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ABSTRACT

The b lo o d  PH o f  b lu e  c ra b s  I s  s i g n i f i c a n t l y  lo w e r when a c c l im a te d  

a t  35 ° /o o  s a l i n i t y  th a n  a t  25 ° / o o ,  15 ° / o o ,  o r  5 ° / o o .  The p a t t e r n  

o f  PH change c lo s e ly  re se m b le s  t h a t  o f  b lo o d  o s m o la l i ty  and c h lo r id e .  

T h e re  i s  a  l a r g e  in c r e a s e  i n  PH and a  c o n c o m ita n t d e c re a s e  in  b lo o d  

o s m o la l i ty  and c h lo r id e  b e tw een  35 ° /o o  and 25 ° / o o ,  fo llo w e d  by s m a l le r  

ch an g es  a t  lo w e r a c c l im a t io n  s a l i n i t i e s  t h a t  w ere  g e n e r a l ly  n o t  s i g n i f ­

i c a n t .

The b lo o d  oxygen p a ra m e te rs  i n d i c a t e  l i t t l e  s i g n i f i c a n t  change i n  

oxygen a f f i n i t y  o v e r  th e  s a l i n i t y  r a n g e .  The PH in c r e a s e  a t  th e  lo w e r 

s a l i n i t i e s  a p p a r e n t ly  c o u n te r s  th e  e f f e c t  o f  th e  lo w e r i o n i c  c o n c e n tra ­

t i o n  on hem ocyanin  a f f i n i t y .  The co m p en sa tio n  i s  n o t  p e r f e c t ,  b u t  th e  

two f a c t o r s  seem to  b a la n c e  each  o th e r  w e l l  enough so  t h a t  th e  r e s p i r ­

a to r y  p a ra m e te rs  rem ain  w i th in  a  r e l a t i v e l y  n a rro w  ra n g e .

The in c r e a s e  in  b lo o d  PH a t  lo w er s a l i n i t i e s  may be th e  r e s u l t  o f  

th e  in p u t  o f  ammonia p ro d u c e d  in  d e a m in a tio n  o f  th e  i n t r a c e l l u l a r  p o o l 

o f  f r e e  amino a c id s  as  th e  c e l l s  conform  to  o sm o tic  ch anges i n  body 

f l u i d s •
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INTRODUCTION

The e f f e c t s  o f  v a r io u s  io n s  on in  v i t r o  oxygen e q u i l ib r iu m  p ro p ­

e r t i e s  o f  i n v e r t e b r a t e  r e s p i r a t o r y  p ig m e n ts  have  b een  i n t e n s i v e l y  

s tu d i e d  i n  r e c e n t  y e a r s .  The re s p o n s e s  o f  d i f f e r e n t  oxygen c a r r y in g  

p ig m e n ts  to  s a l t  v a ry  i n  m ag n itu d e  and d i r e c t i o n .  I n  th e  c a se  o f  

c r u s ta c e a n  hem ocyanin  th e  oxygen a f f i n i t y  i n c r e a s e s  a s  th e  c o n c e n t r a t io n  

o f  in o r g a n ic  s a l t s  i n c r e a s e s .  (S p o ck , 1967; L a rim er and R ig g s , 1964; 

P i c k e t t  e t .  a l  . , 1 9 6 6 ).

R ecen t w ork i n d i c a t e s  t h a t  d i f f e r e n c e s  i n  i o n i c  c o n c e n t r a t io n  

found  i n  v iv o  in  th e  nemolymph o f  th e  c ra b  C a rc in u s  m eanas a c c l im a te d  

to  d i f f e r e n t  s a l i n i t i e s  a r e  l a r g e  enough to  s i g n i f i c a n t l y  a l t e r  oxygen 

a f f i n i t y  o f  b u f f e r e d  b lo o d  sam p les  (T ru c h o t ,  1 9 7 3 ).

E n v iro n m e n ta l s a l i n i t y  h a s  a l s o  b een  found to  a f f e c t  b lo o d  PH in  

two c r u s ta c e a n s ,  As s a l i n i t y  i s  lo w ered  th e  PH o f  th e  b lo o d  in c r e a s e s  

i n  C a rc in u s  m ean as . The PH change i s  in d e p e n d e n t o f  P co 2  and th e  

m echanism  o f  th e  change i s  unknown (T ru c h o t ,  1 9 7 3 ). I n t e r e s t i n g l y ,  th e  

o p p o s i te  t r e n d  was found f o r  th e  b a r n a c le  P o l l i c i p e s  po lv m eru s  (Fyhn 

e t .  a l . ,  1 9 7 2 ) . I n  t h i s  s p e c ie s  PH d e c r e a s e s  w ith  d e c r e a s in g  s a l i n i t y  

a s  a  r e s u l t  o f  th e  in p u t  o f  CC> 2  p ro d u ced  i n  a e r o b ic  m e ta b o lism , w hich 

I n c r e a s e s  i n  d i l u t e  m ed ia . An i n c r e a s e  i n  a e r o b ic  m e ta b o lism  i n  d i l u t e  

m ed ia  i s  th e  m ost common re s p o n s e  among c r u s ta c e a n s  a lth o u g h  some 

s p e c ie s  e x h i b i t  th e  o p p o s i te  re s p o n s e  o r  none a t  a l l  (D e h n e l, 1961; 

L a n c e , 1964; H agerm an, 1 9 7 0 ).
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I t  I s  c l e a r  t h a t  e n v iro n m e n ta l  s a l i n i t y  can  a f f e c t  oxygen b in d in g  

p r o p e r t i e s  o f  c r u s ta c e a n  hem ocyanin  i n  v i t r o * However* th e  e f f e c t  o f  

e n v iro n m e n ta l  s a l i n i t y  on in  v iv o  r e s p i r a t o r y  f u n c t io n  w here d i f f e r e n t  

f a c t o r s  a r e  ch an g in g  and i n t e r a c t i n g  s im u lta n e o u s ly  i s  unknown,

C a l l i n e c t e s  s a p id u s  was ch o sen  f o r  t h i s  i n  v iv o  s tu d y  b e c a u se  i t  

I s  a  re m a rk a b ly  e u r y h a l in e  c r u s ta c e a n  t h a t  l i v e s  In  u n s ta b le  e s t u a r i n e  

h a b i t a t s *  The s p e c ie s  i s  found  i n  w a te r s  ra n g in g  from  f r e s h  to  h y p e r -  

s a l i n e  (H edgpeth* 1967; Mangum and Amende* 1 9 7 2 ) , The s p e c ie s  i s  

c a p a b le  o f  m a in ta in in g  a h y p e ro sm o tic  b lo o d  b u t  th e  m echanism  i s  n o t  

p o w e rfu l enough to  i n s u r e  t r u e  h o m e o sm o tic ity  r e s u l t i n g  i n  s i g n i f i c a n t  

ch an g es  i n  d i l u t e  m ed ia  ( B a l la r d  and Abbot* 1969; Lynch e t  a l . ,  1 9 7 3 ). 

The c o n seq u en ces  o f  th e s e  i o n i c  ch an g es  f o r  i n  v iv o  oxygen t r a n s p o r t  

by  hem ocyanin  w ere i n v e s t i g a t e d  in  th e  p r e s e n t  s tu d y .



MATERIALS AND METHODS

C o l le c t io n  and a c c l im a t io n  o f  e x p e r im e n ta l  an im a ls

F r e s h ly  c a u g h t c ra b s  from  th e  C hesapeake Bay w ere  p u rc h a se d  from  

com m ercial s o u rc e s  d u r in g  J a n u a r y ,  F e b ru a ry , Ju n e  and J u l y ,  O nly 

undamaged a n im a ls  w ith  no m is s in g  ap pendages w ere  u s e d . They w ere  

m a in ta in e d  i n  l a r g e  volum es (75 -  250 1) o f  a e r a t e d  r e c i r c u l a t i n g  w a te r  

and  fe d  b e e f  l i v e r  e v e ry  two days u n t i l  t h r e e  days b e f o r e  th e  e x p e r i ­

m e n ts . The a n im a ls  w ere a l l  a d u l t  m a les  i n  i n t e r m o l t  s t a g e  C^, ra n g in g  

i n  c a ra p a c e  l e n g th  from  6 .3  to  7 .5  cm (mean = 6 .8 8  cm ^  0 .0 5  S .E . ;  

n * 8 2 ) . W ith one e x c e p t io n ,  th e  body w e ig h ts  o f  e ach  g roup  o f  e x p e r­

im e n ta l  a n im a ls  a r e  hom ogeneous (P >.05 a c c o rd in g  to  S tu d e n t ’ s j t ) .

The summer a n im a ls  a c c l im a te d  to  5 ° /o o  s a l i n i t y  w ere  somewhat l i g h t e r  

(171 gm w et w e ig h t)  th a n  th e  w in t e r  g roup  a c c l im a te d  to  th e  same 

s a l i n i t y  (206 gm) d e s p i t e  a  s i m i l a r  c a ra p a c e  le n g th  (w e ig h ts  d i f f e r  

s i g n i f i c a n t l y ;  P < .0 5 ) .

The c ra b s  w ere  a llo w e d  to  a c c l im a te  f o r  7 - 1 2  days to  w a te r  o f  

e i t h e r  5 ,  10, 25 o r  35 ° /o o  s a l i n i t y  a t  21 -  23 °  C. W ater (19 -34  ° /o p  

s a l i n i t y )  was c o l l e c t e d  from  th e  Y ork R iv e r  e s tu a r y  and W achapreague 

I n l e t  i n  V i r g in i a .  M inor in c r e a s e s  i n  s a l i n i t y  w ere  made by d i s s o lv in g  

a r t i f i c i a l  s e a  s a l t  (Dayno S a le s  C o .) ;  d i l u t i o n s  w ere  made w ith  d i s ­

t i l l e d  w a te r .  S a l i n i t y  was d e te rm in e d  w i th  g la s s  h y d ro m e te rs  c a l i b r a t e d  

w i th  Copenhagen Normal W a te r; c h l o r i n i t y  w ith  a B u c h le r -C o tlo v e  C h lo r i -  

d o m e te r .
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Sam pling

A s i n g l e  t h r e e  ml sam p le  o f  p r e b r a n c h i a l  b lo o d  was ta k e n  from  each  

c ra b  a t  th e  b a se  o f  th e  f o u r th  le g  ( i n f r a b r a n c h i a l  s in u s )  w i th in  30 

s e c  o f  rem oving  th e  a n im a l from  w a te r • The sam ple  was i n j e c t e d  u n d e r 

m in e ra l  o i l  and c e n t r i f u g e d  a t  h ig h  sp eed  ( S o r v a l l  S'S -  1) f o r  10 

m in u te s  to  e x p re s s  th e  f l u i d  from  th e  c l o t .  T h is  p ro c e d u re  was 

n e c e s s a ry  f o r  m easurem ent c f  th e  PH o f  a  c o n c e n tr a te d  p r o t e i n  s o l u t i o n , 

w h ich  r e q u i r e s  a  l i q u i d  j u n c t i o n  c a p i l l a r y  e l e c t r o d e ,  b u t  i t  i n t r o ­

duced  th e  p o s s i b i l i t y  t h a t  any one o f  th e  r e s p i r a t o r y  p a ra m e te rs  m ig h t 

b e  in f lu e n c e d  by th e  d i f f u s i o n  o f  g a se s  i n t o  th e  sam p le  a t  th e  b lo o d -  

o i l  i n t e r f a c e .  To t e s t  t h i s  p o s s i b i l i t y ,  a  s e t  o f  sam p les  was h a lv e d  

and  a l i q u o t s  i n j e c t e d  u n d e r  (1 ) a i r  e q u i l i b r a t e d  o i l ,  and (2) o i l  

b u b b le d  f o r  15 m in u te s  w ith  ^  g as . As co n c lu d e d  p r e v io u s ly  (Mangum 

and S h ic k ,  1972) t h e r e  i s  no p e r c e p t i b l e  e f f e c t  on PH by u s in g  an 

o i l  s e a l .  In  an  e a r l i e r  t e s t  a t  low  te m p e r a tu r e ,  (2 ° C ) , th e r e  was 

no change i n  PO2  o f  sam p les  i n j e c t e d  d i r e c t l y  i n t o  th e  e l e c t r o d e  

cham ber o r  f i r s t  u n d e r o i l  (Fyhn and Mangum, u n p u b l is h e d ) .  I n  two o f  

th r e e  t e s t s  a t  22 °C , PO2  was d e c re a s e d  by 2 .5  -  3 .5  mm Hg (14-20% ), 

b u t  i n  a  t h i r d  i t  was in c r e a s e d  by 1 .0  mm Hg (7% ). Members o f  th e  

p a i r e d  PO2  m easu rem en ts  o b ta in e d  a t  22 0  C w ith o u t  and w ith  th e  u se  o f  

d eo x y g en a ted  o i l  a r e  hom ogeneous (M ann-W hitney U t e s t )  w ith  one a n o th e r ,  

and w i th  th e  r e s u l t s  f o r  sam p les  i n j e c t e d  d i r e c t l y  i n t o  th e  e l e c t r o d e  

cham ber w i th o u t  e x p o su re  to  o i l  (P> .0 5 ,  a c c o rd in g  to  S tu d e n t ’ s t ) .

The f l u i d  was th e n  ta k e n  b ack  i n t o  a hypo d erm ic  s y r in g e ,  and 50 

u l  i n j e c t e d  i n t o  th e  th e rm o s ta te d  c e l l  o f  a  R ad io m ete r B lood Gas 

A n a ly z e r  PO2  e l e c t r o d e  (E 5 0 4 6 ), A l iq u o ts  o f  th e  same sam ple  w ere
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ta k e n  a n a e r o b ic a l ly  i n t o  th e  c a p i l l a r y  o f  th e  l i q u i d  j u n c t i o n  PH 

e l e c t r o d e ,  and PH m easu red  on a t  l e a s t  t h r e e  s u c c e s s iv e  su b sa m p le s .

0 .2  ml a l i q u o t s  w ere  ta k e n  i n t o  th e  e x t r a c t o r  s y r in g e  o f  a  S c h o la n d e r  

m ic ro -g a s o m e tr ic  a n a ly z e r  w h ich  c o n ta in e d  p o ta s s iu m  f e r r i c y a n id e  to  

e l i c i t  th e  oxygen bound to  h em o cy an in , and th e  g as a n a ly z e d  vo lum e- 

t r i c a l l y  (Hoffman and Mangum, 1 9 7 0 ). O sm otic  c o n c e n t r a t io n  o f  two

0 .2  m l a l i q u o t s  was d e te rm in e d  w i th  a P r e c i s io n  I n s tru m e n t  Co. O sm ette  

f r e e z in g  p o i n t  osm om eter. C h lo r id e  io n  c o n c e n t r a t io n  was d e te rm in e d  

on a t  l e a s t  two 0 .1  m l a l i q u o t s  w i th  a B u c h le r -C o tlo v e  c h lo r id o m e te r .

D a ta  a n a ly s i s

B a r t l e t t ' s  t e s t  f o r  h o m o g en eity  o f  v a r ia n c e  was p e rfo rm ed  to  

d e te rm in e  i f  p a r a m e tr ic  s t a t i s t i c a l  p ro c e d u re s  c o u ld  b e  u s e d . I n  

m ost c a s e s  th e  r e s u l t  was n o t  s i g n i f i c a n t  and a  n o rm a l d i s t r i b u t i o n  

was assum ed . T hese  d a ta  w ere  t e s t e d  by a n a ly s i s  o f  v a r ia n c e  w ith  one­

way c l a s s i f i c a t i o n  (ANOVA), w ith  w in te r  and summer d a ta  t r e a t e d  

s e p a r a t e l y  and a c c l im a t io n  s a l i n i t i e s  c o n s id e re d  as  t r e a tm e n t s .  I f  a 

s i g n i f i c a n t  d i f f e r e n c e  w i th in  th e  fo u r  t r e a tm e n ts  was i n d i c a t e d  by 

ANOVA, th e  s a l i n i t y  p a i r s  t h a t  d i f f e r e d  s i g n i f i c a n t l y  w ere  i d e n t i f i e d  

by th e  S tudent-N ew m an-K euls t e s t  (SNK).

In  th e  few c a s e s  when th e  d i s t r i b u t i o n  was n o t  n o rm a l, non p a ra ­

m e t r i c  t e s t s  w ere  u t i l i z e d .  The K ru s k a l-W a ll is  H t e s t  was p e rfo rm ed  and 

th e  h e te ro g e n e o u s  v a r i a b l e s  w ere  i d e n t i f i e d  by th e  M ann-W hitney U t e s t .

C o r r e la t io n s  b e tw een  hom ogeneous p a ra m e te rs  w ere  d e s c r ib e d  by I ,  

and  th o s e  b e tw een  h e te ro g e n e o u s  p a ra m e te r s  by Spearm an Rank. The 

c r i t e r i o n  o f  s i g n i f i c a n c e  i s  P ■ .0 5 .



RESULTS

O sm otic  R esponse to  Low S a l i n i t y

As s a l i n i t y  i s  lo w e re d  th e  p a t t e r n  o f  changes i n  o s m o la l i ty  and 

c h lo r id e  io n  c o n c e n t r a t io n  i s  s i m i l a r  to  t h a t  p r e v io u s ly  r e p o r te d  

(Lynch e t  a l . ,  1 9 7 3 ) . B lood c h lo r id e  i s  h y p o io n ic  to  th e  medium a t
is  O35 /o o ,  s l i g h t l y  h y p o io n ic  a t  25 /o o  and th e n  h y p e r io n ic  and 

s t r o n g ly  b u t  im p e r f e c t ly  r e g u la te d  down to  5 ° /o o  (F ig u re  1 ) .  B lood 

o s m o la l i ty  i s  h y p e ro sm o tic  a t  35 ° /o o  and a p p ro x im a te ly  p a r a l l e l e d  

th e  medium down to  25 ° / o o .  From 25 ° /o o  to  5 ° /o o  o s m o la l i ty  i s  

a l s o  s t r o n g ly  b u t  im p e r f e c t ly  r e g u la te d  (F ig u re  1 ) .

The o sm o tic  and i o n i c  p a ra m e te rs  a r e  c o n s i s t e n t l y  h ig h e r  in  

w in te r  th a n  in  summer a n im a ls ,  i n  s p i t e  o f  a c c l im a t io n  to  th e  same 

l a b o r a to r y  te m p e ra tu re .  The d i f f e r e n c e  i s  n o t  a lw ays s i g n i f i c a n t ,  

how ever (T ab le  I ) .

PH (P r e b r a n c h ia i )

The PH o f  b o th  w in te r  and summer a n im a ls  a t  35 ° /o o  i s  s i g n i f ­

i c a n t l y  lo w e r th a n  th e  PH a t  th e  o th e r  s a l i n i t i e s  (T ab le  I I ) .  Summer 

a n im a ls  show no s i g n i f i c a n t  d i f f e r e n c e  betw een  PH v a lu e s  a t  5 ° / o o ,

15 ° /o o  o r  25 ° /o o .  W in te r  a n im a ls  a t  5 ° /o o  h a v e  s i g n i f i c a n t l y  h ig h e r  

PH v a lu e s  th a n  a n im a ls  a t  15 ° /o o .  T here  a r e  no o th e r  s i g n i f i c a n t  

d i f f e r e n c e s .

The p a t t e r n  o f  PH change c lo s e ly  re se m b le s  t h a t  o f  b lo o d  o s m o la l i ty  

and c h lo r id e  (F ig u re  1 ) .  T h e re  i s  a  l a r g e  in c r e a s e  in  PH and a

7



F ig  1 . The r e l a t i o n s h i p  o f  e n v iro n m e n ta l  s a l i n i t y  to  

o s m o la l i ty  and c h l o r o s i t y  o f  c ra b  hemolymph.

8
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T a b le  I

A. PH

Summer Runs

1 . B a r t l e t t ’ s  t e s t  f o r  h o m o g en eity  o f  v a r ia n c e  * 3 . 675 < 7 * 8 1 5 ,N*S.

2* A n a ly s is  o f  v a r ia n c e  (A nova), one -  way c l a s s i f i c a t i o n .

F ■ 8 .9 4  > 4*50 , S i g n i f i c a n t  a t  0 ,0 1  l e v e l .

3 . S tu d e n t  -  Newman -  K eu ls  t e s t  

S a l i n i t y  P a i r s  PH

3 5 ° /o o  -  5 ° /o o  0 .0 6 2 7  > 0 .0 4 8 1  S i g n i f i c a n t  a t  0 .0 1

3 5 ° /o o  -  2 5 ° /o o  0 .0 6 8 5  > 0 .0 5 5 0  S i g n i f i c a n t  a t  0 .0 1

3 5 ° /o o  -  1 5 ° /o o  0 .0 8 3 2  > 0 .0 5 9 3  S i g n i f i c a n t  a t  0 .0 1

2 5 ° /o o  -  5 ° /o o  0 .0 0 5 8  < 0 .0 3 6 6  N .S . a t  0 .0 5

1 5 ° /o o  -  5 ° /o o  0 .0 2 0 5  < 0 .0 4 4 1  N .S . a t  0 .0 5

1 5 ° /o o  -  2 5 ° /o o  0 .0 1 4 7  < 0 .0 3 6 6  N .S , a t  0 .0 5

3 5 ° /o o  5 ° /o o  2 5 ° /o o  1 5 ° /o o

PH 7 .590  7 .6 5 3_______ 7 .6 5 8  7 .6 7 3

A l i n e  u n d e r th e  means in d ic a te s  th e s e  do n o t  d e v ia te  s i g n i f i c a n t l y  

. a t  0 .0 5 .

W in te r  Runs

1 . B a r t l e t t ’ s t e s t  « 0 .4 9 4  < 7 .8 1 5  N .S .

2 . Anova F « 1 4 .0 5  > 4 .3 0  S i g n i f i c a n t  a t  0 .0 1

3 . SNK T e s t

9
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S a l i n i t y  F a i r s  

3 5 ° /o o  -  1 5 ° /o o  

3 5 ° /o o  -  2 5 ° /o o  

3 5 ° /o o  -  5 ° /o o  

1 5 ° /o o  -  2 5 ° /o o  

1 5 ° /o o  ”  5 ° /o o  

5 ° /o o  -  2 5 ° /o o  

3 5 ° /o o  

PH 7 .489

T a b le  I  (c o n ’ t )

PH

0*0770 > 0*0612 S i g n i f i c a n t  a t  0*01 

0 .1 0 4 0  > 0 .0 7 2 8  S i g n i f i c a n t  a t  0*01 

0 .1 4 1 0  > 0 .0 7 6 2  S i g n i f i c a n t  a t  0 .0 1  

0 .0 2 7 0  < 0 .0 4 7 0  N .S . a t  0 .0 5  

0 .0 6 4 0  > 0 .0 5 5 0  S i g n i f i c a n t  a t  0 .0 5

0 .0 3 7 0  < 0 .0 4 7 2  N .S . a t  0 .0 5  

1 5 ° /o o  2 5 ° /o o  5 ° /o o

7 .5 6 6  7 .5 9 3  7 .6 3 0

A l i n e  u n d e r  th e  means i n d i c a t e s  th e s e  do n o t  d e v ia t e  s i g n i f i c a n t l y  

a t  0 .0 5  l e v e l .

A co m p ariso n  o f  w in te r  and summer PH v a lu e s  w ith  S tu d e n t ’ s  t e s t .

S a l i n i t y

5 ° /o o

1 5 ° /o o

2 5 ° /o o

3 5 ° /o o

W in te r  PH 

7 .6 3 0  <

7 .566  <

7 .5 9 3  <

7 .4 8 8  <

Summer PH 

7 .6 5 3  

7 .6 7 3

7 .6 5 8

7 .5 9 0

S ig n i f ic a n c e

N .S . a t  0 .0 5

S i g n i f i c a n t  
a t  0 .0 1

S i g n i f i c a n t  
a t  0 .0 1

S i g n i f i c a n t  
a t  0 .0 1

t  v a lu e

1 .1 3 5 < 2 .1 1 0  

5 . 340> 2 .8 7 8

4 .6 1 7 >  2 .8 9 8  

5 .9 1 3 >  2 .8 4 5



11

Table I (con* t).-
B. P O ,v  2

Summer Runs

1* B a r t l e t t * s  t e s t  * 1*390 < 7*815 N .S .

2 . Anova F * 3 .4 7  > 2 .9 2  S i g n i f i c a n t  a t  0 .0 5

3 . SNK t e s t

S a l i n i t y  F a i r s  . Pv0 2

3 5 ° /o o  -  2 5 ° /o o  1 .3 1 0  < 2 .2 7 6  N .S . a t  0 .0 5

3 5 ° /o o  -  5 ° /o o  2 .4 3 0  < 2 .7 4 9  N .S .

3 5 ° /o o  -  1 5 ° /o o  3 .4 1 0  > 3 ,064  S i g n i f i c a n t  a t  0 .0 5

5 ° /o o  -  2 5 °/o o  1 .1 2 0  < 2 .3 3 0  N .S .

1 5 ° /o o  -  2 5 ° /o o  2 .1 0 0  < 2 .8 1 4  N .S .

1 5 ° /o o  -  5 ° /o o  0 .9 8 0  < 2 .3 3 1  N .S .

3 5 ° /o o  2 5 ° /o o  5 ° /o o  1 5 ° /o o

9.0mm Hg 1 0 .3  1 1 .4  1 2 .4

A l i n e  u n d e r th e  means i n d i c a t e s  th e s e  do n o t  d e v ia t e  

s i g n i f i c a n t l y  a t  0 .0 5 .

W in te r  Runs

1 . B a r t l e t t * s  t e s t  ■ 1 1 .7 2 5  > 7 .815  S i g n i f i c a n t  0 .0 5

2 . Non P a ra m e tr ic  K ru sk a l -  W a ll is  H t e s t .
H -  2 .3 4 8  N .S .

2 5 ° /o o  1 5 ° /o o  3 5 ° /o o  5 ° /o o

1 1 .3 ____________1 3 .2 ____________1 3 .4 __________ 1 3 .7

A l i n e  u n d e r th e  means i n d i c a t e s  th e s e  do n o t  d e v ia t e  s i g n i f i c a n t l y .
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T a b le I  ( c o n 't )

A co m p ariso n  o f  w in te r  and summer v a lu e s  w ith  S tu d e n t ’s  t e s t .

S a l i n i t y W in te r  P r̂0 o Summer P^Oo S ig n i f ic a n c e ... t v a lu e

5 ° /o o 13.7mm Hg > 1 1 .4 N .S . a t  0 .0 5 1 .5 9 4 < 2 .1 1 0

1 5 ° /o o 1 3 .2 > 1 2 .4 N .S . a t  0 .0 5 0 .5 9 0 < 2 .1 1 0

2 5 ° /o o 1 1 .3 > 1 0 .3 N .S . a t  0 .0 5 1 .1 5 6 < 2 .1 1 0

3 5 ° /o o 1 3 .4 > 9 .0 S ig n , a t  0 .0 5 2 .7 5 2 > 2 .1 0 1
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Table I (con’t)

Summer Runs

1# B a r t l e t t ’ s t e s t  1 .2 6 1 <  7 ,8 1 5  N .S .

2 . Anova F ** 4 .2 3 1  > 2 .9 2 2  S i g n i f i c a n t  a t  0 .0 5 .

3 . SNK t e s t

S a l i n i t y  P a i r s Cv°2

2 5 ° /o o  - 5 ° /o o 0 .1 5 1 2  > 0 .1 2 9 0 S i g n i f i c a n t a t 0 .0 5

1 5 ° /o o  - 5 ° /o o 0 .1 6 8 4  > 0 .1 5 5 6 S i g n i f i c a n t a t 0 .0 5

3 5 ° /o o  - 5 ° /o o 0 .2 0 7 0  > 0 .1 6 7 4 S i g n i f i c a n t a t 0 .0 5

1 5 ° /o o  - 2 5 ° /o o 0 .0 1 7 2  < 0*1290 N .S ,

3 5 ° /o o  - 2 5 ° /o o 0 .0 5 5 8  < 0 .1 5 2 0 N .S .

1 5 ° /o o  ~ 3 5 ° /c o 0 .0 3 8 6  < 0 .1 2 6 0 N .S .

5 ° /o o 2 5 ° /o o 15cVoo 3 5 °/o o

0 .7 0 8  Vol % 0 .5 5 7 0 .5 3 9 ........ 0 .5 0 1

A l in e  tinder th e  means i n d i c a t e s  th e s e  do n o t  d e v ia t e  s i g n i f i c a n t l y ,  

W in te r  Runs

-1 . B a r t l e t t ’ s  t e s t  0 .4 5 9  < 7 ,815  N .S .

2 . Anova F -  1 .2 6 9  < 2 .9 0 0  N .S . a t  0 .0 5  

1 5 ° /o o  3 5 ° /o o  5 ° /o o  2 5 ° /o o

0 .5 8 4 ___________0 .5 8 5 __________ 0 .6 8 7  0 .6 9 8

A l i n e  u n d e r th e  means i n d i c a t e s  th e s e  do n o t  d i f f e r  s i g n i f i c a n t l y .
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T a b le  I  ( c o n 't )

C om parison o f  W in te r  and Summer v a lu e s  t  t e s t .

S a l i n i t y  W in te r  C„0-j> Summer -£v° 2 S ig n i f ic a n c e  t  t e s t  

5 ° /o o  0.68-7 VolZ < 0 .7 0 8  N .S . 0 .2 7 7  < 2,

1 5 ° /o o  0 .5 8 4  > 0 .5 3 9  N .S . 0 .0 2 4  < 2,

2 5 ° /o o  0 .6 9 8  > 0 .5 5 7  S lg .  a t  0 .0 5  2 .2 0 8  > 2,

3 5 °/o o  0 .5 8 5  > 0 .5 0 1  N .S . 1 .2 8 0  < 2,

110

110

110

10



T a b le  I  (c o n ’ t )  

C h lo r id e

-  3 .5 1 1  < 7 .8 1 5  N .S .

Summer Runs

1 . B a r t l e t t ’ s  t e s t

2 . Anova F ** 1 2 0 .1 0  > 4 .5 0

3 . SNK t e s t  

S a l i n i t y  P a i r s  

2 5 ° /o o  -  3 5 ° /o o  

X 5°/oo -  3 5 ° /o o  

5 ° /o o  -  3 5 ° /o o  

1 5 ° / o o -  2 5 ° /o o  

5 ° /o o  -  2 5 ° /o o  

5 /o o  -  1 5 ° /o o  

W in te r  Runs

1 . B a r t l e t t ' s  t e s t

2 . Anova F * 8 5 .8 4

3 . SNK T e s t 

S a l i n i t y  P a i r s  

3 5 ° /o o  -  25 /o o  

3 5 ° /o o  -  1 5 ° /o o  

3 5 ° /o o  -  5 ° /o o  

1 5 ° /o o  -  2 5 ° /o o  

5 ° /o o  -  2 5 ° /o o  

5 ° /0 0  -  1 5 ° /o o

S i g n i f i c a n t  a t  0 .0 1

> 2 2 .3 S i g n i f i c a n t a t 0 .0 1

> 2 5 .6 S i g n i f i c a n t a t 0 .0 1

> 2 7 .6 S i g n i f i c a n t a t 0 .0 1

> 2 2 .8 S i g n i f i c a n t a t 0 .0 1

> 2 6 .2 S i g n i f i c a n t a t 0 .0 1

> 2 2 .9 S i g n i f i c a n t a t 0 .0 1

a t  0 .0 1  

a t  0 .0 1  

a t  0 .0 1

a t  0 .0 5  

a t  0 .0 5

1 0 7 .6

1 2 9 .6  

1 6 7 .3  

2 2 .9  

5 9 .8  

3 7 .7

-  2 .8 8 7  < 7 .8 1 5  N .S .

> 4 .5 0  S i g n i f i c a n t  a t  0 .0 1

1 5 6 .1  > 3 7 .1  S i g n i f i c a n t

1 6 5 .9  > 4 1 .4  S i g n i f i c a n t

1 9 3 .3  > 4 4 .7  S i g n i f i c a n t

9 .8  < 2 6 .9  N .S .

3 7 .2  > 3 2 .4  S i g n i f i c a n t

2 7 .4  > 2 6 .1  S i g n i f i c a n t



16

T a b le  I  (c o n ’ t )

C om parison o f  W in te r  and Summer V alues

S a l i n i t y  W in te r  Summer S ig n i f ic a n c e  t  t e s t
C h lo r id e  C h lo r id e

5 ° /o o 3 3 6 .7 > 322 .4 N .S . 1 .3 4 0  <

1 5 ° /o o 364 .1 > 343 .9 S lg . a t  0 .0 5 2 .1 0 2  >

2 5 ° /o o 373 .9 < 3 8 2 .1 N .S . 0 .8 4 6  <

3 5 ° /o o 5 3 0 .0 > 4 8 9 .8 S ig . a t  0 .0 1 3 .1 7 0 >

101

101

101

878
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Table I (con’t)
E. W eights

Summer Runs

! •  B a r t l e t t ' s  t e s t  * 0 .4 1 1  < 7 .815  N .S .

2m Anova F « 0 .6 0 0  < 2 .9 2  N .S .
o , o , o o

5 /o o  25 /o o  15 /o o  35 /o o

1 7 1 . 0 ________1 7 4 .0 ________ 1 7 8 ,1 __________ 1 8 5 .5

A l i n e  u n d e r th e  means I n d i c a t e s  th e s e  do n o t  d e v ia t e

s i g n i f i c a n t l y  a t  0 .0 5 .

W in te r  Runs

1 . B a r t l e t t ' s  T e s t  ® 7 .3 8 3  < 7 .8 1 5  N .S .

2 , Anova F « 1 .2 5  < 2 .9 2  N .S .

1 5 ° /o o  25 too  3 5 ° /o o  5 ° /o o

1 8 3 .0 _________1 9 0 .4 ________ 2 0 2 .8 ___________ 2 0 6 .3

A l i n e  u n d e r th e  means i n d i c a t e s  th e s e  do n o t  d e v ia te  s i g n i f i c a n t l y .

C om parison o f  W in te r  and  Summer W eig h ts ; t  t e s t .

S a l i n i t y  W in te r  Summer S ig n i f ic a n c e  t  t e s t  

5 ° /o o  2 0 6 .3  > 1 7 1 .0  S ig n , a t  0 .0 1  3 .3 6 >  2 .8 8

1 5 ° /o o  1 8 3 .0  > 1 7 8 .1  N .S . 0 .3 9 <  2 .1 1

2 5 ° /o o  1 9 0 .4  > 1 7 4 .0  N .S . 1 .3 6 <  2 .1 1

3 5 ° /o o  2 0 2 .8  > 1 8 5 .5  N .S . 1 .1 9  < 2 .0 8
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c o n c o m ita n t d e c re a s e  i n  b lo o d  o s m o la l i ty  and c h lo r id e  b e tw een  35 ° /o o  

and  25 ° / o o ,  fo llo w e d  by s m a l le r  ch anges a t  lo w e r a c c l im a t io n  s a l i n i t i e s  

t h a t  w ere  g e n e r a l ly  n o t  s i g n i f i c a n t .  The in v e r s e  r e l a t i o n s h i p  o f  

b lo o d  PH and th e  o sm o tic  p a ra m e te rs  e x te n d s  t o  th e  s e a s o n a l  d i f f e r e n c e ;  

w in t e r  a n im a ls ,  w hich  have  a  more c o n c e n tr a te d  b lo o d , a l s o  have  a 

lo w e r b lo o d  PH. 6

PyO^ ( P r e b r a n c h ia l  p a r t i a l  p r e s s u r e  o f  oxygen)

T h e re  i s  no s i g n i f i c a n t  change i n  Pv02 when w in te r  a n im a ls  a r e  

a c c l im a te d  to  th e  fo u r  s a l i n i t i e s .  Summer an im a ls  a t  15 ° /o o  h av e  a 

s i g n i f i c a n t l y  h ig h e r  Pv 02 th a n  th o s e  a t  35 ° /o o  ( s e e  T ab le  I ) . T here  

a r e  no o th e r  s i g n i f i c a n t  d i f f e r e n c e s .  S a l i n i t y  a p p e a rs  to  have  l i t t l e  

e f f e c t  on Pv 0 2 *

Cv0.2 ( P r e b r a n c h ia l  t o t a l  oxygen c o n te n t  i n  volum e p e r c e n t )

F o r th e  w in t e r  a n im a ls  th e  t o t a l  oxygen c o n c e n t r a t io n  o f  p r e ­

b r a n c h ia l  b lo o d  in c lu d in g  b o th  d is s o lv e d  and hem ocyanin  bound oxyg en , 

d oes n o t  change s i g n i f i c a n t l y  a t  any a c c l im a t io n  s a l i n i t y .  The 

v a lu e  o f  summer a n im a ls  a t  5 ° /o o  i s  s i g n i f i c a n t l y  h ig h e r  th a n  th e  

v a lu e s  a t  th e  o th e r  s a l i n i t i e s .  T h e re  a r e  no o th e r  d i f f e r e n c e s  

( s e e  T ab le  I ) .  Com paring w in te r  and summer v a lu e s ,  th e  o n ly  s i g n i f ­

i c a n t  d i f f e r e n c e  i s  a t  25 ° /o o .



DISCUSSION 

A P o s s ib le  E x p la n a tio n  o f  PH Change 

w ith  A c c lim a tio n  S a l i n i t y

Fyhn e t  a l  (*72) s u g g e s te d  t h a t  i n t r a c e l l u l a r  o s m o la l i ty  i n  th e  

g o o sen eck  b a r n a c le  P o l l i c i p e s  po ly m eru s  i s  n o t m a in ta in e d  by  changes 

I n  f r e e  amino a c id s .  M oreover, body f l u i d  PH v a r i e s  d i r e c t l y  w ith  

a c c l im a t io n  s a l i n i t y .  T h is  re s p o n s e  r e s u l t s  from  th e  in p u t  o f  CO2  

p ro d u c e d  i n  a e r o b ic  m e ta b o lism , w hich  in c r e a s e s  i n  d i l u t e  m ed ia .

VO  ̂ o f  a d u l t  C a l l i n e c t e s  s a p Id u s  does n o t  ch ange  when a c c l im a t io n  

s a l i n i t y  i s  re d u c e d  from  30 to  10 ° /o o  (L a ir d  * 7 3 ) , and t h e r e f o r e  

i t  i s  u n l ik e ly  t h a t  th e  accom panying in c r e a s e  i n  b lo o d  PH i s  due to  

a  r e d u c t io n  i n  Pco 2 * I t  i s  more l i k e l y  t h a t  th e  PH in c r e a s e  a t  low 

s a l i n i t y  r e s u l t s  from  an e x c e s s  o f  b a s e ,  an h y p o th e s i s  s u g g e s te d  

e a r l i e r  f o r  C a rc in u s  m eanas by T ru c h o t (*73) a lth o u g h  th e  e f f e c t i v e  

b a s e  was n o t  i d e n t i f i e d .

B oth  C a l l i n e c t e s  s a p id u s  and C a rc in u s  m eanas a r e  c a p a b le  o f  e x t r a ­

c e l l u l a r  o sm o tic  r e g u l a t i o n .  The r e g u la to r y  m echanism s i n  th e s e  s p e c ie s  

can  dampen th e  change i n  o sm o tic  c o n c e n t r a t io n  o f  th e  b lo o d  when 

s a l i n i t y  i s  a l t e r e d  b u t  n e i t h e r  r e g u la t e s  p e r f e c t l y  enough to  a c h ie v e  

h o m e o sm o tlc ity  i n  d i l u t e  m ed ia . E x t r a c e l l u l a r  r e g u l a t i o n  i s  

accom pan ied  by i n t r a c e l l u l a r  r e g u l a t i o n .  In  b o th  s p e c ie s  a  p o o l o f  

f r e e  am ino a c id s  p a r t i c i p a t e s  i n  t h i s  i n t r a c e l l u l a r  r e g u la t i o n

19
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( S c h o f fe n ie l9  and G l l l e s ,  1970; G e ra rd  and G i l l e s ,  1972; S ie b e r s  

e t  a l * , 1 9 7 2 ).

As s a l i n i t y  d e c re a s e s  th e  amount o f  f r e e  amino a c id s  i n  th e

t i s s u e s  d e c r e a s e s  and a t  th e  same tim e  th e  ammonia c o n c e n t r a t io n  i n

th e  hemolymph in c r e a s e s  i n  b o th  s p e c ie s  (G era rd  and G i l l e s ,  1972;

S ie b e rs  e t  a l . ,  1 9 7 2 ) . T hese e v e n ts  a r e  th o u g h t to  r e s u l t  from

in c r e a s e d  d e a m in a tio n  o f  th e  f r e e  am ino a c id s  (G era rd  and G i l e s ,  1 9 7 2 ).

B lue c ra b s  i n  50% s e a w a te r  h av e  c o n s id e ra b ly  h ig h e r  (lO x)

ammonia l e v e l s  th a n  th o s e  i n  u n d i lu te d  s e a w a te r .  S p e c i f i c a l l y ,
- 4ammonia in c r e a s e s  by 1 .2  -  1 .3  x  10 M /1, a  q u a n t i t y  w hich  c o u ld

c a u se  th e  o b se rv e d  PH in c r e a s e  ( s e e  T ab le  I I ) • In  C a rc in u s  meanas
o

t r a n s f e r r e d  from  38 to  11 /o o  s a l i n i t y  th e  ammonia in c r e a s e  i s  even  

g r e a t e r  (7  x 10 M /1; S ie b e r s  e t  a l . , 1 9 7 2 ) , w hich  c o u ld  a l s o

c a u se  th e  g r e a t e r  b lo o d  PH ch an g e . In  t h i s  s p e c ie s  th e  ammonia 

c o n c e n t r a t io n  doe3 n o t  d e c re a s e  s i g n i f i c a n t l y  from  th e  e le v a te d  

v a lu e  f o r  a t  l e a s t  10 days fo l lo w in g  th e  e x p o su re  to  a  d i l u t e  

s a l i n i t y .  The a c tu a l  m ag n itu d e  o f  th e  PH change in d u c e d  by th e  

a d d i t io n  o f  t h a t  q u a n t i ty  o f  b a se  to  th e  b lo o d  depends on i t 3  b u f f e r ­

in g  c a p a c i ty ,  w hich  i s  n o t known.

By f a r  th e  g r e a t e s t  change i n  o s m o la l i ty  and c h lo r id e  io n  co n -
°  o

c e n t r a t i o n  i n  th e  b lo o d  i s  b e tw een  35 /o o  and 25 /o o .  F u r th e r  

r e d u c t io n s  i n  s a l i n i t y  c a u se  d e c r e a s e s  i n  o s m o la l i ty  and c h lo r id e  io n  

c o n c e n t r a t io n ,  b u t  th e  am ount o f  d e c r e a s e  i s  much l e s s  as  shown in  

F ig u re  1 . Assum ing t h a t  th e  f r e e  am ino a c id  p o o l i s  c o n t r o l l e d ,  

c a t a b o l i c a l l y ,  th e  g r e a t e s t  i n c r e a s e  i n  d e a m in a tio n  and h en ce  ammonia



Table II
V alues D eterm ined  and A nim als A c c lim a te d  

a t  2 2 .0 ° c  *  l ° c  

A b b re v ia t io n s

Pe 02 m P a r t i a l  p r e s s u r e  o f  oxygen i n  e x t e r n a l  e n v iro n m e n t i n  

m i l l im e te r s  o f  m e rc u ry .

Wt. ** Wet w e ig h t o f  a n im a ls  i n  g ram s.

Cm. ® C arap ace  le n g th  i n  c e n t im e te r s .

Pv02 * P r e b r a n c h ia l  p a r t i a l  p r e s s u r e  o f  oxygen .

CyO2  ■ P r e b r a n c h ia l  oxygen c o n te n t  i n  Volume p e r c e n t .

OSMD ■ O sm o la l i ty  i n  M il l io s m o le s .

CL- “  C h lo r id e  io n  c o n c e n t r a t io n  i n  m i l l i - e q u i v a l e n t s  

p e r  l i t e r .

Cc02 ** Oxygen c a r r y in g  c a p a c i ty  i n  volum e p e r c e n t .

Sv  *» Venous p e r c e n t  oxygen s a t u r a t i o n .

21



22

Table II (cenft)
Summer 5 /o o  S a l i n i t y

mm Hg
Pe ° 2 Wt. cm. PH Pv°2 Cv°2 OSMO CL-

1 4 8 .0 1 6 3 .7g 7 .6 7 5 7 .0 0 .7 0 4 7 2 3 .3 3 5 3 .3
1 4 8 .0 1 6 4 .4 7 .5 9 4 1 2 .0 0 .8 8 4 705 .5 3 6 5 .2
1 4 8 .0 1 3 2 .9 7 .7 2 8 8 .0 0 .6 4 8 6 8 3 .9 329 .9
1 4 8 .0 1 8 0 .7 7 .6 4 0 1 0 .4 0 .8 8 4 705 .1 321 .6
1 4 5 .5 1 6 5 .4 7 .5 6 0 1 5 .5 0 .4 8 6 6 6 2 .4 319 .6
1 4 5 .5 163 .9 7 .6 3 8 1 2 .0 0 .5 3 6 707.6 319 .9
1 4 5 .5 1 5 4 .3 7 .7 3 1 9 .8 0 .6 2 3 6 5 7 .0 304 .9
1 4 5 .5 1 4 2 .7 7 .6 5 3 1 1 .0 0 .8 2 3 714 .8 3 3 0 .4
1 4 5 .5 2 4 2 .1 7 .6 3 1 1 4 .8 0 .6 0 8 6 4 0 .6 2 8 8 .3
1 4 5 .5 1 5 0 .1 7 .6 7 5 1 3 .7 0 .8 8 1 6 3 2 .7 2 9 0 .6

Mean V a lu es  * S .E . n  -  10

Pe °2 W t. PH V'2 Cv°2

1 4 6 .5 * 0 .4  17 1 .0 * 8 .8  7 .6 5 3 * 0 .0 1 11 .4 ± 0 .9  0 .7 0 8 ± 0 .0 5

Summer 1 5 ° /o o S a l i n i t y

1 5 1 .0 2 0 5 .7 7 .6 5 0 1 0 .6 0 .3 3 8 750 ,5 3 5 9 .2
1 5 1 .0 178 .5 7 .6 2 0 1 2 .9 0 .4 6 5 7 4 9 .7 365 .6
1 5 1 .0 1 8 2 .5 7 .6 8 1 1 2 .5 0 .3 6 0 7 2 4 .3 341 .6
1 4 5 .0 1 4 0 .7 7 .6 9 7 1 5 .0 0 .7 0 5 718 .1 322 .5
1 4 5 .0 1 9 6 .1 7 ,6 5 8 1 2 .5 0 .4 5 5 731 .4 343 .4
1 4 5 .0 1 5 8 .0 7 .6 8 8 1 5 .4 0 .7 4 0 7 3 6 ,8 33 2 .2
1 4 5 .0 1 6 3 .1 7 .7 3 0 1 0 .5 0 .5 4 0 705 .3 32 7 .7
1 4 5 .0 19 1 .5 7 .7 0 4 1 3 .6 0 .7 4 0 702 .0 3 1 9 .0
1 3 9 .8 2 1 6 .2 7 .6 2 1 8 .5 0 .6 2 0 756 .8 37 5 .1
1 3 9 .8 1 4 9 .1 7 .6 8 1 1 2 .5 0 .4 3 0 712 .4 3 5 2 .8

e+ 21 4 5 .8 ^ 1 .5

Mean V a lu es  -  S .E . n  ** 
-t Pv0 2

1 7 8 .1 -7 .9  7 .6 7 3 -0 .0 1  1 2 .4 * 0 .7

10
Wt, cvo?

0 .5  39*0•

Cc°2

1 ,6 3 1  55%

17521 48%

OSMO CL-

1 .3 1 0  62%

05
OSMO

7 2 8 .8 * 6 .2
CL-

3 4 3 .9 * 6 .0
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T ab le  I I  (c o n * t)  

Summer 2 5 ° /o o  S a l i n i t y

mm Hg 

Pe°2 Wt. cm. PH Pv°2 Cv°2 OSMO CL-

1 5 3 .5 215 .9 7 .6 7 7 1 0 .1 0 .6 1 0 7 9 2 .0 392 .1
1 5 3 .5 1 8 6 .3 7 .6 2 3 1 1 .5 0 .6 3 5 7 9 9 .8 3 8 6 .3
1 5 3 .5 1 5 1 .5 7 .630 1 4 .6 0 .4 3 0 8 1 3 .4 380 .6
1 5 3 .5 1 5 1 .9 7 .6 3 3 9 .8 0 .5 0 0 789 .4 387 .6
1 5 3 .5 1 3 4 .3 7 .662 1 2 .2 0 .4 4 0 8 0 0 .0 383 .5
1 4 6 .2 1 3 5 .3 7 .6 4 7 1 0 .1 0 .5 5 0 8 1 6 .2 365 .5
1 4 6 .2 1 8 1 .2 7 .6 5 1 1 0 .2 0 .4 9 0 8 0 2 .3 390 .6
1 4 6 .2 2 0 1 .3 7 .665 8 .5 0 .5 6 0 8 1 3 .0 4 0 3 .0
1 4 2 .0 1 8 8 .5 7 .7 2 3 6 .0 0 .5 5 0 77 7 .4 357 .2
1 4 2 .0 1 9 4 .0 __  7 .6 7 2 1 0 .0 0 .8 0 0 7 7 3 .1 374.9

Mean V alu es -  S .E . n*10

Cc°2  s v  

1 .6 6 5  49Z

Pe02 Wt. PH Pv02 Cy0 2 OSMO CL-

1 4 9 .0 * 1 .0  1 7 4 .0 - 9 .1  7 .6 5 8 * 0 .0 0 9  1 0 .3 * 0 .7 1  0 .5 5 7 * 0 .0 3  7 9 7 .7 * 4 .7  3 8 2 .1 * 4 .2

Summer 3 5 ° /o o  S a l i n i t y

1 4 1 .6 2 3 6 .8 7 .6 1 3 5 .6 0 .4 3 3 9 6 8 .0 5 0 0 .8
1 4 1 .6 1 7 5 .6 7 .6 1 9 4 .5 0 .3 0 3 9 9 3 .5 4 6 2 .4
1 4 1 .6 1 8 3 .3 7 .654 1 1 .5 0 .5 2 6 9 5 9 .1 5 0 7 .7
1 4 1 .6 1 7 9 .1 7 .6 4 0 1 1 .6 0 .4 0 1 10 6 5 .7 49 7 .5
1 4 1 .6 200 .5 7 .615 7 .4 0 .4 0 5 9 7 1 .9 4 7 3 .1
1 5 0 .0 1 72 .9 7 .5 7 8 8 .7 0 .7 6 5 9 9 9 .0 4 6 8 .8
1 5 0 .0 2 1 6 .0 7 .5 7 3 5 .5 0 .3 8 0 1 0 8 2 .9 5 0 6 .5
1 5 0 .0 1 5 6 .0  J 7 .526 1 1 .1 0 .4 2 0 9 9 2 .1 5 0 2 .8
1 5 0 .0 1 7 5 .7 7 .5 3 3 1 1 .5 0 .4 3 0 9 9 9 .4 4 9 1 .6
1 5 0 .0 1 8 4 .2 7 .5 7 8 1 3 .0 0 .4 3 0 1 0 0 2 .9 4 8 0 .0
1 5 0 .0 1 6 0 .6 7 .5 5 9 8 .5 0 .5 1 5 1 0 1 8 .0 4 9 5 .3

Mean V alues *  S .E . n » l l

P 0 o Wt. PH P„0~ C a ,  0 SM0 cl-e  z v  a v  z

1 4 6 .2 * 1 .3  1 8 5 .5 * 7 .2  7 .5 9 0 * 0 .0 1 0  9 .0 * 0 .9  0 .5 0 1 * 0 .0 4  1 0 0 4 .8 * 1 1 .6  4 8 9 .8 * 4 .8
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T fib le 

W in te r  5'

ma Hg 
Pe°2 Wt. cm. PH Pv°2

1 5 7 .2 2 0 9 .9 7 .4 7 .5 8 4 8 .3
1 4 7 .1 2 2 4 .0 7 .5 7 .6 8 8 9 .5
1 5 4 .1 2 1 5 .5 7 .0 7 .5 6 7 1 8 .1
1 5 4 .1 2 0 2 .1 7 .5 7 .6 3 4 1 9 .2
1 5 9 .7 1 9 5 .7 6 .9 7 .6 9 0 1 3 .2
1 5 4 ,0 2 3 0 .0 6 .8 7 .6 4 2 1 6 .1
1 5 4 .0 1 7 5 .2 6 .6 7 .5 8 0 1 5 .9
1 5 2 .0 2 1 5 .5 6 .8 7 .6 0 3 1 3 .4
1 5 2 .0 1 8 0 .0 6 .5 7 .6 6 3 9 .9
1 5 2 .0 2 1 5 .5 6 ,8 7 .6 4 7 1 3 .8

Mean V alu es  

Pe 02 Wt* PH

1 5 3 .6 - 1 .0  2 0 6 .3 * 5 .7  7 .6 3 0 * 0 .0 1

I  (c o n ’ t )

/o o  S a l i n i t y

Cv °2 OSMO CL-

0 .7 0 0 6 8 5 .8 3 2 7 .1
0 .9 7 6 6 6 9 .6 3 2 8 ,8
0 .9 4 5 6 6 1 .4 326 .5
0 .7 6 6 6 4 8 .4 3 2 8 .3
0 .6 6 9 7 0 4 .8 377 .6
0 .4 5 0 6 5 7 .0 312 .5
0 .6 0 0 6 5 8 .6 3 0 8 .1
0 .4 0 3 6 9 2 .8 359 .4
0 .6 3 0 6 7 9 .8 331 .6
0 .7 3 1 716 .9 3 6 6 .8

- S . E . n “  10

P 0 C O , OSMO
v  2 v  2

13 .7± 62  0 ,6 8 7 -0 .0 6  6 7 7 .5±7.

W in te r  1 5 ° /o o  S a l i n i t y

1 4 7 .9 1 4 4 .8 7 .0 7 .5 2 3 1 8 .3 0 .8 0 0 7 2 0 .4 326 .6
1 5 2 .0 1 3 3 .6 6 .7 7 .5 2 1 1 1 .5 0 .5 0 0 7 8 3 .3 360 .9
1 5 9 .4 207 .2 7 .0 7 .4 4 0 1 5 .7 0 ,3 7 4 7 5 1 .3 372 .6
1 5 9 .4 226 .6 7 .5 7 .584 1 0 .6 0 .3 8 7 707 .2 3 5 6 .8
1 5 4 .0 1 9 0 .1 6 .8 7 .5 9 7 1 9 .5 0 .8 2 5 6 8 7 .1 33 3 .7
1 5 4 .0 1 7 8 .3 6 .6 7 .5 7 7 6 8 1 .0 351 .2
1 3 8 .5 2 0 9 .0 6 .6 7 .5 8 4 1 1 ,2 07436 764 .9 3 7 4 .0
1 3 8 .5 208 .5 6 .9 7 .6 1 7 8 .1 0 .5 9 8 7 7 7 .3 4 0 3 .2
1 3 8 .5 1 7 0 .2 6 .5 7 .5 9 8 1 2 .3 0 .6 8 8 763 .7 370 .2
1 3 8 .5 1 6 1 .2 6 .3 7 .6 2 1 1 1 .7 0 .6 5 0 755 .6 3 9 2 .1

Mean V alu es -  S .E . n * 10

CL-

3 3 6 .7 ± 7 .3

P^09 W t. PH P 0 C„09 OSMO CL-e  I  v  2 v  ^

1 4 8 .0 * 2 .7  1 8 2 .9 * 9 .7  7 .5 6 6 * 0 .0 2  1 3 .2 * 1 .3  0 .5 8 4 * 0 .0 6  7 3 9 .2 * 1 1 .8  3 6 4 .1 * 7 .5
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T a b le  I I  (c o n ’ t )  

W in te r  2 5 ° /o o  S a l i n i t y

P
e  2 Wt. cm. PH Pv°2 cvo2 OSMO CL-

Cc ° 2
Sv

1 5 0 .8 1 7 5 .9 6 .9 7 .506 1 1 .8 0 .8 5 0 3 2 0 .1 3 9 3 .3
1 4 2 .5 1 9 2 .0 6 .9 7 .6 0 5 9 .7 0 .7 7 0 8 0 2 .7 358 .2
142 .5 1 9 1 .4 7 .0 7 .5 7 0 1 0 .2 0 .6 7 5 8 0 8 .2 329 .9
1 4 2 .5 1 6 0 .9 6 .5 7 .5 6 7 1 0 .4 0 .5 3 9 7 9 7 ./ 366 .9
1 4 6 .0 1 7 0 .4 6 .3 7 .636 1 1 .0 0 ,8 9 7 819 .6 362 .5 27017 37%
1 4 6 .0 2 3 7 .1 7 .1 7 .6 0 1 1 2 .7 0 .9 0 9 820 .7 350 .6 1 .8 9 3 62%
1 5 2 .0 1 9 1 .7 6 .4 7 .576 1 2 .7 0 .4 3 5 8 01 .9 386 .4 1 .4 9 0 44%
1 4 7 .0 1 7 9 .8 6 .5 7 .6 0 0 1 1 .9 0 .6 7 2 830 .9 399 .0
1 5 2 .0 2 1 4 .3 6 .8 7 .6 7 8 1 0 .9 0 .4 8 5 8 2 7 .9 4 1 8 .2 17219 62%

Mean V alues *  S .E . n a  10

pe°2 Wt. PH Pv°2 (y>2 OSMO CL-

1 4 6 .8 - 1 .3  1 9 0 .4 - 7 .8  7 .5 9 3 ± 0 .0 1  1 1 .3 ^ 0 .4  0 .6 9 8 * 0 .0 6  8 1 4 .4 * 4 .0  3 7 3 .9 * 9 .2

W in te r  3 5 ° /o o  S a l i n i t y

1 5 2 .0 1 6 5 .8 6 .6 7 .5 3 6 7 .0 0 .5 0 0 1 0 4 5 .0 5 5 5 .7
1 4 6 .5 1 9 6 .0 6 .8 7 .5 0 9 1 1 .4 0 .7 2 3 1049 .4 5 0 9 .8
1 4 6 .5 2 2 8 .2 7 .3 7 .4 8 8 2 0 .5 0 .6 1 5 1 0 3 7 .3 5 2 1 .6
1 4 4 .9 2 0 2 .3 7 .0 7 .399 1 6 .8 0 .5 3 1 1069 .6 5 2 7 .9
1 4 5 .0 1 6 8 .8 6 .8 7 .4 4 4 1 2 .5 0 .4 0 3 1085 .9 5 8 7 .0
1 4 8 .5 2 1 1 .6 7 .5 7 .526 1 4 .9 0 .5 1 1 1 0 37 .0 5 5 3 .9
1 4 5 .0 1 7 2 .6 6 .8 7 .516 1 0 .0 0 .8 7 4 1 0 34 .6 5 2 9 .4
1 5 5 .0 1 5 7 .3 6 .3 7 .566 1 0 .5 0 .4 6 8 1 0 9 0 .0 4 4 7 .0
1 5 8 .8 2 3 2 .2 7 .5 7 .4 2 8 1 027 .2
1 5 8 .8 310 .2 7 .8 7 .475 1 0 3 2 .0
1 5 8 .8 2 1 6 .3 6 .8 7 .476 1 6 .9 07636 1 021 .4 5 3 7 .8

Mean V alues *  S .E . n  -  10

Pe°2 Wt. PH Pv°2 Cv°2 OSMO CL-

1 4 9 .1 -1 .6  2 0 2 .8 -1 2 .2  7 .4 8 8 * .0 1  1 3 .4 * 1 .4  0 .5 8 4 5 * 0 .0 5  1 0 4 4 .3 * 7 .5  5 3 0 .0 * 1 2 .9
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c o n c e n t r a t io n  w ould b e  e x p e c te d  b e tw een  3 5 ° /o o  and 2 5 ° /o o  w i th  l i t t l e  

in c r e a s e  i n  ammonia o u tp u t  b e tw een  2 5 ° /o o  and th e  lo w e r s a l i n i t i e s *

I t  i s  I n t e r e s t i n g  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  i n  PH a r e  found  o n ly  

b e tw een  3 5 ° /o o  and th e  t h r e e  lo w er s a l i n i t i e s .  In  f a c t  th e  c o r r e l a t i o n s  

o f  PH w ith  b o th  o s m o la l i ty  (P c .O l)  and c h lo r id e  ^P ^O O D  e r e  h ig h ly  

s i g n i f i c a n t .

E f f e c t s  o f  A c c lim a tio n  S a l i n i t y  on Oxygen T ra n s p o r t

When th e  b lu e  c ra b  makes o sm o tic  a d ju s tm e n ts  to  d i l u t e  m ed ia , 

b lo o d  PH r i s e s .  I f  t h i s  change w ere  u n o p p o sed , i t  w ould r e s u l t  i n  an  

in c r e a s e  i n  oxygen a f f i n i t y  and th u s  % oxyhem ocyanin . At th e  same 

t im e , h o w ev er, th e  s a l t  c o n te n t  o f  th e  b lo o d  d e c r e a s e s .  I f  t h i s  

change o c c u r re d  i n  i s o l a t i o n ,  th e  r e s u l t  w ould  b e  a  r e d u c t io n  in  

hem ocyanin  o x y g e n a tio n .

A n o th e r v a r i a b l e  t h a t  m ust be  c o n s id e re d  i s  oxygen consum ption  

C^Oi) • A lthough  VO2  ch an g es  as  s a l i n i t y  changes i n  many c r u s ta c e a n s ,  

L a ird  found  t h a t  C a l l i n e c t e s  s a p id u s  e x h i b i t s  no VO2  change a t

a c c l im a t io n  s a l i n i t i e s  b e tw een  3 0 ° /o o  and 10 /o o  (25 c ) , H ow ever,

* oMangum (1976) found  t h a t  VO2  does i n c r e a s e  a t  5 /o o .

The b lo o d  oxygen p a ra m e te rs  i n d i c a t e  l i t t l e  s i g n i f i c a n t  change 

i n  oxygen a f f i n i t y  o v e r  th e  s a l i n i t y  ra n g e  ( s e e  T ab le  I ) .  The PH 

in c r e a s e  a t  th e  lo w e r s a l i n i t i e s  a p p a r e n t ly  c o u n te r s  th e  e f f e c t  o f  

th e  lo w er i o n i c  c o n c e n t r a t io n  on hem ocyanin  a f f i n i t y .  The co m p en sa tio n  

i s  n o t  p e r f e c t ,  b u t  th e  two f a c t o r s  seem to  b a la n c e  each  o th e r  w e l l  

enough so  t h a t  th e  r e s p i r a t o r y  p a ra m e te rs  rem a in  w i th in  a  r e l a t i v e l y  

n a rro w  ra n g e .
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I t  a p p e a rs  t h a t  th e  o p p o s i te  r e s p o n s e s  o f  th e  hem ocyanin  

m o le c u le  to  s a l t  and PH a llo w  f o r  a  re m a rk a b le  h o m e o s ta s is  o f  

r e s p i r a t o r y  f u n c t io n  i n  th e  u n s ta b l e  e s t u a r l n e  en v ironm en t*
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