Monthly he ight ·distr ibut ion s  of sna i l s  in the thr e e  

populat ions are shown in Fi g .  27 in whi ch numbers o f  

ind i vidua ls i n  e a ch mil l imetre s i z e  c la s s are p lo t t e d a s  a 
p er cent ag e of the t o tal samp l e . It is clear that small  
ind ivid ua ls v.Je re b e ing re cru i t ed int o  a l l  thr e e  populat i ons 

t hroughout the ye.ar , and t ha t  growth of any part icular age 

gr oup c ou ld not be f o l l owed from month to month b y  in sp e c t i on 

of hist ograms . 

( i ) Tir i t e a  St r e am 

Populat ion s t ru cture in T i r itea Stream rema ine d a lmo st 

const ant i n  a l l  months . At a ll t ime s a high perc entage of 

the sna ils were small in di vi du a ls in the 0 . 5- 3 . 5mm c l a s se s , 

and in January and February 1966 ind ividual s of the sma l l e st 

c la s s  ( 0 . 5- 1 . 5mm) const itut ed 70% of t h e  t o t a l  popu l a t i on . 

There must b e  an increa s ingly high rat e  of mort a l ity a s  

snails grow o lder , a s  numb ers in the large s i z e c la s s e s  

re m ain e d  cons i st ently sma l l  t hroughout the year . 

( ii )  Pond A 

From Niarch t o  Au gust 196 5 , the -popul at ion vva s pre­

dominant ly an o ld one ,  the two large st s iz e  c la s s e s c on s t it­

ut ing up t o  81% of the t o t a l  sn ail s .  'l'he se large sna i l s  

a lmo st c ertainly r epr e s ent ed a number o f  generat ion s . 

Throughout this period smal l numb ers o f  young snail s were 

be ing r e cruit ed int o  the populat ion . ln N ovemb er a marked 
increa s e  in numb e r s  o f  young sna i l s  \Va s  found . Thi s  high 

1 1 1 . 



FIGURE 27 

Nonthly size  structure s o f  t hre e populat i ons o f  

P . ant iuodum from April 196 5  to  Anril 1 966 . 

a - Pond B 

b - Pond A 

c - Tiritea Stream 

* Period when the p ond ·was dra ined . See  Figure 28 . 

The width of each bar i s  proport ional t o  the 

perc entage of the total  populat ion in that s i z e  

c l a s s . 

The numb er at the head o f  each co lumn shows sample  

s i z e . 
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�ra in ing o f  the pon0 d id no t app e ar � o  re su l t  1n 

T) ' _., . _._ • • ] i • 
• f ' 

� ' ·:l ·-�� u. lJ C l, l o .'l Hl. p o pu . .  :::1. � 1 on s 1 z e  each 1.vc� ek o. - .  r. er Cti'El. ln in r� is  
s t.!.ov:n in Fo l l owins re f i l l ins t here Ba s a gradua l 

in numb e r s  from Lf-> ::>na iJ. f:> 
� 2 per 2 f t �  t o  1 50 p e r  2ft� 

i n  t he r i� s t  five ueeks . This wa s a c comp l i shed by the 

r e l e a ;3 e  of ym.mg , and r·ed j. s�:.;> er s a l  t hr o u gh the p ond o :f snai l s  

-,7h:i. eh lm<l ac cumulat ed i n  s!I!a.ll d arnp d epr e r_; s :Lons d ur ing the 
' ) 

cl :ca:LG ing: p e r iod. . N in e  we e.k s aft e r  r e f i l l ing a 2ft.::. samp l e  

o f  EiUd c on t a ined. 24-C sna i l s , the ma j o r ity b e ing youn r..; 

individuals . 
( iii )  Pond B 

Populat ion st�1c ture , a s  ind. i ca t cd by hi s t o �ram s , 

varied c o n s idera.b ly fro r1 mon t h  t o  month . In L1ay and. 

S ep t ember 1965 , t he p o�ulat ion was predominant ly o ld , 

ntunb e r B  o f  sn a il s incr e a s ing in e a c h  suc c e D r.d.vc s i z e  c la s s  • 

. uy c o nt r a s t , la.rge nur:1b ers o f  young ind ividual s  v;e r e  found 

in J1..mc and J uly 1905 , and i3'e b:cua:r�r and. i· ;a:rch l96E) . Ii'rom 

l at e  i)ep "G e ! :Jb e�c- to D e c emb er and to a l e s s c�r ext ent in early 

1 966 t he popu l a t i on a s sumed a b imodal form , but by Apr il 
the larg e r  p e �� wa s n o  lon ser evid ent and r e cruitccn � o f  

;JOl .. ffi[J; r;na i l s  i n t o  the ·p o�pulat ion h.::J.d <:J. l s o  d e c l ined . 

Bef o r e  Gra inin� of the p ond · �he 0opulat ion �a s a fairly 

o ld ono , _51 1 : .'_, of the �m.a i l s  be ing in the t�r.ro lar;; e s t  s i z e  



2 IGUR,� �?8 

Pouu l a t ion struc ture o f  P . an t in odum in Fona A dur in� 

the p er iod b e tw0 en d ra in in �  and r � f i l l in z . 

( a )  ·:) lTu�J e r s  o f  sna i l s  p er 2 f t �  o f  p ond bed 

( b )  :3 i z e  s truc tur e 

c l  - p anel c l c.7anecl out , d ead p lant r1at e r i "l. l  nnd a 

c o n s i('i erab l e amount o f  sur face nru.d r emoved . 

d r  - VIa t o r  d:r.ain ecl frorn p ond . 

rf - p ond re f i l l ed . 
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" ��.:tucJ c;nt s "  t - t c  s t  ·or:L ti1 :Se s s o l ' s c o r�c e c t  ion ( I  : o :r on e y , 1963 )  
� a s  app l i ed t o  the poo led 8ont hly data . 

Siie l l ;.�. L:lc� .'J1 'l; _s_·t } : •"" �=>. r>_.v e ·-'-·:·R _ _  ]_ ·_.-,1 ()l·'l ·� '
-•l S  -iu- 0 dr>V P. l O�) " T) l' n c. c  S O  ·1-- }l"" -'--� - _ V J - - - ,:J __: • J.L 1;:_ U ' o. • 1.J (:>. i_, 

s ome sno o t h- she l l ed j uv on i l e s  ar e �ot entia l ly spiny ad u l t s  . 

. IJ· e t-.\'.r -=>. eu -.1, _:-o-LI __ ,··.·: �  .. . ':'.· ·"'· ·''·- ··-_1 •. P. c'l. l· r __ ._l_ 1·J. o ·1� rl -'L f' ·" ,-� "' l· .. • . 1J' f ·' c · · t ] - f"'' · 1 . , • _ _ • , � - � . • .L tJ J.. .-::. _ ,.,,l _ l , c1.o. _ J "" o i!! e .:J. c .1 

o ther 

f m.Jnd b e twe en Yond li ��.ncl_ 'l:iri t e a , o r  } ond B and.  �� iritea 

p opul a t ions � hen e� ul t and juvenile sna il s we r e  c on s id e red 

s epara t e ly . S i gn i f i cant value s ( P< 0 . 0 5  and � <0 . 01 r e sp e c t -

o b t a ined •:.rht�n t o t a l  popu lnt ions 1s e :c• e  c o mp a r ed 

however . ��:ll e s e  r o f->u l t e. c<:m. b e  ex�) l 2. ine(l 1.7hc�n s i z o - st:r.-uc ture s 

o J  the 'f;> OTmla t i on E; a:c e  t ·�-�� en int o  acc ount ( Fi g . ') rJ \ '- ( / . In 

'I'ir i t c s. , :;t r e e.JJ , acl v_l t �,ma i l s  c on s t ituted a very S i�!a l l  l)a rt 

o f  the t o t al popul a t i on c o r,�par EKl �'Ji th t he ::::. i tuat i on :fmmcl :Ln 

t he D Ond s . 1rhere fore , vrhen a l l  ind ivic!.ual s  \'!8 1' 8  h.m:p ed 

t o g c:.ti·1 e r , the larger ::m a i l s  d icl not (;rea t ly a f f e ct t;h e  pro-

p o rt ion o f  sDo o th- she l l ed ind ividua l s  in the who l e 

p o !;ml a  c i on . As th"� j uvl'mil e s e ct i on o :f the p ogn l a t i on 

n e c e s s a r i ly produ c e s  a high p e r c entage o f  sMo o th- she l l ed 

sna il s ,  a s  exp l a ined earJ i e r , the p er c en t a � e  o f  smooth in-

d iv iliua l s  j_n the v1ho l e  po:�nJ.la t i o n  v1il l con s e qu en t ly oe high . 

·�Cl1i s und. e r l in e B  t he ne c e s s it�J o f  C OL!pCJ.I' ing d ir e c t l y  

c o r:Jparab J . e  grou_p s  i n  a ::> i tclEtt ion l ike thi s rrhere TD.o r�)ho l o g-

ical characters chan se with age , and a�e - st ru c t ur e s  o f  t h e  

t_) opulai.; i o n s  b e inu� C Oi;roa:r:e(l a r e  c1 iff ere:nt . 



'rABLE 17.  

Tiritea S tr eam 

To tal. snails 

) 3 . 5mm 

< 3.  5mru 

Pon d A 

To tal snails 

} 3 . 5mm 

<, 3. 5mm 

Pond B 
'I'otal snails 

> 3 . 5mm 

< 3 . 5mm 

----------------

Perc entages of smooth-shelled snails each month , in Tiritea Stream , 
Pond .a. and Pond B popula tions : Harch 1965 - April 1966 . 

1-'lonths 

M A M l •  J ,J A s 0 N D J 

- 86 82 . 3 93 91 90 . 5  96 90 90 98 . 3  99 . 2 

- 72 45 . 5  96 . 5  93 87 83 . 6  73. 4 78 . 8  8o 92 . 4  

- 88 86 . 5  92 . 3  90 91 . 5  100 92 . 8  92 98 . 8 99 . 5 

I 
I 

l 
90 . 0  98 . 6 81 . 2  93. 4 94. 5 90 . 3  * * 75 . 6  78 79 . 1  

89. 4 98 . 5 78 88 . 5  89 . 6 91 . 5  * * 41 . 7 50 . 2  46 . 2  1 93 . 5  98 . 9  86 97 96 . 7  86 . 4  * * 90 80 . 3  81 . 2  

- 72 . 6  75 . 5  94. 2 92 . 6  92 . 5  * 83. 4 84 74 71 

- 66 74 . 4 83. 6 81 . 3  89 . 5  * 86 . 7 75. 7 78 . 5  64 I - 81 . 5  78 97 . 5  96 . 2  96 * 82 90 72 . 7  77 . 7  I 
----·--

* s e e  Tabl e  20 . 

� IIIJ 

99 . 7  96 . lj. 
- 89 

99 . 7 96 . 6  

72 . 7 66 

45 . 5  33 . 3 

74 70 

83 . 2  91 . 5  

61 . 5  80 . 5 

86 . 2  94 . 5  

A 

90 . 6  

58 . 8 

93 . 5 

90 

96 

83 . 6  

I 
86 .j 
78 
88 .1 

:-....! 
:__; ·· ....... :-: 
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, _ · can y ercen t agc s o f  f; mo o t h.- she l l e d  sna l l f'.> in the thr e e  

�opul a t i on s , over t h e  who l e  p er iod o f  t h e  inve s t igat ion . 

'.i' ir it e a  3tream rond_:_j
_ 

Fond B 
-· 

T o t ::1. l sna i l s ')1 . 3 c35 • ;2 8 2 . 8 
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( ;)· \ ::� p ·OJ " 0 11 8.. ] 
· ' ) ... . .  • .. 0 ' ) •: . . .  

i > 7) l).- ! ·" (:' ) 'i il'l � ,. • - • •  J .. l ' - ... .. . c o 1.mt n o f  en1 br�ro s orc s ent 

�)rood �") Otlche s of gravid ::ma. i l s  rrere i'i18.d. e eacb month . As 

in 

ue l l  a s  s e a s ona l cilanr;.; e s  in e;rrbryo �o roduc t i on , d i ffex·en c e s  

in r11.lmb e :r. :':3 o f  e;r:b l�yo s  p r e s ent :Ln :i.11.<l ividua l sna i l s  v•i l l  -iJ e 

c ::tu secl by the ir:· iuii' cd i at e  rc�proch1 c t iv<:; st a t e , bu t erro r s  

int rodu c ed i n  thi s way should c an c e l e a ch o t he r  o u t  when 

sa rn;:1 l e s  o f  ad e qua t e  s i z e  m: c t al;: en . r·erc en t a�;e s o f  adult 

sna i l s c o nt a in ing embryo s e a c h  ;non th , in the thr e e  l!OP-

ulat i on s  a r e  � iven in Tab l e  20 ( p . ll8) . 
�t a l l  t ime s a far higher p e r c entage o f  pond t han 

s t r eam an a i l s  c ont a in e d  embryo s . The c o mpara t iv e ly small 
_p e r c ent a:�;e o :l:: gre.v id r:Jna i l s  o c curr inp; in t h e  str e aT.'l can 

probab ly b e  exp l a ined , in part , by the mo r e  r i�orous l iv ing 

c o nd i t i on s  :provided 'by the s t r e a rn  hab itat . I t  i s  l ike ly 

that , in the st r e a� , sna i l s  re quir e a hi�her �rop ort ion o f  

t :n.e i r  energy budu; e t  f o r  �;rm,.rt h and Iila int enan c e  a. e t  :L v i  t i e s , 

1.7he r e a s  :Ln t he uond s the she l t e recl hab i  t; a t  is hisb.ly 

favo1J.r;)_ble  t o  snail p:rmvth u.ncl energy c an ::wrc read i ly be 

ut i l i z ed f o r  reproduc t i on . 

Numbe r s  o f  enhryo s p r e s ent in brood ) ouche s of gravid 

sna i l s  e g_ c h  month , in e a  eh �! OIJU.la. t ion , are shorm in Fig . 29 . 
In r0i r i t <=; a  Gtreara p eak embryo produ ct i on o c curred in su1am er 

and r eproauct ive ac t ivit y  wa s l e a st in wint e r . Spr ing wa s 

a n e : d_od o f  increa s ins a.c t· ivj_ty , ln1t in autur:m numb e r s  d id 

n o t  g: r e e.t ly e:-,�c e ed tho ;; e  obta. in e cl  in 'trin t e:c . In b o t h  f,l onc1 f; , 

s<):c in;r , J:•ather tlH:Ul f:\Ul:trn e r , \·;.-:•. s the s o 8. s o n  of f_J;roat o st ..!.. ... .J 

LL'( 



r :e an grovrth o i' .four l a bora t o ry p o olJ l -:=>.t i on r:; o f  

_ U pD 2 r  graph f:� hov.' s 1.vat e r  t cnD e �o..tu re s r 2 c o rcl. ed in 

the l a b o rat o ry e a ch m onth . Vert i c a l bars show 

t e:o.p e ra ture ran:,;c s . :,, e a.n s ai'e �i o i.n. ed �JY a COllt :Ln1101.1S 

l ine . 

r eprodu c t iv c l y  a c t ive 

r - fir�3t  r c l P :J. s e  of e r.1bryo s 
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'I'ABLE 2C . 

Perc entages of adult snails ( shell l ength ) 3 o 5mm ) v1 ith er.Jbryos each month and for the whol e s t udy 
peri od ( l\larch 1 965 - April 1966 ) ,  in Tiri t ea Strea m ,  Pond A and Pond :S .  Ov era l l  perc entages 

are the means o f  the monthly val u e s .  

f·1onths 

M A N J J A s 0 N D J F r.:� /J. 

Tiritea Stream 31 . 3  6 . 2  12 . 5  9 . 4 10 31 27 <; . .  ./ 26 . 7  37 43 30 . 8 - 27 9 . 3  

Fond A 93 . 5 76 . 6  66 . 6  8c 93o 5 90 97 96 . 8 90 86 . 7  lOC - 100 3 3 . 4 

Pond B - 81 . 6  93 . 4  93 . 4  So 100 87 93 . 5  84 . 6  87 90 80 83 . 4  70 

Over-
all 

2 3· . 2  

83 . 8 

86 . 5  

'---' 

f-' 



i:u m b e r s  o f  embryo s -9 e r  c;re.v i d  f t:: Jna l e  e a ch month , in thr e e  

Q Opula t i o n s  o f  F . ant iu odum . 

a T i ri t e a  Stream 

b J?ond A 

c - F·oncl B 

Hor i z. on t ;::tl l ine s sho-,·: mean numb e r s . 

Vert i c a l  bars s how one s t andard devi at ion either 
s id e  of the mean . 

- ·:"tntlb e r s  a. r e  sar:.tp l e  s i z e s  
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t he t hr e e  populat ion::; i ;3 c o �::r�)srecl ( 'I'a.bl e  ? 1 ) , sna. i l s  f r o m  

Fond B a r e  J' mmcl to have b e en ! !Jo s e  produ c t ive , ?11C .'!. n 2.:tunb e r s  

t he,.n \';·;J. :3 .f ound i n  �. -orL1 .� .. r ·c: ' (l ( )1 ) ,,, , J� Tl O -t- <:' l. ' ''l1 l. f l' C "' 'J.-'- l •r -- \ .L '\. e - , l.1 L . v _ lJ t.J ;- ; '-t.l. l,., -,j 

[-;r e 2 t 8 r  tb:.m '.::<J. f: found in 'T· ir i b: :a ::>t r e .9 El  ( :C') O . C 5 ) . 

Lean numbers o J' CI:tb:ryo f; p e r  sro.vicl fTL8. il  in the thr e e  

p opulat i o n :;  o ve r  t he ful l  s l:i 1..1.d�r -p ·:=-:r iod . ( T1eetn s d e r ived 

from m e an s  o f  all monthly va lue s . )  

, P. an nur:1b c r o  o f  embryo s pe ·r· ::ma i l  

'.C' i r it ea :::;t r e a m  

( L i. )  ;::.ex rat i o s 

��6 . ,g 

l n /.' C• • _') 

30 . '7  

Doth :o oncl l')O])Ul<J. t :ions c on s i st ed s o l e ly o f  '!) art -

ual ly func t iona l a s  l ivin� sp e rm na s o b t a ined from the 
·iJ e st e s  <':l.nd va. s d e f c:;ren�-; of t ho ::=; c  sna i l s  e xamined . S e a sonal 

o c currence of m2 l c s  in f iri t e a  Str e am is shown in Tab l e  2 2 . 

l l  ') . 



numb e r s  o :L EIE'. l e ,  i' eFJ<? l c� , nncl .:::�l' e£:;ar:Ln.e inf e c t ed snai l s  

( slH �ll  he i :;(o.t )· 3 .  5liro ) in I·IOnthly �:; a nr . .) l e :3 Lcor�1 ·T i r i  t e a  

;3t r e am . 
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l' . ;;_:o_t i-r)odum C SJ.n b e  :; cvere1;y inJ e c t ed ,�;i th the cys t s  o f  

an un :i.dent if i ccl s;:> o r o g o .:;l.n l) r o t o z o ;:.m 
- ,., . . 1 l. '. rr S [S!lr J_n.J_c a ;  

ido. e ) a.nd t o  a le s ;:>er ext ent by th8 la.rval :.=::t age s o f  a 
nuLili e r  o f  t re�a t o d e  sp e c i e s . ( C-3 e e  .'3o ct ion 4· . 0 ·.; ;·h ere :pa::car:; i  t -

i E;n i s  d i s c1.JS s t.:o:d. in gr e :=.t.  t e r  d e t a i l . ) In t h e  tb.r e e  
p o r:rnlo.t icns f3tucJ ied , J.lo inf e c t i on o f  �3na i l s  b y  t r ematode 

from 

;"J:.! o :c o  z o an cyst ;3 i?Iere fou_nd iD. ::=:;m'l. i l s  in 

t he s t r e ;_,_::-:1 ·:� o :91.1.1 ::.�  t ion , <:1.nC. 'TUI'Jb e r s  of infe et eo. sna. i l s  .i' ounct 

c; ::::_ cl-� J!lor.d:;b a r s  ;::;i wv:n in. '. L'o .. b l e  22 . ::;na i l s harbouring cyst s 8. 3':' 0  

r.:r ::; .g. ·L� l;y :r:· et1u. c cd . Du:c ius Uo _ e  c ot1r s e  o f  Lhe s t ucty- only tvvo 

�:mD. i l u  in .L' ond 1-� riCrc f m.J_nd inf e c ·c ed ,:md. non <:; YiCT' e d i :; c ovei.' e d  



in') O T' G -:.:: H c e  in 9.c t ive J .y rr-;dP c in.�· r e 0ro:1 1.1.ct ive n o !:; c n t i n l  in 
n "! t 1 ! :e :::;_ 1 ·no-r_) u L.1 t i o n  f:'. o :!:' :_- . ;end; i. ·o o:: un , o u t  L1 _:_' i ·ci t ::; .�' ::t ;:·o c-,_ c1 

j _ni-

i f'b i �=- s i z e  ' '.'D S rr� ;::, c ilecl �;. J'" t e r  s ix 

·r:�o n. ·i; lls . It i G  Drobab l e  that � o s t  in� ividua l s  d id no t c0 m�enc e 

� ''lbryo �)l:' O(J u c t i o n  unt i l  al-.J 01J t a r�1on th l .'J.t er , tl o-,•;cve r , this 

t .ime e o in c id in�:; wj_th the de crea s e  i n  ::.>l-18 1 1  f=!TO\'Tth . 
j uven i l e s  ue r o  r e l e a sed aft e r  n in e  mont hs . 

L -:1 . 



!' :can f';rorrth o f  four laborn tory P 0 01J l -c='.t ion;:; o f  

P . �Jn t iT)o(l_l.1.J.l1 . 

the l a b o rat o ry e a c h  nonth . Ve rt ica l bar s  show 

t er:.:m e ra t1..1.r- e  ran;:;c s . �· e an s  a_re ;j o in.ecl �JY a C Ol1t i111lO ll S  

l ine . 

m - :3he l l  he i sht a t  ,,_,hi ch 1:ma i h; m:::>..;:.r f irst o� c o r1e 

reprodu c t iv � l y  a c t ive 

r - f i J.' ::� t -r e l e a s e  o f  e mbryo s 
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TABLE 23 . 

J·:Iean monthly grow th of P .  ant ipodum in four laboratory populations . 

t·lon ths 

A M J J A s 0 N D J F 

I 
Hean shell length ( mm )  

Popula t ion A 1 . 2  1 . 7  2 . 5 3 . 2  4 . 2  4 . 8 5 - 3 5 . 4  5 . 4 5 . 4  5 . 4  

Popula t i on B 1 . 1  1 . 4  2 . 0  2 . 5 3 . 0  4 . 1  4 . 9  5 - 3 5 .  4 5 . 4 5 . 4  

Population C 1 . 2  1 . 4  1 . 7 2 . 1 3 . 1  4 .  L� 4 . 8  5 - 3 5 . 3 5 - 3 5 . 3 
Populat i on D 1 . 1  1 . 6  2 . 1  2 . 8  3 . 4  4 . 0  4. 8 4 . 9 4. 9  4 . 9 4 . 9  

!'-lean monthly growth in 
populat ions c omb ined ' 
( mm )  - 0 . 35 0 . 6  0 . 55 0 . 75 0 . 9 0 . 65 0 . 65 0 . 25 0 o l I 

f-J ,-·�) ! \) . 



. . . .  ·.· ·. 

( '/ )  ,_:;u·, mna r·y o f  l i i' e  bj,s t nrv '-1.nd l) O n u J H t ic.ln (1. a t a  

'L1I·1 re e p o-�)l.J l . : =d; i o n. r; o .f �� . "r nt ir>O.J um P e r c  s t u<:l iecl , b::o in 

;3 r:·t.-=r. l l  J ·l <:m-,·:J..:J.d e '('l ond �; ,  ;;tnd :::. third in a l o•.;il .:::1 nd ( T·iri tea ) 

ln a l l  n o -o ul a L; ions �;n :1. :i. l s  ex i s t ed in tv10 she l l  

f o rHl s , 

( 2. )  ·:.•ith S l) in e s  snd .kc e  l ed \'!hor l s , 

( b )  w i t h s mo o th unornament ed she l l s . 

Con s id e r�b l e  var ia t i on in s h e l. l s i z e  and sha n c  � a s  f011nd 

between and. wit h in p opula t ion s . !:Jr:1a l l  numo e r s  o f  raa l c s  ':..; e r e  

p r e  G B :L'lt in t h e  f;t r e a.m p op'Ll. l a t  i o r1 ,  hu.t a l l n ond sna i l s  ,;,re r e  

partheno gene t i c  f e ma l e s . 

J?ro·;) o r t ions o f  s mo o l:; tl and sp i ny she l l ed. sna i l s  \•:ere 

d e t ermined 2ach month . 0v er 8 2 .0 in Tirit e a  � b r e aB , 66� in 

�:-·o.nd .A an(l. '/ 1 .:,; :Ln Pond B had �;mo oth srte l l s  throughout th e 

f::an:rpl ing '9 eriod , and v1hen. a l l  c.1ont hJ.:y �3aut "[) l e  s w e r e  T_) o o l ed. 

i t  v·a s j�otmd that no sig;n i f i cant d i fferenc e s  in 1_)ropo rt i o n s  

o f  s m o o th and sp iny she l l s  exi s t ed b e �we en p o�u l a t ions . lt 

· wa f: a L s o  f01m.cl t hat F.I. larger :p erc entage of ,j uv en i l e r3 

( < 3 .  5lf.lm) t han o lder sna i l s  ·� o s s c s s e cJ. s m o o t h  s l1 e l l s , t h e  

r e sult o f  l at e  sp ine d eve l op m ent o c c'lJ.rri.nri�: in s orue 

ind iv idual ::: . .  

. F o pulat ion s i z e  structu r e s  v..rere exa m i.n e c1 e a ch month , 

but b e c au s e r e'Pro<S.uc t i on o c curred t hroughout the �y-e ar , 

gro'Nth o f' part i cular ae;e p;ro u p s  could n o t  b e  fo l l ow ed from 

·�;Jonth to Iflo n.t h . L'hroushout t h e  year the stre ain p o p u l a t i on 

w a s  c l o m :Lna t ed by large �11..1 .rnb e r r:.;  o f  s:na l l  ind iv idual s ,  vrh e r e a s 

b o  e h  ·o ond s c ont a ined :3. predorr. i. n •"-nc e  o f  la.rger snai l s , in mo s t  

: ·.-! OjY Ghs . .-i1i1e G e lar;�;er s n.a i l s  pro'o o b ly r epr e sent ed m o r e  t han 

on e �en e ra b ion . D i fferenc e s  in popu lat ion s t ruc ture nrobably 

1 2 ) . 



red uc e r_!_ t he nu:r;�b er- s  o f  :=;na i l s  Dre :::� cmt :L t d id not c J. i  : ina t e  

. l umb e r s  o f  

vre r e  'J e t; e:cm in e<J. SEtC i i  ::J iont h . A lower o7era l l  � e r c e n t a ; e  o f  

sna i l s  in t 11 e  :3 c :r e ar:t c ont a ined Glnbr;�ro �> t lla.n i n  the u onch> . 

8 e a s onal f luctua t i o n s  in num b e r s  o f  reprod uc t ively a c t ive 

t-ma i l r..:; ''i"it hin e�_ c h  :p o pula t i -:m \'.Jere sl i sht , but nur,lb e :r s  o f  

e mbryo f:J prod.1J cecJ var i e d  s e a  :�;ona l l :-r ,  TliEL : : :i_ r�mm 1) :eociuc t i on 

b e in,CJ; in fYo r inr::; in the p o nd s , <.:•.nCL i<l surcw ! e r  in lihe s t r ·2 n.E1 . 

the �r oat e s t numb e r s  o f  j uven i l e s  were l ib e ra t ed in t he 

icF.l.rins o f  :·.:m a_ i l s  in thr� l a1J O Ta t o ey :·�bowed 

t h<lt -3 .::!_ u l  t s i z e  ' I • .• 8._ t; G <J J.U ec. a f t e r  s ix �onth.s 

:��r o•,! t;h , and. t :.lu. t r c .L e .:��.::; e o :L t he :i:' i r st youJl§:; sn a i l s  may o c cur 

a f t er n 1n e  m onths . 

( E\ ) D i  c-; eLu:: :..:: i on :  !ZJ.'O iv i:; h and_ rc:-n·oduc t i on 

a c c urat e su id e t o  �rowth in the f i e ld � Dund e e , l95 'l ; 
g e tle rat ion l eng:th ( r. 8 l e ; _:u:; e froo 

bro od )ouch t o  -(>l�oclnct :i.on o f  younc� ) o f  nine t o  J2 ::uonths 
obtt:J. in ed in the pre s ent L:J.b o rat ory :3tud�y :3honld not , 

I t  i s  probab l e  that growth va r j_ e s  c on s id e rably in the f i e l d , 
. u l b . 1 ;;; - '-- - 1 ""  · 'h --i l i ( "L c, 7 P )  F.t. S fonnd J_n __ _ ,yc. r o · l3. 1,1 __ vn. e i)y --·"O u L."' c _ _ _ _  c , - . _) ,) . 



��c c o.::cd ing t o  i'rt hrr,.Jinr_; ( 1 ')56) the generation t ime in 

� . j c n � in s i  i s  four t o  f iv e  mon ths , � i th f e w  ind iv idua l s  

l iv in3 l on�er than s o v 8 n  �on ths , 2nd Boyc o t t  ( 19 36 )  ha s 

� iven on e year a s  t h e  l i f e  snan o f  tha t  s n e c i e s . C o mnared 

w i t h  thc e. e  va lue s ,  r .  r:-1..nt inoc3 urg ha s b e c:n fOlmd l iv inr:: f o r  

U [l  t o  n in e  nonths a f t e r  D·3.:c"tur i t i o n  in t he f n.vorLrA. b l e  

c ond. i t ion s p rovid ed by l ab o ra t o ry cu.l t ure s ,  a l t hoUf';l1 i t  lJ a s  

.n o t  b e en found b r. e ed inf':: a s e cond t ime . I t  l s  :::;u s i} e ct ed t hat 

::- d rf'. i l a r  l on��;c\rj_ ty o c c ur s  in _,_:ond s A a.nd J3 . 

f{ e-pr oCJ.u et ion t11r'01..1S�b.out the ye ar is 1Hl1.1 SU.a l in fre sh-

wa t e r mo l lu s c s  �hj. c b  �enera l J.y p o s s e s s  a r e s t r i c t e d  and 

c l e �rly d e f in ed b�e ed ing n e r iod ( Fretter and Graham , 1962) . 
rpb e J.-iuro p e a n  .F· • .  :j enl< in s i , hOI'Jever , l i ke P . 2nt i1)ocl um c an 

:r.· eprocluc e  t hroughout the ye.s1 r (Pe::. til , 1958 ) , a l though it 

cl o e s  not alvrays do so . J:,u�Jbye and I,umbye ( 196 5 )  who stud i ed 

�) opu l a t i OJ.l f� o f  1-' . .j Emk in. s i  a t  thr e e  l o ca l i t i e s  in Denmark , 

f 01.mcl cb.at sna i l s  d id n o t  gr o w , o r  reprodu c e  in l.''Tint e r  d 1J r ing 

that spr ing and surnm e r  v.re r e  the mo st i mp o rt ant t irr:e s for 

r e pi'oduc t i. on and growth . Fa.rtur it i on o c c u r s  only i.n summer 

in Ce.TIF> e l ame_ ruf1.1.m , 3. H orth A.H e r i c ::m ,  par:the:n O (';en e t  i c , O'ro -

v iv :i:oarons , fre shviat e r  e_:a s t r o :o o d , a. l thoufsh o vu la t i on and 

embry o n i c  d ev e l opment occur in a ll s e a son s ( Van C l eave CJ.nd 

:- l t-- � · .  - ... ] C) 7. 7 · . ·: e J f -, ClLt O ) 1-i ,_r_ lng e .L , - - J _) , , ., .  .• <. . C O  , - - -� , In Northern Hcmisohere 
t e 1�1 p e ra t e  r eg i on s , con :3 id e rab l e  int;ra s-::) E! C i f i c  vari a t i on i s  

kno\Tt.1. t o  o c cu r  in r;rov1th rate s ,  r eprod.uc t i on , s.nd l i f e  cyc l e s  

o f  f:r. e :3hv:at e r  <)Ul�;;one t e s  ( Hun t ::::r , lSfA) , but the mo st c o r.umon 

-pat t e rn :i. s  a sinm l e , annua l l if e  cyc l e  w· ith b r e ed ins in lat e 

1 2  �) . 



o :r: e ;=u:· l :v .-:; u. :·, \me r • �:; m1 ·t;· ·'� r ( l c·.,:� l 'J ro 1"" 1·1 , .. ··L ·" r0> T' .. , ,,, .. . . · - .._, / '-..,., "" , J . 0 - I.. J . ..... .... I:"; ,_ , 

Tn J:: �w :_, e .::t l and , t h e  o:n l-y pub l i shecl a c c �Jl_mt o f  t l1c l i t e  

c y c l e  o f  a f r e sh'.'Ia t e r m o l lu. :::; c  i. s  t h::lt b y  :Perc ival ( J. r:-- : a ) o f  

t he muc s e l  D il) J. orJ o n  lutll l er1 tu s  ( = h:Yr id e LL.g -,11en z e s i )  V:!}'l i c h  

v.'G S f o und to hav e a r- e s t r ic t ed bre ed in!- s e a s on ,  t h e  r i p e  

p: J.. o c1l.id i a  b e inr:, ' )roou c G d  from the end o f  lToverPb e r  t o  t he end 

o f  ,January . �n c ontra s t  t o  t hi s , o ther i-iev1 0 e G. l and f r e sh-

wat er inv c r t ebra t G s , in c lu d inG s o m e  � l e c o pt era ( � int e rbourn , 

1966 ) , and the c r ayf i sh farane nhron s n l an i f � o n s  ( Ho�kin s , 

a r e  ab l e  l; o r·eproc1 u c e  t h:cot1;3hout the ye.:.�.r . 

in the thr e e  1) 0�mlat ion s o f  P . ant inod um exa�nined in t hi s  

study , n e i t her env ironm ent a l , n o r  end o g en ou s  fact o rs r e -

s t r i c t ed t he p e r i od o f  r eprod u c t iv e  a c t ivity t o  p a r t  o f  the 

y e a r . 1'·1 eve r t l1 e l e  s s  embryo pr o c.1uc t  ion d i d  no l� o c G ur evenly 

t hrou ghou t the y ear , and the [) e ak D e r i o d �:; of e re>bryo D r o -

d.u c t i on f o und in. Sl) l' ing ,g_nd sum.mer r, 1ay b e  r e la. t ecl t o  t he 

b i gl.1e r  \'·lat e:r t e np e :eatur s r:> ex�') er i en c ecl at t ho s e  t ir:-!e t.> . 

The c a� a c i t y  t o  repr odu c e  at any t ime o f  t h e  yGar i s  

o b v i o u r.-;J.y o f  c o n s iderabl e  b ene f it t o  <:1. sn e e i e s  su ch a s  1-' . 

ant ino�um ��1 i ch ha s l i�it cd a c t ive p oDe r s o f  d i sp er s a l , 

c S'!:_) tO: c i a l ly ·:u :: it o ft en iD hab i t s  hnp e rms.nent wat e r s  '.:':he r e  

·::i tlJ out t h e e.l:l i l i t y  t o  r eproc.lu c e  ir:nned.iat e ly up on 

l ') '" 
__ ,,_ u . 



c o l o.o. i z a t i on the h u i ld inr�: up o f  -p onula.t i on s  v:ould b e  :�, e·.r c :" c l y  

c n r t '"'l_ i l ecl . •  

:;: e :::� 1.11 t s o f  t h e  t�'iO surveys in T:Lri tea L·tret'l. �-J a r c  ? �i ven 

in T�b l e  24 ( p . 128 ) . In O c t o be r , the s trc8Jil b ed v.'a s cl  (} CJ.:n , 

and r.'e ecl via s  ab s ent o x c en t  a t  S t :=d:; ion fJ d1 e r e  charophyt e s  8.ncl 
L ' o t ano r,•: e t on o chr e a t u s  f orJned a p err.1an ent r,;e ed lJ ed . Bv c on-

t r a. st , t he f..'a.rc b  o [) s ervat i o n s  ner e !!!a(l e '-'ihen the 'h·at e r  l ev e l  

\'!<::l. S very low , current ve l o c i t y  had f a l l en ,  <:mcl lm:.ur:Lous 

p;rcnv :; lt �.:3 of ll! e wl 1.•/ere n r,� s ent in many �p l::J. c e s . 

P .  a nt iu odum i s  n o t  an imp ortant memb e r  of the fauna 

in sha.J. l ovl , EVIif t ly f l ov:.rine:� vm. t er wheT·e the ·oo t t o rn h> E.t ony 

a.ncl 1.m st ab l e , and. the vvn. t e r  turbu l ent ( St; a.-c ion s 1 and_ �'. ) , 
but wh e r e  v e g e t at ion ha s b e c ome e st ab l i shed. on the s t r e am 

b e d. , a r�1orc r;:· crtJB.nent and r::J t a b l e  envii· onment i s  yroduced and 

c o l o n i z ed by J? . r:tn t i n ocl.um . ":/!here ,�..-at e r  ve l o c ity 178. 8 l ov;r and 

f l oYJ n on-turbul ent a. r3 a t  3-l:;.:J t ion 5 ::md in pi:l.rt r.:3 o f  ��t ut ion s 

3 and 4 in rar ch , sna i l s  c ould a l so c o l on i z e  the ma in stream 

c hann e l  e'rc�n Y:-b.erf; v e g e t at i on y:a s  ab s ent . Ti:l.e :::Jo s t  i n :_1 ox·t:=mt 

m i cr o h ab it at s  in �iri t e a  �trcam a r e  p r ovid ed by r e g i on s  o f  

r e lat ively st i l l  wat er a t  t h e  s i de s o f  tbA stream out o f  t he 

;:na i.n. current , 1,'/he :c e  v e (s e tati on. ( :i.nc lucl i:nis w i l l o'.Y ro o t s ) r;>:c o -

'v' lct e s  a c o r:\�)CI.ra t i  VE'1 l7 p ro t e ct ed n iche , and vrb.cr e  ·i;hc ;_;ub-

r3 t r.:.d:;uill of f ine nuc. cont a in. in('; d e c o mp o s ing o r r.;an ic TIJa t t cr 

-�·n··ovid e:: s  .::J n abu:ndant and. a c c e s :::d. b l e  f o od ;::;u9ply . Cou0 it ions 

. I  ·J ·?· · - - . 
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'I1 o c:; .2. r:: :uJ. c thrc: d i s t r i but i o n  o f  cl. i f :l:' c rent �3 J. 7., c  c l n :::: �:; o c:; , 

sn � i l s D e r e  subd iv ided int o  thr e e  group s on the ba s i s  o f  

::; rr1.01. l l  C .  5-2 JI·Il1Tfl ; 

l <.=�rce 1: • 5r!:n1 . 

curr ent ve l o c it i c :::; n e :c e  Lolli1d t o  p o :; �_; e 1:; s  siui lar popu. l n t ion 

' J�1 .A .. "t3L.i:!� 2 5 .  

0. if£' e;rent cond it i on s  in · ' .1 i r i t e a  dt:r. e<?.r•i . 
.-------r---------------�-----------------------�---------------------, 
Samp l e  �o s . o f  sna i l s 

i 11. ::.::.a crp l e  

1 '7 1 6 .L � 

'"> c.. 490 

3 112. 

L j. l j. ::-:4 

5 295 
-----

Garge �ed iu� Sm�l l 

3 lE3  '79 

3 . 5 22 7LJ. • 5 

j . 5 ;�[3 63 . 5 

Lj. 10 86 

5 1 '7 r·-. r"' / 0  

De s cript ion o f  
.st at i on 

.-i e ed b ed in ;:.; t r OD[! 
C l.l.I.' :C en t 

.; '0 0 1 ; ruu.d. f.;ub-
s t rC:tt e ;  current 
neg J. i g i  1) l e  

G-:ea. c s  c o 'rered ;3 �1e l f� ; 
l it t l e  c 1.1rrent 

. i i l l ow roo t s ; fa ir· l y  
:::; t ronc::; curr ent 

�.; i l J. 01."-! r o o t s ; no 
c u rr ent 

·. ii t td.n the i;n \) O l' !; :_nlt 1.'fi l 1 ovJ r o o t  bD.'b i tat , t iJ.e t hre e  EJ i z e  

J . • ��9 . 
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: . .  ; _c ! I.J.:::.J b (:-�:C· 0 f :.:, tla i l  S 
�- n �_: :::._ r,Jp 1 e 1 �l'l �· s c  ec-L j_,) rn ·�·J ·:-.'D. l l  

--·--- ----

·:; o r;1 n l c t e  r o o t; ::o 
�:; ,� d inent 

· :et t t sd uqp e r  
r o ot s ;  n o  e. 8cl h.Knt 

7S11-

L! V2 

6 2.LJ. 

' ) c:. ? C) 5 

(, -· 2 :s 7 1  

lLI- Li-<) -, 7 :J 

· �:Lsht , ��Li- ho1JJ' d r i f t  smup l e s  v.rere t aJcen j_n ;• · t=q c! ln� j_nc; 

a o e :c iod o f  int e r1nit t ent r·a j_n cln:cin� v-'l!_ i c h  ·'l numb r:: r o f  

flu c tus_ t ion::o in_ s t r e .=t� t t  l e ve: 1 o c curred . lhe n e t  �a s s e t  up 

o f  sna i l s  � a s  l ivin 3 . N o  sna j_l s o c cun i e d  t he s e c t ion o f  

st ony s t r e a m  bed b e tween t h e  w i l l ow r o o t s  and the n e t . 

t o  2Li-6 ( rnoEJ�l <y; . �� ) but no c l (:: a:r r e lat i o n sh i�J b e t\;;-e en t o t a l  

lTUJll'l-) !:� _r :::; Emd stre::u:11 l eve l wa n :t'c.nmcJ ( r:i.'able  �:? ) . Dur· ing S ·cv e r c� 

fl o ocU.r1:!; d:r :L ft :;a o:;·ole f; could not be t al�en . I'Y.'O i) o r t i on c  o f  

<l ifi'e rent s i z e  c l a s s 0 <J pre c ont i n  the ch:· i f t  ,_,_, e r e  E du i  lar t o  

tho f� e  iD the porru lat i on a G  a v:h o l o , s o  i t  c:�m b e  inf e rr e d  

that ,.. ' l  O :L  f::�na:L f�u :::� c. ept i b l e  

Jy · ,  
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D iagram o f  a s e c t i on o f  � i r i t c a  S t r e am sho�ing n o s it i on o f  

d.r ift n e t . 

Abbreviat ion s 
r - rif f l e  ( sna i l s  ab sent ) 
sb - shinBl e bank 

wr - region of � i l lo� ro o t s  

,_Tt:; - v.d. l l m; t r e e  

Arrows ind. i c a t e  ma in curr ent 
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,"i�1. t e  ::; j c_: \10 _, 1�--.- - 12 1 :; \ 16 
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· ·�::.. t e r  l e ve l  ( Inche s D. bove 
n o r.::1 �:!.. l leve l ) 0 :s ?. 5 . 5 3 . 5 2 :�� 0 0 0 6 ! : e .::m s 
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�To c. . o f  SIL3 i l s  
t ;:d:en :;;.: 50 .::;6 5 3  ;�LI,(-) 1 0 9  * 70 :.:�;s IJ C  (? 3 . 5 - - •"/  

! ') 

() 
' ·J 

..;: 

1a:r:;e 6 5 

J!! e d :iJ.m1 17 lr; , 

:3 ) ,.:3. 1 1  O> C  ( 0  7F3 

�:; e t t :i..nr"'.: 111') n e t  -· n o  ;,:.aEn) 1 e  

( 7 ') : . • .t: • .L · , · '- f ·" 1  ,.- ' , �) . c.L J . .:::· C v 0 . .  .l. O Od.fJ. 

t:l 4 <....> 

1 5  11  
'77  (;.;;5 

o bt a ined 

1LI, 0 7 () •7 . .1 ) I 

') '")  ':)7 19 3 5  20 . c_r_ ,__ 

()/.+ 6L!. 78 56 7 �?. . 

. 

In conJ t.mct ion YJ i th d r i f t  :::.a n::p 1 in :; , o b :::; ervat i o n s  �:;e r e  

5 
5 

!!Ja d e  on the effect o .f f 1 o oc U.n�'; on p oplJ. l a t i on numbers . I t  '-''a s 

J:' o tmcl i.ih:.l t  no ap p r e c ia b l e  in cr e a s e  in nur.1b e r s  o f  clr ift in�� 

sna i l s  o c curred f o l lowing a ra i s ing of t h e  s t r e u� level e i�ht 
inche s ::J,'J o v e  nor':"..::<=t 1 ,  a.nd :;; Lr: :i..1 r��rly a li �·�ht f l o od ( 11-!· inche s 

::•.b o v e  norno.l ) h.::1<:l no d e :3 t ru c t ive eff e c t  on sna i l s  l iv ing 

r e l a t ive l y  und i s t u rb eo. . OD. �� 2 Jnnc , l.10'-J 12Ve r , the wat er l eve l 

ro s e  24 inche s ,  and s t andard swe e� samp l e s  t aken when the 
l ev e l  h::,.d f a. l len t o  10 inche s above nornn1 sho v . .red t'Jat a SlJ.b -

s t ant i a l  red,J ct i on i:n. c=ma i l  rrurnb e r s  ]B.d o c c1n·red . 

f l o o d ins an averase 160 sna i l s  9 e r  st andard s w e c D  ( nean o f  

(ne an o f  :i:' o ur ;=;.;:1. 1 :r? l e  s )  b P- i' o r e  flo ocUn��; ; i . e .  t h�� D o pulr>.. t  ion 



') ,=, '"'· Tl -�-· "< l , 1 C :·.,=J 
J_ 0 ') r/ .  . 0 .c• .' t c• '· ··' ·�.. . • (;:, • .  L-•, l- •-·. U r._ . ) .l l ,C,. s i z. e . 

had t h e  same a L � e  �3t rnc Lure b e f o r e  a.nd aft e r  .f l o od ing , hm'I-

e v e r , s o  i t  ap p e a r s  that sna i l s o f  a l l  siz e s  are e qua lly 

su s c e p t ib l e  t o  t he e f f e c t s o f  f l o od s o f  thi s  llia gn i tude . 

( 4 )  D i s cu s s ion 

� e sul t s  ob t a in ed in the s t ream d i s t r ibut ion surveys 

agr e e  v.-e l l  1_�d. tb. tho s e  of ili r s ch ( 1 9 ')3 ) rm.d Al l en ( 1 9 5 1 ) . 

iri r s c h  fm.mrJ t hat Ema :L l s  ;;;ere nbnnclant on a qua t ic YJe ed s  

we l l  a s  on t h e  stream b ed i t s e l f  part icularly whe r e  the 

current v,;a s not c spe c iaJ. ly rap id , and Al len f o 1.md that 

Po tamonyr�u s ( =  P . ant iu odum ) o c curred pred ominant ly in 

e.Tl t j:o o chun a s  an imp o rt an t :memb e r  o f  the s t r e am d.r :Lf t  is 

p.3.rt i cularly int er e st in(3; in view of \iat e r r:> ' ( 1 96 1 , 1962) 
f in.dincs that r:J.o l lu s c s  d id n o t  app ear t o  d r i ft a t a l l  in 

the s t r e am he hacl und e r  ol) e. e rvat ion . :e . .::ul.t ipoclum has , 

howev e r , b e en r e c orded in d r if t  samp l e s  by Hopkin s  ( 1 966 ) . 

Alt rJ.Ough the f"Lmctions o f  dr ift are rather ob s cure 

( ',-; a t er c , 1 9 6 5 ; El l i o t t; , 1 967 ) , i t s  prime ir:rp o r t; an. c e  t o  P . 

an t io odum c ould w e l l  b e  a s  a d i sp e r sa l  me chan i sm . 

The eff e ct s  o f  f l o o d s  on a s t r e am bot t om fa1ma in New 

Z e a l and he 1re -b e en e::-:amined b;y l:..l l en ( 19 5 1 ) , vJho f o und that 

in Eoro kivii �)t r e am s o iJ:l 2  f l o od s  d c stro ye<.l b.al f  or more of the 

t o t a l  jnvcrt ebrat e  b o t t o m  fauna . In p art i cu lar , he f o1md 

��;roup �3 , the :::;J.rd.da e ( C o l e o·o t era ) 1..>..11.d Oligo cha e t a , were 

s e r iou sly reduc ecl. in m.JJub (�rs , <.l en :::; i  ty of }'lo t s.r:Jo·oyrrnls ·b e ing 

e st ima t ed at a s  l it t l e  a s  10% of that b e f o re f l o od ing . 

} / ' )  . _ ) L  • 



; .. ocl. e :c.9. t c  o r  s e '..rer ·2 :floods  \1 8l' G  �� �1o r.•:n t o  h�. 'I'2 o c clnTed in 

l G ; � . 105 ) a nd i t  i s  postulated t h2 t  s u ch f l o od s  a c t i v e lv . � 

c on t r o l  p o ·oll l G. L io n  [; i z e  and c_; t; :ruc ture , t h e i:r f r 8 q tlency pl, 2 -

v en t ing lc:� :!::� e Ilum1Y� r r:� o f  adu l t  ::--ma i l s  :=t c cur,ru l :� t ini2; . 1'he 

j_nd ivictua l s . b•� ca"LJ. f; e l a.r:,';e nu:u1bers  o f  s::1a l l  sna i l s  l ive in 

'.' r i l lov-.: ro o t s ,  i t  �L s l ike ly t; hat a nuc l eu s  o f  younr=; sna j_ l s  

w ould a lways b e  r e t a ined , r e gard l e s s  o f  the sever ity o f  the 

I'l:e :Lr m o rt an c e  of f l o o d s  a f.; r e r:�ula·c o r s  o f  popul;:', t ion 

d en s i t y  jn s t r c a8 inve r t e brat e s  ha s a J . s o  b e en no t ed by 

numerous o t her 1.7o r ker s , �i.nc lud ing Bad c o ck ( l (.)1.1· ':1 ) , Zahar ( l S 5 l )  , 

t ha t  f l o ocl. in[� i s  t he mo �;t a c t ive 8. f'�ent :r· e ;:;ulat inr:: s i z e  and 

s truc ture o f  the sna il p opul ut i o n  in fir it e a  Stre a1n , o ther 

fa c t o �.:- ;,,, �;:hi eh mu D t  ha ,re 2.n e ff e c t  i n.c lud e r.1w1 i l ab i l i  t y  o f  

s u i  t a b l e  rn icroh2.b i t a ·L s ,  para s it i s � , and p redat i on 

1\s the ·o o t  t or;i :Cat ma. C Ol1 f; L�; t f3 o f  only a r e lat iv e ly .f evv 

c or:1p onent o f  t h e� d i e t  o f  eels  U'-rwuilla SP ') . ) , i;rout ( 'Ja l r!lO 

f;p . ) , and i:·u l l i e s  ( Go b i o m o r nhu:3 Sim . ) , a l l  o f  ;:1h i c h  are 

( :�;c e  r e f e rellc e s  -o . l OO a.nc1_ a l u o  c on f i rmed by c·:am inat ion of 

��ut c ont ent s o f  c;,l l  thr e e  f i sh s n cc i �� ;:;  from ' ;.1 i r i t e a  �3t :ceam . ) 

I . ,. 
- ) ) . 



o f  r e L ? t iv e l y  l o\'! t e ); (J) ·.:=n'c::.t ur e . 

s t r eam i n. 

. a i:r•anrw Va l l ey , n.nc1 it f.�.a s c:t l eo l; e e.i1 r e c ord ed 

:L:.=t 1 r.e :�o t o m.:.dJrElR , 0.nd in a �:;t r e a :o a t  ; !c =d o t a_r)u . 

8.t ' jr;· O ·· ;  L \.) • .... • il1 

n� i �:J ab s cm t  

f rom Lake �ot o\�lero ( 32-34°0 )  but i s  ore sent in o c o l d  s t r e Rm 

l e s s  t han lOO f e e � a�ay , and i s  n bundant in t he J. i t t o r a l  

-r e rd.on . � h e s e  ob s e rvat i o n s  sucse st t h�t d i s t r ihut ion o f  ? . 

d i r e c t ly o r  ind i r e c t ly ,  and ex:) e r i rnent-'11  ::ot u d :i. c f=; hE1.ve \) e en 

1.nld. e r t :·l�con t o  t e st t h i s  J• yp o th e s i s . 

'.L'b.e importan c e  o f  n c t t l inp: on a st a•1d a rd ra t e  o f  lJ �:: a.t inr:; 

i\ ., . .,, l ·t;· a 0 +· l- [l(' r· (� •":::� ,-. c:. 0 ·[·' l() . \I L::. ··· '\ l. ''11.1 '1 " e f-. q �:·, "',-_,l .l_ f·,·J p c·'l_ ·-: - 0 1') e. �1 l. ·ff·' ·.l· '. � l. r� ·-� ",-, -·''- 1 .. c �· -'- . , . .::, <:t .:o '- •  . . "./ _) · · . J. . . v •=· l - - - • - u . . � '- - - ' .L  

l y  r:, lov: l�o rr:1nlce o.lly l a g  betwe en bocl.:;• t e m p erature 2.nd t h e  

snrrou n d i:::lf� VJ a t e r  t e n o e:ca.tur e G l i1a l l  eno t 1.;')1 

- �r · n c  t' l� ' ' n ) � 11 rl . ; ; J  C.� . .o • .... 1 , • 
/ '-f · (. ) ' \"":L • .  w e. s  :r·e c o rnrnencl -sd. by T.':u i:rhe :::l.d -'J�h o rn s on 

.L 3/f .  
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L1 tld �-:; Gtucly i t  h:J s b e en ·)O E; ::; ib l e  t o  �J::l.1�e �;o ::JtG c on-

:;! a �c i ;::; o n s  b e tVJ e en sn:J. :i. l s  l ivinr:; in t he rna. l an.d c o ld ' ' rat P-rs s o  

e �� e � i�en t a l  nro c edur e . T� r o e  s e r i e s  o f  e x o erirnent s we re 

c ar r i eJ 0ut u s iu s  d i f f e r ent �A t e s  o f  t e Mn e rature in cre a s e , 
l O .- , / c  ' ft l. r ll·• ·· r c• 1 ° · · ' / ' ' r. l.·t r ,, . l '1 1· O . ' / ')/ •  • j  _) 1 .1 lJ C: .._-, ' _ .1 .. 1 .1 . .) . ' -;:LL. C. '-'.  L 1 · b o ur s . 

m en t a t i on , ruui were u s ed � i thin t h r e e  days o f  c o l l e ct ion t o  

e l L:·; ina t ·s a ny ?) O f:; :-.; i b l e  c� f.f e c t s  o f  s t arvat j_ o!l ( T ,pmbye and 

I ·l_J 7qh•.rc• ]_(),•-=-, 5 ) I • · • ._: \,, ' - ,/ ..._, • 

·�; e r i e s  1 .  

-'3na LL E; vr e r e  oh� <:d.nec! :t'ro m thr 8 e  l o c a 1 i  ti c:: s :  
1 .  

�-� . I..ah:c '.L'a:xp o ;  l0° C a.t t h-:.e o f  c o l l e ct ion . 
··• -, -j �'� ·ii ! -. t., p ··r l i  · '1  � -r c., ·i ·L; .,.r Tr 1 ' • ] '-- O ' 1-:) .  J:· onc . �l , . .. a a  . .o . . .  \ _, n l vf, . .. ,.:> - ,.> c a � rp"L s , _o v a , 

o f  c o l l e c t ion . 

3n r- 1. i l s  1_,:e r e  p la c ed in !J.CJCtrnl b e <:l '.--:e:c- ;3 o f  t an �;:ia b e r , ancl. t he 

�at er wa s s l owly he a t ed o v e r  a bun s ou f lame a t  a rat e o f  

i n c r c-: a r:; e  o f  ., O r,; r.:: - •J _) LJj_n ut e s . a erat ed c o n t inuo u s l y  



' �:enty- f our sna i l s  Tie r e  u s ed 

'T'h8 cnc] iJ O in t; i_. 'i8.. s r• e .:'l. C h � d "· 'h <'ll ··· r t ··l ·i l c· C 0. '1 " " :l ·l c··- l· --i �-,_ .._ \ .. > . ·: . . -· . ..:., ., (., - ,.:. : . ._. � .::,. \� t,. • (. l; " - u J , 

a c t ivity . 

be..th i.7i th :�!e c l·w.n i c a l  st irr cn· , �-md ther;,lo G l.i a t con. ·c r o l  o f  
.' t- ,--, ') 0 .. , C O  - , .. . c_ \.J . :.'l'at cr t e'.';!p era. tur e ,_,_ra G in-

crea sed a t  a rat e  o f  1 0 ·""/ ,..., ; , \..1 c::. -1- l: .tour s . All b c ak c:n:· s  �;:rer<� a erated 

e ont inuou s ly . 

:_jn i vers ity , v · ere -t :! � > e('J :l.n thi s f:3 E: r i e s o f  exD er :L•: •ent s . 

De a t h  �a s the e xp e r i mental end po int . At a l l  e�9 e r i -

•. tcnt .:=tl t e mp e rG � urc s e: nm L oyed. , tl- w ::ma il s 17ere ino. c t i  ve , but 

on be ing t ran sfe rre� t o  va t e r at a ir t emp erature at t h e  end 

o f  e a c h  ;·-�1+ hour l) eriod , l ivin� sno. i l r; qui c!;:ly s l! O''.'C�d some 

d e gre e o f  a c t ivit y . 

one b.our a.i"t c r  ·cra n s .f.' e renc c t o  ';·.;;_d ,; er .:t t a i r. t e r·11) e:rature \-::e r e  

!�;x p e r il!l ent s Vie :c·o cal"'r i e d  o u t  Ul1.d er t h e  r:3cul1e cond it ionB 

0. 13 �:: e r i e �; �� lYu.t t h.e t e • rtp e r-a turc wn s incre a s e d  at a r·c;, t e  o f' 

ln d.up l i ce. t e  exp erLnent s ,  each emp l oy ing 1 00 

s:o.e. i l s  ob t a in ed frorn I:· ond A ,  �.�a s s ey Un i ve:e s i  ty , ha. l f  the 

unail s \�:ere l;::e-pt in no naa l l�f aerated wat e r , and ha.lf  in 

':later throur:h ,;.;b.i c h  pure o :::ygen wa s cont inuou. ::; ly bubb l e d  
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: :.\� [> er· iy;�cntal ap;Ja:ra tus u s e d  t o  orovid e sui) er- o:rygena t ecl 

c on.C: i t i ons at abo ve - arnb i ent L e <:J n e::ca ture s . 

1) r - i)ubb l e r  

o t  - out l e t  tub e 

�3 f311.Pl. j .l  S 

t t  th erm o s t a t i c a l ly c ontro l l ed �at er bath 
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A r ed u c t i on in sna i l  a c t i v i ty o c cur�ed wit h an incr e a s e  

,- 1- t 7. ., 0 '"' . . ' 1 in wat e r  t e m p erature fro2 �o � o  7U � ,  1n o o � �  no rma l l y  

d epre s s in g  a ct iv ity . 

r G -p icl vnd e r  su:o croJ�yp,:ena t e d  cond it ions t han :Ln air �:>atv.rat ed 

wat er , '.'-l nd tld.::; ind i. c a  t c  :::. tha t  the rccluc t i o n  in nva_ i l :.:t b l e  

f a c t o r . 

�hen t he wat e r  t emp e rature wa s lo�ered again fron 30° C , 
sna i l  & c t iv i t y  � rad11ally in c r a n o ed , but n e v e r  r e ached t he 

. s ame hi�h lEve l s a s  in the f i r s t  ha l f  o f  th� A x o e r im ent s ,  

;_J. 3 .  



iT \.rJi1\) e:;:· ·:; o f' ::.' n c;j _ l s  .:' c c  i ve at sue c e  s :; l  ve e·_;cn e r iT!H�ntal 

t e 09 e rature s , inc r e a s e d  at a rat e o f  1 ° C/hour . 

a c . S.xp eriment l 

b - cl .il>cp e r iment 2 

Key 

u�oken l ine s - norm a l  a erat i o n  

s o l id l ine s sup e r- o xygenat i on 
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C ·1 o ,., (' 1 v ..,-. .  , .� '-' Y". l) ] '-' -'- 1-, o � �-' cl o c cr· l· · ]-.. o r'l rJ·" I ·u -. J -rJvo ( 1 c::.l ". •:::; ). -�-' o . .., 

J L:" _, U .L ;_. 1::J \:.• . :...1 • ·-· lJ l .. ·. ,:;. V , '-" �<.-, _ � ; � ..... ...._ . , -..' . , . J ,  . 1} v . _ _) t_., .... J. 

·:.: .<:1. s .f o un d /. ,. 0 ... , _) C' .,_., in_ frc; s}L vr::..t ::� r . 

i �'/) . 



I 11 C C>I) J. 'll.llC ·;- l· O il ' '· 'l I · · }-, cnrr, +-: r.> -·,-l '=' t l' r 
• . .  · · t  . '..1 -· ' .  -·- U ... J.. '· -'.· • .' ::::l u , ., ..  t: A - ::: nt (� c o  l o c: i c :-:1. 1 f3 h.1.cl i e  s ,  

an exarn i n a � i un o f  t he p a ra s it e s  a s so c ia t ed D i t h  Po tamo oy��u s 

i:a c id enc e o f  inf e c t i o n  o f  f.m :ti l  '9 o srul fJ. t i o n ;3 I'::>. thcr t han o n  

t h o  para s i t e s  themse lv8 s . 

c o rn men s n l  o l igo cha e t e  exhib i t ing Do s s ib l e  para s it i c  t end-

e n c i e s  ha s a l so b e en found . Or�an i sm s  a s s o c iat ed with the 

o u t ::=; id. e o f  tb.e :::;he l l , in c ln-'1 in:3: i" i l2..E18J.lt ot,s s.nd encru;:_;t in� 

Alg•3. e , B.<:1. c t e:c ia a.nc1. s t n. l k ed p :::r i  t r i chou s �:'·:eo to z o a  '.•:ere n o t  

c on s id e red i n  � h i s study . 
· . . . .  :�·l'f.-IODd 

arul on m i c ro scop i c  exam ina t io n  any yara s it e s  c ould be 

r e ad i ly £ e mo vod from the sna i l  t i s sue . C l . o s e  examinat i on 

o f  DaJ::;=>_ s i t e s  1�i .:1. ::=> rr.a6 e  lJ S i.n2; a b ino cular , c o mi! 01md r:1icro scope 
(t.n) t o  X Lt OO Jr.a:sni f i ca t i o n )  :J.nd :\D. ir.tv ert ecJ. pha. s e - c o nt r a st 

'n i c ro ��: c o :p e  r..-itl:t s iD :L lar :t: \3.;�n i f i c a t ionl3 . , .e t h:Tl ene blu.:� and 

and pho t o�raph s w e r e  aJ . s o  t aken b o  a id rt i r c c t  ob s e rvat ion . 

-_ !_ ,._". ·j_·�v::. e (' .-_nl_ ·_r:' •"'--. ·.···!', :c,_ ·i-J C) l;_1._ ::,_ ') ·l' !_., ,-1 � .·_· ' .. ·l-, ',·.-t p ·'L·-, · I; l· ·r. ' ·l.cJ· . P. . ;, c• ·'l->' c.  ,.J • .,.,.1· m ·� ·,-,·:r '" J. ··11 () f . . - "  _, - u ·-· - l , 1 \;:; � - � '- -- -"'-··' J J .\. 1:0 I .L . . . . . L\. J. ,, ,,, _ _  _, 

lL!-C . 



Ul . """T ::- ·.: i1 l l. ;;:: {! r � : r) ·� �l ·· (-..· · i· . . �. -�- - �i () ·-: · :l it � (:� -=; .l. O . 1  _l: � - _ _ _ ·- · --- , . � - .. ... . :1 _ .. _ __ , _ __ .. _ _  L, , l _  r_, _ 

c a r i a ?  o f  t hr e e  o t h e r  s 0 0c i � 3  ��ra 2 it i z iaz � o t awo nvr �u s out 

� - a c f �r l ane � 1957 ) showed that it wa s d c f �rr i t a ly n o t  the 

the l if e  hi o t or i c s of thr e e  o f  ·th 2 s e  sp e c i e s ,  Go i t o c a 2 c u rn  

:.oo y nl1 it e , ( �;r:3.nular i n  .:rp •) c ::>-r·a n c e , a p.01. i:c o f  dar]>: l 01w;-

o f  t he �a in B n t e r o l � t e ra l  excret o ry c anal s ;  oral sucker in-

c o n. s D i C IJour:; ; , ·10 e�,rc :>:: a t :::. -p :!.:· e s ent ; "?0 s t c r i or l o c o ::w t o r  
· - � ·· - "' · ' - · .· . _., .,_. ,... r. · - - c. · .,., . .. 1 1 �• '" · . . , o t r. ··- r· -1 ,- l .,- ' � - ·-· l o - cc" ·  -- o ,.., -t ,, -c l· o r  '_! 0 t_. •·- <:. t ,  S l,_ ,::._ ,_� J.l ·.:; ·=· l ·; , .  _'.k-. .  �1 .J . . . _ eo.  c. ) L .:: ·> l.� O.f. :. ·, .  - . /  Cc r:; 1! ·=- . .  1)  ··� 1. : .Ll ,, '-· - . 

;:1n. <.:i"l e  ;3 of body :_n . JO O �� hly r·oru1d ed ; r::;xc r e t o :c·y ve s i c l c  c j_ T' ClJ l ar ; 

(J eJ:: c ar iR.e c ou:t. :Lnu.G. l ly 

l :L t t; l e  <.!. f f 8 c ·l; ccl. �')}' r:3u ch wo v e:c:1cn t s . lJO CO !'.lOt ion 'b,y G. J. o o-o i.n:::� , 

ra ther t han s�imrnin� a c t ion . 

·soc'i.:y l enc;th 
; '·0!. 1 .y ;:; idth 
:r:e. :L l l en?;th 

0 . I ;. �) 
0 . 09 
O . J. l  

.· . 5r  I1 - \) . �:)I:}. i 
(' . ]Jl·EllD 
() . 1 5El fil 



Trema t o � e  �ara s i t e s  o f  P . an t i n odum 

- the op e c i e s  r e c o rd ed by �a cfarlane . 

2. - c  .Tt-; c c�:oct 8x:a -r•l<2llEl <..UH\H i l l a e  r._ :a cfarlane 

a - c ercaria (dorsal ) 
b - c erc aria ( la t e ra l )  

c - recl_ ia 

d -g 0o it o c a e curu ana o n id i s  Hi �kuan 

d , e  - cercaria (dorsa l )  
f - c ercar ia ( la t e ral ) 

g - sporoc-y st 

h- j �e loga s � e r  o u i s·tborch i§ �a cfarlane 

h - c ercar ia (dorsal ) 

i - c e rcar ia ( lat eral ) 

�j - redia 

--' 
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'T'rema t o d 8  p u :r-2. s it e s  o f  l-:o t amo uv:r>gus spp . 
- ; �n o s t o m 8  c e r c a r i a e  

a - c e r caria ( d o r s a l) 
D , c  - chan g e s  in shape o f  c er c aria 
d - yonnG; r 8 d i a_ 
e m e t a c e r c ar ia ro�oved from cyst 

f ful l  s i z e d  c erc ar ia ( d o r sal ) 
- yotmg cercaria 
- o ld er c ercaria dev e l op inf; p L :;ment; a t i on 
- :r-edia 

J , K - � c t a c er c ar i a l  cyst s o n  she l l s  
l - l a t e r a l  v i ew o f  cyst 

E!-n C e :r c aT· ia I·.-'5 
m - c er c a r i a  ( d o r s a l ) 
n - r e d i a  

o - c er caria ( dorsal ) 
p , q - chan�e s in shap e o f  cercar i a  
r - c e r c ar ia ( l a t era l ) 
s - red ia 
t - c er c a r ia encys t ing 

Abbrevia t i on s  

ap - ad h e s iv e  pap i l la 
b g  - gut b ifur c at i o n  
cl c  - d ev c l o·c/ ine� c erc ar ia 
e s  - eye sp o t  
ev - excre t o ry ve s i c l e  
f - f in 
fa - f i J .ament ous a l ga 
g c  - e;errn c e l l s  
i int e r3 t ine 
il - int1er l ayer 
me me t a c er c aria 

Length of l in e ar s c a l e s , O . lrnm . 

o l  - out er layer 
op - ol) erculum 
o s  - oral su cker 
pg - p en etrat i on gland 
ph - pharynx 
p o  pro tru s il) l e  or gan 
st - st:vle t  
s t c - st�iated c u t i c l e  
t t a i l  
v - v irgula o rgan 
vs - ventra l sucker 
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L<J rva l t r e ma t o l e s  rec orde d frcm iJe\'i 3eala n :1 fresh\'nt er r-�ol lUDC'=.t 

rrema t o d e  sp. 

:::o i t ocu.ecum 
a na s ni -::1i s 
Hic krnann 

Telogast er 
q�i.sthorchis 
�·Ia c f .  

S t ega dcxamene 
anp.:uillae 
fv!ac f .  

CalicoEhoron 
i.jima i (Fuku i ) 

Echinost ome 
cer caria 

S e r c ar ia 
lone;icau da 

Fas c iola 
hepat ica L . 

Gorgo dera 
aus t raliensis 
John s t on 

B i f id-tailed 
c ercaria 

Frimar�: H o s t  

3ob i oJnoq"2hus 
gob i o ide s 

3alr.lo far i o  
Galax ia.s 

b r e v iEennis 
G o  a t t enuo.t u s  

( al l  fish ) 

Angu i lla 
aus t rali s  
( e e l ) 

·1 .h . • a u s t ra.lis 
' t l . d i e f f e nba c h i i  

n • DOVlS dome s t ic us 
( do me s t ic 

ea t tl e )  

? 

Fu ligula 
nova e zealancl iae 
(blac k t eal) 

Cvi.s aries 
�sheep) 

Hyla a urea 
( fro g ) 

'? 

l'!ol lu.c.; c a n  H o s t  2 0  L 1terme diat e Eas t 
P . a n t ico durr: fara call i o ·oe 

fluv iu. t iliS 
( J.�mphi poda) 

P .  an t i nodum G .  gobioid.es 
G .  brevipennis 
Fhil;:cenod� Spp . 

'[• anti-eodum Fhil;[:enodon ' . s pp . G .  p;ob i oid-es 
G .  brevi:eennis 

l··lanorbis -
kahuika 

P . kahuika -

Siml imnaea -
t ome n t osa 

Simli mnaea -
t oment osa 

.:J:eha erium spp. Xan thoc nemis 
Pisidiurr s pp . zelandica -

( damselfly ) 

P .  ant ipodum ? 

Authority 

r-:ac farl:me 
( 1939 )  

Hac far l a n e  
( 1 945 ) 

!'iac farla.n e 
( 1951 ) 

Jonat han 
( 1952 ) 

Jonathan 
( 1952 ) 

l··!ac farla n e  
( 1949 )  

Mac far lane 
( 1937 ) 

Dale 
( 1 96 7 )  

Hopkirk 
( 1927 ) 



l . lm:w 

C . ?9m�a 
� · e t a c e r c ar i a  and C v s t  

� c t a c src �riul cys t s a r e  rouGhly s9h e r ic a l ; d i am e t e r , 

(_.i . l l - () . 1 8.:-rE�� . Jy s t s arG a t t a ched to t he o p e rculuill o f  P .  

a n t iD o dum or on the she l l  c l o s e  � o  the ap e rture . :i'he sur-

fa c e  of the cyst at t i ched to the sna i l  ( o r  o ther cyst s )  i s  

f l a t t en ed. t o  f it t ll :.3 curva ture o f  the r. mrfa ce . A l l  rJhe l l s  

exaoined hav ing cys t s  a t ta ched , a l s o  contained 8 c t iv e  c er-

carias . ,r.. s t;l:�c inc icl ence o f  inf e c t ion fo1.m'J within any 

;::;:n.r.:d l  qopv.la t i on '.'J:.=:. fj n ·2.ver l1 i ;;_:;h ,  it �3 e e 1i' S :r:>ro .iJo.b l e that c er-

c a r i a .s e r:i G y s t  on the she l l  of the sna i l  they have ;j ust l e f t . 

In S O if!C in c:; t an c c: s  c y s t s v1e ·ce f o und �; o b e  inf e ct ed by a 

fu� 1 ga l  g:r·o,;:- t h  on t h e i r  out e r  f3llr fa c e f.', . 

��e ru at a c 2 r c a r i a  re semb l e s  the c erc aria Dhen re l azed . 

I t s body t ap e r s  p o s t e r i orly , and a prominent ora l sucker i s  

·. ;he n j_r:i. the cyst tb. e  T:J e t a c (� r c aria l ie s  cur lecl. up , 

. t ,_ . ·. ' . l · s <3.11 c c r J. o r  an'J. D O  s·c; e r l o r  end s Tf1 0 e t in.e; . l t  i s  capab l e  o f  

r e 'iO l  v :Li:lg 1'i<Y·t8 lWl1.t fi . Jo mor�ho l 6 [ i c a l  s t ruct ure s c an be 

Flo ::=; t  �na il : :p . ant i.·o odum 

t horp e , I!a.na\va tu . 

: I 



v e ry � ro m in e nt ; a , a i r  of d urk e y e  spo t s  p re s 2 ut ant e r i o r l y  

"iF � hind the o r a l  s u cl':: c r , i n  2 0 :Gte inu i  v idua l s  C 8. C l1 " e ye " 

a�D s ar in� t o  be ma�e up of tno a � j o in in� sDot s ;  h 0 tDc en and 

e.:r'ol..mcl. t he e:•.re s�:; o t s  is a band of v�ry C OD f3l) i c ;_l_O u.:.o •Ja :el;: IJ J.��> 

r • cmt;:�t ion ; t a i l  s iFlp l c  and c on t r ?.. ct i l e . 

nnd by havin� the � � i l  l e s s  t han ha l f  the l en�th o f  the b ody 

Bod:y l cnr;tll c . �)Ll- \. . .' . Ji-L�rno 

.�3od;y- y�;icl ·Ch 0 . l : ; c.� . 2 lwm 

iJ.'a i l l en g t h  c· . 2C� u . ��)r:-1rn 

a·,) �l e eran c e ; ·ph.ary.ox pro:t.Jinent ; EJ.C t i  ve , c ontra c t i l e . 

The c ercaria encyst s on the overcu lu� and she l l  o f  the 

" . ' . .  l '/ . . 
,..., ' (' -] ·-=..:j r:, P. . . c.) ,, , ; - I ! _.,J ... . , i';l!'r"; 

•• J • • . ....... ·- _, lJ ' ·' __ ' \.. • '- • L .... ··-· . • 



.-_! �- l. C .. ': D. t lJ_ ; L .� .(} 1 -� C �_..,:-l'l.i :;-;l1. J J�1 :�· () \.'�Q , 

: · ··'··'·!· -::; ..._-., , .�; � .. ' .. . ,_, l. .�-.-.· ·L' ,; c : ..... , 1 1  .. ·r r.,· -�_ ...
. 
, .. ·, 1 , � ·, __ .-�. ·, 1 , · ·':."t !.- -1· � � .  . . , , · , � - - . ·  . .  · .. . · . . . . . .  , 

T) r c s ent , tv'O l a t c :c.'J. l , o n e  Fle(!. ia.!J. irm:Jecl i a t �: ly ·0 o :=: t e r i o r  t o  

n o s t er i or body u n � l e s ;  t a i l wi th 0 se�m ent ed apn c aran c e  in 

b o th l i. f e  and d e ath . 

o t her �ono s t o m e  c 8r c a r i a e  f ounC , swi�0in g b e in� a c com n an i ed 

' !Y  stron0: c o n t r a. c t :L o n s  o f  bo t h  b o d y  e.n.Cl_ t .=d l . .il1 en -?. l; t .:. ehed 

to 8. f la. t; :=-ur f:J. c e  t r.te ti"i o :JO D t P r i or acthe. s ive pap i l l r>. e are 

s t itut e s  for a ven tral su cke r . 

l:;ocl:y l c=:ngt h c . :_) j? c . l i LJ-m m 

DoC! �r •:l:i.dth c 1 1  (� 1?mrn . ...... . 

���1Et i l  1 e n:;' t h  c· ·' . :5 3  0 . 5�'rJrn 

··;�.'1 C :'/St; m ent O f  r] ,<:�}"C ClT.' i a  

8 c r c a r i a e  o f  t b i s  so e c i e s  encysted o n  the b o t t o m  o f  a 

�t t a cb eJ t o  the out s id e o f  the cyDt , and the b ody o f  t h e  



� h i ckn P s s  o f  out 8r c y s t  �a J. l 

Lo C t't  l :Ltj.J� s f'ounr:l. 

0 . 0 1 5 

�->::thut era.vr2. :.1 iver , r:' ou th o i'  :i= G l rne r f', t o a  i:Tortb . • 

35 )  
Do d v  w � it e , ona q u e ; t a il � o r e  bran s n ar err� , � i t h  a f in 



-r.-, �l.n :L l L= J e • 

r� l c·i.1:·':a t eel. f O l' IT.t . 

R B  l o n p  a s  the h a� y ,  hut a b  � e q t h  it c ontra c t s , ana a D � r oY-

L i!<i t c� s the: b o cl.y l e n.:_;· i� l l . 

·� ed ia 

T3o ,:; : �y-
·, 3od v - - · ·.1 

'l'.:1 i l  

l envth 

1Vi6. t h  

l enf::t h  

0 . -··· (' ,.� ) 0 . 4-)ma 
c . l l  C:> . 2 lrum 

o . �J (..) :.- .-' 0 .  56 mm 

�a c - l j_k2 , cyl ind r i c a l ; tran s luc ent Bb i t e  u i t h  an a lmo st 

c ircuJ. a.r q h::Jrynx ; ina c t ive . Ov e r  a do z en � ercar i a e  may 

c .L e e rly t.· c f_) •.? e n  v:i cl� in the l'l3d. it:J. . 

I:en12· t h  2 . Onrw 

cl . 1 �)rnin 

G e r c ar iC1. e encyst on dl e l l s  of � o t t=.J.t'Ol)VT'fC:u s f3p e c ic s and 

ency s t r M_; n t  rw. s aJ ::l O 1.; r;:� en ob �'3 C I·ved in n. �; l a s n  d i slt s o on a ft e r  

l ib erat i on :Lro·,--:.1 t h e  ho st ::c.na :L l . ·The -o ro c e ;.:; f3 i s  i (! cnt i c a. l  t o  

t b a t  d e s cr ibed f o r  C er c a r i n 
. . , -, . ") . 

Tro c e. l . i t i c s found 



· · ·  · l ·y r 11 ( -·· r-- --. ,� 
c' o .. , ... , . :.J (.; . ·:l ... C. l .. c I) .·, .I ·C'• o ' ['-'�-' o ' . : o ·v . 1 9CE) ) . 

.. , � . , . -. � . . l -1 ·l i n ·L··, e ,,.L. l ;··: c.1 (: •"': (' ·�· -�� ·.· , r) ,_.,. ; ] ,· , ,-! ;.c, ("' ·; ,., 01'1 n �·, -l (.J' -, ;; r:-- �L- l l'cl- "'  c l C __ ( 1. .. c .. "' '-'· •• - ... . """ _I . � ""' • � I. •'• - • 1. .• • '-• .• ..1 - \. -- ,_.. ..._ J ·- ·-• . - -'L \,...; ' · .I ') ·-

' 
·�·_,'l.u] ; e :.:. o n  ix> th c-. l j_ �:_c:, �:; · ·• e r- -� c o l 1 ,:; ct e �l. f -roP> <'i F c�:::s cUj 

:.'1.b o vc . 

(I. O t  

( .· . ', .. '- .I 

. , •2: n. F� J. . . 1 .-:l :�� c e11 , 

One h9 s b a cn id ent i fi e J a s 

1 :,-,· t-.1. i J_ �-r- [3l1:::t·q c c  ; 

0 .  l btl:li1 

1-': - ·: . 



o f  ··u 
J . • an·s inoch.1TII 

?\rr c o c c -rca:c ia e , C e r· c aria e 3. , 

.i� hid i o c a rc ar iae 

·b  c ; e r c a r ia F? a - . 

a - c e r c aria ( dorsal ) 
b sn o r o cy�::;t 

c -d C e r c ar:- ia :0'1 

c c er caria ( d o rsal ) 
d sporo cyst 

e - i  C e rcaria Cl 

e c er c a r ia ( d or s a l ) 
f o· l b young cercariae shor.r in p; 

chan:=se s in r.;hap e 
·· 

h c e rcaria ( latera l )  

i s n o r o cyst 

;j -le: C e r cario. Xl 

j c e r c a-r ia ( dorsa l )  
Jc s·p o r o cyst 

Lin e ar s cal e s , O . l�m 

�'o r mean in g; s o f  abbreviations 
see :i�'igur c  35 
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·i) I' �3 v:i.l' u:c· c <=.t t o , r.1o o o  s t one o ±· _:.:'' 1 1 j':c o c eJ:· e (:tr· i <J C� . H o  

�n t e r i o r  o r �an �h i e )  exhib it s stron� , t e l e s c o D i c  move ment s ;  

a D3 £ r o s  d o r s2 l  f in � r e s en t  o n  hod] ; t a i l  s t e� divid e s  jn t o  

: :;o c s cont :i..nur'l l c ontract :i.. on 9 .. nd exD<.m. �=lio:n , e.nc'l. the t 8. i l  



· . f :i,:l_ t; 1�1. 

�:. _q_umb er o f  l o o1.1.o c e:r:-cou:3 c er caria. c  i:J.r e  knoym t o  cleve l o n  

in t o  �era s i t e s of ·th e  b l o od va s cular syst em of Cyp r in id 

( I' '-=! PTJ )  ...J l • • - !. • At l c": a r:> t  four ;:-;-p r.:: e :L e ::; o f  e y-p r in id .;n" e :fO IJ_n-:l 

t) e f in i t iv ,,:;  ho r.:-d-; f o r  tb i :::; f lu k e . 

( 3 )  X.i i)}!_ id io c e Tc ar· j_A  e 

.A rne m () C T'  o t  t he ' ·:) c r c :J.:c :L:1. e i :Lr�ula e " p:roup o f  Ltl.he 
' l  c, ·,o ) \.. - __ , ,_, _, . ':/h i t e ,  t railf:_; luc cn t ; c o n. :=; id er a b l e  cont ra c t ion <3.n(l_ 

p r o Jl in ent ; ex c r e t o �y ve s i c l G  a V - sh�? ed s a c  with a l ons , 

narrovr ·p o nt c :c· i o r  !:� t; e::n ; C1J.t i c l c: �; t :r i a t ecl ; :.:nov:..;� : �en t b�r 

, ;-:u s cu .Lar c mY(-; :r·;"! C t ; ion s 8ncl b:y �; j_/1_ ,:; t o  s id e  ln ;;l!.inc o .f t he 

O . Obmm 



V j_ ::; i �l 1 C 

'h: .9.n C hl c. en l; , 'i!hl.t c:! ;  Cl'_t i c l e  s tro:v�; ly r-: t r iut e(; ; o :r· ,�. l 

r_;;) i c;_:o u s ; v eutra.l ::JU C Y� e r  �1o t  obv i o;J_ s f r c n  .:1bove , c cn t:ca l ly 

·�:� :-:. o r· o  c.'r st 

1 1 . . , l C .  _ E; a.!:.' _ :l V l G 1. 0 _ r� 

0 . 2)fil:::::l 

(J P r:· c a r i a c  r�·ove 

C . C9 rnr;J 

J. l)(. . 



(' , .. ' . :) ) 

a .. ,·J .S. lT' o f  rl ·1 r-)r ,_, ·,- c c··,J o ;� c l) -r•e s ·�nt - - ·'· -. .. ....� • • .' �o,. )  ..... •.J -- ... -

1' -r o ru .:1l.>ovc , t h e  :J::Ei e d i:::; n e [; ,=: :c e :3 i; he ora l sucker end p l n c ed. 

s L i_r�:t•.t l y  po ;:� t c r i o r  t o  t 'r:le 1:li.dp o in t  o f  the ·bo dy ; in;Jc t iv f� . 

3o·J y 

;-)< )Cl 'l - - - : J  

- ,�·a i l 

l ength 

Vf iC1 th 

l enp:th 

0 . 20 0 . ��bnm 

0 . 0'/ C • () CJrnm 
,., 1 '7 c 2G·:nrn \__; . . 

a nd inc o n s'? i cuous . F-ul l y  r.:;roTml r e d i a e  c onta. in ab out 12  
mat1..1J'<.; c �; e c a-.-c· :Lae ::._rhi c!l c onp l e t e Jy fi l l  t h o  bocl.y c c.,_,r it;y . 

l . -�1-LJ-mm 

>ax i:rnum vric1 th 

St� oam n e ar Lin t on , 

'.•.'.·.(', :·_··_; -:-_·rr , , ,.',-1 l' ·[- .-. ,, l l  -'t T)·i-, l. c -8 ] r.;-p r, "'  ·c;' C> ,-•• "- T'.;·-'L(l 'L' 11  rd• -:� lJ 0 T il l. d_l') () in t . 
• • . .. . J t:":;:' ' G - - - · . r . .. ; . � ') , ::- \.: £.:.._ ....., ,_ l.J � - - ..,_ l.J .._ .  r _ _  -.J V . 1.:; - ·· - � -;  ' 

v srttrt). l S1)_cL er e::t:c c :-;: c ly J:H·ot .ru r.:Ji b l c:: ,  lBTE':er  tltan o r a. l  

L : . - ' . 



Trematode para s it e s  o f  P . ant ip o dum 

- Gym.no c e-r_->ha l on s  cercariae 

a -d 0 e rc a r i a  en 

a - c e r ca r ia l lateral ) 
b - c e r c a r ia ( a o r s a l ) 

c - c e r c a r ia in swimmin� n o s i t ion 

d - r ed ia 

e - c e rc a r i a  ( d o rs a l ) 
f - c e rcaria ( lateral )  
g - younq: red i a  

h - mi�d l c  aged redia 

i - ful ly p.;rom1 redia 

L in e ar s c a l e s , O . lmm 

.Fo r rneanin'c: s o f  a b breviat ions 
r:> e e  J?isurc 35 
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� i furc �t i on o f  tho (Ut 

� I ' G l l  d e v s l op cd f in run s the l cnst h o f  �he t � i l  v e n t r a J. ly 

l .  0 - l . l rnm 

C . 7 L) - U . fl,'?rn �1  

p haryn:: p r o n in cnt ; dev e J op ing c e rcar i a e  ( ge n era l ly ab out 

Le:nf:th l . 5mm 
0 . 2 5mm 

J.:o c .::1.l: L ty f ovnd 

( C·) )  Inc irL � n c c  o f  :LnJect ion of (o ·t�: r:Jo:ryrrq}.f:� EF) e c i e s  bv 
1 3.rva l tre;:::;a t od e s  

Inf c:; c t ion oy a l l  tre·caatocl e  sp e c i e s  rencl. e r :3 tl1e :-- w �3 t  

sna i l  inf e r t i l e . ·.::a. t •.s s  o f  inf e c t ion i n  a l l  ::ma i l  t) O'?-

lJ.L::.. t i on f'� 8 \:,'J. ·:,l in<·:d. are r.:ihO'.'TJ.1 in �"Pab l e  j l . C e r c a r i a e  1.'J e r e  

1Tla1cin��: them c l e rt:cl;y the I W '.: t LToort8.nt :��roue o f  tr,;;::'lntoo. c s  
lii�)1e st inf e ct ion :!'!.Jt c s  '-"J ithin 



TAB L�� ) 1 .  

��nail 
Ho.st 

Inc idenc e of i n f e c t ion of Pot arnouyrgus spp . by porosporid 
Pro t o z oa and Tr e ma. toda. 

I 
Loc ality Da t e  o f  N umb er Porosporida e  Numb e r  

Coll e c t i o n  o f  snail s % inf ec tion C e �·caria 

Trema.toda 
o f  ol ,.., snails 

s pp .  infec ted 
exa.mined found 

F .  an t ipodum I 
L .  Fupuke Dec . • 66 lOO 86 0 I 0 
L .  Puka.ki Jan . • 66 lOO 66 l 4 
1'-lakara R .  Apr . • 66 lOO 38 1 3 
L .  Pupuke Aug. • 66 lCO 2 8  l l 
Avon R .  Jan . • 66 lOO 2'7 

I 2 2 
L .  Tutira Jan . ' 67 260 12 . 8  6 4 . 6  
L .  \Vahapo Ja n . • 66 lOO 10 0 0 
G r e en L .  Jan .  • 66 lOO 10- 0 0 
Kahut erawa R .  ( l )  Oc t .  • 66 lOO 8 0 0 
Hokowhitu La goon :tvlay • 66 lOO 8 2 8 
I�ahut erawa R .  ( 2 )  Oc t .  • 66 84 6 1 1 . 2  
L .  Taupe Apr . • 66 35 2 . 9  2 8 . 6  
Bunnythorpe I 

( St m . ) Oc t .  • 66 150 1 . 3 3 2 
L .  Pari nga Jan . • 66 lOO l l 2 
I3unnythorpe 

( pond ) Oc t .  • 66 200 0 0 0 
Lint on ( s t m . ) Oc t .  • 66 200 0 4 2 . 5  
L. ·.�.1ai rara pa Jan . ' 67 200 0 2 5 . 5 
\.'·iaitomo ( s t m . ) Dec . • 66 lOO 0 2 3 

P .  es tuarinus 

Huia Aug .  ' 67 200 0 l 0 . 5  

tp.  pupoides 

Kahao g t m .  Oc t .  ' 67 1 50 0 l 0 . 66 

iP .  c s tuarinu.s and 

P .  EUEoides 

\'iananaki Dec . • 66 lOO 0 c 0 
He8.thc o t e R .  Jan . • 66 200 0 0 0 
Have l ock R .  . .Je.n . • 66 l 5C 0 0 0 
Avon R .  Jan . 1 66 200 0 0 0 
Hut t H .  Jan . ' 67 lOO 0 0 0 

1 5  :s 



ind ividual p opulat i on s , 8 and 8 . 6% o f  adult sna il s , we r e  
a l so produc ed by mono s t ome larvae . alone . Maximum inf e c t i on 
r at e s  foi� a l l  spe q ie ::; _ are __ shown in Tabl e  _3 2 ( p  . 1 5 5 ) . 

These may be - compared v:i th -She figure s give·n by. ·· 
- . 

Ea�fa,rlane ( ::1.939 , 195 2 ) . He found that in HeathGo t e  River 
0 .  5 - l . O;.b o f_ ad.ul:t ·Po t amonvrgu s were infe c t ed with cerca�iae 
of Co i t o cae cum ana so id i s ,  2 . 7 % bj Te loga s t er - oui sthorchi s 
and :'3t egad exam ene anrr,u i l l a e  combined , and 1 5 . 8% by a l l  
t r ematod(3 _ sp e q ie s  ( numb er and identity n o t  given) , and i n  Hut 
St r e am ( Cant erbury) he re c orded 0 . 7 �  of sna i l s  inf e cted by 
�3 . anguillae . -

Number s  o f  .. fjna i l s  inf e c t ed by trema t o d e  larvae in New 

Zealand populations are low c ompared with mariy infect ion 

rat e s  r e c o_rc:l e.d e l _s ewhere . In the United Kingd om Roths c h i ld 
( 19L�l )  f o1p19- thaiJ up t o  70% o f  llvclrobia ulvae over 3 . 75mm 
high wer� par�sit i z ed , and in a study o f  a We l sh lake Prob ert 
( l96b ) foun9- _ 51% . .  9f a l l  molluscs examined wer e  infected , in­
c lud ing 64% o..:t: the pro s obranch Bithmia t ent a culata . The s e  
rat e s  ar'e rnuch higher than t he rnaximum . of 8 . 6·;{ foun2l ' iii' this· 
study , or the 15 . 8% r e corded by Hacfarlan e , but sporo z oan 1 '\/• I 

inf e c t ions o f  P. an t ipodum have been fOlmd t o  attain com­

p ar�b l e  high le
,�e l s . ( T9:bl e

. 
31 ;, p . 153 ) . 

. . "\ ,  

Mo st sp e c ie s o f  mo l lusc that have b e en examined ac t  a s  

int e rmed iat e ho st f o r  l e s s  than 10 trematod e specie s ( Ewe r s , 
. \ . ' � 

•• • • • # ..... 

1964 ) , although t he r e  are a number o f  exc ept i ons inc lud ing 

t he pulmonat e Li mnae a  nat a l en s i s , the ho s t  o f  at l e a st 43 . r • :� . .  

knovm spe c i e s  o f  c e r caria e . . At l east 1 3  spe c ies are no-vv 

k-'-'1own t;o u s e  P . ant i-oodum a s  an int ermed iate ho st , and this 



IJ.'ABLE � ? . 

Maximum incid en c e  o f  in fect iort by trematode c erCari�e in 

p opulat ions. o f  Po tamopyrgus spp . 

C e rc ar iae 

Co itocaecum ana spid i s  

I'e l oga ster o n isthorchi s 

St egad examene anguillae  

Cercaria Ivll 

Cercaria g2 

Qercar ia · M3 . .  .. 

Cercaria M4 ·  ·. . . . ! . 

Cercaria· Fl > 

' Cercaria F2 

· cercaria· :· ul .. . • '  .. 

' Cercaria G-2 

Cercaria Xl ·· . . .. " 

cercaria · c 1· 

Maximum 

- ' . 

... 

. ' 

' \ . 

.. 

.. . 

. ' 

' •' 

. . . . .. ... 

·' 

-

'}6 infe ction 

4 . 5  

0 . _7 

2 . 0  

1 . 15 

6 . 0 

2 . 0  

1 . 2 ' . 

·1 . 0  

0 . 8 

1 . 2  . . .. . 
.. 

0 . 4 

1 '.) ·. 
• '-

' 1 . 0 . . .  

.. · . 

. ' 

: 

' 

•" 

. . 

. , . .  

r ·  . .. 

.. •, 

' 

c oncentrat ion o f  trematode larvae in P .  ant ipodum may have 
1 . . . . : ·, ; _'_ :: . 

d eveloped be cau s e  suitable alternat ive snai l  ho st s are 

lacking in New Ze aland . 
. � : 

Probert ( 1966) found that trematod e s  
. .) ' ; :  

which have a pro sobranch sna il a s int ermediat e ho st never 
. : . :. . .. , I • \  ·, 

'

' 

para s it i z e  pulmonat e snail s ,  and P .  ant ipodum i s  the only 
. , •  . . . :·. 

pro sobranch wid ely d i stribut ed in i'l ew Zeal and fresh ·wat ers • 

. ' . . . . ' . ;· r � r ' . 
: ·  . . · . .  ·. . . . 

;rhe d eve lopment o f  a l arge numb er of ho st -nara site 
. ·. .  

- . . . 
· ·' 

'_ i  
r e lat ion ship s also provides further strong evid ence that P .  

. , ' ' '  . ' '\ � . 
ant ip od.urn ha s been e st abl i shed in New Zealand fresh wat ers 

155 . .  



f o r  a l o n �  t l � c . 

g_ t; io.n i s  

q u o t ecl a 

trernat o<.J. c  1 ., • 
. 1. 8TV8. <?. 0 8 llH: .fcn.md 

1 � l l arn t , Vi c t o r i a . 

in f':; t an c e  o f  un id en t i f i ed 

in a P0 t a unnvr�u s sp e c i e s fro� 

PH0 1'0 ZOA 

· "�m;y incl ividua l s  o .f  J? .  ant inor.l u·.-n have b e e-m found con-

t a.in:Ln�·s cyr;t r:, o .f  a i} O r o s�:) o r id l)r o t o z o a.n , v·:hich c o rrro l e t e ly 

�.l -:,_c.lc t -t1e o q i r o  o i'  the f:he l l  and r e p l a c e  n:n..1.c h  o f  the c U. .; e s t -

ive '';land and •;onad , a s  v1ell  a. s  o c c. u.i)ying r3p .:�. c e s  b e t,ae en 

the vi s c cre. l  or.�':anr:> .  Para s it :L s 'il of P .  e stnil -r •inus ::1.nd � 
-,)lmo i(l ;:: s 'no. �:;. not been found . Inf e c t e d  sna i l s  a r e  a lways 

rendereQ inf e r t i l e  by the pre s e n c e  of cys t s but n o n -

r e�rodu c t iv � b e �1viour d o e s  not app ear to b e  a f f e c t ed . 

L i f e  c yc l e s o f  ra e �:1l1 e r s  o f t he J:)oro sp orid 8. e  n e arly 

a ll."."JYS invo lve a crust a c e .g_n pr i !·;wr:y ho r:;t 8.nd a r·w l h.J.:=: can 

s e c ond ilry ho st l Do : ie l , 1 96 5 ) . !Jpo r o z o i t e s  in t t1e @;ut o f  R. 

c ru s t a c e t:l.l1  ency st and D :t:' o duc e J:n.1.ge m.l1T\r) e r s  o f  naked r.;ymn o -

·riJe ;::.; c .3. r e  t h en t ran s f e rrec�. t:; o t h.e 

s e c ondary mo l lu s c an ho s t  �fue r e  c o �u l a t ion o c cur s , usua l ly 

in ·;�:le b J. o o<:'l. la. eum1. e o f  t h e  r; i l l s . Zygo t e s  form o o cy s t s ln 

i s  u sua l ly r e in f c c t ed by e at ing inf e ct e d  �o l lu s c s . 



Paracall iope fluviat i l i s  which i s  fre quent ly fotUld in 

a s s o ciat ion with J? .  antipodum . In the three  habitats stud ied 

f o r  over a year on the Ma s sey University campus , cyst infe ct­

ed snai l s  were f ound in the two in which P.  fluv iat ilis  was 

a l s o  found , but not in the third where the crustac ean wa s 

ab s ent . 

Snoro z o it e  ( Fig . 38 ) 

Sporo z o it e s  have not b e en d i scove red fre e within the 

body of an infe c t ed sna i l , but have b e en removed from cysts 

by applying gent le p r e s sure t o  them , thereby breaking the 

cyst wa ll s .  'l'he sporo z o it e  i s  club shaped , and granular in 

appe arance . It s prot oplasm contains numerous vacuol e s  but 

n o  obvious nuc l eus , a lthough somewhat diffuse sect ions o f  

p ro t oplasm take up the nuc l ear stain , m e  thy 1 green . 'l'he 

out er membrane of the sporo z o it e  has a striat ed app earanc e .  

Gyst ( Fig . 39 ) 

Length 0 . 2 lrom 
Maximum width 0 . 0 5mm 

Cyst s  are spheric al and bounded by a: · smooth c lear wall • 

. Ln s id e  the cyst , the sporo z o ite i s  co iled with it s anterior 

and po st erior end s meet ing . Th ere is  a small. space l eft 

b e twe en the sporo z o ite and , the cys·c wall and the sporo zo j_te 

is ab le to move within the cyst . l!io st encysted sporo z o it e s 

app ear t o  have two dark pat che s pre sent in their cytopl a sm ,  

but the s e  have not b e en obs erved a s  definit e struc ture s  aft er 

the spoto z o it e  ha s b e en removed from it s cyst . 

Diamet er of cyst 0 . 10 - O . l 2mm 

Thickne s s  of  cyst wa ll 0 . 005mm 
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T'he ·pro t o z o an C>p o r o z o a  : }'or o s p o r id.ae ) 
para s it e  o f  Po tamonvrm1s spp . 

a 3po:ro z o i t e  :rcr.10ved :fro:n cyst 
11 f.l:9o ro z o it e  1) e :L.'1.g: s qu e e z ec.L frorJ 

cys t and shos ing t he stria t ed 

a pp e aran c e  o f  t he body surfa c e  



b 



FIGURE 39 

The pro t o z oan para s i t e  o f  Potamonyrgu s spp . 

a - cys t s  removed from sna i l  t i s sue 

b - cyst wit h  out l in e  o f  sporo z o it e  

s e en c o i l ed in sid e 

c - T . S . cy s t  inf e c t  snail vis c eral 

ma s s  





Incidenc e o f  infection i l  ': c . · · . ' 

· : - Inc idenc e of  infect ion found in populat ions o f  

Potamopyrgus sp:J?_ . from throughout New Zealand i s  shown :i...n 
Table · 3 1  (p � 1 5 3 )  • .. Al l sna il s examin-ed were ov-er half · grown 

and sho·wed no external sign o f  infect ion . . Infect ion·· i s  not 

r e stric-ted · t o _ o ld er snail s ; - however ,  and� in · two c o l l e ct ions 

( August and.: De c ernber , 1966 ) .o f  . .  �j.uveni le sna i l s  C< 2 . 5mm high) 

from Lake · Pupuke , Takapuna , 10 and 301j" resp ec t ively were - : -

found to - be infe c t ed • . .! ; . l 

Monthly inf ect ion rate s  of  p � - ant ipodum : ·in ' IJ.'irit ea 

Stream fro-m March 1965 : to April 1966 are shoWn. -. in:. Tabl e  22 

(p . l20 ) . -- -- -

Chaetoga s t e r  l imnae i  

OLIGOCHAETA-- - ' ­
.L. .  

The naid id ; Cha etogaster ; -l imnaei ;  was 'found' in close  

phys ical' a s s o _c iat ion with . P . ant ipodum _ in; _Lake Pupuke .; 

Takapuna , Au ckland�; ·. but ·wa s not - found - in ·any o t her > pop·- , 
ulat ion . · Ch . l imnae i - exi s t s' in two forms , :. co:risiaered · by 

Gruffydd ( 1965a ) to b e  subsp e c i e s :, which differ in · setal' �- -

number , hab itat· and diet • Only the out er:. form , Ch � l imna e i  

l imna e i· ha s b e en · re covered from P . : ant ibodum , :_ the · worms 

b e ing found on the head and an-t erior .: region of t he · foot , · 

and arourid the - mant le edge . . L"\'_ : • _ . 

Previously , Ch . 1 l imnae i  s e ems to· · have been: r e corded 

from pulmonate ' snai l s - only , . princ ipally limnae ids ' and 

planorbid s � - -: In - New · Zealand ' Marp l e s  ( 1962 )  re cord s -- it - a s  

b e ing common in the mant le cavit i e s  o f  Planorb i s  sp . in the 

vic inity o f  Duned in , and the writer ha s seen one spe c imen 

158 . 



FIGURE 40 

Cha e t oga s t e r  l imnae i  l imnae i  ( Ol igochaeta 

a , b - embryo she l l  of  P . ant iuodum 

in gut o f  Ch . 1 . l imnae i 

Na ididae )  



a 

.. 

b 



o f  Lvmna e a stagnal is from a home a quarium inf e s t ed with 

over 90 worms . 

Inc id enc e o f  in f e c t ion 

:3ix percent o f  sna i l s  in a samp l e  o f  lOO ind ividua l s  

tak en from Lake Pupuke o n  26 September , 1966 , carried 

Ch . 1 .  l iwnae i , one t o  three worms p er sna i l . 

Fo od , and t he worm- sna i l  r e l a t ionshiu 

Gut content s were examined by squashing worms beneath 

a c over s l ip on a micro s cope s l id e . Dominant food organ­

isms were d iatoms . Thi s  i s  in a c cordance with Gruffydd ' s  

f ind ings and con firms the id ent i f i c at i on of this worm a s  

Ch . l .  l imnae i , a s  the subsp e c i e s  vaghini f e eds only on 

mo l luscan k idney ce l l s  and concre t i ons . In one individua l , 

how ever , a roo st int er e s t ing c ond it ion wa s found , the 

pharynx and crop each c onta in ing a s ingle embryoni c  she l l  

o f  P .  ant ipodum ( Fi g . 40 ) . Ch . 1 .  l imnaei i s  knovm t o  b e  

predat ory on Pro t o z o a , rotifers , and trematode cercar i a e  

( Gruffydd , l965b) l iving within t h e  t i ssu e s  o f  t h e  ho s t  

sna il , but a situa t ion such a s  this i n  whi ch the wo rm f e ed s 

upo n  the young o f  i t s  ho st may we l l  indicate an advanc e  

from pure commensal i sm t oward s a para s it i c  r elat ionship 

with the h o s t . Whe ther the e mbryoni c  sna i l s  concerned were 

removed from the brood p ouch of the adult or were preyed 

upo n  after they had a s sumed a fre e - l iv ing exi stence is not 

known , but i f  the forme r  were the case then the attribut ion 

of para s i t i c  t end en cie s would certainly seem just ified . 
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APPI�HD ICES 

APPENDIX 1 .  
Index t o  localit ie s from which sna i l s  hav e  been 

c o l l e c t ed dur ing this study . 

Lo c a l i t i e s  are gro11pecl under land distr i c t s  ( M.cLinto ck ,  

1 95 9 ) .  

. ( a ) She l l  measurement s ) 
) 

Radula ) 
) 

Op erculum ) 
) 

�mbryo shell ) 

X = populat ions exam in ed 

( b )  Sex d e t erminat i on · 
\ .  

m = mal e s  f ound 

f = female s  only found 

x = detailed sex rat io examinat i on made 

( c )  Hab it at . typ e s  

C l a s s i fi cat ion mod i f i ed aft er El ton and .Mi l ler ( 1 9 54 Y 

·1 . Ditch 

2 .  :B'lowing "upland u stream 

3 .  Graded 11 lovrlancl " river or e stuary 

4 .  Pond 

6 .  'l'rickle 

a . T idal influence at t ime s 

1 8 3 . 



Land D-i st ri ct 1 North Au ck·l and 

No . Lo c a l it y  

P � Pl1t iDOd.um 

1 
2 

3 

Lj. 
5 
6 
7 
8 
9 
10 
l l  
12 
1 3 
14 

1 5  

What ipu 
AucJ.:land 

Domain 
Port land .Rd . , 

Auc k land 
Horthc o t e  
Swan s on 
Takapuna 
Lake Pupuke 
Kakama tua i3tm 
Nai omio Stm . 
IJit t le Huia 
.Pakir i· Stm . l 

1 1  r 11 

Piha 8tm . 
vJha ngar e i  

Ea l l s  
\Vananaki 

2 

P . pupo id e s  

Sh e l l  Radula Operculum 
Embryo 
:3he l l  

X 

X 

X 

X 

X 
··.T A 
X 

X 

X 
X 

X 

X 

X 
V .1\.. 
X 

X 

X 
X 

X 

A 
B 

· C 

Wananaki - X X X 
Hob s on Bay 
Portland Hd . , 

Au.ckland 

P .  e stuar inus 

a 

b 
c 
d 
e 

·Na ikato River 
wouth 

auia 
':iananaki­
Hob s on Bay 
Port land Rd . 

z 
X 

X X 

Land Di strict 2 South Auc�land 

P .  ant ioodura 

16 'l'irau , V!a i-
makariri R .  

1 7  Lake 'J'arawera 
18 Lake 1'aupo 
1 9 Gre en La_ke , 

Hot orua 

X 
X 
X 

X 

X 
X 

X 
X 

X. 

X 

Sex 
e a )  (b ) 

f'r e l  im . Det a i led 

m 

f 

m 
m 
f 

m 

m 

f 

... ID 

m 
m 

f 
f' 
f 

f 

X 

X 

X 
X 

X 

X 

( Cont . ) 



Land District 2 Sout h Auckland ( 0ont . )  

No . 

I 

IDm.bryo She l l  Radula Op e rculum �h 1 1  - b .  e .  

P .  ant ioodum ( Cont . )  

20 Wa ikare tu 
j:'i 0 • 1 

2 1  n o . 2 
22 r!ia i t orno 
2 3  Waipuwerawera 

Stm . , Taupo 
2 L�. VJ a imangu 
25 Stream , 

L .  Rotowhero 
26 I1ake Ro torua 
27 Lake l'l gahewa 
28 Waiotapu Stm . 
29 L .  · Hoto mahana 
30 Wa ikato \-{ . , 

Cambridge 
3 1 . Wa iotapu �o . 2  
32 Otama Bay 

. � Coromand el 
Pen . ) 

3 3  Wa ikat o R .  , 
'l'uakau 

P .  puu o ide s 

E 

F 

Otama Bay 
� Coromand e l  

Pen . ) 
Kao tunu R .  

( Ooromand e l  
· Pen . ) 

.P .  e stuarinus 

f 

g 
h 

., 

Ot am13_ Bay 
Kao tunu R .  
Wa ihov H .  

( Hauraki 
Plains)  

F .  ant ipodurn 

34 r�aponga 
35 Dawson .Fal l s  
3 6  Op1..make 
37 1Narea 
_l; . e stuarinus 

i Be l l  nlock 

X 
X 
X 

X 

X X 

.Land D i stri ct 3 r.raranaki 

X 
X 
X 

X 

X 

X 

Sex 
( a )  ( b ) 

:Pre l im . De tailed 

f 

m 

f 

f 
m 
m 
f 

m 

X 

X 

18� 

Habitat 

1 
1 
2 

2 
2 

2 
5 
5 
2 
5 

3 
1 

3a 

3 

3a 

3a 

3a 
3a 

3a 

2 
2 
2 
2 

la 



No . Lo c a l ity 

P .  ant inodum 

38 ·re Kaha 

P . ant ipodum 

39 ',ial l ingford 
'-1-0 Wim b l edon 
4-1  4o aclvi l l e 
42 Dannevirke 

l'J 0 .  3 
4-3 Ho . 1 
4l� e.anawatu J]_ . 
45 Po rangahau 
46 Dannevirke 

.t•J o ·. , 2 
47 'l'e Aut e  
48 Lake 'fut ira 
49 Mt . �/lharite 

P . ant i-oodum 
, .  

50 'Nhakarongo 
_Ho . 2 

5 1 .A.p i t i - Utuwai 
5 2 . Kar i o i 
5 3 Hok.owhitu 
54 V/halcarongo 

U o . 1 
5 5 Shannon 
56 l)ahiatua 
5 '/ Ht.mnythorpe 

No . 1 . 
58 lJevin N o . 1 
59 Bwmythorpe 

No . 2< · · .-. ·
-·.: 

60 �.T.a:}cwel l  
61  U tuwa i  
6 2  Aokout e r e  
63 Levin .No . • 2 
64 Kahu.t ermva R . 

trib . 3 
6 5  Otaki · 
66 I'�handa. l lah 

Land D i s t r i c t  4 G i sb o rne 

She l l  

Land 

V ..:� 

i X 
�r .A -,; 
.t\. 
y . �  ,, .A 

; X 

: 
X 

JJand 

\( A 
" A -..;;-A 
V A 

X 
.X. 
.X. 

X 
j� 

-
X i 

; X 
'r i>.. 
.A ... 
X 

X 
)( 
A 

):mbryo · Rndula Op erculun ;3h e l l 

District  

I 
\ 

' i 

' 
' ; 

X 
' 

; · r  .11.. 

Di strict 

: 

-

X 

. .. 

X 
X 

s 

6 

' 

Hawke s Ba:v 

X �r -"'-

1!Je l l inR: t on 

·u· j>.. 

X 

. . 

X 

. . .  -�·· . 

: 
Sex ; ( a ) ( o )  

Fre l im . De t a i l ed .. ·--

f 
f 
f 

f 

f 
' : 

m : 

f ' 

' : 

: 
f i 

; 
f X 

-
f 

: ' 

: 

. ... .. - ·· · -· . .  
' 

; 
f i 
f 

: f 
; 

f 
m 

- · c Cont : r 

1.% 

Habitat 

--

; 

; 

: 

' 

2 

3 
1 
1 

1 
3 
2 
1 

1 
4 
5 
6 

1 
1 
4 

. ·· -

1 

l 
1 
2 

4 
l 

1 
3 
1 
L� 
1 

6 
2 
2 

' . ·. 

. 



No . 

P .  

67 
68 
6 9  
'?0 
7 1  
7 2  
7 3  
74-

7 5  
7 6  
77 

78 
7 9  
80 
81 
82 

8 3  
84 

8 5  
8 6  
8 7  
8 8  
8 9  
90. 
9 1  
9 2  
9 3 
94 
P .  

G 
H 
I 

P .  

j 
k 
l 
m 
n 

.L,and .Di s t r i c t  6 We l l in Q7t o n  , \ C ont . ) 

Lo ca l it y She l l  

an t i o od.um ( Co n t . )  

Kahut erawa H .  
�!�t . Bru c e  
Wa iwakawa R . 
Konewa 
Lake Ro t oa ira 
1i'okomaaru R .  
Wa ikawa R .  
North o f  

Mt . Bruce 
Ohau R iver 
T ir i t e a  Stm . 
Ma s s ey 

lln ive r s ity 
No • . l 
No . 2 
No . 3 

, Pond , oria.u. R . 
Tokaanu 
Kahuterawa H .  , 

t r ib . 1 
1 1  2 

Bwinythorp e : 
Stm . 

Ohakun e . 
. ?:.'onga:J:> iro 

L .  1/\fa irarapa 
Ea stbourne 
Paekakariki 
Wa ikana e , 
Horokiwi Stm . 
Kahao Stm . , 
Makara Hiver 

· Lint ori 
J2UJ20 lde s 

. - Hu,tt . .  River 
Horokiwi Stm . 
Kahao Stm � 

' 
· e stua.r inu s 

Hut t River 
Horokhvi St m . 
·Kaha o · f3tm . · 
l'or irua Hbr . 
Por irua Hbr . 

trib . 

. .  

·..;�·· .  ..!� 
X 
X V' 
.!l.. 
X 
X 
X 

'r .A 
X 
·v -''-

X 
X 
X 
X 
X 

·v· ./\. 
'r .J\. 

�.{ 
X 

X 

X 

Embryo Sex 
::{adula Op e rculum ( a ) ( b )  She l l  

Pre l im . D e t a i l ed 

f 
f 

"\T f A 
f 

X X f 
X f 

f 

f 
m 

X X f X 

X ' r  f A X 
X f X 

X 
· · v . . 

.Jl.. 
f .. . · · - . . .. 

f X 
X 

f 
. . . 

: 

m 
... � A m -- . . . . � . . . 

"\T V V" f X .i\. ..<\. ..!\. 
. . .. X 

: ' 

: 

x · · - ·-·· · · · · · · -

18' � 

Hab i tat 

c 
2 
l 
1 
5 
3 
2 

2 
2 
2 

; 

Lj. 
4 
2 . .. . 
4 " 
5 

l 
2 

2 
' 2 

2 
5 
2 
l 
2a 
3a 

: 3a 
2 , 3  
1 

3a 
3a 
3a 

3a 
3a 
3a .. 

3a 

3a 



.\f 0 • I,o c a l ity 

I 

f.) c • an t i  n od urn 

9 r:: _) 
36 

37 
98 
99 

l OO 

101 

102 

103 - - ' 

. . 
. . . . 

J.Jake Ro t o i t i  
:Ooughboy Ck � , 

t.Iurch i s on 
Karamea : '· 

r.ake Rot oroa 
Wa imea . Oreek , 

J e st p o rt 
Birchf i e ld , 

We stpo rt 
Waterworks , 

We st-port 
L'JcKenna s 

Westport 
Piu Piu 

Spri1ig s-

' .  
- - . ___ , _ _  ·· - -

Ck •. , 

P .  ant i-oodum ., 

104 Pe l o rus :Jr idge 
105 L .  Eltawater 

l) DUPO id e s  J • • 

J .  Have l o ck R . 

P .  e s tuar inus 

0 Have l o ck H . 

P .  ant inodum 

106 Lake Wahap o 
107 Lake Ianthe 
108 IJake Paringa 
109 Pt.makaiki 
1 10 J?ranz Jo sef 

Land D i i t r i c t  7 · Ne l s ort 

Embryo Sh e l l  Hadula C)p erculum 
She l l-

,: r I A 

)( 
X 

- X 

I 
- -

- ' 

X 

" 
" 

. - . .  

-

' 

' 

.. . .. - ' 

' '  

. 

' 

' ' 

I 

I, and D i s t r i c t  8 

'-T A 
" 

X 

X 

La nd 

X 
'\T .A 
'V' 
-"'-

X 

V .A 
X 

X 

X 

. - . . . . . 

Di st r ict 

X 

X 

X 

V .L\." 

. , 
- ' 

-- ' 

X 

"'T .A 

' ' . . . .  

I··' a.r l borou.:rh 

X 
-X . .  

X 

X 

9 We stle.ncl 

X 
X X 
X y 4"-

X X 

Sex 
( a ) ( b) 

Pr·e l im . D � t <:! i l ed 

f 

f 
f 

,. , 
--

' ' 

-- . . 

' '  

f - --- --

m 

m 

m 

f 

' 

' '  

' 

. .  

.. � . 

" 

-- -

X 

X 

X 
X 
X 

-

l8i� 

f-Iab i tat 

5 

2 
l 

- - - 5 

6 

l 

l 

? ,_ 

-- 4 

2 
- 5 

3a 

3a 

5 
5 
5 
2 
2 



- · . - . .  ,_ - - . -Land Di strict 1 0  Can t e rbury 

No . Local ity 

P .  ant inod.um 

1 1 1  .Avon R .  mouth 
1 1 2  Avon R .  Chch . 
1 1 3  Ilam ,  Chch . 
1 14 Lake Pukaki 
P .  pupo ide s  

K .Avon R .  mouth 

P .  e stuarinus 

p Heathc o t e  R .  
mouth 

Land 

P .  ant i·Qodum 

1 1 5  L ind i s  Pa s s  
1 16 Lake Wan aka 

. ,  

She ll Radul a  

X 
-r.r X A 
X · x 
V X A 

X X 

�r X A 

District 11  

X X 

Op erculum 

X 

X 

X 

X 

I!:mbrvo . V 

She l l  

X 

Sex 

( a ) ( b ) 
Pr e l im . D e t a i l ed 

m 
f X ' 

f . . .  

f ' X 

m 

m X 

Otago and Soutti.1and 
.. 

X X f 

. · . 

Hab itat 

3a 
3 
1 
1 

' 

3a 

3a 

2 
5 

!' 
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APPENDIX 2 .  

She l l  m�� �urem�rJ:t datR 
4-l � I .  � I  - � I I i1 ..s:: · ..s:: 

bO bO 
·ri ·ri . · n ·ri 
(!) (!) ' § Jl (!) � 

..s:: ..s:: ..s:: 0 
•.-i ·.-i (!) 

(!) (!) 4-l Q) (!) 4-l ,..-I 
H H Ill H H H (1j H 4-l p., 
;::! ;::! ·.-i ::;l 0 ::;l •.-i 0 ..s:: E 

.j.) � �- t H -i.l  � ..s:: > ..S:: H ..S:: bO (1j 
H H H H 4-l .j.) (!) .j.)  H -i.l  •.-i (f) (f) 

� (!) (]) '0 Q) (!) (]) '0 '0 '0 '0  Cl> 'O  (]) (]) 
0 p., p., p., p., ·.-i ·r-1 ·r-1 ·.-i � H s:: ·.-i � � '0 (1j '0 (1j -z == "d ;;: "d � 4-l ·.-i 

.j.) H '-... H '-.,.  ......... H '-... H '-.,.  E <ll (1j .j.) .j.) (1j 4-)  (1j 4-)  .j.) .j.) Qj .j.) (1j .j.)  ;::1 8 H 
,..-I 

' s:: � 
QJ ..S:: "d �  "d ..S:: � �  

<ll ..S:: "d ..S:: "d �  E ·.-i <ll 
::;l hO bO  � bO � bO hO bO  � bO s:: bO ·.-i ,..; .0 
p., (1j •.-i � ·.-i ro ·.-1 ro ·.-i (1j �"' � ·r-1 Ill ·r-1 (1j •.-1 � �  E 
0 (!) (!) (1j (!) .j.) Q) 4-l <ll (!) Q) (1j (]) +> Q) +> Q) ::;l P.. ::.:: � p:; ..s:: U) ..S:: U) ..S:: � ..I:: p:; ..s:: U) ..S:: rJ) � :a: e z 

]? • ant ipodum 

1 1 . 96 2 . 12- 1 . 78 0 . 09 0 . 022 1 . 68 1 . 73 - 1 . 58 0 . 06 0 . 015 9 . 1 16 
2 2 . 19 2 . 57-2 . 00 0 . 1 3 0 . 029 1 . 75 2 . 08- 1 . 65 0 . 12 0 . 027 5 . 3  20 
4 2 . 40 2 . 74-2 . 2 1 0 . 15 0 . 040 1 . 92 2 . 24- 1 . 77 0 . 11 0 . 030 6 . 1  14 
6 2 . 1 1 2 . 40 - 1 . 85 0 . 1 3 0 . 032 1 . 73 l .  85- 1 . 56 0 . 08 0 . 020 5 . 2  16 
7 2 . 22 2 . 36-2 . 04 0 . 08 0 . 020 1 . 70 1 . 82- 1 . 5L� 0 . 08 0 . 020 6 . 8  1 5  
8 1 . 82 2 . 02 - 1 . 69 0 . 10 0 . 027 1 . 59 l .  71- 1 . LJ-9 0 . 07 0 . 019 7 .  Lj. 14 
9 2 . 00 2 . 36-1 . 78 0 . 1 5 0 . 0 38 l .  59 l .  7 1 - 1 . 41 0 . 07 0 . 018 7 . 2  1 5  
1 0  1 . 8 1  2 . 00 - 1 . 65 0 . 09 0 . 024 1 . 61 1. 76- 1 . 5 3  0 . 07 0 . 019 8 . 5  14 
1 1  2 . 30 2 . 44 - 2 . 16 0 . 08 0 . 01 9  1 . 82 l .  92-1 . 74 0 . 04 0 . 010 6 . 4  18 
1 2  1 . 97 2 . 08- 1 . 85 0 . 06 0 . 016 1 . 72 l .  96..:1 . 64 0 . 09 0 . 024 8 . 5  14 
16 1 . 85 1 .  96-l . 70 0 . 10 0 . 042 1 . 60 l .  68- 1 . 53 0 . 05 0 . 020 5 . 2  6 
17 2 . 06 2 . 34-1 . 83 0 . 14 0 . 038 1 .  6L� l .  79- 1 . 52 0 . 08 0 . 022 6 . 9  14 
1 8  2 .  3L� 2 . 59-2 . 18 0 . 1 3 0 . 03 5  1 . 76 l .  90- 1 . 65 0 . 08 0 . 022 6 . 2 14 
1 9  2 . 05 2 .  34- l . 83  0 . 1 3 0 . 03 2  1 . 65 l .  75- 1 . 52 0 . 07 0 . 017 6 . 9  1 7  
2 0  2 . 38 2 . 64- 2 . 14 0 . 1 3 0 . 03 2  1 . 80 l'. 89-1 . 67 0 . 06 0 . 0 15 5 . 9  16 
21 2 . 21 2 . 36-2 . 07 0 . 08 0 . 02 2  1 . 76 l .  87- 1 . 67 0 . 07 0 . 0 19 6 . 3  1 3  
2 2  1 . 94 2 . 08-1 . 80 0 . 08 0 . 020 1 . 68 1 . 7? - 1 . 61 0 . 05 0 . 0 12 6 . 1  1 7  
2 3  2 . 38 2 � 5 3-2 . 22 0 . 08 0 . 0 18 1 . 87 2 . 00- 1 . 67 0 . 08 0 . 018 4 . 3 20 
30 2 . 07 2 .  2 7 - l . 77 0 . 12 0 . 028 1 . 71 l .  83-1 . 59 0 . 07 0 . 016 6 . 6  1 9  
34 2 . 22 2 . 60-2 . 00 0 . 23 0 . 05 7  1 . 82 2 . 08-1 . 61 0 . 16 0 . 040 L� • 8 1 6  
3 5  2 . 1 3 2 .  2 9 - 1 . 96 0 . 12 0 . 030 1 . 71 l .  82-1 . 57 0 . 05 0 . 012 6 . 2 16 
36 2 . 08 2 .  2 2 - l . 94 0 . 08 0 . 025 1 . 77 1 . 89- 1 . 67 0 . 06 0 . 01 9  6 � 4  10 '  
37 2 . 09 2 .  2 2 - l . 97 0 . 06 0 . 016 1 . 70 1 . 75- 1 . 63 0 . 04 0 . 011 5 . 9  14 
49 2 . 29 2 . 46-2 . 04 0 . 12 0 . 030 1 . 80 1 . 89- 1 . 72 0 . 05 0 . 0 12 4 . 6  16 
3 9  2 . 27 2 .  7 7 - l . 96 0 . 26 0 . 081 1 . 80 2 . 04- 1 . 63 0 . 1 5 0 .  OL!-7 5 • L� 1 0  
LJ-1 2 . 34 2 . 65-2 . 12 0 . 1 '7 0 . 042 1 . 85 2 . 18-1 . 72 0 . 12 0 . 0 30 5 . 3  1 6  
4 2  2 . 32 2 . 82-1 . 94 O . L�O 0 . 1 2 5  1 . 84 2 . 18- 1 . 66 0 . 20 0 . 062 5 . 9  10 
L�3 1 . 9 3 2 � Lf-8- l . 72 0 . 32 0 � 1 60 1 . 62 1 .  92-l . L!-8 0 . 21 0 . 10 5  4 . 4  4 
44 1 . 93 2 .  08- l . 73 0 . 11 0 . 028 1 . 67 1 . 78-1 . 58 0 . 05 0 . 01 3  5 . 9  1 5  
'+5 2 . 53 2 . 74-2 . 25 0 . 15 0 . 050 2 . 02 2 . 08- 1 . 86 0 . 08 0 . 025 4 . 8 10 
46 2 . 04 2 . 19-1. 89 0 . 10 0 . 030 1 . 78 1 . 134- 1 . 66 0 . 07 0 . 021 6 . 8  1 1 ' 
9 3 2 . 33 "') "Lj 2 17 0 . 15 0 . 0 36 1 . 89 2 . 0'/- 1 . 70 0 . 10 0 . 024 5 � 0 18 c.. • C> -- - • 

50 2 . 21 2 .  61-l . 96 0 . 24 0 . 073 1 . 72 l .  90-1 . 61 0 . 1 1 0 . 033 5 . 5  1 1  
5 1  2 . 19 2 . 30-2 . 06 0 . 07 0 . 0 18 1 . 7 3 l .  78- 1 . 68 0 .  OL� 0 . 010 6 . 2  1 5  
5 2  2 . 49 2 . 56-2 . 42 0 . 07 0 . 041 1 . 77 1 . [:\1-1 . ?1 0 . 05 0 . 029 4 . 0  3 
5 3  2 . 34 2 . 68-2 . 20 0 . 12 0 . 03 2  1 . 87 2 . 04- 1 . 80 0 . 06 0 . 016 5 . 1  1L� 
54 c:: . 18 2 .  6LI--1 . 80 0 . 26 0 . 05 1  1 . 80 2 . 20 - 1 . 52 0 . 1/' 0 . 033 6 . 2  2 6  

, .  



• . P,. 0 p.. 
. 1') . L o 

5 5  
56 
57 
58 
59 
60 
61 
6 2 · 
6 3  
6L� 
65 
66 
6'1 
68 
69 
70 
7 1  
7 2  
7 3  
7LJ-
7 5  
80 
8 1 
82 
8 3  
84 
8 5  
95 
96 
97 
9e5 
104 
1 10 
106 
107 
108 
114 
1 11 
1 1 2 
1 1 3  
1 1 5  

-a s:: -a �  ..s::: Pot 
� �  Qj s:: � �  '-. «1  ,.s::: ::.;: ,.s::: p:; ..S::: C/2 

� "' +i.,.... "'d" m ( f""l"\nt- � !""'"..lJ...L lJ �..I V U.i J. ,\ •J v .�.  u • / 

2 . 08 2 . 36-1 . 7 1  0 . 19 
2 . 00 2 . 1 1-1 . 88 0 . 09 
2 . 18 2 ." 28-2 . 00 0 . 09 
2 . 09 2 . 52-1 . 92 0 . 16 
2 . 22 2 . 36-1 . 96 0 . 10 
2 . 1 1 2 . 22-2 . 04 0 . 09 
2 . 21 2 . 56- 2 . 03 0 . 12 
2 . 36 2 . 54-2 . 08 0 . 14 
2 . 13 2 . 28-1 . 91 0 . 10 
2 . 34. 2 . 54-2 . 16 0 . 1 2 
2 .  2L� 2 . 45-2 . 00 0 . 13 
2 . 21 2 . 1+1-2 . 08 0 . 07 
1 . 98 2 . 10-1 . 83 0 . 09 
2 . 03 2 . 35-1 . 91 0 . 17 
2 . 06 2 . 14-2 . 00 0 . 06 
2 . 04 2 . 36-1 . 80 0 . lE\ 
2 . 53 2 . 79-2 . 36 0 . 08 
1 . 87 2 . 00-1 . 66 0 . 12 
1 . 97 2 . 17-l . 7LJ- 0 . 1 5 
1 . 93 2 . 18-1 . 65 0 . 18 
1 . 74 1 . 92-1 . 62 0 . 1 3 
2 . 19 2 . 39-2 . 08 0 . 09 
2 . 30 2 . 54-2 . 09 0 . 1 3 
2 . 30 2 . 67- 1 . 90 0 . 24 
2 . 09 2 . 24-2 . 00 0 . 06 
2 . 28 2 . 91-1 . 97 0 . 23 
2 . 14 2 . 24-2 . 04 0 . 06 
2 .  2Ll. 2 . 56-2 . 09 0 . 1 3 
2 . 29 2 . 65-2 . 08 0 . 1 5 
2 . 27 2 .  LJ-6-2 . 18 0 . 10 
2 . 46 2 . 82-2 . 23 0 . 15 
2 . 05 2 . 32-1 . 90 0 . 10 
2 . 26 2 . 45-� . 1 1 0 . 27 
2 . 7') 2 . 94-2 . 55 0 . 12 
2 . 49 2 . 73-£:: . 26 0 . 1L� 
2 . 52 2 . 84-2 . 32 0 . 14 
2 . 37 2 . L�8-c . 1 1 0 . 10 
2 . 19 2 . 26-2 . 1 1 0 . 06 
2 . 47 2 . 80-2 . 24 0 . 1 5 
2 . 50 2 . 92-2 . 22 0 . 17 
2 . La 2 . 90-2 . 26 0 . 1b 

-a � @ �� . � �  

0 . 05 1  1 . 69 
0 . 045 1 . 71 
0 . 022 1 . 81 
0 . 043 1 . 76 
0 . 026 1 .'87 
0 . 037 1 . 6.:3 
0 . 030 1 . 7 3 
0 . 0 35 1 . 8 9  
0 . 026 1 . 76 
0 . 030 1 . 80 

-0 . 032 1 . ?6 
0 . 017 1 . 81 
0 .' 028 1 . 67 
0 . 071 1 . 70 
0 . 019 1 . 76 
0 . 056 1 . 64 
0 . 0 20 2 . 06 
0 . 037  1 . 61 

· 0 . 053 1 . 62 
0 . 075 l . 6LI-
0 . 059 1 . 56 
0 . 020 1 . 73 
0 . 032 1 . 8 1 
0 . 065 1 . 83 

' 0 .  013 1 . 77 
0 . 0 50 1 . 82 
0 . 015 1 . 76 
0 . 037 1 . 70 
0 . 038 1 . 71 
0 .  OLJ-2 1 . 77 
0 . 038 1 . 79 
0 . 027 1 . ?0 
0 . 069 1 . 77 
0 . 029 1 . 88 
0 . 038 1 . 93 
0 . 03 5 1 . ?6 
0 . 025 1 . 75 
0 . 02 1  1 . 73 
0 . 037 1 . 83 
0 . 036 1 . 83 
0 . 041 1 . 81 

1 S 1  

g S:: V Q) ·r-i M bO • Pot 
� 1=1 � �  � j:il  � i  • s '? &!  0 «S 

..S::: C/2 · ..S::: C/2 z Ul 
. .  

1 . 78- 1 . 55 0 . 08 0 . 022 5 . 3 14 
· 1 � 77-1 .'62 0 . 07 0 . 0 35 5 - 3  L� 
1 . 94-1 . 63 0 . 10 0 .· 025 5 . 2  16 
2 . 00-1 . 61 o .·o9 0 . 024 6 . 1  14 
2 . 04- 1 . 61 0 . 12 0 . 03 1  5 . 0  1 5  
1 . 76-1 . 62 0 . 06 · 0 . 027 5 . 1 5 
1 . 90-1 . 64 0 . 07 0 . 01 7  5 - 9  1'--0 
2 . 04-1 . 77 0 . 12 0 . 030 5 - 3  16 
1 . 89- 1 . 65 0 . 06 0 . 01 5  6 . 0  1 5  
1 . 96-1 . 68 0 . 08 0 . 020 5 - 7  16 
1 . 89- 1 . 65 o .· o8 0 . 020 6 . 0  16 
1 . 91-1 . 72 0 . 06 0 .  01L� 5 . 6  18 
l .c76-1 .'62 ; 0 . 05 0 . 016 5 . 8  10 
1 .  78-l_ . 63 0 . 05 0 . 021 6 . 0  6 
1 . 84- 1 . 70 0 . 05 0 . 016 6 . 9  10 
1 . 80- 1 . 50 0 . 09 0 . 028 6 • L� 1 0  
2 . 24-1 . 93 0 . 08 0 . 020 5 . 0  16 
1 . 70-1 . 50 0 . 05 0 . 0 16 5 . 3  10 
1 . 75-1 . 52 0 . 08 0 . 028 5 . 3 8 
1 . 78-1 . 53 0 . 09 0 . 037 4 . 6  6 
1 . 67-1 . 49 0 . 07 0 . 032 L� • 7 5 
1 . 81-1 . 66 0 . 04 O . OOB 5 . 4 20 
1 . 94-1 . 71 0 . 08 0 . 020 6 .  LJ- 16  
2 . 11-1 . 56 0 . 13 0 . 03 5  5 . 1  14 
1 .  83-l..  72 0 . 04 0 . 009 5 - 9  20 
2 . 14-1 . 67 0 . 14 0 . 0 30 5 - 9  2 1  
1 . 86-1 . 64 0 . 06 0 . 01 5 5 . 3  16 
1 . 80-1 . 58 0 . 08 0 . 023 4 . 3 1 2  
1 . 83-1 . 57 0 . 07 0 . 018 5 . 4  1 5  
1 . 86- l . 6b 0 . 08 0 . 032 Lj . •  8 6 
1 . 97-1 . 69 0 . 07 0 . 018 4 . 7  1 5  
2 . 18-1 . 56 0 . 15 0 . 026 5 . 0  1 5  
1 . 87-1 . 61 0 . 07 0 . 018 3 . 8  1 5  
2 . 00- 1 . 70 0 . 06 0 . 01 5  5 . 3 17 
2 . 11-1 . 79 0 . 09 0 . 024 5 . 6  14 
1 . 90- 1 . 62 0 . 08 0 . 020 5 . 0 16 
1 . 82-1 . 56 0 . 07 0 . 017 5 - 9  16 
1 . 8_5-1 . 67 0 . 06 0 . 021 6 . 3  8 
1 . 93- 1 . 74 0 . 05 0 . 012 5 . 8 16 
2 . 16- 1 . 62 0 . 12 u . 025 5 . 9  22 
1 . 93-1 . 63 0 . 08 0 . 020 5 . 1  1 5  



,.q -a �  -a .g. E � Ill Ill E ·rl r-i . D.. !=: � b() . D.. D.. � m � @  � �  m � m -z @  � Q  � l'il  � �  • E 0 '-.... l'il o m t:4 ...c: � ...c: � ,..C: U) ...c: C/) ...C: :2: ...c: � ,..C: U) ,..C: U) :z; !J) 
D ...,......, .,  . ...._ _ ..: ,.., ..... -..L • !....I lA. VV �Ll C: b 

I 2 . LJ-9 2 . 60- 2 . 36 0 . 08 0 . 026 1 . 9 1  2 . 00-1 . 8 5 0 . 05 0 . 020 2 . 5  1 2  
A 2 . 43 2 . 72-2 . 3 1 0 . 10 0 . 029 1 . 88 2 . 00-1 . 81 0 . 04 0 . 0 18 2 . 55 1 2  
J 2 . 2 5 2 . 60-2 . 07 0 . 18 0 . 047 1 . 84 1 . 97 - 1 . 77 0 . 07 0 . 029 2 � 2  1 0  
K 2 . 3 3 2 . 50-2 . 20 0 . 1 1 O . OS6 l . Y5 2 . 07- 1 . 87 0 . 08 0 . 056 2 . 2  6 

P . e stuarinus 

0 2 . 32 2 . 45- 2 . 11 0 . 10 0 . 02? 1 . 8 3 1 . 91-1 . 72 0 . 06 0 . 0 16 7 . 1  14 
b 2 . 37 2 . 61-2 . 1 1 0 . 1 3 0 . 03 3  1 . 89 2 . 00-1 . '?2 0 . 08 0 . 020 5 . 9  1 5  
p 2 . 2 1 2 . 38-2 . 03 0 . 10 0 . 02LJ. l . 71 1 . 92- 1 . 59 0 . 08 0 . 01 9  6 . 3 18 a 2 . 41 2 . 67 -2 . 14 0 . 1 3 0 . 03 3  1 . 84 1 . 93-1 . 7 1  0 . 07 0 . 018 5 . 9  1 5  



A.PPBNDIX 3 .  

Population 
No . 

1 
a 
6 
7 
9 
A 
17 
18 
3 5  
3 7  
4-9 
4-6 
49 
57 
65 
66 
7 1  
76 
77 
89 
98 
104-
b 
105 
110 
106 
108 
1 14 . .  

p 
112  
1 1 3  
1 1 5  
J 

Radula mea su�ements 

ChJ Sl) no s .  on t e eth 
M.ed ian 

dorsal lat eral Lat eral . 

9 ( 1 1 )  
7 
9 
9 

1 1  
9 

l l  
9 ( 1 1 )  
9 ( 11 )  
7 ( 9 ) ' 

. 9 ( 1 1 )  
9 ( 1 1 )  
9 
9 ( 1 1 )  
9 
9 
9 
9 ( 1 1 )  
9 ( 1 1 ) • 
9 
9 
9 
7 

1 1  
9 
7 ( 9 ) : 

' 9 
. 1 1  

7 ( 9 )  
9 
9 

1 1  
l l  

3- 3  
3 - 3 . 
3-3  
3 - 3  
4--4 
4-4 
3 - 3  
3-3 
4-4 . 
4-4 
3 - 3  

( 5 ) 4-4. ( 5 )  
4-4 
4-4 
3 - 3  
4-4 
3-3  
3 - 3  
3 - 3  
4-4 
3- 3 
L�-4 
3 - 3  
4-4 
3-3 
Li--4 
4-4 
4-4 
3 - 3  
3 - 3  
3-3 
4-4 

.. 5-5 

�- .. . 

1 3  
8 
9 
8 

ll 
9 

12 
ll 
l l  . .  

ll  
1 0  
ll  

9 ( 1 1 )  
ll  

9 
9 ( 1 1 )  

l l  
1 1  

9 ' 
9 
9 

12 
8 

1 1  
9 

10 
9 
9 ; 
8 ( 9 ) 

1 1  
1 0  
1 1  
1 1  
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Ml r-.112 

24-26 40-42 
15  3 3-35 

28-29 35-37 
20 32-36 

24--25 38-41 
21-22 -
29- 32 3l-3LJ-
22- 2 3  32- 35 

25 ··· ; 29-3 1  
2 2  38-39 
27 - 46-4-8 

26-��9 33-43 
2 1  34-38 

22-24 38-40 
21-23 37-38 
20-24 26-29 
17-20 27 

Se e text 
See  t ext .. 

24-26 33 
15-16 24--2 5 
22-2 3  31-34 
18- 19 2L�-2 5 
29- 3 1  ' 37-39 

27 44-48 
: 21 31- 3 3  

18 33 
20-22 24-26 
14.:.. 17 • 21-25 

' . . .  

27-28 41-44 
26-27 32- 34 
21-22 30-34 
24- 25 29-30 



APPENDIX 4 . 

1Dmbrvo she 1 1  mea su r emen t s 

Out l in e s  o f  embryo s were d ra\'ffi on p3. p e r  w it h  t h e  a i d  o f  a 
c am er a luc id a  a t  L�OO t ime s  magn i f i c at ion u s ing a Z e i s s  b inocular 
m i c r o s c o p e . 

M e a sur e m ent s g iven are the trac ins d ia m e t er s ( 400X) o f  t he 
innermo st who rl s t aken by drawing a p en c i l  l ine at r i ght ang l e s  
t o  t he b e g i nn ing o f  t he sutur e ( s e e  F ig . 1 ) . 

I,o c a l ity 

L .  Ro t o it i  
( Ne l s o n )  

( 10 )  

( a )  F ir s't ha l f  who rl 
( b )  li' i r s t  who rl 

�.J ea sure m en t s  in mrns . 

Fir s t  ha l f  F i r s t  
whor l  who rl 

1 2  ' 26 
14 25 
14 2 5  
l l  25 
1 3  26 
1 6  26 
16 27 
1 5  27 
1 3  26 

" 15 26 

U t uwa i - Ap i t i 14 25 
12 24 

( 5 ) 1 6  2 6  
14 27 
1 7  2 9  

l'upuke Pond 1 5  27 ' 
16 3 1  

( 3 ) 16  3 2  

I1 . Pu:puke 14 26 
9 20 

( 1 0 )  1 9  2 7  
16  25  
18 28 
18 28 
1 3  28 
1 3  27 
14 20 
14 21 

Lo c a l i t y  F i r s t  ha l f  F i r s t  
whorl who rl 

Ohau Pond 18 30 
18 27 

( 8 )  19 32 
16 3 1  
1 5  3 1  
1 7  3 2  
1 6  30 
16 36 

Fran z J o s e f  18 . 30 
1 5  2 6  

( 8 ) 18 32 
20 35 
20 3 2  
20 30 
16 30 
20 32 

L .  Iant he 14 23  
17 24 

( 7 )  1 7  2 5  
18 25 
14 26 
16 ' 27 
16 26 

L .  Par ing a 2 3  3 1  
18 30 

(7 )  17 3 1  
2 3  3 2  
19  24 
18 27 
17 28 
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Lo cal i�y Fir s t  ha lf ]J' ir st Lo c a l ity F'i r s t  half I!'ir st whorl w horl 
who rl whorl 

r.L� Roys Bush 18 29 Wha t i:pu 20 28 18 31 
21 25 ( J , \ 16 23 ( 7 ) 17 34 

\ '-t- )  
18 27 

17 33 
19 30 
1 8  29 �!I akara 16 27  
16  35 16 24 

( 8 ) 19 24 
17 29 �Vaiwakawa R 17 32 19 26 

1 6  33 · re 33 ( 8 ) 20 32 1 5  26 
22 36 21 30 
15 33 
15 33 
16 29 Avon J?.. . 16 27 
16 30 . 17  29 

(9) 19 31 
18 33 L ind i s Pa s s 19 33 17 25 

17 30 13 24 ( 10 ) 19 39 17 2 5  
19 38 : 14 23 
19 35 1 5 27 
19 36 
18 3 .3 
16 29 G-reen L .  17 . 31 
19 .. 32 18 31 
19 3 1  .. ( ? ) - 20 . .  39 

20 .35 . 2 3  36 L .  Hotoro a 16 28 19 2 5  
1 8  28 . . 22 28 (8)  18 30 
18 27 
19 30 Nharit e 18 26 
18 30 16 28 
23 33 ( 10 )  14 29 
2 1  2 7  . 17 32 

19 30 
9 21 L .  Tarawera , 18 28 15 24 

1 8  2 7  13 25 (8) 17 38 1 1  27 
16 4 1  1 1  27 
16 36 
1 5 34 
18 2 5  Wa io:mio 17 33 
18 26 17  35 

( 6 ) 1 5 28 
15 28 Tota l PoDu lat ions = - 19 15 35 Total Ind ividual s  = 143 14 33 



APPT�.NDIX S . 
Raw data ob t R in e d  in e c o l o � i c a l  s t ud i e s  on P .  ant inodum 

K ey t o  Tab l e s 

Co lumn 

a .  Popu l a t i on nm.1b er a s  in Arm encl ix 1 .  
b . Hab itat c l a s s i f i cat i on a s  in App endix l .  
c .  Ornament a t ion o f  she l l s  

1 .  All ( or a lmo st all ) sna i l s smo o t h  
2 .  Pr edominan t ly s mo oth 
3 .  Ha lf s mo o th , ha lf s� iny 
4 .  Fr ed9minantly sp iny 
5 .  A l l  ( or almo s t  a l l ) sp iny 

d . .!:iact erial she l l  c o at ing 

l .  J_�i ght 
2 .  I'.'led ium 3 .: He avy 

e .  Sub strat e ( =  sna i l  habi tat ) 
l .  St one s 

· 2 .  \•fe ed 
3 . Mud 
4 .  T�arth bank s 
5 . Gra s s  

f .  I·,1axirnum she l l  he ight (mm) 
a b c d e f 

l 2 3 2 2 ' 4 ' 9 
2 2 "7 l 4 5 :> 
3 3a l 2 2 '  5 
'+ 2 l 3 3 , 2 6 
6 4 l 2 3 5 
7 5 4 l 2 , 4 ? 
8 2 3 l l ? 
9 2 4 l l 7 
10 2 3 . 2 4 , 5 8 
l l  2 5 3 4 6 
1 2  2 4 2 4 8 
1 3 .2C!. 3 3 1 , 3 6 
14 2 . 2 3 2 9 
1 5 3a 4 3 1 , 2 , 3 5 
1 6  3 . l ' l L� 5 
1 7  5 4 l 2 6 
13 5 3 1 2 6 
1 9  2 2 l 2 6 
20 l 5 2 2 5 
2 1  1 L� l 2 "7 . ' :J 7 

a 

22 
2 3 
24 
25 
26 
27 
28 
29 
30 
3 1 
34 
35 
36 
37 
33  
L�9 
39  
40 
L!-l 
4:::? 

b c d 

2 l 3 
2 l 3 
2 2 l 
2 3 l 
5 5 l 
5 4 l 
2 l 3 
5 L� 3 
3 5 l 
l 1 3 
2 l 2 
2 l 3 
2 ') ,._ 3 
2 3 2 
2 2 2 
6 1 1 
3 5 l 
l 3 2 
1 l 2 
l 1 1 

** Sa mp le t o o  
s ma l l f o r  ana lys i s 

e f 

4 6 
2 Lj. 
l 5 
2 5 
l 5 

2 , 3 5 
l 5 

2 , 3 4 
2 , 3 6 

5 3 
LJ- 4 Lj. 6 
1 6 
l 5 
2 L� 
2 4 
4 5 
2 4 

2 , 3 5 
2 , 3  6 



a b c d e f a b c d e f 

43 3 1 1 4 LJ- 95 5 l 1 1 4 
44 2 1 2 4 5 96 2 1 2 1 5 
45 1 3 2 5 5 97 1 4 2 2 , 5 L� 
46 1 1 2 2 6 98 5 5 1 2 L� 
LJ-7** 4 - - - - 99 6 1 1 2 , 5 2 l i ) 

48 5 3 2 2 ' L� 5 lOO 1 3 3 1 , 2  5 
93 2 3 3 2 5 101 . . 1 .1 1. 2 , 3 5 
50 1 2 2 2 � 3  5 ' 102 2 , .  '4 3 2 , 3 

.. 5 
5 1�* 1 3 2 2 6 1 03 � 1 2 2 5 
52···· . Lj. - - - - lOLJ- 2 1 1 ' 1 5 

5 3  1 2 3 3 5 105 5 3 1 2 4 
54 1 3 2 2 6 109*� 

2 - - - -
55�r* 

1 2 3 
r) 3 5 1 10 2 '1 1 1 , 2 3 c_ ,  

5,_.,... __ 2 : 106 5 5 1 . 2 , 4  5 " 0 · .  
- - - -

57 4 1 3 2 , 3 5 107 5 5 1 . 2 5 
58 1 2 3 2 , 3 6 108 5 5 l .  2 '5 . 
59 1 1 3 2 5 1 14 1 1 2 2 , 3 5 
60 3 1 ]_ 3 5 1 1 1  . 3a 3 1 3 6 
61 ;t. 1 2 5 5 1 1 2  3 2 1 4 5 
62 L� 2' 3 2 , 3 5 1 1 3 1 2 1 2 5 
6 3 1 ' 4 3 2 , 3 6 1 1 5

:1€:2� 
2 1 2 1 , 2 , 3 5 

64 6 1 2 1 5 1 16 5 - - - -
65 2 4 1 1 6 
66 ' 2 1 1 1 , 2 5 
67 2 1 1 4 5 ( i ) j uvenile _ sp e c imens on1;y 
68 2 .3 2 1 6 
69 1 3 1 2 , 3 6 
?0 . 1  1 2 5 6 
7 1  5 1 3 1 5 
72 3 2 1 2 5 
7 3 2 3 l 1 , 2 5 
74 2 2 1 l 5 
7 5  2 3 1 1 5 

. . . . . . .. . 

76 2 2 2 2 , 4 6 
77 Lj. '7 1 2 , 3 5 ' ? 
78 4 3 1 2 , 3 5 
7 9  2 3 1 2 5 

· 80 4 3 2 2 , 3 5 
8 1  5 3 l '• 2 b : ' 
8 2  l 3 1 2 '  L� 5 
8 3  2 1 3 2 5 
84- 2 3 ') 1 5 r.... 
85 r 2 1 1 L� 5 
86** 2 - - - -
87 5 5 2 2 5 
88 2 1 2 1 4 
8 9  1 1 1 2 5 
9 2  3a 2 2 3 5 
94 1 3 2 2 5 



APPEfiD IX 6 .  

Raw nopulat ion data 

( a )  Tiri t e a  Stream 

mm 
groups 

0 
l 

. 6-1 � 0  

l 

2 

2 

3 
3 
4 

4 

5 

5 
6 

. l- 1 . 5  

. 6-2 . 0  

. l-2 . 5  

. 6- 3 . 0  

. l-:- 3 - 5 

. 6-4 . 0  

. l-4 . 5  

. 6- 5 . 0  

. 1- 5 . 5 

. 6-6 . 0  

. l-6 . 5 

T o t a .L s  

A 

2 
29 

( 1 )  
63 

( 6 ) 
40 

( 5 ) 
3 3  

( 6 ) 
8 

( 3 ) 
10 

(4 ) 
3 

5 
( 2) 

l ( l )  
2 
4 

200 
( 2 8 )  

N-umb e r s  o f  
I:! I J J 

l 7 4 
9 26 3 1 

( l ) 
47 L!-1 5 3 

( 6 ) ( 5 )  
71  6 1  3 5  

( 8 )  ( 1 2 ) ( 2 ) 
37 . 4Y 1 9  

( 6 ) ( 2 ) ( L+ )  
2 2  23 1 8  

(4 ) ( 2 ) ( 5 )  
1 5 9 1 8  ( 8 )  ( 2 )  

2 5 1 1  
( 1 ) ( l ) 

3 4 7 
( 3 )  ( l ) ( l ) 

1 Lj. 8 

5 12  

209 2 34 2 16 
( 37 ) ( 1 7 ) ( 20 ) 

sna i l s  in monthly samu l e s  
A s 0 H D 

0 0 0 l 3 3 9  
1 2  6 l 12 

37 3 5  2Li- 36 
( 3 )  ( l ) ( 5 ) 96 3 9 58 36 60 
( 5 )  ( 3 )  ( 3 )  

26 L� 16 41 
( 1 )  ( 2 ) ( 3 )  1 4  

1 5 18 6 14 ( 3 )  
( 2 ) ( 2) 

14 1 3 4 13 
( 2 ) ( 5 ) ( 1 )  ( 4) .  1 2  

6 1 1  4 8 ( 2 ) 
( 2 )  ( 3 )  ( l )  ( 1 )  

8 5 5 6 
( 1 )  ( 1 ) ( 2 )  ( 2) 6 

1 1  1 1 0 3 ( 2 ) 
( 1 ) 

7 14 2 l 2 l 2 

17 5 2 16 98 1 97 lJ-69 
( 17 ) ( 9 )  ( 1 0 ) ( 20 ) ( 7 ) 

lc;16;2-66 
J F 

3Ll- 50 
1 26 89 

L�6 37 
( 1 )  

8 1 9  
( l )  

0 5 

1 0 

l 
2 

2 
2 
5 

( l ) . 
3 

228 200 
( 2 ) ( l ) 

Figure s in Dra cket s are numb ers o f  spiny she l l ed snai l s . 

M 

22 
l l l  

47 
( 4) 

17 
( 2 )  

7 
( 1 ) 

3 

4 
( 1 ) 

1 

l 
l 
2 

l 

2 1 6  
( 8 )  



(b )  Pond A 
mm 

�roups 
Numbe r s  of sna i l s in mont hly samn 1 e s  1 96S 66 

) . 6- 1 . 0  
1 . 1-1 . 5 

1 . 6-2 . 0  

2 . 1-2 . 5 

2 . 6-3 . 0 : 

3 . 1-3 . 5 

3 .  6-LJ- .  0 

4- . 1 -4 . 5 

!J- . 6- 5  . o  
5 . 1- 5 . 5  

5 . 6-6 . 0  

M. 

l 
0 

. 4 . 
( 2 ) 

6 
.. 

16 . 
( l )  
1 8  

36 ( 3 ) · . 
34 
( 7) 
91 . ( 9 ) ' 
3 5  
( 2 )  

1 

�41 
. ( 24 ) ; 

( c )  Pond 

0 . 6-1 . 0  
l . l- 1 . 5 

1 . 6-2 . 0  

2 . 1-2 . 5 

2 . 6- 3 . 0  

3 . 1- 3 . 5 

3 . 6-4 . 0  

4- . 1-L� • 5 

L� . 6-5 . 0 

5 . 1-5 . 5 

5 . 6-6 . 0 

- ·  

. B . .  

. . .  � . .. ·- . 

A M 

o . . Qc . 
37 19 

( l )  
L� ') _ _ 20 
(- .l )  ( 2 ) 
27 14 

(4 ) 
2 3  9 

( 3 ) 
26 16 
( 1 ) ( l )  
26 37 
( 1 ) ( 9 )  
32 67 

( 15 )  
7 13 

( 2 ) 
1 2 

� 

1224 197 
( 3 )  ( 37 )  

1 1 
2 6 

1 3  15 
( 1 ) ( 3 ) 
24 1'-l-
( 6 ) ( 5 )  
3 3  17 
( 4 ) ( 5 )  
24 21 
( 7 ) ( 1 ) 
3 1  22 

( 11 )  ( 1 )  
35 34 

( 1 1 ) ( 1 3 ) 
Li-0 66 

( 16 ) ( 17 )  
20 14 
( 5 )  (4) 

223  210 
(61 ) ( L1-9 ) 

J J A 

15 - 1 1  ' 1  
27 32 5 - . ( l ) 
28 5 1  5 

( 1 ) .. ( l } 
17 22 1 5 . 
( 3 ) ( 2 )  . 
18 17 9 • 
( l )  ( 1 )  ( 3 ) 
19 16 9 

( 1 ) ( l ) 
31 22  37 
( 6) ( 2 )  ( 5 ) 
LJ-5 3Li- 61 
( 3 ) ( 3 ) ( Lj. ) 
10 9 1 6 : 
( 1 ) ( 2 ) ( 1 ) ' 

2 6 

' 

216 . 216 164 
( 14) ( 12 ) ( 16 ) 

; 
'42 . 53 . 27 : 
75 40 28 

16 1'9 10 
' ( 1 ) ( 1 )  

7 1 1  5 
( 1 ) ( 3 )  
1 1  2 2  1L1-
( 1 )  ( 2 ) ( 3 ) 
10 15 1 2  
( 1 ) ( 1 ) 
14 1 1  2 3  

( 1 )  ( 1 ) 
14 18 36 ( 2 ) ( 6 )  ( 6 ) 
16 15 45 
( 6 )  ( 2 ) ( 5 )  

5 4 10 

210 208 210 
( 1 2 )  ( 15 )  ( 1 6 )  

.. 0� D s�- N J 

1'-l- · :c . 9 10 
1 1Li- 59 . 81 - .  - . ( 3 ) ( 3 )  

2S 61 61 . ( 2 )  ( 20 ) ( 15 } 
9 43 29 - .  
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