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ABSTRACT

I s o g e n ic  c lo n e s  o f  H. l u c i a e  w ere  r a i s e d  a t  18° and 28°C . A f te r  
s e v e r a l  g e n e r a t i o n s  o f  g ro w th  and m o rp h o g e n e s is  a t  th e s e  two d e v e lo p ­
m e n ta l  t e m p e r a tu r e s ,  d i f f e r e n c e s  i n  O2  u p ta k e  c o u ld  no lo n g e r  b e  e r a s e d  
by  a c c l im a t i o n  to  a  common te m p e r a tu r e .  A c c lim a te d  O2  u p ta k e  r a t e s  
w ere  18-19% h ig h e r  i n  a n im a ls  r a i s e d  a t  t h e  lo w e r  te m p e r a tu r e  th a n  in  
a n im a ls  o f  t h e  same body s iz e , r a i s e d  a t  th e  h ig h e r  te m p e r a tu r e .  When 
th e  body s i z e  r e l a t i o n s h i p  i s  ig n o r e d ,  h o w ev er, t h e  in f l u e n c e  o f  
d e v e lo p m e n ta l  te m p e ra tu r e  on O2  u p ta k e  i s  m asked d u e  to  t h e  l a r g e r  
s i z e  o f  th e  18°C r a i s e d  a n im a ls .

The i r r e v e r s i b l e  c h an g e  i s  n o t  d u e  to  an  i n c r e a s e  in  t h e  g a s  e x ­
c h an g e  s u r f a c e  a r e a  a t  t h e  p r im a ry  s i t e  o f  O2  u p ta k e .  I n  a d d i t i o n ,  no 
e v id e n c e  was fo u n d  o f  q u a l i t a t i v e  c h a n g e s  i n  s e v e r a l  enzym es w h ich  
c o u ld  i n f l u e n c e  a e r o b ic  m e ta b o lis m . The ch an g e  c o u ld  b e  d u e  to  e i t h e r  
a  s h i f t  i n  th e  r e l a t i v e  c o n c e n t r a t i o n s  o f  t h e  com ponen ts  o f  a  m u l t i p l e  
isozym e sy s te m , o r  to  q u a l i t a t i v e  a l t e r a t i o n s  in  o th e r  enzym es w h ich  
w ere  n o t  ex am in ed .

vii



IRREVERSIBLE NONGENETIC TEMPERATURE ADAPTATION OF 

OXYGEN UPTAKE IN CLONES OF THE SEA ANEMONE 

HALIPLANELLA LUCIAE (VERRILL)



INTRODUCTION

F o r many y e a r s  p h y s i o l o g i c a l  d i f f e r e n c e s  h av e  b een  o b s e rv e d  among 

l a t i t u d i n a l l y  s e p a r a te d  p o p u la t io n s  o f  t h e  same s p e c ie s .  ( B u l lo c k ,  1955; 

P r o s s e r ,  1955 ; V e rn b e rg , 1 9 6 2 ) . T h ese  d i f f e r e n c e s  h av e  b e e n  a t t r i b u t e d  

to  a  v a r i e t y  o f  p h e n o ty p ic  a d a p t a t i o n s  and a l s o  to  g e n e t i c  v a r i a t i o n .

One o f  t h e  e a r l i e s t  ex am p les  o f  p h y s i o l o g i c a l  v a r i a t i o n  was th e  

d i f f e r e n c e  in  a c u t e l y  m easu red  b e l l  p u l s a t i o n  r a t e s  o f  t h e  j e l l y f i s h  

A u r e l i a  a u r i t a  c o l l e c t e d  from  Nova S c o t i a  and F l o r i d a  (M ayer, 1 9 1 4 ) , 

t h e  d i r e c t i o n  o f  w h ich  a g re e d  w i th  K ro g h 's  (1916) p r e d i c t i o n  o f  in c r e a s e d  

r a t e s  i n  c o ld  a d a p te d  a n im a ls  com pared to  warm a d a p te d  a n im a ls ,  when 

t h e  r a t e s  a r e  m e asu re d  a t  a  common te m p e r a tu r e .  More r e c e n t  s t u d i e s  

o f  oxygen  u p ta k e  a s  w e l l  a s  m o to r a c t i v i t y  in  c n i d a r i a n s  c o n f irm e d  th e  

e x i s t e n c e  o f  d i s t i n c t  r e s p o n s e s  i n  l a t i t u d i n a l l y  s e p a r a te d  p o p u la t io n s  

w i th i n  a  s p e c ie s  (S assam an  and  Mangum, 1970; Mangum e t  a l . ,  1972;

S h ic k ,  1 9 7 6 ) .

I n  many ex am p les  o f  i n t r a s p e c i f i c  v a r i a t i o n ,  l a t i t u d i n a l  d i f f e r e n c e s  

d i s a p p e a r  w i th  a c c l im a t i o n  to  common c o n d i t i o n s ,  i n d i c a t i n g  t h e i r  p h en o ­

t y p i c  o r i g i n .  I n  s e v e r a l  s t u d i e s  o f  l a t i t u d i n a l l y  s e p a r a t e d  p o p u la t io n s  

h o w ev e r, t h e  d i f f e r e n c e s  p e r s i s t  d e s p i t e  p ro lo n g e d  e x p o s u re  to  common 

c o n d i t i o n s ,  w h ich  h a s  b e e n  i n t e r p r e t e d  a l t e r n a t i v e l y  a s  1) g e n e t i c  d i ­

v e rg e n c e  and  2) " i r r e v e r s i b l e  n o n g e n e t ic  a d a p t a t i o n "  (K in n e , 1 9 6 2 ) .

T h e re  a r e  num erous exam p les  o f  v a r i a t i o n  w h ich  i s  h ig h ly  l i k e l y  to  h av e  

a  g e n e t i c  b a s i s ,  e . g . i n t e r s p e c i f i c  v a r i a t i o n  (V e rn b e rg , 1 9 6 2 ) .  The 

p o s s i b i l i t y  o f  n o n g e n e t ic  b u t  i r r e v e r s i b l e  a d a p t a t i o n  w i th i n  s p e c ie s  i s  

l e s s  c e r t a i n .

E v id e n c e  o f  t h i s  phenonm enon in  D ro s o p h i la  su b o b s c u ra  was p r e s e n te d

by  S m ith  (1 9 5 6 ) ,  who in d u c e d  v a r i a t i o n  i n  h e a t  t o l e r a n c e  among g ro u p s
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o f  f l i e s  r a i s e d  a t  d i f f e r e n t  t e m p e r a tu r e s .  The d i f f e r e n c e s ,  w h ich  d id  

n o t  d i s a p p e a r  c o m p le te ly  upon  a c c l im a t i o n  to  a  common te m p e r a tu r e ,  w ere  

a d a p t iv e  in  c h a r a c t e r ;  f l i e s  d e v e lo p in g  a t  t h e  h ig h e r  te m p e r a tu r e  s u r ­

v iv e d  lo n g e r  a t  an  u p p e r  l e t h a l  l i m i t .  H ow ever, s e l e c t i o n ,  o p e r a t in g  

d u r in g  d e v e lo p m e n t, c o u ld  c o n c e iv a b ly  e x p la in  t h e s e  r e s u l t s . K in n e  (1962) 

r e p o r te d  t h a t  f i s h  d e v e lo p e d  from  eg g s  w h ich  had b e e n  t r a n s f e r r e d  to  a  

d i f f e r e n t  s a l i n i t y  t h r e e  to  s ix  h o u rs  a f t e r  spaw ning  e x h i b i t  lo w er fo o d  

c o n v e r s io n  e f f i c i e n c i e s  r e l a t i v e  to  c o n t r o l s  d e v e lo p e d  from  eg g s  w hich  

re m a in e d  in  th e  spaw ning  s a l i n i t y .  He d o e s  n o t ,  h o w ev er, com pare  fo o d  

c o n v e r s io n  e f f i c i e n c i e s  o f  f i s h  a c c l im a te d  to  a  common s a l i n i t y  w h ich  had 

d e v e lo p e d  a t  d i f f e r e n t  s a l i n i t i e s .  I t  i s  n o t  c l e a r ,  t h e r e f o r e ,  w h e th e r  th e  

o b s e rv e d  d i f f e r e n c e s  in  fo o d  c o n v e r s io n  e f f i c i e n c i e s  a r e  r e v e r s i b l e  upon 

a c c l im a t i o n  to  common c o n d i t i o n s .  B ra d le y  (1978) showed t h a t  co p ep o d s  

r a i s e d  a t  20°C a r e  m ore t o l e r a n t  o f  h ig h  te m p e r a tu r e s  th a n  th o s e  r a i s e d  a t  

10°C . H ow ever, th e s e  r e s u l t s  c o u ld  h av e  a r i s e n  from  s e l e c t i o n  d u r in g  r e a r ­

in g  o r  to  a  th e rm a l  a c c l im a t i o n  t h a t  r e q u i r e s  m ore th a n  two d a y s  e x p o s u re  to  

a  common te m p e r a tu r e  to  d i s a p p e a r .  S c h n e id e r  (1968) c o n c lu d e d  t h a t  d i f ­

f e r e n c e s  i n  a c c l im a te d  oxygen  u p ta k e  r a t e s  among p o p u la t io n s  o f  t h e  c r a b  

R h ith ro p a n o p e u s  h a r r i s i  c a n  b e  r e v e r s e d  o n ly  i n  p a r t  by  b r e e d in g  th e  c r a b s  

a t  a  common te m p e r a tu r e ,  b u t  th e  f u l l  r e p o r t  o f  t h e s e  d a t a  h a s  n o t  a p p e a re d .

The mode o f  r e p r o d u c t io n  i n  t h e  a c t i n i a n  H a l i p l a n e l l a  l u c i a e  ( V e r r i l l )  

o f f e r s  a n  i n t e r e s t i n g  a p p ro a c h  to  th e  q u e s t io n  o f  n o n g e n e t ic  a d a p t a t i o n  

w h ich  i s  i r r e v e r s i b l e  w i th i n  a  p e r io d  o f  p ro lo n g e d  a c c l im a t i o n  to  common 

c o n d i t i o n s .  T h is  s p e c ie s  r e p ro d u c e s  l a r g e l y  by a s e x u a l  m e ch an ism s, lo n g ­

i t u d i n a l  f i s s i o n  b e in g  th e  m o st common (S h ic k  and Lamb, 1 9 7 7 ) .  The f i s ­

s io n  p r o c e s s  i n  H a l i p l a n e l l a  l u c i a e  and  th e  e f f e c t s  o f  te m p e r a tu r e  and 

o th e r  e n v iro n m e n ta l  f a c t o r s  on i t  h av e  been  s tu d ie d  in  d e t a i l  by s e v e r a l
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a u th o r s  (T o r re y  and M ery, 1904 ; D a v is ,  1919; U c h id a , 1932; M iyaw ak i, 

1952 ; M in a s ia n , 1 9 7 6 ) .  L o n g i tu d in a l  f i s s i o n  ca n  b e  in d u c e d  in  th e  

l a b o r a t o r y  by s t o r i n g  th e  a n im a l a t  10°C o r  be lo w  f o r  s i x  to  e i g h t  

w e e k s , fo l lo w e d  by  r a i s i n g  th e  te m p e r a tu r e  ab o v e  10°C (S assa m an , 

p e r s .  com m .). T h is  t r e a tm e n t  a p p a r e n t ly  s im u la te s  i n c r e a s i n g  w a te r  

t e m p e r a tu r e s  d u r in g  s p r in g .  A f t e r  f i s s i o n  th e  d a u g h te r  a n im a ls  r e ­

g e n e r a te  t i s s u e s  to  c l o s e  t h e  body w a l l  t o r n  i n  t h e  p r o c e s s .  Thus 

i s o g e n ic  c lo n e s  o f  a n im a ls  c a n  be r a i s e d  u n d e r  d i f f e r e n t  e n v iro n m e n ta l  

c o n d i t i o n s  and  l a t e r  com p ared , v i r t u a l l y  e l im i n a t in g  t h e  p o s s i b i l i t y  

o f  g e n e t i c  v a r i a b i l i t y  among t h e  e x p e r im e n ta l  a n im a ls .

I n  t h e  p r e s e n t  s tu d y ,  t h r e e  g e n e r a t io n s  o f  i s o g e n ic  anem ones 

w ere  r e a r e d  a t  e ac h  o f  two te m p e r a tu r e s ,  and t h e i r  r a t e s  o f  oxygen  

u p ta k e  com pared a f t e r  a c c l im a t i o n  to  common th e rm a l  c o n d i t i o n s .  A 

few  o b s e r v a t io n s  w ere  a l s o  m ade on th e  e l e c t r o p h o r e t i c  b a n d in g  

p a t t e r n s  o f  f i v e  enzym es and on th e  d im e n s io n s  o f  th e  g a s  ex ch a n g e  

s u r f a c e .



MATERIALS AND METHODS

C o l l e c t i o n ,  M a in te n a n c e  o f  A n im als  and E x p e r im e n ta l  D es ig n

S pec im en s o f  H a l i p l a n e l l a  l u c i a e  ( V e r r i l l )  w ere  c o l l e c t e d  from  

t h e  Y ork  R iv e r  e s tu a r y  a t  t h e  m outh  o f  I n d ia n  F i e l d  C re e k , V i r g i n i a  

i n  J a n u a ry  1977 (< 1 0 °C ). I n c lu d e d  in  t h i s  sam p le  w ere  a n im a ls  o f  

U c h id a ’s  (1932) c o l o r  ty p e s  1 and 3 ,  i n d i c a t i n g  g e n e t i c  h e t e r o ­

g e n e i ty  i n  t h e  p o p u la t io n .  A ssum ing a l l  a n im a ls  to  b e  g e n e t i c a l l y  

u n iq u e ,  s i n g l e  i n d i v i d u a l s  w ere  p la c e d  i n  30 m l p l a s t i c  b e a k e r s  

f i l l e d  w i th  Y ork  R iv e r  w a te r .  One h a l f  o f  t h e  a n im a ls  w ere  p la c e d  

a t  28°C and  th e  re m a in d e r  s to r e d  a t  18°C . A f t e r  a p p ro x im a te ly  two 

w eeks m o st o f  t h e  a n im a ls  a t  b o th  te m p e r a tu r e s  had f i s s i o n e d ,  e a c h  

o r i g i n a l  i n d i v i d u a l  p ro d u c in g  two o r  m ore  p ro g e n y  ( c lo n e m a t e s ) .

When r e g e n e r a t i o n  was c o m p le te ,  t h e  a n im a ls  w ere  t r a n s f e r r e d  to  5°C 

f o r  s i x  t o  e i g h t  w eek s . A t t h e  end o f  t h i s  p e r i o d ,  t h e  c lo n e m a te s  

w ere  s e p a r a t e d  and a l lo w e d  to  u n d e rg o  f i s s i o n  and  s u b s e q u e n t fo rm a­

t i o n  o f  new t i s s u e  a t  d i f f e r e n t  d e v e lo p m e n ta l  t e m p e r a tu r e s :  one

member o f  e a c h  c lo n e  w as ran d o m ly  c h o se n  and  p la c e d  a t  18°C and  i t s  

c lo n e m a te  was p la c e d  a t  28°C . A f t e r  f i s s i o n  and r e g e n e r a t i o n ,  th e  

seco n d  g e n e r a t io n  c lo n e m a te s  w ere  s e p a r a t e d ,  s to r e d  a t  5°C f o r  6 -8  

w eeks and  th e n  r e tu r n e d  to  t h e i r  d e v e lo p m e n ta l  te m p e r a tu r e ,  w h ere  a  

t h i r d  g e n e r a t i o n  was p ro d u c e d . Thus t h e r e  a r e  f o u r  g ro u p s  o f  a n im a ls  

a c c o rd in g  to  d e v e lo p m e n ta l  te m p e r a tu r e  and  t h e  num ber o f  g e n e r a t io n s  

p ro d u c e d  a t  a  g iv e n  te m p e r a tu r e :  1) a n im a ls  ta k e n  from  th e  f i e l d  t h a t

d iv id e d  and  fo rm ed  new t i s s u e  t h r e e  t im e s  a t  18°C o r  2) 28°C , and  3) 

a n im a ls  t h a t  d iv id e d  f i r s t  a t  18°C and  s u b s e q u e n t ly  a  seco n d  and  t h i r d  

t im e  a t  28°C o r  4) f i r s t  a t  28°C and  s u b s e q u e n t ly  a  seco n d  and  t h i r d

tim e  a t  18°C . B eca u se  o f  th e  d i f f e r e n c e  i n  t h e  num ber o f  f i s s i o n s  a t

5



e a c h  d e v e lo p m e n ta l te m p e r a tu r e  ( F ig .  1) a  c o n t r o l  was n e c e s s a r y  to  

p e rm it  p o o lin g  th e  d a t a  f o r  a l l  c lo n e s  a t  a p a r t i c u l a r  d e v e lo p m e n ta l 

te m p e r a tu r e .  The r a t e s  f o r  a n im a ls  w h ich  f i s s i o n e d  tw ic e  a t  a  d e v e lo p -  

n ie n ta l  te m p e r a tu r e  w ere  com pared w i th  th o s e  f o r  a n im a ls  w h ich  had f i s s i o n ­

ed t h r e e  t im e s  a t  t h a t  d e v e lo p m e n ta l t e m p e r a tu r e .  The im p o r ta n t  a s p e c t  

o f  t h e  e x p e r im e n ta l  d e s ig n  i s ,  h o w ev er, t h a t  e a c h  i n d i v i d u a l  h a s  a t  

l e a s t  one  c lo n e m a te  t r e a t e d  in  th e  same way b u t  g iv e n  th e  a l t e r n a t i v e  

th e rm a l  re g im e  ( F ig .  1 ) .

D evelopm en t and g ro w th  o c c u r re d  a t  th e  s p e c i f i e d  te m p e ra tu r e  in  

n a t u r a l  e s t u a r y  w a te r  (1 5 -2 1  ° /o o  w ith  mem bers o f  a l l  g ro u p s  g iv e n  

th e  same s a l i n i t y  r e g im e ) . A t l e a s t  f o u r  d a y s  p r i o r  to  th e  m easu rem en t 

o f  oxygen  u p ta k e ,  t h e  s a l i n i t y  was b ro u g h t to  18 ° / ’o o . A n im als w ere  

f e d  an  e x c e s s  o f  f r e s h l y  h a tc h e d  A rte m ia  n a u p l i i  e v e ry  o th e r  d a y .

Oxygen U p tak e  M easu rem en ts

Oxygen u p ta k e  (tfc^) t îe  t h i r d  g e n e r a t i o n  c lo n e m a te s  was m e a su re -  

ed a t  t h e  d e v e lo p m e n ta l  te m p e r a tu r e  (T D ), t h e  same a s  th e  a c c l im a t io n  

te m p e r a tu r e  (T A ). T h ese  d a t a  a r e  d e s ig n a te d  1) TD = 18°C =TA and 2)

TD = 28°C -  TA. O th e r ,  b u t  i s o g e n i c ,  i n d i v i d u a l s  w ere  t r a n s f e r r e d  to  

t h e  a l t e r n a t i v e  t e m p e r a tu r e ,  h e ld  t h e r e  f o r  2 -4  w eeks and  oxygen  u p ­

t a k e  m e a su re d . T h ese  d a t a  a r e  d e s ig n a t e d  3) TD -  18°C , TA = 28°C 

and  4) TD -  28°C , TA = 18°C . A l l  m e asu re m en ts  w ere  made i n  m i l l i p o r e  

f i l t e r e d  w a te r  a t  18 ° /o o  s a l i n i t y  by  a d j u s t i n g  th e  c o n c e n t r a t i o n  o f  

n a t u r a l  w a te r  w i th  d i s t i l l e d  w a te r  o r  c o m m erc ia l s e a  s a l t  (Dayno C o r p . ) . 

A n im als  w ere  s t a r v e d  f o r  6 0 -84  h o u rs  b e f o r e  an  e x p e r im e n t ,  and  t r a n s ­

f e r r e d  to  t h e  r e s p i r o m e t r y  cham bers t h e  n ig h t  b e f o r e  an  e x p e r im e n t 

t o - p e r m i t  a t ta c h m e n t  to  th e  w a l l  o f  t h e  ch am b er. Oxygen d e p l e t i o n  

was m e asu red  w i th  a  Y e llo w  S p r in g s  I n s t r u m e n t  Co. M odel 53 B i o l o g ic a l  

Oxygen M o n ito r ,  u s in g  a  h ig h  s e n s i t i v i t y  (0 .0 0 0 5  in )  t e f l o n  m em brane



F ig .  1 C lo n in g  o f  H. l u c i a e  a t  18°C and 2 8 °C . The exam ple  shox^s 
two a n im a ls  (A and B) assum ed to  be  g e n e t i c a l l y  u n iq u e .  
S o l id  a r ro w s  i n d i c a t e  t r a n s f e r  from  one te m p e r a tu r e  to  
a n o th e r ;  d o t t e d  a r ro w s  i n d i c a t e  f i s s i o n  and  r e g e n e r a t i o n .  
Roman n u m e ra ls  i n d i c a t e  g e n e r a t i o n .
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and a  IxlOmm s t i r r i n g  b a r .  The a n im a ls  w ere  p e r m i t t e d  to  a d j u s t  to  

s t i r r i n g  f o r  one h o u r b e f o r e  s e a l i n g  th e  cham ber and th e  d a t a  w ere  

d i s c a r d e d  when th e  t e n t a c l e s  w ere  r e t r a c t e d  b e f o r e  c o m p le tio n  o f  th e  

m e a su re m e n t. A l l  d a t a  in  t h e  PC>2 i n t e r v a l  11 0 -1 5 9  mm Hg w ere  a n a ly z e d .  

F o r e a c h  e x p e r im e n t a  m easu rem en t o f  t h e  oxygen u p ta k e  o f  th e  e l e c t r o d e  

was made u s in g  an  em pty ch am b er, and  t h i s  v a lu e  was s u b t r a c t e d  from  th e  

e x p e r im e n ta l  r a t e .

A t th e  end o f  an  e x p e r im e n t a n im a ls  w ere  s t im u la t e d  to  r e t r a c t  t h e i r  

t e n t a c l e s ,  rem oved from  th e  c h a m b e rs , l i g h t l y  b l o t t e d  and w eighed  to  th e  

n e a r e s t  t e n t h  o f  a  m i l l ig r a m  (Cahn E l e e t r o b a l a n c e ,  M odel G, V e n tro n  

I n s t r u m e n t s  C o r p . ) .

E l e c t r o p h o r e s i s

A n im als  w ere  s ta r v e d  f o r  one week aiid th e n  f r o z e n  w h o le , e i t h e r  

s i n g ly  o r  i n  g ro u p s  from  th e  same c lo n e  and t r e a tm e n t  g ro u p , in  two 

v o lu m es  o f  b u f f e r :  0 .0 5  M t r i s  ( t i t r a t e d  to  pH 8 w i th  c o n c e n t r a te d  HCl)

and  0 .0 0 1  M EDTA, to  w h ich  NADP (4 m g/1) was a d d e d . F r e e z in g  to o k  

p l a c e  q u ic k ly  i n  a b a th  o f  d ry  i c e  and a c e to n e ,  and  th e  sam p le s  w ere  

th e n  s to r e d  a t  -70°C  u n t i l  h o m o g en ized . S am ples w ere  th a w ed , homo­

g e n iz e d  and  c e n t r i f u g e d .  When n e c e s s a r y  th e  s u p e r n a ta n t s  w ere  d i l u t e d  

a s  much a s  50% w i th  d i s t i l l e d  w a te r  to  o b t a in  25 y l w h ich  w ere  lo a d e d  

I n to  s l o t s  o f  h o r i z o n t a l  s t a r c h  g e l s  (13% w /v ; Sigm a s t a r c h ) .

G el and e l e c t r o d e  b u f f e r s  f o r  g lu c o s e - 6 - p h o s p h a te  d e h y d ro g e n a se  

(G-6-PDH, E .C . 1 .1 .1 .4 9 )  and  i s o c i t r a t e  d e h y d ro g e n a se  (IDH, E .C .

1 .1 .1 .4 2 )  w ere  m o d if ie d  from  M a rk e r t and  F a u lh a b e r  (1 9 6 5 ) :  0 .9  M t r i s ,  

0 .5  M b o r i c  a c i d ,  0 .0 2  M EDTA d i l u t e d  1 :2 0  f o r  t h e  g e l  b u f f e r  and  1 :6  

f o r  t h e  e l e c t r o d e s ;  in  a d d i t i o n ,  30 mg and 10 mg NADP w ere  added  to  

t h e  g e l  and to  th e  c a th o d a l  b u f f e r  t r a y ,  r e s p e c t i v e l y .  The g e l  and



e l e c t r o d e  b u f f e r s  f o r  m a la te  d e h y d ro g e n a se  (MDH, E .C . 1 .1 .1 .3 7 )  w ere  

th o s e  d e s c r ib e d  by N ic h o ls  and  R u d d le  (1 9 7 3 ) .  The d is c o n t in u o u s  LiOH 

b u f f e r  sy s tem  o f  S e la n d e r ,  e t  a l .  (1969) was u se d  f o r  p h o sp h o g lu c o se  

is o m e ra s e  (P G I, E .C . 5 . 3 .1 .9 )  and  h e x o k in a s e  (HK, E .C . 2 . 7 . 1 . 1 . ) .

The p e r io d  o f  e l e c t r o p h o r e s i s  was 3 -4  h o u r s .  A f te r  e l e c t r o p h o r e s i s  

a t  350 v o l t s ,  g e l s  w ere  s l i c e d  and s t a i n e d  w i th  s l i g h t  m o d i f i c a t i o n s  

o f  t h e  p ro c e d u re s  d e s c r ib e d  by Shaw and P ra s a d  (1970) and B rew er 

(1 9 7 0 ) .  The g e l s  w ere  p r e s e r v e d  o v e r n ig h t  i n  50% e t h y l  a l c o h o l ,  

b l o t t e d  and s to r e d  in  p l a s t i c  w rap u n t i l  p h o to g ra p h e d .

Gas E xchange S u r f a c e  A rea

A n im als  from  th e  TD=18°C=TA and  th e  TD=28°C=TA t r e a tm e n t  g ro u p s  

w ere  a n e s th e t i z e d  w i th  M gC^* T e n ta c l e s  w ere  c o u n te d  and th e  e x t e r n a l  

s u r f a c e  a r e a s  o f  th e  body w a l l  and t h e  t e n t a c l e s  w ere  a p p ro x im a te d  

from  m e asu re m en ts  made a t  10-25X , u s in g  fo rm u la s  f o r  t h e  f ru s tu m  o f  

a  c o n e  and f o r  a  c y l i n d e r ,  r e s p e c t i v e l y .

S t a t i s t i c a l  A n a ly se s

Mean VO  ̂ v a lu e s  w ere  com puted  by d e te rm in in g  th e  r a t e  d u r in g  each  

tim e  i n t e r v a l  o f  th e  c o n t in u o u s  r e c o r d  o f  t h e  ch an g e  i n  oxygen  c o n c e n ­

t r a t i o n .  T h u s , u n l e s s  s p e c i f i c a l l y  s t a t e d  o th e r w is e ,  t h e  N v a l u e  g iv e n  

be lo w  r e p r e s e n t s  th e  sum o f  a l l  d a t a  o b ta in e d  from  t h e  m em bers o f  an  

e x p e r im e n ta l  g ro u p , w h ich  a r e  t r e a t e d  a s  a  hom ogeneous p o p u la t io n .

The c o m p a riso n  was c o m p lic a te d ,  h o w ev e r, by t h e  d i f f e r e n t  body 

s i z e s  o f  th e  e x p e r im e n ta l  g ro u p s  ( s e e  below ) . Two a l t e r n a t i v e  p ro ­

c e d u r e s  w ere  u s e d  to  e l im i n a t e  d i f f e r e n c e s  d u e  to  body s i z e  from  t h e  

c o n c l u s i o n s .  F i r s t ,  a  r e g r e s s i o n  c o e f f i c i e n t  o f  - 0 .4 3  was u s e d  to  

c o r r e c t  r a t e s  to  a  common w e ig h t o f  1 .6  mg by c o v a r ia n c e  a n a l y s i s .
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T h is  c o e f f i c i e n t  was d e te rm in e d  by p e r f o r m in g  a  r e g r e s s i o n  a n a l y s i s  

on d a t a  from  t h e  TD = 18°C = TA t r e a t m e n t  g ro u p  (N = 14 a n i m a l s ,  r  = 

0 .7 5 ,  P « 0 . 0 0 1 ) .  T h i s  r e l a t i o n s h i p  i s  homogeneous, showing no e v i d e n c e  

o f  t h e  d i s c o n t i n u i t y  o b s e rv e d  by S h ic k  e t  a l .  ( 1 9 7 8 ) .  S eco n d ,  t h e  

d a t a  w ere  g ro u p e d  by  w e ig h t  c l a s s e s  e s t a b l i s h e d  from  an  a n a l y s i s  o f  

f r e q u e n c y  d i s t r i b u t i o n s ,  and t h e  c o m p a r is o n  made w i t h i n  t h e  c l a s s e s .

A l th o u g h  t h e  e x p e r i m e n t a l  d e s i g n  p e r m i t s  a n a l y s i s  o f  t h e  d a t a  a s  

p a i r e d  o b s e r v a t i o n s  t h e  a v a i l a b l e  p r o c e d u r e s  f o r  co m pu ting  S t u d e n t ’ s 

t  ̂ r e q u i r e  a n  e q u a l  number o f  o b s e r v a t i o n s  i n  e a c h  member o f  t h e  p a i r ,  

a  c o n d i t i o n  w h ich  was n o t  m e t .  The e le m e n t  o f  g e n e t i c  h o m o g e n e i ty  

was m a in t a i n e d  i n  t h e  e x p e r i m e n t a l  d e s i g n  by k e e p in g  v i r t u a l l y  c o n ­

s t a n t  t h e  p e r c e n t  o f  t h e  t o t a l  number o f  o b s e r v a t i o n s  made on e a c h  

c l o n e  u n d e r  e a c h  c o m b in a t io n  o f  d e v e lo p m e n ta l  and  e x p e r i m e n t a l  

t e m p e r a t u r e s .



RESULTS

E f f e c t  o f  D e v e lo p m e n ta l  T e m p e ra tu re  On Body S i z e

At 28°C f i s s i o n  o c c u r r e d  m ore r a p i d l y  and  m ore f r e q u e n t l y  th a n  

a t  18°C, r e s u l t i n g  i n  more num erous b u t  s m a l l e r  p ro g e n y  ( s e e  b e l o w ) .

As s u g g e s te d  e a r l i e r  by a  number o f  i n v e s t i g a t o r s  (R ay , 1960; Mangum, 

1963; S h ic k ,  1972) t h i s  f i n d i n g  s u g g e s t s  t h a t  t h e  o f t e n  o b s e rv e d  

phenomenon o f  a  l a r g e r  body s i z e  i n  t h e  c o l d e r  r e g i o n s  o f  a  s p e c i e s  

r a n g e  r e s u l t s  from  l a t i t u d i n a l  d i f f e r e n c e s  i n  d e v e lo p m e n ta l  t e m p e r a t u r e .

The f r e q u e n c y  d i s t r i b u t i o n  o f  w e ig h t  i n  e a c h  e x p e r i m e n t a l  g ro u p  

( F i g .  2) i n d i c a t e s ,  i n  g e n e r a l ,  t h a t  body s i z e  o f  t h e  a n im a ls  i s  m ore  

w id e ly  d i s t r i b u t e d  i n  t h e  18°C d e v e lo p m e n ta l  g ro u p  t h a n  i n  t h e  28°C 

d e v e lo p m e n ta l  g r o u p .  A lm ost 73% o f  t h e  a n im a l s  i n  t h e  TD = 28°C = TA 

t r e a t m e n t  g ro u p  w e ig h  1 .1  mg o r  l e s s ,  and  91% o f  t h e  a n im a ls  i n  t h e  

TD = 28°C, TA = 18°C e x p e r i m e n t a l  g ro u p  w e ig h  2 . 0  mg o r  l e s s .  I n  c o n -  

t r a s t ,  o n ly  29% o f  t h e  a n im a ls  i n  t h e  TD = 18°C = TA g ro u p  and  17% o f  

,, t h o s e  i n  t h e  TD = 18°C , TA = 28°C t r e a t m e n t  g ro u p  w e ig h  1 . 1  mg o r  l e s s .  

I n  t h e s e  g r o u p s ,  r e a r e d  a t  low  t e m p e r a t u r e ,  h i g h e r  f r e q u e n c i e s  o f  

a n im a l s  i n  t h e  h i g h e r  w e ig h t  c l a s s e s  a r e  a l s o  e v i d e n t  ( F i g .  2 ) .  A 

c o m p a r is o n  o f  t h e  f r e q u e n c y  d i s t r i b u t i o n s  by w e ig h t  c l a s s  o f  t h e  two 

d e v e lo p m e n ta l  t e m p e r a t u r e  g ro u p s  e m p h a s iz e s  t h e  t r e n d s  ( F i g .  3 ) .  The 

mean body w e ig h t  o f  t h e  TD = 28°C = TA and TD = 28°C, TA = 18°C a n im a ls  

i s  1 .4  mg; t h e  mean w e ig h t  o f  t h e  two TD « 18°C g ro u p s  i s  2 .0  mg. The 

m e d ian  w e ig h t  c l a s s  o f  t h e  two TD ~ 28°C g ro u p s  i s  0 . 6 - 0 . 8  mg, and  t h e  

c o r r e s p o n d in g  f i g u r e  f o r  t h e  TD = 18°C g ro u p s  i s  2 . 1 - 2 . 3  mg.

Oxygen U p tak e

T h re e  c l o n e s  o f  a n i m a l s  w h ich  f i r s t  f i s s i o n e d  a t  18°C and one  c l o n e

11



Fig. F re q u e n c y  d i s t r i b u t i o n  o f  body w e ig h t  i n  t r e a t m e n t  g r o u p s ,  
d e s i g n a t e d  by  d e v e lo p m e n ta l  (TD) and a c c l i m a t i o n  (TA) 
t e m p e r a t u r e .
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F i g .  3 F re q u e n c y  d i s t r i b u t i o n  o f  body w e ig h t  i n  (A) a l l  a n im a l s
u s e d  i n  t h e  oxygen u p t a k e  e x p e r i m e n t ,  (B) TD = 28°C
d e v e lo p m e n ta l  g ro u p s  o n l y ,  and  (C) TD = 18°C d e v e lo p m e n ta l
g r o u p s  o n l y .
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o f  a n im a l s  w hich  f i r s t  f i s s i o n e d  a t  28°C p ro d u ced  t h i r d  g e n e r a t i o n  

a n im a ls  a t  b o th  d e v e lo p m e n ta l  t e m p e r a t u r e s .  T h ese  f o u r  c l o n e s  w ere  

u s e d  a s  t h e  e x p e r i m e n t a l  m a t e r i a l .  No s i g n i f i c a n t  d i f f e r e n c e s  w ere  

fo u n d  b e tw ee n  t h e  c o n t r o l  g r o u p s  (P > 0 .8 5 )  i n d i c a t i n g  t h a t  t h e  r e s p o n s ­

e s  o f  VO2  i n  a n im a l s  t h a t  h a v e  f i s s i o n e d  tw ic e  a t  a  p a r t i c u l a r  d e v e l o p ­

m e n ta l  t e m p e r a t u r e  i s  t h e  same a s  i n  a n im a ls  t h a t  h av e  f i s s i o n e d  t h r e e  

t i m e s  a t  t h a t  d e v e lo p m e n ta l  t e m p e r a t u r e .

The mean w e ig h t  c o r r e c t e d  oxygen u p t a k e  r a t e s  o f  t h e  two TD = 18°C 

g ro u p s  a r e  s i g n i f i c a n t l y  h i g h e r  (P < 0 .0 1 )  t h a n  t h o s e  o f  t h e  two TD = 28°C 

g ro u p s  a t  b o th  a c c l i m a t i o n  t e m p e r a t u r e s  (T a b le  I ) . A t t h e  t e s t  te m p e ra ­

t u r e  o f  18°C t h e  r a t e s  i n  t h e  TD = 18°C g ro u p s  a r e  18% h ig h e r  t h a n  t h o s e  

o f  t h e  TD = 28°C g r o u p s ,  and  a t  28°C t h e  r a t e s  a r e  19% h i g h e r .  H owever, 

u s i n g  t h e  raw  d a t a  f o r  t h e  s m a l l e r  a n im a ls  p ro d u c e d  a t  28°C and  t h e  

l a r g e r  o n e s  p ro d u c e d  a t  18°C , t h e  d i f f e r e n c e  d im in i s h e d  t o  4% a t  t h e  

t e s t  t e m p e r a t u r e  o f  18°C and  i t  i s  a c t u a l l y  r e v e r s e d  a t  28°C ( —8%).

Thus a  c o n fo u n d in g  i n f l u e n c e  o f  d e v e lo p m e n ta l  t e m p e r a t u r e ,  i t s  e f f e c t  

on  body s i z e ,  may o b s c u r e  t h e  d i r e c t  e f f e c t  on t h e  a c c l i m a t e d  r a t e  o f  

oxygen  u p t a k e .

The f r e q u e n c y  d i s t r i b u t i o n  by w e ig h t  o f  a l l  a n i m a l s  u s e d  i n  t h e  

oxygen  u p t a k e  e x p e r im e n t s  i s  shown i n  F i g .  3 .  When t h e  r a t e s  a r e  com­

p a r e d  by  w e ig h t  c l a s s ,  s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  t h e  TD = 18°C 

and  t h e  TD = 28°C g ro u p s  a r e  fo u n d  i n  on e  o f  t h e  f o u r  p o s s i b l e  com­

p a r i s o n s  a t  18°C and  i n  two o f  t h r e e  a t  28°C (T a b le  I I ) . The t r e n d  

o f  h i g h e r  r a t e s  i n  t h e  TD = 18°C g ro u p s  i s  u n i f o r m l y  c o n s i s t e n t ,  b u t  

t h e  p r o b a b i l i t y  l e v e l s  r i s e  du e  t o  t h e  s m a l l e r  number o f  o b s e r v a t i o n s  

(N) .

QlQ v a l u e s  f o r  b o th  d e v e lo p m e n ta l  t e m p e r a t u r e  g ro u p s  (T a b le  I I )



TABLE I

A. Oxygen uptake (yl/gm-hr) in isogenic Haliplanella luciae reared for

2-3 generations at different temperatures. Mean + S.E. (N) . Probability 

values from one-way analyses of variance comparing developmental temp-

erature groups at each test (= acclimation) temperature.

Test temperature (°C)
Body wt. 

(mg)

Developmental

18

temperature (°C) 

28 P

18 1.9±0.2 243.7+12.0
(111)

235.0+16.2
(72)

n. s.

28 1.3±0.1 487.1±24.1 
(36)

524.7+21.6
(54)

n.s.

B. Oxygen uptake (yl/gm-hr) corrected to a common body weight (1.6 mg) by 

covariance. Data analysis as above.

Developmental temperature (°C)

Test temperature (°C) 18 oHO' 28 oHO' P

18 257.0 ± 9.4 
(111)

1.99

218.7 + 13.9 
(72)

1.96

P«0.001

28 510.3 + 22.6 
(36)

427.8 + 14.5 
(54)

0.0018

15.



TABLE II

Weight corrected oxygen uptake rates (yl/gm-hr), Mean ± S.E. (N). Probability 
(P) values from one-way analyses of variance comparing the developmental temp­
erature group rates at each experimental (= acclimation) temperature for each 
weight class.

Weight class Developmental temperature (°C)
Experimental
temperature (°C) No. Range (rag) 18 28 P

18 1 (0.6-0.8) 270.5 + 46.2 (10) 194.5 + 33.2 (9) n.s.
2 (0.9-1.1) 269.8 t 38.0 (11) 146.6 + 41.4 (7) 0.0499
3 (1.2-1.7) 218.6 ± 22.7 (23) 159.1 + 21.8 (16) n. s.
4 (1.8-2.0) — -- 288.5 + 18.7 (24) -------

5 (2.1-3.7) 254.7 ± 11.2 (67) 258.8 + 4.1 (6) n. s.

28 1 (0.6-0.8) --- - ------ 444.0 + 22.8 (20) -------

2 (0.9-1.1) 413.3 ± 38.1 (6) 417.4 + 27.3 (20) n.s.
3 (1.2-1.7) 568.9 ± 13.8 (5) 408.3 + 37.7 (9) 0.003*
4 (1.8-2.0) 608.9 ± 34.3 (13) 439.9 + 24.1 (5) 0.01
5 (2.1-3.7) 427.4 ± 31.6 (12) -------

*Bartlett*s Test indicates non-homogenous variances for the two developmental 
groups of this weight class. A Separate Variance Estimate t-test was used to 
make this comparison.
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a r e  s i m i l a r ,  and th e y  a l s o  a p p r o x im a te  t h e  v a l u e s  r e p o r t e d  p r e v i o u s l y  

o v e r  t h e  same t e m p e r a t u r e  r a n g e  (S assam an  and Mangum, 1 9 7 0 ) .  Thus no 

e v id e n c e  o f  a  ch an g e  i n  t e m p e r a t u r e  s e n s i t i v i t y  w i t h  d e v e lo p m e n ta l  

t e m p e r a t u r e  i s  s e e n .  No o v e r a l l  p a t t e r n  o f  t e m p e r a t u r e  s e n s i t i v i t y  

i s  a p p a r e n t  i n  t h e  d a t a  g ro u p ed  by w e ig h t  c l a s s ,  t h u s  s u p p o r t i n g  p r e ­

v i o u s  c o n c l u s i o n s  t h a t  i t  i s  n o t  c o r r e l a t e d  w i t h  body s i z e  (Sassam an  

and Mangum, 1 9 7 0 ) .  Nor i s  t h e r e  a  t r e n d  i n  w i t h  d e v e lo p m e n ta l  

t e m p e r a t u r e .

Gas E xchange  S u r f a c e

A p o s s i b l e  e x p l a n a t i o n  o f  t h e  i r r e v e r s i b l e  d i f f e r e n c e  b e tw ee n  

c o ld  and  warm r e a r e d  anem ones i s  a  ch a n g e  i n  g a s  e x ch a n g e  s u r f a c e  a r e a .  

T h i s  h y p o t h e s i s  would be  S u p p o r te d  by an  i n c r e a s e  i n  t e n a c u l a r  s u r f a c e ,  

t h e  p r im a r y  s i t e  o f  oxygen  u p t a k e  i n  e p i f a u n a l  anem ones (S assam an  and 

Mangum, 1972; S h ic k  e t  a l . ,  1978) i n  t h e  TD = 18°C g r o u p s .  I n  f a c t ,  

m e a su re m e n ts  o f  g a s  ex ch a n g e  s u r f a c e  (T a b le  I I I )  i n d i c a t e  t h e  o p p o s i t e  

r e l a t i o n s h i p ,  s u g g e s t i n g  t h a t  t h e  d i f f e r e n c e  would b e  ev en  l a r g e r  i f  

t h e  g a s  e x ch a n g e  s u r f a c e  had re m a in e d  t h e  same.

Comparing a n i m a l s  i n  t h e  same w e ig h t  c l a s s ,  anem ones i n  t h e  TD = 

28°C g ro u p s  h a v e  m ore  t e n t a c l e s  and a  c o n s i s t e n t l y  l a r g e r  t o t a l  s u r ­

f a c e  a r e a  a v a i l a b l e  f o r  g a s  e x ch a n g e  t h a n  anem ones i n  t h e  TD = 18°C 

g r o u p s .  N ot o n ly  a r e  t h e  t e n t a c l e  num bers  g r e a t e r  i n  t h e  TD = 28°C 

g r o u p s ,  b u t  t h e  a v e r a g e  s u r f a c e  a r e a  p e r  t e n t a c l e  i s  g r e a t e r  a s  w e l l .  

M o reo v e r ,  t h e  p e r c e n t  o f  t h e  t o t a l  body s u r f a c e  a r e a  c o n t r i b u t e d  by 

t h e  t e n t a c l e s  a lw a y s  e x c e e d s  73 i n  t h e  TD = 28°C g r o u p s ,  com pared  t o  

a  maximum o f  57.5% i n  t h e  TD = 18°C a n i m a l s  (w e ig h t  c l a s s  2 ) .

E l e c t r o p h o r  e s  i s

The enzym es exam ined showed no q u a l i t a t i v e  d i f f e r e n c e s  i n  b a n d in g



TABLE III

Gas exchange surface area (cm^/gm wet wt.) in each developmental temperature 

group of Haliplanella luciae. N = No. animals. Weight classes as in Table 

II.

Developmental 
temperature (°C) Weight class N

Tentacle i 

No. tentacles cm^/gm

surface area

% Total body surface area

18 1 2 13 5.6 33.9

2 2 16 5.0 57.5

3 3 20 6.2 37.9

28 1 2 18 19.2 73.5

2 4 30 14.7 72.9

3 3 29 18.6 78.7

18
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p a t t e r n  e i t h e r  among t h e  s e p a r a t e  c l o n e s  o f  o n e  t r e a t m e n t  g r o u p  o r  

among c l o n e m a t e s  o f  d i f f e r e n t  t r e a t m e n t  g r o u p s .  T he  r e s u l t s  f o r  a l l  

o f  t h e  enzym es t e s t e d  a r e  s i m i l a r  and  t h e y  s u g g e s t  t h a t  t h e  p o p u l a t i o n  

H* l u c -i-a e  a t  I n d i a n  F i e l d  C re e k  e x h i b i t s  no v a r i a t i o n  a t  t h e s e  l o c i .

Of t h e  f i v e  enzyme s y s t e m s  e x a m in e d ,  o n l y  IDH w as c l e a r l y  p o ly m o r p h ic ,  

t h e  b a n d in g  p a t t e r n  s u g g e s t i n g  f i x e d  h o m o z y g o s i ty  a t  two l o c i .  H ow ever ,  

no  q u a l i t a t i v e  d i f f e r e n c e s  i n  b a n d i n g  p a t t e r n  w e re  d e t e c t e d ,  e i t h e r  

b e tw e e n  c l o n e s  o r  w i t h i n  c l o n e s .  S i n c e  t h e s e  l o c i  d i f f e r  i n  l a t i t u d i n a l -  

l y  s e p a r a t e d  p o p u l a t i o n s  a n d  w i t h i n  p o p u l a t i o n s  o f  l i .  l u c i a e  ( S h i c k  and 

Lamb, 1 9 7 7 ) ,  t h e  u n i f o r m  p a t t e r n  c o u l d  r e f l e c t  c o n s e r v a t i v e  s e l e c t i o n  

p r e s s u r e s  on  t h e s e  l o c i  f o r  t h i s  p a r t i c u l a r  p o p u l a t i o n .  R e g a r d l e s s ,  

t h e r e  i s  no  e v i d e n c e  t h a t  t h e  d i f f e r e n t  a l l e l e s  w e re  e i t h e r  in d u c e d  

o r  r e p r e s s e d  by  t h e  f o r m a t i o n  o f  t i s s u e s  a t  d i f f e r e n t  t e m p e r a t u r e s .



DISCUSSION

D i f f e r e n c e s  i n  a e r o b i c  m e ta b o l i s m  t h a t  c a n n o t  b e  r e v e r s e d  by  2 -4  

w eeks  a c c l i m a t i o n  t o  common c o n d i t i o n s  c l e a r l y  r e s u l t  f ro m  r e p r o d u c t i o n ,  

r e g e n e r a t i o n  an d  t h e  f o r m a t i o n  o f  new t i s s u e s  a t  d i f f e r e n t  t e m p e r a t u r e s ,  

when t h e  e f f e c t s  o f  o t h e r  v a r i a b l e s  a r e  e l i m i n a t e d  f ro m  t h e  d a t a .  T he  

d i r e c t i o n  o f  t h e  c h a n g e  i s  g e n e r a l l y  c o m p e n s a to r y ,  r e s u l t i n g  i n  h i g h e r  

m e t a b o l i c  r a t e s  i n  t h e  a n i m a l s  p r o d u c e d  a t  low  t e m p e r a t u r e s .  The 

m a g n i tu d e  o f  t h e  c h a n g e ,  h o w e v e r ,  i s  n o t  g r e a t  e n o u g h  t o  o v e r r i d e  o p ­

p o s i n g  e f f e c t s  o f  d e v e l o p m e n t a l  t e m p e r a t u r e  on  bod y  s i z e  an d  g a s  e x c h a n g e  

s u r f a c e  a r e a .  O xygen u p t a k e  r a t e s  go u p  a t  lo w  d e v e l o p m e n t a l  t e m p e r a t u r e  

b u t  down w i t h  i n c r e a s i n g  body  s i z e  an d  d e c r e a s i n g  t e n t a c u l a r  s u r f a c e ,  

and  b o d y  s i z e  i n c r e a s e s  and  t e n t a c u l a r  s u r f a c e  a r e a  d e c r e a s e s  a t  low  

d e v e l o p m e n t a l  t e m p e r a t u r e .  T he  n e t  o u tc o m e  o f  t h e  c o n c o m i t a n t  and  

c o u n t e r a c t i n g  t r e n d s  i s  l i t t l e  o r  no d i f f e r e n c e  b e tw e e n  t h e  two g r o u p s ,  

when bod y  s i z e  and  g a s  e x c h a n g e  s u r f a c e  a r e  r e t a i n e d  a s  v a r i a b l e s .

T he  q u e s t i o n  r e m a i n s  o f  t h e  o r i g i n  o f  t h e  m e t a b o l i c  d i f f e r e n c e s  

i n  a n i m a l s  o f  t h e  same s i z e .  One a l t e r n a t i v e  i s  a  d i r e c t  b u t  i r ­

r e v e r s i b l e  e f f e c t  o f  d e v e l o p m e n t a l  t e m p e r a t u r e  on t h e  m e t a b o l i c  

m a c h in e r y  w i t h i n  t h e  c e l l .  T he  f i v e  enzym e s y s t e m s  ex am in ed  w e re  

s e l e c t e d  i n  p a r t  f o r  t h e i r  v a r i a b i l i t y  i n  t h e  s p e c i e s  ( a n d  i n  o t h e r  

a n e m o n e s ;  M anw ell  an d  B a k e r ,  1 9 7 0 ) ,  an d  i n  p a r t  f o r  t h e i r  r e l a t i o n  t o  

a e r o b i c  m e t a b o l i s m .  H e x o k in a s e ,  p h o s p h o g l u c o s e  i s o m e r a s e  an d  i s o c i t r a t e  

d e h y d r o g e n a s e  v a r y  i n  d i f f e r e n t  p o p u l a t i o n s  o f  H . l u c i a e  ( S h i c k  and  

Lamb, 1 9 7 7 ) ;  i s o c i t r a t e  d e h y d r o g e n a s e  an d  m a l a t e  d e h y d r o g e n a s e  c a t a l y z e  

r e a c t i o n s  i n  t h e  t r i c a r b o x y l i c  a c i d  c y c l e  an d  g l u c o s e - 6 - p h o s p h a t e  

d e h y d r o g e n a s e  r e g u l a t e s  a  b r a n c h p o i n t  o f  t h e  p e n t o s e  p h o s p h a t e  p a th w a y .
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No q u a l i t a t i v e  c h a n g e s  w i t h  d e v e lo p m e n ta l  t e m p e r a t u r e  o r  a c c l i m a t i o n  

t e m p e r a t u r e  w ere  fo u n d  f o r  any  o f  t h e  f i v e  enzymes t e s t e d .  Q u a n t i ­

t a t i v e  d a t a ,  on v a r i o u s  enzyme s y s t e m s ,  h o w ev e r ,  a r e  n o t  a v a i l a b l e .  

R o b e r t  (1971) h a s  shown an  i n c r e a s e  i n  t h e  s p e c i f i c  a c t i v i t y  o f  

g lu c o s e - 6 - p h o s p h a t e  d e h y d ro g e n a s e  and  6 -p h o s p h o g lu c o n a t e  d e h y d ro ­

g e n a s e  o f  t h e  b l u e  c r a b  C a l l i n e c t e s  s a p i d u s  d u r i n g  c o ld  e x p o s u r e ,  

acco m p an ied  by no q u a l i t a t i v e  e l e c t r o p h o r e t i c  c h a n g e s .  A th o ro u g h  

t e s t  o f  t h i s  p o s s i b i l i t y ,  w h ich  we r e g a r d  a s  a  p r o m is in g  h y p o t h e s i s ,  

w ould  e n t a i l  an  e x h a u s t i v e  i n v e s t i g a t i o n  o f  p o ly m o rp h ic  enzyme sy s te m s  

t h a t  i n f l u e n c e  t h e  r a t e  o f  o x i d a t i v e  r e a c t i o n s ,  d i r e c t l y  o r  i n d i r e c t l y .

The o n ly  o b v io u s  a l t e r n a t i v e  e x p l a n a t i o n  would be  an  i r r e v e r s i b l e  

e f f e c t  o f  d e v e lo p m e n ta l  t e m p e r a t u r e  on t h e  g a s  e x ch a n g e  s y s te m .  S in c e  

f l u i d  movements on  b o t h  s i d e s  o f  t h e  t e n t a c l e s  a r e  g e n e r a t e d  by c i l i a ,  

a n  i r r e v e r s i b l e  d i f f e r e n c e  i n  oxygen  c o n v e c t i o n  w ould  seem t o  be  

h i g h l y  u n l i k e l y .  An i r r e v e r s i b l e  c h a n g e  i n  g a s  e x ch a n g e  s u r f a c e  was 

d e t e c t e d ,  b u t  i t s  e f f e c t  on oxygen  u p t a k e  s h o u ld  b e  t h e  o p p o s i t e  o f  

t h a t  o b s e r v e d .  Thus a  s y s t e m i c  e x p l a n a t i o n  seems h i g h l y  u n l i k e l y .

R e g a r d l e s s  o f  i t s  b a s i s ,  t h e  p r e s e n t  f i n d i n g s  c l e a r l y  d e m o n s t r a t e  

t h e  r e a l i t y  o f  i r r e v e r s i b l e  p h y s i o l o g i c a l  a d a p t a t i o n ,  and  th e y  r a i s e  

t h e  p o s s i b i l i t y  t h a t  t h e  c o m p e n sa to ry  r e s p o n s e s  fo u n d  e a r l i e r  i n  

g e o g r a p h i c a l l y  s e p a r a t e  p o p u l a t i o n s  o f  t h e  s p e c i e s  may r e s u l t  from  

d e v e lo p m e n ta l  a s  w e l l  a s  a c c l i m a t i o n  t e m p e r a t u r e .
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