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A B S T R A C T

In  h is  revis ion o f  th e  genus ,  S u te r  (1905) recognized 6 species a n d  3 subspec ies  o f  
Potamopyrgus f ro m  th e  2 m a in  is lands  o f  N e w  Z e a la n d ,  b u t  t h e  p resen t  s tu d y  has  show n 
th a t  on ly  3 species  exist .  T h ey  a re  P. antipodarum  (G ra y ,  1843), P. pupoides H u t to n ,  
1882, a n d  a  p rev ious ly  u n re c o g n iz e d  species  P .  e s tua r inus  n .  sp.

Potamopyrgus estuarinus a n d  P. pupoides a re  o v ip a ro u s ,  possess  sm o o th ,  u n o r n a m e n te d  
shells a n d  are  con f ined  t o  b rack ish  w a te r ,  w h e rea s  P. antipodarum  is o v o v iv ip a ro u s ,  
h ighly va r iab le  in shell  size, s h a p e  a n d  o r n a m e n t a t i o n ,  a n d  in h a b i t s  b o t h  fresh and  
b rack ish  w a te r .  P o p u la t io n s  o f  P. antipodarum  m a y  consis t  en t i re ly  o f  p a r th en o g e n e t ic  
females  o r  c o n ta in  v a ry ing  n u m b e r s  o f  sexually  fu n c t io n a l  males .  R e a r in g  o f  P. anti
podarum  in t h e  l a b o r a to r y  has  sh o w n  t h a t  snails  d o  n o t  necessari ly  b reed  t r u e  w i th  respect 
t o  shell o r n a m e n ta t io n ,  a n d  th a t  shell s h a p e  a n d  o r n a m e n ta t i o n  a re  no t  co n t ro l led  
p r im ar i ly  by e n v i ro n m e n ta l  fac to rs .  T h e  shell o f  P. estuarinus is ind is t ingu ishab le  f rom  
shells o f  so m e  P. antipodarum, bu t  P. pupoides is easily recognized  by its small ,  p u p i fo r m  
shell.

T h e  rad u la ,  o p e rc u lu m ,  ex te rna l  m o rp h o lo g y ,  b o d y  p ig m e n ta t io n  a n d  m ale  r ep ro 
d u c t iv e  sys tem  are  s im ila r  in all species a n d  d o  n o t  p rov ide  useful t a x o n o m ic  charac te rs .  
In  Potam opyrgus antipodarum  th e  lo w er  sec t ion  o f  th e  fem ale  r e p ro d u c t iv e  sys tem  is 
m odif ied  t o  f o rm  a  b r o o d  p o u c h  with  th e  o p e n  sp e rm  g ro o v e  r u n n in g  a lo n g  i ts  f loor.  
In  P. estuarinus a n d  P. pupoides t h e  low er  r ep ro d u c t iv e  t ra c t  is d o m in a te d  by th e  s t rong ly  
developed  capsu le  g lan d  w h ich  is physically  s e p a ra te d  f ro m  th e  sp e rm a th e ca l  d u c t  below.

T h e  d ip lo id  c h r o m o s o m e  n u m b e r  o f  all 3 species is 24.
Ion -exchange  c h r o m a to g r a p h y  o f  shell pe r io s t raca l  p ro te in  has  d isc losed n o  significant 

differences in a m in o  ac id  c o m p o s i t io n  be tw een  species, b u t  cons ide rab le  intraspecif ic  
va r ia t ion  is fo u n d .

Potamopyrgus antipodarum  is a b u n d a n t  in p e r m a n e n t  f re shw a te rs  o f  all k in d s  a n d  has  
been  f o u n d  in w a t e r  u p  t o  26%0 salinity ,  a l t h o u g h  e x p e r im en ta l  w o rk  ind ica tes  t h a t  it is 
act ive  on ly  in w a te r  be low  17’5 %0 salinity .  N o  c lea r  re la t ionsh ip  be tw een  shell 
m o rp h o lo g y  a n d  ty p e  o f  h a b i ta t  h a s  been  fo u n d .  P. estuarinus is m o s t  a b u n d a n t  in 
t idal  e s tua r ie s  w h e re  cons ide rab le  f lu c tu a t io n s  in sa l in i ty  a re  f o u n d ,  a n d  w here  m a n y  
snai ls  a re  regu lar ly  exposed  t o  th e  a i r  f o r  p a r t  o f  each  t ide  cycle.  P. pupoides occupies  
a  s im i la r  h a b i t a t ,  b u t  n o rm a l ly  rem ains  fully a q u a t i c  a t  all t im es .  In t h e  l a b o ra to ry  
P. estuarinus a n d  P. pupoides r em a in e d  act ive  a t  all salinit ies f ro m  fresh t o  sea w a te r ,  bu t  
th ey  have  n o t  been  fo u n d  in fresh w a te r  in th e  field.

L a b o r a to r y  e x p e r im e n ts  h a v e  sh o w n  th e  exis tence o f  b e h av io u ra l  differences between 
species,  which  a re  assoc ia ted  with  th e  different  h a b i t a t s  o ccup ied  by th e m .  Potamopyrgus 
estuarinus show s  p r o n o u n c e d  a m p h i b io u s  ten d en c ie s  no t  f o u n d  in P. antipodarum  a n d  
was  ab le  t o  su rv ive  in a  "  d o r m a n t  ”  s ta te  w h en  exposed  t o  th e  a i r  f o r  u p  t o  70 days.

T h e  Potamopyrgus antipodarum  co m p lex  is e x a m in e d  in th e  l ight  o f  c u r r e n t  co n cep ts  
o f  th e  species, a n d  th e  high degree  o f  va r iab i l i ty  f o u n d  in th is  species is a ssoc ia ted  with

1 C u r r e n t  A d d re s s :  D e p a r tm e n t  o f  Z o o lo g y ,  Univers i ty  o f  C a n te rb u ry ,  C h r i s tc h u rc h ,  N e w  Z ea land .
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th e  o ccu r ren ces  o f  o v o v iv ip a r i ty  a n d  p a r th e n o g e n e s i s  which  a l low  a  h igh  degree  of  
d ivergen t  e v o lu t io n  t o  o c c u r  in d ep e n d e n t ly  in ind iv idua l  p o p u la t io n s .

A c o m p a r i s o n  be tw een  Potam opyrgus antipodarum  a n d  t h e  E u r o p e a n  species P. jenkinsi 
(S m i th )  sh o w s  t h a t  t h e  2 c a n n o t  be  d i s t in g u ish ed  o n  a n a to m ic a l  g ro u n d s ,  a n d  m any  
fea tu re s  o f  th e i r  b io logy  a n d  eco logy  a r e  s im i la r .  It th e re fo re  seem s p r o b a b le  t h a t  the  
2 are  th e  s am e  species, th e  E u ro p e a n  snai ls  h a v in g  been i n t r o d u c e d  f ro m  New Z e a lan d  
(o r  A u s t ra l ia  ?) in t h e  19th cen tu ry .

I N T R O D U C T I O N

T w o  g e n e ra  o f  H y d r o b i i d a e .  P otam o
pyrgus  S t i m p s o n  1865 a n d  Opacuincola  
P o n d e r  1966 a re  r e c o g n is e d  f r o m  New 
Z e a l a n d ,  th e  l a t t e r  c o n t a i n i n g  a  single,  
r ecen t ly  d i s c o v e re d  s u b t e r r a n e a n  species  
( P o n d e r ,  1966). T h e  g e n u s  Potam opyrgus  
w as  e rec ted  fo r  the  N e w  Z e a l a n d  spec ies  
M elania  corolla  G o u l d  1874. a n d  w as  
s e p a r a t e d  f r o m  o t h e r  h y d r o b i i d  g en e ra  
p r im a r i l y  o n  th e  bas i s  o f  r a d u l a r  s t r u c 
tu re .  T h i s  s t u d y  h a s  c o n f i r m e d  the  
g en e r ic  d i s t in c tn e s s  o f  Potam opyrgus,  bu t  
its r e l a t i o n s h ip s  t o  o t h e r  h y d r o b i i d  g en e ra  
r e m a i n  u n c l e a r .  T a y l o r  (1966) h a s  s u g 
ges ted  it m a y  b e lo n g  in h is  s u b f a m i ly  
L i t t o r i d i n in a e  in w h ic h  he  p laces  P yrgo
phorus  A n c e y  1888. t h e  o t h e r  g e n u s  c o n 
t a in in g  o v o v i v i p a r o u s ,  sp iny-she l led  sna i ls ,  
a l t h o u g h  d i f fe rences  in th e  ve rge  o f  Pota
m opyrgus  sugges t  t h a t  it  is n o t  c lo se  to  
th e  A m e r i c a n  h y d r o b i i d s  f a m i l i a r  to  h im .

In 1882. H u t t o n  a s s ig n e d  all th e  k n o w n  
N e w  Z e a l a n d  H y d r o b i i d a e  t o  P otam o
pyrgus,  a n d  in th e  m o s t  r ecen t  r ev i s ion  o f  
th e  gen u s ,  S u te r  (1905) r ecogn ised  6 
spec ies  a n d  3 subspec ie s ,  w h i c h  he d i s 
t in g u i sh ed  p r im a r i l y  on  shell  c h a ra c te r s .

S u t e r ' s  (1905)  rev is ion  h a s  r e m a in e d  the  
def in i t ive  sy s t e m a t i c  w o r k  o n  P otam opyr
gus  in N e w  Z e a l a n d ,  b u t  it is n o w  c lear  
t h a t  th e re  is m u c h  g r e a t e r  v a r i a t i o n  in 
shell  c h a ra c t e r i s t i c s  t h a n  w a s  recogn ised  
by  h im .  A t h o r o u g h  in v e s t ig a t io n  o f  the  
sy s tem a t ic s  o f  Potam opyrgus  in N e w  Z e a 
l a n d  h a s  th e r e f o r e  been  u n d e r t a k e n .

Sna i l s  w ere  co l lec ted  f r o m  128 local i t ies  
t h r o u g h o u t  the  2 m a in  i s l an d s  o f  N e w  
Z e a l a n d ,  a n d  se lected m o r p h o lo g ic a l ,  re 
p r o d u c t i v e  a n d  b io c h em ic a l  f ac to r s ,  as 
well as  e n v i r o n m e n t a l  r e l a t io n s h ip s  h a v e  
been  e x a m i n e d .2

A s  a  r e su l t  o f  th i s  s t u d y  it  is c o n c lu d e d  
t h a t  o n ly  3 spec ies  c a n  be  r e c o g n ise d  on  
the  2 m a i n  i s lands  o f  N e w  Z e a l a n d .  In 
a d d i t i o n .  2 species .  Potam opyrgus dawbini 
Powell  1955 a n d  (?) P. melvilli  (H ed ley ,  
1916) h a v e  been  d e sc r ib ed  f r o m  th e  A u ck -w

l a n d  a n d  K e r m a d e c  I s lan d s  respect ively ,  
a n d  species  p r o b a b l y  r e fe rab le  to  P ota 
m opyrgus  a r e  f o u n d  in s o u t h e r n  and  
e a s te rn  A u s t r a l i a  (W i l l iam s ,  1968). A 
s ingle  species ,  P. jenkinsi  (S m i th )  is 
widely  d i s t r i b u t e d  in Br i ta in  a n d  E u r o p e ,  
a n d  w a s  p r o b a b l y  i n t r o d u c e d  f r o m  A u s 
t r a l a s i a  in th e  l a te  19th c e n t u r y  (B oe t tge r ,  
1951; a n d  th i s  p a p e r ) .

N o r t h  A m e r i c a n  species  f o r m e r ly  re fe rred  
t o  Potam opyrgus  a r e  now  p la c e d  in o th e r  
g e n e r a  ( M o r r i s o n ,  1939; T a y lo r ,  1966) b u t  
th e  t r u e  gene r ic  s t a tu s  o f  c e n t ra l  A f r ican  
sna i l s  p l a c e d  in Potam opyrgus  by P i l sb ry  & 
B e q u a e r t  (1927) r e m a i n s  p r o b le m a t i c a l .

R E V I S E D  D I A G N O S I S  O F  
P O T A M O P Y R G U S

Potam opyrgus  S t i m p s o n  1865

T y p e  ( M o n o t y p y ) :  M elania corolla  G o u l d ,
1847
Shell  d e x t r a l ;  h e ig h t  less t h a n  12 m m ;  

s h a p e  v a r ia b le  o v a teco n ic a l - cy l in d r ic a l  ; 
u p  to  e igh t  w h or l s ,  ven t r icose- f la t  s ided.

2 T h e  raw  d a t a  o n  w h ich  th is  a cc o u n t  is based  m ay  be  f o u n d  in t h e  a p p en d ices  t o  a thes is  by th e  a u th o r  
d epos i ted  in t h e  M assey  U nivers i ty  L ib ra ry .  P a lm ers to n  N o r t h ,  N e w  Z ea land .
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s m o o t h  w i th  o r  w i t h o u t  s h o u l d e r i n g  a n d /  
o r  p e r io s t r a c a l  s p in e s ;  b o d y  w h o r l  over  
h a l f  h e ig h t  o f  she l l ;  i m p e r f o r a t e ;  a p e r t u r e  
o v o id ,  c o n t i n u o u s  (in fully g r o w n  shells) .  
O p e r c u l u m  ova te ,  th in ,  c o r n e o u s ,  s u b 
spira l ,  u sua l ly  possess ing  a  c a l c a r e o u s  
sm e a r .  R a d u l a  t a e n io g lo s s a n  ; c en t ra l  
t o o t h  t r a p e z o id a l ,  in fe r io r  m a rg in  near ly  
s t r a ig h t ,  fa in t ly  t r i lo b a te ,  b a s a l  c u p s  close 
to  la te ra l  m a r g i n s ;  l a te ra l  t o o t h  d e n t i c u 
late,  s h a n k  2 3 t im es  l e n g th  o f  s u b r h o m -  
bo id a l  b o d y  w h ic h  possesse s  n o  basa l  
p e g ;  m a rg in a l s  finely s e r r a te ,  lo n g  a n d  
s lender ,  s h a n k s  s t r a ig h t ,  sh a rp ly  cu rved

. ,  , ( 3 -5 )  1 (3 -5 )
a t  t ree  e n d s ;  c u s p  f o r m u l a  ,— ~  - :

(2 5) (2 -5 )
( 7 -1 3 ) :  (14 32):  (21 48).  A n i m a l  with  
lo n g  p o in t e d  ten tac le s .  R e p r o d u c t i o n  
sexua l  o r  p a r th e n o g e n e t i c ,  o v o v i v i p a r o u s  
o r  o v ip a ro u s .  M a le s  w i th  long ,  n a r r o w  
n o n - l o b a t e  p en i s  c o n t a i n i n g  a  s ingle  d u c t ,  
n o r m a l l y  co i led  b e n e a t h  th e  m a n t l e  edge 
a n d  a t t a c h e d  to  th e  h e a d  on  r igh t  o f  m i d 
d o r s a l  l ine ;  vas  d e fe re n s  s t r o n g ly  c o i l e d :  
p r o s t a t e  i m b e d d e d  in v iscera l  m ass .  O v o 
v iv ip a r o u s  fem a les  possess  a  th in  walled 
b r o o d  p o u c h ,  w i th  the  s p e rm  c h a n n e l  
( = v e n t r a l  c h a n n e l )  i n c o r p o r a t e d  in its 
f l o o r ;  o v i p a r o u s  fem a les  w i th  the  sper-  
m a th e c a l  d u c t  s e p a r a t e d  f r o m  th e  acces 
so ry  g l a n d s  a b o v e ,  a n d  p r o b a b l y  f u n c 
t io n in g  a s  th e  pal l ia i  o v id u c t .  H a b i t a t ,  
f resh  a n d  b r a c k i s h  w a te r .

S y n o n y m y

U n t i l  f u r t h e r  a n a t o m i c a l  i n f o r m a t i o n  is 
ava i lab le  the  s y n o n y m y  o f  o t h e r  gen e ra  
w i th  Potam opyrgus  m u s t  be c o n s id e re d  
ten ta t ive .  S u c h  g e n e ra  m a y  inc lude  Aus- 
tropyrgus  C o t t o n  1942 a n d  Fluviopupa  
Pi lsb ry  1911.

D I A G N O S T I C  C H A R A C T E R S  O F  
T H E  N E W  Z E A L A N D  S P E C I E S

Potam opyrgus antipodarum  ( G r a y ,  1843)
Am nicola antipodanum, G r a y ,  1843, in Dieffen

bachi, E . ,  Travels in N ew  Zealand, 2: 241 (N ew  
Z e a la n d ;  British M u seu m ) .

Am nicola antipodarum. G r a y ,  1844, Rev. Z o o l ,  
7 :  356.

H ydrobia antipodum, von  M a r ten s ,  1873, M a i  
Blätter, 19: 14.

H ydrobia antipodum. S m ith ,  1875, Z o o l  Voy.
“  Erebus "  &  “  Terror " ,  2:  3.

Bythinella antipoda, H u t t o n ,  1880, M an. N .Z . 
M o ll ,  p 81.

Potam opyrgus antipodum , H u t to n .  1882, Trans.
N .Z . Inst. 14: 145.

Potam opyrgus antipodarum, Hedley  & Suter ,  
1893, Proc. Linn. Soc. N .S .W .,  7:  619. 

Potam opyrgus antipodum , Su te r ,  1893, J. Con
chy Ho I .  41 :  221.

Potam opyrgus antipodum , S u te r ,  1905, Trans.
N .Z . Inst., 37:  263.

Potam opyrgus antipodum zelandiae  (G ra y ,  1843), 
S u te r .  1905, Trans. N .Z . Inst., 37:  263 (New 
Z e a la n d ;  in British M u seu m ) .

Potam opyrgus corolla  ( G o u ld ,  1847), S u te r ,  1905, 
Trans. N .Z . Inst., 37: 260 (N ew Z e a la n d :  
U.S. N a t .  M u seu m ) .

Potam opyrgus badia ( G o u ld .  1848), S u te r ,  1905, 
Trans. N .Z . Inst., 37:  264 (B an k s  Peninsula ,  
N . Z . ;  U .S .  N a t .  M u seu m ) .

Potamopyrgus egenus ( G o u ld ,  1848), S u te r ,  1905, 
Trans. N .Z . Inst., 37: 265 (B an k s  Peninsula ,  
N . Z . ;  U .S .  N a t .  M useum ).

Potam opyrgus corolla salleana  (F ischer ,  1860), 
S u te r ,  1905, Trans. N .Z . Inst., 37:  262 (New 
Z e a la n d ;  co l lec t ion  o f  J. de C onchyliologie, 
Paris).

Potam opyrgus spelaeus (F rau en fe ld ,  1862), Su ter ,  
1905 Trans. N .Z . Inst., 37:  266 (caves, Coll ing-  
w o o d .  N e lson ,  N .Z . ;  K . K .  H o fm u s e u m ,  
Vienna).

Potam opyrgus subterraneus, Su te r ,  1905, Trans. 
N .Z . Inst.. 37:  267 (well, A s h b u r to n .  N .Z . ;  
D o m in io n  M u s e u m .  W ell ing ton) .

H o l o t y p e . — D e p o s i t e d  in the  Bri t i sh  
M u s e u m  ( N a t u r a l  H is to ry ) .

T y p e  L o ca l i ty .— N e w  Z e a l a n d ,  in fresh 
w a te r .

A  full  a c c o u n t  o f  al l  ea r l i e r  s y n o n y m ie s  
a n d  th e  n o m e n c l a t u r a l  h i s to r ie s  o f  the 
spec ies  r eco g n iz ed  by  S u te r  (1905) is given 
in his  p a p e r  a n d  th e r e f o re  is no t  r e p e a te d  
here .  H o w e v e r ,  the  full n o m e n c l a t u r a l  
h i s to ry  o f  S u t e r ' s  Potam opyrgus antipodum  
is g iven ,  as  th e  va l id  spe l l ing  o f  the  specific 
n a m e  h a s  been  in d o u b t .  T h i s  is resolved 
as  fo l lows.



286 M. VVI N T E R B O U R N

In his  o r ig ina l  d e s c r ip t io n .  G r a y  m is 
spe l led  th e  specific n a m e  antipodanum . 
T h is  w a s  e m e n d e d  in a  s e c o n d  d e s c r ip t i o n  
o f  th e  spec ies  th e  f o l lo w in g  y e a r  ( G r a y ,  
1844) a n d  w a s  a l so  r e c o g n iz e d  a s  “ a n  
e v id e n t  a n d  a c c id e n ta l  m i s - s p e l l i n g "  
by  H e d le y  & S u t e r  (1893).  A s  G r a y ' s  
o r ig in a l  spe l l ing  w a s  c lea r ly  a n  i n a d v e r 
t e n t  e r r o r  it s h o u ld  be c o r r e c t e d  t o  anti
podarum .  T h e  e m e n d a t i o n  o f  G r a y ' s  
n a m e  t o  antipodum  is n o t  jus t i f ied ,  
a n d  th i s  spe l l ing  w h i c h  h a s  been  fo l lo w ed  
by m o s t  s u b s e q u e n t  a u t h o r s  s h o u ld  n o t  
be  u sed .

Shell o v a te -c o n ic ,  he ig h t  fully g r o w n
3 - 1 2  m m ;  s h a p e  h igh ly  v a r i a b l e ,  s l e n d e r  
a n d  e l o n g a t e  t o  v e n t r i c o s e ;  sp i r e  l o n g  o r  
s h o r t ,  loo se ly  o r  t ig h t ly  co i led ,  w h o r l s  
4 -8 f l a t t e n e d  t o  r o u n d e d ,  w i th  o r  w i t h o u t  
s h o u l d e r i n g  a n d  v a r i a b l e  p e r i o s t r a c a l  s p i 
na  t i o  n . F e m a le s  o v o v i v i p a r o u s ,  the  low er  
o v i d u c t  f o r m i n g  a  b r o o d  p o u c h .  R e p r o 
d u c t i o n  sexua l  o r  p a r th e n o g e n e t i c .  sex 
r a t i o  va r iab le .  I n h a b i t  f resh  w a te r s  o f  
p ra c t i c a l ly  eve ry  ty p e  a n d  a l so  b r a c k i s h  
w a te r ,  t h r o u g h o u t  N e w  Z e a l a n d .

Potam opyrgus pupoides  H u t t o n .  1882

Potam opyrgus pupoides, H u t t o n ,  1882, Trans. 
N .Z . In st., 14: 146. ( H e a th c o te  e s tu a ry
C h r i s t c h u r c h ;  C a n t e r b u r y  M u seu m ) .  

Potam opyrgus spelaeus pupoides ( H u t t o n .  1882). 
S u te r .  1905. Trans. N .Z . Inst., 37:  266.

H o l o t y p e . — D e p o s i t e d  in th e  C a n t e r b u r y  
M u s e u m .  C h r i s t c h u r c h .  N e w  Z e a l a n d .  

T y p e  L oca l i ty .— H e a t h c o t e  e s tu a r y ,  n e a r  
C h r i s t c h u r c h .  N e w  Z e a l a n d .  In b r a c k 
ish  w a te r .

Shell h e ig h t  less t h a n  2 '5  m m ,  con ic -  
cy l in d r ica l .  o b tu s e  in ap ica l  r e g io n ;  w h o r l s  
5. f lat ,  s m o o t h ,  n e v e r  posse s s in g  sp in e s  or  
keels,  s u t u r e  o f ten  m a rg in e d  be low .  R e 
p r o d u c t i o n  sexua l ,  f em a les  o v ip a r o u s .  
I n h a b i t s  the  b ra c k i s h  lo w er  r each e s  o f  
s t r e a m s  a n d  r ivers ,  a n d  t ida l  e s tua r ie s ,  
t h r o u g h o u t  N e w  Z e a l a n d .

Potam opyrgus estuarinus n. sp.

H o l o t y p e :  D e p o s i t e d  in D o m i n i o n  M u 
s e u m .  W e l l i n g t o n ,  N e w  Z e a l a n d .  

P a r a t y p e s :  A u c k l a n d ,  D o m i n i o n  a n d  C a n 
t e r b u r y  M u s e u m s ,  N e w  Z e a l a n d ;  N a t u r -  
h i s t o r i s k a  M u s e e t ,  G o t e b o r g ,  S w eden .  

T y p e  L o c a l i t y :  S m a l l  b r a c k i s h w a t e r
s t r e a m ,  Bell Block.  T a r a n a k i ,  N e w  
Z e a l a n d .

Shell  o v a t e - c o n i c ,  h e ig h t  u p  to  7 m m ;  
w h o r l s  6 - 7 ,  s m o o t h ,  f l a t t e n e d ;  never  
p o s s e s s in g  p e r i o s t r a c a l  o r n a m e n t a t i o n ;  
s u t u r e s  s o m e t i m e s  m a r g in e d  b e lo w ;  ap ica l  
w h o r l s  f r e q u e n t ly  e r o d e d .  F e m a le s  o v i 
p a r o u s ,  r e p r o d u c t i o n  sexua l .  R o s t r a l  a n d  
m a n t l e  p i g m e n t a t i o n  a lw a y s  v e ry  d a r k .  
T h e  eco lo g ica l  n iche  o f  th i s  spec ies  is 
r e s t r i c t ed  a n d  d is t inc t ive ,  sna i l s  i n h a b i t i n g  
th e  l o w e r  t ida l  r e a c h e s  o f  r ivers ,  a n d  
p a r t i c u l a r ly  h a r b o u r  m u d  f la ts  a d j a c e n t  to  
r ive r  m o u t h s ,  w h e r e  they  a r e  a l t e rn a te ly  
e x p o s e d  a n d  c o v e re d  by w a t e r  o f  v a r y in g  
sa l in i ty .

T h e  a n i m a l s  o f  d r i e d  s p e c im e n s  labe l led  
Am nicola  an tipodarum  in th e  U .S .  
N a t i o n a l  M u s e u m  w ere  e x a m in e d  by 
M o r r i s o n  ( 19393. w h o  r e p o r t e d  t h a t  the  
m a le s  p o sse ssed  a  lo n g ,  s im p le ,  gen icu la te  
verge  a n d  th e  f e m a le s  w e re  o v ip a r o u s .  
T h i s  d e s c r ip t io n  in d ica te s  t h a t  th e y  were  
my Potam opyrgus estuarinus. H o w e v e r ,  
e x a m i n a t i o n  o f  a  p h o t o g r a p h  o f  the  
h o l o t y p e  o f  A. antipodarum  in the  Brit ish 
M u s e u m  s h o w s  t h a t  it is defini te ly  n o t  
estuarinus  as  it possesses  a  la rge ,  heav i ly  
buil t  shell  u n l ik e  t h a t  f o u n d  in th e  l a t t e r  
a n d  th i s  is c o n f i r m e d  by D r .  R. K.  Dell 
(pers .  c o m m . )  w h o  h a s  e x a m i n e d  t h e  type.

C O M P A R A T I V E  S Y S T E M A T I C
A C C O U N T  '

M ethods
Shell  '

•  •  • • *  c

T h r e e  shell p a r a m e t e r s ,  he ig h t ,  w id th  
a n d  h e i g h t  o f  a p e r t u r e  (F ig .  l a )  w ere
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m e a s u re d  to  the  n e a re s t  0-1 m m ,  w i th  a 
l in e a r  eyepiece  m ic r o m e te r  in se r ted  in a 
s t e re o sc o p ic  m ic ro s c o p e  a t  m a gn i f ica t ions  
o f  X 12-5  a n d  . x  32. F o r  c o m p a r a t i v e  
p u r p o s e s ,  r a t ip s  o f  shell  he ig h t  t o  shell 
w i d t h  (h /w )  a n d  shell  h e ig h t  t o  a p e r tu r e  
he ig h t  ( h / a p  h)  w ere  e m p lo y e d ,  as  well as 
d i r ec t  c o m p a r i s o n s  o f  m e a s u r e m e n t s .  
Shel ls  o f  ful ly g r o w n  sna i ls  o n ly  w ere  used  
in c o m p a r a t i v e  s tud ies .  T h e  n u m b e r  o f  
sna i ls  m e a s u re d  f r o m  e a c h  p o p u la t i o n  
w as  d e t e r m in e d  p a r t ly  by  n u m b e r s  a v a i l 
ab le  a n d  in all cases  w a s  sufficient to  give 
a  t h o r o u g h  in d ic a t i o n  o f  the  full r a n g e  o f  
v a r i a t io n  f o u n d  w i th in  t h e  p o p u l a t i o n .  
In m o s t  cases  10 -20 sna i ls  w e re  m e a su re d .

W h o r l  c o u n t s  w e re  m a d e  t o  t h e  n e a re s t  
c o m p le t e  w h o r l .  B ecause  t h e  a p e x  o f  
m a n y  shells  w a s  e r o d e d  a c c u r a t e  w h o r l  
c o u n t s  c o u ld  n o t  a lw ays  be  m ad e .

S o m e  shell  c h a r a c t e r s  su c h  as  c o n 
vexi ty  a n d  s h o u l d e r i n g  o f  w h o r l s ,  a n d  
deg ree  o f  o r n a m e n t a t i o n  c a n n o t  be  ex 
p re s se d  c o n v e n ie n t ly  as  m e a s u r e m e n t s  
a n d  so  d o  n o t  lend  th e m se lv e s  t o  b i o 
m e t r ic  e x a m i n a t i o n .  C o m p a r i s o n s  o f  such  
c h a r a c t e r s  w e re  m a d e  f r o m  c a m e r a  luc ida  
t r ac ings .

E m b r y o  shell

E m b r y o s  w e re  t a k e n  f r o m  th e  b r o o d  
p o u c h e s  o f  in d iv id u a l s  o f  Potam opyrgus  
antipodarum  a n d  c a m e r a  lu c id a  t r ac in g s  
o f  shell  o u t l in e s  w e re  m a d e  a t  a  m a g n i 
f ica t ion  o f  X  120. F r o m  th e  shell  t r a c in g s  
th e  w id th  o f  th e  t ip  o f  th e  a p ic a l  w h o r l ,  
a n d  t h e  d i a m e t e r  o f  th e  first w h o r l  were  
m e a s u r e d  (F ig .  l b ) .

O p e r c u lu m

O p e r c u l a  w ere  r e m o v e d  f r o m  snai ls  
a n d  c l e a n e d  in a  w e a k  s o lu t io n  o f  oxal ic  
ac id .  P e r m a n e n t  m o u n t s  w ere  m a d e  in 
po lyv iny l  a l c o h o l  (P V A ) ,  a n d  e x a m in e d  
w i th  a  b i n o c u l a r  m ic ro s c o p e  u s in g  b o t h  t o p  
a n d  b o t t o m  l igh t ing .  Sl ides  w ere  p la c e d  on  
a  d a r k  b a c k g r o u n d  so t h a t  ca lc if ica t ion 
w i th in  th e  o p e r c u l u m  w o u ld  be  visible.

■

a
2

b
FIG. 1. Measurements made in the study of 
shell variation, a. Fully grown shell, b. Em
bryonic shell, h. shell height; w, shell width; 
ap h, aperture height; 1, width of tip of apical 
whorl; 2, diameter of first whorl.

R a d u la

R a d u l a e  w ere  e x t r a c te d  in bo i l ing  4 %  
K O H ,  s t a in e d  in p icr ic  ac id  a n d  p e r m a 
nen t ly  m o u n t e d  in P V A .  S o m e  r a d u l a e  
were  m o u n t e d  in ta c t ,  w h e r e a s  th e  t e e th  o f  
o th e r s  were  teased  a p a r t .  D u p l i c a t e  
c o u n t s  o f  cusps ,  den t ic le s  a n d  s e r r a t io n s  
w ere  m a d e  o n  a t  le a s t  3 la te ra l ,  i n n e r  a n d  
o u te r  m a r g in a l  t e e th  f r o m  e a c h  r a d u la .  
All  m e a s u r e m e n t s  w ere  m a d e  w i th  a 
l inea r  eyepiece  m ic r o m e te r  a t  m a g n i f i c a 
t io n s  o f  X 100 a n d  X 4 00 .

In te rn a l  a n a t o m y

A n a t o m y  w a s  e x a m in e d  by d issec t ion  
a n d  ser ia l  sec t ions .  T h e  m o s t  successful  
d is sec t ions  w e re  c a r r i e d  o u t  on  fresh
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m a te r ia l .  Sna i l s  t o  be s e c t io n e d  w ere  
fixed in  B o u i n ' s  f luid,  s e c t io n s  w e re  cu t  
a t  5 - 1 0  /*, s t a in e d  w i th  E h r l i c h ' s  h a e m a -  
to x y l in  a n d  c o u n t e r s t a i n e d  w i th  eos in .

C h r o m o s o m e  n u m b e r s

C h r o m o s o m e  n u m b e r s  w ere  d e t e r m in e d  
u s ing  a  s q u a s h  t e c h n iq u e .

Shel ls  o f  f resh ly  o b t a i n e d  sna i l s  were  
c r a c k e d  a n d  t issues  w e re  e x a m i n e d  i m m e 
d ia te ly  w i t h o u t  f ixa t ion ,  o r  w e re  fixed fo r  
24  h o u r s  a t  4 °C  in C a r n o y ' s  f lu id  (e thyl  
a l c o h o l :  g lac ia l  ace t ic  a c id :  c h l o r o f o r m .  
6 :1 :3 ,  v /v /v ) ,  a n d  s t o r e d  in 7 0 %  a lc o h o l  
in a  r e f r ig e r a to r  u n t i l  r eq u i red .

S m a l l  p ieces  o f  tes t is  a n d  o v a r y  (p lus  
d iges t ive  g l a n d )  w e re  s e p a r a t e d  a n d  
s t a in e d  in ace t ic -o rce in  ( 1 %  o rce in  in 
4 5 %  ace t ic  ac id )  fo r  10 -15 m in u t e s  o n  a 
c a v i ty  slide. M a t e r i a l  w a s  t r a n s f e r r e d  to  
a  p l a in  m i c r o s c o p e  s l ide  in a  m i n i m u m  o f  
s ta in ,  gen t ly  s q u a s h e d  u n d e r  a  c o v e r  slip 
a n d  e x a m in e d  m ic ro sc o p ic a l ly  u s in g  oil 
im m e r s io n  a t  X 1000 m agn i f i ca t io n .

L a b o r a t o r y  r e a r in g  o f  Potam opyrgus an ti
podarum

Potam opyrgus antipodarum  w as  k e p t  in 
th e  l a b o r a t o r y  in t r a n s p a r e n t  plas t ic  
bo x es  ( 1 4 x 1 1 x 6  c m )  w i th  loose  f i t t ing 
lids. Boxes  w e re  h a l f  filled w i th  t a p  
w a te r ,  a n d  e a c h  c o n t a i n e d  severa l  g r a m s  
o f  f inely sieved p o n d  m u d  a n d  p ieces  o f  
Elodea canadensis. N o  art i f ic ial  a e r a t io n  
o f  the  w a t e r  w a s  r e q u i r e d .  W a t e r  levels 
w ere  m a i n t a i n e d  a n d  smal l  q u a n t i t i e s  o f  
p o n d  m u d  w ere  a d d e d  a t  i n f r e q u e n t  
in te rva ls .  U n d e r  th e se  c o n d i t i o n s  g r o w t h  
o f  sna i l s  w a s  c o n t i n o u s  a n d  fa i r ly  r a p id  
( m i n i m u m  g e n e r a t i o n  t im e  6 m o n th s ) ,  
a n d  e m b r y o s  w ere  re leased  by  la rge  
n u m b e r s  o f  a d u l t  snai ls .

A m i n o  ac id  c o m p o s i t i o n  o f  shell p e r i o 
s t r a c a l  p ro te in

T h e  m e t h o d  o f  G h ise l in  et a!. (1967) 
w a s  u sed  fo r  p r e p a r a t i o n  a n d  a n a ly s i s  of  
shell  m a te r i a l .  Sna i l s  w ere  c o m p le te ly

r e m o v e d  f r o m  th e i r  shel ls ,  o r  in so m e  
c a se s  th e  a n i m a l  w a s  s e p a r a t e d  a f te r  
déca lc i f i c a t io n ,  a n d  t h e  shells  were  
t h o r o u g h l y  c lean ed .  Shel ls  w e re  dec a lc i 
fied in th e  p re sen c e  o f  1 0 %  t r i c h lo ra c e t i c  
ac id  s o lu t io n  by  H C 1 ,  a n d  the  p e r io s t ra -  
c u m  r e m a i n i n g  w a s  r e m o v e d ,  w a s h e d  a n d  
h y d r o ly s e d  w i th  6 N  H C 1  a t  110°C fo r  
24 h o u r s  u n d e r  v a c u u m .  All s a m p le s  
co n s i s ted  o f  p e r io s t r a c a l  m a te r i a l  p o o le d  
f r o m  a n u m b e r  o f  sna i ls .  A m i n o  ac ids  
w ere  a n a ly s e d  u s ing  a  B e c k m a n /S p in c o  
M o d e l  120 a m i n o  ac id  ana lyse r .

Sa l in i ty  r e la t io n s

Sna i l s  w ere  k e p t  in th e  l a b o r a t o r y  at  
11 sa l in i t ies ,  0, 10, 20— 1 0 0 %  sea  w a te r ,  
m a d e  u p  by d i lu t in g  f resh ly  co l lec ted  sea 
w a t e r  w i th  d is t i l led  w a te r .  Sa l in i t ies  w ere  
c h e c k e d  by  t i t r a t i o n  w i th  si lver n i t ra te .  
T e n  f u l ly - g ro w n  in d iv id u a l s  o f  P otam o
p yrg u s  estuarinus , 10 o f  P. pupoides  a n d  
20  o f  P. an tipodarum , h a l f  f r o m  f r e s h 
w a t e r  a n d  h a l f  f r o m  w a te r  o f  f lu c tu a t in g  
sa l in i ty ,  w e re  p l a c e d  in g lass  b o w ls  c o n 
t a in in g  200  ml o f  w a te r ,  a t  e a c h  sa l in i ty .  
Sna i l s  w ere  t r a n s f e r r e d  d i r e c t  to  the  
e x p e r im e n ta l  sa l in i ty  f r o m  w a te r  taken  
f r o m  th e i r  n a t u r a l  h a b i t a t s .  All ex p e r i 
m e n t s  w ere  r u n  a t  1 8 -20°C  fo r  24  h o u r s .  
A t  t h e  e n d  o f  a n  e x p e r im e n t  all  in a c t iv a ted  
sna i l s  w ere  t r a n s f e r r e d  t o  w a te r  w i th  a 
sa l in i ty  o f  3-5%» a n d  e x a m in e d  a g a in  a f te r  
a  f u r t h e r  24 h o u r s .  All e x p e r im e n t s  were  
r u n  in d u p l ic a te .

A m p h i b i o u s  b e h a v io u r

L a b o r a t o r y  e x p e r im e n t s  w ere  des igned  
t o  c o m p a r e  t h e  b e h a v i o u r  o f  P otam opyr
gus antipodarum  a n d  P. estuarinus  w hen  
offered a  ch o ic e  b e tw e en  s u b m e r g e d  a n d  
ex p o s e d  s u b s t r a t a .  T h e  e x p e r im e n ta l  a p 
p a r a t u s  c o n s i s t e d  o f  a  r e c t a n g u la r  plas t ic  
b o x  ( 2 0 x 1 0 x 7  c m )  w i th  a  c a r d b o a r d  
f lo o r  c o v e re d  in a  l a y e r  o f  r iver  m u d  
f o r m i n g  a  s lo p in g  “  r a m p  ” . T h e  f loor  
w a s  su b d iv id e d  in to  3 zo n e s ,  a  lo w er  
s u b m e r g e d  sec t ion ,  a n  u p p e r  z o n e  o f
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F I G .  3. O u t l in e  t rac in g s  o f  fully g row n ,  o r n a m e n t e d  shells  o f  Potam opyrgus antipodarum  f ro m  20 
p o p u la t io n s ,  sh o w in g  v a r i a t io n s  in size, s h a p e  a n d  fo rm  o f  o r n a m e n t a t i o n .

s l ight ly  d a m p ,  e x p o s e d  m u d ,  a n d  a  m id d le  the  air .  O n e  h u n d r e d  sna i l s  w ere  used
z o n e  o f  s a t u r a t e d  m u d  a l so  e x p o s e d  to  in e a c h  e x p e r im e n ta l  r u n .  T a p  w a te r
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w as  e m p lo y e d  in e x p e r im e n t s  o n  bo th  
species  a n d  sea  w a te r  w a s  a l so  used  w i th  
P. estuarinus. T h e  d i f fe ren t  sa l in i t ies  did 
no t  affect th e  r e sp o n se s  o f  P. estuarinus  
in the  e x p e r im e n ta l  s i tu a t io n .  All 
e x p e r im e n t s  w ere  c a r r i ed  o u t  at  
18 -20°C.

Effects o f  d e s ic c a t io n  a n d  s t a rv a t io n

(1) T o  d e t e r m in e  th e  t im e  snai ls  can  
exis t  in a  d ry  a t m o s p h e r e  be fo re  d e a th  
occu rs ,  e x p e r im e n t s  s im i la r  t o  th o se  o f  
v an  d e r  Scha l ie  & G e t z  (1963) were  
c a r r i e d  ou t .  Shel ls  o f  e x p e r im e n ta l  sna i ls  
were  d r i e d  t h o r o u g h l y  w i th  fil ter p a p e r  
a n d  p laced  in o p e n ,  9 c m  d i a m e t e r  petri 
d i sh e s  w h ic h  w ere  k e p t  in a  d e s ic c a to r  
c o n t a i n i n g  c a lc iu m  c h lo r id e  as  des iccan t .  
T h e  a p p a r a t u s  w a s  m a in t a in e d  a t
2 0 - 2 2 ° C

F i f ty  sp e c im e n s  o f  Potam opyrgus estua
rinus  a n d  P. antipodarum , a n d  20 o f  
P. pupoides  w ere  u s e d  in e a c h  e x p e r im e n t .  
F ive  in d iv id u a l s  o f  e a c h  spec ies  were  
r e m o v e d  f r o m  th e  d e s i c c a to r  every  h o u r  
fo r  t h e  first 3 h o u r s ,  a n d  t h e n  a t  6 h o u r  
in te rv a l s  u n t i l  all w ere  d e a d .  A  snail  
w a s  c o n s id e r e d  d e a d  i f  it s h o w e d  n o  sign 
o f  m o v e m e n t  w i th in  a n  h o u r  o f  be ing  
p la c e d  in a  sh a l lo w  c o n t a i n e r  o f  
w a te r .

(2) A  p e r m a n e n t l y  s a t u r a t e d  a t m o s 
p h e re  w a s  p r o d u c e d  in 9 c m  c o v e re d  
pe t r i  d ishes ,  b y  p la c in g  6 th ic k n esse s  o f  
w a t e r - s o a k e d  fi l ter  p a p e r  on  th e  f lo o r  o f  
e a c h  d ish .  A s  th e  pe t r i  d i s h  lids were  
loose  f i t t ing ,  they  p e r m i t t e d  a d e q u a t e  
g a s e o u s  e x c h a n g e  w i th  th e  o u t s id e  a t m o s 
p h e re .  D i s h e s  were  k e p t  a t  2 0 -25°C. 
In  e a c h  e x p e r im e n t  40 in d iv id u a l s  o f  each 
species  w ere  e m p lo y e d .  Sna i l s  w ere  e x a 
m in e d  da i ly  to  d e t e r m in e  w h e th e r  they  
w ere  d e a d  o r  alive,  un t i l  all h a d  d ied ,  or 
fo r  56 d a y s  in th e  case  o f  Potam opyrgus  
estuarinus, a n d  th e n  a f t e r  70 days .  D e a t h  
w a s  n o t  easy  t o  d e t e r m in e  t o w a r d s  th e  
end  o f  th e  e x p e r im e n t ,  as  w i th  a n  inc rease  
in t im e  th e  sna i ls  g r a d u a l ly  w i th d r e w

a b
F I G .  4. Outline tracings of typical shells of a. 
Potamopyrgus estuarinus (from the type locality) 
and b, P. pupoides.

f u r t h e r  in to  the i r  shel ls ,  un t i l  in m a n y  
cases  th e  o p e r c u l u m  c o u ld  n o  lo n g e r  be 
seen.  A  sna i l  w as  c o n s id e r e d  d e a d  w h en  
n o  w i t h d r a w a l  r e a c t io n  w a s  e l ic i ted  u p o n  
p r o d d i n g  th e  o p e r c u l u m  f i rmly  w i th  a 
need le ,  o r  w h e n  s igns  o f  p u t r e f y in g  t issue 
w ere  vis ible  a r o u n d  t h e  a p e r t u r e  o f  
s t r o n g ly  w i t h d r a w n  ind iv id u a ls .

Resu l ts

Shell

Shel ls  o f  th e  N e w  Z e a l a n d  species  o f  
P otam opyrgus  a r e  smal l  a n d  p la in  ( a p a r t  
f r o m  p e r io s t r a c a l  o r n a m e n t a t i o n ) ,  and  
offer  few usefu l  t a x o n o m i c  c h a ra c t e r s .  
Shel ls  o f  P. antipodarum  a r e  i l lu s t ra ted  
in F igs .  2 a n d  3. a n d  o f  P. estuarinus  
a n d  P. pupoides  in F ig .  4.

S ize  a n d  shape

Shel l  size, s h a p e  a n d  v a r ia b i l i ty  w i th in  
a n d  b e tw e en  p o p u l a t i o n s  w ere  e x a m in e d  
b io m e t r ic a l ly  by  m e a s u r in g  shell  he igh t ,  
shell  w id th ,  a p e r t u r e  he ig h t  a n d  w h o r l  
n u m b e r .  I t  w a s  r e a s o n e d  t h a t  b y  c o m 
p a r i n g  th e se  p a r a m e t e r s  f r o m  a la rge 
n u m b e r  o f  p o p u l a t i o n s ,  th e  n a t u r e  o f  th e  
shell  v a r i a t i o n ,  i.e.,  w h e th e r  c o n t i n u o u s  
o r  d i s c o n t i n u o u s  v a r i a t io n  exis ted ,  w i th in
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F I G .  5. M a x im u m  height  o f  shells in 100 
p o p u la t io n s  o f  Potam opyrgus antipodarum.

the  Potam opyrgus  c o m p l e x  c o u l d  be 
d e t e r m in e d .  A n y  d i s c o n t in u i t i e s  th u s  
f o u n d  m ig h t  be ind ica t ive  o f  s e p a r a t e  
low er  t a x o n o m i c  u n i t s  w h ic h  c o u ld  be 
inves t iga ted  fu r the r .

M a x i m u m  shell  h e ig h t  in p o p u l a t i o n s  
o f  P otam opyrgus antipodarum  r a n g e d  f r o m
4 -1 1 -5  m m .  W h e n  the  f r e q u e n c y  o f  
these  h e igh ts  is p lo t t e d  (F ig .  5), the  d is 
t r i b u t i o n  is a p p r o x i m a t e l y  n o r m a l  a n d  
possesses  a  s ingle  p e a k  a t  6 6-6 m m .  
7 2 %  o f  th e  va lues  ly ing  b e tw e e n  5 '5  7 ‘5 
m m .  By c o n t r a s t ,  shells  o f  th e  o t h e r  2 
species  a re  m o r e  u n i f o r m  in h e ig h t ,  th o se  
o f  P. estuarinus  r a n g in g  f r o m  5'5 7'5 
m m  a n d  th o s e  o f  P. pupoides . 2 ‘5 3 
m m .

Shell  r a t i o s  ( h : a p h ,  h : w )  f r o m  selected 
popu la t ion* ,  o f  the  3 spec ies  a r e  c o m p a r e d  
in F igs .  6 a n d  7. T h e  p o p u l a t i o n s  a re  
a r r a n g e d  in o r d e r  o f  in c re a s in g  m e a n  
h : a p h  ra t io s ,  a n d  l it t le c o r r e l a t i o n  be tw een  
a p e r t u r e  h e ig h t  a n d  shell w i d t h  is a p p a 
ren t .  M e a n  shell  r a t i o s  fo r  all p o p u l a 
t io n s  o f  Potam opyrgus antipodarum  are  
p lo t t e d  in Fig.  8, a n d  th e  r a n g e  o f  v a r i a 
t io n  o f  these  r a t io s  w i th in  p o p u l a t i o n s  is 
s h o w n  in Fig. 9. A l t h o u g h  th e  shells  o f

s o m e  p o p u l a t i o n s  o f  P. antipodarum  a r e  
so  u n l ik e  t h a t  they  c o u ld  be  c o n s id e re d  
sub-spec if ica l ly  d i f fe ren t  ( M a y r  et al., 
1953), it is c lea r  t h a t  c o n t i n u o u s  v a r ia t io n  
in shell  s h a p e  is f o u n d  w i th in  th i s  species .  
By c o m p a r i s o n ,  o n ly  l im i ted  va r iab i l i ty  is 
ex h ib i ted  by  th e  shells  o f  P. estuarinus  
a n d  P. pupoides.

N u m b e r s  o f  w h o r l s  in fu l ly -g row n  
shel ls  f r o m  100 p o p u l a t i o n s  o f  P otam o
pyrgus antipodarum  a r e  s h o w n  in T a b l e  1. 
A g a in  the re  is c o n s id e r a b l e  v a r i a t io n  
b e tw e en  p o p u l a t i o n s  b u t  n o  c lea r  d iv is ion  
in to  d i sc re te  g r o u p s  is f o u n d .  A s  a 
g en e ra l  ru le ,  th e  ta l le r  th e  shell ,  th e  m o re  
w h o r l s  d e v e lo p e d .

T o  s u m m a r i z e ,  m e a s u r e m e n t  o f  shell 
p a r a m e t e r s  h a s  n o t  p r o v id e d  ev id en ce  o f  
c l e a r c u t  m o r p h o l o g i c a l  g r o u p s  ex is t ing
w i th in  th e  Potam opyrgus antipodarum  
c o m p l e x ,  b u t  r a t h e r  h a s  s h o w n  th e  exis
tence  o f  c o n t i n u o u s  v a r i a t i o n  o f  size a n d  
s h a p e  w i th in  th is  species .  P. pupoides  is 
d i s t in g u i s h e d  by  its sm al l ,  p u p i f o r m  shell,  
b u t  th e  shell  o f  P. estuarinus  is in d i s t in 
g u i s h a b le  f r o m  th o se  o f  s o m e  f o r m s  o f  
P. antipodarum.

Ornamentation

T h e  p resence  o r  a b s e n c e  o f  sp ines  or  
keels  h a s  been  c o n s id e r e d  i m p o r t a n t  in 
th e  s e p a r a t i o n  a n d  id en t i f i ca t io n  o f  the  
N e w  Z e a l a n d  spec ies  o f  Potam opyrgus  
(Su te r .  1905). H o w e v e r ,  field o b s e r v a 
t io n s  m a d e  d u r i n g  th e  c o u r s e  o f  th is  s tu d y  
h a v e  s h o w n  t h a t  w i th in  the  P. antipodarum  
c o m p le x  c o n s id e r a b l e  v a r i a t io n  in deg ree  
a n d  n a t u r e  o f  shell o r n a m e n t a t i o n  is 
f o u n d ,  even ,  in m a n y  cases ,  w i th in  a 
single p o p u l a t i o n  (F ig .  10). O r n a m e n t a 
t io n  is p u re ly  p e r io s t r a c a l .  a n d  n o  c a lc iu m  
is f o u n d  in th e  spines .

Potam opyrgus antipodarum  w as  r ea red  
in th e  l a b o r a t o r y  in o r d e r  t h a t  shell fo rm  
a n d  o r n a m e n t a t i o n  o f  p r o g e n y  o f  k n o w n  
p a r e n t  sna i l s  c o u ld  be e x a m in e d .  S o m e  
in v e s t ig a to r s  (D e l l ,  1953; H u n t e r ,  1961) 
have  c o n s id e r e d  t h a t  m u c h  shell  v a r i a t io n
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F 1G .  6. V a r ia t io n  in shell  he igh t :  shell w id th  (h :w )  ra t io ,  a n d  shell he igh t :  a p e r tu r e  height  ( h : a p h )  ra t io  

in 18 p o p u la t io n s  o f  Potamopyrgus antipodarum, h o r iz o n ta l  b a r  ran g e ;  o p e n  r e c t a n g l e = l  S D ;  closed 

rec tang le  =  1 S E ;  vert ical  b a r = m e a n ;  n u m b e r s  a t  r igh t  a re  sam p le  sizes.

is the  r e su l t  o f  e x p o s u r e  to  d i f fe ren t  e n 
v i r o n m e n t a l  c o n d i t io n s ,  a n d  th is  w as  
o b se rv e d  in L ym n a ea  tom entosa  r e a r e d  in 
th e  l a b o r a t o r y  u n d e r  d i f fe ren t  c o n d i t i o n s  
( B o r a y  & M c M ic h a e l ,  1961).

In th i s  s t u d y  th e  e x p e r im e n ta l  s i tu a t io n  
was reversed ,  a n d  sna i l s  t a k e n  f r o m  
dif fe r ing  e n v i r o n m e n t s  were  r e a r e d  in the 
l a b o r a t o r y  u n d e r  iden t ica l  c o n d i t io n s .  
E x p e r im e n ta l  p o p u l a t i o n s  w ere  m a i n 
t a in e d  fo r  u p  t o  3 years .

In  th e  first ser ies  o f  r ea r ings  711 p r o 
geny  o f  32 p a r t h e n o g e n e t i c  sna i ls  f r o m  
12 p o p u l a t i o n s  were  e x a m in e d .  O f  14

s m o o th - s h e l l e d  p a r e n t  snai ls ,  9 p r o d u c e d  
to ta l ly  s m o o t h  y o u n g ,  a n d  5 b o t h  s m o o t h  
a n d  sp iny  y o u n g .  N o  s m o o t h  p a r e n t  
p r o d u c e d  on ly  sp in y  p ro g e n y .  O f  18 
sp iny  a d u l t  snai ls ,  h o w e v e r ,  on ly  3 p r o 
d u c e d  all sp iny  y o u n g ,  3 p r o d u c e d  b o th  
s m o o t h  a n d  sp in y  y o u n g ,  a n d  12 p r o 
d u c e d  s m o o t h  y o u n g .  In all cases ,  snails  
f r o m  n a t u r a l  p o p u l a t i o n s  c o n s i s t in g  solely 
o f  s m o o th - s h e l l e d  sna i ls  b red  t ru e  in the  
l a b o r a t o r y ,  b u t  th is  d id  n o t  a lw a y s  h o ld  
f o r  sp iny-she l led  snails.

A s  sna i l s  f r o m  dif fe ren t  p o p u l a t i o n s  
w e re  r e a r e d  u n d e r  iden t ica l  l a b o r a t o r y
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F I G .  7. V a r ia t io n  in shell h e ig h t :  shell  w id th  r a t io ,  a n d  shell  he igh t :  a p e r tu r e  he igh t  r a t i o  in p o p u la t io n s  
o f  Potam opyrgus pupoides ( a  d )  a n d  P. estuarinus ( e -h ) .
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F I G .  8. M e a n  shell he ig h t  : shell w id th  ratios, 
a n d  m ean  shell he igh t  : a p e r tu re  height  ra t io s  in 
p o p u la t io n s  o f  Potam opyrgus antipodarum. B ro
ken  line— h :  a p h  r a t io ;  solid  l ine  =  h :  w  ra t io .
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F I G .  9. R a n g e  o f  v a r i a t io n  in shell he igh t :  shell 
w id th  r a t io ,  a n d  shell he igh t :  a p e r tu r e  height  rat io  
in 95 p o p u l a t io n s  o f  Potamopyrgus antipodarum. 
Broken  l i n e = h : a p h  r a t io ;  solid  l i n e = h : w  ratio.  
A  m in im u m  o f  10 shells were  m easu red  in all 
p o p u la t io n s .



Erratum

The figure shown for Fig. 9 (p 294) is inco rrec t. The c o rrec t  figure is  shown below.

40-

i2 30-

o20-

?  1 0 -

L _

she l l  r a t i o  r a n g e

FIG. 9. R ange  of v a r i a t i o n  in s h e l l  h e i g h t :  s h e l l  w id th  r a t i o ,  and  s h e l l  h e ig h t  : a p e r t u r e  he ig h t  r a t i o  in  95 p o p u la t io n s  
o f  P o ta m o p y rg u s  a n tip o d a ru m .  B ro k e n  l in e  = h :a p h  r a t i o ;  s o l i d  l in e  = h:w r a t i o .  A m i n im u m  o f  10 s h e l l s  w e r e  m e a s u r e d  
in a l l  p o p u la t io n s .

The figure  shown for Fig. 19 (p 315) is  inco rrec t. The c o rrec t  figure is  shown below.

a n tip o d a ru m

continuing^ gen e t ic ' ' 'd iv e rg en ce  

e l im in a t io n  o f  m a l e s  

o b l ig a to r y  p a r th e n o g e n e s i s

r e d u c t io n  in n u m b e r s  of 
m a l e s  ( facu l ta t iv e  
p a r th e n o g e n e s  i s ? )

s e x u a l  r e p r o d u c t i o n

d e v e lo p m e n t  o f  s h e l l  
o r n a m e n ta t i o n  and 
o v o v iv ip a ry

p u p o id e s  e s tu a r in u s

in v a s io n  o f  f r e s h w a t e r

a q u a t ic  am p h ib io u s
te n d e n c ie s

s h e l l  s m o o th
o v ip a ro u s
s e x u a l  r e p r o d u c t io n

in v a s io n  o f  b r a c k i s h  w a t e r

A N CESTO R 
m a r i n e  
s h e l l  s m o o th  
o v ip a ro u s
s e x u a l  r e p r o d u c t io n

F IG . 19. P o s tu la t e d  s t e p s  in  th e  ev o lu t io n  o f  the  New Z e a la n d  s p e c i e s  o f  P o ta m o p y r g u s .
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T A B L E  1. N u m b e r s  o f  w hor ls  in fu l ly -grown shells f r o m  100 p o p u la t io n s  o f  Potam opyrgus antipodarum .

j 1
N o .  o f  W hor ls

;ii neignt 
in m m 4 5

•

6 7
Tota ls

8

3-3*9 1 13 1 •  •  • 14

4 -4 * 9 •  •  • 23 30 1 ^4

5-5*9 1 4 15 i 22
6 - 6 - 9 •  •  • 1 5 1 7

7 - 7 - 9 •  •  • •  •  • 1 I •  •  • 1
8 - 8 - 9 •  •  • •  •  • •  •  • •  •  • 1 1

T o ta ls 2 41 52 4 1 1 100

T A B L E  2. R esu l ts  o f  rea r ings  f ro m  p a r th e n o g e n e t i c  ind iv iduals  o f  Potamopyrgus antipodarum  o b ta in ed
from  a p o n d  a t  M assey  Universi ty .

i

-o *

F»* F  2 F ,

P 2* I P*
S m o o th  Spiny  S m o o th  Spiny  S m o o th Spiny

S m o o th 4 1 S m o o th  35 0
S m o o th  0  37 Spiny  2 3

Spiny  0 10
Spiny  0 22

S m o o th  43 0
Spiny  4 20 Spiny  0 33

Spiny  0 10
Spiny  0 16

Spiny 21 20 S m o o th  43 0
S m o o th  12 0
S m o o th  5 0
S m o o th  6 0
S m o o th  20 0

Spiny 56 3

S m o o th f 92 0  S m o o th  25 0 S m o o th  11 0
S m o o th  24 0
S m o o th  35 0
S m o o th  27 0
S m o o th  20 0
S m o o th  8 0

* P = p a r e n t ;  F = o f f s p r i n g .  

| 4  snai ls  k ep t  together .



296 M. W I N T E R  BOU R N

a

d

g h

ii

j k
0 1 2 3 4 5 5

m m



N E W  Z E A L A N D  P O T A M O P Y R G U S 297

c o n d i t io n s ,  i t  is im p o s s ib le  to  i n f e r e n v i r o n -  
m e n ta l  in f luences  as  the  on ly  f a c t o r s  d e t e r 
m in in g  shell o r n a m e n t a t i o n .  T h i s  m u s t  
t h e r e f o re  h a v e  a  gene t ic  bas is .

A  lo n g e r  t e rm  e x p e r im e n t  w a s  ca r r ied  
o u t  u s ing  p a r t h e n o g e n e t i c  sna i l s  t a k e n  
f r o m  a p o n d  a t  M a sse y  U n iv e r s i ty ,  P a l 
m e rs to n  N o r t h ,  in w h ic h  s m o o t h  a n d  
sp iny  shel led  sna i l s  w ere  p re se n t  in 
a p p r o x i m a t e l y  equa l  n u m b e r s .  All g e n e 
r a t io n s  w ere  k e p t  u n d e r  iden t ica l  e x p e r i 
m en ta l  c o n d i t i o n s  b u t  a g a in  a  c o n s i d e r 
ab le  a m o u n t  o f  v a r i a t i o n  in shell o r n a 
m e n t a t i o n s  w as  f o u n d  b e tw e e n  th e  p r o 
g en y  o f  sibl ings,  a n d  b e tw e en  g e n e r a t io n s  
( T a b le  2).

A poss ib le  gene t ic  bas i s  fo r  shell  p o ly 
m o r p h i s m  in Potam opyrgus je n k in s i  a n d  
P. antipodarum  is sugges ted  as  fo l lows.  
O r n a m e n t a t i o n  m a y  be  u n d e r  po lygen ic  
c o n t r o l  r a t h e r  t h a n  d e t e r m in e d  by a  single 
p a i r  o f  al leles,  a n d  th e  ex p re s s io n  o f  
d i f fe ren t  deg rees  o f  shell o r n a m e n t a t i o n  
c o u ld  resu l t  f r o m  in te ra c t io n  be tween  
e n v i r o n m e n t a l  f a c to r s  a n d  th e  g e n o m e s  
o f  shell  sec re t in g  cells  in th e  m an t le .  
C h a ra c te r i s t i c a l ly ,  o n ly  a  p a r t  o f  a  cell’s 
g e n o m e  is m a n i fe s t  a t  a n y  o n e  t im e ,  a n d  
e n v i r o n m e n t a l  c h a n g e s  c o u ld  m o d i fy  a n d  
d i rec t  gene  f u n c t io n  p r o d u c i n g  p h e n o 
typ ic  d i f ferences ,  e.g.,  in d u c in g  spine  
d e v e lo p m e n t ,  w h e n  the  c o r r e c t  genes 
w ere  ac t ive .  S u c h  a  m e c h a n i s m  cou ld  
a c c o u n t  fo r  the  in t ra -spec if lc  v a r i a t i o n  in 
shell  o r n a m e n t a t i o n  w h ic h  is f r e q u e n t ly  
f o u n d  a n d  w h i c h  c a n n o t  be  e x p la in e d  in 
s im p le  M e n d e l i a n  t e r m s  o r  a s  solely 
e n v i r o n m e n ta l l y  c o n t ro l l e d  c h a n g e s  o f  the 
p h e n o ty p e .

In  c o n t r a s t  to  shell  o r n a m e n t a t i o n ,  the 
shell  sh a p e ,  he ig h t ,  w h o r l  conv ex i ty  a n d  
r a t i o s  o f  shell  p a r a m e t e r s  o f  p r o g e n y  in 
all l a b o r a t o r y  p o p u l a t i o n s  closely  r e s e m 
bled th o s e  o f  th e  p a r e n t .  R a n g e  o f  shell 
v a r i a t io n  be tw een  d a u g h t e r  sna i ls  was
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F I G .  11. W h o r l  m e a su re m e n ts  o f  136 e m b ry o n ic  
shells f ro m  19 p o p u la t io n s  o f  Potamopyrgus 
antipodarum. Broken line d i a m e te r  o f  first 
w h o r l ;  solid line w id th  o f  t ip  o f  apica l  whorl .

slight ,  a n d  less t h a n  t h a t  f o u n d  in s a m p le s  
o f  r a n d o m l y  se lected a d u l t  sna i l s  f r o m  the  
o r ig ina l  h a b i t a t s .

Em bryonic shell
»

T h e  shells  o f  e m b r y o s  c o n t a i n e d  in the  
b r o o d  p o u c h  o f  Potam opyrgus antipoda
rum  a r e  s e m i - t r a n s p a r e n t  a n d  possess  
n o  o r n a m e n t a t i o n ,  a l t h o u g h  t ransve rse  
g r o w t h  r ings  a re  vis ible  (F ig .  12 c-e). 
T h e  e m b r y o n i c  shell  possesses  D5 w h o r l s  
w h en  re leased  f r o m  th e  b r o o d  p o u c h ,  a n d  
in o ld e r  sna i l s  these  w h o r l s  c a n n o t  be 
d i f fe ren t ia ted  f r o m  la te r  d e v e lo p e d  shell.

T h e  w i d t h  o f  the  t ip  o f  th e  ap ica l  w hor l  
a n d  th e  d i a m e t e r  o f  th e  first w h o r l  of  
136 e m b r y o n i c  shells  f r o m  19 p o p u l a t i o n s  
o f  Potam opyrgus antipodarum  a r e  p lo t ted
in Fig.  11. N o  in d ic a t io n  o f  th e  p resence  
o f  d i s t in c t  size g r o u p s  is f o u n d .

F I G .  IO. V a r ia t io n  in shell sh ap e  a n d  o r n a m e n ta t i o n  in 6 p o p u la t io n s  o f  Potamopyrgus antipodarum  
1, a - c ;  2, d f ;  3, g - i ;  4 ,  j —1 ; 5, m - o ;  6, p - s .
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F I G .  12. E x te rna ls  a n d  r a d u la  o f  Potamopyrgus antipodarum, a ,  R a d u l a r  tee th ,  b .  O p e rc u lu m  (o u te r  
side), c e ,  E m b ry o n ic  shells f ro m  b ro o d  p o u c h ,  f. A n im a l  e x te n d e d  (ven tra l ) ,  g ,  Head  p ig m e n ta 
t ion .  c  c e n t r a l ;  I la te ra l :  im inner  m a r g in a l ;  o m  o u t e r  m a r g in a l ;  ca  c a lc a reo u s  s m e a r ;  c l = c l e a r  
a r e a ;  t ten tac le ;  m  m o u th  lobe;  m g  m u c o u s  g ro o v e ;  a p  a p e r tu r e ;  g g r a n u le ;  o p  p o s i t io n  o f  
o p e rc u lu m .
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T A B L E  3. V a r ia t io n  in w h o r l  d im en s io n s  o f  e m b ry o n ic  shells f ro m  4 p o p u la t io n s  o f  Potamopyrgus
antipodarum.

Locali ty N o .  o f  shells 
m easu red

W id th  o f  apical 
t ip  (m m )

D ia m e te r  o f  1st 
w h o r l  (m m )

Lake  R o to i t i 10 0 1 0  0 1 3 0-21  0-23

L a k e  P u p u k e IO O i l  0 1 6 0-21  0 -23

M l.  W h ar i te IO 0 0 9  0 1 6 0 - 2 0  0 -27

Lindis  Pass 10 0 1 3 — 0 1 6 0 - 2 5 - 0 - 3 1

T h e  r a n g e  o f  v a r i a t i o n  in w h o r l  m e a 
s u r e m e n t s  f o u n d  in e m b r y o n i c  shells  f r o m  
4  p o p u l a t i o n s  is g iven  in T a b l e  3. C lea r ly  
i n t r a p o p u l a t i o n  size v a r i a t i o n s  c a n  be 
a l m o s t  as  g r e a t  as  v a r i a t i o n s  be tw een  
p o p u l a t i o n s .

O p e r c u l u m

S t im p s o n  (1865) d e sc r ib ed  th e  o p e r 
c u l u m  o f  Potam opyrgus  s im p ly  a s  c o r 
n e o u s ,  a n d  S u te r  (1913) d id  n o t  e l a b o r a t e  
f u r t h e r .  T h e  fo l lo w in g  m o r e  de ta i led  
d e s c r ip t io n  is b a sed  o n  a n  e x a m i n a t i o n  
o f  o p e r c u l a  f r o m  30 p o p u l a t i o n s  o f  P. 
antipodarum , 3 o f  P. estuarinus  a n d  3 of  
P. pupoides.

T h e  o v o id  o p e r c u l u m  (F ig .  12b) is 
s e m i - t r a n s p a r e n t ,  i ts  c o l o u r  r a n g in g  f r o m  
ye l low  to  b r o w n .  T h e  n u c le u s  is s u b 
c e n t r a l ,  s u b s p i r a l  g r o w t h  l ines a r e  c lear ly  
vis ible  a n d  t h e r e  is n o  d i s t in c t  m a rg in a l  
a r e a .  T h e  m usc le  in s e r t io n  a r e a  is in d i s 
t inc t  b u t  a  n a r r o w ,  c lear ,  q u as ic re sce n t ic  
a r e a  e x t e n d in g  o v e r  h a l f  th e  l e n g th  o f  the  
o p e r c u l u m  is p re se n t  c lose  t o  th e  in n e r  
m a rg in .  T h e  c la r i ty  o f  th is  a r e a  is s o m e 
w h a t  va r iab le .  A  sm al l ,  i r regu la r ly  
s h a p e d ,  c a l c a r e o u s  s m e a r  is u sua l ly  p r e 
sen t  t o  th e  r ig h t  o f  t h e  nuc leus .  T h e  
e x t e n t  a n d  deg ree  o f  ca lc i f ica t ion  is a lso  
v a r ia b le  b u t  is c lea r ly  vis ible  w h e n  the  
o p e r c u l u m  is v iew ed  w i th  t o p  l igh t ing

a g a in s t  a  d a r k  b a c k g r o u n d .  T h e  o p e r 
c u l u m  is o f  n o  va lue  in d i s t in g u i s h in g  the  
N e w  Z e a l a n d  species  o f  Potam opyrgus.

R a d u l a

T h e  r a d u l a  o f  P otam opyrgus  is t a en io -  
g lossan .  N o  i m p o r t a n t  d if fe rences  in 
g en e ra l  t o o t h  s h a p e  a re  f o u n d  b e tw e en  
species ,  a n d  r e p re s e n ta t i v e  t e e th  are  i l lus
t r a t e d  in F ig .  12a. W i th in  p o p u l a t i o n s ,  
s l igh t  v a r i a t i o n s  m a y  be  f o u n d  in the  
p o s i t i o n s  o f  th e  t e e th  o n  th e  r a d u l a r  
r i b b o n  w i th  r e sp ec t  t o  o ne  a n o t h e r .  
S o m e  in d iv id u a l s  h a v e  a  c lea r  space  
b e tw e e n  th e  c e n t r a l  a n d  la te ra l  t e e th ,  b u t  
in  o th e r s ,  n o  g a p  is f o u n d .  R a d u l a r  
l e n g th  gene ra l ly  inc reases  w i th  sna i l  size 
(F ig .  13).

In  all 3 spec ies  r a d u l a e  o f  fully  g ro w n  
in d iv id u a l s  e x a m in e d  possessed  62 93 
ro w s  o f  t e e th .  T h e  r o w s  a re  c loser  
t o g e th e r  in Potam opyrgus pupoides  t h a n  in 
P. antipodarum  o r  P. estuarinus  (F ig .  14).

C u s p  f o r m u l a e  fo r  t h e  3 spec ies  a re  
g iven  be low .  T h e se  a re  b a sed  o n  an  
e x a m i n a t i o n  o f  sna i l s  f r o m  28 p o p u l a t i o n s  
o f  P otam opyrgus antipodarum , 3 o f  P. 
pupoides  a n d  3 o f  P. estuarinus.

P. pupoides

( 4 - 5 ) — 1— ( 4  5) . 9_ n . 2 1 - 2 5 :  29 30
(4  5) —  (4  5)
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r o w s  of t e e t h  p e r  m m

F I G .  14. N u m b e r s  o f  row s  o f  t e e th  p e r  m m  of  
r a d u l a r  r ib b o n  in t h e  3 species  o f  Potamopyrgus. 
B roken  line P. estuarinus; solid  line P. 
antipodarum ; solid  h i s to g ra m  P. pupoides.

s h e l l  h e i g h t  m m

F I G .  13. R a d u l a r  leng th  p lo t t e d  a g a in s t  shell 
he igh t  in 14 p o p u l a t i o n s  o f  Potamopyrgus. 
p  P. pupoides', e P. estuarinus ; o t h e r  p o in t s  P. 
antipodarum .

P. estuarinus
( 3 - 4 ) — 1— ( 3 - 4 )  : g 9 :  ) 4 _ j 9 ;  21-35  

3 —  3

P. antipodarum

( 3 :5)~ L ~ Q ^ 5) : 7 13: 15 32:  24  48 
(3 -5 )  -  (3 -5 )

R esu l t s  o f  a  s t u d y  o f  c u s p  v a r i a t i o n  in 
3 p o p u l a t i o n s  o f  Potam opyrgus antipoda
rum  a r e  p re s e n te d  in T a b l e  4. C u s p  
f o r m u l a e  v a r y  c o n s id e r a b ly  a n d  in P. an ti
podarum  th is  v a r i a t i o n  a p p e a r s  to  be 
i n d e p e n d e n t  o f  v a r i a t i o n s  in shell  c h a r a c 
teris t ics .  P. pupoides  c a n  be  d i s t in g u i sh e d  
u s ing  r a d u l a r  c h a r a c t e r s ,  ( sm al le r ,  and  
th e  r o w s  o f  t e e th  a re  c lo se r  to g e th e r ) ,  
b u t  P. estuarinus  a n d  P. antipodarum  
possess  sufficient v a r ia b i l i ty  in sh a p e ,  
c u s p  f o r m u l a e  a n d  r a d u l a  l e n g th :  shell 
l e n g th  r a t i o s  t o  p r e v e n t  specific d if fe rences  
f r o m  b e in g  def ined .

H u t t o n ' s  (1882) c u s p  f o r m u l a e  f o r  4 
N e w  Z e a l a n d  “  spec ies  "  c a n n o t  be given 
th e  d i a g n o s t i c  i m p o r t a n c e  he  gave  th e m .

T h e  m i n o r  v a r i a t i o n s  in t o o t h  sh a p e  
s h o w n  in h is  f igures  a p p e a r  to  h a v e  been  
p r o d u c e d  by  o r i e n t a t i o n  o f  th e  r a d u l a e  
fo r  i l l u s t r a t io n  r a t h e r  t h a n  by  t ru e  s t r u c 
tu r a l  d i f fe rences  a n d  the  d im e n s i o n s  he 
p r o v id e d  a re  f a r  t o o  la rge .  P o n d e r ' s  
(1967) f igure o f  t h e  r a d u l a  o f  “  P otam o
pyrgus antipodum  "  ( a c tu a l ly  P. estuarinus', 
P o n d e r ,  pcrs .  c o m m . )  is a l so  in accu ra te .

E x te r n a l s  o f  a n im a l

T h e  e x t e rn a l  a p p e a r a n c e  o f  th e  3 species 
is iden t ica l  (F ig .  12 f, g) ex c e p t  fo r  d i f 
fe rences  in size a n d  in tens i ty  o f  h e a d  a n d  
m a n t l e  p i g m e n t a t i o n .  T h e  fo l lo w in g  d e s 
c r ip t i o n  th e r e f o re  a p p l i e s  t o  all 3 
species.

T h e  t e n tac le s  a re  lo n g  a n d  s lender ,  
c lea r ,  w i th  b lack  p ig m e n t  d i s t r i b u t e d  as  
in Fig.  12g. T h e  eyes h a v e  p r o m i n e n t  
p i g m e n t  c u p s  a n d  a r e  loca ted  in bu lges  
a t  th e  bases  o f  th e  ten tac le s .  T h e y  a rc  
n o t  b o r n e  o n  p r o m i n e n t  tu b e rc le s  as 
d e sc r ib ed  by M o r r i s o n  (1939).  R o s t r  il 
p i g m e n t  is d i s t r i b u t e d  in fine t r an sv e rse
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T A B L E  4. V a r ia t ion  in n u m b e r s  o f  cusps ,  dentic les  a n d  se r ra t io n s  o n  the  r a d u la r  tee th  o f  Potamopyrgus
antipodarum  f ro m  3 p o p u la t io n s .*

Locali ty C en t ra l Latera l
I n n e r   ̂

M arg ina l
O u te r

M arg ina l

Massey
Universi ty

( 4 - 5 ) - l - ( 4 - 5 )  

( 3—4)—(3-4 )

9-11 20-25 31 -47

Tir i tca
S t ream

5 -1 -5  

(3—4)—(3—4)

9-11 25-35 32-45

M a k a r a (4—5)— 1 —(4-5 )  

(3 -4 )  (3 4)

9-11 21-29 32-42

* E x a m in a t io n  o f  12 snails  pe r  p o p u l a t i o n  m a k in g  d u p l ica te  c o u n t s  o f  cusps ,  denticles  a n d  se r ra t io n s  on 
a t  least 3 tee th  pe r  ro w  pe r  rad u la .

b a n d s ,  is d a r k  a n d  evenly  d i sp e r s e d  in 
Potam opyrgus pupoides  a n d  P. estuarinus, 
b u t  is o f ten  l igh te r  a n d  m o r e  v a r i a b l e  in 
P. antipodarum.  T h e  m o u t h  lo b e s  a re  
w h i te  a n d  n o r m a l l y  h a v e  grey ,  c rescen t ic  
m a r k in g s  d o r sa l ly .  P ig m e n t a t i o n  o f  the  
h e a d  b e h in d  th e  level o f  th e  eyes is a lw ays  
d a r k  a n d  th e  bucca l  m a s s  is o f te n  visible 
d o r sa l ly  n e a r  t h e  b ase  o f  t h e  r o s t r u m .  
T h e  b r o a d ,  g rey  f o o t  h a s  a  s t ipp led  
a p p e a r a n c e ,  is r o u n d e d  p o s te r io r ly  a n d  
t r u n c a t e d  a n t e r io r ly .  T h e  a n t e r i o r  m a rg in  
is n ea r ly  s t r a ig h t ,  a n d  th e  a n tc ro - l a t e r a l  
ang les  a re  s o m e w h a t  a u r i c u l a t e d .  T h e  
a n t e r i o r  m u c u s  slit  is p r o m i n e n t  a n d  
e x t e n d s  th e  w i d t h  o f  th e  fo o t .  T h e  
m a n t l e  sk i r t  is b l a c k ,  w i th  a  well  def ined ,  
pa le ,  a n t e r i o r  m a rg in .  L a r g e  n u m b e r s  
o f  sh iny  w h i te  “  g r a n u le s  ”  a re  f o u n d  in 
th e  f o o t  a n d  m a n t l e  edge ,  a n d  f r e q u e n t ly  
in th e  m o u t h  lo b e s  a n d  t e n tac le s  c lose  to  
th e  eyes.

A l t h o u g h  b o t h  F r e t t e r  & G r a h a m
(1962) a n d  M u u s ( 1 9 6 3 )  c o n s id e r  t h a t  h e a d  
p i g m e n t a t i o n  is d i s t in c t iv e  in d i f fe ren t  
spec ies  o f  E u r o p e a n  H y d r o b i i d a e ,  
a n d  a  useful  a id  in iden t i f ica t ion ,  n o

c o n s i s t e n t  d i f fe rences  in p ig m e n t  d i s t r i 
b u t i o n  h a v e  been  f o u n d  b e tw e e n  th e  N e w  
Z e a l a n d  spec ies  o f  Potamopyrgus.  A lso ,  
n o  c o r r e l a t i o n  h a s  b e e n  f o u n d  be tw een  
p ig m e n t  in te n s i ty  a n d  shell  f o r m  in P. 
antipodarum  as  h a s  been  sugges ted  m a y  
o c c u r  in P. je n k in s i  ( W a r w ic k ,  1952).

R e p r o d u c t i o n

S e x  ratio

M o r r i s o n  (1939) f o u n d  t h a t  th e  spec i
m e n s  o f  “  Am nicola  antipodarum  ”  he  
e x a m in e d  possessed  sexua l  r e p r o d u c t i o n  
a n d  w ere  o v i p a r o u s ,  a n d  he a s s u m e d  
t h a t  all th e  N e w  Z e a l a n d  species  o f  
Potam opyrgus  r e p r o d u c e d  in th is  way .  
L a te r  w r i te r s ,  h o w e v e r ,  a p p a r e n t l y  u n 
a w a r e  o f  M o r r i s o n ' s  s tudy ,  h a v e  a s s u m e d  
th e m  all t o  be  v iv ip a r o u s  ( M a r p l e s ,  1962: 
Dell ,  1969), a n d  a p a r t  f r o m  P. pupoides, 
p a r th e n o g e n e t i c  ( P o n d e r ,  1966).

T h e  p re se n t  inves t ig a t io n  h a s  s h o w n  
t h a t  n o n e  o f  the  N e w  Z e a l a n d  species  
c o n s i s t s  sole ly  o f  p a r th e n o g e n e t i c  females ,  
a n d  t h a t  m a le s  a re  re la t ive ly  c o m m o n  in 
all 3 species.
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F I G .  15. R e p ro d u c t iv e  sys tem ,  a ,  d i a g ra m a t ic  r e p re se n ta t io n  o f  m a le  sys tem , b, penis,  c ,  d ia 

g r a m a t a  rep re se n ta t io n  o f  fem ale  sys tem  o f  Potamopyrgus estuarinus a n d  P. pupoides, d ,  d iag ram a t ic

rep re se n ta t io n  o f  female  sys tem  o f  P. antipodarum, e ,  a r r a n g e m e n t  o f  d u c ts  in region o f  th e  b u rsa  in 

P. estuarinus, f.  T ransve rse  sec t ion  o f  e m p ty  b r o o d  p o u c h  o f  P. antipodarum  sh o w in g  pos i t ion  o f  spe rm  

groove ,  p  p en is ;  p r  p r o s t a t e ;  t tes t is ;  v vas de fe rens ;  a g  a lb u m e n  g l a n d ;  a p  =  fem ale  o p e n in g  

t o  palliai c av i ty ;  be  b u rsa  c o p u la t r ix ;  b p  b r o o d  p o u c h ;  c p  cap su le  g l a n d ;  od o v id u c t ;  rs recepta-

c u lu m  sem in is ;  sd sp e rm a th e ca l  d u c t ;  sdu sp e rm  d u c t ;  sg  spe rm  groove.
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T A B L E  5. D im e n s io n s  o f  sp e rm s  o f  N e w  Z e a la n d  species o f  Potamopyrgus  c o m p a re d  with  th o se  of
2 species o f  E u ro p e a n  H y d ro b i id ae .

Species
T o ta l  length  

(microns)
H e a d  length 

(microns) Reference

Ii .
P. antipodarum 110 3 Present  s tudy

P. estuarinus 140 3 Present  s tudy

P. pupoides 110-120 3 Presen t  s tudy

P. jenkinsi 40 4 - 6 Pati l  (1958)

Hydrobia ulvae 100 ■>• Pati l  (1958)

A n  in i t ia l  in v e s t ig a t io n  i n to  th e  o c c u r 
rence  o f  m a le s  w a s  m a d e  b y  e x a m i n i n g  
6 - 1 0  in d iv id u a l s  f r o m  e a c h  o f  63 p o p u 
la t io n s  o f  P otam opyrgus antipodarum ,  5 o f  
P. estuarinus  a n d  3 o f  P. pupoides.  M a le s  
w ere  f o u n d  in all  p o p u l a t i o n s  o f  t h e  2 
l a t t e r  spec ies  a n d  in 2 4 %  o f  P. antipo
darum  p o p u l a t i o n s .

In  a  m o r e  c o m p r e h e n s i v e  s tu d y ,  50 200 
sna i l s  w e re  e x a m in e d  f r o m  se lec ted  p o p u 
la t io n s .  M a le s  w e re  f o u n d  in 9 o u t  o f  
24  p o p u l a t i o n s  o f  Potam opyrgus anti
podarum ,  a n d  in 7 o f  these  th e y  c o n s t i t u t e d  
less t h a n  h a l f  o f  th e  to t a l  s a m p le .  ( In  
p o p u l a t i o n s  in w h ic h  m a le s  o c c u r r e d  
they  r e p re s e n te d  2 -5 2 % ,  m e a n = 2 9 % ,  o f  
sna i l s  examined . ' )  In  P. estuarinus  3 6 - 5 8 %  
o f  p o p u l a t i o n  s a m p le s  w e re  m a les ,  a n d  
in P. pupoides  m a le s  c o n s t i t u t e d  10 2 8 %  
o f  p o p u l a t i o n  n u m b e r s .

M a le  reproductive system

T h e  g r o s s  a n a t o m y  o f  t h e  m a le  r e p r o 
d u c t iv e  sys tem  is iden t ica l  in all 3 species  
(F ig .  15a) a n d  closely  r e sem b les  t h a t  o f  
Potam opyrgus je n k in s i  as  desc r ibed  by 
Pat i l  (1958).  T h e  tes t is  lies in th e  u p p e r  
w h o r l s  o f  th e  shell  on  th e  c o lu m e l l a  side, 
a n d  f r o m  it  a r i ses  th e  vas  de fe rens ,  a 
n a r r o w ,  h igh ly  c o n v o l u t e d  t u b e  w i th  a

th in ,  m u s c u l a r  wal l .  It  passes  t h r o u g h  a  
la rge  p r o s t a t e  g l a n d  e m b e d d e d  in the  
t issues  o f  th e  v iscera l  m a s s  a t  th e  p o s te r io r  
e n d  o f  th e  b o d y  w h o r l ,  a n d  f inal ly  ru n s  
f o r w a r d  o n  th e  h e a d ,  c lose  to  t h e  skin,  
t o  th e  pen is ,  o p e n i n g  a t  its t ip.  N o  
p r o x im a l  d i l a t io n  o f  th e  vas  de fe rens ,  as 
d e sc r ib ed  in P. je n k in s i  by  Pa t i l ,  w as  
f o u n d .  In  all  3 species  th e  vas  de fe rens  
o f  m a t u r e  ind iv id u a ls  is n o r m a l l y  p a c k e d  
w i th  l iving s p e rm  t h r o u g h o u t  its en t i re  
len g th  a n d  c o n s e q u e n t l y  h a s  a  c o n s p i c u o u s  
w h i t e  a p p e a r a n c e .

S p e r m s  h a v e  s lende r ,  con ica l  h e a d s  a n d  
lo n g ,  la sh - l ike  ta i ls ,  a n d  a re  all  o f  th e  o ne  
k in d .  T h e i r  d im e n s io n s  ( l iving) a re  given 
in T a b l e  5 in w h ic h  c o m p a r i s o n s  are  
m a d e  w i th  th e  s p e rm  o f  Potam opyrgus  

je n k in s i  a n d  H ydrobia  ulvae.
T h e  s p e r m s  o f  th e  N e w  Z e a l a n d  species  

a r e  c o m p a r a b l e  in l e n g th  t o  t h o s e  o f  
H ydrobia  ulvae b u t  a r e  2 4 t im es  as  lo n g  
a s  t h o s e  d e sc r ib ed  fo r  P. jenk insi.  As 
th e  s p e rm  o f  P. jen k in s i  w a s  o b se rv e d  in 
s e c t io n e d  m a te r i a l ,  h o w e v e r ,  i t  is poss ib le  
t h a t  th e  d im e n s io n s  given a re  n o t  a  g o o d  
in d ic a t io n  o f  th e i r  l e n g th  in life.

T h e  pen is  (F ig .  15b) is s i t u a t e d  o n  the  
r ig h t  s ide o f  th e  h e a d  b e n e a t h  the  m a n t l e  
edge .  I t  is s im p le  in f o r m ,  t a p e r i n g  a t  its 
t ip  a n d  b e a r s  n o  accesso ry  lobes .  I n  life
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it is c o lo u r l e s s  a n d  s e m i - t r a n s lu c e n t ,  the  
vas  d e fe re n s  b e in g  v is ib le  w i th in .  It is 
c a p a b l e  o f  c o n s id e r a b l e  c o n t r a c t i o n  a n d  
e x p a n s i o n ,  a n d  w h e n  c o n t r a c t e d  th e  walls  
n e a r  its b a se  h a v e  a  te lescop ic  a p p e a r a n c e .  
In p r e s e r v e d  s p e c im e n s  th e  s h a p e  a n d  
o r i e n t a t i o n  o f  th e  pen is  t e n d  to  v a ry  
c o n s id e r a b ly ,  a n d  u su a l ly  it b e c o m e s  
s o m e w h a t  co i led ,  espec ia l ly  t o w a r d s  the
tip.

T h e  p en i s  is o f  n o  v a lu e  as  a t a x o n o m i c  
c h a r a c t e r  fo r  d i f f e re n t i a t in g  b e tw e e n  N e w  
Z e a l a n d  species  o f  Potamopyrgus.

Fem ale reproductive system

T h e  s t r u c t u r e  o f  the  f e m a le  r e p r o d u c 
tive sys tem  d iv ide s  th e  N e w  Z e a l a n d  
species  o f  Potam opyrgus  i n to  2 d i s t in c t  
g r o u p s  w h ic h  possess  m a j o r  d i f fe rences  in 
th e  f o r m  o f  th e  l o w e r  s e c t io n  o f  the  
o v id u c t ,  a n d  its a s s o c i a t e d  g lands .

(1)  P otam opyrgus an tipodarum  (F ig .  15d)

T h e  o v a r y  is s i t u a t e d  o n  th e  c o l u m e l l a r  
s ide  o f  the  d iges t ive  g l a n d  in th e  ap ica l  
w h o r l s ,  a n d  r e a c h e s  a l m o s t  t o  th e  t ip  o f  
th e  sp i re .  It h a s  a  w hi te ,  r a t h e r  l u m p y  
a p p e a r a n c e  w h e n  m a t u r e ,  a n d  c o n t r a s t s  
s t r o n g ly  in c o l o u r  w i th  t h e  b r o w n i s h  
d iges t ive  g l a n d  w h ic h  h a s  a  s t ip p led  
a p p e a r a n c e .  T h e  o v i d u c t  l e a d in g  f r o m  
it  is s l e n d e r  a n d  th in  w a l led ,  b u t  its walls 
b e c o m e  g r e a t ly  t h i c k e n e d  in th e  r eg ion  
o f  t h e  b u r s a  c o p u l a t r i x  a n d  r e c e p t a c u l u m  
sem in is .  A n te r io r ly ,  th e  r e p r o d u c t i v e  sys
t e m  c o n s i s t s  o f  th e  p a l l i a i  o v i d u c t  w h ic h  
h a s  a  p r o m i n e n t ,  c lea r ly  d e m a r c a t e d  
g ro o v e ,  th e  s p e rm  c h a n n e l ,  o n  its v e n t r a l  
su r f a c e  (F ig .  15f). In i m m a t u r e  in d i 
v id u a l s  th e  th in  w a l led  lo w er  o v id u c t  is 
c i r c u l a r  in c ro s s  se c t io n  b u t  in m a t u r e  
sn a i l s  it b e c o m e s  g rea t ly  e n l a r g e d  a n d  
d i s t e n d e d  to  f o r m  a  b r o o d  p o u c h  wi th in  
w h ic h  o v e r  100 e m b r y o s  in v a r i o u s  s tages  
o f  d e v e l o p m e n t  m a y  be f o u n d .  T h e  
s p e rm  c h a n n e l  leads  d i rec t ly  t o  the  very 
la rge  b u r s a  c o p u l a t r i x  a n d  v ia  th e  s p e rm  
d u c t  t o  th e  s m a l l e r  r e c e p t a c u lu m  semin is .

B o th  n o r m a l l y  f u n c t io n  t o  s to re  spe rm  
( F r e t t e r  & G r a h a m ,  1962), b u t  m u s t  
h a v e  lo s t  th i s  f u n c t i o n  in p a r th e n o g e n e t i c  
in d iv id u a l s .  F r e t t e r  a n d  G r a h a m  have  
sugg es ted  t h a t  t h e  well  d e v e lo p e d  b u r s a  
c o p u l a t r i x  o f  Potam opyrgus je n k in s i  m a y  
a c t  a s  a  w a s t e  d u m p  fo r  excess  egg  c a p su le  
s e c re t io n s .  S u r r o u n d i n g  t h e  p o s t e r i o r  
wal l  o f  th e  b r o o d  p o u c h  a re  a  p r o m i n e n t  
a l b u m e n  g l a n d  a n d  a  m u c u s  (shell )  g land .  
T h e  s ingle  o p e n i n g  o f  th e  pa l l ia i  o v id u c t  
is s i t u a t e d  c lose  to  its a n t e r i o r  ex t rem i ty .  
T h e  c o n d i t i o n  f o u n d  in P. antipodarum  
a g re e s  well  w i th  t h a t  d e s c r ib e d  fo r  P. 
je n k in s i  by  Pat i l  (1958),  a n d  F r e t t e r  & 
G r a h a m .

(2) Potam opyrgus estuarinus  a n d  P. p u 
poides  (F ig .  15c)

In th e se  2 spec ies  th e  f o r m  o f  t h e  fem a le  
sy s te m  is id e n t i c a l  a n d  differs  m a rk e d ly  
f r o m  t h a t  o f  Potam opyrgus antipodarum
in th e  s t r u c t u r e  a n d  f u n c t i o n  o f  th e  lower  
sec t ion  w h ic h  is d o m i n a t e d  by  th e  s t ro n g ly  
d e v e lo p e d  c a p s u le  g la n d .  T h e  o v a ry ,  
o v id u c t ,  b u r s a  c o p u l a t r i x  a n d  r e c e p t a 
c u l u m  sem in is  a rc  s im i la r  in size, sh a p e  
a n d  p o s i t i o n  t o  t h o s e  o f  P. an tipodarum , 
a n d  in fe r t i l ized  i n d iv id u a l s  th e  r e c e p t a 
c u l u m  se m in i s  h a s  a  v iv id ,  w h i te  a p p e a 
r a n c e .  g iven  t o  it by m a sse s  o f  s p e rm  
p a c k e d  ins ide .  B o th  th e  d iv e r t i c u la e  c o m 
m u n i c a t e  w i th  t h e  s p e r m a t h c c a l  d u c t ,  a 
s t r a ig h t  t u b e  w i th  a  m u s c u l a r  wall ,  w h ic h  
o p e n s  t o  t h e  a n t e r i o r  o f  t h e  m a n t l e  cavi ty  
a n d  is c o m p le te ly  s e p a r a t e  f r o m  the  
c a p s u le  g la n d  a b o v e .  T h i s  is u n l ik e  the  
c o n d i t i o n  f o u n d  in H ydrobia , w h e r e  the  
c a p s u le  g l a n d  f o r m s  the  pal l ia i  ov iduc t ,  
w i th  th e  s p e r m a th c c a l  d u c t  r u n n i n g  a lo n g  
its v en t ra l  su r fa c e  o n ly  p a r t i a l ly  s e p a ra te d  
by l o n g i t u d in a l  f o ld s  o f  t issue.  I m m e d i 
a te ly  in f r o n t  o f  th e  b u r s a  c o p u l a t r i x  is 
th e  a l b u m e n  g l a n d  w h o se  l u m e n  is c o n 
t i n u o u s  w i t h  t h a t  o f  the  c a p s u le  g land .  
A l t h o u g h  th e  ex a c t  c o u r s e  o f  th e  eggs 
t h r o u g h  th e  sys tem  h a s  n o t  been  e s t a b 
lished it seem s  p r o b a b l e  t h a t  th e  c a p su le
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T A B L E  6. M a te r ia l  used  fo r  shell p ro te in  analysis .

S am ple Species

1 P. pupoides

2 a P. estuarinus

2 b ,  c P. estuarinus

3 P. estuarinus

4 P. antipodarum

5 P. antipodarum

6 P. antipodarum

7 P. antipodarum

8 P. antipodarum

* B b rack ish  w a te r .

f r o m  H u i a  ( T a b l e  7, 2a .  2b.  2c). W h e n  
2 id e n t i c a l  r u n s  w e re  m a d e  o n  the  
s a m p le  (2b .  2c) th e  m e a n  v a r i a t i o n  
b e tw e en  a m i n o  ac id  v a lu e s  w a s  0 ' 2 6 %  
( r a n g e  0-01 0 - 6 3 % ) .  T h e  m e a n  v a r i a t io n  
b e tw e en  th e  s a m e  a m i n o  a c id s  f r o m  2 
d i f fe ren t  s a m p l e s  f r o m  th e  s a m e  loca l i ty  
(2a .  2b)  w as  0 - 7 1 %  ( r a n g e  0 - 1 1 - 2 - 8 % ) .  
T h i s  v a r i a t i o n  i n c o r p o r a t e s  d i f fe rences  
b e tw e en  sp e c im e n s ,  a n d  e r r o r s  i n t r o d u c e d  
by  déca lc i f ica t ion ,  c h r o m a t o g r a p h y  a n d  
d a t a  h a n d l in g .

M a r k e d  d i f fe rences  in a m i n o  ac id  c o n 
c e n t r a t i o n s  w e re  f o u n d  b e tw e en  H u i a  a n d  
H e a t h c o t e  s a m p le s  o f  Potam opyrgus estua
rinus , g lyc ine ,  p ro l in e ,  ty ro s ine  a n d  p h e n y 
la la n in e  b e in g  g rea t ly  r e d u c e d  in th e  
l a t t e r ,  w h e r e a s  m o s t  o th e r s  s h o w e d  c o r 
r e s p o n d i n g  inc reases  in p r o p o r t i o n s .  
V a lu e s  fo r  P. pupoides  c o r r e s p o n d e d  
c lose ly  t o  t h o s e  o f  P. estuarinus  f r o m  
H u i a ,  a p a r t  f r o m  a lo w er  p r o p o r t i o n  of  
ty ro s in e .  A  w ide  r a n g e  o f  v a r i a t i o n  w a s  
f o u n d  in P. antipodarum,  a n d  n o  r e l a t i o n 
sh ip  b e tw e e n  a m i n o  ac id  c o n c e n t r a t i o n

Local i ty  Shell fo rm

W a n a n a k i  B* S m o o th

H u ia  B S m o o th

H u i a  B S m o o th

H e a th c o te  B S m o o th

D a n n e v i rk e S m o o th

Lake  P u p u k e Spiny

W h a n g a re i S m o o th  & spiny

L a k e  T u t i r a S m o o th

Lake  T u t i r a Spiny

a n d  shell  o r n a m e n t a t i o n  w a s  a p p a r e n t .  
T h i s  is c lea r ly  d e m o n s t r a t e d  by  c o m p a r i n g  
th e  e x t r e m e  shell  f o r m s  r e p re s e n te d  by 
L a k e  P u p u k e  a n d  D a n n e v i r k e  sam ples .  
In these ,  w i th  th e  e x c e p t io n  o f  ty ros ine ,  
re la t ive  p r o p o r t i o n s  o f  a m i n o  a c id s  a re  o f  
a  s im i la r  o r d e r .  T h e  p r e s e n c e  o f  inc rea sed  
ty ro s in e  in sp iny  shells  is p r o b a b l y  o f  no  
s ign i f icance  h ow eve r ,  as  h ig h  c o n c e n t r a 
t io n s  a r e  a l so  f o u n d  in th e  s m o o t h  shells  
o f  P. estuarinus. C lea r ly ,  th e  N e w  Z e a 
la n d  species  c a n n o t  be d i s t in g u i s h e d  by  
c o m p a r i n g  th e  p r o p o r t i o n s  o f  a m i n o  ac ids  
in shell p e r i o s t r a c u m  as  a  h ig h  deg ree  o f  
in t ra -spec i f ic  v a r i a t i o n  is f o u n d ,  p a ra l l e l 
ing  th e  w ide  r a n g e  o f  v a r i a t io n  in m a c r o s 
c o p i c  shell  m o r p h o l o g y .

T h e  p resence  o f  c o n s id e r a b l e  v a r ia t io n  
in the  p r o p o r t i o n s  o f  a m i n o  a c id s  in the  
p e r io s t r a c u m  o f  Potam opyrgus  species 
r e in fo rces  s im i la r  f ind ings  o b t a i n e d  in 
o t h e r  s tud ies .  H a r e  (1963) f o u n d  t h a t  
p e r io s t r a c u m  s h o w e d  m o r e  v a r i a t i o n  in 
a m i n o  ac id  c o m p o s i t i o n  t h a n  a n y  o th e r  
s t r u c t u r a l  u n i t  o f  th e  shell ,  a n d  sh o w ed
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T A B L E  7. R a t io s  o f  pe r ios t raca l  a m in o  acids  in th e  3 species  o f  Potamopyrgus , expressed  as  pe rcen t
to ta l  a m in o  acids.

A m in o  acid
P. pupoides 

1

P. estuarinus P. antipodarum

2a r j O’ 2c 3 4 5 6 7 8

A s p a r t i c  acid 1 2 1 12-9 11-5 10 9 14 9 13-3 12-7 11-5 11-7 9 - 9
T h re o n in e 4 - 4 3-5 3-2 3-2 4 -5 4 - 6 4 -4 3-2 4 -8 5-5
Serine 5-3 4 -4 4-1 4 -0 5-3 4 -7 4 -4 3-5 5-1 6 -7
G lu t a m ic  acid 7 0 6 -8 6-1 6 -4 8 -6 7-4 7-6 5-2 7-4 8-5
Pro line 4 -8 4 -7 5-4 5-8 2 -2 2-4 2-3 3-6 4 -5 5-4
G lyc ine 32-9 35-7 34-2 34-2 26-6 31 -9 28 -9 40-1 26-9 20-5
A lan ine 7 0 5-7 5-4 5-2 7-7 4 -4 7-1 4-1 8-7 11 -0
1/2 C ys t ine T* T T T T T T T T T
Valine 4 -5 4-1 4 -4 4 - 0 6 -0 5-6 5-0 3 -4 4 -4 6 -2
M e th io n in e 0 -7 0 -7 0 -5 0 -5 0 -8 0 -8 0 -6 0 -2 0 -5 1 -0
lsoleucine 2 -5 2-3 2-1 2-1 2-8 2 -7 2-8 1 -8 3 -0 3-7
Leucine 4 -6 4-3 4 -0 4 -0 5-4 5-8 5-7 4 - 0 5-5 6 - 0
T y ro s in e 2 -4 6 -2 6-9 7-1 3-7 4-1 6 -4 4 -8 3-2 3-2
Pheny la lan ine 5 -5 4 -5 4-1 4 -7 4 -3 5-4 5-1 6 -4 5-5 4 -6
Lysine 2 -7 2 1 4 -9 4 -3 3-4 3 -2 2-9 3-4 4 -4 3 -7
His t id ine 0 -4 0 - 2 0 -3 0 - 2 0-1 0 - 6 0 - 2 1-1 0 - 7 0 -3
A rg in ine 3 -2 1 -6 2 -7 3-3 3 -6 3-1 3 -9 3-8 3-5 3-7

* T = t r a c e .

t h a t  s a m p le s  f r o m  th e  g r o w in g  edge ,  
a r o u n d  th e  p e r ip h e r y  o f  a  s ingle  s p e c im e n  
o f  M ytilu s  californianus  m a y  v a ry  1 0 - 1 5 %  
in n u m b e r s  o f  r e s id u e s  o f  m a n y  a m i n o  
ac ids .  C le a r lv  def ined  d i f fe rences  in 
a m i n o  ac id  c o m p o s i t i o n  o f  p e r io s t r a c u m  
be tw een  in d iv id u a l s  o f  the  b r a c h i o p o d  
Laqueus californianus  h a v e  a l so  been  
d e m o n s t r a t e d  b y  J o p e  (1967).

A n  i m p o r t a n t  so u rc e  o f  a m i n o  acid 
v a r i a t i o n  m a y  be p r o t e in  h e te ro g e n e i ty ,  
i.e.,  m o r e  t h a n  1 p r o t e i n  m a y  c o n t r i b u t e  
t o  t h e  p e r i o s t r a c u m  as  sugg es ted  by  H a r e
(1963),  D eg en s  et al. (1967)  a n d  J o p e  
(1967).  G h i s e l in  et al. (1967) f o u n d  th a t  
e n v i r o n m e n ta l l y  c o n t ro l l e d  v a r i a t i o n  in 
th e  a m i n o  ac id  c o m p o s i t i o n  o f  p e r i o s t r a 
c u m  is sufficient t o  m a s k  gene t ic  d i f fe r 
ences  in m a n y  cases .  R ecen t ly ,  H a r e  & 
M e e n a k s h i  (1968) h a v e  r e p o r t e d  t h a t  
c h a n g e s  o c c u r r e d  in th e  p r o p o r t i o n s  o f  
p e r io s t r a c a l  a m i n o  ac ids  o f  Potam opyrgus

je n k in s i  r a i sed  in th e  l a b o r a t o r y  a t  d i f 
f e ren t  sa l in i t ies .  In p a r t i c u l a r  they  f o u n d  
a n  inc rease  in t h e  r a t io  o f  g lyc ine  t o  the  
ac id ic  a m i n o  ac ids  w i th  d e c re a s in g  salinity.  
H o w e v e r ,  n o  s im i la r  r e l a t i o n s h ip  was 
e v i d e n t  w h e n  th e  b r a c k i s h  w a te r  species  
P. estuarinus  a n d  P. pupoides  w ere  c o m 
p a r e d  w i th  P. antipodarum  f r o m  fresh  
w a te r .

E n v i r o n m e n t a l  R e la t io n s h ip s

Distribution and general ecology  

(1) Potam opyrgus estuarinus.

Potam opyrgus estuarinus  h a s  a  clear ly  
c i r c u m s c r ib e d  h a b i t a t ,  a n d  is con f ined  to 
b r a c k i s h  w a te r .  C o m m o n l y  it is f o u n d  
n e a r  th e  m o u t h s  o f  s t r e a m s  a n d  r ivers  
e n t e r i n g  h a r b o u r s ,  w h e r e  th e  w a t e r  is o f  
f l u c tu a t in g  sa l in i ty .  F r e q u e n t ly ,  th e  sna i ls  
live a  sem i- te r re s t r i a l  ex is tence  o n  m u d  
flats o r  m u d d y  b a n k s  a d j a c e n t  t o  r iver
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F I G .  16. R e la t io n s h ip  be tw een  shell  size, o r n a 
m e n ta t io n  a n d  h a b i t a t  in 97 p o p u l a t io n s  o f  Pota- 
m opyrgus antipodarum. Key t o  shell o r n a m e n 
ta t io n  c lasses:  1— all sna i l s  s m o o t h  she l led ;  2—  
m ost  s m o o t h ;  3— h a l f  s m o o th ,  h a l f  sp in y ;  4 — 
m o s t  sp in y ;  5— all spiny.

c h a n n e l s ,  o r  in h a r b o u r  b a c k w a t e r s  a n d  
sa l t  s w a m p s .  In these  s i t u a t i o n s  th e y  
m a y  lie e x p o s e d  t o  t h e  a i r  f o r  o v e r  h a l f  
a  t ide  cycle,  a n d  fo r  t h e  o t h e r  h a l f  l ive in 
w a te r  o f  h ig h  sa l in i ty .  T h e  sna i l s  a re  
inac t ive  w h e n  ex p o s e d  on  m u d  flats,  a n d  
m a y  lie o n  th e  su r fa c e  o f  t h e  m u d ,  be 
p a r t i a l ly  b u r ie d ,  o r  be  g r o u p e d  g r e g a 
r ious ly  a lo n g s id e  o r  u n d e r  s to n es ,  w o o d ,  
e tc .  Snai l  dens i t ie s  o f  u p  t o  884 .000  pe r  
m 2 h a v e  been  r e c o r d e d  in t h e  H e a t h c o t e  
e s tu a r y .

O t h e r  sna i l s  r e m a in  i m m e r s e d  t h r o u g h 
o u t  t h e  t ide  cycle ,  a n d  m a y  o c c u p y  v a r io u s

s u b s t r a t e s  i n c lu d in g  s a n d .  m u d .  th e  u p p e r  
a n d  lo w e r  su r fa c e s  o f  s to n e s ,  a n d  c l u m p s  
o f  w eed .  In  r ive r  e s tu a r i e s ,  sna i ls  a re  
n o r m a l l y  m o s t  a b u n d a n t  t o w a r d s  th e  sea 
w a r d  e n d .  w h e re  sa l in i t ies  r e m a i n  high.

M a n y  pas t  r e p o r t s  o f  th e  f in d in g  o f  
Potam opyrgus antipodarum  in b r a c k i s h  
w a t e r  u n d o u b t e d l y  re fe r  t o  P. estuarinus.

(2) Potam opyrgus pupoides.

P otam opyrgus pupoides  is co n f in ed  to  
b r a c k i s h  w a te r ,  a n d  is f r e q u e n t ly  fo u n d  
in a s s o c i a t i o n  w i th  P. estuarinus  in r iver  
e s tu a r i e s ,  b u t  is less f r e q u e n t ly  f o u n d  on  
m u d  flats w h e re  it w o u ld  be e x p o s e d  to 
th e  a i r  f o r  r e g u la r  p e r io d s  o f  t im e .  P. 
pupoides  e x h ib i t s  n o  m a r k e d  s u b s t r a t e  
p re fe re n c e s  a n d  is f o u n d  o n  s to n es ,  m u d ,  
a n d  a m o n g  l iv ing  a n d  d e c a y in g  v e g e ta t io n .  
F r e q u e n t l y ,  it is a b u n d a n t  in e s tu a r i e s  on 
a  s u b s t r a t e  o f  s m o o t h ,  c lean  sand .

(3) Potam opyrgus antipodarum.

P otam opyrgus antipodarum  o c c u rs  
t h r o u g h o u t  N e w  Z e a l a n d  in a  wide 
v a r i e ty  o f  h a b i t a t s ,  i n c lu d in g  lo w la n d  
r ivers ,  s t o n y  s t r e a m s ,  c reek s ,  d i tches ,  
e s tu a r ie s ,  p o n d s ,  lakes ,  sp r ings ,  wells a n d  
p e r m a n e n t  seepage .  O n e  o f  th e  few 
f r e s h w a te r  h a b i t a t s  it s e e m s  u n a b l e  to  
c o lo n iz e  is th e  t e m p o r a r y  p o n d  a s  the  
sna i l s  a p p a r e n t l y  lack  r e s i s tan t  s tages  
c a p a b l e  o f  c a r r y i n g  t h e m  o v e r  lo n g  d ry  
seasons .

W i th in  th e  Potam opyrgus antipodarum  
c o m p le x  a  n u m b e r  o f  r e l a t i o n s h ip s  b e 
tw een  p a r t i c u l a r  shell f o r m s  a n d  g eo 
g ra p h ic a l  o r  eco log ica l  d i s t r i b u t io n  are  
e v id e n t ,  b u t  n o n e  o f  these  r e la t io n sh ip s  
a p p e a r s  t o  be so well c i r c u m s c r ib e d ,  o r  
c lea r ly  def ined ,  a s  t o  w a r r a n t  t a x o n o m ic  
r e c o g n i t io n  o f  th e  p o p u l a t i o n s  c o n c e rn e d .  
T h e  m a in  t r e n d s  f o u n d  a r e :

(a) M a n y  snai ls  a t  h ig h  a l t i tu d e s ,  a n d /  
o r  in re la t ive ly  o l ig o t ro p h ic  w a te rs ,  h a v e  a 
m u c h  sm a l le r  a d u l t  size t h a n  m o s t  low-
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T A B L E  8. Sa l in i ty  ranges  a t  which  th e  3 species o f  Potamopyrgus  have  been  fo u n d  living.
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S al in i ty  o / o o
M a x im u m

Species
M a x im u m

1

M in im u m
D iu rn a l  R ange

P. antipodarum 26-4 0 17-7

P. pupoides 32 • 3 2 -7 M

P. estuarinus 34 • 8 2 7 * *

l a n d  p o p u l a t i o n s .  T h e se  sna i ls  a re  p r e 
d o m i n a n t l y  s m o o t h  shel led .

(/>) Sna i l s  in m a n y ,  b u t  n o t  a l l ,  p o p u 
la t io n s  n o r t h  o f  A u c k l a n d  a t t a i n  a  very  
la rge  size, th e i r  shells  s o m e t im e s  ex c e e d 
ing  10 m m  in he igh t .  T h i s  size inc rease  
is p r o d u c e d  by  a n  inc rease  in th e  n u m b e r  
o f  w h o r l s ,  r a t h e r  t h a n  b y  a n  inc rease  in 
size o f  th e  w hor l s .

(c)  T h e r e  is a  t e n d e n c y  fo r  th e  shells  
o f  sp iny  shel led  sna i l s  in m a n y  l a k e s  a n d  
r ivers  t o  be m o r e  s le n d e r  a n d  s t ro n g ly  
s h o u ld e r e d  in th e  S o u t h  I s l a n d  t h a n  in 
th e  N o r t h .

A l t h o u g h  l a b o r a t o r y  r e a r in g  w o r k  h a s  
in d ic a te d  t h a t  shell  f o r m  is n o t  a  s im ple  
p h e n o t y p i c  r e s p o n s e  to  e n v i r o n m e n t ,  in 
s o m e  in s tan ce s  sm a l l  size m a y  be  t h e  resu l t  
o f  r e d u c e d  g r o w t h  a t  lo w  t e m p e r a t u r e s ,  
o r  u n d e r  p o o r  f o o d  c o n d i t io n s .  C onve rse ly ,  
h ig h e r  t e m p e r a t u r e s  m a y  p e r m i t  a n  increase  
in  th e  r a t e  a n d  a m o u n t  o f  g r o w th ,  
r e su l t in g  in th e  a t t a i n m e n t  o f  la rge  size.

N o  c lea r  r e l a t io n s h ip  b e tw e e n  shell 
he ig h t  o r  o r n a m e n t a t i o n ,  a n d  d i f fe ren t  
h a b i t a t  types  w a s  f o u n d  (F ig .  16), a l t h o u g h  
m a n y  lake  p o p u l a t i o n s  t e n d  to  cons is t  
p r e d o m i n a n t l y  o f  sp in y  snai ls ,  w h e re a s  
s m o o t h  she l led  sna i ls  a r e  m o r e  a b u n d a n t  
in r u n n i n g  w a te r .

Salin ity  relationsw

All 3 spec ies  o f  P otam opyrgus  a re  
f o u n d  o v e r  a  w id e  r a n g e  o f  sa l in i t ies ,  b u t

on ly  P. antipodarum  is f o u n d  in fresh 
w a te r  ( T a b le  8).

In o r d e r  to  d e t e r m in e  th e  r a n g e  o f  
sa l in i t ies  to l e r a t e d  by  e a c h  species ,  the  
r e s p o n s e s  o f  sna i l s  k e p t  in w a te r  a t  11 
d i f fe ren t  sa l in i t ies  r a n g i n g  f r o m  0 33-'c 
sa l in i ty ,  w ere  e x a m i n e d  in th e  l a b o r a t o r y .

A f t e r  24  h o u r s  in th e  e x p e r im e n ta l  
s i t u a t i o n  all i n d iv id u a l s  o f  Potam opyrgus  
estuarinus  a n d  P. pupoides  e x h ib i t e d  n o r 
m a l  ac i t iv i ty  a t  all e x p e r im e n ta l  sa linit ies ,  
0 3 3 -ó» sa l in i ty ,  a n d  P. antipodarum  f r o m  
f re sh  a n d  b r a c k i s h  w a te r s  w a s  ac t ive  at  
u p  t o  1 7*5 'oo sa l in i ty .  S o m e  red u ced  
m o v e m e n t  o f  P. antipodarum  w a s  f o u n d  
a t  21 %o sa l in i ty  b u t  in m o r e  sa l ine  w a te r  
al l  sna i l s  w i th d r e w  c o m p le te ly  i n to  the i r  
shel ls ,  th e i r  o p e r c u l a  a c t in g  as  phys ica l  
b a r r i e r s  to  exc lude  th e  w a te r .  A f t e r  a 
f u r t h e r  24 h o u r s  in w a t e r  o f  3-5 °'c sa l ini ty ,  
all p r ev io u s ly  in a c t iv a te d  sna i l s  r e su m e d  
n o r m a l  ac t iv i ty .

In th e  field, th e  h ig h e s t  sa l in i ty  at  
w h ic h  Potam opyrgus antipodarum  h a s  been 
f o u n d  l iv ing  is 26-4%=, s l ight ly  h ig h e r  t h a n  
th e  g r e a t e s t  s a l in i ty  a t  w h ic h  ac t iv i ty  
o c c u r r e d  u n d e r  e x p e r im e n ta l  c o n d i t io n s .  
It is poss ib le  t h a t  s o m e  in traspecif ic  
v a r i a t io n  is f o u n d  in P. antipodarum  w i th  
respec t  to  sa l in i ty  to le ra n c e  as  w a s  fo u n d  
in P. je n k in s i  by  D u n c a n  & K lc k o w s k i  
(1967).  A l t h o u g h  P. estuarinus  a n d  P. 
pupoides  h a v e  n o t  been  f o u n d  in fresh 
w a te r  in t h e  field, th e y  w ere  a b le  t o  exist
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in it f o r  severa l  m o n t h s  in th e  l a b o r a t o r y .  
P e r h a p s  th e y  a re  u n a b l e  to  r e p r o d u c e  or  
d e v e lo p  in f r e s h w a te r .

T h e  ab i l i ty  t o  t o l e r a t e  a  w id e  r a n g e  o f  
sa l in i t ies  is c lea r ly  a d v a n t a g e o u s  t o  all 
3 species ,  as  r a p i d  c h a n g e s  in sa l in i ty  a re  
regu la r ly  e n c o u n t e r e d  in the  e s tu a r in e  
r e a c h e s  o f  r ivers  f r e q u e n t ly  i n h a b i t e d  by 
th e m .

A m phib ious behaviour

A p a r t  f r o m  in h a b i t i n g  w a te r s  o f  d i f 
f e ren t  sa l in i t ies .  Potam opyrgus antipoda
rum  a n d  P. estuarinus  a r c  f r e q u e n t ly  
f o u n d  in c o n t r a s t i n g  p h y s ic a l  e n v i r o n 
m e n ts .  P. estuarinus  is o f t e n  a b u n d a n t  
o n  h ig h - t id a l  m u d  flats  b o r d e r i n g  s t r e a m s  
w h e r e  sna i l s  m a y  be  e x p o s e d  t o  the  a i r  
f o r  a n  a p p r e c i a b l e  p e r io d  o f  e a c h  t ide  
cycle,  w h e r e a s  P. antipodarum  a lw a y s  
r e m a in s  in the  w a te r .  L a b o r a t o r y  e x p e r i 
m e n t s  w e re  c a r r i e d  o u t  t o  c o m p a r e  the  
b e h a v i o u r  o f  th e  2 spec ies  w h e n  a  ch o ic e  
o f  3 s u b s t r a t a ,  s u b m e r g e d  m u d ,  e x p o s e d  
w a te r  s a t u r a t e d  m u d .  a n d  s l igh t ly  d a m p  
m u d .  w a s  offered  t o  th e m .

R e su l t s  o f  e x p e r i m e n t s  a r e  s h o w n  in 
Fig.  17. In E x p e r i m e n t  1 sna i l s  were  
d i s t r i b u t e d  evenly  t h r o u g h o u t  the  b o x  a t  
th e  s t a r t  o f  th e  e x p e r im e n ta l  p e r io d  a n d  
a  s ingle  e x a m i n a t i o n  o f  th e i r  s u b s e q u e n t  
d i s t r i b u t i o n  w a s  m a d e  a f t e r  17 h o u r s .  
In E x p e r i m e n t  2 all  sn a i l s  w e r e  p la c e d  in 
th e  s u b m e r g e d  se c t io n  o f  th e  box  on  
c o m m e n c i n g  t h e  e x p e r im e n t ,  a n d  the i r  
d i s t r i b u t i o n  w a s  e x a m i n e d  a f t e r  1, 2, 24 
a n d  72 h o u r s .  S im i l a r  r e su l t s  w ere  o b 
ta in ed  in b o th  s tud ie s .  A  c lea r  be 
h a v io u r a l  d i f fe rence  b e tw e en  the  2 species  
w a s  a p p a r e n t ,  t h e  m a j o r i t y  o f  P otam o
pyrgus estuarinus  f inally se lec t ing  the 
d r ie s t  s u b s t r a t e ,  w h e r e a s  a l m o s t  all P. 
antipodarum  r e m a i n e d  in the  w a te r ,  o r  
w ere  b u r ie d  in th e  w a t e r - s a t u r a t e d  m u d  
o f  the  m id d le  z o n e .  M o v e m e n t  o f  P. 
estuarinus  f r o m  th e  w a t e r  t o  th e  d ry  
u p p e r  z o n e  is c lea r ly  s h o w n  in E x p e r i 
m e n t  2 (F ig .  17).
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F I G .  17. Se lec t ion  o f  s u b m e rg e d  a n d  exposed  
s u b s t r a t a  by  Potamopyrgus estuarinus a n d  P. 
antipodarum  in l a b o r a to r y  e x p e r im e n ts .  E x p t .  
I, snai ls  init ia lly  d i s t r ib u te d  t h r o u g h o u t  bo x ;  
e x a m in e d  a f t e r  17 h o u r s ;  E x p t .  2, all snails  
init ia l ly  s u b m e rg e d .  S u b s t r a t a :  a d a m p ,  e x 
po sed  m u d ;  b s a tu r a t e d  m u d ;  c  subm erged  
m u d .

T h e  re la t ive ly  la rge  n u m b e r s  o f  Pota
m opyrgus antipodarum  o c c u p y in g  the  m i d 
d le  z o n e  o f  w a t e r - s a t u r a t e d  m u d ,  is 
p r o b a b l y  e x p la in e d  b y  th e  p resence  o f  
f a v o u r a b l e  r e s p i r a to r y  c o n d i t i o n s  a t  the  
a i r - w a te r  in te r f ace  in th i s  z o n e .  A  s im i la r  
s i t u a t i o n  is r egu la r ly  f o u n d  in still w'ater 
l a b o r a t o r y  c u l tu r e s  l a c k in g  v eg e ta t io n ,  in 
w h i c h  th e  m a j o r i t y  o f  sna i ls  m o v e  u p  the  
s ides  o f  the  c o n t a i n e r s  a n d  se t t le  i m m e 
d ia te ly  b e n e a t h  th e  su r face  film.

A l t h o u g h  in th e  e x p e r im e n ta l  s i tu a t io n  
m o s t  P otam opyrgus estuarinus  r e m a in e d
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T A B L E  9. T im e  surv ived  by snails  in a still,  d ry  a tm o s p h e re ,  a n d  on a  d ry  s u b s t r a tu m .

Species
All alive 
(h o u rs )

F irs t  dea th  
occu rs  (hours )

All dead  
(hours )

P. antipodarum
0 6

6 12 30

P. estuarinus 0  6 6 -12 42

P. pupoides 0  6 6 -12 24

p e r m a n e n t l y  in th e  d ry  z o n e  a n d  exh ib i ted  
n o  ac t ive  m o v e m e n t  b a c k  to  th e  w a te r ,  
in the i r  n a t u r a l  h a b i t a t  they  d o  n o t  n o r 
m a l ly  r e m a i n  e x p o s e d  to  th e  a i r  f o r  m o r e  
t h a n  a  few h o u r s  a t  a  t im e ,  a s  t ida l  m o v e 
m e n t s  e n s u re  they  will be  c o v e re d  at  
r e g u la r  in te rva ls .  It  is es sen t ia l  t h a t  th e  
h a b i t a t  s h o u ld  be s u b m e r g e d  regu la r l}  as  
sna i l s  c a n n o t  m o v e  a b o u t  a n d  feed  w h e n  
th e  s u b s t r a t e  is d ry .  O n e  c o n s e q u e n c e  
o f  th i s  pos i t ive  m o v e m e n t  o u t  o f  w a te r  
c o u l d  be  t o  p r e v e n t  c o l o n i z a t i o n  o f  p e r 
m a n e n t  r ive r  c h a n n e l s ,  a n d  so effectively 
i so la te  p o p u l a t i o n s  o f  P. estuarinus  a n d  
P. antipodarum  in m a n y  a r e a s  w h e re  the i r  
r a n g e s  over lap .

E ffec t  o f  desiccation and  starvation

A sso c ia te d  w i th  t h e  c o l o n i z a t i o n  o f  a 
n o n - a q u a t i c  h a b i t a t  is th e  p r o b l e m  o f  
p r e v e n t in g  des icca t ion .  T h i s  is l ikely  to 
be o f  c o n s id e r a b l e  i m p o r t a n c e  to  a  p r i 
m a r i ly  a q u a t i c  spec ies  su c h  as  P otam o
pyrgus estuarinus  w h ic h  is pe r iod ica l ly  
ex p o s e d  t o  th e  a i r .  P. antipodarum  a l 
t h o u g h  s t r ic t ly  a q u a t i c ,  s o m e t im e s  i n h a 
b i ts  b o d ie s  o f  f re sh  w a te r  w i th  f lu c tu a t in g  
w a te r  levels, o r  w h ic h  c a n  be d r a in e d  by 
n a t u r a l  o r  ar t i f ic ia l  m e a n s .  I n  such  
s i tu a t io n s ,  if t h e  sna i ls  a re  u n a b l e  to  
w i t h s t a n d  e x p o s u re  t o  a i r ,  w h o le  p o p u 
la t io n s  m a y  be q u ic k ly  d e s t ro y e d .

L a b o r a t o r y  e x p e r im e n t s  w e re  des igned  
t o  e x a m in e  th e  effect  o f  d e s ic c a t io n  a n d

s t a r v a t i o n  o n  th e  3 species ,  ( a )  in d ry  a i r  
a n d  o n  a  d ry  s u b s t r a t u m ,  a n d  (b ) o n  a 
d a m p  s u b s t r a t u m  in m o i s t u r e  s a t u r a t e d  
air .

T h e  t im e  su rv ived  by  th e  3 spec ies  in 
a  sti ll ,  d ry  a t m o s p h e r e  is s h o w n  in T a b l e  9. 
S im i la r  r e sp o n se s  w ere  o b t a in e d  f r o m  all 
species .

S u rv iv a l  t im es  o f  sna i ls  in a  m o is tu re -  
s a t u r a t e d  a t m o s p h e r e ,  a n d  o n  a  d a m p  
s u b s t r a t e  is s h o w n  in Fig.  18.

D i r e c t  o b s e r v a t io n s  in d ic a te d  t h a t  snail  
t issues d id  n o t  b e c o m e  rap id ly  des icca ted  
u n d e r  these  c o n d i t io n s ,  a n d  t h a t  a t  all 
t im es  s o m e  m o i s t u r e  w a s  m a in t a in e d  
w i th in  th e  shells  o f  th e  snai ls .  O n  a 
d a m p ,  b u t  n o n - s u b m e r g e d  s u b s t r a t e ,  h o w 
ever ,  m o v e m e n t ,  a n d  c o n s e q u e n t l y  f e e d 
ing,  c a n n o t  o c c u r  a n d  th e r e f o re  dea th  
p r o b a b l y  re su l t s  f r o m  s t a r v a t i o n  c o m 
b ined  w i th  des icca t ion .  D e a t h s  o f  P ota 
m opyrgus antipodarum  a n d  P. pupoides  
a r e  th e re fo re  a t t r i b u t e d  t o  t h e  c o m b in e d  
effects  o f  d es icca t ion  a n d  s t a rv a t io n .  
H o w e v e r ,  t h e  s i t u a t i o n  w as  very d i f fe ren t  
fo r  P. estuarinus  w h ic h  a p p a r e n t l y  en te red  
a  s t a t e  o f  d o r m a n c y  or  ae s t iv a t io n ,  a n d  
h a d  a  h ig h  su rv iva l  ra te  o v e r  a  lo n g  
p e r io d .  I n d iv id u a l s  w h ic h  r e m a in e d  
d o r m a n t  u p  to  50 d a y s  r e su m e d  
ac t iv i ty  w h e n  t r a n s f e r r e d  to  a vessel o f  
w ate r .

L i t t le  is k n o w n  a b o u t  a e s t iv a t io n  in the  
P r o s o b r a n c h i a  a l t h o u g h  s h o r t  t e rm  aes t i 
v a t io n  do es  o c c u r  in s o m e  P o n ia t i a s id a e
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F I G .  18. Surv iva l  t im e  o f  snai ls  o n  a  d a m p  s u b s t r a tu m  at 20 25" C .  Circles  Potamopyrgus pupoides-. 
s q u a re s  P. antipodarum-, t r iang les  a n d  b r o k e n  l ine  P. estuarinus. X - 1 0  sna i l s  p laced  in w ate r  
(all r e su m ed  act iv i ty) .

( H u n t e r ,  1964) a n d  H y d r o b i i d a e  ( D u n d e e ,  
1957). Q u i c k  (1920)  f o u n d  t h a t  Hydrobia  
spp .  c o u ld  w i t h s t a n d  lo n g  p e r io d s  o f  
e x p o s u r e  a n d  su rv ive  in an  a p p a r e n t l y  
d e s ic c a te d  s ta te ,  a n d  D u n d e e  (1957) has  
n o t e d  t h a t  d o r m a n c y  o c c u r s  in th e  a m p h i 
b io u s  Pom atiopsis  lapidaria  in very  co ld  
o r  h o t  a n d  d ry  w e a th e r .  T h i s  ev iden t ly  
e n s u e s  w h e n  th e re  is a  lack  o f  suff ic ient  
av a i l a b le  m o i s tu r e ,  th e  sna i l s  ly ing  w i th  
th e i r  o p c r c u l a  in se r t ed  well i n to  th e  shell 
a p e r t u r e s  d u r i n g  th e  in a c t iv e  p e r io d ,  a n d  
b e c o m i n g  r e a c t iv a t e d  w i th  the  o n s e t  o f  
r a in .  C le a r ly  th e  ab i l i ty  t o  w i th s t a n d  
lo n g  p e r i o d s  o f  e x p o s u r e  o u t  o f  w a t e r  is 
a d v a n t a g e o u s  t o  sna i l s  such  a s  P. lapidaria 
a n d  P. estuarinus  w h ic h  p o sse s s  a n  a m p h i 
b io u s  w a y  o f  life, a n d  m a y  suffer  p r o 
lo n g e d  p e r io d s  o f  e x p o s u re .

D I S C U S S I O N  

T h e  species  p r o b le m

A s  a  r e su l t  o f  th i s  s t u d y ,  3 spec ies  o f  
P otam opyrgus  a r e  n o w  recog n ized  in

N e w  Z e a l a n d .  T w o  o f  these ,  P. pupoides  
a n d  P. estuarinus,  a r e  c lea r ly  d i s t in g u i sh e d  
u s ing  m o r p h o l o g i c a l ,  r e p r o d u c t i v e ,  a n d  
eco lo g ica l  ev id en ce ,  b u t  P. antipodarum  
c o n t a i n s  a  h e t e r o g e n e o u s  a s s e m b la g e  o f  
f o r m s  e m b r a c i n g  all th e  p u re ly  f r e s h w a te r  
p o p u l a t i o n s .  It in c lu d e s  a  w id e  r a n g e  o f  
m o r p h o l o g i c a l  v a r i a n t s ,  a s  well as  d i f fe r 
ing  r e p r o d u c t i v e  f o r m s ,  a n d  is f o u n d  
u n d e r  d ive rse  e n v i r o n m e n t a l  c o n d i t io n s .  
In t h e  pas t ,  m a n y  o f  th e  f o r m s  in c lu d e d  
in t h i s  spec ies  h a v e  been  c o n s id e r e d  m o r 
p h o lo g ic a l ly  d i s t in c t  e n o u g h  t o  be r e c o g 
n ized  a s  s e p a r a t e  species ,  o r  t o  h a v e  h a d  
res t r ic ted  g e o g r a p h ic a l  d i s t r i b u t io n s  a l l o w 
ing t h e m  subspec i f ic  r e c o g n i t io n .  T h is  
s t u d y  h a s  s h o w n  t h a t  c o n t i n u o u s  m o r 
p h o lo g ic a l  v a r i a t i o n  exis ts  w i th in  th e  
c o m p le x ,  a n d  t h a t  d i s c re te  g e o g ra p h ic a l  
d i s t r i b u t i o n s  o f  t a x o n o m i c  s u b g r o u p s ,  
c o n s i s t e n t  w i th  th e  de f in i t ion  o f  t h e  s u b 
species  ( M a y r ,  et ul.,  1953) a re  difficult 
t o  f ind.  A g r a d a t i o n  in r e p r o d u c t iv e  
f o r m s ,  t h r o u g h  p o p u l a t i o n s  w i th  few 
m ales ,  t o  to t a l  p a r th e n o g e n e s i s  is a l so
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f o u n d ,  a n d  th e  p o s se s s io n  o f  th e se  d i f 
fe ren t  s ta te s ,  a p p a r e n t l y  u n a s s o c ia t e d  with  
p a r t i c u l a r  m o r p h o l o g i c a l  f o rm s ,  o r  the  
o c c u p a t i o n  o f  p a r t i c u l a r  h a b i t a t s  a d d s  
f u r t h e r  t o  t h e  difficulty o f  d i s c r im in a t in g  
d is t inc t  t a x o n o m i c  u n i t s  w i th in  t h e  c o m 
plex.

T h e  posse s s io n  o f  a  p a r t h e n o g e n e t i c  
m o d e  o f  r e p r o d u c t i o n  by  a  la rge  p r o p o r 
t io n  o f  t h e  p o p u l a t i o n s  o f  Potam opyrgus  
antipodarum  is p e r h a p s  t h e  m a j o r  f a c to r  
r e sp o n s ib le  fo r  so  m u c h  o f  t h e  t a x o n o m i c  
u n c e r t a i n t y  t h a t  h a s  o c c u r r e d  in t h e  pas t ,  
a n d  it h a s  p e r m i t t e d  t h e  f o r m a t i o n  o f  
m a n y  r e p r o d u c t iv e ly  i so la te d  c lo n e s  in 
w h ic h  d iv e rg e n t  e v o lu t io n  has  been  ab le  
t o  occu r .  F u r t h e r m o r e ,  S t r u h s a k e r  (1968) 
in a  d i s c u s s io n  o f  shell  v a r i a t i o n  in L i t to 
rina  spp .  sugg es ted  t h a t  spec ies  w h ic h  a re  
v iv ip a ro u s  c o u l d  be  e x p e c te d  t o  h a v e  
m o r e  in t ra - spec i f ic  v a r i a t i o n  b e c a u s e  o f  
d e c re a se d  d i s t r i b u t io n  (d i sp e r sa l )  a n d  re 
s t r ic ted  m a t in g .  T h i s  w o u ld  resu l t  in 
i so la te d  p o p u l a t i o n s ,  w h e r e a s  s t r ic t ly  o v i 
p a r o u s  p o p u l a t i o n s  w i th  w id e s p re a d  l a rv ae  
s h o u ld  be  leas t  va r iab le .  T h i s  c o n t e n t i o n  
is s u p p o r t e d  by t h e  f ind ings  in t h e  p re se n t  
s t u d y ,  th e  2 o v i p a r o u s  species ,  P. es tua 
rinus  a n d  P. pupoides  po sse s s in g  l imi ted  
m o r p h o lo g i c a l  va r iab i l i ty  c o m p a r e d  with  
t h e  e x t r e m e  p las t ic i ty  o f  t h e  ovoviv i-  
p a r o u s  P. antipodarum.

R e p r o d u c t i o n  by p a r th e n o g e n e s i s  a lso  
poses  n o m e n c l a t u r a l  p r o b le m s .  T h e  b i o 
logica l  spec ies  d e f in i t io n  (e.g. M a y r ,  1963, 
“  Species  a r e  g r o u p s  o f  a c tu a l ly  o r  p o t e n 
t ia l ly  i n t e r b r e e d in g  n a tu r a l  p o p u l a t i o n s  
w h ich  a r e  r e p ro d u c t iv e ly  i so la ted  f r o m  
o t h e r  su c h  g r o u p s  ” ), ap p l ie s  o n ly  to  
sexua l ly  r e p r o d u c i n g  o r g a n i s m s ,  a n d  it is 
g e n e ra l ly  a c cep te d  t h a t  t h e  t a x o n o m y  o f  
o b l ig a to ry  p a r t h e n o g e n s  th e r e f o r e  m u s t  
be  a r b i t r a ry .  In t h e  p as t  it h a s  been  
b a sed  p r im a r i ly  o n  m o r p h o l o g i c a l ,  e c o 
logical  a n d  b i o g e o g r a p h i c  ev idence .  T h e  
o c c u r r e n c e  o f  s exua l  r e p r o d u c t i o n  a n d  
p a r th e n o g e n e s i s  in t h e  P otam opyrgus an ti
podarum  c o m p le x  p o se s  f u r t h e r  p ro b le m s .

W h i t e  (1954)  a n d  M a y r  (1963)  h a v e  
p o i n t e d  o u t  t h a t  it is i l log ica l  t o  recogn ize  
p a r t h e n o g e n e t i c  a n d  b isexua l  “  races  ”  o f  
th e  s a m e  species ,  i r r e spec t ive  o f  t h e  m o r 
p h o lo g ic a l  r e s e m b la n c e s  b e tw e en  t h e  g e n o 
types ,  a n d  th e y  c o n s id e r e d  t h a t  such  f o r m s  
w ere  b e t t e r  r e co g n iz ed  as  s ib l ing  species ,  
i f  th e y  w ere  in d i s t in g u i s h a b le  by  o r d in a r y  
t a x o n o m i c  c r i te r ia .  O n  th e  o t h e r  h a n d ,  
M a y r  et a í . , (1953)  h a v e  a g re e d  t h a t  it is 
un ju s t i f i ab le  t o  g ive  n o m e n c l a t u r a l  r e c o g 
n i t io n  t o  f o r m s  w i th  t e m p o r a r y  o r  f a c u l 
t a t iv e  p a r th e n o g e n e s i s .  In P. antipoda
ru m , sexua l ly  r e p r o d u c i n g  a n d  p a r t h e n o 
gene t ic  f o r m s  a r e  c o n n e c t e d  by in te r 
m e d ia t e s  possess ing  l im i ted  n u m b e r s  o f  
m a le s ,  a n d  it seem s  l ikely  t h a t  in such  
p o p u l a t i o n s  b o th  p a r th e n o g e n e s i s  a n d  
sexua l  r e p r o d u c t i o n  m a y  occur .

In  v iew o f  th i s  l a c k  o f  a  s h a r p  d iv is ion  
b e tw e en  r e p r o d u c t i v e  types ,  a n d  th e  p r e 
sence  o f  c o n t i n u o u s  m o r p h o l o g i c a l  v a r i a 
t i o n  w i th in  t h e  c o m p le x ,  it s e e m s  m o s t  
sens ib le  t o  c o n s id e r  th e  w h o le  r a n g e  o f  
i n t e r g r a d i n g  p o p u l a t i o n s  as  a  s ing le  
species.

T h e  su i tab i l i ty  o f  a n  e v o l u t i o n a r y  spe
cies  c o n c e p t  su c h  as  t h a t  o f  S im p s o n  
(1961) ;  “ A n  e v o l u t i o n a r y  species  is a  
l ineage  ev o lv in g  se p a ra te ly  f r o m  o th e r s  
a n d  w i th  its o w n  u n i t a r y  e v o l u t i o n a r y  
ro le  a n d  t e n d e n c ie s  ” , w h ic h  is n o t  h a m 
pered  by th e  s ta t ic  r e s t r i c t io n s  o f  gene t ica l  
(b io log ica l )  de f in i t ions ,  is ev iden t  in a 
s i t u a t i o n  o f  th i s  k ind .

P a r th e n o g e n e s i s  a n d  e v o lu t io n  in P ota 
m opyrgus

P a r th e n o g e n e s i s  w as  first d i s c o v e re d  in 
m o l lu sc s  by  B o y c o t t  (1919) ,  in P otam o
p yrg u s  jen k in s i ,  a n d  la te r  in th e  A m e r ic a n  
v iv ip a r id s  C am pelom a ru fum  a n d  C. deci
sion  by  v an  C le a v e  &  A l t r i n g e r  (1937) 
a n d  M e d c o f  (1940),  a n d  in 4 species  o f  
M e la n i i d a e  by  J a c o b  (1957).  P a r t h e n o 
genesis  in all these  species  is t h e l y t o k o u s  
( f e m a le  d ip lo id  p a r th e n o g e n e s i s )  a n d  o f  
t h e  a p o m i c t i c  type ,  (i.e., it is a m e io t i c  a n d
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u l t im a te ly  r e su l t  w i th in  m a n y  p a r t h e n o 
gene t ic  species ,  va r iab i l i ty  w h ic h  will no t  
necessar i ly  be c o r r e l a t e d  w i th  g e o g ra p h ic  
d i s t r i b u t i o n  in th e  s a m e  w a y  a s  in a 
sexua l ly  r e p r o d u c i n g  f o r m .  T h is  is w h a t  
is f o u n d  in P otam opyrgus antipodarum. 
S u o m a l a i n e n  (1961,  1962) h a s  sp e cu la ted  
o n  th e  w ays  in w h ic h  m u t a t i o n s  m a y  be 
expressed  in a p o m i c t i c  p a r th e n o g e n e t i c  
a n im a l s ,  a n d  his  th e o re t ic a l  m e c h a n i s m  
c o u ld  poss ib ly  a p p ly  in th e  p re sen t  s i t u a 
t io n .  H e  a rg u e s  t h a t  inc rea s in g  h e te ro z y 
gos i ty  will o c c u r  b e tw e e n  m o r e  a n d  m o r e  
gene  p a i r s  ( b e c a u s e  e l im in a t io n  o f  reces 
sive m u t a t i o n s  by  n a t u r a l  se lec t ion  is 
im p oss ib le )  un t i l  t h e  2 c h r o m o s o m e  sets 
c a n  n o  lo n g e r  be  c o n s id e r e d  d ip lo id  o r  
p o ly p lo id  in a  gene t ic  sense.  T h i s  will 
r e d u c e  o b s ta c le s  t o  t h e  e x p re s s io n  o f  th e  
m u t a t i o n s  p re se n t  in t h e m ,  a n d  m a y  thus ,  
in p a r t ,  even  a l l o w  th e  f o r m a t i o n  o f  m o r 
p h o lo g ic a l ly  d ive rgen t  b io types .  F u r th e r ,  
w i th  a  c o n t i n u o u s  in c re a se  in th e  deg ree  
o f  he te ro zy g o s i ty ,  an  a p o m ic t i c a l l y  p a r 
th e n o g e n e t i c  f o r m  gets  a n  eve r  inc rea s in g  
c h a n c e  t o  benef i t  f r o m  he te ro s i s  ( h y b r id  
v igou r ) .  T h i s  m a y  th e r e f o r e  p r o v id e  the  
bas is  f o r  t h e  a p p a r e n t l y  g r e a t  a d a p t i v e 
ness a n d  d i sp e r s iv e  ab i l i ty  o f  m a n y  
p a r t h e n o g e n e t i c  f o r m s  (e.g.,  P. antipoda
r u m ), a l t h o u g h  it is in d i r ec t  c o n t r a s t  with  
t h e  w ide ly  he ld  view t h a t  p a r th e n o g e n e s i s  
leads  t o  a  lack  o f  a d a p t a b i l i t y ,  a n d  lo n g  
t e r m  d i s a d v a n t a g e  (W h i t e ,  1954).

P r o b a b l e  s teps  in t h e  e v o l u t i o n  o f  
P otam opyrgus  a r e  s h o w n  in Fig.  19. 
P. estuarinus  a n d  P. pupoides  possess  t h e  
p r im i t ive  f ea tu re s ,  s m o o t h  shell ,  sexual 
r e p r o d u c t i o n  a n d  o v ip a r i ty ,  a n d  a r e  c o n 
f ined t o  b r a c k i s h  w a te r ,  w h e r e a s  in P. 
antipodarum  shell  o r n a m e n t a t i o n ,  p a r t h e 
nogenes is  a n d  o v o v iv ip a r i ty  h a v e  d e v e l o p 
e d , p r o b a b l y  c o n c u r r e n t l y  w i th  t h e  invas ion  
o f  f resh  w a te r .  F u r t h e r  d iv e rg e n t  e v o l u 
t i o n  h a s  o c c u r r e d  a n d  is o c c u r r in g  w i th in  
i so la ted  p a r th e n o g e n e t i c  p o p u l a t i o n s  o f  
P. antipodarum,  r e su l t ing  in a  h igh  degree  
o f  gene t ic  a n d  p h e n o ty p ic  var iab i l i ty .
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F I G .  19. P o s tu la te d  s teps  in t h e  evo lu t ion  o f  the  
N e w  Z e a la n d  species  o f  Potamopyrgus.

T h e  r e l a t i o n s h ip  o f  Potam opyrgus an ti
podarum  t o  t h e  E u r o p e a n  spec ies  P.
je n k in s i

Potam opyrgus jenkinsi  m a d e  a  s u d d e n  
a p p e a r a n c e  in E u r o p e ,  first b e in g  d e 
sc r ib ed  by  E. A .  S m i th  in 1889, a l t h o u g h  
it m a y  h a v e  been  p re se n t  as  ea r ly  as  1859. 
I ts  o r ig in  is u n c e r t a in  a n d  h a s  been  th e  
sub jec t  o f  c o n s id e r a b l e  sp e c u la t io n  which  
h a s  been  rev iew ed  by A d a m  (1942),  
B o n d e s o n  &  K a i s e r  (1949)  a n d  F r e t t e r  & 
G r a h a m  (1962).  T h e  s u b s e q u e n t  d i s t r i 
b u t i o n  o f  P. je n k in s i  t h r o u g h  E u r o p e  has  
a l s o  been  d iscussed  by  th e se  a u t h o r s  a n d  
o th e r s ,  e.g. ,  H u b e n d i c k  (1950).

A t t e m p t s  t o  e x p la in  t h e  s u d d e n  a p p e a 
r a n c e  o f  Potam opyrgus je n k in s i  in E u r o p e  
h a v e  b e e n  m a d e  by v a r i o u s  a u t h o r s ,  a n d  
2 poss ib le  e x p l a n a t i o n s  h a v e  been  s u g 
g e s te d ;  (a) t h a t  it a r o s e  by  m u t a t i o n  
(Steusloff .  1927; B oe t tge r ,  1949), a n d  
(b ) t h a t  it h a d  been  i n t r o d u c e d  f r o m  
e lsewhere .  B o n d e s o n  & K a i s e r  (1949) 
h a v e  h y p o th e s i z e d  a  poss ib le  A u s t r a l i a n  
o r ig in  o n  a c c o u n t  o f  t h e  c lo se  r e s e m b la n c e  
t o  t h e  A u s t r a l i a n  species  (?) P. pa ttison i , 
a n d  B o e t tg e r  (1951) h a s  sugges ted  a  N e w  
Z e a l a n d  or ig in  fo r  P. je n k in s i  a s  he  c o n 
s ide red  its shell  c h a r a c t e r s  iden t ica l  with 
t h o s e  o f  P. badia  ( = P . antipodarum)  f ro m  
th e  S o u th  I s land  o f  N e w  Z e a l a n d .
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A s a  r e su l t  o f  t h e  p re se n t  s t u d y  o n  th e  
N e w  Z e a l a n d  species  o f  Potam opyrgus,  it 
is p o s s ib le  t o  m a k e  a  m o r e  c r i t ica l  c o m 
p a r i s o n  w i th  P. je n k in s i  t h a n  h a s  been  
poss ib le  in t h e  pas t .  In d o i n g  th is ,  i n f o r 
m a t i o n  c o n t a i n e d  in th e  l i t e r a tu r e  has  
been  e v a lu a t e d ,  a n d  in a d d i t i o n ,  l iv ing 
a n d  p re se rv e d  m a te r ia l  o f  P. je n k in s i  
f r o m  S c o t l a n d  h a s  been  e x a m in e d .

T h e  she l ls  o f  P o tam opyrgus je n k in s i  a re  
v a r i a b l e  in s h a p e ,  size a n d  o r n a m e n t a t i o n ,  
a l t h o u g h  n o t  as  v a r i a b l e  as  t h o s e  o f  
P. an tipodarum  (T.  W a r w i c k ,  pe rs  c o m m . ) ,  
a n d  c a n n o t  be d i f f e re n t i a t e d  f r o m  t h o s e  
o f  s o m e  P. antipodarum .  O r n a m e n t a t i o n  
is p u re ly  p e r io s t r a c a l ,  a n d  exis ts  in m a n y  
deg rees  o f  s t r e n g t h ,  f r o m  a  f a i n t  l ine  t o  
a  well m a r k e d  s p i n o u s  keel ( W a r w i c k .  
1944; F r e t t e r  &  G r a h a m ,  1962). R e a r i n g  
e x p e r i m e n t s  ( B o y c o t t ,  1929;  R o b s o n ,  
1926; W a r w i c k ,  1944),  h a v e  s h o w n  th a t  
as  in P. an tipodarum  shell  o r n a m e n t a t i o n  
o f  p r o g e n y  d o e s  n o t  necessa r i ly  fo l lo w  
t h a t  o f  t h e  p a r e n t ,  b u t  d e s p i t e  c o n s i d e r 
a b le  s p e c u la t i o n  t h e  m e c h a n i s m  c o n t r o l 
l ing shell  o r n a m e n t a t i o n  r e m a i n s  u n k n o w n  
( W a r w i c k ,  1944; 1952; B o n d e s o n  &
K a is e r ,  1949).

T h e  r a d u l a  o f  P otam opyrgus je n k in s i  
h a s  been  d e s c r ib e d  by  W o o d w a r d  (1892)  
a n d  K ru l l  (1935) ,  a n d  new  m a te r ia l  has  
been  e x a m in e d  in th i s  s tu d y .  T h e  s h a p e  
o f  t h e  t e e th ,  c u s p  f o r m u l a e ,  r a d u l a r  
l e n g th ,  a n d  n u m b e r  o f  r o w s  o f  t e e th  lie 
w i th in  t h e  r a n g e s  f o u n d  in P. antipodarum.

P otam opyrgus je n k in s i  e x h ib i t s  c o n s i 
d e r a b l e  v a r ia b i l i ty  in c o l o u r  a n d  p i g m e n 
t a t i o n  o f  th e  h e a d  a n d  m a n t l e  ( R o b s o n ,  
1920), a n d  it c a n n o t  be s e p a r a t e d  f r o m  
P. an tipodarum  o n  th i s  bas is ,  o r  o n  th e  
s t r u c t u r e  o f  th e  o p e r c u l u m ,  o r  t h e  f o r m  
o f  th e  f e m a le  r e p r o d u c t i v e  sys tem .  Both 
species  a re  o v o v iv ip a r o u s ,  a n d  P. je n k in s i  
is c o n s id e r e d  t o  be p a r t h e n o g e n e t i c  like 
m a n y  p o p u l a t i o n s  o f  P. antipodarum.  A 
s ing le  m a le  o f  P. je n k in s i  h a s  been  d e 
sc r ib ed  by  Pati l  (1958),  a n d  it is poss ib le  
t h a t  a  s i t u a t i o n  s im i l a r  to  t h a t  f o u n d  in

P. an tipodarum  in w h ic h  v a r i a b l e  n u m b e r s  
o f  m a le s  o c c u r  in s o m e  p o p u l a t i o n s ,  a l so  
exists  in P. je n k in s i .  T h e  a n a t o m y  o f  th e  
m a le  r e p r o d u c t i v e  sy s te m  in t h e  so l i t a ry  
m a le  P. je n k in s i  w as  id en t ica l  t o  t h a t  o f  
P. an tipodarum , a p a r t  f r o m  o n e  m i n o r  
d i f fe rence ,  th e  p r e s e n c e  o f  a  sm a l l  swel l ing  
in t h e  u p p e r  vas  d e fe ren s ,  d e s c r ib e d  as th e  
s e m in a l  vesicle  by Pat i l .  N o  su c h  sw el l 
ing  h a s  been  f o u n d  in P. antipodarum. 
B o th  species  r e p r o d u c e  t h r o u g h o u t  th e  
yea r ,  a n  u n u s u a l  c o n d i t i o n  in f r e s h w a te r  
M o l l u s c a  ( F r e t t e r  & G r a h a m ,  1962), a n d  
a l t h o u g h  a  m a x i m u m  o f  o n ly  3 5 - 4 0  
e m b r y o s  h a s  been  r e c o r d e d  in th e  b r o o d  
p o u c h  o f  P. je n k in s i ,  c o m p a r e d  w i th  o v e r  
100 in s o m e  in d iv id u a l s  o f  P. antipodarum. 
th is  is un l ike ly  t o  be o f  s y s t e m a t i c  s ig n i 
ficance.  R a t h e r ,  it is p r o b a b l y  a  f u n c 
t i o n  o f  t h e  s ize o f  th e  sna i l  ( a n d  th e r e f o re  
t h e  b r o o d  p o u c h )  as  P. je n k in s i  r a re ly  
exceeds  a b o u t  5 m m  in she l l  he igh t ,  
w h e r e a s  P. an tipodarum  m a y  a t t a i n  a 
he ig h t  g r e a t e r  t h a n  10 m m .

C o n s i d e r a b l e  v a r i a t i o n  in ec o lo g y  is 
a l s o  f o u n d  in th e  2 species .  P otam opyrgus  
je n k in s i  w a s  in i t ia l ly  f o u n d  in b ra c k i s h  
w a t e r  (1889)  a n d  has  s ince  c o lo n iz e d  
i n l a n d  w a te r s  t h r o u g h o u t  E u r o p e  a n d  th e  
Br i t i sh  Isles, first h a v in g  been  r e c o rd e d  
in f re sh  w a t e r  in E n g l a n d  in 1893 ( F lu n t e r  
&  W a r w i c k ,  1957). P. antipodarum ,  s im i 
la r ly ,  is f o u n d  in f resh  a n d  b ra c k i s h  
w a te r ,  a l t h o u g h  it is p r im a r i l y  a  f r e s h w a te r  
spec ies  a n d  h a s  c e r t a in ly  been  e s tab l i sh ed  
in t h a t  e n v i r o n m e n t  fo r  a  m u c h  lo n g e r  
p e r io d  t h a n  h a s  P. jenk in s i .  Sa l in i ty  
r e c o r d s  a n d  e x p e r im e n ta l  w o r k  have  
s h o w n  t h a t  b o t h  spec ies  possess  a  high 
d e g re e  o f  e u r y h a l i n i t y  a n d  c a n  t o l e r a t e  
c o n s id e r a b l e  a n d  r a p id  c h a n g e s  in sa l ini ty .  
M a x i m u m  sa l in i t ies  a t  w h ic h  P. je n k in s i  
c a n  r e p r o d u c e ,  12 I8%„, ( D u n c a n  & 
K le k o w s k i ,  1967) c o r r e s p o n d  c lose ly  to  
t h e  v a lu e  o f  1 7 ' 5 ’' 0, o b t a i n e d  in th is  s tu d y  
a t  w h ic h  n o r m a l  ac t iv i ty  o f  P. antipodarum  
ceases  a n d  th e  sna i l s  w i t h d r a w  i n t o  the i r  
shel ls .  B o th  species  t o l e r a t e  w a te r s  with
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high a n d  low c a l c iu m  c o n t e n t ,  a n d  live in 
a  v a r ie ty  o f  still,  a n d  r u n n i n g  w a te r  
h a b i t a t s ,  o n  h a r d  a n d  so f t  s u b s t r a te s ,  and  
a m o n g s t  vege ta t ion .

T o  c o n c lu d e ,  n o  s ign i f ican t  m o r p h o 
logica l  o r  b io log ica l  d i f fe rences  be tw een  
th e  2 n o m in a l  species  h a v e  been  f o u n d  t o  
d a t e ,  a n d  th e  e v id e n c e  av a i l a b le  th e r e f o re  
sugges ts  t h a t  t h e y  a re  th e  sam e .  H o w 
ever .  t h e  s y s te m a t ic s  o f  t h e  A u s t r a l i a n  
h y d r o b i id s ,  s o m e  o f  w h ic h  a r e  o r  h a v e  
been  p laced  in Potam opyrgus  a n d  re la ted  
g e n e ra ,  a r e  n o t  c l ea r  at  p re sen t  a n d  th e i r  
r e l a t i o n s h ip  t o  t h e  N e w  Z e a l a n d  species  
a n d  t o  P. je n k in s i  c a n n o t  be  c lar i f ied  unti l  
a f t e r  c o m p r e h e n s iv e  m o r p h o l o g i c a l  a n d  
b io log ica l  s tu d ie s  h a v e  been  c a r r i e d  ou t  
o n  th e m .  T h e  p r e s e n c e  o f  r e la t e d  g e n e ra  
a n d  species  in A u s t r a l i a  (W i l l i a m s ,  1968) 
a n d  in th e  S o u t h  Pacific ( H u b e n d i c k ,  
1952), in d ic a te s  t h a t  N e w  Z e a l a n d  is n e a r  
t h e  c e n t r e  o f  Potam opyrgus  e v o lu t io n ,  
h o w e v e r ,  a n d  it s e e m s  m o s t  l ikely  t h a t  
th e  E u r o p e a n  sna i l s  h a v e  been  i n t r o d u c e d  
f r o m  th e  A u s t r a l a s i a n  reg ion .
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R É S U M É

L E S E S P È C E S  D E  P O T A M O P Y R G U S  
D E  N O U V E L L E - Z É L A N D E

( G a s t r o p o d a :  H y d ro b i id ae )

M . W in te rb o u rn

D a n s  sa  revision du genre ,  S u te r  (1905) r e c o n n a î t  6 espèces  et 3 sousespèces  de 
Potamopyrgus  d a n s  Its  deux  p r inc ipa les  îles de  N o u v e l le -Z é lan d e ,  m a is  l 'é lude  p résen te  
a mis en  év idence  q u ' i l  n 'y  a  seu lem en t  q u e  3 espèces.  C e  s o n t :  P. antipodarum  
(G ra y  1843), P. pupoides H u t t o n  1882 et u n e  espèce  p réc é d e m m e n t  n o n  reconnue  
P.  es tuar inus  n .  sp.

Potamopyrgus estuarinus et  P. pupoides so n t  ov ipares ,  p o sséd an t  des coquil les  lisses 
n o n  o rn em en té e s  et se conf inen t  a u x  e a u x  sau m â tre s ,  tan d is  q u e  P. antipodarum  est 
ovoviv ipare ,  a u n e  coqu i l le  e x t r ê m e m e n t  var iab le  p a r  sa taille, sa  fo rm e  et son  o r n e m e n 
ta t io n  et h ab i te  auss i  b ien  les eaux  douces  q u e  s a u m â t re s .  Les p o p u la t io n s  de 
P. antipodarum  peuven t  c o m p re n d re  u n iq u e m e n t  des femelles p a r th én o g én é t iq u es  ou 
c o n te n i r  u n  p o u rce n ta g e  var iab le  de  m â les  sexuel lement  fonc t ionne ls .  L 'é levage de 
P. antipodarum  a u  l a b o ra to i r e  a  m o n t i é  q u e  les ind iv idus  ne  conserven t  pas  fo rcém ent  
d 'u n e  g én é ra t io n  à l ' a u t r e  les ca rac tè res  o r n e m e n ta u x  de  la coquil le  et q u e  la fo rm e  et 
l 'o rn e m e n ta t io n  de  la coquil le  ne  d é p en d e n t  pas  à  l 'o r ig ine  des fac teu rs  d u  milieu.  La 
coquil le  de  P. estuarinus est ind is t ingab le  de  ce r ta ines  coquil les  de  P. antipodarum, mais 
P. pupoides est fac i lement  reconnaissab le  p a r  sa  pe t i te  çoquil le  p u p i fo rm e .
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L a  ra d u la ,  l 'ope rcu le ,  la m o rp h o lo g ie  ex te rne ,  la p ig m e n ta t io n  d u  c o rp s  et l 'appare i l  
r e p r o d u c t e u r  m âle  so n t  sem b lab les  d a n s  t o u t e s  les espèces  et n ' a p p o r t e n t  pas  d e  ca rac tè res  
t a x o n o m iq u e s  u t i l isables .  C h ez  Potamopyrgus antipodarum  la sec t ion  infér ieure  de 
l 'ap p a re i l  r e p r o d u c te u r  femelle es t  modif ié  p o u r  f o r m e r  une  p oche  incuba tr ice ,  s u r  le 
p la n c h e r  de  laquelle  s ' é t e n d  le sil lon s p e rm a t iq u e  o u v e r t .  C h ez  P. estuarinus et  
P. pupoides la p a r t ie  in fé r ieu re  d u  t r a c tu s  g én i ta l  est d o m in é  p a r  la g lan d e  n id am en ta i re  
fo r te m e n t  d év e lo p p ée  qui  est effec t ivement  s ép a rée  d u  c o n d u i t  s p e rm a t iq u e  s i tué 
au -dessus .

Le n o m b re  d ip lo ïd e  de  c h ro m o s o m e s  est de  24 p o u r  les t ro i s  espèces.

L a  C h ro m a to g ra p h ie  des  p ro té in e s  d u  p é r io s t r a c u m  de  la coqu i l le  n ' a  p a s  pe rm is  de 
d i s t in g u e r  de  d ifférences  s ignif icatives e n t r e  les espèces en  ce qui  c o n ce rn e  la c o m p o s i t io n  
en  am in o -ac id e s ,  m a is  a m is  en  év id en ce  de  c o n s id é ra b le s  v a r i a t io n s  in traspécif iques .

Potamopyrgus antipodarum  est a b o n d a n t  d a n s  les e a u x  d o u c e s  p e r m a n e n te s  de  t o u te s  
so r tes  et a  é té  t r o u v é  d a n s  u n e  eau  a t t e ig n a n t  2 6 ° '0 de  sa l in i té ,  bien q u e  les e x p é r im e n ta 
t io n s  m o n t r e n t  q u ' i l  n 'es t  a c t i f  q u e  d a n s  u n e  e a u  d e  sa l in i té  in fé r ieure  à I7 ,5 ? '0 . O n  n 'a  
pas  é tab l i  u n e  n e t t e  re la t io n  e n t r e  la m o rp h o lo g ie  de  la coqu i l le  et le type  d 'h a b i t a t ;  
P. estuarinus est s u r to u t  a b o n d a n t  d a n s  les e s tu a i re s  de  m arées  o ù  ex is ten t  d ' i m p o r t a n t e s  
f lu c tu a t io n s  de  la sa l in i té  e t  o ù  b e a u c o u p  d ' in d iv id u s  so n t  régu l iè rem en t  exposés  à  
l 'ém ers io n  e n t r e  c h a q u e  m a ré e .  P. pupoides o c c u p e  un h a b i t a t  sem blab le ,  m a is  n o r 
m a lem e n t  d e m e u re  t o u jo u r s  im m ergé .  A u  l a b o r a to i r e  P. estuarinus et  P. pupoides 
d e m e u re n t  ac t i fs  à t o u te s  les sa l in i tés ,  d e p u is  l 'eau d o u c e  j u s q u ' à  l 'eau  d e  m er ,  m a is  ils 
n 'o n t  pas  é té  t ro u v é s  en  eau  d o u c e  d a n s  la r a t u r e .

Des  expér iences  de  l a b o ra to i r e  o n t  m o n t r é  l 'ex is tence  de  différence le c o m p o r te m e n t  
e n t r e  les espèces,  qu i  so n t  en  re la t ion  avec  leurs  d ifférences d 'h a b i t a t .  Potamopyrgus 
estuarinus m o n t r e  des t e n d a n c e s  a m p h ib ie s  p r o n o n c é e s  qui  n 'ex is ten t  pas  chez  P. anti
podarum  et  se révèle c a p a b le  de  su rv iv re  d a n s  u n  é ta t  “  d o r m a n t  "  q u a n d  il es t  exposé  
à  l 'a i r  p e n d a n t  7 0  jo u r s .

Le c o m p lex e  Potamopyrgus antipodarum  est e x a m in é  à  la lum iè re  des  c o n c e p t io n s  
ac tue l les  s u r  la n o t io n  d 'e spèce ,  et le h a u t  degré  de  va r iab i l i té  q u 'o n  a  t ro u v é  d a n s  ce t te  
espèce  est à  m e t t r e  en  re la t ion  avec  l 'exis tence de  l 'o v o v iv ip a r i t é  et de  la p a r th én o g é n è se  
qu i  p e r m e t t e n t  à un h a u t  degré  d 'é v o lu t io n  d ivergen te  d ' a p p a r a î t r e  i n d é p e n d a m m e n t  
d a n s  des p o p u la t io n s  individuelles.

U n e  c o m p a ra i s o n  e n t r e  Potam opyrgus antipodarum  et  l 'espèce e u ro p é e n n e  P. jenkinsi 
(S m i th )  m o n t r e  q u e  les d e u x  ne  p e u v en t  ê t r e  d i s t in g u ée s  s u r  des bases  a n a to m iq u e s  et 
q u e  de  n o m b r e u x  fa i ts  de  leu r  b io log ie  et de  leu r  éco log ie  s o n t  sem blab les .  Il sem ble  
p a r  c o n s é q u e n t  p ro b a b le  q u e  les d e u x  son t  la m ê m e  espèce,  les spéc im ens  é u ro p é e n s  
ay an t  é té  i n t r o d u i t s  de  N o u v e l le -Z é lan d e  (ou  d 'A u s t ra l ie? )  a u  c o u r s  d u  19 e m e  siècle.

A .  L.



M E W  Z E A L A N D  P O T A M O P Y R G U S 321

AECTPAKT

H0B03EJIAHÜCKME BHflBI P O T A M O P Y R G U S  (GASTROPODA: HYDROBIIDAE)

M. BUHTEPBOyPH

B CBoem peBM 3MM pozia P o t a m o p y r g u s ,  Suter (1905) pa3JiMMaji e HeM 6 emziob m 
3 no/iBMZia, oöMTaioiUHX Ha ziByx ochobhm x ocT poB ax  Hoeom 3eJiaHziMM; oziHaKo b 
HacTOflmeM p a ó o T e  yKa3biBaeTCH, m o  m Me e t  c h jimiub TpM BMZia: P .  a n t i p o d u m  (Gray 
1843), P .  p u p o i d e s  (Hutton 1882) m paH ee  HeM3BecTHbiM bmzi- P .  e s t u a r i n u s  n . s p .

P .  e s t u a r i n u s  m P .  p u p o i d e s  OTKJiazibiBaioT HMUa, hmgíot rjiaziKyio 6e3  y3opoB p a -  
KOEMHy M CEH3aHbI B CBOÊM OÖMTaHMM C C OJIOHOB aTblMM BOZiaMM, B TO BpeMfl KaK
P .  a n t i p o d u m  hbji ne t c  h HMueKJiaziyiiie--:*MBopozi nmeM, cmjibho m 3 Me h mmbom no pa3Me- 
paM, OMepTâHMHM M OpHaMeHTaUMM paKOBMH b! M ‘i ^ B e î  KaK E npeCHOM BO/ie TaK M 
b coJiOHOBaTow. ilonyjiflUMM P .  a n t i p o d u m  MoryT c o c t o h t b  t o j i b k o  M3 n a p T eH o re H e -  
THMecKHX c awoK mjim coziepxraTb pa3JiMMHoe kojimM ectbo  ocoôeM,<î)yHKUMOHMpyKHUMX 
xaK caMUbi. Pa3BezieHMe P • a n t i p o d u m  b JiaöopaTopHbix ycJiOBMHx noK a3a j io ,  mto
3TM MOJIJIIOCKM He OÖH3aTeJlbHO ZiaiOT O p H a M e  H T H p O B a H  H bie paKOEMHbl M MTO (fcopMa 
paKOBHHbi m e e  opHaMeHT He 3aEM cht  o t  chaKTopoE cpe/ibi.  P a K O B M H a  P. e s t u a r i n u s

H e  OTJIMMMMa O T  paKOBMH H e K O T O D b î X  P .  a n t i p o d u m ,  O Ü H a K O  P .  p u p o i d e s  JierKO O T -

J i H q a e T C H  ot hmx C B o e t f  M a j i e h b k o S  p a K O B M H O M .  P a z i y j i a ,  K p w u i e M K a ,  H a p y x H a a

Mop(J)OJio m  h ,  nu  TMeHTauHH T e j í a  m noJioBan cMCTeMa caMuoB c x o / i H b i  y Boex  bmziob
m H e  m Me io t  T a K c o H O M M H e c K o r o  3  n a n e H M  h . y  P .  a n t i p o d u m  hmxhhh M a c T b  xeHCKovi
nOJlOBOM C M C T e Mbl MOZIHÍMUMpOBaHa B BblBOÆKOByK) Kawepy C OTKpbITbIM ‘iCeJIOÖKOM
æjih cnepMbi, npoxoüHmMM no e e  ziHy.

y P .  e s t u a r i n u s  m P .  p u p o i d e s  hmxchhm penpoziyKTHBHbiM npoTOK m Mee t  b m zi cmjibho 
pa3EMTOM KancyjibHOM seeJie3bi, oTziejieHHOM o t  J ie* am ero  HMxe npoTOKa c n ep M a T e - .  
KM.

Zl MnJ I OMÆHOe  MMCJIO X p O M O C O M  y  B o e x  T p e x  BMÄOB p a B H O  2 4 .  r i p M  nOMOUlM M O H -  

H o - o ö M e H H O M  x p o M a T o r p a d J M M  ö e j i K O E  M3 n e p M o c T p a K a  p a K O B M H  bí H e  ö b i J i o  ycTaHo- 
BJieHo p a 3  jim mm m b c o c T a E e  a M M H O K M C J i o T  y B o e x  bmziob , oz i  H a K o  o T M e n e n a  e r o  

B H y T p M B M Z l O B â H  M3 M e H M M B O C T b .
P .  a n t i p o d u m  M30ôMJiyeT e nocTOHHHo-npecHbix BO/iax B cex  TMnoE m ôbui h ai-izie h 

TaK*e npM coJieHocTM 26%, x o t h  oKcnepMMei'Tbi noKa3biBaKT, mto btm mojijiiockm 
aKTMBHbl JIM Ui b npM COJieH OCTM  HM*e 1 7 ,  5%. H e  ÖblJIO HaMZieHG HMKâKOM H C H O M K O p -  
peJiHUMM Me:*;ziy MopcfcoJiorMeM paKOBMHbi m xapaK Tepow mx Me c t  ooôm t  aHM h .

P .  e s t u a r i n u s  HaMÖoJiee oôMJieH b ocTyapMHX jim t  opaji  bhom 30Hbi, rzie h aó  juc/ia- 
I0TCH 3  Ha um Te Ji bHbie KOJieôaHMH coJienocTM m r/ie MHome öpioxoHorMe mojijiiockm 
p e ry j in p H o  noz isep  raioTCtf ocymeHMio b o  e pe  m h npMJiMBHo-OTJiMBHoro UMKJia.

P .  p u p o i d e s  3 aHM Mae t  cxoziHoe MecTooôMTaHMe, ho oômmho Bcerz ia  HaxoziMTCH 
nozi boziom.B JiaóopaTOpñbix ycJiOBMHx P .  e s t u a r i n u s  m P .  p u p o i d e s  ocTaiOTCH aKTMB- 
H bí MM npM pâ3  HOM COJieHOCTM, HâMMHaH OT npeCHOM B 0/1 bí ZIO MOPCKOM, OÜHaKO B
npMpozie ohm b npecHbix Eoziax u o  cmx n o p  He ECTpeuajiMCb.

JlaöopaTopHbie onbiTbi yKa3biEaioT Ha cymecTBOEaHMe p a 3 jimmmm b noEe/ieHMM
pa3 JIM MHbIX EM/IOB, KOTOpbie CEH3aHbl C pa3JIMMMHMM B yCJlOBMHX MX OÖMTaHMH.
P .  e s t u a r i n u s  m Me e  t  h c h o  Ebipa^ceimyio TeH/ieH um?j k aMclMÓMOH t h o c  tm ( n e r o  He 
HaöJiio/iaeTCH y P .  a n t i p o d u m )  m MosceT Ebi^MBaTb Ha B03üyxe  b "cohhom " coctohhmm  
b TeqeHMe 70 ü He m.

KoMnJieKc P .  a n t i p o d u m  Mccjie/iOB a  ji c h b CBeTe coBpeMeHHbix TeopMM o BM/ie; 
BbicoKan cTeneH b m 3  Me h mmboc tm d t o t o  BM/ia cb  H3 a n a  c HajiMHMeM y  H e ro  t o  o t -  
Kjia/iKM HMU m ^Bopo'ic/ieHMH, t o  n a p T o r e H e 3 a ,  KOTopbie conpoBo^ziaioTCH Bbico- 
KOM cTeneHbio ü m b e p r e  h th o m  obojhoumm m HaôJiio/iaeTCH He 3  aBMCMMo y pa3JiMHHbix 
nonyjiHUMM.

CpaBHeHMe Me:*cziy P . a n t i p o d u m  m e ß p o n e mckmm bmziom P .  j e n k i n s i  (Smith) noKa- 
3blBaeT, MTO OHM He MOryT ÔbITb OTJIM MMMbI no aH a  TO MM Me C KM M npM 3 HaKâM M MTO 
MHorMe MepTbi mx ÔMOJiorMM m oKOJiorMM c xo/iHbi. ilooTOMy KaxeTCH BnoJiHe B epo-  
HTHblM, MTO OÖa OHM HBJIHIOTCH OÜHMM M TeM X e  BHUOM, nOCKOJIbKy esponeMCKMe 
yJIMTKM Ö bí JIM MH TpO/iy UMpOBaHbl M3 HOBOM 3 e J ia H / IM M  (mJIM ABCTpaJIMM? )  E X I X  

C TOJie TMM .

Z . A . F .


