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TO MY WIFE, FIOJA.
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And mothers loudlv warned their proud pink daughters 
or sons to put that jeilytish dow n ; and fathers spread 
newspapers over their faces: and sand-fleas hopped on 
the picnic lettuce : and someone had forgotten the salt.
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SUMMARY

T he  a i m s  o f  t h i s  t h e s i s  a r e  t w o - f o l d .  1) To c o n t r i b u t e  a  l i t t l e  

t o  ou r  know ledge and u n d e r s t a n d in g  o f  t a l i t r i d  b io lo g y  and e s p e c i a l l y  

t h e  l i t t l e - s t u d i e d ,  r e s p i r a t o r y  p h y s i o l o g y  o f  t h e s e  a n i m a l s .  I n  

p a r t i c u l a r ,  t h e  o x y g e n  t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  b lo o d  o f  tw o  

s e m i - t e r r e s t r i a l  s p e c i e s ,  h a v e  r e c e i v e d  s p e c i a l  a t t e n t i o n .  2) To 

a s s e s s  t h e  v a l i d i t y  o f  E cney 's  (Edney, 196Ü) s t a t e m e n t  t h a t  "amphipods 

have  e v o lv e d  o h to  l a n d  by m a in ly  b e h a v io u r a l  r a t h e r  th a n  s p e c i f i c a l l y  

m o rp h o lo g ic a l  o r  p h y s i o l o g i c a l  a d a p t a t i o n s " ,  by em ploy ing  a  s y n t h e s i s  

o f  b o t h  t h e  e x p e r i m e n t a l  w ork  r e p o r t e d  h e r e i n  an d  o t h e r  p e r t i n e n t  

(though o f t e n  o v e r lo o k e d )  d a t a  d raw n from  th e  l i t e r a t u r e .

The f i r s t  tw o c h a p t e r s  s e r v e  Doth a s  an  i n t r o d u c t i o n  t o  th e  g roup  

(and  t h e  p a r t i c u l a r  s p e c i e s  s t u d i e d )  a n d  a s  a  f r a m e  o f  r e f e r e n c e ,  

a l l o w i n g  p h y s i o l o g i c a l  d a t a  t o  be p l a c e d  w i t h i n  a m e a n i n g f u l  

e c o l o g i c a l  c o n t e x t .  B a s e d  b o t h  on  p e r s o n a l  o b s e r v a t i o n s  an d  r e c o r d s  

t o g e t h e r  w i t h  an  a s s e s s m e n t  o f  th e  l i t e r a t u r e ,  t h e  d i s t r i b u t i o n  and 

n a t u r a l  h i s t o r y  o f  t h e s e  a n im a ls  ( p a r t i c u l a r l y  Q r c h e s t i a  g a m m a re l lu s  

a n d  O. m e d i t e r r a n e a ) a r e  d e s c r i b e d .  The f o l l o w i n g  f o u r  c h a p t e r s  a r e  

co n c e rn e d  w i t h  o r i g i n a l  ^ y s i o l o g i c a l  i n v e s t i g a t i o n .

A c o m p a r i s o n  o f  a e r i a i  and a q u a t i c  o x y g e n  c o n s u m p t i o n  r a t e s  in  

f o u r  s p e c i e s  o f  t a i i t r i a ,  ta x e n  from  d i f f e r e n t  h a b i t a t s ,  r e v e a le d  t h a t  

a  c o r r e l a t i o n  e x i s t s  b e tw e en  th e  a b i l i t y  o f  t h e s e  a n im a ls  t o  m a in ta in  

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

d e g r e e  o f  em an  c i p a t i o n  f ro m  t h e  a q u a t i c  e n v i r o n m e n t .  Q r c h e s t i a  

g a m m a re l lu s  and  0^  m e d i t e r r a n e a  w ere  a b l e  t o  m a i n t a i n  i n d e f i n i t e l y  an  

a e r i a l  r a t e  o f  oxygen c o n sum ption  when subm erged a t  lO^C. In  t h e  c a s e  

o f  Q r c h e s t i a  cav im ana  and A r c i t a l i t r u s  d o r r i e n i ,  t h e  m ost t e r r e s t r i a l

XI



o f  t h e  am phipods exam ined , t h e r e  was a  m arked s u p p r e s s io n  o f  oxygen 

c o n su m p t io n  r a t e  upon im m ers io n ,  w i t h  ^  d o r r i e n i  u n a b le  t o  s u r v i v e  

p r o l o n g e d  s u b m e r s i o n .  A c o m p a r a t i v e  s t u d y  o f  t h e  e f f e c t s  o f  

t e m p e r a t u r e  on th e  oxygen c o n s u m p t io n  r a t e s  f o r  e ach  s p e c i e s  showed 

v e r y  l i t t l e  i n t e r s p e c i f i c  d i f f e r e n c e  i n  r a t e  i n c r e m e n t s  i n  a i r  an d  

w a t e r  b e tw e e n  0 ^  g a m m a r e l l u s  a n d  0 ^  m e d i t e r r a n e a , e x c e p t  a t  h i g h  

t e m p e r a t u r e s  (25^C) a t  w hich  t h e  subm erged  r a t e  o f  oxygen co n su m p tio n  

o f  0 ^  g a m m a r e l l u s  w as  ] u s t  h a l f  t h a t  o f  t h e  a e r i a l  r a t e .  I n  Q. 

c a v im a n a  and ^  d o r r i e n i  an  i n c r e a s e  i n  e x p o su re  t e m p e r a tu r e  r e s u l t e d  

i n  an  i n c r e a s e  i n  t h e  a e r i a l ; a q u a t i c  oxygen c o n su m p tio n  r a t i o .  None o f  

t h e  s p e c i e s  e x a m in e d  w e re  a b l e  t o  s u s t a i n  a e r i a l  r e s p i r a t i o n  a t  

t e m p e r a t u r e s  i n  e x c e s s  o f  30^C and a q u a t i c  r e s p i r a t i o n  a t  t e m p e r a t u r e s  

i n  e x c e s s  o f  2 5 ^ C .  G i l l  e x c i s i o n  i n  0 ^  g a m m a r e l l u s  d i d  n o t  

s i g n i f i c a n t l y  a l t e r  th e  oxygen c o n su m p t io n  r a t e  o f  t h i s  a n im a l  e x c e p t  

a t  h ig n  (>2U^C) e x p o su re  t e m p e r a t u r e s .  These  r e s u l t s  were d i s c u s s e d  in  

r e l a t i o n  t o  t h e  i n v a s i o n  o f  la n d  in  t h i s  group .

The t o t a l  g i l l  a r e a  a n d  g i l l  d i s t r i b u t i o n  o f  s e v e n  t a l i t r i d  

s p e c i e s  t a k e n  f r o m  a  v a r i e t y  o f  n a b i t a t s  h a s  b e e n  s t u d i e d .  I n  t h e  

s a n d h o p p e r s ,  T a l i t r u s  a n d  T a l o r c h e s t i a , an d  i n  t h e  l a n d h o p p e r ,  

A r c i t a l i t r u s  d o r r i e n i , t h e  g r e a t e s t  g i l l  a r e a  i s  i n v e s t e d  i n  t h e  

p o s t e r i o r  g i l l s  (G 6) w h ereas  i n  t h e  b e a c h f l e a ,  Q r c h e s t i a  spp . G2 h a s  

t h e  g r e a t e s t  a r e a .  G i l l s  3, 4 and 5 a r e  c h a r a c t e r i s t i c a l l y  s m a l l  and G 

7 IS  c o n s i s t e n t l y  a b s e n t  i n  a l l  t h e  s p e c i e s  s t u d i e d .  G i l l  s t r u c t u r e  

and d e p lo y m e n t  p a t t e r n s  a r e ,  i n  g e n e r a l ,  q u i t e  c o n s e r v a t i v e  w i t h i n  t h e  

T a l i t r i d a e .  The g i l l s  o f  A. d o r r i e n i  a r e ,  h o w e v e r ,  c o m p le x  i n  s h a p e  

and a r e  more c o n v o lu te d  th a n  in  t h e  o t h e r  s p e c i e s  s tu d i e d .

G i l l  a r e a /  body  d r y  w e i g h t  r e l a t i o n s h i p s  w e re  e s t a b l i s h e d  f o r  

e a c h  s p e c i e s  an d  w e r e  c o m p a r e d  w i t h  p r e v i o u s l y  p u b l i s h e d  d a t a .  The 

T a l i t r i d a e  show  a  r e d u c t i o n  i n  t o t a l  g i l l  a r e a  c o m p a r e d  w i t h  m o s t  

a q u a t i c  a m p h ip o d s .  I t  w as o b s e r v e d ,  h o w e v e r ,  t h a t  t h e  s l o p e s  o f  t h e
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c a l c u l a t e d  r e g r e s s i o n  l i n e s  w ere  s i g n i f i c a n t l y  d i f f e r e n t  be tw een  th e  

s a n d  h o p p e r  an d  b e a c h f l e a  g e n e r a  s t u d i e d .  The r e d u c t i o n  i n  g i l l  a r e a  

w i t h i n  t h e  T a l i t r i d a e  i s  d i s c u s s e d  i n  r e l a t i o n  t o  t h e i r  c o l o n i z a t i o n  

o f  l a n d .

A c o m p a r a t iv e  s tu d y  o f  t h e  oxygen t r a n s p o r t i n g  p r o p e r t i e s  o f  th e  

b lo o d  o f  tw o s u p r a l i t t o r a l  t a l i t r i d s  was a t t e m p te d .  T h is  i s  t h e  f i r s t  

a c c o u n t  o f  t h e  oxygen t r a n s p o r t i n g  p r o p e r t i e s  o f  amphipod haemolymph. 

The c o n c e n t r a t i o n s  o f  t h e  m ajo r  io n s  i n  t h e  b lo o d  w ere  s i m i l a r  i n  th e  

tw o  s p e c i e s  a l t h o u g h  i n  0^ m e d i t e r r a n e a  t h e  c o n c e n t r a t i o n s  o f  t h e  Na"*" 

an d  C l “  i o n s  w e r e  l o w e r  t h a n  i n  0 .  g a m m a r e l l u s . The o x y g e n  c a r r y i n g  

c a p a c i t y  o f  t h e  h a e m o c y a n in  w a s  q u i t e  lo w  (0,7 m l . 100 m l” ^) and  d i d  

n o t  d i f f e r  s i g n i f i c a n t l y  b e tw e en  th e  two s p e c i e s .  The b lood  o f  b o th  0. 

g a m m a re l lu s  and 0^ m e d i t e r r a n e a  had a  m o d e r a te ly  h ig h  oxygen a f f i n i t y  

w h ic h  r e m a i n e d  a l m o s t  in o e p e n d i^ n t  o f  t e m p e r a t u r e  i n  t h e  r a n g e  l u  -  

18^C. The Bohr f a c t o r  (Aiog A pH) was a lm o s t  i d e n t i c a l  in  t h e  two 

s p e c i e s  (mean = -0 .84 ) .  The c o o p e r a t i v i t y  o f  t h e  haem ocyan in  was a l s o  

s i m i l a r  i n  b o t n  0 . g a m m a r e l l u s  an d  0 .  m e d i t e r r a n e a  (n^Q = 3) an d  w as  

l a r g e l y  in d e p e n d e n t  o f  gH w i t h i n  th e  ran g e  7.2 -  7.8.

I t  was found , how ever, t h a t  t h e  O. g a m m a re l lu s  c o l l e c t e d  from  th e  

u p p e r  l i m i t s  o f  t h e i r  d i s t r i b u t i o n  on  t h e  s h o r e  ( d e s i g n a t e d  AHW 

a n i m a l s )  h a d  a  b l o o d  i o n  c o n c e n t r a t i o n  t h a t  w as  v e r y  d i f f e r e n t  f ro m  

a n im a ls  t a x e n  from  th e  m id d le  o f  t h e i r  a i s t r l o u t i o n  ( d e s ig n a te d  BHW 

a n i m a l s ) .  The c o n c e n t r a t i o n s  o t  Na"*" , C l”  , and  Ca^^ i o n s  i n  

p a r t i c u l a r  w ere  v e ry  much lo w e r  i n  t h e  b lood  o f  a n im a ls  from  h ig h  on 

t h e  s h o r e  a n d  t h e  pH o f  t h e  b l o o d  w as  s i g n i f i c a n t l y  l o w e r  (7 .63  

c o m p a r e d  w i t h  7 .8 3 ) .  As a r e s u l t ,  t h e  i n  v i v o  o x y g e n  a f f i n i t y  o f  t n e  

b l o o d  o f  AHW a n i m a l s  w as  much l o w e r  t h a n  t h a t  o f  BHW a n i m a l s .  When 

m e a s u r e d  a t  c o n s t a n t  pH, t h e  o x y g e n  a f f i n i t y  o f  t h e  D lood  o f  AHW 

a n im a l s  was s t i l l  lo w e r  tn a n  t h a t  o f  BHW a n im a ls .  E x p e r im e n ts  i n  w hich
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b lo o d  from  t h e  tw o  g ro u p s  o f  a n im a ls  was d i a l y s e d  a g a i n s t  d i f f e r e n t

p h y s i o l o g i c a l  s a l i n e s ,  s h o w e d  t h a t  t h i s  c o u l d  be  a t t r i b u t e d  t o  t h e  

7+lo w e r  Ca io n  c o n c e n t r a t i o n  i n  t h e  b lo o d  o f  AHW a n im a ls .  The oxygen 

t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  b lo o d  a r e  d i s c u s s e d  i n  r e l a t i o n  to  t h e  

e c o lo g y  o f  t h e s e  s p e c i e s .

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

hypo-  and h y p e r - s a l i n e  e x p o s u re  on 0^  g a m m a re l lu s , a t  t h e  l e v e l  o f  t h e  

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

t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  b lood . I t  was found  t h a t  0^  g a m m a re l lu s  

w a s  a b l e  t o  . - : y r e g u l a t e  t h e  s o d iu m  i o n  c o n c e n t r a t i o n  o f  t h e

b lo o d  under h y p o -o s m o t ic  c o n d i t i o n s  and t h a t  t h e r e  w ere  accompanying 

c h an g es  i n  t h e  a n im a l s '  t o t a l  f r e e  am ino  a c i d  and t o t a l  b lo o d  p r o t e i n  

c o n c e n t r a t i o n s .  From b o th  l a b o r a t o r y  and f i e l d  d a t a ,  i t  was n o te d  t h a t  

a  d e c r e a s e  i n  t h e  b l o o d  i o n i c  c o n c e n t r a t i o n  (AHW a n i m a l s )  i s  v e r y  

o f t e n  accom pan ied  by an  i n c r e a s e  in  th e  o v e r a l l  p r o t e i n  c o n c e n t r a t i o n  

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

haem ocyan in  a s  a  s o u r c e  o f  f r e e  am ino a c i d s  t o  m a i n t a i n  t h e  c o l l o i d a l  

o s m o t i c  p r e s s u r e  o f  t h e  b lo o d  when th e  a n im a l  i s  under  h y p o -o sm o tic  

s t r e s s .

The l a s t  c h a p t e r  i s  g i v e n  o v e r  t o  a  g e n e r a l  d i s c u s s i o n  o f  t h e  

r e s u l t s  ana  r e l e v a n t  l i t e r a t u r e ,  compourKied w i t h  a  c r i t i c a l  a s s e s s m e n t  

o f  Edney 's  s t a t e m e n t  a s  r e g a r d s  la n d  c o l o n i s a t i o n  by t h e  T a l i t r i d a e .  

T h i s  a s s e s s m e n t  i s  c a r r i e d  o u t  w i t h i n  t h e  s y s t e m a t i c - e c o l o g i c a l  

f ram ew ork  r e c e n t l y  p ro v id e d  by B o u s f i e ld  (1984).
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1 .1  INTRODUCTION

The t r a n s i t i o n  f ro m  t h e  m a r in e  t o  t h e  t e r r e s t r i a l  e n v i ro n m e n t  i s  

a  m a jo r  one. The change  i n  t h e  s u rro u n d in g  medium demands a  c o m p le te  

cnange  i n  t h e  p r im a ry  mode o f  p r o g r e s s i o n  and need f o r  m o d i f i c a t i o n s  

i n  t h e  b a s i c  p r o c e s s e s  o f  l i f e ;  r e p r o d u c t i o n ,  r e s p i r a t i o n  and  

e x c r e t i o n .  G r e a te r  e x t r e m e s  o f  t e m p e r a tu r e  f l u c t u a t i o n  o c c u r  on lan d ,  

and  w i t h  t h e  c o n s t a n t  t h r e a t  o f  d e s i c c a t i o n ,  t e r r e s t r i a l  a n im a ls  may 

be e x p e c te d  t o  d i s p l a y  v a r y in g  d e g re e s  o f  p h y s i o l o g i c a l  a d a p t a t i o n  and 

t o l e r a n c e  o f  a e r i a l  c o n d i t i o n s .

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

t r a n s i t i o n  from  w a te r  t o  l a n d  and many more w hich  n i g h l i g h t  p a r t i c u l a r  

tax o n o m ic  g ro u p s  (See L i t t l e ,  1983 f o r  r e v ie w ) .  Only  t h r e e  g ro u p s  of  

c r u s t a c e a n s ,  t h e  I s o p o d a ,  t h e  D e c a p o d a  an d  t h e  A m p h ip o o a ,  h a v e  

a c h i e v e d  som e m e a s u r e  o f  s u c c e s s  on l a n d  (P o w e rs  a n d  B l i s s ,  i 9 8 3 ) .  

Much o f  th e  i n f o r m a t i o n  a c c u m u la te d  up u n t i l  1968, t o g e t h e r  w i t h  o th e r  

c o n t e m p o r a r y  w orK , w a s  p r e s e n t e d  a t  a  sy m p o s iu m  o f  t h e  A m e r ic a n  

S o c i e t y  o f  Z o o lo g i s t s  o r g a n i s e d  by b l i s s  and M an te l  (1968). Two r e c e n t  

r e v i e w s  (see  below) o f  t e r r e s t r i a l  a d a p t a t i o n s  i n  t h e  C r u s ta c e a  draw 

h e a v i l y  from  t h i s  work. T here  a r e  a  few p u b l i c a t i o n s  (see  C h a p te r  7) 

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

c o l o n i s a t i o n  in  tn e  T a l i t r i d a e ,  th e  o n ly  f a m i ly  o f  am phipods w hich nas 

t r u l y  t e r r e s t r i a - L  r e p r e s e n t a t i v e s  ( h u r l e y ,1968).

I n  M i l n e - E d w a r a s '  (1840) t r e a t i s e ,  " H i s t o i r e  N a t u r e l l e  d e s  

C r u s t a c é s " ,  o n l y  t h i r t e e n  s e m i - t e r r e s t r i a l  t a l i t r i d  s p e c i e s  w e re  

d e s c r i b e d  b u t  t h e r e  was no r e f e r e n c e  t o  am phipods in  r e l a t i o n  t o  th e  

la n d  h a b i t a t ;  he m e r e ly  r e f e r r e d  t o  t a l i t r i o s  and o r c n e s t i d s  l i v i n g  by 

t h e  s e a .  The f i r s t  r e f e r e n c e  t o  f u l l y  t e r r e s t r i a l  a m p h ip o d s  was 

p u b l i s h e d  by Dana i n  1852 a l th o u g h  he had made th e  d i s c o v e r y  i 2  y e a r s  

p r e v i o u s l y .  He r e c o r d e d  t h e  p r e s e n c e  o f  Q r c h e s t i a  s y l v i c o i a  f ro m  zO 

m i l e s  i n l a n d ,  in  n c m id  s o i l  i n  New Z e a la n d  a n a  O r c n e s t i a  t a n i t e n s  i s



f r o m  b e n e a t h  d e a d  l e a v e s  a t  a n  a l t i t u d e  o t  5üUm i n  T a h i t i .  I n  h i s  

" C a ta lo g u e  o f  t h e  s p e c im e n s  o f  Amphipodous C r u s ta c e a  i n  t h e  c o l l e c t i o n  

o f  t h e  B r i t i s h  m useum ", B a t e ,  (1862) l i s t e d  a n o t h e r  26 s e m i 

t e r r e s t r i a l  s p e c i e s  b u t  added o n ly  one m ore e u t e r r e s t r i a l  s p e c i e s  t o  

t h o s e  d i s c o v e r e d  by D ana, T h i s  s i t u a t i o n  w a s  a l t e r e d  when H e l l e r  

(1865), i n  a  n o t e  on f r e s h - w a t e r  am ph ipods ,  in c lu d e d  a  d e s c r i p t i o n  o f  

Q r c h e s t i a  c a v im a n a  w h ic h  he  fo u n d  i n  l a r g e  n u m b e r s  i n  hum id  

e n v i r o n m e n ts  a t  a  h e i g h t  o f  150Um on Mount Qlympus.

I n  1888, a  n u m b er  o f  a c c o u n t s  w e r e  p u b l i s n e d  c o n c e r n i n g  t n e  

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

l a n d  h a b i t a t .  T h e s e  i n c l u d e d  t h r e e  s e p a r a t e  a c c o u n t s  r e s u l t i n g  from 

v i s i t s  t o  t h e  A z o r e s  by t h e  F r e n c h m e n ;  B a r r o i s ,  De G e u rn e  and  

C h e v r e u x .  U n f o r t u n a t e l y  t h e s e  p a p e r s  h a v e  b e e n  o v e r lo o K e d  by 

s u b s e q u e n t  r e v i e w e r s  o f  t h e  s u b j e c t .  C h e v r e u x  (1888) n o t e d  t h a t ,  "a  

c e n t  m e t r e s  d e  l a  m e r ,  e t  à une a l t i t u d e  d e  15 m e t r e s ,  I ' O r c h e s t i a  

l i t t o r e a  a b o n d a i t  s o u s  l e s  p i e r r e s  h u m id e s  q u i  g a r n i s s a i e n t  l e s  

a b o r d e s  d 'u n e  p e t i t e  f o n t a i n e  d 'e a u  a o u c e . "  B o th  he  and  De G eu rne  

(1888) r e c o g n i s e d  t h e  e x i s t e n c e  o f  v a r i o u s  d e g r e e s  o f  t e r r e s t r i a l  

a d a p t a t i o n  i n  t h e  T a l i t r i d a e  an d  d i s c u s s e d  t h e  r o l e  o f  h u m i d i t y  i n  

d e l i n e a t i n g  t h e i r  h a b i t a t .  B a r r o i s  (1888) a d d e d  n o t h i n g  new t o  t h e  

o b s e r v a t i o n s  o f  h i s  coun trym en , c o n c e n t r a t i n g  p r i m a r i l y  on e m p n a s is in g  

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

u n f o r t u n a t e l y  h a s  had t o  be r e i t e r a t e d  on many s u b s e q u e n t  o c c a s io n s  

( s e e  H u r l e y ,  1968).  I n  t h e  sam e  y e a r  i n  S c o t l a n d ,  D a v id  R o b e r t s o n  o f  

M i l l p o r t ,  i n  h i s  s e r i e s  o f  s t u d i e s  on th e  Amphipoda ana Isopooa  o r  th e  

C lyde (R obertson , 1886, 1888), commented on th e  a d a p t a t i o n s  t o  l i v i n g  

above  th e  h ig h  w a te r  mark he nad o b se rv e d  i n  T a l i t r u s  s a l  t a  t o r  ana 

Q r c n e s t i a  g a m m a re l lu s .  D e s p i te  th e  c r u d i t y  o f  h i s  m ethods, he would 

a p p e a r  t o  n a v e  b e e n  o n e  o f  t h e  f i r s t  i n v e s t i g a t o r s  t o  a p p r o a c n  t n i s



s u b j e c t  e x p e r i m e n t a l l y .

T he  y e a r  lüWU saw  t h e  d e s c r i p t i o n  o f  T a l i t r u s  s y l v a t i c u s  f ro m  

A u s t r a l i a  by H a s w e l l  (1880), t h e  f i r s t  o f  many a c c o u n t s  c o n c e rn in g  th e  

l a r g e  f u l l y  t e r r e s t r i a l  I n d o - P a c i f i c  f a u n a  ( s e e  b e l o w ) . A t  t h i s  

p r e s e n t  t im e  more th a n  200 t a l i t r i d  s p e c i e s  have  been  d e s c r i b e d  w i th  

p o s s i b l y  m o re  t h a n  1000 f u l l y  t e r r e s t r i a l  s p e c i e s  ( i e .  e x c l u d i n g  

s u p r a l i t t o r a l  fo rm s) a w a i t i n g  d e s c r i p t i o n  ( B o u s f i e ld ,  1984).

T h e r e  a r e  som e  r e c e n t  p a p e r s  t h a t  a e a l  s p e c i f i c a l l y  w i t h  t h e  

t r a n s i t i o n  f ro m  w a t e r  t o  l a n d  i n  t h e  t a l i t r i d  a m p h ip o d s  ( H u r le y ,  

1 9 5 9 ,  1988 ; F r i e n d  a n a  R i c h a r d s o n ,  1 98b ;  s e e  a l s o  t h e  b r i e f  b u t  

i n t e r e s t i n g  n o te  i n  Eiarnard, 1972) and a l s o  two r e c e n t  r e v i e w s ,  each  

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

( L i t t l e ,  1983 ;  P o w e r s  a n d  B l i s s ,  1 9 8 3 ) .  The p a p e r s  o f  H u r l e y  (1959, 

1968) and  o f  F r i e n d  an d  R i c h a r d s o n  (1986) d e a l t  p r i m a r i l y  w i t h  t h e  

f u l l y - t e r r e s t r i a l  " la n a h o p p e r"  s p e c i e s  o f  t h e  s o u t h e r n  h e m i s p n e r e  

w i t n  p a r t i c u l a r  r e f e r e n c e  t o  c h a n g e s  i n  t h e i r  m o rp n o lo g y  ana  

d i s t r i b u t i o n  and th e  r o u t e s  t h a t  t h e s e  a n im a ls  have t a k e n  o n to  land . 

T hey  a l s o  b r i e f l y  c o n s i d e r e d  som e p h y s i o l o g i c a l  d a t a  f ro m  b o th  

p u b l i s h e d  a n d  u n p u b l i s h e d  s t u d i e s  on s e m i -  an d  f u l l y  t e r r e s t r i a l  

am ph ipods ,  b u t  i n  e a ch  c a s e  t h e i r  a s s i m i l a t i o n  o f  such  e x p e r im e n ta l  

work i n t o  tn e  m ain  t h e s i s  o r  t h e i r  r e s p e c t i v e  p a p e r s  i s  l i m i t e d .  T h is  

may be due to  tn e  ^ ^ o c i t y  a n t  i r a p c r o p r  l a t e  n a t u r e  o f  t h e  e x p e r im e n ta l  

e v id e n c e  a v a i l a b l e  ana  may a l s o  r e f l e c t  t n e i r  own i n t e r e s t s .

The r e v i e w s  o f  L i t t l e  (1983) an d  P o w e r s  an d  B l i s s  (1 9 8 3 ) ,  

how ever ,  w ere  more c o s m o p o l i t a n ,  i f  n o t  c o m p re h en s iv e ,  i n  t h e i r  scope 

and in c lu d e d  d i s c u s s i o n  o f  th e  a d a p t a t i o n s  o f  b o th  s u p r a l i t t o r a l  and 

t e r r e s t r i a l  s p e c i e s .  T o g e t h e r  t h e y  i l l u s t r a t e  t h e  l a c k  o f  d e t a i l e d  

k n o w le d g e  o f  t a l i t r i d  b i o l o g y  an d  p h y s i o l o g y  i n  p a r t i c u l a r .  Edney 

(1 9 6 0 ) ,  i n  a n  a r t i c l e  i n  w h ic h  he  r e v i e w e d  t h e  p h y s i o l o g i c a l  

a d a p t a t i o n s  u n d e rp in r . in g  " t e r r e s t r  l a ^ œ s s "  in  tn e  C r u s ta c e a ,  s u g g e s te d



t h a t ,  " t h e  A m p h ip o d a  h a v e  a d a p t e d  t o  i a n a  m ore  by b e h a v i o u r a l  

m echan ism s th a n  s p e c i f i c  p n y s i o l o g i c a l  o r  m o rp h o lo g ic a l  means." T h is  

s t a t e m e n t  was r e i t e r a t e d  i n  one o r  H u r l e y 's  p a p e r s  (H urley , 1968) a s  

w e l l  a s  i n  b o t h  o f  t h e  r e v i e w s  m e n t i o n e d  a b o v e .  E d n e y 's  a r t i c l e ,  

how ever ,  was more c o n c e rn e d  w i th  t h e  t e r r e s t r i a l  i so p o d s  and o n ly  f i v e  

p a p e r s  d e a l i n g  w i t h  a s p e c t s  o f  amphipod b io lo g y  w ere  q u o ted .  I t  would 

a p p e a r  t h a t  much o f  t h e  r e a s o n in g  agp»lied t o  t a l i t r i d  p h y s io lo g y  a rd  

i t s  r e l a t i o n s h i p  t o  t h e  l a n d  h a b i t a t  ( w i t h  som e n o t a b l e  e x c e p t i o n s :  

f o r e x a m p l e s e e  W i l l i a m s o n ,  1951a) h a s  b e e n  e x t r a p o l a t e d  f ro m  o t h e r  

g ro u p s  (m ain ly  t h e  i so p o d s  ana  t o  a  l e s s e r  e x t e n t  th e  decapods) in  th e  

a b s e n c e  o f  s p e c i f i c  e x p e r i m e n t a l  d a t a .  W i t n i n  t h e  l a s t  few  y e a r s ,  

h ow ever ,  a  renew ed  i n t e r e s t  h a s  been  shown i n  o r i g i n a l  i n v e s t i g a t i o n  

o f  t h e  p h y s i o l o g y  o f  t h e s e  a m p h ip o d s  a s  i n  r e l a t i o n  t o  t h e i r  

t e r r e s t r i a l  h a b i t s  (Marsden, 1980, 1984, 1985; Lazo-Wasem, 1984; Moore 

a n d  T a y l o r ,  1 9 8 4 ;  M oore  an d  F r a n c i s ,  1 9 8 5 a ,b ,  1 9 8 6 a ) . T h e s e  s t u d i e s  

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

p i o n e e r  w o r x e r s  a s  B a c x lu n d ,  P a l l y a u t i t  a n d  W i l l i a m s o n  ( s e e  l a t e r  

c h a p t e r s  f o r  f u l l  d e t a i l s ) .

1 .2  TALITRID SYSTEMATICS 

I t  r e m a in s  t r u e ,  how ever, t h a t  m o st  s t u d i e s  on t a l i t r i d  am phipods 

n a v e  b e e n  o f  a s y s t e m a t i c  n a t u r e ,  o c c a s i o n a l l y  i n c l u d i n g  n o t e s  a n a  

O b s e r v a t i o n s  on  t h e  b i o l o g y  o f  t h e s e  a n i m a l s .  The B r i t i s h  f a u n a  h a s  

b e e n  a d e q u a t e l y  d e s c r i b e d  (B a te  an d  W e s tw o o d ,  1863 ; S t a b b i n g ,  1891; 

R e i d ,  1947 ;  L i n c o l n ,  1979) a s  h a s  t h a t  o f  t h e  N o r th  A t l a n t i c  and  

M e d i t e r r a n e a n  r e g i o n s  (Grube, 1866; Boeck, 1872; Chevreux, 1893, 1895; 

S a r s ,  189Ü ; S t e b b i n g ,  1 9 0 6 a ;  S c n e l l e n b e r g ,  1942 ; D a h l ,  1943 ,1 9 4 6 ,  

1964 ; Chevreux ana  Page, 1925; V e c c h i ,  1929; Dons, 1935; Den H a r to g ,  

1963 ;  A m anieu  and  S a l v a t ,  1 9 6 3 a ,b ,  1 965 ;  K a r l b r i n k ,  1969 ;  K a ra m a n ,

1 7 u ; i n g o l r s s o n ,  1 :^/4 , i9 7 7  ; o e e m s t e r  a n a  D e z w a r t ,  i 9  77; C a l v a r i o



a n d  M a rq u e s ,  1 9 8 3 ;  M a r f i n ,  1 9 8 3 ) .  T h e r e  a r e ,  h o w e v e r ,  new s p e c i e s  

s t i l l  b e ing  d e s c r i b e d  from  t h e s e  a r e a s  (Amanieu and S a l v a t ,  19b3a,b). 

W ith  t h e  e x c e p t io n  o f  s p e c i e s  in t r o d u c e d  i n t o  o rn a m e n ta l  g a rd e n s  and 

g r e e n h o u s e s  ( C h e v r e u x ,  1 896 ;  B o n n i e r ,  1 8 9 8 ;  M e n z e l ,  1 9 1 1 ;  C a im a n ,  

1 9 1 2 ;  H u n t ,  1 9 2 5 ;  H e i m l i c h ,  1 930 ;  T a t t e r s a l l ,  1 931 ;  M e d c o f , 1939 ; 

P a lm e n ,  1 949 ;  V a d e r ,  1972 ;  B ie r b a u m ,  1 9 8 0 ;  R i c h a r d s o n ,  1 9 8 0 ;  L a z o -  

W asem , 1 983 ;  M oore  a n d  S p i c e r ,  1 9 8 6 ) ,  t h e  t a l i t r i d  f a u n a  o f  t h e  

N o r th e r n  h e m is p h e re  i s  composed o f  s e m i - t e r r e s t r i a l  " b e a c h f le a s "  and 

" s a n d h o p p e r s " .  T h i s  i s  n o t  t o t a l l y  t r u e ,  h o w e v e r ,  o f  t h e  A z o r e s  o r  

t h e  C a n a ry  i s l a n d s  (De G e u r n e ,  1 889 ;  D a h l ,  1 9 5 0 ,  1967 ;  A n a e r s s o n ,  

1963; A lfo n so ,  1977; C e ja s  e t  a l . ,  1983). The fau n a  o f  th e  c o a s t s  o f  

t h e  U.S.S.R. and h e r  s a t e l l i t e s  have been  d e s c r i b e d ,  p r i m a r i l y  in  th e  

work by B u lycheva  (1957) (see  a l s o  D rz y c im sk i  and N aw odzinska , 1965).

The s y s t e m a t i c s  o f  t h e  N o r th -W e s t  A t l a n t i c  and th e  I n d o - P a c i f i c  

r e g i o n  to o  have  been  th e  s u b j e c t  o f  e x t e n s i v e ,  i f  e r r a t i c ,  e x a m in a t io n  

(H o lm e s ,  1 904 ;  S t e b b i n g ,  1 9 0 3 ,  1 9 08b ;  U eno , 1 9 2 9 ,  1 935 ;  S h o e m a k e r ,  

1 9 3 0 ,  1 9 3 2 ,  1 9 4 2 ;  S t e p h e n s o n ,  1 9 3 5 a , b ,  1 9 3 9 ;  I w a s a ,  1 9 3 9 ;

T h o r s t e i n s o n ,  1 9 4 2 ;  B o w e rs ,  1 9 6 3 ,  1 9 7 5 ;  B o u s f i e l d ,  1 9 6 4 ,  1 9 7 1 ,  1976 ; 

M o r i n o ,  1 9 7 2 ) .  I n  p a r t i c u l a r  t h e  w e s t e r n  an d  e a s t e r n  c o a s t s  o f  t h e  

U n i t e d  S t a t e s  h a v e  l a t t e r l y  r e c e i v e d  m uch a t t e n t i o n  f ro m  Dr. E.L. 

B o u s f i e l d  and h i s  c o -w o rk e r s  ( B o u s f ie ld ,  1957, 1958, 1961, 1973, 1975, 

1982, 1 9 8 4 ; B o u s f i e l d  and C a r l t o n ,  1967; E kx isf ie id  ana Klawe, 1963; 

b o u s f i e l d  a n d  H e a r d ,  1 9 8 6 ) .  Some d e s c r i p t i o n s  o f  t h e  S o u t h  A m e r ic a n  

f a u n a  h a v e  a l s o  b e e n  p u b l i s h e d  ( S c h e l l e n b e r g ,  1 9 3 8 a ;  R u f f o ,  1950 ;  

C a s t r o ,  1972, 1979; S o a r e s ,  1979; V a r e la ,  1983).

S u p r a l i t t o r a l  t a l i t r i o s  a r e  q u i t e  d i s t i n c t  from  th e  e u t e r r e s t r i a l  

" l a n d h o p p e r s "  w h i c h ,  i n  t n e  m a in ,  i n h a b i t  t h e  f o r e s t  f l o o r s  o f  t h e  

I n o o - P a c i f i c  r e g i o n ,  and  a r e  r e s t r i c t e d  t o  t h e  s o u t h e r n  h e m i s p h e r e  

( H u r l e y ,  1 9 5 9 ,  1 9 b 8 ) .  I n  t n e  l a s t  h u n d r e d  y e a r s  much e f f o r t  r«às gone



i n t o  d e s c r i b i n g  f u l l y  t e r r e s t r i a l  s p e c i e s  found in  A u s t r a l i a  and New 

Z e a l a n d  ( H a s w e l l ,  1 8 8 0 ,  1882 , 18 8 5 ;  T h o m so n ,  1 8 7 9 ,  1 8 8 0 ,  1 8 9 3 ,  1899; 

W a l k e r ,  19 0 8 ;  C h i l t o n ,  19 0 9 ,  1 9 1 6 a , b ,  1 9 1 7 ,  1 9 1 9 ,  1 9 2 5 ;  H u r l e y ,  

1955, 1956, 1957; M a c In ty re ,  1963; Duncan, 1968; Fearn-W annan, 1968; 

F r i e n a ,  1 9 7 9 ,  1 9 8 0 ,  1982 ; M a rs d e n  a n d  F e n w i c k ,  1 9 8 4 ) ,  i n  A f r i c a  

(C h e v re u x ,  1 9 0 2 a ,  1 908 ;  M e th u e n ,  1 9 1 3 ;  B a r n a r d ,  1 9 1 5 ,  1 9 4 0 ,  1958 ; 

S t e b b i n g ,  1 9 1 7 ,  1 9 2 2 ;  S c h e l l e n b e r g ,  1 9 3 8 b ;  R u f f o ,  1 9 5 8 ) ,  i n  I n a i a  

( T a t t e r s a l l ,  1 9 1 4 ;  C a r l ,  1934 ; B u r t ,  1 9 3 4 ;  B a r n a r d ,  1 9 3 5 ,  1936 ; De 

S y l v a ,  1 9 5 9 ) ,  i n  M a l a y s i a  ( S t e b b i n g ,  1 8 8 b ;  B a k e r ,  1 9 1 5 ;  T a t t e r s a l l ,  

1 9 2 9 ;  B a r n a r d ,  1 9 3 6 ,  19b0) and  t h e  P a c i f i c  I s l a n d s  ( S t e b b i n g ,  1900; 

B o u s f i e l d  ana  H ow arth ,  1977; Bowman, 1977).

I t  h a s  lo n g  been  r e c o g n i s e d ,  h ow ever ,  t h a t  t h e  g e n e r i c  c r i t e r i a  

a p p l i e d  t o  t h e s e  a n i m a l s  was i n a d e q u a t e  ( s e e  H u r l e y ,  1 9 5 6 ,1 9 7 5  f o r  

e x a m p le ) .  S e p a r a t i o n  o f  th e  s p e c i e s  i n t o  t h e i r  r e s p e c t i v e  g e n e ra  eg. 

T a l i t r u s , Q r c h e s t i a , r e l i e d  s o l e l y  u p o n  t h e  f o rm  o f  t h e  g n a th o p o d s  

( N i c o l e t  i n  S t e b b i n g ,  19^%- ) ,  d i v i d i n g  t h e  s p e c i e s  i n t o  s e x u a l l y  

d im o r p h ic  and s e x u a l l y  s i m i l a r  g e n e ra .  The i n t e r n a l  d i v i s i o n s  o f  th e  

f o rm e r  c a te g o r y  have  a l s o  been t h e  s u b j e c t  o f  much d e b a te  a s  th e y  do 

n o t  c l e a r l y  d i f f e r e n t i a t e  e u t e r r e s t r i a l  s p e c i e s  and m o rp h o lo g ic a l ly  

s i m i l a r  fo rm s  f rom  th e  s u p r a l i t t o r a l  zone . P r e v io u s l y ,  th o s e  s p e c i e s  

h a d  b e e n  lu m p e d  i n d i s c r i m i n a t e l y  t o g e t h e r  w i t h  s u c h  g e n e r a  a s  

Q r c h e s t i a  and  T a l i t r u s . S t e b b i n g  (1 9 0 6 )  a r b i t r a r i l y  d e f i n e d  

" Q r c h e s t i a "  a n a  " P a r o r c h e s t i a *  t o  d i f f e r e n t i a t e  s e r a i -  a n a  f u l l y  

t e r r e s t r i a l  f o r m s .  B o n n ie r  (1898) t o o  s e t  up  a  g e n u s ,  T a l i t r o i d e s  i n  

a n  a t t e m p t  t o  encom pass  s p e c i e s  t h a t  w ere  c h a r a c t e r i s e d  by t h e  absence  

o f  d i s t i n c t  s e x u a l  d i m o r p h i s m .  B o th  o f  t h e s e  s c h e m e s  h a v e  p r o v e d  

u n s a t i s f a c t o r y .  Some r e c e n t  s t u d i e s  ( F r i e n a ,  1^79 , 1%82; B o u s f i e l d ,  

1982, 1984), how ever ,  have a t t e m p t e d  t o  c l a s s i f y  t h e s e  s p e c i e s  u s in g  

m o re  p r e c i s e l y  d e f i n e d  c h a r a c t e r s  o f  t h e  m o u th p a r ts ,  p e ra e o p o d s  and 

o t h e r  appendages  a s  w e l l  a s  t n e  g n a th o p o d s .  T n is  nas  r e s u l t e d  m  tn e



r e c o g n i t i o n  o f  f o u r  t a l i t r i d  eco m o rp h o ty p es  (B o u s f ie ld ,  1984) w hich  

e n c o m p a s s  n o t  o n l y  t h e  e u t e r r e s t r i a l  " l a n d h o p p e r s "  b u t  a l s o  t h e  

r e m a in in g  l i t t o r a l  and  s u p r a l i t t o r a l  g e n e ra .

Group I  i s  composed o f  p a l u s t r a l  t a l i t r i d s ;  t h e s e  s e m i - a q u a t i c  

am ph ipods  a r e  e s t u a r i n e  o r  f r e s h w a t e r  a n im a ls  b e in g  found i n  t r o p i c a l  

and  a n t ip o d e a n  c o n t i n e n t a l  a r e a s .  F iv e  new g e n e ra  have th u s  r e p l a c e d  

S t e b b i n g ' s  (1900) P a r o r c h e s t i a .

G ro u p  I I  i s  c o m p o s e d  o f  m ore  a d v a n c e d  f o r m s  t h a n  t h e  p a l u s t r a l  

am ph ipods  o f  g ro u p  I ,  and c o n ta i n s  b o th  s e m i -  and f u l l y  t e r r e s t r i a l  

m em bers. They a r e  c a l l e d  b e a c h f l e a s ,  a l t h o u g h  a s  n o te d  above, th e y  a r e  

n o t  r e s t r i c t e d  t o  t h e  s u p r a l i t t o r a l  zone. T h i s  n o n - s u b s t r a t e  m od ify ing  

g r o u p  ( M a c I n t y r e ,  1963) c o n t a i n s  t h e  common s n o r e n o p p e r  o t  B r i t i s h  

s h o r e s ,  Q r c h e s t i a  g a m m a r e l l u s  a s  w e l l  a s  a  nu m b er  o f  new g e n e r a .  

A n im a ls  b e lo n g in g  t o  t h i s  group  a r e  found  on b o th  t r o p i c a l  and b o r e a l  

c o a s t l i n e s .

G ro u p  I I I ,  t n e  s a n d h o p p e r s ,  i s  c o m p o s e d  o f  s e m i - t e r r e s t r i a l ,  

f o s s o r i a l  a m p h ip o d s  s u c h  a s  T a l i t r u s  s a l t a t o r . They  a r e  f o u n d  

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

s h o r e s  a round  t h e  h ig h  w a te r  marx.

F i n a l l y ,  Group IV c o n ta in s  t h e  la n d h o p p e r s .  They a r e  s p e c i a l i s e d  

e u t e r r e s t r i a l  a n im a ls  found n o t  on th e  s h o re  b u t  m a in ly  in  c o n t i n e n t a l  

and  i s l a n d  r a i n f o r e s t s  o f  tn e  t r o p i c a l  I n o o - P a c i f i c  re g io n .  T n is  ^roup  

i s  f u r t h e r  s u b - d i v i d e a  a s  o u t l i n e d  i n  C h a p te r  7. Qnly one lan a h o p p e r  

s p e c i e s  o c c u r s  f r e e - l i v i n g  i n  t h e  B r i t i s h  I s l e s ,  A r c i t a l i t r u s  

d o r r i e n i , w hich  was a c c i d e n t a l l y  i n t r o d u c e d  i n t o  t h i s  c o u n t r y  a b o u t  

lUO y e a r s  ago from  A u s t r a l i a  (Moore and S p i c e r ,  1986).



1.3 AIM OF THESIS 

In  th e  l i g h t  o f  t h e  s y s t e m a t i c  schem e c o n s t r u c t e d  by B o u s f i e l a  

(1984), t h e r e  h a s  b een  a  renew ed im p e tu s  f o r  c o m p a ra t iv e  p h y s i o l o g i c a l  

s t u d i e s  o f  t h e  d i f f e r e n t  e c o - m o r p h o l o g i c a l  g r o u p i n g s .  R e c e n t  y e a r s  

h a v e  a l s o  w i t n e s s e d  a  t r e n d  t o w a r d s  t h e  e x p e r i m e n t a l  s t u d y  o f  

a d a p t a t i o n s  sh o w n  by t e r r e s t r i a l  a n i m a l s  ( s e e  E d n e y ,  1 9 6 0 ,  1977) 

r a t t i e r  th a n  t o  t h e o r i s e  a b o u t  t h e  r o u t e s  and c a u se s  o f  t h e i r  movement 

f ro m  w a te r  t o  l a n d .  W h ile  t h e  s tu d y  o f  c o m p a ra t iv e  t a l i t r i d  p h y s io lo g y  

r e v e a l s  p r e s e n t  e c o l o g i c a l  a d a p t a t i o n ,  t h i s  n e e d s  t o  be s e t  i n  t h e  

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

c o m p re h en s iv e  and r e a l i s t i c  o r g a n i s m ic  b io lo g y .

T o w a rd s  t h i s  e n d ,  t h i s  t h e s i s  e x a m i n e s  som e a s p e c t s  o f  t h e  

r e s p i r a t o r y  a d a p t a t i o n s  o f  tw o  B r i t i s h  t a l i t r i d  s p e c i e s ,  Q r c h e s t i a  

g a m m a r e l l u s  ( P a l l a s )  a n d  0 ^  m e d i t e r r a n e a  ( C o s ta ) .  The r e s u l t s  a r e  

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

D u r in g  t h e  c o u r s e  o f  t h e  s t u d y ,  som e o t n e r  t a l i t r i d  s p e c i e s  becam e 

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

t h e  T a l i t r i d a e .  F i n a l l y ,  p r e s e n t  r e s u l t s  and d a t a  from  th e  l i t e r a t u r e  

a r e  a s s e s s e d  w i t h i n  t h e  e c o - m o r p h o l o g i c a l  e v o l u t i o n a r y  f r a m e w o rk  

p ro p o se d  by B o u s f i e l d  (1984).
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2.1  INTRODUCTION

T h e r e  i s ,  a t  p r e s e n t ,  no  c o m p r e h e n s i v e  a c c o u n t  o f  t h e  n a t u r a l  

h i s t o r y  o f  a n y  s i n g l e  s p e c i e s  o r  g r o u p  o f  t a l i t r i d  a m p h ip o d s .  T h e re  

a r e  a  few  e a r l y  m o n o g r a p h s  on i n d i v i d u a l  b e a c h f l e a s  (eg .  S m a l lw o o d ,  

1903, 1905) b u t  t h e  m odern d e p r e c i a t i o n  o f  b ro ad  n a t u r a l  h i s t o r y  has  

l e f t  p e rh a p s  some o f  t h e  m ost abu n d an t  and c o n s p ic u o u s  a n im a ls  o f  th e  

s e a s h o r e ,  a l m o s t  unknow n t o  s c i e n t i s t  an d  l a y m a n  a l i k e .  T h i s  may 

a c c o u n t  f o r  a p p a r e n t  m i s i d e n t i f i c a t i o n s  e v e n  i n  r e c e n t  s c i e n t i f i c  

l i t e r a t u r e  (eg .  E l l i o t  £ t  _al.,  19 8 3 ;  s e e  B a g e n a l ,  1957 on G au ld  £ t  

a l . , 1953. Both i d e n t i f y  a s  T a l i t r u s  s a l t a t o r , a n im a l s  w hich  a r e  more 

l i k e l y  t o  be g a m m a r e l l u s ) . Much o f  t h i s  t h e s i s  d e a l s  w i t h  t h e  

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

c o l l a t e  w hat i s  a l r e a d y  knowh o f  t h e i r  b io lo g y .  T h i s  r e v ie w  has  beeh 

s u p p le m e n te d  by o r i g i n a l  o b s e r v a t i o n s  and  d i s t r i b u t i o n  r e c o r d s  made 

o v e r  th e  p e r i o d  A u g u s t ,  1982 to  J a n u a r y ,  1986.

The c h a p te r  i s  d i v id e d  i n t o  f i v e  s e c t i o n s .  The f i r s t  c o m p r ise s  

a n  a c c o u n t  o f  t n e  n a t u r a l  h i s t o r y  o f  Q r c h e s t i a  g a m m a r e l l u s  ( P a l l a s )  

( S e m i - t e r r e s t r i a l  G ro u p  I I ,  B o u s f i e l d ,  1984) a n d  m e d i t e r r a n e a  

(C o s ta )  ( E u l i t t o r a l  o r  s e m i - t e r r e s t r i a l ,  G ro u p  I I , B o u s f i e l a ,  1 9 8 4 ) ,  

s i n c e  much o f  t h e  e x p e r i m e n t a l  work r e p o r t e d  l a t e r  was c oncerned  w i th  

t h e s e  tw o  s p e c i e s .  I t  s h o u l d  be n o t e d ,  h o w e v e r ,  t h a t  much o f  t h i s  

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

c o n s i d e r a t i o n  i n  tn e  toj.±owing s n o r t e r  s e c t i o n s .

The n e x t  f o u r  s e c t i o n s  i n c lu d e  d i s t r i b u t i o n  d a t a  f o r  a l l  o f  th e  

s p e c i e s  s t u d i e d  i n  C h a p t e r s  3 - 7 ,  N a t u r a l  h i s t o r y  o b s e r v a t i o n s  a r e  

a l s o  in c lu d e d  f o r  e a ch  o f  tn e  re m a in in g  s p e c i e s  under c o n s id e r  a t  icai, 

V I Z .  O r c n e s t i a  c a v i m ana ( H e l l e r )  ( F r e s h w a t e r ;  s e m i -  t o  f u l l y  

t e r r e s t r i a l :  Group I I ,  B o u s f ie ld ,  1984), T a l i t r u s  s a l t a t o r  (Montagu), 

T a l o r c h e s t i a  o e s h a y e s i i  (A udouin) a n a  T a l o r c h e s t i a  sp .A  ( a l l  s e m i -  

t e r r e s t r i a i ;  G ro u p  I I I ,  o o u s f i e l a ,  1984) and  A r c i t a l i t r u s  a o r r i e n i



(Hunt, 1925) (Euterrestriai: Group IV, Bousfield, 1984).

2.2 ORCHESTIA GAMMARELLUS AND Q.MEDITERRANEA

2.2.1 G e n e ra l  m orpho logy

B o th  O r c h e s t i a  g a m m a r e l l u s  ( P a l l a s )  and 0^ m e d i t e r r a n e a  (Costa) 

l i v e  i n  c l o s e  p r o x i m i t y  t o  t h e  s e a  an d  a r e  q u i t e  d i s t i n c t  f ro m  t h e  

" l a n d h o p p e r s "  w h i c h  i n h a b i t  t h e  f o r e s t  f l o o r  o f  t h e  I n a o - P a c i f i c  

r e g i o n  ( H u r le y ,  1 9 5 9 ,  1 9 6 8 ) .  The m o r p h o l o g i c a l  d i f f e r e n c e s  b e tw e e n  

t h e s e  tw o  s p e c i e s  a n d  t h e  s y s t e m a t i c  s e p a r a t i o n  o f  a l l  t h e  B r i t i s h  

T a l i t r i d a e  (Anon, 1979) c a n  be  f o u n d  i n  L i n c o l n  (1 9 7 9 ) .  B r i e f l y ,  t n e  

m ain  d i a g n o s t i c  f e a t u r e s  a r e  a s  f o l l o w s .  In  th e  m a le ,  t h e  s p e c i e s  can 

be  e a s i l y  d i s t i n g u i s h e d  o n e  f ro m  a n o t h e r  by t h e  d i f f e r i n g  s h a p e s  o f  

t h e  second gna tn o p o d a .  The pa lm  o f  th e  propod us o f  g a m m a re l lu s  i s  

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

c o n v e x  (F ig .  2 . 1 a ) .  I n  0 .  m e d i t e r r a n e a  t h e  p a lm  i s  l e s s  t h a n  h a l f  t h e  

l e n g t h  o f  th e  p o s t e r i o r  m a rg in ,  b e in g  s in u o u s  w i th  a  m ed ian  hump (Fig 

2 .1b )  (R e id ,  1 9 4 7 ;  L i n c o l n ,  1 9 7 9 ) .  The f e m a l e s  o f  b o t h  s p e c i e s  c a n  oe 

d i f f e r e n t i a t e d  by t h e  p leo p o d  ram u s :p e d u n c le  r a t i o .  I n  0 ^  g a m m a re l lu s  

t h e  r a m i  a r e  e q u a l  t o  t h e  l e n g t h  o f  t h e  p e d u n c l e  w h e r e a s  i n  Q. 

m e d i te r r a n e a  th e y  a r e  o n ly  a b o u t  h a l f  tn e  l e n g th  (W il l ia m s o n ,  19490). 

Tfie maximum Dody l e n g t h  i n  Dotn s p e c i e s  i s  a p p ro x im a te ly  2ûmm ( B a r r e t t  

ana  Yonge, 195d; W i ld i s h ,  1972). F em ales  o f  bo th  s p e c i e s  a r e  normaux.; 

s l i g h t l y  s m a l l e r  t h a n  m a le s  (E a le s ,  1961). The c o lo u r  o f  t h e s e  a n im a ls  

i s  p r e d o m i n a n t l y  o ro w n  b u t  t h e r e  i s  a  g r e a t  d e a l  o f  v a r i a t i o n  e v e n  

be tw een  a n im a ls  found  b e n e a th  th e  same s to n e  (Reid, 1947). I n  l i f e ,  

th e  in te g u m e n t  o f  0 ^  g a m m a re l lu s  b e a r s  many s m a l l  b row n m ark in g s  on 

t n e  d o r s a l  s u r f a c e ,  f u t  th e y  d i s a p p e a r  on p r e s e r v a t i o n  i n  e i t h e r  7u« 

a lc o h o l  or lu% fo rm a ld e h y d e  ( fo rm a l in )  s o lu t i o n ;  a n im a l s  t u r n  a  ve ry

a



FIG . 2 .1  T he  s e c o n d  g n a t h o p o d  o f  m a le  O r c h e s t i a  g a m m a r e l l u s  (A) 

and  O r c h e s t i a  m e d i t e r r a n e a  (B).
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b r i g h t  c a r r o t - r e d  c o l o u r  when p l a c e d  i n  t h e  l a t t e r ,  w h i l e  i n  t h e  

fo rm e r  i t  i s  n o t  uncommon f o r  t h e  e x o s k e l e to n  t o  t u r n  a  u n i fo rm  w h i te .  

L a r g e  m a l e s  o f  0 ^  m e d i t e r r a n e a  f ro m  t h e  W e s t  c o a s t  o f  S c o t l a n d  a r e  

v e r y  o f t e n  c h a r a c t e r i s e d  by th e  d a c t y l u s  o f  t h e  second  gna thopod  be ing  

a  b r i g h t  r e o  c o lo u r  (see  a l s o  B a te ,  1862 and R e id ,  1947).

2 .2 .2 . H a b i t a t  and  d i s t r i b u t i o n

O r c h e s t i a  sp p .  a r e  commonly known a s  " sh o rc h o p p e rs " ,  a s  d i s t i n c t  

f r o m  t n e  " s a n a h o p p e r s "  s u c h  a s  T a l i t r u s  s a l t a t o r  a n d  T a l o r c h e s t i a  

d e s h a y e s i i ; t h e  d i f f e r e n t  names r e f l e c t  a  d i f f e r e n c e  i n  t h e i r  h a b i t a t s  

( B a te  an d  W e s tw o o d ,  1863 ; R o b e r t s o n ,  1 8 8 6 ) .  I n  p l a c e s  w h e re  t h e  

v a r i o u s  h a b i t a t  t y p e s  i n t e r g r a d e ,  " s a n a h o p p e r "  a n d  " s h o r e h o p p e r "  

s p e c i e s  c a n  be  f o u n d  i n  c l o s e  p r o x i m i t y  (F ig .  2 .2 ) .  O r c h e s t i a  

g a m m a re l lu s  h a s  a  v e r y  w ide h a b i t a t  r a n g e  from  i n t e r t i d a l  m ar in e  and 

e s t u a r i n e  a r e a s  (F ig . 2.3) t o  damp s e m i - t e r r e s t r i a l  h a b i t a t s  w e l l  away 

f r o m  w a t e r  ( D a h l ,  1 946 ;  S c o t t ,  1 9 5 6 ;  Den H a r t o g ,  1 9 6 3 ;  I n g o l f s s o n ,  

1 9 7 7 ;  N e l s o n ,  19 8 u ;  M o o re ,  1984 ; s e e  a l s o  F i g .  2 .4 ) .  I n  f a c t  t h i s  

s p e c i e s  h a s  been  found  12üm above s e a  l e v e l  on th e  I s l a n d  o f  S t .  K i lo a  

( B a g e n a l ,  1957) a n d  g u s t  o v e r  Sum a b o v e  s e a  l e v e l  on t h e  I s l a n d  o f  

S k y e  ( j . I . S .  p e r s . o b s . ) . Tne s p e c i e s  i s  m o s t  f r e q u e n t l y  f o u n d ,  

h o w e v e r ,  b e n e a th  d e c a y in g  wrack and d e b r i s  a round  th e  h ig h  w a te r  mark 

on p r e d o m in a n t ly  ro ck y  o r  s h in g l e  s h o r e s  (Fig. 2.S) (R ooertson , i8o8; 

S a r s ,  i o 9 0 ;  B o u s f i e i a ,  1958; K a r l b r i n x ,  1369; Re:Icj^r.s, ^974; a n c  

p l a y s  a n  i m p o r t a n t  r o l e  i n  t n e  b i o d é g r a d a t i o n  o f  s t r a n d e d  a i g a i  

m a t e r i a l  (Backlund, 1945).

I n  l a b o r a t o r y  s t u d i e s  (P e rk in s ,  1974), i t  was found t h a t  a l th o u g n  

O r c h e s t i a  ^ p r o o a b l y  g a m m a r e l l u s  b u t  P e r k i n s  i s  n o t  s p e c i f i c ;  

i n g e s t e d  l i t t e r  a t  t h e  s u r f a c e  o f  t h e  s h i n g l e ,  i t  n a b i t u a l l y  x iv e a  a t  

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

B acklund U 945) , n o te d  however, t h a t  i n  l a r g e  wrack b e e s  c a s t  up oy



FIG. 2.2 B a l l o c h m a r t i n  Bay, G r e a t  Cumbrae I s l a n d  (5.6.85)

F o u r  s p e c i e s  o f  t a l i t r i d  c a n  be f o u n d  i n  t h i s  b a y ,  t h e i r  

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

b e tw e e n  " san d h o p p e rs"  and " b e a c h f l e a s " .  B e n e a t h  t h e / f e a t u r e d  i n  

t h e  f o r e g r o u n d  a n d  o n  t h e  r o c k y  p r o m o n o t o r y  i n  t h e  t o p / h a n d  

c o r n e r  (A), 0 .  g a m m a r e l l u s  and  0 . m e d i t e r r a n e a  a r e  v e r y  com m on, 

t h e  fo rm e r  e x te n d in g  i t s  ran g e  up o n to  t h e  g r a s s  v e rg e  above  th e  

b e a c h  p r o p e r .  O r c h e s t i a  m e d i t e r r a n e a  i s  found  a t  t h e  l e v e l  o f  t h e  

l o w e s t  w rack  s t r i n g  (B). The " sa n d h o p p e rs" ,  a s  t h e  name s u g g e s t s ,  

a r e  r e s t r i c t e d  t o  t h e  s a n d y  a r e a  e n c l o s e d  by t h e  r o c k s  (C). 

T a l o r c h e s t i a  d e s h a y e s i i  w as  g e n e r a l l y  f o u n d  a t  a  h i g h e r  l e v e l  

t h a n  T a l i t r u s  s a l t a t o r  on t h i s  beach . Where b o th  rocky  and  sandy  

s h o r e  i n t e r g r a d e  a s  i n  t h e  b o t to m  r i g h t  h a n d  c o r n e r  o f  t h e  

p i c t u r e ,  i t  was n o t  uncommon f o r  b o th  sa n d  and beach  h o p p e rs  t o  

c o - o c c u r .





FIG . 2 .3  T he  d i s t r i b u t i o n  o f  O r c h e s t i a  g a m m a r e l l u s  a n d  O. 

m e d i t e r r a n e a  i n  t h e  C lyde  e s t u a r y .

The d i s t r i b u t i o n  o f  0^ g a m m a re l lu s  and 0^  m e d i t e r r a n e a  i n  

t h e  C ly d e  e s t u a r y  w a s  m o n i t o r e d  u s i n g  f i e l d  s a m p l i n g  m e t h o d s  

s i m i l a r  t o  t h o s e  e m p lo y e d  by W i l d i s h  (1 9 7 0 b ) .  T h i s  a l l o w e d  a  

v a l i d  c o m p a r i s o n  o f  W i l d i s h ' s  s t u d y  i n  t h e  Medway e s t u a r y  a n d  

t h i s  p r e s e n t  p r e l i m i n a r y  s tu d y .  A n im a ls  w ere  p ic k e d  up b e tw e e n  

thum b and f o r e f i n g e r  a f t e r  t u r n i n g  o v e r  s t o n e s  and d e b r i s  b e tw e e n  

EHWS and MHWN. The r e l a t i v e  d e n s i t y  was e x p re s s e d  a s  t h e  number 

c o l l e c t e d  p e r  5 m in u te s  c o l l e c t i n g  t im e  p e r  s q u a re  m e t r e .  A n im als  

w e r e  r e t u r n e d  l i v e  t o  t h e  l a b o r a t o r y ,  i d e n t i f i e d  a n d  e x a m i n e d  

u n d e r  a  b i n o c u l a r  m ic ro sc o p e  (XlO).

O r c h e s t i a  g a m m a r e l l u s  e x t e n d s  f u r t h e r  up r i v e r  t h a n  0 .  

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

C a r d r o s s  on t h e  n o r t h  s i d e  o f  t h e  e s t u a r y .  The b a r r i e r  w a s  w e l l  

d e f i n e d  ( 7 .1 .8 5 ) ,  w i t h  t h e  l a s t  i n d i v i d u a l s  o f  0 .  m e d i t e r r a n e a  

o c c u r r i n g  200m w e s t  o f  C a r d r o s s  r a i l w a y  s t a t i o n .  T he  t e r g i t e  

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

i d e n t i c a l  t o  i n d i v i d u a l s  t a k e n  f r o m  t h e  I s l e  o f  C u m b ra e  t h e  

p r e v i o u s  m on th .  I t  i s  u n l i k e l y  t h a t  t h i s  s p e c i e s  e x i s t s  a s  tw o  

m c r p n s  a t  t n i s  l o c a t i o n  a s  h a s  b e e n  r e c o r d e d  in  t h e  M eaway 

e s t u a r y  ( W i l d i s h , 1 9 7 0 b ) .  E s t u a r i n e  p e n e t r a t i o n  i s  a l s o  l e s s  

m a r k e d  i n  t h e  C l y d e  p o p u l a t i o n  c o m p a r e d  t o  t h a t  e x a m i n e d  by  

W i l d i s h  (1970b) from  th e  S o u th -E a s t  o f  England ,

The upper l i m i t  f o r  0. g a m m a re l lu s  v a r i e d  o v e r  t h e  tw o y e a r s  

t h e  p o p u l a t i o n s  w e r e  e x a m in e d .  I n  s p r i n g  1 9 8 4 ,  Q. g a m m a r e l l u s  

e x te n d e d  up r i v e r  a s  f a r  a s  t h e  E r s k in e  Buoy (NS 64 713468) b u t  a
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FIG , 2 ,3  c o n t in u e d

few  hund red  m e t r e s  f u r t h e r  up a t  R a s h le e  l i g h t ,  a m ph ipods  w ere  

c o n s i s t e n t l y  a b s e n t  a t  s e v e r a l  d i f f e r e n t  s i t e s  (A). The f o l l o w i n g  

s p r i n g  h o w e v e r , i t  was n o te d  t h a t  0^  g a m m a re l lu s  was p r e s e n t  b o th  

a t  t h e  mouth o f  t h e  R iv e r  C a r t  and  a s  f a r  u p - r i v e r  a s  t h e  R en frew  

F e r r y  s l i p w a y ,  w h e r e  i n d i v i d u a l s  w e r e  f o u n d  b e n e a t h  

c h a r a c t e r i s t i c a l l y  f r e s h - w a t e r  d e b r i s  (B). A t  h i g h  t i d e ,  t h e  

s a l i n i t y  o f  th e  w a te r  was 9%o, w h ic h  i s  c o n s id e r a b l y  h i g h e r  t h a n  

f o r  t h e  l i m i t  found by W i l d i s h  (1970b) i n  t h e  Medway E s t u a r y .  T h is  

may b e  d u e  t o  t h e  l a c k  o f  a p p r o p r i a t e  h a b i t a t  t y p e s  i n  t h e  

d o c k la n d  a r e a  and f u r t h e r  u p s t r e a m ,  o r  some i n h e r e n t  d i f f e r e n c e  

i n  w a t e r  q u a l i t y .  T he  r e a s o n  f o r  t h e  s h i f t  i n  t h e  l i m i t  o f  0 .  

g a m m a re l lu s  b e tw een  1984 and  1985 i s  a s  y e t  u n d e te rm in e d  th o u g h  

i t  i s  l i k e l y  t n a t  i t  may r e l a t e d  t o  d i f f e r e n c e s  i n  t h e  a n n u a l  

t e m p e r a t u r e /  s a l i n i t y  re g im e .
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FIG. 2.4 On December 8 t h ,  1984, much d e b r i s  and weed w as  c a s t  up 

o n t o  t h e  l a n d  a n d  e v e n  o n t o  t h e  p e r i m e t e r  r o a d  o n  t h e  I s l e  o f  

Cum brae, d u r in g  a  s to r m .  On c lo s e  e x a m in a t io n  o f  t h i s  d e b r i s ,  i t  

was found  t h a t  many am phipods  (p re d o m in a n t ly  0^ g a m m a re l lu s )  w ere  

p r e s e n t .  T h e r e a f t e r ,  o n e  p a r t i c u l a r  s p o t  on F a r l a n d  B i g h t  w as  

v i s i t e d  a t  m o n t h l y  i n t e r v a l s ,  t o  c h e c k  f o r  t h e  p r e s e n c e  o f  

am ph ipods . I n  t h e  f i g u r e  o p p o s i t e ,  g e n e r a l  f l o t s a m  and  j e t s a m  can  

be s e e n  a t  t h e  b o t to m  r i g h t  hand s i d e  o f  th e  p i c t u r e ,  many m e t r e s  

f r o m  t h e  t o p  o f  t h e  b e a c h .  A l t h o u g h  t n i s  p i c t u r e  w a s  t a k e n  i n  

J u n e ,  1 9 8 5 ,  0 .  g a m m a r e l l u s  w as s t i l l  p r e s e n t  a t  t h i s  l o c a t i o n ,  

a l t h o u g h  n o t  i n  s u c h  g r e a t  a b u n d a n c e  a s  n o t e d  s i x  m o n th s  

p r e v i o u s l y .  I n  t h e  m a j o r i t y  o f  c a s e s ,  i t  i s  u n l i k e l y  t h a t  a c t i v e  

d i s p e r s a l  i s  r e s p o n s i b l e  f o r  th e  in la n d  r e c o r d s  o f  0  .g a m m a re l lu s  

i n  t h i s  c o u n t r y .
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FIG , 2,5 Pocky s h o r e  h a b i t a t  o f  O r c h e s t i a  g a m m a re l lu s .

I n  F i g ,  2 .5 a  i s  a  p h o t o g r a p h  o f  t h e  r o c k y  s h o r e  a t  F a r l a n d  

B i g h t  G r e a t  Cumbrae I s l a n d .  O r c h e s t i a  g a m m a re l lu s  was p r e s e n t  in  

abundance , b o th  w i t n i n  and b e n e a th  t h e  l a r g e  w rack  a c c u m u la t io n  

( c e n t r e )  a n d  i n  t h e  w r a c k  s t r i n g  ( u p p e r  l e f t )  a t  t h e  t o p  o f  t h e  

beach . 0 ^  m e d i t e r r a n e a  was p r e s e n t  b e n e a th  s t o n e s  j u s t  b e lo w  t h e  

l e v e l  o f  t h e  l a r g e  w ra c k  bed. F ig u re  2.5b) i s  o f  t h e  r o c k y  s h o r e ,  

s o u th  o f  F i n t r a y  Bay, G r e a t  Cumbrae I s l a n d .  O r c h e s t i a  g a m m a re l lu s  

w as  p r e s e n t  b o th  w i t h i n  t h e  w rack a c c u m u la t io n s  (b o t to m , l e f t )  

and  b e n e a th  t h e  s a n o s t o n e  s l a b s  l y i n g  on  th e  s a n d s to n e  p a v e m e n t  

f e a t u r e  i n  t h e  b a c k g r o u n d .  The A.H.W. a n i m a l s  ( s e e  C h a p t e r  5) 

w e r e  c o l l e c t e d  f r o m  b e n e a t h  r o c k s  a t  t h e  g r a s s  m a r g i n  o f  t h e  

b e a c h .
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t h e  t i d e ,  m o s t  0 .  g a m m a r e l l u s  w e r e  c o n c e n t r a t e d  i n  a "  b o r d e r "  zone  

2cm deep ;  t h e  d e e p e r  l a y e r s  w ere  f u l l  o f  d e c ay in g  weed and  O r c h e s t i a  

e x c re m e n t  w h i l e  t h e  s u r f a c e  l a y e r s  w ere  composed o f  u n a l t e r e d  a lg a e .  

P e r k in s  (1974) found  t h a t  w h i l e  d e f a e c a t i o n  o c c u r r e d  upon t h e  l i t t e r ,  

m o s t  f a e c a l  p e l l e t s  a c c u m u la te d  a t  t h e  bo t tom  o f  t h e  e x p e r i m e n t a l  j a r .  

H i s  e x a m i n a t i o n  o f  a  s h i n g l e  b a n k  a t  C o i d b a c k i e  i n  S u t h e r l a n a ,  

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

g r e a t e r  th a n  0.3m w i t h i n  t h e  s h i n g l e .  I t  i s  p ro b a b ly  t r u e  t o  sa y  t h a t  

b o t n  s u p e r f i c i a l  w r a c k  an d  u n d e r l y i n g  s h i n g l e  a r e  i n h a b i t e d  by 

O r c h e s t i a  b u t  t h e  am phipods ' v e r t i c a l  z o n a t io n  a t  any g iv e n  t im e  may 

d e p e n d  upon  a  c o m b i n a t i o n  o t  e n v i r o n m e n t a l  f a c t o r s .  B a c k lu n d  (1^45) 

f o u n d  t h a t  0 .  g a m m a r e l l u s  q u i t e  l i t e r a l l y  a t e  i t s  way u p w a rd  i n  a  

wracK bed a s  f a r  a s  t h e  w rack rem a in e d  c o o l  and humid enough , w h i l e  on 

h o t ,  sunny d a y s  th e y  r e t r e a t e d  t o  t h e  d e e p e r  l a y e r s .

O r c h e s t i a  g a m m a r e l l u s  e x t e n d s  a l o n g  t h e  E u r o p e a n  c o a s t s  f ro m  

w e s t e r n  N orw ay  a n d  D enm ark  (B oeck , 1872 ;  S a r s ,  1 8 9 0 ;  D a h l ,  1 9 4 b ) ,  

Sweden and t n e  B a l t i c  (K arlb r inK , 1989), t h e  D e l t a i c  r e g i o n  o f  H o lland  

(Den H a r t o g ,  1 9 8 3 ) ,  t n e  c o a s t s  o f  t h e  B r i t i s n  I s l e s  ( L i n c o l n ,  1979 ; 

s e e  a l s o  F i g .  2 .6a )  a n d  F r a n c e  ( C h e v re a u x  and  F a g e ,  1925) dow n i n t o  

t h e  M e d i te r r a n e a n  and B lack  S eas  (C aspers ,  1951). I t  i s  a l s o  found on 

t h e  Canary  I s l a n d s  ( B a r r o i s ,  1887; D ahl, 1947), t h e  A t l a n t i c  c o a s t  o f  

C a n a d a  ( E ^ o u s f i e ld ,  l s 5 8 )  and t h e  e x t r e m e  w e s t  c o a s t s  o f  I c e l a n d  

( I n g o l f s s o n ,  1%74). I n g o i i s s o n  (1%77) n o t e s  t h a t  0 .  g a m m a r e i i u s  an 

I c e l a n d  i s  l i m i t e d  t o  l o c a t i o n s  w h e r e  t h e  a v e r a g e  a i r  an d  s e a  

t e m p e r a t u r e s  a r e  b o t h  h i g n .  He a l s o  n o t e s  t h a t  w h i l e  m a r i n e  s p e c i e s  

"d rop  ou t"  in  tn e  same o r d e r  on b o tn  s i d e s  o f  th e  A t l a n t i c  (as w e l l  a s  

a r o u n d  I c e l a n d )  a s  on e  m oves  i n t o  c o l d e r  t e m p e r a t u r e  r e g i m e s  tw o  

e x c e p t i o n s  s t a n d  o u t .  b o t h  0 .  g a m m a r e l l u s  and  H y a le  n i l s s o n i  e x t e n d  

c o n s i d e r a b l y  f u r t h e r  i n t o  a  c o l d  t e m p e r a t u r e  r e g i m e  on  t n e  N o r tn  

A m erican c o a s t  tn a n  on European c o a s t s  ( in c lu d in g  Ice lan d }  r e l a t i v e  t c
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FIG. 2 .6  D i s t r i b u t i o n  o f  T a l i t r i d a e  i n  S c o t l a n d

The  f o u r  n a t i v e  s p e c i e s  o f  S c o t l a n d  (0^ g a m m a r e l l u s  

[AJ ,0^  m e d i t e r r a n e a  [BJ , T a l i t r u s  s a l t a t o r  [C] and T a l o r c h e s t i a  

d e s h a y e s i i  [D]) a r e  f o u n d  w h e r e v e r  t h e i r  r e s p e c t i v e  s u b s t a t u m  

p r e f e r e n d a  a r e  f u l f i l l e d .  The W e s t  c o a s t  o f  S c o t l a n d  s u p p o r t s  

l a r g e  p o p u l a t i o n s  o f  O r c h e s t i a  s ^ . , m a in ly  due t o  t h e  p r o m in e n c e  

o f  rocky  h a b i t a t s .  However, t h e s e  a n im a l s  w ere  found  a t  v a r i o u s  

l e v e l s  o f  a b u n d a n c e  a l l  r o u n d  t h e  c o a s t .  T h e r e  w e r e  e v e n  som e 

l o c a l i s e d  p o p u l a t i o n s  e x i s t i n g  b e n e a th  d e b r i s ,  l y in g  on  a  s m a l l  

a r e a  o f  r o c k s  on  a  p r e d o m i n a n t l y  s a n d y  b e a c h  ( L o c h i n v e r , J u n e ,  

1985), The d i s t r i b u t i o n  o f  T a l i t r u s  and  T a l o r c h e s t i a  c a n  l a r g e l y  

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

C o n s e q u e n t ly ,  t h e  s a n d y  b e a c h e s ,  p a r t i c u l a r l y  from  Loch T o r r i d o n  

t o  C ape  W r a th  a n d  f r o m  N a i r n ,  r i g h t  dow n t h e  E a s t  c o a s t  p a s t  

A b e r d e e n ,  s u p p o r t  a  v e r y  l a r g e  f a u n a  o f  s a n d h o p p e r s .  A s i s  t h e  

c a s e  w i th  O r c h e s t i a  sp p . ,  many l o c a l i s e d  p o p u l a t i o n s  may e x i s t  on 

j o s t  a few m e t r e s  o f  sandy  beach  (eg. B a l lo c h m a r t in  Bay, I s l e  o f  

C u m b ra e .  s e e  F i g .  2 .2 ) .
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o t h e r  s p e c i e s .  He r e g a r d s  t h i s  a s  e v id e n c e  t h a t  t h e i r  d i s t r i b u t i o n a l  

l i m i t s  a r e  c o n t r o l l e d  i n  a  f a s h i o n  d i f f e r e n t  t o  t h a t  o f  o t h e r  m ore 

m a r i n e  s p e c i e s  a n d  t h a t  t h e s e  s u p r a l i t t o r a l  s p e c i e s  may be m ore 

a f f e c t e d  by  a i r  t e m p e r a t u r e  t h a n  a r e  o t h e r  i n t e r t i d a l  s p e c i e s  ( s e e  

a l s o  Moore, 1977 on H^ n i l s s o n i ) .

O r c h e s t i a  m e d i t e r r a n e a  i s  a  p r e d o m i n a n t l y  w arm  w a t e r  s p e c i e s ,  

b e in g  found  i n  t h e  M e d i te r r a n e a n  (Chevreux, 1893; R u f fo ,  1937, 1938; 

L o u i s ,  1977a) and  h a v in g  i t s  n o r th e r n  l i m i t  i n  t h e  N o r th  o f  S c o t la n d  

( F ig .  2.6) a n d  t h e  D e l t a i c  r e g i o n  o f  H o l l a n d  (Den H a r t o g ,  1963; 

L i n c o l n ,  1 9 7 9 ) .  I t  i s  a b s e n t  f ro m  I c e l a n a  an d  t h e  S c a n a i n a v i a n  

c o u n t r i e s .  U n l ik e  0 ^  g a m m a re l lu s , 0. m e o i t e r r a n e a  i s  n o t  u s u a l l y  found 

a b o v e  t n e  h i g n  w a t e r  m ark  (R e io ,  19 4 7 ;  M o o re ,  1984) a l t h o u g n  

o c c a s i o n a l  s p e c im e n s  nave been t a k e n  from  above t h i s  l e v e l  (Bate ana 

W estw ooG , 1 6 6 3 ) .  I n  g e n e r a l ,  0 . m e d i t e r r a n e a  i s  f o u n d  t o  occu p y  a 

f a i r l y  n a r r o w  z o n e  on t h e  s h o r e  ( l i v i n g  b e lo w  t h e  z o n e  o f  0 .  

g a m m a r e l l u s ) w n e r e  i t  i s  i n u n a a t e a  a t  e a c h  h i g h  t i d e .  T n i s  i n v o l v e s  

a p p r o p r i a t e  m o v e m e n ts  u p -  o r  do w n -  s h o r e  a t  s p r i n g  o r  n e a p  t i d e s  

( C h e v re u x  a n a  F a g e ,  1925 ; Den H a r t o g ,  1 9 6 3 ;  W i l a i s h ,  1 9 8 2 a ) .  The 

am phipods l i v e  u n a e r  ro c k s  ana  s to n e s  a t  t h e  same s h o re  l e v e l  a s  th e  

f u c o i d ,  P e l v e t i a  c a n a l i c u l a t a .  W i ld i s h  (1982a) s t a t e s  t h a t  t h i s  i s  a  

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

w e l l  a s  on tn e  w rack  or. wr.:-cr. i t  r e e c s .

Q r c n e s t i a  m e a i t e r r a n e a  i s  a p o l y m o r p n i c  s p e c i e s .  N ear  t o  i t s  

l i m i t  o f  p e n e t r a t i o n  i n t o  e s t u a r i e s ,  t h e  t y p i c a l  morph 0^ m e d i te r r a n e a  

m e d i t e r r a n e a  i s  r e p l a c e a  by morph 0^  a e s t u r e n s i s  w hicn  d i f f e r s  from 

m o rp n  m e a i t e r r a n e a  i n  o o r s a i  p i g m e n t  p a t t e r n s ,  i n  t h e  i n c i a e n c e  o f  

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

( W i i a i s h ,  197Ub,c).
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2.2.3 Ecology
When Oj_ m e d i t e r r a n e a  c o -o c c u r s  w i t h  0^  g a m m a re l lu s , t h e  fo rm e r  i s  

u s u a l l y  ( th o u g h  n o t  i n v a r i a b l y )  i n  t h e  m i n o r i t y  (Den H a r t o g ,  1 9 6 3 ) .  

T h e r e  a r e  r e p o r t s  t h a t  a t  som e l o c a t i o n s  i n  t h e  B r i t i s h  I s l e s ,  

p o p u l a t i o n s  o f  b o th  s p e c i e s  o c c u r  a t  t h e  same s h o re  l e v e l  (Goodhart, 

1 9 4 1 ;  W i l d i s h ,  1 9 7 0 b ) .  T h i s ,  h o w e v e r ,  i s  n o t  t h e  c a s e  i n  t h e  F i r t h  o f  

C lyde where t h e r e  i s  a  c l e a r  s e g r e g a t i o n  o f  0^  m e d i t e r r a n e a  from  0. 

g a m m a re l lu s  ( a l th o u g h  some i n d i v i d u a l s  from  th e  lo w e r  f r i n g e  o f  th e  0. 

g a m m a r e l l u s  z o n e  d o  m ix  w i t h  0 ^  m e a i t e r r a n e a , s e e  M oore  (1984). 

P e r h a p s  a s  Oy m e d i t e r r a n e a  r e a c h e s  i t s  n o r th e r n  g e o g r a p h i c a l  l i m i t ,  

i t s  a o i i i t y  t o  e x t e n d  f u r t h e r  up t h e  s h o r e  i s  l i m i t e d  by c l i m a t i c  

f a c t o r s  such  a s  a i r  t e m p e ra tu re .  T h is  would re d u c e  i t s  c o m p e t i t iv e  

a b i l i t y  a g a i n s t  ^  g a m m a r e l l u s . I t  i s  known t h a t  0 ^  g a m m a r e l l u s  

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

s e a s o n a l  c hanges  i n  h a b i t a t ;  t h e  a n im a ls  move f u r t h e r  up th e  sh o re  i n  

w i n t e r  and  r e t r e a t  a g a i n  d u r i n g  t h e  sum m er ( K a r l b r i n K ,  1969; 

D.J.Agnew, p e r s . c o m m . ) .  T h e  e f f e c t  o f  t h i s  m i g r a t i o n  on  t h e  

d i s t r i b u t i o n  o f  m e d i t e r r a n e a  i s  a t  p r e s e n t  n o t  known.

The e c o lo g y  o f  B r i t i s n  O r c h e s t i a  spp . h a s  n o t  been  s t u d i e d  in  any 

g r e a t  d e t a i l  w i t h  t h e  e x c e p t i o n  o f  W i l d i s h ' s  (197Ub) w ork  on t n e  

Medway e s tu a r y .  A lth o u g h  he p r e s e n t e d  no q u a n t i t a t i v e  d a t a .  Den Hartog 

•1963} exam ined  t h e  e c o l o g i c a l  r e l a t i o n s h i p s  o f  Oy g a m m a re l lu s  ana 0 . 

m e a i t e r r a n e a  p a r t i c u l a r l y  w i th  r e g a r d  t o  t h e i r  d i f f e r i n g  h e i g h t s  on  

t n e  s h o r e .  He t h o u g h t  t h a t  i n t e r s p e c i f i c  c o m p e t i t i o n  p o t e n t i a l l y  

e x i s t e d  b e t w e e n  t h e s e  s p e c i e s ,  b u t  t h a t  i t s  e f f e c t  w as  l a r g e l y  

a t t e n u a t e d  by t h e i r  d i f f e r i n g  e c o l o g i c a l  r e q u i r e m e n ts .  In  t h e  D e l t a i c  

r e g io n  o f  H o l la n d ,  Oy m e d i t e r r a n e a  e x te n d e d  dow nshore  f u r t h e r  th a n  O. 

g a m m a re l lu s ; t h e  lo w e r  p a r t  o f  th e  ran g e  o f  0^ m e d i t e r r a n e a  may be a 

r e f u g e ,  w n e r e  i t  c a n  r e t r e a t  f ro m  c o m p e t i t i o n .  I n  t n e  a b s e n c e  o f  a  

c o m p e t i t o r ,  in  H o l la n d ,  O. m e d i te r r a n e a  s t i l l  o c c u p ie s  a band f u r t h e r
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down t h e  s h o re  i n  a r e a s  n ever  o c c u p ie d  by Oy g a m m a re l lu s .  Ttie r e v e r s e  

w as  n o t  t h e  c a s e  i n  t h e  F i r t h  o f  C ly d e  w h e r e ,  i f  0 .  m e d i t e r r a n e a  w as  

a b s e n t ,  i t s  p l a c e  w as  t a k e n  by  ^  g a m m a r e l l u s . Den H a r to g  (1 9 6 3 ) ,  

ho w ev er ,  c o n s i d e r s  t h a t ,  when e c o l o g i c a l  c i r c u m s ta n c e s  a r e  f a v o u r a b le ,  

0 .  m e d i t e r r a n e a  may i n t r u d e  i n t o  t h e  t e r r i t o r y  o f  0 .  g a m m a r e l l u s  t o  

t h e  e x t e n t  t h a t ,  "w hen t h e  d e g r e e  o f  m o i s t u r e  i s  o p t i m a l  f o r  0 .  

m e d i t e r r a n e a , t h i s  s p e c i e s  may be a  f e r v e n t  c o m p e t i t o r  d r i v i n g  o u t  0. 

g a m m a re l lu s . ”

I t  IS  know n t n a t  c o m p e t i t i o n  a n d  p r e d a t i o n  a r e  i m p o r t a n t  i n  

d e t e r m i n i n g  t n e  z o n a l  d i s t r i b u t i o n  o f  som e o t h e r  a m p h ip o d  s p e c i e s  

(V in c e  e t  ^ . ,  1 9 7 6 ;  Van D o la n ,  1 9 7 8 ;  F e n c h e l  an d  K o l d i n g ,  1 9 7 9 ) .  

V ince  e t  a l .  (1976) s u g g e s te d  t h a t  p r e d a t i o n  by F u n d u l u s  h e t e r o c l i t u s  

( th e  k i l l i f i s h ) ,  was a  dom inan t  f a c t o r  i n  r e s t r i c t i n g  th e  d i s t r i b u t i o n  

o f  t h e  s a l t - m a r s h  a m p h ip o d  O r c h e s t i a  g r i l l u s  t o  h i g h  i n t e r t i d a l  

h a b i t a t s .  K n e i b  ( 1 9 8 2 ) ,  h o w e v e r ,  e m p l o y i n g  t r a n s p l a n t a t i o n  

e x p e r im e n t s ,  found  t h a t  th e  i n t e r t i d a l  d i s t r i b u t i o n  o f  0. g r i l l u s  and 

t h e  s p e c i e s  o c c u r r i n g  i m m e d i a t e l y  o e lo w  (Gammarus p a l u s t r i s )  were 

d e te r m in e d  p r i m a r i l y  by p r e f e r e n c e s  f o r  s p e c i f i c  p h y s i c a l  c o n d i t i o n s .  

I n  g e n e r a l ,  t h e  e f f e c t  o f  e n v i r o n m e n ta l  f a c t o r s  on t a l i t r i d  s u r v i v a l  

a n d  d i s t r i b u t i o n  i s  p o o r l y  d o c u m e n t e d  an d  d e t a i l e d  s t u d i e s  a r e  

u r g e n t l y  r e q u i r e d .  The m o is t  h a b i t a t  and n o c tu r n a l  a c t i v i t y  o f  s e m i-  

t e r r e s t r i a l  a m p h ip o d s  (B o w e rs ,  1 9 6 4 ;  N e l s o n ,  1980) a r e  g e n e r a l l y  

r e g a r d e d  a s  a d a p t a t i o n s  a r i s i n g  from  t h e i r  l i a b i l i t y  t o  c o n t r o l  w a te r 

l e s s  t o  t h e  a t m o s p h e r e  (D o rsm an ,  1 9 3 5 ;  W i l l i a m s o n ,  1 9 5 1 a ;  H u r l e y ,  

1968; Lazo-Wasem, 1984). I t  i s  known t h a t  g a m m a re l lu s  i s  e x t r e m e ly  

s e n s i t i v e  t o  d e s i c c a t i o n  ( B a c k lu n d ,  1 9 4 5 ;  W i l l i a m s o n ,  1951a)  b u t  

p a r a d o x i c a l l y  l e s s  s o ,  i t  w o u ld  a p p e a r  t h a n  t h e  e u t e r r e s t r i a l  

Arc 1 t a l i t r u s  s y l v a t i c u s  (Lazo-Wasem, 1984). (This w i l l  be d i s c u s s e d  i n  

m ore  d e t a i l  i n  t h e  l a s t  c h a p t e r . )  U n f o r t u n a t e l y  t h e r e  a r e  no d a t a
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a v a i l a b l e  f o r  0 ^  m e d i t e r r a n e a  a n a  s o  a  c o m p a r a t i v e  s t u d y  o f  

a e s i c c a t i o n  r e s i s t a n c e  i n  r e l a t i o n  t o  r e l a t i v e  p o s i t i o n  on th e  s h o re  

o f  t h e  tw o  s p e c i e s  i s  n o t  p o s s i b l e  a t  p r e s e n t ,  D a h l  ( l9 4 b )  a s s u m e d  

t h a t  d i f f e r e n c e s  found be tw een  h u m id i ty  t o l e r a n c e  o f  0^  g a m m a re l lu s  

a n d  P l a t o r c h e s t i a  (=Q r c h e s t i a ) p l a t e n s i s  (B a c k lu n d ,  1945) w e r e  

p a r t i a l l y  r e s p o n s i b l e  f o r  a l l o w i n g  t h e  f o r m e r  t o  e x i s t  i n  a r e a s  ( l e  

dam p  c r e v i c e s  w i t h  no w r a c k  c o v e r )  w h e re  t n e  l a t t e r  d i d  n o t  o c c u r .  

P l a t z m a n  (196U) f o u n d  a  s l i g h t  d i f f e r e n c e  i n  h u m i d i t y  t o l e r a n c e  

b e t w e e n  T a l o r c h e s t i a  m e g a l o p h t h a l m a  an d  O r c h e s t i a  a g i l i s , b u t  n o t  

enough , he th o u g h t ,  t o  r e s t r i c t  them  t o  d i f f e r e n t  i n t e r t i d a l  h a b i t a t s .  

I t  may be  i n  P l a t z m a n ' s  c a s e ,  a s  i n d e e d  w i t n  t h e  tw o  O r c h e s t i a  s p p .  

u n d e r  p r e s e n t  c o n s i d e r a t i o n ,  t h a t  b e h a v i o u r a l  an d  d i s t r i b u t i o n a l  

d i f f e r e n c e s  b e tw e e n  two such  c l o s e l y  r e l a t e d  s p e c i e s  w i l l  be found to  

be  m o re  i m p o r t a n t  t h a n  h u m i d i t y  t o l e r a n c e  p e r  s e  (o r  any  o t h e r  

p h y s i c a l  p a ra m e te r )  in  d i f f e r e n t i a t i n g  t h e i r  r e s p e c t i v e  n ic h e s .

W herever th e y  a r e  found , b o th  0^  g a m m a re l lu s  and 0^ m e d i t e r r a n e a  

may o c c u r  a t  v e r y  h i g h  d e n s i t i e s  ( F ig .  2 .7 ) .  V e n a b l e s  (1981c) f o u n d  

t h e  s u p r a l i t t o r a l  T a l o r c h e s t i a  m a r g a r i t a  a t  d e n s i t i e s  o f  5 ,592 -  39,047 

m^, w h ich  i s  e x c e p t i o n a l  among am phipods (Gammarus o c e a n ic u s , <1U,0(JU 

m^ b u t  u s u a l l y  1 ,0 0 0  m^ o r  l e s s  ( S t e e l e ,  1 9 7 6 ) ;  P o n to g a m m a ru s  

m a e o t i c u s , 4 ,8 2 1  ra^ (Kasymov, 1 9 7 6 ) .  O t h e r  s u p r a l i t t o r a l  t a l i t r i d s ,  

e g .  O r c h e s t i a  t u b e r c u l a t a  (1 ,0 0 0  m^) ( D u a r t e ,  1974) o r  T a l o r c h e s t i a  

quoyana  (256 m^) (Fincham, 1977) o c c u r  a t  much lo w e r  d e n s i t i e s .  During 

t h e  p r e s e n t  s t u d y ,  0 .  g a m m a r e l l u s  w as  fo u n d  a t  d e n s i t i e s  e x c e e d i n g  

60 ,00U  m^ i n  som e a r e a s  o f  S o u t h  F i n t r a y  Bay, G r e a t  C um brae  I s l a n d .  

Such f i g u r e s  how ever , a r e  g r e a t l y  d e p e n d e n t  on th e  amount o f  c a s t  weed 

t h a t  h a s  a c c u m u la te d  on a  p a r t i c u l a r  beach  and can  v a ry  d r a m a t i c a l l y  

w i t h i n  a  c o m p a r a t iv e ly  s m a l l  a r e a .

A g g r e g a t i o n  b e h a v i o u r  i n  t h e  T a l i t r i d a e  i s  p o o r l y  s t u d i e d  

com pared  w i t h  w o o d l ic e .  P e r s o n a l  o b s e r v a t i o n s  i n d i c a t e  t h a t  O r c n e s t i a
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FIG. 2.7 C o n c e n t r a t i o n  o f  O r c h e s t i a  g a m m a re l lu s  d i s t u r b e d  on 

r e m o v a l  o f  w ra c k  c o v e r in g  (X3).
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s p p .  a r e  m o s t  a c t i v e  w hen c o n t a c t  w i t h  s u r r o u n d i n g  s u r f a c e s  i s  

m i n i m a l .  Once t h e  t r u n k  o f  t h e  b o d y ,  i e .  a p a r t  f r o m  t h e  p e r a e o p o o s ,  

c o m e s  i n t o  c o n t a c t  w i t h  a  s u r f a c e  (ev e n  i f  t h a t  s u r f a c e  i s  a n o t h e r  

a n im a l ) ,  t h e  a n im a l  becomes l e s s  a c t i v e  f i n a l l y  becom ing c o m p le te ly  

q u i e s c e n t .  T he  o b s e r v e d  " b u n c h in g  e f f e c t "  due t o  s u c h  th ig m o k in e s i s ,  

r e s u l t s ,  i n  t h e  c a s e  o f  t h e  w o o d l ic e ,  i n  a  d e c r e a s e  i n  w a t e r l o s s  from 

i n d i v i d u a l  a n i m a l s  ( F r i e d l a n d e r , 1 9 6 3 ) .  I t  m ay  t h e r e f o r e  be  

i n t e r p r e t e d  a s  a  s t r a t e g y  f o r  re d u c in g  th e  e f f e c t s  o f  d e s i c c a t i o n  in  

t h e s e  a n i m a l s  l i v i n g  h i g h  on t h e  s h o r e  ( s e e  a l s o  Agnew , 1985 on 

Echinogam m arus p i r l o t i  and E^ o b t u s a t u s ) . A l l e e  i n  H u r le y  (1968) a l s o  

n o te d  t n a t  su c h  a g g r e g a t i o n s  o f  t e r r e s t r i a l  i so p o d s  n o r m a l ly  c o l l e c t  

a t  t h e  m o i s t  e n d  o f  a  h u m i d i t y  g r a d i e n t .  T h i s  i s  a l s o  t h e  c a s e  i n  

O r c h e s t i a  (B acklund, 1945; W i l l i a m s o n ,  1951a).

The w ra c k  b a n k s  i n h a b i t e d  by 0 .  g a m m a r e l l u s  a r e  w a rm e r  t h a n  t h e  

a m b i e n t  a i r  t e m p e r a t u r e s  t h o u g h o u t  th e  y e a r ;  t e m p e r a t u r e  v a r i a t i o n s  

b e i n g  m i n i m a l  i n  t h e  d e e p e s t  l a y e r s  ( B a c k lu n d ,  1 945 ;  M oore and  

F r a n c i s ,  1 9 6 5 a ) .  T h i s  f a c t  may be  i m p o r t a n t  t o  t h e  s u r v i v a l  o f  t h i s  

n o n - h ib e r n a t in g  a n im a l  (0^ g a m m a re l lu s  i s  a c t i v e  t h ro u g h o u t  the  w in te r  

( B o u s f ie ld ,  1956) ). D uring  t h i s  s tu d y  i t  was o b s e rv e d  t h a t  even under 

e x t r e m e ly  c o ld  c o n d i t i o n s  when many O r c h e s t i a  l i v i n g  b e n e a th  s to n e s  

h i g h  on  t h e  b e a c h  h a d  d i e a ,  a n i m a l s  l i v i n g  b e n e a t n  t h e  s t r a n d  l i n e  

d e b r i s  were s t i l l  a c t i v e  and c o n t in u e d  t o  fee d .

O r c h e s t i a  g a m m a re l lu s  h a s  a  w ide t o l e r a n c e  o f  t e m p e ra tu re ;  th e  

l o w e r  an d  h i g h e r  l e t h a l  t e m p e r a t u r e s  b e i n g  - 6  t o  -3 ^ C  and  37^0 

r e s p e c t i v e l y  ( B a c k lu n d ,  1945 ; M oore and  F r a n c i s ,  1 9 8 5 a ) .  T h e s e  

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

a c c l i m a t i o n  t h a t  i s  known t o  o c c u r  i n  o t h e r  t a l i t r i d  s p e c i e s ,  eg. in  

t h e  e u t e r r e s t r  i a l  A r c i t a l i t r u s  s y l v a t i c u s  (Lazo-Wasem, 1984). In  t n i s  

s p e c i e s  t h e  uppe r  l e t h a l  t e m p e ra tu re  in  th e  sutimer i s  s e v e r a l  d e g re e s



h i g h e r  t h a n  t h a t  o b s e r v e d  d u r i n g  t h e  w i n t e r ,  a s  y e t  t h e r e  i s  no 

c o m p a r a b l e  i n f o r m a t i o n  f o r  t h e  t e m p e r a t u r e  t o l e r a n c e  o f  Q. 

m e d i t e r r a n e a . A s d a t a  b e c o m e  a v a i l a b l e  i t  m ay  b e  f o u n d  t h a t  

te m p e ra tu re  p r e f e r e n d a  and t o l e r a n c e s  w i l l  be shown t o  be im p o r ta n t  

f a c t o r s  n o t  g u s t  i n  d e l i n e a t i n g  th e  d i f f e r e n t  g e o g ra p h ic  d i s t r i b u t i o n s  

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

z o n a t io n  p a t t e r n s  on t h e  sh o re .

I t  s h o u l d  be  n o t e o  t h a t  t h e  r e c e n t  r e p o r t i n g  o f  P l a t o r c n e s t i a  

p l a t e n s i s  from  t h e  S ou th  e a s t  c o a s t  o f  England (W ild ish  ana  L in c o ln ,  

1979) may nave  s e r i o u s  i m p l i c a t i o n s  f o r  l o c a l  B r i t i s n  p o p u l a t io n s  o f  

Q. g a m m a re l lu s .  The tw o s p e c i e s  c o -o c c u r  on th e  European  c o a s t  wnere 

P. p l a t e n i s  was a p p a r e n t l y  i n t r o d u c e d  i n  a b o u t  186Ü, and i t  n a s  s in c e  

s u p p l a n t e d  0 .  g a m m a r e l l u s  i n  som e l o c a t i o n s  (B e n b e n a n i  a n d  C r o k e r ,  

1 9 8 2 ) .  The g e n e r a l  c o m p e t i t i v e  s u p e r i o r i t y  o r  P. p l a t e n s i s  o v e r  Q. 

ga ia m are l lu s  h a s  been  a t t r i b u t e d  t o  th e  lo n g e r  r e p r o d u c t i v e  p e r io d  o f  

P. p l a t e n s i s  a n d  t o  i t s  m o re  r a p i d  m a t u r i t y ,  l a r g e  b r o o d  s i z e  and  

l a r g e  num ber o f  b r o o d s  p e r  b r e e d i n g  s e a s o n  (D a n l ,  1 946 ;  K a r l b r i n k ,  

1969 ) .

2.2.4 ACTIVITY RHYTHMS AND ORIENTATION

O r c h e s t i a  g a m m a r e l l u s  e x i b i t s  a  c i r c a d i a n  e n d o g e n o u s  a c t i v i t y  

r h y th m ,  b r o w s i n g  a t  n i g n t ,  a t  an d  a b o v e  H.W.M. The r h y th m  h a s  no 

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

m i g r a t i o n  o n t o  t n e  l o w e r  s h o r e .  I n  c o n t r a s t ,  0 .  m e a i t e r r a n e a  (w n icn  

l i v e s  below 0^  g a m m a re l lu s  on t h e  shore) p o s s e s s e s  endogenous rhy tnm s 

o f  bo th  cirtadian. and  t i d a l  f re q u e n c y  (W ild ish ,  1970a). The p e r s i s t e n c e  

a n a  p r e c i s i o n  o f  t h e  l o c o m o t o r  r h y th m  and  t h e  d e f i n i t i o n  o f  t n e  

n o c tu r n a l  a c t i v i t y  p n a s e ,  how ever, a r e  g r e a t e r  i n  b u r ro w in g  s p e c i e s  

th a n  i n  t h e  m ore c r y p t o z o ic ,  n o n - s u b s t r a t e  m o d ify in g  (sensu  M a cIn ty re ,  

1963) t a l i t r i d s  ( W i l l i a m s ,  1 9 8 3 a ) .  I t  i s  i n t e r e s t i n g  t h a t  Duncan
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( 1 9 6 9 )  h a s  s u g g e s t e d  t h a t  d i f f e r e n t  l o c o m o t o r y  p a t t e r n s  i n  

e u t e r r e s t r i a l  t a l i t r i d s  may r e d u c e  c o m p e t i t i o n  b e t w e e n  a  p a i r  o f  

s p e c i e s  w h ich  e x h i b i t  s i m i l a r  f o r a g in g  p a t t e r n s  (as  i s  m ost  c e r t a i n l y  

t h e  c a s e  f o r  0^  g a m m a re l lu s  and 0^  m e d i t e r r a n e a ) .

A l th o u g h  t a l i t r i d  amphipod a c t i v i t y  i s  p r e d o m in a n t ly  n o c tu r n a l ,  a  

t i m e - c o m p e n s a t e d  s u n  c o m p a s s  o r i e n t a t i o n  m e c h a n i s m  h a s  b e e n  

d e m o n s t r a t e d  i n  0 ^  m e d i t e r r a n e a  ( P a r d i ,  196u) a n d  s e v e r a l  o t h e r  

l i t t o r a l  ( s u b s t r a t e  -  m o d i f y in g )  a m p h ip o d s  ( P a r d i  and  P a p i ,  1952; 

P a r d i  a n o  G r a s s i ,  1 955 ;  E n r i g h t ,  19 6 1 ;  E r c o l i n i ,  1 964 ;  E r c o l i n i  e t  

a l . ,  1 9 8 3 ) .  C e l e s t i a l  o r i e n t a t i o n  i n v o l v i n g  t h e  moon h a s  b e e n  

d e m o n s t r a t e d  i n  many sandhoppers  eg . T a l i t r u s  i f  n o t  s p e c i f i c a l l y  in  

t h e  Q r c h e s t i a  s p p .  p r e s e n t l y  u n d e r  c o n s i d e r a t i o n  ( P a p i  and P a r d i ,  

1955, 1959, 1963; P a p i ,  196U; E n r ig h t ,  1961, 1972). However, d i r e c t i o n  

f i n d i n g  may a l s o  depend t o  v a ry in g  e x t e n t s  on h u m id i ty  and th e  l e v e l  

o f  s u b s t r a tu m  m o i s t u r e  (P a rd i  and P a p i ,  1952; Van d e r  Bercken e t . a l . ,  

1 9 6 7 ) ,  on  v i s u a l  l a n d m a r k s  ( W i l l i a m s o n ,  1 9 5 1 b ,  1 9 5 4 ;  S c a p i n i  and  

B a r t o l o z z i ,  1 9 8 3 ) ,  on  p r e v a i l i n g  w in d s  ( P a r d i  a n d  P a p i ,  1 9 5 2 ) ,  on 

t h i g m o t a x i s  ( E n r i g h t ,  1978) and  on  h y d r o s t a t i c  p r e s s u r e  ( E n r i g h t ,  

1978). T h e re  i s  a l s o  some e v id e n c e  t h a t  s a n d h o p p ers  may use  th e  s lo p e  

o f  t h e  b e a c h  i t s e l f  t o  a i d  o r i e n t a t i o n  ( C r a i g ,1 9 7 3 a ,  b ) .A r d e n s e  an d  

B a r e n d re g t  (1981) w ork ing  w i th  0. cav im ana  have e s t a b l i s n e c  che r o l e s  

o f  b o th  m a g n e t ic  and p h o t o - o r i e n t a t i o n  p a r t i c u l a r l y  c c r r e l u t e c  w i t h  

p r e - e x p e r i m e n t a l  w a t e r l o s s .  I t  n a s  o e e n  r o u n o  t n a t  n u m i a i t y  a n a  

s a l i n i t y  c an  a c t  s y n e r g i s t i c a l l y  t o  i n f l u e n c e  s u n  c o m p a s s  s e t t i n g  

( r e f e r r e d  t o  b r i e f l y  above)  i n  T a l i t r u s  s a l t a t o r  ( S c a p i n i ,  1 9 7 b ) . A 

c o m b in a t io n  o f  low  h u m id i ty  and d i l u t e d  s e a w a te r  c a u s e s  tnem to  move 

f ro m  l a n d  t o w a r d  t h e  s e a  o u t  w hen t h e  s a l t  c o n t e n t  o f  t h e  w a t e r  

r e a c h e s  a  c r i t i c a l  l e v e l  ( b e tw e e n  3 and  5 %«), T a l i t r u s  h e a d s  i n  t h e  

o p p o s i t e  d i r e c t i o n .  O r i e n t a t i o n ,  a l t h o u g h  e x t e n s i v e l y  e x a m in e a  i n  

v a r i o u s  s a n d y  b e a c h  s p e c i e s  ( s e e  N e w e l l ,  1979; H e r r n c n a ,  1 yo3 t o r
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r e v i e w s  o f  t h e  m e c h a n is m s  i n v o l v e d ) ,  h a s  b e e n  l i t t l e  s t u d i e d  i n  

0 .  g a m m a r e l l u s  o r  ^  m e d i t e r r a n e a . T h i s  i s  p r o b a b l y  d u e  t o  t h e  f a c t  

t h a t  t h e s e  Q r c h e s t i a  s p e c i e s  a r e  c o m p a r a t i v e l y  " s t a t i o n a r y "  when 

c o m p a r e d  w i t h  m an y  o f  t h e  s a n d h o p p e r s  w h i c h  o f t e n  t r a v e r s e  

c o n s i d e r a b l e  d i s t a n c e s  i n  s e a r c h  o f  f o o d  (D a h l ,  19 4 6 ;  G e p p e t t i  and  

T o n g io r g i ,  1 9 b 7 ) .

2 .2 .5  DISPERSAL

Q r c h e s t i a  g a m m a r e l l u s  i s  d e p e n d e n t  upon  t h e  s e a  f o r  p a s s i v e  

d i s p e r s a l  (K a r lb r in k ,  1969). When p l a c e d  in  w a te r  i t  w i l l  c l i n g  to  any 

f l o a t i n g  o b g e c t  ( K a r lb r in k ,  19b9; W i ld i s h ,  1970b; s e e  a l s o  Bock, 1967 

f o r  d e t a i l s  on  P^ p l a t e n s  i s ). Dahl (1946) s u g g e s te d  t h a t ,  b e c au se  many 

b i r d s  a r e  s e e n  t o  p i c k  a t  t h e  w r a c k  b e d s ,  "one  c a n  w e l l  i m a g in e  t h a t  

f r i g h t e n e d  Q r c h e s t i a  may l e a p  o n to  them and se ek  p r o t e c t i o n  among th e  

f e a t n e r s  a n d  a r e  c a r r i e d  away f o r  l o n g e r  o r  s h o r t e r  d i s t a n c e s . "  

S e g e r s t r a l e  e t  a l .  (1954) i n  H u r ley  (1968) have p roduced  c o n s id e r a b l e  

g e o g r a p h i c a l  a n d  e x p e r i m e n t a l  e v i d e n c e  f o r  a  t h e o r y  o f  ( a q u a t i c )  

amphipod d i s t r i b u t i o n  in v o lv in g  t r a n s p o r t a t i o n  by b i r d s .  Such a  method 

o f  d i s p e r s a l ,  i f  i t  t a k e s  p l a c e  a t  a l l  i n  t a l i t r i d  a m p h ip o d s ,  c o u l d  

o n ly  be e f f e c t i v e  o v e r  s h o r t  d i s t a n c e s .  A c t iv e  d i s p e r s a l  on th e  o th e r  

h a n d  w o u ld  a p p e a r  t o  be i n s i g n i f i c a n t  i n  t h e  d e t e r m i n a t i o n  o f  t n e  

d i s t r i b u t i o n  o f Q. g a m m a r e l l u s  (D a h l ,  1946 ; K a r l b r i n k ,  1 9 6 9 ) .  Tne 

e x c e p t io n  t o  t h i s  i s  found in  th e  c a s e  o f  p r e s s u r e  b e in g  e x e r t e d  by 

o u t s i d e  f o r c e s .  For exam ple ,  f lo o d in g  o f  th e  h a b i t a t  may r e s u l t  i n  t h e  

f o r c e d  m i g r a t i o n  o f  l a r g e  n u m b e r s  o f  t h e s e  a n i m a l s  ( S c h e l l e n b e r g ,  

1 942 ;  D a h l ,  1 9 4 6 ;  M is s  C.H. F r a n c i s ,  p e r s .  com m .). I n  a  S w e d is h  

p o p u l a t i o n  o f  ^  p i a t e n s i s , o r i e n t a t i o n  i s  in  a  n o r t h - s o u t h  d i r e c t i o n  

( i e . a l o n g  t h e  c o a s t )  w h i c h  K a r l b r i n k  (1 9 6 9 )  s u g g e s t e d  may b e  

a d v a n t a g e o u s  i f  t h i s  s p e c i e s  i s  i n t r o d u c e d  i n t o  a  new a r e a .  He a l s o  

n o te d  t h a t  t h i s  r e a c t i o n  was a b s e n t  from Oy_ g a m m a re l lu s .

>2



2.2.6 LOCOMOTION
M o s t  t a l i t r i a s  a r e  p o o r  s w im m e rs  (D a h l ,  1 9 4 6 ) .  Some o f  t h e  m ore  

t e r r e s t r i a l  fo rm s  c a n n o t  swim a t  a l l  (Lawrence, 1953; H u r le y ,  1968). 

Q r c h e s t i a  m e d i t e r r e n e a  b e in g  e u l i t t o r a l  (W ild ish ,  1982a), how ever ,  i s  

a  n o t a b l e  e x c e p t io n :  i t  a p p e a r s  t o  be v e ry  much a t  home i n  t h e  w a te r .  

I t  s w im s  w i t h  t h e  body  f u l l y  e x t e n d e d  an d  t h e  a n t e n n a e  p o i n t i n g  

f o r w a r d s  an d  l y i n g  p a r a l l e l  t o  o n e  a n o t h e r .  The p e r a e o p o d s  e x t e n d  

back w ard s  and a  s t r o n g  p leo p o d  b e a t  (W alshe-M aetz , 1956) p r o p e l s  th e  

a n i m a l  f o r w a r d s .  A s i m i l a r  s w im m in g  b e h a v i o u r  h a s  b e e n  d e s c r i b e d  

p r e v i o u s l y  t o r  Q r c h e s t i a  p a l u s t r i s  (S m a l lw o o d ,  1 9 0 5 ) .  I n  c o n t r a s t ,  

w hen Q. g a m m a r e l l u s  i s  p l a c e d  i n  w a t e r  i t  i s  m o re  i n c l i n e d  t o  w a lk  

th a n  swim (R o b e rtso n ,  1886). I f  f o r c e d  to  swim i t  d o e s  so  by means o f  

r a p i d  f l i c k s  o f  t h e  urosom e. These  f l i c k s  p r o p e l  t h e  a n im a l  fo rw a rd  in  

a  s e r i e s  o f  movem ents w hich  a r e  b o tn  awkward and t r a n s i t o r y .  Swimming 

b e h a v i o u r  an d  e c o l o g i c a l  e n e r g e t i c s  o f  some t a l i t r i d  s p e c i e s  h a v e  

r e c e n t l y  been  t h e  s u b j e c t  o f  f a i r l y  e x te n s i v e  s tu d y  by V ogel (1985a) 

a s  h a s  t h e  f u n c t i o n a l  m orphology o f  t h e  m u s c u la tu r e  in v o lv e d  (Vogel, 

1 9 8 5 b ) .  R o b e r t s o n  (1886) w r o t e  t h a t  0 ^  g a m m a r e l l u s , " c a n n o t  l i v e  

c o n t i n u o u s l y  i n  w a t e r  t h o u g h  i t  l o o k s  a t  home f o r  a  t i m e . "  H o w e v er ,  

b o th  0^ g a m m a re l lu s  and 0^ m e d i t e r r a n e a  can  l i v e  i n d e f i n i t e l y  in  w e l l  

a e r a t e d  w a t e r  (32%*) b e tw e e n  l u  a n d  20*^C (R e id ,  19 4 7 ;  J . I . S .  p e r s .  

o b s . )  .

T e r r e s t r i a l  lo c o m o t io n  i n  g a m m a re l lu s  was f i r s t  d e s c r i b e d  by 

C h e v r e u x  (1 8 8 8 ) .  W a lk in g  i n  b o t h  Q. g a m m a r e l l u s  an d  Q. m e d i t e r r a n e a  

d o e s  n o t  a p p e a r  t o  be v e r y  e f f i c i e n t ;  t h e  l a t e r a l l y  c o m p r e s s e d  body  

e x te n d s  upward to  a  h e i g h t  t h a t  i s  j u s t  g r e a t e r  th a n  th e  w id th  be tw een  

t h e  p e ra e o p o d s :  b e c au se  t h e  c e n t r e  o f  g r a v i t y  i s  so  h ig h  t h e  a n im a l  i s  

p o t e n t i a l l y  u n s t a b l e .  P e raeopods  3-5  a r e  m o d if ie d  i n  sucn  a  way a s  t o  

p r o v i d e  s t a b i l i t y  w h i l e  w a l k i n g  u p r i g h t  (B o w e rs ,  1964) an d  a r e
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s p e c i a l l y  s t r e n g th e n e d  f o r  jum ping (C harn iau x -L eg ran d , 1952; B ulycheva 

q u o te d  i n  H u r le y ,  1968). S h o r te n in g  o f  t h e  urosom e and s t r e n g t h e n i n g  

o f  t h e  u r o p o d s  i s  a l s o  a s s o c i a t e d  w i t h  t h e  j u m p in g  h a b i t  ( H u r le y ,  

1 9 6 8 ;  E.L. B o u s f i e l d  i n  K a e s t n e r ,  1970 p . 4 7 8 ) .  When e i t h e r  s p e c i e s  

i s  d i s t u r b e d  a n i m a l s  b e g i n  t o  ju m p  i n  a  ran d o m  f a s h i o n  u n t i l  t h e y  

r e a c h  s a f e t y  (B ars , 1890; Ruppel 1967). A f t e r  2-3  hops th e y  w i l l  o f t e n  

c u r l  up  i n t o  a  b a l l  an d  f e i g n  d e a t h  b e f o r e  t h e  r e s u m p t i o n  o f  e i t h e r  

w a l k i n g  o r  j u m p i n g  b e h a v i o u r .  D e a th  f e i g n i n g  i s  a  common f e a t u r e  o f  

m any t a l i t r i d  s p e c i e s  (H o lm e s ,  1 9 0 3 ) .  The m o v em e n t  p r e f e r e n c e  o f  

Q r c h e s t i a  c a n  be  s u m m a r i s e d  a s  q u i e s c e n t > w a l k i n g > j u m p i n g  ( J . I .S .  

p e r s .o b s . ) .  The jump o f  0 . c a v im an a , a  s p e c i e s  m o r p h o lo g ic a l ly  s i m i l a r  

t o  0 ^  g a m m a r e l l u s  a n d  0 ^  m e d i t e r r a n e a , h a s  b e e n  s t u d i e d  by B r a c h t  

(1980b). He found  t h a t  t h i s  s p e c i e s ,  i n  a  jump l a s t i n g  350-400 m sec .,  

c o v e re d  a  d i s t a n c e  o f  18 cm, and a c h ie v e d  an  a v e ra g e  a c c e l e r a t i o n  on 

t a k e - o f f  o f  300 m.s” ^.

I n  0 ^  g a m m a r e l l u s , t h e r e  i s  no  h a r d e n i n g  o f  t h e  c u t i c l e  by 

c a lc iu m  c a r b o n a te  d e p o s i t i o n  a s  i s  n o r m a l ly  t h e  c a s e  f o r  more m ar in e  

a m p h ip o d s .  T h i s  r e s u l t s  i n  t h e  i n t e g u m e n t  b e i n g  s o f t e r  an d  m ore  

f l e x i b l e  t h a n  i s  t h e  r u l e  i n  a m p h ip o d s  ( R e id ,  1 9 4 7 ) .  The w e i g h t  l o s s  

in v o lv e d  i s  h a r d l y  s u f f i c i e n t  f o r  t h i s  change t o  be e x p la in e d  i n  te r m s  

o f  a d a p t a t i o n  t o  t h e  j u m p in g  h a b i t .  R e id  (1947) s u g g e s t e d  t h a t  t h i s  

c h a n g e  may m ake t h e  a n i m a l ,  " s u p p l e  e n o u g h  f o r  c r a w l i n g  i n t o  d r y  

a p e r t u r e s . "

A l t h o u g h  n o t  a s  common a  b e h a v i o u r  p a t t e r n  a s  i n  T^ s a l t a t o r  

( W i l l i a m s ,  1983b) a n d  o t h e r  s a n d h o p p e r s  (R e id ,  1 9 4 7 ) ,  b u r r o w i n g  h a s  

been  o b s e rv e d  i n  0^ g a m m a re l lu s  b o th  on t h e  s h o re  ( S c h e l le n b e rg ,  1942; 

Den H a r t o g ,  1 964 ;  J . I . S ,  p e r s . o b s . )  an d  i n  t h e  l a b o r a t o r y  ( J . I .S .  p e r s  

o b s . ) . I n  t h e  c a s e  o f  T. s a l t a t o r  i t  a p p e a r s  t h a t  b u r r o w  d e p t h  i s  

r e g u l a t e d  p r i m a r i l y  by th e  r e q u i r e m e n t  o f  t h e  am phipods t o  a c h ie v e  a n
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optim um  h u m id i ty  i n  t h e  s u r r o u n d in g s  ( W i l l i a m s ,  1983b).

2.2.7 REPRODUCTION AND DEVELOPMENT

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

s u b j e c t  o f  e x t e n s i v e  i n v e s t i g a t i o n .  W i l l i a m s o n  (1 9 4 9 a ,  1953) h a s  

o b s e rv e d  m a t in g  i n  0^  g a m m a re l lu s  and Oy m e d i te r r a n e a .  The m ale  w i l l  

o n ly  m ate  w i th  a  f r e s n l y  m o u lted  f e m a le .  D uring c o p u l a t i o n  th e  fe m a le  

i s  c a r r i e d  b e n e a th  t h e  m a le 's  body i n  such  a  manner t h a t  th e y  can  run  

a n d  ju m p  i f  n e c e s s a r y .  She  i s  s u p p o r t e d  c h i e f l y  by t h e  m a l e ' s  s e c o n d  

g n a th o p o d s ,  g r ip p i n g  one o f  h e r  t h o r a c i c  coxae. In  0^ g a m m a re l lu s , th e  

f e m a l e  i s  c a r r i e d  f o r  a b o u t  a n  h o u r ,  d u r i n g  w h ic h  t i m e  c o p u l a t i o n  

t a k e s  p l a c e  f o u r  t o  f i v e  t i m e s .  I n  0^  m e d i t e r r a n e a  c a r r y i n g  i s  

c o n t i n u e d  u p  u n t i l  e g g  l a y i n g  w h i c h  c a n  b e  u p  t o  23 h a f t e r  

c o p u l a t i o n .  The t i m e  o f  egg  l a y i n g  i s  n o t  d e t e r m i n e d  by t h e  t i m e  o f  

c o p u l a t i o n  b u t  by t h e  t i m e  o f  m o u l t .  Egg l a y i n g  a l w a y s  o c c u r s  24 h 

a f t e r  t h e  m o u l t  i n  f e m a l e s  o f  b o t h  s p e c i e s .  C h a r n i a u x - C o t t o n  (1957) 

h a s  o b se rv e d  s t e r i l e  i n t e r s p e c i f i c  m a t in g  be tw een  0^ g a m m a re l lu s  and 

0 . m e d i t e r r a n e a .

Fem ale  0^ g a m m a re l lu s  a r e  found b e a r in g  eggs  d u r in g  th e  summer 

m onths  (Den H a r to g ,  1964; Moore and F r a n c i s ,  1986b; J . I .S .  p e r s .  obs.) 

f ro m  March t o  e i t h e r  S ep tem ber  (Amanieu, 1967a,b; W il l i a m s o n ,  1949a) 

o r  O c tober  (Backlund, 1945). Dahl (1946) r e c o rd e d  a  b im oda l  p a t t e r n  i n  

t h e  number o f  g r a v i d  f e m a le s  i n  t h e  summer m onths , w hich  he a t t r i b u t e d  

t o  p r e c o c i o u s  j u v e n i l e  d e v e l o p m e n t .  C h a r n i a u x - C o t t o n  (1957) and  

Amanieu (1967a), how ever ,  s u g g e s t  t h a t  t h i s  phenomenon was l a r g e l y  due 

t o  s a m p l i n g  e r r o r  a s  i t  i s  u n l i k e l y ,  i n  t h e i r  v i e w ,  t h a t  0 .  

g a m m a re l lu s  c o u ld  o b t a i n  a  g r a v i d  c o n d i t i o n  i n  t h r e e  o r  f o u r  m onths. 

W i l l i a m s  (1 9 7 8 a ) ,  t o o ,  f o u n d  t h a t  i n  T a l i t r u s  s a l t a t o r , s e x u a l l y  

d i f f e r e n t i a t e d  j u v e n i l e s  d i d  n o t  c o n t r i b u t e  to  th e  s e c o n d a ry  b re e d in g  

p o p u l a t i o n  d u r in g  th e  summer b re e d in g  se a s o n .  I t  h a s  been  r e p o r t e d  f o r
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a  M e d i t e r r a n e a n  p o p u l a t i o n  o f  m e d i t e r r a n e a  t h o u g h ,  t h a t  young  

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

a c t i v i t y  by t h e  en d  o f  t h e  sum m er o f  t h e  n e x t  y e a r  ( L o u i s ,  1 9 7 7 a ,b ) .  

T h i s  d i s c r e p a n c y  may e i t h e r  r e f l e c t  a  g e n u in e  d i f f e r e n c e  b e tw een  tn e  

s p e c i e s  o r  i t  may be d u e  t o  l a t i t u d i n a l  d i f f e r e n c e .  D e s p i t e  t h e  

c o n f u s i o n ,  i t  may be s a i d  t h a t  s u c h  o b s e r v e d  c y c l e s  i n  r e p r o d u c t i v e  

b e h a v io u r  s u g g e s t  t h e  s y n c h r o n i s a t i o n  o f  fe m a le  b e h a v io u r  i n  hav ing  a  

few  b ro o d s  i n  a  good s e aso n .

W i l l i a m s o n  (1954) was o f  t h e  o p in io n  t h a t  th e  b re e d in g  rhythm  i s  

p a r t l y  i n n e r  en  t  and p a r t l y  c o n t r o l l e d  by c l i m a t e ;  b o th  egg l a y in g  and 

j u v e n i l e  d e v e l o p m e n t  a r e  t e m p e r a t u r e  d e p e n d e n t  ( C h a r n i a u x - C o t t o n ,  

1 9 5 7 ;  B ock , 1 9 6 7 ) .  I t  h a s  b e e n  s u g g e s t e d  t h a t  a  s e m i - a n n u a l  s p e c i e s  

w h ic h  p ro d u c e s  two g e n e r a t i o n s  p e r  y e a r  i n  th e  more s o u t h e r l y  p a r t  o f  

i t s  r a n g e  (eg .  0 ^  g a m m a r e l l u s ) , i s  p r o b a b l y  a n n u a l  t o w a r d s  i t s  

n o r t h e r n  ran g e  l i m i t  (W i ld is h ,  1982b). I n  t h i s  c o n n e c t io n ,  a  s tu d y  o f  

0 . g a m m a re l lu s  from  th e  e x t r e m e  s o u t h - e a s t  c o a s t  o f  I c e l a n d  would be 

o f  g r e a t  i n t e r e s t .  The b re e d in g  s e a s o n  in  0^ m e d i t e r r a n e a  i s  s i m i l a r  

t o  t h a t  m e n t i o n e d  a b o v e  (B a te  a n d  W e stw o o d ,  1 863 ;  U l i a n i n ,  1880 ; 

W i l l i a m s o n ,  1949; L o u is ,  1977a ,0 ).

F e m a le  Q r c h e s t i a  s p p .  c a r r y  b e t w e e n  8 and  25 e g g s  i n  t h e  b r o o d  

p o u c h  ( W i l l i a m s o n ,  1 9 4 9 a ;  M o r in o ,  1 978 ;  W i l d i s h ,  1 9 8 2 b ) ,  t h e  s i n g l e  

e g g  v o lu m e  (a s  % body  w e i g h t )  b e i n g  0.056% i n  0 ^  m e d i t e r r a n e a  an d  

0.114% i n  0^  g a m m a re l lu s  (W i ld is h ,  1982b). The eggs  o f  0^  g a m m a re l lu s  

a r e  p u r p l e  (B a te  an d  W e s tw o o d ,  1 8 6 3 ;  S c o t t ,  1956) a s  i s  t h e  c a s e  i n  

m any o t h e r  t a l i t r i d  s p e c i e s  ( R a w l in s o n ,  1 9 3 7 ) .  The h a t c h e d  young  

r e m a in  i n  t h e  f e m a le  m arsupium  f o r  a  few  days  o r i e n t a t e d  p e r p e n d i c u l a r  

t o  t h e  l o n g i t u d i n a l  body  a x i s .  T h e i r  h e a d s  r e s t  i n  t h e  s h a l l o w  

d e p r e s s i o n s  l o c a t e d  b e t w e e n  t h e  body  s e g m e n t s .  When t h e  a d u l t  i s  

sq u e ez e d  g e n t l y ,  th e  young a r e  a b l e  t o  e j e c t  th e m s e lv e s  from  th e  b rood  

p o u c h  an d  hop  t o  s a f e t y .  The y o u n g  a r e  n o r m a l l y  b r i g h t  o r a n g e  i n

26



c o lo u r  i n  b o th  s p e c i e s  (B ate  and Westwood, 1863).

Q r c h e s t i a  g a m m a re l lu s  h a s  a  maximum l i f e  e x p e c ta n c y  o f  18 m onths 

( C h a r n i a u x - C o t t o n ,  1957) w hen r a i s e d  i n  t h e  l a b o r a t o r y  a l t h o u g h  

Dorsman (1935) found  t h a t  cav im ana had a  l i f e  sp a n  o f  a p p ro x im a te ly  

12 m onths  i n  t h e  w i l d .  S i m i l a r l y ,  p l a t e n s i s  can  l i v e  f o r  a  p e r io d  

o f  a b o u t  12 m o n th s  b u t  i n  n a t u r a l  p o p u l a t i o n s  t h i s  f i g u r e  i s  v e r y  

o f t e n  red u ced  by a s  much a s  h a l f  (Behbehani and C ro k e r ,  1982).

In  0^  g a m m a re l lu s  t h e r e  i s  an  i n i t i a l  r a p i d  j u v e n i l e  g ro w th  r a t e  

f o l l o w e d  by a  d e c r e a s e  i n  r a t e  f o l l o w i n g  s e x u a l  d i f f e r e n t i a t i o n  

( W i l d i s h ,  1 9 7 2 ) .  T he  d e v e l o p m e n t ,  g r o w t h  an d  m o u l t  c y c l e  o f  Q. 

g a m m a r e l l u s  a n d  Q. m e d i t e r r a n e a  h a s  b e e n  d e s c r i b e d  i n  g r e a t  d e t a i l  

( U l i a n i n ,  188Ü, 18 8 1 ;  C h a r n i a u x - L e g r a n d ,  1 952 ;  C h a r n i a u x - C o t t o n ,  

1 9 5 7 ,  I 9 6 0 ;  W i l d i s h ,  1 9 7 2 ) .  I t  i s  a l s o  s i m i l a r  t o  t h a t  o f  o t h e r  

t a l i t r i d s  (D a h l ,  1 9 4 6 ;  L a f o n ,  1958 ; W i l l i a m s ,  1978a)  a n d  i n t e r t i d a l  

gam m arid  am phipods (Sheader  and C h ia ,  1970) t h a t  have  been  s tu d i e d .  Q. 

g a m m a r e l l u s  e x h i b i t s  a  p a t t e r n  o f  i n d e t e r m i n a t e  g r o w t n  w i t h  no 

t e r m i n a l  e c d y s i s  (C h a rn ia u x -C o t to n ,  1957). M o u lt in g  f r e q u e n c y  i n  bo tn  

s p e c i e s  i s  a f f e c t e d  by v a r i o u s  e x t r i n s i c  f a c t o r s  su c h  a s  t e m p e ra tu re  

( C h a r n i a u x - C o t t o n ,  1 9 5 7 ) ,  t h e  s a l i n i t y  o f  t h e  f o o d / s u b s t r a t u m  

(W ild ish ,  1970c) and p n o t o p e r i o d i s m  ( K u r a t a ,  1 9 6 2 ) .  C h a r n i a u x - C o t t o n  

(1957) h a s  a l s o  d e s c r i b e d  s e l e c t e d  f e a t u r e s  o f  t h e  m o u l t  i n  Q. 

g a m m a re l lu s  w hich  e n a b le  r a p i d  d e t e r m i n a t i o n  o f  t h e  m o u l t  s t a g e .  P o s t -  

m o u l t  ( S t a g e s  A-B) c a n  b e  r e c o g n i s e d  by t h e  p r e s e n c e  o f  a  s o f t  

e x o s k e le to n .  I n t e r  m o u l t  (S tage  C) i s  d e f in e d  a s  t h e  t im e  when t h e r e  

i s  no o b v io u s  em pty  s p a c e  b e n e a th  th e  c u t i c l e  o f  t h e  second  gnathopod. 

T h i s  p e r i o d  i s  v e r y  v a r i a b l e  i n  t h e  C r u s t a c e a  a s  a  w h o le .  I t  r a n g e s  

f r o m  l e s s  t h a n  24 n  t o  tw o  o r  t h r e e  y e a r s ,  t h e  l a t t e r  b e i n g  t h e  c a s e  

i n  som e o f  t h e  l a r g e r  d e c a p o d s  ( H a r t n o l l ,  1 9 8 2 ) .  I n  Q. g a m m a r e l l u s  

t h i s  p e r i o d  l a s t s  a b o u t  t h r e e  w e e k s .  C h a r n i a u x - C o t t o n  d i v i d e s  t n e
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p r e - m o u l t  c o n d i t i o n  i n t o  tw o  s t a g e s .  I f  t h e r e  i s  a  s p a c e  p r e s e n t  

b e tw e en  th e  o ld  and t h e  new c u t i c l e ,  o r  i f  t h e r e  i s  an  u n c u t i c u l a r i s e d  

c l a w  p r e s e n t ,  t h e n  t h i s  i s  t a k e n  a s  e a r l y  p r e - m o u l t  ( S t a g e s  DO-1). 

L a te  p r e - m o u l t  i s  d e t e c t e d  by t h e  c u t i c u l a r  i s a t i o n  o f  t h e  new c law .

Tne s e x  r a t i o  f o r  b o t h  s p e c i e s  i s  n o r m a l l y  1 :1  ( W i l d i s h ,  1970a) 

e x c e p t  i n  c e r t a i n  c i r c u m s t a n c e s  such  a s  t h e  c o l o n i s a t i o n  o f  u n s t a b l e  

h a b i t a t s  w here  a  b i a s e d  se x  r a t i o  may be o f  a d a p t iv e  v a lu e  (W ild is h ,  

1 9 7 1 ) .  I n t e r s e x u a l i t y  i s  v e r y  common i n  0 .  g a m m a r e l l u s  ( C h a r n i a u x -  

C o t t o n ,  1957) a s  i n  many o t h e r  t a l i t r i d s  ( B o u l e n g e r ,  1 9 0 8 ;  D a v id ,  

1 936 ;  C h a r n i a u x - C o t t o n ,  1 9 b 0 ) .  T h i s  p a r t i c u l a r  p h e n o m e n o n  h a s  b e e n  

i n v e s t i g a t e d  e x t e n s i v e l y  by G in sb u rg e r -V o g e l  (see G in s b u rg e r -V o g e l  and 

C h a r n i a u x - C o t t o n ,  1982  f o r  r e f e r e n c e s  an d  r e v i e w ) .  On t h e  I s l e  o f  

C um brae , t h e  g r e a t e s t  number o f  i n t e r  sex  i n d i v i d u a l s  w ere  t a k e n  from  

a b o v e  t h e  M.H.W.M. T hey  w e r e  c h a r a c t e r i s e d  by t h e  p r e s e n c e  o f  b o t h  

o o s t e g i t e s  an d  g n a t h o p o d s ,  t h e  l a t t e r  b e in g  m ark ed ly  d i f f e r e n t  from 

t h e  no rm a l appendage.

M o r in o  (197a) a n d  W i l d i s h  (1 9 7 9 ,  1982b) h a v e  c o n s i d e r e d  t h e  

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

t a l i t r i d  s p e c i e s .

2 .2 .8  FEEDING

T a l i t r i d s  a r e  i m p o r t a n t  i n  t h e  d e g r a d a t i o n  o f  s t r a n d e d  k e l p  

(B r e n n e r  e t  a l . ,  1 9 7 6 ;  L o p e z ,  1 977 ;  L opez  e t  a l . ,1 9 7 7 ;  Cammen, 1980; 

G r i f f i t h s  and S te n to n -D o z e y , 1981). Q r c h e s t i a  g a m m a re l lu s  w i l l  e a t  a l l  

dead  o r g a n ic  m a t t e r  i n d i s c r i m i n a t e l y ,  p ro v id e d  t h a t  i t  i s  n o t  to o  h a rd  

o r  d r y  ( B a c k lu n d ,  1 9 4 5 ;  B o c k ,  1 9 6 7 ) .  P e r k i n s  (1974) r e c o r d e d  a n  a l g a l  

i n t a k e  e q u i v a l e n t  t o  3.42% o f  t h e  w e t  w e i g h t  o f  l a m i n a r i a n  

a l g a e . Q r c h e s t i a  b o d y  w e ig h t~ ’^.day~*^.. A l th o u g h  t h e y  c o n s u m e  l a r g e  

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

( B a c k lu n d ,  1 9 4 5 ) .  Some w orx  c a r r i e d  o u t  a t  G a r e l o c h n e a d  ( P e r k i n s ,
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1974) h a s  c o n f i r m e d  t h e s e  o b s e r v a t io n s  and shown a l s o  t h a t  Q r c h e s t i a  

may l i v e  n a t u r a l l y  i n  l e a f - 1  i t t e r  and consume c a rd b o a r d  a s  r e a d i l y  a s  

m ore n a t u r a l  m a t e r i a l s .  I t i i s  c o s m o p o l i ta n  v o r a c i o u s n e s s  e x te n d s  even 

t o  " a  h a n d k e r c h i e f ,  w h ic h  a  l a d y  l e t  f a l l  a m o n g s t  th e m ,  (w h ich )  was 

soon  red u c e d  t o  a  p i e c e  o f  open  work by t h e  m in u te  ja w s  o f  t h e s e  s m a l l  

c r e a t u r e s "  (B a te  a n d  W e s tw o o d ,  1 8 6 3 ) .  Some r e c e n t  w o rk  by M oore and  

F r a n c i s  (1985b) on f e e d in g  i n  0^ g a m m a re l lu s  h a s  shown t h a t  w h i l e  th e  

a n i m a l  c o n s u m e d  m a i n l y  p l a n t  ( a s  o p p o s e d  t o  a n i m a l )  m a t e r i a l ,  t h e  

o v e r a l l  c o m p o s i t i o n  o f  th e  m a t e r i a l  v a r i e d  dep en d in g  upon food  i tem  

a v a i l a b i l i t y  on t h e  s h o re .

G ut m orphology  and th e  p h y s io lo g y  o f  d i g e s t i o n  i n  t a l i t r i d s ,  ana 

e s p e c i a l l y  0 ^  g a m m a r e l l u s  h a s  b e e n  t h e  s u b j e c t  o f  e x t e n s i v e  

i n v e s t i g a t i o n  ( A g r a w e l ,  1 9 6 1 a ,b ,  1 9 6 2 a ,b , c ,  1 9 6 4 a ,b ,c ,d ;  W ild is h  and 

P o o l e ,  197Ü; S h y a m a s u n d a r i ,  1 9 7 3 ,  1 9 7 9 ,  1 9 8 1 ) .  Some t a l i t r i d s  e a t  

t h e i r  own e x u v i a e  a s  w e l l  a s  d e a d  o f  t h e i r  own k i n d  (B o w e rs ,  1964; 

M is s  C.H. F r a n c i s ,  p e r s . c o m m .) . B a te  (1862) o b s e r v e d  a  num ber  o f  

h o £ p e rs ,  " c o n g r e g a t in g  t o g e t h e r  b e n e a th  a  s t o n e ,  busy  in  d e v o u rin g  a 

common e a r th w o rm " .  U n f o r tu n a t e l y  he does  n o t  m e n t io n  w h e th e r  o r  n o t  

t h e  e a r th w o rm  was a l i v e  a t  t h e  t im e ,

2.2,9 ASSQCIATIQNS

Q r c h e s t i a  g a m m a re l lu s  i s  o f t e n  found i n  a s s o c i a t i o n  w i t h  th e  s e a -  

s l a t e r ,  L i g i a  o c e a n ic a  and  th e  f u l l y  t e r r e s t r i a l  w oodlouse  P o r c e l l i o  

s c a b e r  (Den H a r t o g ,  19 6 3 ;  S c o t t ,  1956 ; J . I . S .  p e r s . o b s . )  a s  w e l l  a s  

w i th

v a r i o u s  i n s e c t  and a r a c h n id  s p e c i e s  (Eiacklund, 1945; S c o t t ,  1956; Roth 

a n d  B r o w n ,  1 9 7 6 ;  S i m p s o n ,  1 9 7 6 ;  J . I . S .  p e r s . o b s . ) . Q r c h e s t i a  

m e d i t e r r a n e a  i s  c o m m on ly  f o u n d  i n  a s s o c i a t i o n  w i t h  E c h in o g a m m a ru s  

m a r i n u s  (C h e v re u x  a n d  F a g e ,  1925) and  E. p i r l o t i  ( J . I . S .  p e r s . o b s . ) .
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The n o c t u r n a l  h a b i t  o f  b o th  Oj_ g a m m a re l lu s  and  0 .m e d i t e r r a n e a  a s  

w e l l  a s  many o t h e r  s e m i - t e r r e s t r i a l  am phipods (Eiowers, 1964), h e lp s  

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

( R o b e r t s ,  1 9 8 2 ) ,  t h e  L y r e  B i r d  ( S e a r l e ,  1 9 2 8 ) ,  t h e  Rock P i p i t  (G ibb , 

1 9 5 5 ) ,  t h e  R in g e d  P l o v e r  (D uncan , 1910) an d  s p e c i e s  o f  S a n d p i p e r  

(Reid, 1947). They a r e  a l s o  p rey e d  upon by v a r i o u s  i n t e r t i d a l  b e e t l e s  

(B a te  an d  W e s tw o o d ,  1 8 6 3 ;  R i c h a r d s ,  1 9 8 2 ,  1 9 8 3 ,  1 9 8 4 ) ,  c e n t i p e d e s  

(R o th  an d  B ro w n , 1976) a n d  s p i d e r s  (D uncan , 1 969 ;  R o th  a n d  B row n, 

1976; Moloney and N ic o ls o n ,  1984).

As i s  t h e  c a s e  w i t h  many t e r r e s t r i a l  a r t h r o p o d s ,  t a l i t r i d s  a r e  

i n f e s t e d  w i t h  v a r i o u s  p a r a s i t i c  m i t e s  and P r o to z o a  ( T r o u e s s a r t ,  1902; 

C a n a r i s ,  1 9 6 2 ;  F e l g e n h a u e r ,  1979 ; K i t r o n ,  1 9 8 0 ;  D u n c a n ,  1981; 

O v e r s t r e e t ,  1983; Moore and S p i c e r ,  1985; P.G. Moore pers .com m .). Such 

i n f e s t a t i o n  h a s  b een  f r e q u e n t l y  n o te d  on Oj_ g a m m a re l lu s  (T ro u e s s a r t ,  

1 902 ;  J . I . S .  p e r s .  o b s . ) . As a  c o n s e q u e n c e  o f  t h e s e  an d  o t h e r  " f o u l i n g  

o r g a n i s m s " ,  m any s p e c i e s  h a v e  e v o l v e d  a  v e r y  i n t r i c a t e  s e r i e s  o f  

s t e r e o ty p e d  g room ing  movem ents (H olm quis t,  1982, 1985). T here  i s  ve ry  

l i t t l e  i n f o r m a t i o n ,  h o w e v e r ,  on g r o o m in g  i n  0 .  g a m m a r e l l u s  and  0. 

m e d i t e r r a n e a .  The h a p lo s p o r  i d i a n  M arte  i l i a  sp . i s  e n d o p a r a s i t i c  in  0. 

g a m m a r e l l u s  a n d  i s  r e p o r t e d  t o  p r o d u c e  a  t e m p e r a t u r e - s e n s i t i v e  

f e m i n i s in g  e f f e c t  (D e s p o r te s  and lo im ,  1981). B a te  and Westwood (1863) 

have  n o ted  th e  o c c u r r e n c e  o f  p h o sp h o re sc e n ce  i n  g a m m a re l lu s .  T h is  

p h e n o m e n o n  h a s  a l s o  b e e n  r e p o r t e d  i n  o t h e r  t a l i t r i d s  ( B o u s f i e l d  and  

K lawe, 1963). I n  0^  g a m m a re l lu s , i t  a p p e a r s  t o  be r e l a t e d  t o  a  d i s e a s e  

c a u s e d  by m i c r o - o r g a n i s m s  o f  t h e  g e n u s  D i p l o b a c t e r i u m , a  c o n d i t i o n  

w h ic h  i s  o f t e n  f a t a l  ( G i a r d ,  1889 ;  G i a r d  a n d  B i l l e t ,  1 8 8 9 ) .  Some 

c l o s e l y  r e l a t e d  s p e c i e s  a l s o  a c t  a s  i n t e r m e d i a t e  h o s t s  f o r  some 

c h ic k e n  tapew orm s ( A l i c a t a ,  1936).

30



2,2.10 ECONOMIC IMPORTANCE
U n t i l  f a i r l y  r e c e n t l y ,  Q r c h e s t i a  s p p .  h a v e  b e e n  r e g a r d e d  a s  o f  

l i t t l e  e c o n o m i c  i m p o r t a n c e  (R e id ,  1 9 4 7 ) .  I n  t h e  l a s t  f e w  y e a r s ,  

how ever, a n  i n t e r e s t  h a s  been  d e v e lo p in g  i n  t h e  u se  o f  Q r c h e s t i a  (and 

some T a l o r c h e s t i a  sp . s e e  V enab les  1981, a ,b ,c )  a s  a  s o u rc e  o f  p r o t e i n  

i n  b o t h  d o m e s t i c  a n i m a l  f e e d - s t u f f s  (M oore a n d  F r a n c i s ,  p e rs .c o m m .)  

and in  compounded d i e t s  i n  a q u a c u l tu r e  (Lachaux e t  a L ,  1984). As long 

ago a s  1947, R e id  had s u g g e s te d  t h a t ,  f o r  f a rm s  i n  c l o s e  p r o x im i t y  to  

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

p r o t e i n  f o r  f e e d i n g  c h ic k e n s  and he  o u t l i n e d  a  s im p le  m ethod f o r  t h e i r  

c a p tu r e  and p r e p a r a t i o n .  He a l s o  n o te d  in  p a s s i n g  t h a t  even  b e a c h f le a s  

a c c i d e n t l y  i n g e s t e d  by unwary p e r s o n s  may be f a r  from  u n p a la t a b l e !  A 

method f o r  t h e  e x t r a c t i o n  o f  t a l i t r i d s  from  beach  w rack h a s  r e c e n t l y  

been o u t l i n e d  by C i a v a t t i  (1983). Qnly Roubald  (1948/49) h a s  r ec o rd e d  

san d h o p p ers  b i t i n g  a  human hand , so  0^  g a m m a re l lu s  would n o t  appear  t o  

p o se  any t h r e a t  t o  human b e in g s !

Some o f  t n e  m o re  t e r r e s t r i a l  a m p h ip o d s  s u c n  a s  A r c i t a l i t r u s  

s y l v a t i c u s  a n d  ^  d o r r i e n i  ( s e e  b e lo w )  a r e  o f t e n  f o u n d  i n  human 

h a b i t a t i o n s  ( p a r t i c u l a r l y  a f t e r  heavy r a i n f a l l )  a lm o s t  t o  t h e  e x t e n t  

o f  b e i n g  r e g a r d e d  a s  p e s t s  ( M a l l i s ,  1 9 4 2 ,  1 9 6 0 ;  H u n t ,  1 9 2 5 ;  

R ic h a rd so n ,  1980). Qn o c c a s io n ,  g a m m a re l lu s  h a s  invaded  th e  M arine 

s t a t i o n  a t  P o r t  E r i n  on th e  I s l e  o f  Man (W alker, 1895). More r e c e n t l y  

t h e  sam e  s p e c i e s  w as  a c c i d e n t l y  i n t r o d u c e d  i n t o  h o u s e h o l d s  i n  a  

G r e e n o c k  h o u s i n g  e s t a t e  (P .G .M o o r e ,p e r s .  comm.) an d  a l s o  a  home i n  

R o t h e s a y  (M is s  M. B a i n , p e r s .  com m .). M oore (1984) a l s o  i d e n t i f i e d  Q. 

g a m m a r e l l u s  f r o m  u n d e r  t h e  c a r p e t  o f  a  home i n  G la s g o w .  T h i s  s e m i 

t e r r e s t r i a l  am phipod , how ever, d o e s  n o t  w a r r a n t  t h e  same p e s t  s t a t u s  

a s  more t e r r e s t r i a l  s y n a n th r o p ic  s p e c i e s  i n  t h e  genus  A r c i t a l i t r u s .

I t  s h o u l d  be  n o t e d  f i n a l l y  t h a t  p o l l u t i o n  h a s  an  a f f e c t  on t h e  

n a t u r a l  h i s t o r y  o f  t h e s e  a n im a ls .  Q i l  s p i l l a g e s  have  been  r e s p o n s i b l e
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f o r  m ass m o r t a l i t y  i n  p o p u l a t i o n s  o f  P l a t o r c h e s t i a  p l a t e n s i s  (Boyle, 

1 9 6 9 ) .  I t  i s  a l s o  Known t h a t  many s e m i - t e r  r e s  t r i a l  a m p h ip o d s  

a c c u m u l a t e  t r a c e  m e t a l s  ( B e n d e r ,  1975 ;  R a in b o w  a n d  M o o re ,  i n  p r e s s )  

b u t  i n f o r m a t io n  on t o x i c i t y  and s u b - l e t h a l  e f f e c t s  i s  l i m i t e d ,

2.3 QRCHESTIA CAVIMANA 

Q r c h e s t i a  c av im ana  ( H e l l e r ,  1865) i s  a  f u l l y  f r e s h - w a t e r  t a l i t r i d  

(Hynes ^ £ l * /  1960) w h ic h  w as  f i r s t  r e c o r d e d  i n  t h i s  c o u n t r y  f ro m  

b e n e a th  s to n e s  above  H.W.M on th e  R iv e r  Thames a t  Richmond in  S u r re y  

(G o rd o n ,  1 9 4 4 ;  s e e  a l s o  C a in  and  C u s h i n g ,  1 9 4 8 ) .  I t  i s  known t o  o c c u r  

a s  f a r  n o r t h  a s  L e i c e s t e r  (R.R. H a r r i s ,  p e r s ,  comm.) an d  Y o r k s h i r e  

( F r y e r ,  1 9 5 0 ,  1 9 5 1 ;  C u r r y  ejt ^ . ,  1 9 7 2 ) .  S c h e l l e n b e r g  (1940) h a s

synonym  i s e d  0^_ c a v i m a n a  w i t h  0 ^  b o t t a e . T h i s  e n t i t y ,  r e p o r t e d  a s  

e i t h e r  0^ c a v im an a  o r  0^  b o t t a e , i s  w id e s p re a d  i n  f r e s h - w a t e r  h a b i t a t s  

t h o u g h o u t  E u r o p e  ( H e l l e r ,  1865 ;  L i e n h a r t ,  1 9 1 3 ;  S c h l i e n z ,  1922; 

S p a n d l ,  1 9 2 4 ;  C h e v r e u x  an d  F a g e ,  1 9 2 5 ;  G i l t a y ,  1 9 2 7 ;  D u d ic h ,  1927 ; 

Bayard  and C arayon , 1946; Beckmann, 1941; Karaman, 1965; K in ze lb ach ,  

1 9 6 5 ,  1 9 7 2 ;  K a r l b r i n k ,  1 969 ;  B r a c h t ,  1 9 8 0 a ) . N o t e s  on i t s  n a t u r a l  

h i s t o r y  an d  e c o l o g y  e x i s t  (D orsm an , 1 935 ;  D a h l ,  1 946 ;  Den H a r to g ,  

1963; R e id ,  1947) a l t h o u g h  t h e r e  i s  b u t  one q u a n t i t a t i v e  s tu d y  in  th e  

l i t e r a t u r e  ( W i l d i s h ,  1 9 7 0 b ) .  T h i s  p a r t i a l l y  t e r r e s t r i a l  h o p p e r  i s  

c o n s i d e r e d  by B o u s f i e l d  (1 9 8 4 ) ,  t o  be  a  v e s t i g e  o f  a n  i n v a s i o n  by 

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

A t l a n t i c .

L o c o m o t io n  i n  Q. c a v im a n a  h a s  r e c e n t l y  b e e n  s t u d i e d  by B r a c h t  

(1980) and  V o g e l  ( 1 9 8 5 a ,b ) .  L i t t l e  a t t e n t i o n  h o w e v e r ,  h a s  b e e n  p a i d  

t o  t h e  p h y s i o l o g y  o f  t h i s  s p e c i e s .  The i n f o r m a t i o n  t h a t  e x i s t s ,  i s  

c o n c e rn e d  o n ly  w i t h  o r i e n t a t i o n  (Ardense and B a r e n d re g t ,  1981; S c a p in i  

a n d  B a r t o z e l l i ,  1 9 8 3 ;  s e e  a l s o  p r e v i o u s  s e c t i o n )  a n d  l o c o m o t o r
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r h y t h m i c i t y  ( W i l d i s h ,  197Ü a). T h e r e  i s  o n e  a c c o u n t  w h ic h  c o m p a r e s  

a e r i a l  v s  a q u a t i c  r e s p i r a t i o n  i n  0 .  c a v im a n a  ( I v l e v  a n d  S u s c h e n y a ,  

1 9 6 1 ) .

I n d i v i d u a l s  u se d  in  th e  r e s p i r a t i o n  and g i l l  s t u d i e s  d e s c r i b e d  in  

c h a p t e r s  3 a n d  4 r e s p e c t i v e l y  w e r e  c o l l e c t e d  f r o m  t h e  b a n k s  o f  t h e  

R iv e r  Thames a t  I s l e w o r t h  A i t  (O.S. g r i d  r e f .  TQ 167 761). The a n im a ls  

w e r e  uncomm on o n  t h e  l o c a l  r i v e r b a n k , a p p a r e n t l y  d u e  t o  t h e  g e n e r a l  

u n s u i t a b i l i t y  o f  m i c r o - h a b i t a t s  a v a i l a b l e ,  w i th  t h e  e x c e p t io n  t h a t  i s  

o f  t h e  l o c a t i o n  s a m p l e d .  Q r c h e s t i a  c a v im a n a  w as  o b s e r v e d  i n  t h e  

l a b o r a t o r y  e a t i n g  b o tn  Beech and Sycam ore l e a v e s ,  w h ich  had been l e f t  

l y i n g  on to p  o f  t h e i r  n a t i v e  s u b s t r a tu m .  The s o f t  p a r t s  o f  t h e  l e a v e s  

w e r e  c o n s u m e d  f i r s t  l e a v i n g  j u s t  t h e  m i d r i b  a n d  s t e m  u n t o u c h e d .  

D e s p i t e  b e i n g  c o l l e c t e d  d u r i n g  t h e  sum m er m o n th s  ( J u l y ,  1 9 8 5 ) ,  no 

o v ig e r o u s  f e m a le s  w ere  n o ted .

2.4 TALITRUS SALTATQR AND TALQRCHESTIA DESHAYESII 

The sa n d h o p p e rs  exam ined  i n  t h e s e  s t u d i e s  w ere  t a k e n  from  around  

t h e  H.W.M a t  tw o  l o c a t i o n s  on  t h e  I s l e  o f  C um brae  i n  t h e  F i r t h  o f  

C ly d e ;  B a l l o c h m a r t i n  Bay (Q.S. NS 17 318437)  an d  F i n t r a y  Bay (Q.S. NS 

17 318437) ( F ig .  2 .8 ) .  T a l i t r u s  s a l t a t o r  (M ontagu) i s  a b u n d a n t  on 

m o s t  c l e a n  s a n d y  b e a c h e s  (F ig .  2 .6c )  a t  o r  j u s t  a b o v e  t h e  H.W.M. 

I n d i v i d u a l s  a r e  n o r m a l l y  a  g r e e n / b u f f  o r  f a w n  c o l o u r  w i t h  a  b l a c k  

d o r s a l  l i n e .  N o t i c e a b ly  more r o b u s t  th a n  Q r c h e s t i a  sp p . ,  t h e  m ale  and 

f e m a le  can  grow  up t o  25 and 18mm long  r e s p e c t i v e l y .  D uring  th e  d ay , 

t h e y  c a n  be  f o u n d  e i t h e r  w i t h i n  t h e i r  b u r r o w s  i n  t h e  s a n d  (F ig .  2.9) 

o r  b e n e a t h  w r a c k  an d  o t h e r  d e b r i s  c a s t  up  by t h e  t i d e .  A t  n i g h t  t h e y  

l e a v e  t h e i r  b u r ro w s  and move up and down th e  beach  i n  s e a r c h  o f  food. 

As was d i s c u s s e d  above , th e y  a r e  a b l e  t o  r e c o g n i s e  and r e t u r n  t o  th e  

u p p e r  b e a c h  by t a k i n g  i n t o  a c c o u n t  t h e  s l o p e  o f  t h e  b e a c h  and  t h e
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FIG. 2 .8  F i n t r a y  Bay on  t h e  W est s i d e  o f  G r e a t  Cumbrae I s l a n d .

B o th  T . s a l t a t o r  an d  T. d e s h a y e s l i  w e r e  c o n c e n t r a t e d  

i n  a  z o n e  b e t w e e n  t h e  l o w e s t  a n d  h i g h e s t  w r a c k  s t r i n g s  i n  t h e  

p i c t u r e  (5.6.85). A n im a ls  u sed  i n  t h e  g i l l  s t u d i e s  w e re  c o l l e c t e d  

f ro m  t h i s  b each .



. u m t .



FIG 2 .9  T a l i t r u s  s a l t a t o r  e m e r g in g  f r o m  b u r r o w  a t  H.W.M. a t  

F i n t r a y  Bay, G r e a t  Cumbrae I s l a n d .  N ote  t h e  san d  g r a i n s  a d h e r i n g  

t o  t h e  a n im a l s '  in te g u m e n t .
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o u t l i n e  o f  t h e  t o p  o f  t h e  beach  o r  o t h e r  n o ta b le  o b j e c t s  s i l h o u e t t e d  

a g a i n s t  th e  sky.

T a l i t r u s  s a l t a t o r  r e p r o d u c e s  f ro m  m i d - A p r i l  t o  l a t e - S e p t e m b e r  

( W i l l i a m s o n ,  1949a)  an d  a p p e a r s  t o  be l a r g e l y  q u i e s c e n t  d u r i n g  t h e  

w i n t e r  m o n t h s .  A n i m a l s  u n c o v e r e d  0 .5m  b e l o w  t h e  s u r f a c e  o n  

B a l l o c h m a r t i n  Bay i n  D e c e m b e r ,  1 9 8 4 ,  t o o k  f ro m  1 - 5  m i n u t e s  t o  

overcom e t h e i r  g e n e r a l  l e t h a r g y  on b e in g  d i s t u r b e d .  The w e l l - b e i n g  o f  

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

t h e  beach . On a  v i s i t  t o  Skye i n  A ugus t ,  1983, th e  Sandy b each  a t  G len  

B r i t t l e  on t h e  W e s t  s i d e  o f  t h e  i s l a n d ,  was o b s e r v e d  t o  s u p p o r t  a  

l a r g e  p o p u l a t i o n  o f  T. s a l t a t o r . On a  r e t u r n  v i s i t  e x a c t l y  tw o  y e a r s  

l a t e r ,  i t  w as f o u n d  t h a t  t h e  s a n d y  b e a c h ,  p r e s u m a b l y  a f t e r  s t o r m  

d a m a g e ,  h a d  b e e n  s u p e r c e d e d  by a  c o a r s e  g r a d e ,  b o u l d e r  b e a c h .  

S andhoppers  w ere  n o t i c e a b l e  by t h e i r  a b se n c e ,  a l th o u g h  0^  g a m m a re l lu s  

was p r e s e n t  a t  H.W.M.

The  b i o l o g y  an d  h a b i t s  o f  T a l i t r u s  s a l t a t o r  a r e  c o n s i d e r a b l y  

b e t t e r  docum ented  th a n  any o f  t h e  o t h e r  s p e c i e s  p r e s e n t l y  c o n s id e r e d  

(R o b e rtso n ,  1886, 1888; S a r s ,  1890; J a n c k e ,  1926; S c h e l l e n b e r g ,  1928; 

Verway, 1929; D ah l ,  1946; P a l l a u a l t ,  1954; Den H ar to g ,  1963) a s  i s  i t s  

e c o lo g y  and p h y s io lo g y  (W il l iam so n ,  1949a, 1951a,b , 1954; W i l l i a m s ,

1 978a ,b ,  1 9 8 0 a ,b ,c ,  1981, 1982a ,b ,  1983; A rdense, 1978, 1980; B ercken

e t  a l . , 1967; S t o r c h  and B u rk h a rd t ,  1984; B re g a z z i ,  1972; B re g a z z i  and 

N a y l o r ,  1972 ; a l s o  s e e  f i r s t  s e c t i o n  on 0 ^  g a m m a r e l l u s  an d  0 .

m e d i t e r r a n e a ) .

I n  g e n e r a l ,  t h e  e c o l o g y  o f  T a l o r c h e s t i a  d e s h a y e s i i  (A u d o u in ,  

1826) i s  s i m i l a r  t o  t h a t  o f  ^  s a l t a t o r .  C onsequen tly  th e y  a r e  o f t e n

f o u n d  on t h e  sa m e  b e a c h ,  a s  i s  t h e  c a s e  on t h e  I s l e  o f  C u m b rae  an d

o t h e r  S c o t t i s h  l o c a l i t i e s  (Fig. 2 .6d), Dahl (1946), how ever , found  t h a t  

T. d e s h a y e s i i  p r e f e r r e d  much f i n e r  s a n d  when c o m p a r e d  w i t h  T. 

s a l t a t o r . R e id  (1947) fo u n d  t h a t  T. d e s h a y e s i i  e x t e n d e d  f u r t h e r  u p -

34



s h o re  th a n  s a l t a t o r , so  t h a t  i t  was p o s s i b l e  t o  f i n d  T a l o r c h e s t i a , 

"under s to n e s  h ig h  enough above H.W.M. t o  be s h a r in g  i t s  h a b i t a t  w i th  

w o o d  i c e  an d  e a r t h w o r m s . "  On t h e  c o n t i n e n t ,  T. d e s h a y e s i i  i s  a c t i v e  

f rom  th e  end o f  M arch t o  t h e  b e g in n in g  o f  November (Den H a r to g ,  1963). 

P e r s o n a l  o b s e r v a t i o n s  on t h e  I s l e  o f  Cumbrae i n  g e n e r a l  s u p p o r t  t h i s  

f i n d i n g .

W hile  t h e  f e m a le  s u p e r f i c i a l l y  r e s e m b le s  ^  s a l t a t o r , t h e  secona  

gna thopod  i n  m ale  T a l o r c h e s t i a  d e s h a y e s i i  i s  s t r o n g l y  s u b - c h e l a t e ,  th e  

s p e c i e s  b e in g  m a rk e d ly  s e x u a l l y  d im o rp h ic .  T a l o r c h e s t i a  d e s h a y e s i i  i s  

n o r m a l l y  s m a l l e r  t h a n  T. s a l t a t o r , and  i s  s a n d  c o l o u r e d  w i t h  d a r k  

brown b roken  s t r i p e s  on th e  d o r s a l  s u r f a c e .  A f u l l  d e s c r i p t i o n  o f  i t s  

b u r r o w i n g  h a b i t s  J s  - g i v e n  by R e id  (1938 ).  Some o t h e r  l i t e r a t u r e  on  

i t s  g e n e r a l  h a b i t s  and  e c o lo g y  does  e x i s t  b u t  i n f o r m a t io n  i s  somewhat 

i n c o m p l e t e  ( B a te  a n d  W e stw o o d ,  1 863 ;  D a h l ,  1946 ;  R e i d ,  1 9 2 9 ,  1947 ; 

Den H a r to g ,  1963; K a r lb r i n k ,  1969; L o u is ,  1980). W ith  t h e  e x c e p t io n  o f  

b u t  f o u r  p a p e r s  (M a rc h io n n i ,  1963; P a r d i  and G r a s s i ,  1955; W il l ia m s o n ,  

1 9 5 1 a ;  W i l l i a m s ,  1 9 8 2 b ) ,  t h e  s p e c i e s '  p h y s i o l o g y  i s  t o t a l l y  

unexam ined.

P s e u d o r c h e s t o i d e a  b r i t o , B o u s f i e l d ,  1982 (= T a l o r c h e s t i a  b r i t o  

S tebb ing )  was n o t  exam ined  d u r in g  t h e  p r e s e n t  s tu d y .  What i s  known 

o f  i t s  b io lo g y  i s  g iv e n  by Vader (1968, 1970).

2.5 TALQRCHESTIA SP. A 

I n d i v i d u a l s  o f  T a l o r c h e s t i a  s p .  A., u s e d  i n  t h e  g i l l  a r e a  

a n a l y s i s  (C hap ter  4) w ere  c o l l e c t e d  from  McFaddin beach ,  15 m i l e s  w e s t  

o f  t h e  S a b i n e  P a s s  a n d  35 m i l e s  f ro m  P o r t  A r t h u r ,  T e x a s ,  U.S.A. The 

a n im a ls  w ere  m o d e r a te l y  common a t  H.W.M., b e n e a th  r o t t i n g  seaw eed on 

f i n e  g r a i n e d  s a n d y  b e a c h e s .  The a n i m a l s  w e re  k i n d l y  c o l l e c t e d  on 

2 5 .8 .8 4  b y  Mr A. F o r d  a n d  Mr a n d  M rs  C h a r l e s  E l l i o t .  T h e  a i r
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t e m p e r a t u r e  a t  t h e  t i m e  w as  bS^F and  t h e  r e l a t i v e  h u m i d i t y  w as  95%. 

The a n im a ls  when d i s t u r b e d ,  w ere  a b le  t o  jump U.3 -  1.2m i n t o  t h e  a i r  

and  w ere  c a p tu r e d  by " s w a t t in g "  t h e  a n im a ls  in  m i d - a i r  and  c o l l e c t i n g  

them  by hand when th e y  f e ig n e d  d e a th  (A. Ford, p e r s .  comm.).

E x a m i n a t i o n  by Dr. P.G. M oore  an d  m y s e l f  v e r i f i e d  t h a t  t h e  

a n im a ls  be longed  t o  t h e  genus  T a l o r c h e s t i a ;  th e  e x a c t  s p e c i e s  how ever, 

w as  u n c e r t a i n .  Dr. E. L a s h l e y  on b e h a l f  o f  Dr. E.L. B o u s f i e l d  o f  t h e  

N a t i o n a l  Museum o f  N a t u r a l  S c i e n c e s ,  O t t a w a ,  C a n a d a ,  i n  a  p e r s o n a l  

c o m m u n i c a t i o n ,  s t a t e d  t h a t  he  had  n e a r l y  c o m p l e t e d  a  p a p e r  on 

sa n d h o p p e rs  o f  t h e  s o u t h e a s t e r n  and G u lf  c o a s t s  o f  t h e  U n i te d  S t a t e s ,  

c o n t a i n i n g  s e v e r a l  new s p e c i e s  w h ic h  p r e v i o u s l y  w o u ld  h a v e  b e e n  

i n c l u d e d  i n  t h e  g e n u s  T a l o r c h e s t i a . H ow ever ,  a s  t h e s e  l a r g e ,  h e a v y  

b o d ie d  b o r e a l  and V i r g i n i a n  A m erican  A t l a n t i c  s p e c i e s  a r e  n e a r ly  a s  

d i f f e r e n t  from  th e  t r u e  T a l o r c h e s t i a  a s  a r e  members o f  t h e  c o u n t e r p a r t  

P a c i f i c  c o a s t  g e n u s  M e g a l o r c h e s t i a  (B ran d t)  f ro m  t h e  m ore  warm 

te m p e r a t e  and t r o p i c a l  P s e u d o r c h e s t o i d e a  ( B o u s f i e l d ) ,  B o u s f i e l d  and  

h i s  c o - w o r k e r s  h a v e  f e l t  i t  n e c e s s a r y  t o  e r e c t  a  new g e n u s  t o  

encom pass  them (O p h th a lm o r c h e s t i a ) . I t  i s  th u s  v e ry  l i k e l y ,  a l th o u g h  

n o t  c o n f i r m e d ,  t h a t  T a l o r c h e s t i a  s p .  A i s  i n  f a c t  O p h t h a lm o r  c h e s t  i a  

b a r  b a r  ae  n . s p .  ( B o u s f i e l d ) .

2.6 ARCITALITRUS DORRIENI 

The e u t e r r e s t r i a l  l a n d h o p p e r  A r c i t a l i t r u s  d o r r i e n i  w as f i r s t  

r e c o r d e d  i n  t h e  U n i te d  Kingdom from  o rn a m e n ta l  g a rd e n s  on t h e  I s l e s  o f  

S c i l l y  (Hunt, 1925). S in c e  th e n  i t  h a s  been re c o rd e d  f r e e - l i v i n g  from  

s e v e r a l  m i ld  t e m p e r a t e  s i t e s  i n  b o th  England and I r e l a n d  (R aw linson , 

1937 ;  I n g l e ,  1 958 ;  M u rp h y ,  1 9 7 3 ,  1974; R i c h a r d s o n ,  1 9 8 0 ) .  Dr. R .J .  

L i n c o l n  ( p e r s .  comm.) h a s  22 s p e c i m e n s  l o d g e d  i n  t h e  B r i t i s h  Museum 

(N at.  H i s t . )  by Mr. J .  R u n d le  f ro m  c o l l e c t i o n s  m ade by  a  N a t u r e
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C o n s e r v a n c y  C o u n c i l  s u r v e y  o f  C o lo n s a y  i n  J u n e ,  1 9 7 8 .  The p r e s e n t  

a u t h o r  an d  D r. P.G. M oore  on  a  v i s i t  t o  C o lo n s a y  ( 8 th  -  1 0 t h  May, 

1985), i n v e s t i g a t e d  65 s i t e s  encom pass ing  a  v a r i e t y  o f  m i c r o h a b i t a t s  

on b o th  C o lonsay  and a d j a c e n t  O ronsay , t o  b o th  c o n f i r m  t h e  r e c o r d  and 

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

d o r r i e n i  w as  f o u n d  t o  be  w i d e l y  d i s t r i b u t e d  on C o l o n s a y ,  among 

d e c id u o u s  l e a f  l i t t e r  i n  wooded a r e a s .  I t  a l s o  o c c u r r e d ,  how ever, i n  

b ra c k e n  l i t t e r  and  t o  a  l e s s e r  e x t e n t  on s c ru b  w a s te la n d .  T here  would 

a p p e a r  t o  be a  c l e a r  c o n c e n t r a t i o n  o f  la n d h o p p e rs  i n  t h e  l e a f  l i t t e r  

a c c u m u la t io n s  a d j a c e n t  t o  C olonsay  House -  p resum ed  t o  be t h e  o r i g i n a l  

l o c u s  o f  c o l o n i s a t i o n .  The s p e c i e s  w as a b s e n t  f ro m  n e a r b y  O r o n s a y ,  

p re su m a b ly  due t o  t h e  l a c k  o f  t r e e  cover  t h e r e .  A f u l l  a c c o u n t  o f  th e  

s t a t u s  o f  ^  d o r r  i e n i  on  C o l o n s a y  c a n  be  f o u n d  i n  M oore an d  S p i c e r  

(1986).

In  th e  S c i l l y  I s l e s ,  ^  d o r r i e n i  e x h i b i t e d  a  p r e f e r e n c e  fo r  t r e e -  

f e r n  l i t t e r  (D i c k s o n i a  a n t a r c t i c a ) ( R i c h a r d s o n ,  1 9 8 0 ) ,  a  p l a n t  t h a t  

w a s  a l s o  i n t r o d u c e d  i n t o  C o lo n s a y  i n  t h e  l a s t  c e n t u r y  (Moore and  

S p i c e r ,  1 9 8 6 ) .  I t  w as  c o n c e i v a b l e  t h e r e f o r e  t h a t  p o p u l a t i o n s  o f  

l a n d h o p p e r 3 e x i s t e d  a t  o t h e r  S c o t t i s h  l o c a t i o n s ,  m i l d  e n o u g h  t o  

s u p p o r t  t h i s  s u b - t r o p i c a l  p l a n t .  Two s p e c i e s  o f  t r e e  f e r n ,  D ic k so n ia  

a n t a r c t i c a  and D^ s q u a r r o s a  o ccu r  i n  th e  g ro u n d s  o f  In v e r  ewe g a rd e n s  

i n  t h e  n o r t h - w e s t  c o r n e r  o f  t h e  H i g h l a n d s  (F ig .  2 .1 0 ) .  An e x t e n s i v e  

s e a r c h  o f  l e a f  l i t t e r  a c c u m u la t io n s  a t  In v e re w e ,  p a r t i c u l a r l y  a round 

t h e s e  f e r n s  a n d  o t h e r  p l a n t s  n a t i v e  t o  A u s t r a l i a  a n d  New Z e a la n d  

( i n c l u d i n g  E u c a l y p t u s  c o c c i f e r a , E. pa  uc i f  l o r  a  and E. d a l r y m p le a n a ) , 

how ever, f a i l e d  t o  r e v e a l  any  lan d h o p p e rs .  These t r e e  f e r n s  a r e  a l s o  

t o  be fo u n d  i n  t h e  B o t a n i c  G a r d e n s ,  G la s g o w . The c l o s e l y  r e l a t e d  

T a l i t r o i d e s  a l l u a u d i  h a s  been  r e p o r t e d  from  t h e s e  g a rd e n s  i n  t h e  p a s t  

(Palmen, 1949). E x te n s iv e  i n v e s t i g a t i o n  o f  th e  a r e a s  s u r ro u n d in g  th e  

A u s t r a l i a n  and New Z ea land  p l a n t s  in  th e  Glasgow h o t  h o u s e s ,  how ever,
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FIG, 2.10 D ix o n ia  a n t a r t i c a .  In v e re w e  g a rd e n s .
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a l s o  f a i l e d  t o  r e v e a l  any  am phipods. At p r e s e n t  t h e n ,  C o lonsay  would 

seem  t o  be t h e  o n l y  S c o t t i s h  l o c a l i t y  now s u p p o r t i n g  a  t e r r e s t r i a l  

amphipod fau n a .

A n im als  u s e d  i n  t h e  r e s p i r a t i o n  and g i l l  s t u d i e s  (C h a p te rs  3 and 

4) w e r e  c o l l e c t e d  f r o m  s y c a m o r e  l e a f  l i t t e r  a c c u m u l a t i o n s  i n  t h e  

g ro u n d s  o f  C o lo n sa y  House (O.S. NR 394971) . They w ere  r e t u r n e d  t o  th e  

l a b o r a t o r y  on t h e  day  o f  c a p t u r e ,  in  a  l a r g e  p l a s t i c  bag c o n ta i n in g  

b o t h  e a r t n  a n d  l e a f  l i t t e r .  To e x t r a c t  l i v i n g  A. d o r r  i e n i  f ro m  t h e  

l e a f  l i t t e r  a  f l o o d i n g  t e c h n iq u e  was employed ( C i a v a t t i ,  1983) I t  has  

p r e v i o u s ly  b e e n  r e p o r t e d  t h a t  t h e s e  a n im a ls  a r e  v e ry  s u s c e p t i b l e  t o  

" d ro w n in g "  (D u n can ,  1 9 b 9 ) .  H o w e v er ,  up t o  48 h o u r s  a f t e r  t o t a l  

i n u n d a t io n  o f  t h e  l e a f  l i t t e r ,  a n im a ls  cou ld  be s e e n  w a lk in g  on d e b r i s  

j u s t  below th e  w a te r  s u r f a c e .  When a number o f  i n d i v i d u a l s  w ere  p l a c e d  

i n  a  beaker  o f  f r e s h  (tap) w a te r ,  th e y  were se en  t o  w alk  from  one w a l l  

o f  t h e  c o n t a i n e r  t o  a n o t h e r  w i t h o u t  t o o  much s i g n  o f  s t r e s s .  When 

d i s t u r b e d ,  how ever ,  t h i s  amphipod a i d  appear t o  be i n c a p a b le  o f  any 

swimming m ovem ents w h a ts o e v e r .  I n  f a c t ,  when a n im a ls  c r a w l in g  on to p  

o f  i n u n d a t e d  l e a f  l i t t e r  w e r e  s t a r t l e d ,  t h e y  r e a d i l y  s u b m e r g e d  

t h e m s e l v e s  by c r a w l i n g  t o  t h e  l o w e r  r e a c h e s  o f  t h e  c o n t a i n e r .  When 

f o r c i b l y  subm erged  th o u g h ,  t h e  m o r t a l i t y  r a t e  o f  ^  d o r r  i e n i  was v e ry  

h ig h .

Arcitalitrus dorrieni is more brittle than its supralittoral zone 
counterparts. During handling, it was not unusual to break one or more 
peraeopods or an antenna. The integument of ̂  dorr ieni thus resembles 
more closely the heavily calcified marine amphipods rather than its 
supralittoral talitrid relatives, eg, Qrchestia or Talitrus.
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CHAPTER THREE

RESPIRATION IN AIR AND WATER OF SELECTED TALITRID SPECIES.*
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3.1 INTRODUCTION

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

and w a te r  i s  w e l l  docum ented  (see  N ew ell ,  1973, 1979 f o r  r e v ie w s ) .  The 

a e r i a l  a n d  a q u a t i c  o x y g e n  c o n s u m p t io n  r a t e s  o f  v a r i o u s  i n t e r t i d a l  

g a s t r o p o d s  h a v e  b e e n  s t u d i e d  e x t e n s i v e l y  i n  r e l a t i o n  t o  t h e i r  

e c o l o g i c a l  o i s t r i b u t i o n  on t h e  s h o r e  (D a v ie s ,  1 966 ;  M i c a l l e f ,  1967 ; 

McMahon and R u s s e l l - H u n t e r ,  1977; H ou lihan , 1979; I n n e s  e t  1984).

I n  many c a s e s ,  t h e  a e r i a l / a q u a t i c  o x y g e n  c o n s u m p t i o n  r a t i o  f o r  a  

p a r t i c u l a r  s p e c i e s  i n c r e a s e s  w i th  th e  deg ree  o f  e m e r s io n  and t h e r e f o r e  

c a n  be  c o r r e l a t e d  w i t h  t h e  a n i m a l s  v e r t i c a l  z o n a t i o n  on  t h e  s h o r e  

(H oulihan and  I n n e s ,  1982).

Similar trends have been found in a recent study on three 
decapod crustacean species representing aquatic, semi- and fully 
terrestrial habitats (O'Mahoney and Full, 1 9 84 ) .  Houlihan and Innes 
(1984) have also shown that this pattern of aerial/aquatic oxygen 
consumption is similar in both active and inactive decapods.

L i t t l e  a t t e n t i o n  h a s  b e e n  p a i d  t o  t h i s  a s p e c t  o f  t h e  

e c o p h y s io lo g y  o f  t a l i t r i d  am phipods. They a r e  o f  s p e c i a l  i n t e r e s t  a s  

p re su m a b ly  th e y  r e l y  on th e  same r e s p i r a t o r y  s t r u c t u r e ,  t h e  g i l l ,  i n  

b o t h  m e d i a .  R e c e n t  s t u d i e s  h a v e  show n t h a t  tw o  s e m i - t e r r e s t r i a l  

b e a c h f l e a s ,  T r a n s o r c h e s t i a  c h i l i e n s i s  and C h r o e s t i a  l o t a  can  m a in ta in  

t h e i r  a e r i a l  o x y g e n  c o n s u m p t io n  r a t e s  when s u b m e r g e a i  I v l e v  and  

S u s c h e n y a  ( 1 9 6 1 ) ,  h o w e v e r ,  fo u n d  t h a t  a l t h o u g h  o x y g e n  c o n s u m p t io n  

r a t e s  i n  a i r  and w a te r  were s i m i l a r  f o r  s u b t i d a l  Gammarus l o c u s t a , i n  

t h e  s e m i - t e r r e s t r i a l  Or c h e s t  i a  c av im ana , a e r i a l  r e s p i r a t i o n  was t h r e e  

t i m e s  t h e  a q u a t i c  r a t e .  M ost  o t h e r  s t u d i e s  on t a l i t r i d  r e s p i r a t i o n ,

* Much of this chapter is embodied in a paper by Spicer and Taylor, accepted 

for publication by exp. mar. Biol. Ecol.
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h a v e  b e e n  c o n c e r n e d  p r i m a r i l y  w i t h  a e r i a l  o x y g e n  c o n s u m p t io n  a s  

r e l a t e d  t o  e n e rg y  b u d g e ts  (C lark ,  1955; R ic h a rd so n  and M orton, 1986), 

t h e  e f f e c t s  o f  s e a s o n  and  l a t i t u d e  (E d w a rd s  a n d  I r v i n g ,  1 9 4 3 ;  

V e n a b l e s ,1 9 8 1 a ,c ;V a n  S e n u s ,1 9 8 5 )  a n d  t h e  d e m o n s t r a t i o n  o f  c i r c a d i a n  

r h y t h m s  i n  o x y g e n  c o n s u m p t io n  ( W i l l i a m s ,  1 9 8 1 ,  1 9 8 2 a ;  M oore a n d  

F r a n c i s ,  p e r s . c o m m .) .  T h e r e  a r e  h o w e v e r ,  tw o  p a p e r s  c o n c e r n i n g  t h e  

e f f e c t  o f  h y p o x ia  on 0^ m e d i t e r r a n e a  under a q u a t i c  c o n d i t i o n s  (W alshe- 

M aetz , 1952, 1956).

I n  t h e  p r e s e n t  s tu d y ,  t h e  a e r i a l  and a q u a t i c  oxygen c o n sum ption  

o f  O r c h e s t i a  m e d i t e r r a n e a , 0 .  g a m m a r e l l u s , Q. c a v i m a n a  a n d  

A r c i t a l i t r u s  d o r r i e n i , s p e c i e s  o f  d i f f e r i n g  d e g r e e s  o f  t e r r e s t r i a l  

a d a p t a t i o n  w e re  exam ined  ove r  t h e  e c o l o g i c a l l y  r e a l i s t i c  t e m p e r a tu r e  

r a n g e  5 t o  30^C . A l s o  i n c l u d e d  i n  t h i s  c h a p t e r  a r e  t h e  r e s u l t s  o f  a  

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

s p e c i e s .

P r e l i m i n a r y  i n v e s t i g a t i o n  o f  a e r i a l  o x y g e n  c o n s u m p t io n  i n  

O r c h e s t i a  g a m m a re l lu s  w i th  and w i t h o u t  g i l l s  was a l s o  a t te m p te d .  I t  

was hoped t h a t  d a t a  o b ta in e d  from  such  an e x p e r im e n t  would be h e l p f u l  

i n  e l u c i d a t i n g  t h e  r o l e  o f  t h e  g i l l s  i n  o x y g e n  u p t a k e  and  w o u ld  

i d e n t i f y ,  i n  a  m o re  q u a n t i t a t i v e  f a s h i o n ,  t h e  p o s s i b i l i t y  o f  

e x t r a b r a n c h i a l  r o u t e s  o f  oxygen exchange.

3 .2  MATERIALS AND METHODS

3 . 2 . 1  A nim als

O r c h e s t i a  g a m m a re l lu s  and O^ m e d i t e r r a n e a  w ere  c o l l e c t e d  by hand 

f ro m  b e n e a t h  s t o n e s  an d  a m o n g s t  t h e  w ra c k  b e d s  a t  an d  b e lo w  H.W.M. 

(H.W.M.) a t  F a r  l a n d  B i g h t  on t h e  I s l e  o f  C um brae  (O.S. G r id  R e f .  NS 17 

3 2 4 4 1 2 ) .  O r c h e s t i a  c a v im a n a  w as  c o l l e c t e d  f ro m  H.W.M. on t h e  R i v e r
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T ham es  a t  I s l e w o r t h  A i t  (O .S .G rid .  R e f .  TQ 167 761) and  A r c i t a l i t r u s  

d o r r i e n i  f r o m  S y c a m o re  l e a f  l i t t e r  on  t h e  i s l a n d  o f C o l o n s a y ,  i n n e r  

H e b r i d e s  ( s e e  c h a p t e r  2 f o r  m ore  d e t a i l s  on  0 ^  c a v im a n a  and  A. 

d o r r i e n i  c o l l e c t i o n  s i t e s ) .  A l l  a n i m a l s  w e re  b r o u g h t  b a c k  t o  t h e  

l a b o r a t o r y  i n  l a r g e  p o l y t h e n e  b a g s  c o n t a i n i n g  t h e i r  n a t u r a l  

s u b s t r a tu m .  A n im a ls  w ere  m a in ta in e d  in  a  c o n s t a n t  t e m p e r a tu r e  room a t  

10 + l^C  f o r  a  p e r i o d  o f  s i x  days .  During t h i s  t im e  th e y  e x p e r ie n c e d  a  

1 2 :1 2  LD r e g i m e .  A n im a l s  w e r e  f e d  on d e c a y i n g  s e a w e e d  o r  d e c i d u o u s  

l e a v e s  a s  a p p r o p r i a t e .  M e a s u r e m e n ts  o f  o x y g e n  c o n s u m p t i o n  w e r e  

c a r r i e d  \ar^ejnnale ammals - (l.O -  28.0 mg d r y  w e i g h ^ i t h  t h e

e x c e p t io n  o f  t h e  s m a l l e r  ^  d o r r i e n i , (w e igh t  r a n g e  0.3 and 8.0 mg d ry  

w t . ) . E ach  a n i m a l  w as u s e d  o n l y  o n c e .  O nly  a n i m a l s  c o r r e s p o n d i n g  t o  

i n t e r  m o u l t  C (C h a rn ia u x -C o tto n ,  l957) were used.

3.2.2 Im m e rs io n  t o l e r a n c e  e x p e r im e n t

F o r  t h e  t o l e r a n c e  e x p e r i m e n t s ,  amgdiipods w ere  s e p a r a te d  i n t o  

two l e n g t h  c a t e g o r i e s ;  g roup  A > 10mm body l e n g t h  and g roup  B < 10mm 

b ody  l e n g t h  ( m e a s u r e d  f ro m  t h e  t i p  o f  t h e  t e l s o n  t o  t h e  b a s i s  o f  t h e  

a n t e n n a ) .  A l l  A r c i t a l i t r u s  u s e d  b e lo n g e d  t o  g r o u p  gi. B o th  m a le s  an d  

( n o n - o v i g e r o u s )  f e m a l e s  w e r e  c o n s i d e r e d .  20 i n d i v i d u a l s  o f  e a c h  

s p e c i e s  ( w i th  t h e  e x c e p t io n  o f  0^ cavim ana w here n = 10) were exposed  

t o  hum id a e r i a l  c o n d i t i o n s  a t  10 and 20^C th ro u g h o u t  th e  e x p e r im e n t .  

The c o n t r o l  ch am b ers  were 100 ml g l a s s  c r y s t a l l i s i n g  d i s h e s ,  co v e re d  

w i th  a  p e r f o r a t e d  p l a s t i c  p e t r i  d i s h  l i d  (which p r e v e n te d  th e  a n im a ls  

e s c a p in g ) .  Each d i s h  c o n ta in e d  a  s h e e t  o f  fo ld e d  f i l t e r  p a p e r  soaked  

i n  s e a  w a t e r  (32%o) ( f o r  0 .  g a m m a r e l l u s  an d  0 . m e d i t e r r a n e a ) o r  t a p  

w a t e r  ( f o r  c a v im a n a  an d  ^  d o r r i e n i ) . 20 i n d i v i d u a l s  o f  e a c h  

s p e c i e s  w ere  a l s o  im m ersed i n  s e a  w a te r  o r  t a p  w a te r  (as a p p r o p r i a t e ) .  

The a n i m a l s  w e r e  p l a c e d  i n  c o v e r e d  100 ml c r y s t a l l i s i n g  d i s h e s  ( to  

p r e v e n t  e v a p o r a t i o n )  e a c h  c o n t a i n i n g  80 ml o f  c o n s t a n t l y  a e r a t e d
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w a t e r .  I n  b o t h  a e r i a l  a n d  a q u a t i c  e x p e r i m e n t s ,  t h e  d i s h e s  w e r e  

checked  r e g u l a r l y  and any m o r t a l i t i e s  n o ted . Both t h e  im m ers io n  medium 

and f i l t e r  p a p e r  w ere  r e p l a c e d  e v e ry  3 days and dead  a n im a ls  rem oved. 

A n im als  w ere  f e d  d u r in g  th e  e x p e r im e n t  w i th  f r e s h  w rack  o r  l e a f  l i t t e r  

a s  a p p r o p r i a t e .

3.2.3 A q u a t ic  oxygen  c o n su m p tio n

R a te s  o f  a q u a t i c  oxygen c o n su m p tio n  (10 -  3u*^C) w ere  m easu red  by 

e n c lo s in g  i n d i v i d u a l  a n im a ls  i n  d a r k e n e d  g l a s s  b o t t l e s  (Volume = 25 

ml) w i t h  g a u z e  l i d s .  A p i e c e  o f  l a r g e  m esh g a u z e  w as  i n s e r t e d  i n t o  

each  b o t t l e  t o  p r o v id e  a  s u b s t r a tu m  t o  which th e  a n im a ls  c o u ld  c l i n g .  

I t  was found  t h a t  p r o v id in g  su c h  a  s u b s t r a tu m  red u c e d  t h e i r  a c t i v i t y  

and e n s u re d  t h a t  t h e  m a j o r i t y  o f  r e a d in g s  o b ta in e d  w ere  f o r  i n a c t i v e  

a n i m a l s .  T he  b o t t l e s  w e re  s u b m e r g e d  i n  a  l a r g e  t a n k  o f  f i l t e r e d  

s e a w a t e r  ( s a l i n i t y  = 32%« ) i n  t h e  c a s e  o f  0^  g a m m a r e l l u s  an d  Q. 

m e d i t e r r a n e a  o r  f i l t e r e d  t a p w a t e r  i n  t h e  c a s e  o f  0 .  c a v im a n a  and  A. 

d o r r i e n i  (A. d o r r i e n i  was a l s o  t e s t e d  i n  30% s e a  w a te r ) .  The w a te r  i n  

t h e s e  t a n k s  was c o n s t a n t l y  a e r a t e d  and th e  a n im a ls  w ere  l e f t  f o r  3 h 

t o  a c c l i m a t i z e  t o  t h e  e x p e r i m e n t a l  c o n d i t i o n s .  The t e m p o r a r y  g a u z e  

l i d s  w ere  t h e n  c a r e f u l l y  r e p l a c e d  by s c re w - to p  l i d s  a f t e r  t h e  i n i t i a l  

P02 o f  t h e  w a te r  had been m easu red . T h is  was done by rem oving a  1 ml 

w a t e r  s a m p l e  f r o m  t h e  b o t t l e  a n d  i n j e c t i n g  i t  i n t o  a  t h e r m o s t a t t e d  

e l e c t r o d e  h o l d e r  ( a t  t h e  e x p e r i m e n t a l  t e m p e r a t u r e )  c o n t a i n i n g  a n  

o x y g e n  e l e c t r o d e  ( R a d io m e te r  E5U46) c o n n e c t e d  t o  an  o x y g e n  m e t e r  

( S t r a t h k e l v i n  I n s t r u m e n t s ,  G lasgow ). Three empty b o t t l e s  w ere  a l s o  r u n  

a s  c o n t r o l s  t o  e s t i m a t e  t h e  r a t e  o f  background r e s p i r a t i o n .  A t t h e  end 

o f  t h e  e x p e r i m e n t a l  p e r i o d  ( 1 - 3  h o u r s ) ,  e a c h  b o t t l e  w as  q u i c k l y  

i n v e r t e d  s e v e r a l  t i m e s  t o  e n s u r e  t h o r o u g h  m ix in g  an d  t h e  P02 o f  t h e  

w a te r  d e te r m in e d  a s  above. The r a t e  o f  oxygen d e p l e t i o n  i n  e a ch  b o t t l e  

w as  t h e n  c a l c u l a t e d .  To e n s u r e  t h a t  t h e  r a t e s  o f  o x y g e n  c o n s u m p t i o n
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w ere  u n a f f e c t e d  by h y p o x ia ,  t h e  oxygen t e n s io n  o f  t h e  w a te r  i n  w h ic h  

t h e  a n i m a l s  w e r e  k e p t  w as n e v e r  a l l o w e d  t o  f a l l  b e lo w  120 T o r r .  

F i n a l l y  t h e  a n i m a l s  w e re  r e m o v e d ,  k i l l e d  and  d r i e d  a t  60^C f o r  tw o  

d a y s  p r i o r  t o  w e ig h in g ,  t o  an  a c c u r a c y  o f  O.lmg, on a  M e t t l e r  Type H 

16 b a la n c e .

3.2.4 A e r i a l  oxygen  consum ption

R a te s  o f  a e r i a l  oxygen co n su m p tio n  a t  d i f f e r e n t  t e m p e r a t u r e s  ( 5 

-  35^C) w ere  m easu red  u s in g  a  G i l s o n  d i f f e r e n t i a l  r e s p i r o m e t e r .  Each 

r e s p i r a t i o n  f l a s k  (volume = 7 and 15 mis) c o n ta in e d  o n ly  one a n im a l ,  a  

f i l t e r  p a p e r  w ic k  s a t u r a t e d  i n  10% KOH s o l u t i o n  ( t o  a b s o r b  C a r b o n  

d i o x i d e ) ,  a n d  a  s m a l l  p i e c e  o f  f i l t e r  p a p e r  p r e v i o u s l y  s o a k e d  i n  

f i l t e r e d  s e a w a te r  o r  t a p w a te r  a s  a p p r o p r i a t e .  T h is  was found to  re d u c e  

b o th  lo c o m o to r  a c t i v i t y  and th e  m o r t a l i t y  o f  th e  a n im a ls .  A n im als  w ere  

k e p t  f o r  12 h a t  t h e  e x p e r i m e n t a l  t e m p e r a t u r e  b e f o r e  r e c o r d i n g s  

commenced. R e s p i r a t i o n  r a t e s  w ere  m easured a t  e i t h e r  30 or 60 m in u te  

i n t e r v a l s j b v e r / a  5 -  6 h p e r i o d .  A t  t h e  end  o f  e a c h  e x p e r i m e n t  t h e  

a n im a ls  w ere  k i l l e d ,  d r i e d  and w eighed  a s  o u t l i n e d  above.

The r a t e s  o f  oxygen c o n su m p tio n  were e x p re s s e d  i n  m i c r o l i t r e s  p e r  

m i l l i g r a m  d r y  w e i g h t  p e r  h o u r ,  R^ ( | j l .0 2 .m g “ ^ .h ” ^ ) . The n o t a t i o n  

f o l l o w s  S u t c l i f f e  (1984). A l l  oxygen consum ption  d a t a  w ere  c o r r e c t e d  

f o r  S .T .P . a n d  r e g r e s s e d  on a  d o u b l e  lo g  p l o t  a g a i n s t  t h e  d r y  b o d y  

w e i g h t  o f  t h e  a n i m a l .  C o v a r i a n c e  a n a l y s i s  was u s e d  t o  c o m p a re  d a t a  

o b t a in e d  f o r  e a c h  s p e c i e s .

3.2.5 G i l l  e x c i s i o n

A l l  t h e  g i l l s  f ro m  30 m a le  O r c h e s t i a  g a m m a r e l l u s  w e re  r e m o v e d  

under  a  b i n o c u l a r  d i s s e c t i n g  m ic ro sc o p e  (xlO) u s in g  two p a i r s  o f  v e ry  

f i n e  f o r c e p s .  T h e re  were no a p p a r e n t  i l l - e f f e c t s  o f  t h e  o p e r a t i o n  and 

a l l  t h e  e x p e r i m e n t a l  a n im a ls  s u r v iv e d  th e  d u r a t i o n  o f  t h e  e x p e r im e n t  

(6 h . ,  100% R.H.). A e r i a l  o x y g e n  c o n s u m p t io n  o f  a n i m a l s  w i t h  e x c i s e d
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g i l l s  w as  m e a s u r e d  a s  o u t l i n e d  a b o v e .  F o r  e a c h  G i l s o n  " ru n "  (n = 12) 

a t  t e m p e r a t u r e s  b e t w e e n  10 a n d  20^C, 6 c o n t r o l  a n i m a l s  w i t h  i n t a c t  

g i l l s  w ere  a l s o  in c lu d e d .

3 .3  RESULTS

3.3.1 Im m e rs io n  t o l e r a n c e

I n  a l l  s p e c i e s  e x a m i n e d ,  l i t t l e  m o r t a l i t y  r e s u l t e d  f ro m  

c o n t a i n m e n t  i n  h u m id  a e r i a l  c o n d i t i o n s  a t  b o t h  e x p e r i m e n t a l  

t e m p e r a t u r e s  w i t h i n  b o th  s i z e  r a n g e s .  A l l  a n im a ls  w ere  m a in ta in e d  f o r  

a  p e r i o d  e x c e e d i n g  6 w e e k s  an d  w o u ld  p r o b a b l y  h a v e  s u r v i v e d  much 

l o n g e r  h a d  n o t  t h e  e x p e r i m e n t  b e e n  t e r m i n a t e d .  T a b l e  3 .1  sh o w s  t h e  

s u r v i v o r s h i p  o f  t h e  fo u r  s p e c i e s  when immersed. A l l  t h r e e  O r c h e s t r a  

s p e c i e s  w e r e  a b l e  t o  s u r v i v e  i m m e r s i o n  a t  b o t h  e x p e r i m e n t a l  

t e m p e r a t u r e s  a l m o s t  i n d e f i n i t e l y .  I n d e e d ,  0 ^  m e d i t e r r a n e a  w as  

m a in ta in e d  subm erged  i n  t h e  l a b o r a t o r y  f o r  a p e r io d  o f  9 m onths u n t i l  

t h e  a n i m a l s  e v e n t u a l l y  d i e d  d u e  t o  n e g l e c t .  I n  t h e  c a s e  o f  A. 

d o r r i e n i , h o w e v e r ,  t h e  a n i m a l s  w e r e  u n a b le  t o  t o l e r a t e  i m m e r s i o n  

s t r e s s  f o r  any  c o n s id e r a b l e  t im e .  A l l  a n im a ls  were dead  a f t e r  12 h a t  

20^C w i t h  50% s u r v i v o r s h i p  (LT^q) a t  a ro u n d  7 h r s .  S u r v i v o r s h i p  

i n c r e a s e d  w i t h  d e c r e a s i n g  t e m p e r a t u r e .  The s u r v i v a l  o f im m e r s e d  A. 

d o r r i e n i  w as  a l s o  g r e a t l y  e n h a n c e d  i f  p r o v i s i o n  w a s  m ade f o r  t h e  

a n im a ls  t o  l e a v e  th e  w a te r  p e r i o d i c a l l y .

3.3.2 W eigh t  e x p o n e n t

A l i n e a r  r e l a t i o n s h i p  b e tw e en  w e ig h t  s p e c i f i c  oxygen c o n su m p tio n ,  

(Rg) and body d r y  w e ig h t ,  (W) was o b ta in e d  when p l o t t e d  a f t e r  a  d o u b le  

l o g a r i t h m i c  t r a n s f o r m a t i o n  a n d  c o u l d  be d e s c r i b e d  by a  r e g r e s s i o n
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TABLE 3.1 T o le ra n c e  to  im m ers io n  in  w a te r  (0^ g a iu m a re l lu s  ana  

Q» r u e d i t e r r a n e a — s e a  w a te r  30 %© and cav im ana  ana  A. a o r r i e n i  

— t a p  w ater)D y fo u r  t a l i t r i d  s p e c i e s ,  Wumbers o r  s u r v i v o r s  w nere 

i n i t i a l  n = 2ü i n  e a c h  c a s e .

TEMPERATURE = lO^C

Time Uifluersed

s p e c i e s 3nr 6nr 9hr 12hr 1 day 7 d a y s 14 <

0 .  gaft t i ia re llus 20 20 20 20 20 20 19

U. m e o i t e r r a n e a 2U 20 20 20 20 19 19

0 .  cav i i ia n a 20 20 2o 2u 20 18 18

A. d o r r i e n i 2 0 18 17 9 0 - -

TEMPERATURE = 20
Tiiid lixfliiersea

s p e c i e s 3nr 6nr 9nr 12nr 1 day 7 day s 14 .

0 .  y a itu ra re liu s 20 20 20 20 19 19 17

Û. m e d i t e r r a n e a 2U 20 20 20 20 20 1 9

Ü. c a v ii ia n a 20 20 20 20 20 i9 lb

a .  d o r r i e n i 17 11 4 0 - - -



equation in the form

Log Rg = Log a  + b Log W 

w h e re  Log a  i s  a  c o n s t a n t  a n d  b  i s  t h e  r e g r e s s i o n  c o e f f i c i e n t .  A l l  

o f  t h e  r e g r e s s i o n  e q u a t i o n s  l i n k i n g  r a t e s  o f  oxygen c o n su m p tio n  and 

d r y  body w e ig h t  (Table  3.2) had s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  

c o e f f i c i e n t s  w i t h  t h e  e x c e p t io n  o f  Oy g am m are l lu s  and 0^ m e d i t e r r a n e a  

a t  5^C. As i n  m o s t  o t h e r  c r u s t a c e a n s  ( N e w e l l ,  1 9 7 3 ,  1 9 7 9 ;  S u t c l i f f e ,  

1 9 8 4 ) ,  Rg d e c r e a s e s  w i t h  i n c r e a s i n g  body w e i g h t .  The  v a l u e  f o r  b a t  

lO^C w as  b e tw e e n  - 0 .4 7 8  and  - 0 .1 4 1  f o r  a l l  o f  t h e  t a l i t r i d  s p e c i e s  

e x a m i n e d  ( T a b l e  3 . 2 ) .  C o v a r i a n c e  a n a l y s i s  i n d i c a t e d  t h a t  t h e  

d i f f e r e n c e s  i n  t h e  v a lu e  o f  b b e tw een  th e  s p e c i e s  was n o t  s i g n i f i c a n t .  

The c o m b in e d  r e g r e s s i o n  c o e f f i c i e n t ,  b = - u .2 3 1  o f  t h e  t a l i t r i d  

s p e c i e s  s tu d i e d  i s  co m p a rab le  w i t h  t h e  s i m i l a r  f i g u r e s  o f  -0 .248 and -  

0.266 f o r  th e  f r e s h w a t e r  s p e c i e s  Gammarus p u lex  (lO^C) and G^ fo ssa ru m  

(12^C) r e s p e c t i v e l y  (Rumpus an d  K ennedy , 1974 ; P i e p e r ,  1978 b o t h  

q u o t e d  i n  S u t c l i f f e ,  1 9 8 4 )  a n d  - 0 . 2 7 1  f o r  t h e  i n t e r t i d a l  

Echinogam marus o b t u s a t a  (Agnew, 1985). The m easu rem en ts  p r e s e n t e d  i n  

t h i s  c h a p t e r  w e r e  m ade u n d e r  m i n i m a l  b u t  u n c o n t r o l l a b l e  l o c o m o t o r  

a c t i v i t y  and c o u ld  t h e r e f o r e  c o n s i d e r e d  a s  r e p r e s e n t i n g  t h e  a n i m a l s  

" r o u t i n e  m e t a b o l i c  r a t e " .

3 . 3 . 3  A e r i a l  and  a q u a t i c  oxygen c o n s u n p t io n  a t  10

I n  F i g u r e  3 .1 ,  t h e  r e g r e s s i o n  l i n e s  ( d e s c r i b e d  by t h e  e q u a t i o n s  

i n  T a b l e  3 .1) f o r  b o t h  a e r i a l  and  a q u a t i c  o x y g e n  c o n s u m p t i o n  a t  lO^C 

i n  0 ^  g a m m a r e l l u s  a n d  0 ^  m e d i t e r r a n e a  a r e  p l o t t e d  a g a i n s t  body  d r y  

w e i g h t .  C o v a r i a n c e  a n a l y s i s  sh o w ed  no s i g n i f i c a n t  d i f f e r e n c e  (P > 

0 .0 5 )  b e t w e e n  a e r i a l  a n d  a q u a t i c  Rg i n  0 ^  g a m m a r e l l u s . I n  O. 

m e d i t e r r a n e a  how ever ,  b o th  t h e  s lo p e  and e l e v a t i o n  o f  t h e  a e r i a l  and
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TABLE 3 .2  R e g r e s s i o n  c o n s t a n t s  t o r  l i n e s  o f  b e s t  f i t  o f  Rg (Y) 

on body d r y  w e ig h t  (X) i n  O r c h e s t i a  g a m m a re l lu s , 0^  m e d i t e r r a n e a , 

Oj_ cav im ana  and A r c i t a l i t r u s  d o r r i e n i  in  a i r  and w a te r :  e q u a t i o n  

i n  t h e  fo rm  l o g  Y = l o g  a  + b lo g  X, v a l u e s  o f  ' a '  a r e  l o g  

n u m b e r s .  V a l u e s  f o r  t h e  c o r r e l a t i o n  c o e f f i c i e n t  (r)  an d  t h e  

number o f  a n im a ls  u sed  (n) a r e  a l s o  g iven .

0 .  g a im a r e l lu s

a e r i a l a q u a t i c

T(^C) a b r n a b r n

5 0 .299 - 0 .8 4 9 0 .27 18 - - - -

10 0 .210 - 0 .3 6 7 0 .8 6 39 -0 .0 1 5 - 0 .1 4 7 0 .8 1 16

15 0 .358 - 0 .3 3 4 0 .79 40 0.341 -0 .3 2 0 0 .7 9 21

20 0 .332 —0.188 0 .6 9 32 0.436 - 0 .3 2 8 0 .8 6 18

25 0 .511 - 0 .2 5 4 0 .74 19 0.594 -0 .3 6 8 0 .9 3 17

30 0 .803 - 0 .4 7 2 0 .8 3 17 - - - -

0 .  m e d i te r r a n e a

a e r i a l a q u a t i c

>(0C) a b r n a b r n

5 0 .320 - 0 .9 9 1 2 .10 18 - - - -

10 0 .017 - 0 .2 4 0 0 .87 21 0.014 - 0 .1 4 1 0 .84 18

15 0 .387 - 0 .3 3 7 0 .8 0 27 0.320 - 0 .2 9 9 0 .8 6 17

20 0 .527 - 0 .3 8 0 0 .78 24 0.430 - 0 .3 1 0 0 .9 1 13

25 0 .630 - 0 .3 3 0 0.83 14 0.742 - 0 .4 2 7 0.90 17

30 0 .790 - 0 .4 7 8 0 .84 21 - - - -
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TABLE 3 .2  ( c o n t in u e d )

0 .  cavimana

a e r i a l a q u a t i c

C(°C) a b r n a b r n

10 0 .0 7 8 - 0 .2 4 0 0 .73 12 - 0 .2 1 4 - 0 .1 4 3 0 .7 9 12

15 0 .217 - 0 .1 2 4 0 .78 12 0 .204 - 0 .4 2 5 0 .82 11

20 0 .350 - 0 .1 1 7 0.79 11 0 .475 - 0 .4 5 1 0 .8 1 11

25 0 .5 0 4 - 0 .2 3 3 0 .84 12

A. d o r r i e n i

a e r i a l a q u a t i c

a b r n a b r n

10 0 .2 5 5 - 0 .2 4 3 0 .78 16 - 0 .2 0 3 - 0 .3 1 8 0 .78 20

15 0 .3 7 4 - 0 .2 5 5 0 .88 18 - - - -

20 0 .9 4 7 - 0 .5 7 6 0 .71 17 - 0 .0 2 3 - 0 .3 4 5 0 .88 11

25 0 .954 - 0 .5 3 7 0 .74 20 - - - -

30 0 .9 3 0 - 0 .5 7 0 0.78 17 — — — —
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FIG . 3 .1  The r e l a t i o n s h i p  b e tw e e n  w e i g h t  s p e c i f i c  o x y g e n  

c o n s u m p t i o n  i n  a i r  (A) a n d  w a t e r  (A) a t  lO^C a g a i n s t  d r y  b o d y  

w e ig h t  i n  0^  g a m m a re l lu s  (A) and m e d i t e r r a n e a  (B).
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a q u a t i c  r e g r e s s i o n  l i n e s  were s i g n i f i c a n t l y  d i f f e r e n t  from  one a n o th e r  

(Fg= 4 .79 ; d . f . =  1 ,3 5  P<0.05  : Fg= 48 .77 ; d . f . = l , 3 6  PC O .O l) .

S i m i l a r  p l o t s  o f  a e r i a l / a q u a t i c  oxygen c o n sum ption  ( r e g r e s s i o n  l i n e s  

d e s c r i b e d  by t h e  e q u a t i o n s  g iv e n  in  T ab le  3.1) f o r  0^  cav im ana  and ^  

d o r r i e n i  a r e  g i v e n  i n  F i g u r e  3 .2 .  I t  w as  show n  u s i n g  c o v a r i a n c e  

a n a l y s i s  t h a t  a l t h o u g h  t h e  s l o p e s  o f  t h e  a e r i a l  a n d  a q u a t i c  R f o r  

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

d i f f e r  s i g n i f i c a n t l y  (P <Ü.01). The r a t e  o f  o x y g e n  c o n s u m p t i o n  i n  

w a te r  f o r  b o th  s p e c i e s  was c o n s id e r a b ly  reduced  com pared  t o  th o s e  i n  

a i r .  C o v a r i a n c e  a n a l y s i s  i n d i c a t e d  t h a t  t h e r e  w a s  no s i g n i f i c a n t  

d i f f e r e n c e  b e t w e e n  t h e  s l o p e s  o f  t h e  l i n e s  d e s c r i b i n g  a e r i a l  

(C om bined  r e g r e s s i o n  c o e f f i e n t  = -0 .3 1 5 )  w i t h  t h e  e x c e p t i o n  o f  Q. 

m e d i t e r r a n e a  ( O .g /O .m ., F ^ ( l , 5 ô )  = I d . 184 ; P < 0 .0 1 ;  A .d ./O .m .,  

F g ( l , 3 4 )  = 6 .1 6 ;  P < 0 .05 :  O .c /O .m ., F ^ ( l , 3 5 )  = 1 3 .5 5 ;  P < 0 .01  ) an d  

h i. d o r r i e n i  (A .d . /O .g . ,  F ^ ( l , 5 3 )  = 9 .1 3 ;  P < 0 .0 1 ) .  I n  f a c t ,  t h e  

a q u a t i c  R^ o f  0 ^  m e d i t e r r a n e a  w as s i m i l a r  t o  t h e  a e r i a l  Rg o f  t h e  

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

a e r i a l / a q u a t i c  Rg f o r  e a c h  o f  t h e  s p e c i e s  s h o w e d  t h a t ,  w i t h  t h e  

e x c e p t io n  o f  0^  g a m m a re l lu s , R^ i n  w a te r  was s i g n i f i c a n t l y  d i f f e r e n t  

f ro m  Rg i n  a i r  (P < 0 .0 1 ) .

3.3.4 E f f e c t  o f  t e m p e r a t u r e  on Rg

Rg v a l u e s  f o r  ' s t a n d a r d '  5mg and  20mg a n i m a l s  o f  e a c h  s p e c i e s  

w e re  c a l c u l a t e d  f ro m  t h e  r e g r e s s i o n  e q u a t i o n s  i n  T a b l e  3 .2 .  The 

r e l a t i o n s h i p s  b e tw e e n  t h e  r a t e s  o f  a e r i a l  a n d  a q u a t i c  o x y g e n  

c o n su m p tio n  and t e m p e r a tu r e  f o r  a l l  f o u r  s p e c i e s  a r e  i l l u s t r a t e d  i n  

F ig u re  3.3. I n  b o th  a i r  and w a te r ,  R^ th e  s p e c i e s  s t u d i e d  was

temperature dependant. There w as  very little difference in aerial 

oxygen consumption rates between the Orchestia spp.
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FIG . 3 .2  The  r e l a t i o n s h i p  b e t w e e n  w e i g h t  s p e c i f i c  o x y g e n  

c o n s u m p t i o n  i n  a i r  (A) and  w a t e r  (A) a t  lO^C a g a i n s t  d r y  b o d y  

w e i g h t  f o r  0 .  c a v i m a n a  (A) and  A. d o r r i e n i  (B).
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FIG. 3.3  The r e l a t i o n s h i p  b e tw e en  oxygen co n su m p tio n  i n  a i r  (open 

s y m b o ls )  an d  w a t e r  ( c l o s e d  s y m b o ls )  (Y) an d  t e m p e r a t u r e  (X). 

O xygen  c o n s u m p t io n  r a t e s  f o r  s t a n d a r d  a n im a ls  w e re  c a l c u l a t e d  

f ro m  r e g r e s s i o n  e q u a t i o n s  i n  T a b le  3 .2 . s q u a r e s  = 20rag d r y  b o d y  

w e ig h t;  t r i a n g l e s  = 5mg d ry  body w e ig h t.

Ac C_j_ granmiarellus 
C_j_ m ed iterran ea  

C. Cĵ  cavim ana
3 . A. d o r r ie n i
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TABLE 3 .3  v a l u e s  f o r  0 . g a m m a r e l lu s , 0 . m e d i t e r r a n e a n Q.

c a v im a n a  a n d  A r c i t a l i t r u s  d o r r i e n i  ( a c c l i m a t e d  t o  lO^C) i n  a i r  

and  w a te r .

Rs a e r i a l  Rs a q u a t i c

S p e c ie s

O r c h e s t ia
g am m arellu s

O r c h e s t ia

Teitç> (°C) 5rag 20mg 5mg 20mg

5-10 3 .97 1 3 .0 — —

10-15 2 .21 2 .31 2 .96 1 .8 8
15-20 1 .4 2 2 .1 1 1 .51 1 .4 2
20-25 1 .85 1 .55 1 .80 1 .6 9
25-30 1 .89 1 .0 2 - -

5-10 3 .85 22 .00 — —

i 10-15 3 .00 3 .59 1 .9 6 1 .9 6
15-20 1 .65 1 .13 2 .03 2 .0 9
20-25 1 .4 3 1 .26 2 .87 2 .0 9
25-30 1.57 1 .36 - -

O r c h e s t ia
cavim ana

d o r r i e n i

10-15 1 .5 9 2 .28 2 .78 1 .2 7
15-20 3 .28 2 .24 3 .17 3 .0 2
20-25 1 .3 9 1 .4 8 — —

10-15 2 .01 1 .94
15-20 2 .0 0 2 .0 0 1 .56* 1 .9 2 *
20-25 1 .30 1 .1 8

* A. d o r r i e n i ,  a q u a t i c  r e s p i r a t i o n :  te m p e ra tu re  ra n g e  = 10 -20^0
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In  O r c h e s t i a  m e d i te r r a n e a  th e  r a t e s  o f  a q u a t i c  oxygen c o n su m p tio n  

w ere  g r e a t e r  th a n  a e r i a l  r a t e s  o v e r th e  te m p e ra tu re  ran g e  10 -  20 

a lth o u g h  t h i s  f e a t u r e  w as n o t  so  pronounced in  th e  5 mg a n im a ls . T h e re  

w as no d i f f e r e n c e  i n  t h e  r a t e  o f  a e r i a l  o x y g e n  c o n s u m p t io n  w hen 

m e a s u re d  a t  25 and  30*^0. H o w e v er, none o f  t h e  s p e c i e s  e x a m in e d  

i n c l u d i n g  0 ^  m e d i t e r r a n e a  w as a b l e  t o  m a i n t a i n  an  a q u a t i c  r a t e  o f  

oxygen c o n su m p tio n  a t  th e s e  e le v a te d  te m p e ra tu re s  and th e  m o r t a l i t y  

r a t e  w as o b s e r v e d  t o  b e  h ig h .  I n  0 . g a m m a r e l lu s , a e r i a l  a n d  a q u a t i c  

r a t e s  o f  oxygen co n su m p tio n  w ere  s im i la r  over th e  ran g e  10 -  20^C, b u t  

at25^C  th e  a e r i a l ; a q u a t i c  r a t i o  in c re a s e d  m arked ly  from  1 to  1 .65 . A t 

t e m p e r a t u r e s  h i g h e r  t h a n  25® c, t h e  r a t e  o f  o x g e n  c o n s u m p t io n  o f  O. 

m e d i te r ra n e a  in  a i r  d o e s  n o t  in c r e a s e  m arked ly . For 0^ cav im ana  and A. 

d o r r i e n i , b e tw e en  10 and 30^C, th e  a e r i a l  r a t e s  o f  oxygen c o n su m p tio n  

w e re  s i m i l a r t o  t h a t  o f  0 . g a m m a r e l lu s . The r a t e s  o f  a q u a t i c  o x y g e n  

co n su m p tio n , how ever, re m a in  c o n s i s t e n t ly  low , w i th  n e i t h e r  s p e c ie s  

a b le  to  w i th s ta n d  w a te r  te m p e ra tu re s  in  e x c e ss  o f  25^C.

T he t e m p e r a t u r e  c o e f f i c i e n t ,  w as c a l c u l a t e d  f o r  e a c h  5^C 

i n t e r v a l  b e tw e e n  10 a n d  30^C i n  a l l  o f  t h e  s p e c i e s  (T a b le  3 .3 ) .  T he 

Qj_q v a r i e d  i n v e r s e ly  w ith  te m p e ra tu re  in  a l l  o f  th e  s p e c ie s  w i th in  

th e  te m p e ra tu re  ran g e  s tu d ie d .

3 .3 .5  G i l l  e x c is io n

F ig u re  3.4 show s th e  a e r i a l  and a q u a tic  oxygen co n su m p tio n  r a t e s  

o f  a  s t a n d a r d  20mg 0 .  g a m m a r e l lu s  w i th  and  w i t h o u t  g i l l s ,  o v e r  t h e  

t e m p e r a t u r e  r a n g e  10 -  20^C . A l th o u g h  a t  lO^C t h e  g ro u p  w i t h  t h e i r  

g i l l s  e x c i s e d  h a d  a  lo w e r  Rg th a n  th e  c o n t r o l  a n im a l s  (12% ), t h e  

d i f f e r e n c e  w as n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  P = 0.05. M ost a n im a ls  

w e re  a b l e  t o  s u r v i v e  w i t h o u t  t h e i r  g i l l s  f o r  a s  lo n g  a s  d i d  t h e  

c o n t r o l s .  A t te m p e ra tu re s  g r e a t e r  th an  15^C, ho w ev er, a n im a ls  w i th o u t
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F ig .  3 .4  The r e l a t i o n s h i p  b e tw e e n  o x y g e n  c o n s u m p t io n  i n  a i r  (o p en  

sym bols) and  w a te r  (c lo se d  sym bols) (Y) and te m p e ra tu re  (x) o f  0 . 

g a m m a re llu s  w i th  ( t r i a n g le s )  and  w i th o u t  (sq u ares) g i l l s .  Oxygen 

c o n s u m p t io n  r a t e s  w e re  c a l c u l a t e d  f o r  a  20 mg d r y  b o d y  w e i g h t ,  

s ta n d a r d  a n im a l  fro m  th e  fo l lo w in g  r e g r e s s io n  e q u a t io n s .

a e r i a l / w i t h  g i l l s 10 Y = -0 .27X  + 0 .0 7

15^C Y = -0.24X  + 0 .1 6

20 Y = -0 .23X  + 0 .3 1

a e r i a l / w i t h o u t  g i l l s lO^C Y = -0.38X  + 0 .0 1

15^C Y = -0 .06X  + 0 .0 5

20°C Y = -0 .22X  + 0 .2 7

a q u a t i c /w i th  g i l l s lO^C Y = -0 .17X  -  0 .1 8

15^C Y = -0.18X  + 0 .0 6

20 Y = -0 .27X  + 0 .3 1

a q u a t i c /w i th o u t  g i l l s lO^C Y = -0 .22X  -  0 .1 3

15^0 Y = -0 .13X  -  0 .1 0

20^C Y = -0 .09X  -  0 .0 5
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g i l l s  had  a  s i g n i f i c a n t l y  lo w e r  a q u a t ic  Rg th a n  c o n t r o l  a n im a ls  and 

w ere  u n a b le  to  s u rv iv e  p ro lo n g e d  e x p o su re  to  w a te r  te m p e ra tu re s  in  

e x c e s s  o f  2Ü^C,

3 .4  DISCUSSION

3 .4 .1  E f f e c t  o f  Im m ersion on  Oxygen c o n su n p tio n  and s u r v i v a l

T a b le  3 .4  i s  a  c o m p i l a t i o n  o f  t h e  d a t a  on  t h e  r a t i o s  o f  

a e r i a l : a q u a t i c  r e s p i r a t i o n  o b ta in e d  d u r in g  th e  p r e s e n t  s tu d y  to g e th e r  

w i t h  c o m p a r a b le  v a l u e s  f ro m  s t u d i e s  on o t h e r  t a l i t r i d s .  T h i s  

in fo r m a t io n  h a s  been  p la c e d  w i t h i n  t h e  e c o - m o r p h o l o g ic a l  f ra m e w o rk  

p r o p o s e d  by B o u s f i e l d  (1 9 8 4 ) . T h e re  a r e ,  h o w e v e r ,  o n ly  t h r e e  o f  

B o u s f i e l d 's  f o u r  g r o u p s  r e p r e s e n t e d ;  we l a c k  d a t a  f o r  t h e  p a l u s t r a l  

t a l i t r i d s  (Group I ) .  The a b i l i t y  o f  t a l i t r i d  am phipods to  m a in ta in  an  

a e r i a l  r a t e  o f  oxygen co n su m p tio n  fo llo w in g  im m ers io n  can  be ro u g h ly  

c o r r e l a t e d  w i t h  t h e i r  d e g r e e  o f  e m a n c ip a t io n  f ro m  t h e  a q u a t i c  

e n v iro n m e n t. T h is  c o n c lu s io n  i s  in  f u l l  a g reem en t w i th  p r e v io u s  work 

c a r r i e d  o u t  on a  nu m b er o f  c r u s t a c e a n  an d  m o l lu s c a n  g r o u p s  (T a y lo r  

and D a v ie s , 1981; H o u lih an  and In n e s , 1984; O'Mahoney and F u l l ,  1984; 

P o w e rs  a n d  B l i s s ,  1 9 8 3 ; McMahon an d  R u s s e l l - H u n t e r , 1 9 7 7 ; I n n e s  e t  

a l . ,  1 9 8 4 ) . W ith in  t h e  b e a c h f l e a  (G roup I I )  an d  la n d h o p p e r  (G roup IV : 

b o th  1 an d  2) g r o u p s ,  t h e r e  i s  a  t r e n d  to w a rd  l o s s  o f  b im o d a l  

r e s p i r a t i o n .  T h i s  i s  m o s t  m a r k e d  i n  t h e  l a n d h o p p e r  s p e c i e s  

r e p r e s e n te d .

T he  e u l i t t o r a l  m e d i t e r r a n e a  i s  im m e rse d  a t  e a c h  h ig h  t i d e  

( W i ld i s h ,  1 9 8 2 a )a n d  s o  a  r e t e n t i o n  o f  b im o d a l  r e s p i r a t i o n  w as  n o t  

u n e x p e c te d , O r c h e s t ia  g a m m a re llu s  i s  a l s o  a b le  t o  r e s p i r e  e q u a l ly  w e l l  

i n  a i r  a n d  w a t e r .  S u ch  a n  a b i l i t y  t o  m a i n t a i n  a n  a q u a t i c  r a t e  o f  

o x y g e n  c o n s u m p t io n  i n  a i r  h a s  a l s o  b e e n  r e p o r t e d  i n  a  s u b t r o p i c a l
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TABLE 3.4 A e r ia l : a q u a t i c  oxygen co n su m p tio n  r a t i o s  f o r  a  number 

o f  t a l i t r i d  a m p h ip o d s  p r e s e n t e d  w i t h i n  t h e  e c o -m o rp h o lo g  i c a l  

schem e s u g g e s te d  by B o u s f ie ld  (1984). R a t io s  have  been  c a l c u l a t e a  

f o r  a  's t a n d a r d '5  mg d r y  w e ig h t  a n im a l .  S p e c i e s  m a rk e d  w i t h  a n  

a s t e r i s k  w e re  u n a b le  t o  m a i n t a i n  an  a e r i a l  o x y g e n  c o n s u m p t io n  

when im m ersed . R e f e re n c e s : -  (1) P r e s e n t  s tu d y , (2) M arsden , 1986, 

(3) M a rs d e n , 1 9 8 5 , (4) I v l e v  an d  S u s c h e n y a , 1 9 6 1 , (5) P a l l a u a l t ,  

1954.

GROUP I I  (B e a c h fle a s ) GROUP I I I  (Sandhoppers)

O r c h e s t i a
m e d i te r r a n e a

0 .8 5 (1

C h r o e s t ia  l o t a  1.01  

0 .  g am m are llu s  1 .0 1

T r a n s o r c h e s t ia  1 .3 3  
c h i l i e n s i s

(3

0 .  caviiTiana 
0 .  b o t t a e

1 . 6 7 ^̂

2 . 3 0 "̂̂

T a l i t r u s  1 .00^^^ l?J 
s a l  t a  t o r

GROUP IV (L andhoppers)
i v . i

A r c i t a l i t r u s  3 .2 3 ^ ^ / 
d o r r i e n i  *

54



b e a c h f l e a ,  C h r o e s t i a  l o t a  ( M a r s d e n ,  1 9 8 5 )  a n d  i n  so m e  o t h e r  

c r u s t a c e a n s  s u c h  a s  t h e  s h o r e  c r a b ,  C a r c in u s  m a e n a s  (N e w e ll e t  a l . ,  

1 9 7 2 ) , t h e  s e m i - t e r r e s t r i a l  c r a b ,  C a rd is o m a  g u a n h u m i (T a y lo r  a n d  

B u t l e r ,  1 9 7 8 ; O’M ahoney a n d  F u l l ,  1984) and  t h e  f r e s h w a t e r  c r a y f i s h  

A u s tro p o ta m o b iu s  p a l l i p e s  (T ay lo r and W heatly , 1980).

I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e r e  i s  l i t t l e  d i f f e r e n c e  b e tw e e n  

th e  r a t e  o f  oxygen  co n su m p tio n  o f  i n t e r t i d a l  a n im a ls  in  a i r  and w a te r  

w hen m e a s u re d  a t  c o m p a r a b le  a c t i v i t y  l e v e l s  (N e w e ll e t  ^ . ,  19 7 2 ; 

N e w e l l ,  1 9 7 3 ) . H o w e v e r , a s  i n  t h e  d e c a p o d s  s t u d i e d  by H o u l ih a n  and  

In n e s  (1984), t h i s  was c l e a r l y  n o t  th e  c a se  in  A r c i t a l i t r u s  d o r r i e n i  

o r  O r c h e s t i a  c a v im a n a . In  t h e s e  a m p h ip o d s  t h e r e  w as a  m ark e d  

s u p p re s s io n  o f  oxygen co n su m p tio n  upon im m ersion . I v le v  and S uschenya 

(1961) fo u n d  t h a t  i n  0 . c a v im a n a  (a s  0 . b o t t a e ) , a e r i a l  r e s p i r a t i o n  

r a t e s  w ere  tw ic e  th o s e  in  w a te r .  T h is  i s  f a r  g r e a t e r  th a n  was o b se rv e d  

d u r in g  t h e  p r e s e n t  s tu d y .  The e l e v a t e d  r e s p i r a t i o n  r a t e s  i n  a i r  

o b s e r v e d  by I v l e v  an d  S u s c h e n y a  (1 9 6 1 ), may h a v e  b e e n  a c c e n t u a t e d ,  

h o w e v e r ,  by u n c o n s t r a i n e d  m ovem en t o f  t h e  a n im a ls  w i t h i n  t h e  

e x p e r im e n ta l  v e s s e l s .

D o rs  man (1935) K ep t ^  c a v im a n a  a l i v e  f o r  m any m o n th s  u n d e r  

c o n d i t i o n s  o f  f o r c e d  im m e r s io n  w h e re a s  i n  O r c h e s t i a  p a t e r s o n i  a n d  

M akawe h u r l e y i , p r o lo n g e d  im m e rs io n  e v e n t u a l l y  r e s u l t e d  i n  d e a th  

(D uncan , 1 9 6 9 , a n d  p e r s .  com m .). The f a c t  t h a t  a l l  s p e c i e s  p r e s e n t l y  

e x a m in e d ,  w i t h  t h e  e x c e p t i o n  o f  ^  d o r r i e n i , c a n  r e m a in  a l i v e  

i n d e f i n i t e l y  i n  w e l l - a e r a t e d  w a te r  (a f e a t u r e  common t o  m o s t  

s u p r a l i t t o r a l  t a l i t r i d s ,  s e e  S m a llw o o d , 19Ü 3, 1 9 0 5 ; K in g , 1 9 1 3 ; 

P a l l a u a l t ,  1954; B ow ers, 1964; M arsden 1980, 1985; Moore and F r a n c is ,  

1986 d e s p i t e  som e r e p o r t s  t o  t h e  c o n t r a r y ,  e g . R o b e r t s o n ,  1888  an d  

B u lycheva, 1957 a s  q u o te d  in  H u rley , 1968) w ould i n d ic a te  t h a t ,  a s  in
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t h e  c a s e  o f  t h e  f u l l y  t e r r e s t r i a l  d e c a p o d s  G e c a r c in u s  l a t e r a l i s  

( T a y lo r  a n d  D a v ie s ,  1981) a n d  Q cypode s a r a t a n  (E sh k y , 1 9 8 5 ) , ^  

d o r r i e n i  h a s  l o s t  t h e  a b i l i t y  t o  s u s t a i n  p r o lo n g e d  o x y g e n  u p ta k e  i n  

w a t e r .  T h i s  m ay be  r e l a t e d  t o  t h e  l o s s  a n d  r e d u c t i o n  o f  p l e o p o d s  

(p le o p o d  3 a n d  1 + 2  r e s p e c t i v e l y )  i n  ^  d o r r i e n i  (H u n t, 1 9 2 5 ) . 

A lth o u g h  d i s p la y in g  v a lu e s  f o r  a e r i a l : a q u a t i c  Rg co m p arab le  to  t h a t  o f  

A. d o r r i e n i , 0 . cav im ana  p o s s e s s e s  w e l l  d e v e lo p ed  p leo p o d s . In  a q u a t i c  

am ph ipods, th e  p le o p o d s  m a in ta in  a  v e n t i l a t o r y  c u r r e n t  over th e  g i l l s  

( L in c o l n ,  1 9 7 9 ) ,  t h e r e f o r e  an y  r e d u c t i o n  in  t h e s e  s t r u c t u r e s  w i l l  

p re su m a b ly  im p a ir  oxygen u p ta k e  in  w a te r ,  though  n o t  n e c e s s a r i ly  i n  

a i r .

I n  many s e m i - / f u l l y  t e r r e s t r i a l  decapods and iso p o d s , r e d u c t io n  in  

th e  a b i l i t y  t o  s u s t a i n  an  a e r i a l  r a t e  o f  r e s p i r a t i o n  when subm erged  i s  

o f t e n  l i n k e d  t o  p r o fo u n d  c h a n g e s  i n  t h e  n a t u r e  o f  t h e  g a s  e x c h a n g e  

o r g a n s  (P o w e rs  an d  B l i s s ,  1 9 8 3 ) . I n  t h e  T a l i t r i d a e ,  h o w e v e r , t h e  

r e a s o n  f o r  t h i s  r e d u c t io n  in  a q u a t ic  r e s p i r a t i o n  i s  f a r  from  a p p a re n t .  

I t  may be l in k e d  to  b o th  r e d u c t io n  in  g i l l  a r e a ,  known to  be a  f e a t u r e  

o f  many t a l i t r i d s  (see  c h a p te r  4 ), a n d /o r  l i m i t a t i o n s  im posed by th e  

oxygen t r a n s p o r t i n g  sy s te m .

I n  m any d e c a p o d  s p e c i e s  t h e r e  i s  a  d i f f e r e n t i a t i o n  o f  t h e  g i l l  

t i s s u e  i n t o  o s m o r e g u la t o r y  an d  r e s p i r a t o r y  r e g i o n s .  S h o u ld  t h i s  b e  

t r u e  o f  am p h ip o o s , i t  may a l s o  h e lp  to  r e c o n c i l e  th e  o c c u rre n c e  o f  th e  

l a r g e s t  a e r l a l t a q u a t i c  o x y g e n  c o n s u m p t io n  r a t i o  i n  A. d o r r i e n i , t h e  

t a l i t r i d  w i th  th e  g r e a t e s t  g i l l  a r e a  p e r  u n i t  w e ig h t  o f  th o s e  s tu d i e a .  

F u r th e r  i n v e s t i g a t i o n  o f  th e  c o m p a ra tiv e  h i s to lo g y  and h i s to c h e m is t r y  

o f  am phipod g i l l s  i s  r e q u i r e d  b e fo re  th e  v a l i d i t y  o f  t h i s  h y p o th e s is  

c a n  b e  a s s e s s e d .

3 .4 .2  A e r ia l  r e s p i r a t i o n

Respiration in air by sessile inhabitants of the intertidal zone
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in v o lv e s  a  com prom ise  b e tw een  th e  need to  e n s u re  a c c e s s  o f  a i r  to  th e  

r e s p i r a t o r y  s u r f a c e s ,  an d  t h e  r e d u c t i o n  o f  e v a p o r a t i v e  w a te r  l o s s  

w h ic h  a f f e c t s  a n im a l s  l i v i n g  a t  t h e  h i g h e r  l e v e l s  o f  t h e  s h o r e  

( N e w e l l ,  1 9 7 9 ) . T a l i t r i d  a m p h ip o d s , h o w e v e r ,  h a v e  o v e rc o m e  t h i s  

d i f f i c u l t y  by in h a b i t in g  wracK beds o r  l e a f - l i t t e r  a c c u m u la tio n s  w ith  

h ig h  i n t e r s t i t i a l  r e l a t i v e  h u m id ity  (H urley , 1968; Moore and F r a n c is ,  

1985a). Edney (1960) s u g g e s te d  t h a t  th e  re a d y  a v a i l a b i l i t y  o f  oxygen 

and th e  low  d e n s i t y  o f  a i r  p e r m i ts  r a p id  and p ro lo n g e d  lo c o m o tio n  and 

s u b s e q u e n t  e l e v a t e d  l e v e l s  o f  o x y g en  c o n s u m p t io n  in  t e r r e s t r i a l  

s p e c ie s .  T h is  p r e d i c te d  e le v a t i o n  in  oxygen c o n su m p tio n  was n o t  found 

i n  a n y  o f  t h e  t a l i t r i d s  e x a m in e d  p e r h a p s  w i t h  t h e  e x c e p t io n  o f  A. 

d o r r i e n i . Due t o  t h e  s m a l l e r  s i z e  o f  t h i s  s p e c i e s  c o m p a red  w i th  t h e  

r e m a in in g  s p e c i e s ,  how ever, i t  i s  p e rh a p s  u n w ise  to  re g a rd  t h i s  a s  a  

g e n u in e  i n c r e a s e  i n  m e ta b o l i s m  a s s o c i a t e d  w i th  t h e  c o l o n i s a t i o n  o f  

la n d . The o f  th e  re m a in in g  s p e c ie s ,  w here c o m p a rab le , was s i m i l a r  

t o  th e  a q u a t i c  Rg o f  some m ore f u l l y  m arin e  am phipods (W alshe-M aetz , 

1952, 1956; O p a l in s k i ,  1982; S u t c l i f f e ,  1984; Agnew, 1985) a s  w e l l  a s  

t h a t  o f  o th e r  b e a c h f le a  and sandhopper g e n e ra .

3 .4 .3  E f f e c t  o f  te m p e ra tu re  on oxygen co n su m p tio n

The aerial and aquatic oxygen uptake of all species studied was 
temperature dependent, a feature common to all other semi- and fully 
terrestrial amphipods examined to date (Marsden, 198 4 , 1985 ; see 
Introduction for references). Marsden (1984) noted that while plateaux 
of temperature independence have been found following thermal 
acclimation in the isopods Ligia oceanica and Sphaeroma rugica (Newell 
et ̂ . ,  1976; Marsden, 1979), no such metaoolic response was observed 

following laboratory acclimation of Transorchestia chiliensis. This is 

also true of the four species examined here.
Although the terrestrial environment is characterised by greater
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e x t r e m e s  o f  t e m p e r a t u r e  t h a n  t h e  m a r in e  e n v i r o n m e n t ,  t a l i t r i d s  

i n h a b i t  an  e n v iro n m e n t w h ich  i s  t o  some e x te n t  'b u f f e r e d ' fro m  th e s e  

v a r i a t i o n s  (M oore an d  F r a n c i s ,  1 9 8 5 a ) .T h is  'b u f f e r i n g '  c a p a c i t y ,  

h ow ever, d im in is h e s  a s  th e  volum e o f  w rack d e c re a s e s .  A n im als l i v i n g  

b e n e a t h  s t o n e s  o r  w i t h i n  s m a l l  w ra c k  ' s t r i n g s '  w i l l ,  t h e r e f o r e ,  b e  

m ore s u s c e p t ib l e  to  te m p e ra tu re  s t r e s s  th a n  in h a b i ta n t s  o f  w rack  b ed s  

(B a c k lu n d , 1945).

T h e re  i s  a  c o n s id e r a b le  i n t r a s p e c i f i c  v a r i a t i o n  in  th e  v a lu e s  o f  

Q^q w h ich , to g e th e r  w i th  d i f f e r e n c e s  in  a c c l im a t io n  te m p e ra tu re ,  m akes 

m e a n in g f u l  c o m p a r i s o n s  w i t n  d a t a  on  o th e r  t a l i t r i d s  v e ry  d i f f i c u l t .  

B oth  th e  s u b l i t t o r a l  am phipod G am m arus o c e a n ic u s  (H a lc ro w  a n d  B oyd , 

1967) an d  t h e  s u p r a t i d a l  t r o p i c a l  t a l i t r i d  T a l o r c h e s t i a  m a r g a r i t a e  

(V e n a b le s ,1 9 8 1 a )  h a v e  Q^q v a l u e s  i n  e x c e s s  o f  2. Q^q v a lu e s  > 2 o v e r  

th e  te m p e ra tu re  ran g e  5 -  25^C have a l s o  been c a lc u la t e d  from  A gnew 's 

(1985) d a t a  r e l a t i n g  t o  t n e  e u l i t t o r a l  a m p h ip o d s  E c h in o g a m m a ru s  

p i r l o t i  a n d  E. o b t u s a t u s . T h i s  r e d u c t i o n  i n  t h e  s e n s i t i v i t y  o f  R t o  

ch an g es  in  te m p e ra tu re  -  o f t e n  a s s o c i a t e d  w i t h  t h e  c o l o n i s a t i o n  o f  

t h e  l i t t o r a l / s u p r a l i t t o r a l  z o n e  -  i s  v e ry  d i f f i c u l t  to  d e te rm in e  in  

t h e  a m p h ip o d s  c o n s i d e r e d  a b o v e ,  a l t h o u g h  t h e r e  i s  a  n o t i c e a b l e  

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

th e  s p e c ie s  exam ined .

B u rg g ren  and McMahon (1981), w ork ing  on a  ran g e  o f  h e r m i t  c r a b s  

f ro m  s u b l i t t o r a l ,  l i t t o r a l  an d  s u p r a l i t t o r a l  h a b i t a t s  fo u n d  t h a t ,  

o v e r  t h e  n o r m a l  e n v i r o n m e n t a l  t e m p e r a tu r e  ra n g e s  f o r  th e s e  s p e c i e s ,  

□lO v a lu e s  f o r  oxygen co n su m p tio n  d e te rm in e d  f o r  th e  l i t t o r a l  c r a b s  

w ere  s i g n i f i c a n t l y  lo w e r th a n  th o s e  f o r  s u b l i t t o r a l  o r  s u p r a l i t t o r a l  

s p e c ie s  b e lo n g in g  to  th e  sam e f a m ily ;  th e y  a l s o  n o te d  t h a t  a  h ig h  

f o r  a c u t e l y  d e te r m i n e d  o x y g e n  c o n s u m p tio n  w as n o t  p a r t i c u l a r l y  

d is a d v a n ta g e o u s  fo r  s u p r a t i d a l  a n im a ls  w here e n v iro n m e n ta l  te m p e r a tu r e  

c h a n g e s  m ay b e  m uch  m o re  g r a d u a l  a n d  a t t e n u a t e d .  S u c h  a
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d i f f e r e n t i a t i o n  c a n n o t be made on th e  b a s i s  o f  th e s e  p r e s e n t  r e s u l t s  

f o r  one e u l i t t o r a l ,  tw o s u p r a l i t t o r a l  and one e u t e r r e s t r i a l  am phipoo 

in  w h ich , a s  n o te d  above , th e r e  was v e ry  l i t t l e  d i f f e r e n c e  be tw een  Q^q 

v a l u e s  o v e r  t h e  c o r r e s p o n d in g  t e m p e r a t u r e  r a n g e .  G r e a t  c a r e  m u s t  

t h e r e f o r e  b e  t a k e n  i n  f o r m u l a t i n g  g e n e r a l i t i e s ,  l i n k i n g  t h e  

te m p e ra tu re  s e n s i t i v i t y  o f  t a l i t r i d  r e s p i r a t i o n  w ith  a p p a re n t  h a b i t a t  

te m p e ra tu re  re g im e s . I t  i s  c l e a r  t h a t  more d a ta  a r e  r e q u i r e d  on b o th  

a q u a t i c  a n d  f u l l y  t e r r e s t r i a l  a m p h ip o d  s p e c i e s  b e f o r e  t h i s  c a n  b e  

a t te m p te d .

The h ig h  Q^o v a lu e ,  found f o r  exam ple f o r  th e  a e r i a l  r e s p i r a t i o n  

o f  0 .  g a m m a r e l lu s  an d  0 ^  m e d i t e r r a n e a  b e tw e e n  5 a n d  lO ^C , w as a l s o  

n o t e d  i n  t h e  s u p r a l i t t o r a l  h e r m i t  c r a b s  s t u d i e d  by B u rg g re n  a n d  

McMahon (1 9 8 1 ). When t h e s e  a n im a l s  w e re  e x p o s e d  t o  su c h  lo w  

te m p e r a tu r e s ,  w as red u ced  d r a m a t i c a l l y ,  le a v in g  th e s e  c r a b s  " se m i-  

to r p id "  and th u s  im p a ir in g  fo ra g in g  a c t i v i t y  and th e  a b i l i t y  to  a v o id  

p o t e n t i a l  p r e d a to r s .

The o n s e t  o f  s t r e s s f u l  c o n d i t io n s  a t  th e  upper l i m i t  o f  th e rm a l  

t o le r a n c e  o f  0^  g a m m a re llu s  and 0^  m e d i te r ra n e a  ( 30 -  35^C; B ack lund , 

1 9 4 5 ;  M o o re  a n d  F r a n c i s ,  1 9 8 6 a :  J . I . S .  u n p u b l .  o b s . )  i s  o f t e n  

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

c o n s u m p t io n  a t  h i g h e r  t e m p e r a t u r e s .  T h is  p h en o m e n o n  h a s  a l s o  b e e n  

re c o rd e d  in  o th e r  e u l i t t o r a l  and s u p r a l i t t o r a l  am phipods. None o f  th e  

am g^ipods s tu d ie d  e x p e r ie n c e  a q u a t ic  te m p e ra tu re s  g r e a t e r  t h a t  25^C. 

N o t s u p r i s i n g l y ,  v e r y  few  a n im a l s  o f  an y  o f  t h e  s p e c i e s  c o n s id e r e d  

h e re  w ere  a b le  t o  s u rv iv e  p ro lo n g e d  a e r i a l  e x p o su re  ( >8hrs) a t  30^C. 

I t  i s  n o ta b le  t h a t  in  th e s e  s e m i-  and f u l l y  t e r r e s t r i a l  am phipods i t  

was im p o s s ib le  to  s u s t a i n  a q u a t ic  oxygen co n su m p tio n  a t  te m p e ra tu re s  

a b o v e  25^C . T h i s  i s  u n d o u b te d ly  r e l a t e d  t o  t h e  a c q u i s i t i o n  o f  

t e r r e s t r i a l  h a b i t s  in  th e s e  a n im a ls  a lth o u g h  th e  c o n s t r a i n t s  in v o lv e d
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have n o t  been  e lu c id a te d ,

3 .4 .4  G i l l  e x c is io n

I t  h a s  b e e n  r e p o r t e d  f o r  b o th  T a l i t r u s  s a l t a t o r  an d  a n  u n nam ed

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

e x c h a n g e  t h a t  t a k e s  p l a c e  d o e s  s o  a t  t h e  g i l l s  ( P a lJ ^ a u l t ,  1 9 5 4 ; 

H u r le y , 1968). I t  w as found  in  t h i s  s tu d y , how ever, t h a t  g i l l  e x c i s io n  

i n  g a m m a re llu s  d id  n o t  s i g n i f i c a n t l y  a f f e c t  th e  oxygen c o n su m p tio n  

o f  th e  a n im a l a t  lO^C a lth o u g h  a t  20^C th e  oxygen co n su m p tio n  r a t e s  o f  

a n im a ls  w i th  e x c is e d  g i l l s  w ere  s i g n i f i c a n t l y  low er th a n  th o s e  o f  th e  

c o n t r o l  a n im a l s .  The a n s w e r  t o  t h i s  a p p a r e n t  c o n t r a d i c t i o n  may b e  

fo u n d  i n  a  c o n s i a e r a t i o n  o f  t h e  e x p e r i m e n t a l  t e c h n i q u e s  o r  t h e  

e x p e r im e n ta l  te m p e ra tu re  u se d  in  each  c a se . I t  w ould ap p e ar t h a t  b o th  

P a l l a u l t  an d  D uncan  p n y s i c a l l y  b lo c k e d  t h e  g i l l s  w i t h  an  o x y g e n  

im p erm eao le  s u b s ta n c e  eg . p a i n t ,  wax. P e rh ap s  th e  r e d u c t io n  in  oxygen 

c o n su m p tio n  o b se rv e a  may have been  a  consequence  o f  a  tra u m a  r e l a t e d  

to  h a n d lin g  a n o /o r  t o x i c i t y  in  th e  m ethod used  to  p re v e n t  g a s  exchange 

o c c u r r i n g  a t  t h e  g i l l s . W i l l i a m s o n  (1951a) fo u n d  w hen t h e  g i l l s  o f  O. 

g a m m a re llu s  w ere b lo ck e d  w i th  p a r a f f i n  wax, t h a t  th e  a n im a ls  d id  n o t  

l i v e  a n y  l o n g e r  t h a n  a  few  h o u r s .  T h i s  i s  i n  m ark ed  c o n t r a s t  t o  t h e  

p r e s e n t  s tu a y  in  w hich  a n im a ls  w i th  e x c is e d  g i l l s ,  u sed  in  th e  a e r i a l  

r e s p i r a t i o n  e x p e r im e n ts , show ed no i l l - e f f e c t s  on (or su b s e q u e n t to ) 

rem o v a l a t  r e l a t i v e l y  low  a m b ie n t te m p e ra tu re s .  T h is  was n o t  th e  c a s e  

how ever when th e  e x p e r im e n ta l  a n im a ls  w ere  subm erged in  s e a  w a te r  a t  

t e m p e ra tu re s  in  e x c e s s  o f  15^C, in d ic a t in g  t h a t  th e  g i l l s  th e m s e lv e s  

may p l a y  a  v e r y  i m p o r t a n t  r o l e  i n  a q u a t i c  g a s  e x c h a n g e . I n  a i r  t h e s e  

a n im a ls  can  m a in ta in  an  a e r i a l  r a t e  o f  oxygen co n su m p tio n  v i a  e x t r a -  

b r a n c h i a l  r o u t e s  o f  g a s  e x c h a n g e  a t  a  w id e  r a n g e  o f  e n v i r o n m e n t a l  

te m p e ra tu re s  b u t  t h i s  a b i l i t y  d e c re a s e s  a s  te m p e ra tu re  in c r e a s e s .  The 

f u n c t i o n  an d  t h e  s i g n i f i c a n c e  o f  g i l l  m o rp h o lo g y  r e l a t i o n s h i p s  i s  

c o n s id e re d  m ore f u l l y  b o th  in  th e  n e x t  c h a p te r  and in  c h a p te r  7,

60



CHAPTER 4

A COMPARATIVE STUDY OF THE GILL AREA RELATIONSHIPS IN SELECTED

TALITRID AMPHIPODS.*
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4.1 INTRODüCTiaj

A l t h o u g h  o x y g e n  a v a i l a b i l i t y  i s  g r e a t e r  i n  t h e  a e r i a l  

e n v iro n m e n t, t e r r e s t r i a l  a n im a ls  m ust s t i l l  m a in ta in  m o is t  r e s p i r a t o r y  

s u r f a c e s  (E d n ey , 1 9 6 0 ) . T h u s  t h e  i n te r d e p e n d e n c e  o f  r e s p i r a t i o n  a n d  

w a te r  b a la n c e  w i l l  p re s u m a b ly  in f lu e n c e  th e  a d a p tiv e  r a d i a t i o n  o f  a  

g i v e n  g r o u p .  Among t h e  a m p h ip o d s ,  t h e  T a l i t r i d a e  i s  t h e  o n ly  f a m i l y  

w h ic h  h a s  t r u l y  t e r r e s t r i a l  r e p r e s e n t a t i v e s  ( s e e  c h a p t e r s  1 a n d  2 ) . 

Some o f  th e  i n t e r t i d a l  g am m arid s  e x h ib i t  a  l im i t e d  a b i l i t y  to  s u rv iv e  

i n  m o is t  a i r  (L a g e rs p e tz , 1963) b u t  i t  w ould be m is le a d in g  to  r e f e r  t o  

them  a s  t e r r e s t r i a l  (Pow ers and  B l i s s ,  1983).

Many t e r r e s t r i a l  iso p o d  and decapod C ru s ta c e a  show m o rp h o lo g ic a l  

a d a p ta t i o n s  f o r  a e r i a l  g a s  exchange . A lthough  some s p e c ie s  o f  w o o d lic e  

c o n tin u e  to  u se  t h e i r  g i l l s  i n  g a s  exchange , in  th e  m ore t e r r e s t r i a l  

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

( p s e u d o t r a c h a e )  o f  t h e  p l e o p o d s  (E dney , 1 9 6 8 ) . S i m i l a r l y  i n  m any 

t e r r e s t r i a l  c r a b s ,  oxygen ex ch an g e  ta k e s  p la c e  a c r o s s  th e  w a l l s  o f  th e  

h e a v i l y  v a s c u l a r  i s e d  b r a n c h i a l  c h a m b e r s  ( G r e e n a w a y ,  1 9 8 4 )  

s u p p le m e n tin g , and in  some c a s e s  r e p la c in g  th e  g i l l s  a s  th e  s i t e  o f  

g a s  exchange . In  la n d  c r a b s ,  th e  g i l l s  th e m se lv e s  show v a r io u s  d e g re e s  

o f  r e d u c t i o n  i n  a r e a  a n d  n u m b er w h ic h  h a s  b e e n  c o r r e l a t e d  w i t h  t h e  

m ove o n to  l a n d  ( L i t t l e ,  1 9 8 3 ) . S uch  s p e c i f i c  r e s p i r a t o r y  m o d i f i c a 

t i o n s  a s  o c c u r in  th e  iso p o d s  and decapods a r e  a b s e n t  from  b o th  s e m i-  

and  f u l l y  t e r r e s t r i a l  am ph ipods (H urley , 1959). W h ils t  am phipods have  

r e t a in e d  a  b a s ic  g i l l  s t r u c t u r e ,  i t  h a s  r e c e n t ly  been  d e m o n s tra te d

* Much o f  t h i s  c h a p t e r  i s  e m b o d ie d  i n  a  p a p e r  by  S p i c e r  J . I ,  a n d  A.C. 

T a y lo r  (1986) A c o m p a r a t i v e  s t u d y  o f  t h e  g i l l  a r e a  r e l a t i o n s h i p s  i n  

som e t a l i t r i d  am phipods. J .  N at. H i s t . ,  20, 935-947.
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t h a t  t h e r e  i s  a  r e d u c t i o n  i n  t h e  num ber an d  s u r f a c e  a r e a  o f  g i l l s  i n  

t h e  s u p r a l i t t o r a l  0 .  g a m m a r e l lu s  c o m p a red  w i t h  t h a t  o f  o t h e r  m ore  

m a r in e  a m j^ ip o d s  (Moore and  T a y lo r , 1984). The a u th o r s  s u g g e s te d  t h a t  

t h i s  r e d u c t i o n  i n  g i l l  a r e a  i n  0 .  g a m m a r e l lu s  may be  r e l a t e d  t o  t h e  

a c q u i s i t i o n  o f  t e r r e s t r i a l  h a b i t s .  I n  c o n t r a s t ,  i t  i s  co m m o n ly  h e ld  

t h a t  lan d h o p p e r s p e c ie s  e x h i b i t  an  in c r e a s e  in  t h e i r  o v e r a l l  g i l l  a r e a  

(M atsuda, 1982). To my k now ledge , how ever, a  q u a n t i t a t i v e  a s s e s s m e n t  

o f  th e  g i l l  a r e a  r e l a t i o n s h i p s  o f  any f u l l y  t e r r e s t r i a l  am phipod h as  

n o t  b een  p u b lis h e d .

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

am phipods ta k e n  from  a  num ber o f  d i f f e r e n t  h a b i t a t s  w ere  exam ined . The 

s p e c i e s  ch o sen  have c o lo n is e d  a  v a r i e ty  o f  e n v iro n m e n ts  fro m  m arin e  

l i t t o r a l  an d  s u p r a l i t t o r a l  t o  f r e s h - w a t e r  a n d  f u l l y  t e r r e s t r i a l  

h a b i t a t s .  B o th  t h e  g i l l  m o rp h o lo g y  a n a  d i s t r i b u t i o n  h a v e  b e e n  

d e s c r ib e d .  The t o t a l  g i l l  a r e a  was r e l a t e d  to  th e  body w e ig h t  o f  sev en  

d i f f e r e n t  s p e c i e s  ( s e e  b e lo w  f o r  d e t a i l s )  t o  c l a r i f y  t h e  e x t e n t  t o  

w h ich  th e  T a l i t r i d a e  a s  a  f a m i ly  a r e  c h a r a c te r i s e d  by a  r e d u c t io n  in  

g i l l  a r e a  and num ber.

4 .2  MATERIALS AND METHODS

4 .2 .1  A nim al m a te r i a l

O r c h e s t i a  g a m m a r e l lu s , 0 . m e d i t e r r a n e a , T a l i t r u s  s a l t a t o r  and  

T a l o r c h e s t i a  d e s h a y e s i i  w e re  a l l  c o l l e c t e d  f ro m  t h e i r  r e s p e c t i v e  

h a b i t a t s  on  t h e  G r e a t  C u m b rae  I s l a n a  i n  t h e  F i r t h  o f  C ly d e  ( l a t ,  55^  

44*N; lo n g . 4 °  54'W). O r c h e s t i a  cav im ana was c o l l e c t e d  from  th e  banks 

o f  t h e  R iv e r  T ham es a t  I s l e w o r t h  A i t  (O.S. G r id  r e f .  TQ 167 761 ) .  

Ar c i t a i  i t r u s  d o r r  i e n i  w as c o l l e c t e d  from  sycam ore l e a f  l i t t e r  on th e

I s l e  o f  C o lo n s a y  (O.S. G r id  r e f .  NR 394 971 ; L a t .  56^  07 'N ; l o n g .  6 °  

18 'W ) ( c f .  M o o re  a n d  S p i c e r ,  1 9 8 6 ) .  A l l  B r i t i s h  a n i m a l s  w e r e
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t r a n s p o r t e d  l i v e  back t o  th e  l a b o r a to r y  w here th e y  w ere  m a in ta in e d  in  

l e a f  l i t t e r ,  w ra c k  e t c .  a c c o r d in g  t o  h a b i t a t .  T a l o r c h e s t i a  s p .  A w as 

c o l l e c t e d  f ro m  M cF ad d in  b e a c h ,  15 m i l e s  w e s t  o f  S a b in e  P a s s  a n d  35 

m i l e s  f ro m  P o r t  A r t h u r ,  T e x a s ,  on  t h e  G u lf  o f  M ex ico  ( l a t .  2 9 °  30 'N ; 

l o n g .9 3 °  53 'W ). T h e s e  a n i m a l s  w e re  p r e s e r v e d  i n  10% f o r m a l i n ,  1% 

g l y c e r o l  d i l u t e d  w ith  34%# s e a  w a te r .  I n  some s p e c ie s ,  th e  t o t a l  g i l l  

a r e a  o f  b o th  p re s e rv e d  and  f r e s h  m a t e r i a l  w ere com pared to  v a l i d a t e  

t h e  i n c l u s i o n  o f  t h e  T a l o r c h e s t i a  s p .  A 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  w as found  b e tw e en  th e  d a ta  o b ta in e d  from  b o th  g ro u p s .

4 .2 .2  G i l l  a r e a  m easu rem en ts

G i l l  a r e a  m easu rem en ts  w ere  c a r r i e d  o u t  u s in g  th e  m ethod o f  Moore 

a n d  T a y lo r  (1984) w h ic h  i n v o lv e d  d r a w in g  e a c h  o f  t h e  e x c i s e d  g i l l s ,  

m ounted in  th e  a p p r o p r ia t e  medium w i th o u t  a  co v e r s l i p ,  u s in g  a  cam era  

lu c id a .  Each s e t  o f  d ra w in g s  was c a l i b r a t e d  u s in g  a  s ta g e  m ic ro m e te r  

and  th e  a r e a s  w ere  c a lc u l a t e d  u s in g  a  d i g i t i s i n g  pad i n te r f a c e d  to  a  

Commodore PET m ic ro co m p u te r . T o ta l  g i l l  a r e a  was e x p re s s e d  a s  th e  sum 

o f  t h e  i n d i v i d u a l  a r e a s  (x2) a n d  r e g r e s s e d  a f t e r  d o u b le  l o g a r i t h m i c  

t r a n s f o r m a t io n  on body d ry  w e ig h t  u s in g  th e  m ethod o f  l e a s t  s q u a re s .  

T h e  b o d y  w e i g h t  o f  t h e  d i s s e c t e d  a n i m a l s  w a s  e s t i m a t e d  b y  

i n t e r p o l a t i o n  from  th e  r e g r e s s io n  e q u a tio n  f i t t e d  to  th e  lo g  l e n g t h /  

lo g  d r y  w e ig h t  d a ta  f o r  ea ch  o f  th e  s p e c ie s  (Table 4 .1).

4 .3  RESULTS

4 .3 .1  Body l e n g t h /  Body w e ig h t r e l a t i o n s h i p s

R e g re s s io n  e q u a tio n s  o f  lo g  body w e ig h t v e rs u s  lo g  body l e n g th  i n  

Q. m e d i t e r r a n e a , 0 . c a v im a n a , A. d o r r i e n i , T a l i t r u s  s a l t a t o r  a n d

T a l o r c h e s t i a  sp . A (see  T a b le  4.1) w ere  shown by c o v a r ia n c e  a n a l y s i s .
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TABLE 4.1 Rey cess ion constants foc lin e s  ot best f i t  o f dey body weiynt 

(Y) to body length (X) in the anphipod sp ec ies  in vestigated :

equation in the focin of log y = log a + b I'dj X, values of 'a

ace log nuinbecs.

Regcession constants C occelation
Spec ies à o c o e f f ic ie n c  (c) n

Occnestia garanarellus -l.b 7 S . 1 2 0.97d 20

Occhestia meditecranea -1.7b 2.43 0.949 37

Occnestia cavimana -1.63 2.2ÿ 0.889 3z

T alitcus sa lca to c -1.32 2.2^ 0.966 24

T alocchestia  d esh a y esii 0.08 0.99 0.998 19

T alocchestia sp . A -1.15 1.79 0.883 12

A rc ita litcu s  d o cc ien i -2.32 2.83 U. 688 19
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n o t  t o  be  s i g n i f i c a n t l y  d i f f e r e n t  e i t h e r  i n  s l o p e  o r  e l e v a t i o n  (P = 

0 .1 ) (C om bined  r e g r e s s i o n  c o e f f i c i e n t  = 2 .3 6 2 ) . I n  t h e  c a s e  o f  Ou 

g a m m a re llu s , how ever, a l th o u g h  th e  s lo p e  i s  s i m i l a r  to  t h a t  fo und  f o r  

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

s i g n i f i c a n t  (P < 0 .01  i n  e a c h  c a s e ) .  T h is  i s  b e c a u s e  i n d i v i d u a l s  o f  

O. g a m m a r e l lu s  a r e  s h o r t e r  p e r  u n i t  w e ig h t  t h a n  an y  o f  t h e  o t h e r  

t a l i t r i d s  i n v e s t i g a t e d .  T h e  r e g r e s s i o n  l i n e  f o r  T a l o r c h e s t i a  

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

< 0 .01 ) w h ic h  may o e  a t t r i b u t a b l e  t o  t h e  s m a l l  w e ig h t  r a n g e  o f  t h e

a n im a ls  a v a i l a b l e .

4 .3 .2  G i l l  form

T he g i l l s  o f  a l l  s p e c i e s  e x a m in e d , w i t h  t h e  e x c e p t i o n  o f  A. 

d o r r i e n i , w e re  s i m i l a r  i n  t h e i r  e x t e r n a l  m o rp h o lo g y  ( F ig .  4 .1 ) .  

C o m p ared  w i t h  o t h e r  m o re  m a r in e  a m p h ip o d s ,  t h e  g i l l s  o f  a l l  t h e  

T a l i t r i d a e  a r e  f a i r l y  r o b u s t ,  a lm o s t  " s a c k - l ik e "  la m e l la e  (F ig . 4 .2 ). 

E ach  g i l l  i s  a t t a c h e d  by m ea n s  o f  a  s h o r t  s t a l k  t o  t h e  p o s t e r i o r  

( m e d ia l )  c o r n e r  o f  t h e  c o x o p o d a  o f  a  t h o r a c i c  l e g  ( F ig .  4 .2 ) .  A 

p r e l im in a r y  i n v e s t i g a t i o n  o f  some t h i n  g i l l  s e c t io n s  showed t h a t  th e  

b r a n c h i a l  w a l l s  a r e  fo rm e d  by a  s i n g l e  l a y e r  o f  e p i t h e l i a l  c e l l s ,  

o v e r l a i n  by  a  c u t i c u l a r  c o v e r i n g .  The c u t i c l e  i s  b e tw e e n  1 a n d  3 yum 

t h i c k .  The i n n e r  lu m e n a l  a r e a  o f  t h e  g i l l  i s  s e p a r a t e d  i n t o  a  s e r i e s  

o f  h a e m o c o e lic  la c u n a e , w h ich  a r e  p e r fu s e d  w ith  haeraolymph.

F i g u r e  4 .3  sh o w s t h e  p e r c e n t a g e  c o n t r i b u t i o n  t o  t h e  t o t a l  g i l l  

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

exam ined . U sing th e  te rm in o lo g y  o f  Moore and T a y lo r  (1984) th e  g i l l s  

a r e  num bered a c c o rd in g  t o  th e  p e raeo p o d  o f  o r ig in .  G i l l  2 (G2) in  a l l  

b u t  A r c i t a l i t r u s  w as l a r g e  a n d  s t r o n g l y  e lo n g a t e d  a n t e r i o r l y ,  

re s e m b lin g  th e  l e t t e r  "W" in  o u t l i n e :  G6 i s  a l s o  l a r g e  and  e lo n g a te

66



FIG. 4.1 O u t l in e s  o f  t h e  g i l l s  from  se v e n  t a l i t r i d  s p e c i e s .  G i l l s  

a r e  f ro m  m a le s  o f  t h e  sam e l e n g t h  (10mm); n u m b e rs  i n d i c a t e  

p e ra e o p o d  o f  o r i g i n .
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FIG . 4 .2  S c a n n in g  e l e c t r o n  m ic r o g r a p h  o f  g i l l  a t t a c h e d  t o  

p e ra eo p o d  4 o f  O r c h e s t i a  g a m m a re llu s . (X 75)
CP - Coys\ 
Cr ' (7\l l



FIG. 4.3  P e rc e n ta g e  c o n t r ib u t io n  to  th e  t o t a l  g i l l  a r e a  o f  g i l l s  

fro m  e a c h  p e ra e o n  se g m e n t in  th e  se v e n  t a l i t r i d  s p e c ie s .
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a l t h o u g h  t w i s t i n g  i s  n o t  a s  p ro n o u n c e d  a s  i n  G2 (F ig .  4 .1 ) .  G 3 -5  a r e  

s m a l l  a n d  s i m p l e ,  t h e i r  r e l a t i v e  s i z e s  v a r y in g  s l i g h t l y  b e tw e e n  

s p e c i e s .  I n  T a l o r c h e s t i a , h o w e v e r ,  G.5 i s  o f  a n  e q u i v a l e n t  s i z e  t o  

G.2. G.2 i s  t h e  l a r g e s t  o f  t h e  g i l l s  i n  a l l  t h e  O r c h e s t i a  s p p . .  T h i s  

i s  i n  m a rk e d  c o n t r a s t  t o  t h e  s a n d h o p p e r  g e n e r a  T a l o r c h e s t i a  a n d  

T a l i t r u s  i n  w h ich  th e  g r e a t e s t  s u r f a c e  a r e a  was in v e s te d  in  G.6. In  ^  

d o r r i e n i , G.2 i s  f a i r l y  l a r g e  w i t h  a  s l e n d e r  L - s h a p e d  a n t e r i o r  

e x t e n s i o n .  G.3 a n d  4 a r e  s m a l l ,  s im p l e  an d  e l o n g a t e  w h i l e  G.5 i s  

o f t e n  b i l o b a t e .  As i n  t h e  f o s s o r i a l  a m p h ip o d s  e x a m in e d  a b o v e  G.6 

a c c o u n ts  f o r  th e  g r e a t e s t  s in g l e  g i l l  a re a .  I t  i s  long  and a n s e r i f o r m ,  

b e in g  n o t  uncommonly d i s t a l l y  b i lo b a te .  G.7 was a b s e n t  in  a l l  s p e c ie s  

exam ined .

4 .3 .3  G i l l  a r e a

F ig  4 .4  sh o w s t h e  r e l a t i o n s h i p  b e tw e e n  t o t a l  g i l l  a r e a  a n d  d r y  

body w e ig h t in  th e  sev en  s p e c ie s  exam ined . The c a lc u la t e d  r e g r e s s io n  

l i n e s  f o r  t h e s e  d a t a  a r e  g iv e n  i n  T a b le  4 .2 . S i g n i f i c a n t  d i f f e r e n c e s  

in  e i t h e r  th e  e l e v a t i o n s  o r  th e  s lo p e s  o f  th e  r e g r e s s io n  l i n e s  w ere  

e s t a b l i s h e d  by c o v a r ia n c e  a n a ly s i s .

T he t o t a l  g i l l  a r e a  o f  t h e  a m p h ip o d s  0^  m e d i t e r r a n e a  a n d  0 . 

c a v im a n a , a l t h o u g h  a lm o s t  i d e n t i c a l  ( c f  W i l d i s h ,  1979 on  t h e  c l o s e  

r e l a t i o n s h i p  b e tw e e n  0^  c a v im a n a  an d  0^  m e d i t e r r a n e a ) , w e re  

s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  o f  0 .  g a m m a re l lu s  o f  an  e q u i v a l e n t  

w e ig h t  ( F ig .  4 .4 a ) .  C o v a r ia n c e  a n a l y s i s  o f  t h e s e  d a t a  i n d i c a t e d  t h a t  

a l t h o u g h  t h e  e l e v a t i o n  o f  t h e  lo g  l i n e  w as s i g n i f i c a n t l y  d i f f e r e n t  

b e tw e e n  t h e s e  s p e c i e s  ( F^ = 1 0 4 .9 1 ; d . f . ,  2 ,5 2 ;  P < 0 .01  ) ,  t h e r e  w as 

no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  s lo p e  o f  t h e  l i n e s  (C om bined  

r e g r e s s i o n  c o e f f i c i e n t  = 0 .5 0 6 ) . G i l l  a r e a s  o f  t h e  l a r g e  f o s s o r i a l

t a l i t r i d s  w e re  s i m i l a r  t o  t h a t  o f  l a r g e  0 ^  m e d i t e r r a n e a  a n d  0 . 

cav im ana. A s i g n i f i c a n t  d i f f e r e n c e  i n  th e  s lo p e  o f  th e  r e g r e s s io n  l i n e
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TABLE 4 .2  Regression constants for l in e s  o f best f i t  of to ta l g i l l  area

(Y) on body dry weight (X) in the amphipod sp ec ies investigated;  

equation in the form log Y = log a + b log X, values of 'a' are 

log nuj'ubers.

Regression constants Correlation
spec ies a b c o e f f ic ie n t  (r) n

Orchestia gammarellus Ü.2S2 0.549 U.94 21

Orchestia mediterranea 0.532 0.455 0.91 19

Orchestia cavimana 0.487 0.527 0.93 19

T alitru s sa lta to r 0.368 0.994 0.97 20

T alorchestia  deshayesii -0.217 1.001 0.75 31

T alorchestia sp. A 0.010 0.977 0.89 12

A rc ita litru s  dorrien i 0.641 0.920 0.92 23

6 8
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(eg . T a l i t r u s  s a l t a t o r / Q. g a m m a re l lu s  Fg = 2 6 .7 5  ; d . f .  = 1 ,3 7  ;P  < 

0 .0 1  ) r e s u l t s ,  h o w e v e r ,  i n  s m a l l e r  i n d i v i d u a l s  o f  T a l o r c h e s t i a  a n d  

T a l i t r u s  h a v in g  a  t o t a l  g i l l  a re a  l e s s  th a n  t h a t  o f  0^  g a m m a re llu s  o f  

a n  e q u i v a l e n t  w e i g h t  ( F ig .  4 .4 b ) . The r e g r e s s i o n  l i n e s  f o r  b o th  

T a l o r c h e s t i a  s p e c i e s  and T a l i t r u s  s a l t a t o r  w ere found  t o  have  th e  sam e 

s lo p e  (0.99) a l th o u g h  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  in  e l e v a t i o n  

(Fg = 7 5 .7 3 4  ; d . f . ,2 ,5 9 ;  P < 0 .0 1 ). T a l i t r u s  s a l t a t o r  h ad  t h e  s m a l l e s t  

t o t a l  g i l l  a r e a  o f  a l l  t h e  s p e c i e s  i n v e s t i g a t e d .  T he s l o p e  o f  t h e  

r e g r e s s i o n  l i n e  f o r  A r c i t a l i t r u s  d o r r i e n i  ( F i g .  4 .4 a )  w a s  

s i g n i f i c a n t l y  d i f f e r e n t  f ro m  T a l i t r u s  an d  T a l o r c h e s t i a  s p p . (Fg = 

5 .6 8 7 ; d . f . ,3 ,7 8 )  th o u g h  n o t  fro m  th e  o r c h e s t i d s .  A r c i t a l i t r u s  

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

i n v e s t i g a t e d .

A l l  o f  t h e  t a l i t r i d s  e x a m i n e d ,  w i t h  t h e  e x c e p t i o n  o f  

A r c i t a l i t r u s , h a d  a  s i g n i f i c a n t l y  s m a l l e r  g i l l  a r e a  t h a n  th e  m ore  

a q u a t i c  a m p h ip o d s  e x a m in e d  by M oore and  T a y lo r  (1984) ( F ig .  4 .5) T he 

t o t a l  g i l l  a r e a  o f  ^  d o r r i e n i  w as s i m i l a r  t o  t h e  i n t e r t i d a l  

E c h in o g a m m a ru s  p i r l o t i  a l t h o u g h  i t  w as s m a l l e r  t h a n  t h a t  f o r  t h e  

Gammarus s p e c ie s  on w h ich  d a ta  e x i s t .

4 .4  DISCUSSION

4.4.1 G e n e ra l  m o r ^ o lo g y

D elage  (1881) and  N e b esk i (1881) w ere th e  f i r s t  t o  com m ent on th e  

m o rp h o lo g y  o f  t a l i t r i d  g i l l s .  N e b e s k i  c o m p a re d  t h e  g i l l s  o f  O. 

g a m m a r e l lu s  w i t h  t h o s e  o f  G am m arus s p p . a n d  n o te d  t h a t  w h i l s t  t h e  

s t r u c t u r e  was e s s e n t i a l l y  th e  same in  b o th , th e  g i l l s  w ere  s m a l le r  and 

m uch  m o re  s o l i d  a n d  s t r o n g e r  i n  O r c h e s t i a .  T h i s  a d d i t i o n a l
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F IG . 4 .5  T he c a l c u l a t e d  r e g r e s s i o n  l i n e s  f o r  t h e  r e l a t i o n s h i p  

b e tw e e n  t o t a l  g i l l  s u r f a c e  a r e a  (mm^) a n d  body  d r y  w e i g h t  (mg) 

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

l i n e s  c a l c u l a t e d  by Moore and T a y lo r  (1984) f o r  v a r io u s  g am m arid  

s p e c i e s .
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s t r e n g t h e n i n g  may p r o v id e  s u p p o r t  t o  a  s t r u c t u r e  a d a p te d  t o  an  

a q u a t i c  m edium , e n a b lin g  i t  to  fu n c t io n  m ore e f f i c i e n t l y  in  an  a e r i a l  

e n v iro n m e n t. T h is  i s  c o n firm e d  fo r  a l l  th e  s p e c ie s  s tu d i e d ,  w i th  th e  

e x c e p t io n  o f  A r c i t a l i t r u s  in  w hich th e  g i l l s  w ere  v e ry  much e n la rg e d  

com pared  w i th  th e  s u p r a l i t t o r a l  s p e c ie s ,  b e in g  lo b a t e  and c o n v o lu te d . 

N e v e r t h e l e s s ,  t h e i r  s t r u c t u r e  i s  s t i l l  s o m e w h a t t h i c k e r  a n d  m ore  

i r r e g u l a r  i n  o u t l i n e  w hen c o m p a red  w i th  t h e  t h i n  p l a t e  g i l l s  o f  t h e  

gam m arids. T h e s e f e a tu r e s  w i l l  i n e v i ta b ly  a f f e c t  th e  a c c u ra c y  o f  g i l l  

a r e a  m e a s u r e m e n t s  o f  t h i s  s p e c i e s ,  w h ic h  m ay b e  m a r g i n a l l y  

u n d e re s t im a te d .

I t  h a s  Deen c la im e d  t h a t  th e  g i l l s  a r e  p r o te c te d  from  d ry in g  o u t  

by  a  s e c r e t i o n  f ro m  v a r i o u s  g l a n d s  (N e b e s k i ,  1 8 8 1 ; B u ly c h e v a , 1957 

q u o te d  i n  H u r l e y ,  1 9 6 8 ) . A lth o u g h  th e  p r e s e n c e  o f  p o r e s  i n  t h e  

te g u m e n t  o f  0 ^  g a m m a r e l lu s  h a s  r e c e n t l y  b e e n  r e p o r t e d  ( S e l le m  an d  

G ra f , 1982; M oore and F r a n c is ,  1985a), th e  p re s e n c e  o f  su ch  g la n d s  a s  

r e p o r te d  by B u lycheva  h a s  been re g a rd e d  w ith  some s u s p ic io n  (H urley , 

1968). The p r e s e n t  a u th o r  was u n a b le  to  i d e n t i f y  any  s i m i l a r  s t r u c t u r e  

r e s p o n s i b l e  f o r  t h e  m o is t e n in g  o f  t h e  g i l l  s u r f a c e  i n  t h e  s p e c i e s  

exam ined .

4 .4 .2  G i l l  a r e a  d i s t r i b u t i o n

G i l l  s t r u c t u r e  and d ep loym en t p a t t e r n s  a r e  q u i t e  c o n s e r v a t iv e  in  

t h e  t a l i t r i d  s p e c i e s  s t u d i e d .  The o b s e rv e d  d i f f e r e n c e s  i n  r e l a t i v e  

g i l l  s i z e  r e p o r te d  h e re  a r e  re a s o n a b ly  c o n s ta n t  w i th in  th e  b e a c h f le a ,  

s a n d h o p p e r  a n d  m o re  a d v a n c e d  la n d h o p p e r s  e x a m in e d  a n d  c o n f i r m  th e  

o b s e r v a t i o n s  by  F r i e n d  (1980) a n a  B o u s f i e l d  (1 9 8 2 b , p e r s  com m .). The 

g i l l s  a t t a c h e d  to  th e  second  and  s i x t h  p e r a e o p o d s  t o g e t h e r  c o m p r i s e  

a p p ro x im a te ly  h a l f  o f  th e  t o t a l  g i l l  a r e a  T h is  i s  in  f u l l  a g re e m e n t 

w i th  th e  r e s u l t s  o b ta in e d  d u r in g  a  s tu d y  o f  th e  s u b t r o p i c a l  b e a c h f le a  

C h r o e s t i a  l o t a  (M a rs d e n , 1 9 8 5 ). I n  c o n t r a s t ,  t o  t h e  t h r e e  O r c h e s t i a
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s p e c i e s  s t u d i e d ,  h o w e v e r , i n  w h ic h  t h e  a r e a  o f  G.2 i s  g r e a t e r  t h a n  

t h a t  o f  G.6, t h i s  p a t t e r n  i s  r e v e r s e d  in  b o th  th e  san d h o p p ers  and th e  

l a n d h o p p e r  s t u d i e d .  I n  T a l i t r u s , T a l o r c h e s t i a  an d  A r c i t a l i t r u s  ( c f .  

a l s o  C h r o e s t i a  l o t a ;  M arsden, 1985) th e  g i l l  w ith  th e  l a r g e s t  s u r f a c e  

a r e a  i s  th e  p o s te r io r m o s t  (G.6). The p o s t e r io r  g i l l s  w i l l  be p r o t e c t e d  

f ro m  d e s i c c a t i o n  in  t h e  q u i e s c e n t  a n im a l  by f l e x e d  ab d o m en  a n d  

p l e o p o d s .  I n  T a l o r c h e s t i a , s i n c e  a  g r e a t e r  p e r c e n ta g e  o f  t h e  t o t a l  

g i l l  a r e a  i s  i n v e s t e d  i n  b o th  G.5 and  G .6 , t h i s  may c o n f e r  e v e n  

g r e a t e r  d e s ic c a t i o n  r e s i s t a n c e  on th e s e  a n im a ls . In  a q u a t ic  am p h ip o d s , 

s i n c e  t h e  r e s p i r a t o r y  c u r r e n t  p r o c e e d s  i n  an  a n t e r i o r  t o  p o s t e r i o r  

d i r e c t i o n ,  i t  i s  ad v a n ta g e o u s  to  have maximum g i l l  a r e a  c o n c e n t r a te d  

a n t e r i o r l y ,  in  th e  re g io n  o f  h ig h e s t  oxygen a v a i l a b i l i t y  (D ahl, 1977). 

A lth o u g h  t h i s  may a p p ly  to  O r c h e s t ia  s p e c ie s  w hich  a r e  o f t e n  s u b je c t  

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

r e l e v a n t  t o  th e  f u l l y  t e r r e s t r i a l  la n d h o p p e rs .

T h e r e f o r e ,  t h e  r e t e n t i o n  an d  in d e e d  p r o l i f e r a t i o n  o f  G.6 i n  A. 

d o r r i e n i  i s  d i f f i c u l t  to  e x p la in  u n le s s  t h e r e  i s  a  s e l e c t i v e  a d v a n ta g e  

in  d e v e lo p in g  su ch  a s t r u c t u r e .  P e r s o n a l  o b s e rv a t io n s  have c o n firm e d  

t h a t  ^  d o r r i e n i  c a r r i e s  a  s m a l l  q u a n t i ty  o f  e x o so m a tic  w a te r  i n  th e  

p o s t e r i o r  s e c t i o n  o f  th e  v e n t r a l  g ro o v e . S p o ra d ic  rh y th m ic  b e a t in g  o f  

th e  e x t a n t  p le o p o d s  (P 1 i s  v e s t i g a l )  c r e a t e s  c o n s id e r a b le  tu rb u le n c e  

i n  t h e  e x o s o m a t ic  w a te r  c a u s in g  G.6 t o  v i b r a t e .  P r e s u m a b ly  t h e  

tu rb u le n c e  c r e a te d  a t  th e  g i l l  s u r f a c e  i s  im p o r ta n t  a s  i t  r e d u c e s  th e  

t h ic k n e s s  o f  th e  boundary  la y e r  t h a t  under n o rm al c ir c u m s ta n c e s  w ould  

im pede oxygen d i f f u s io n  a c r o s s  th e  c u t i c u l a r  s u r f a c e .  I t  i s  s u g g e s te d  

t h a t  t h e  e n la r g e m e n t  (and  p r e s u m a b ly  t h e  i r r e g u l a r  s h a p e )  o f  t h e  

p o s t e r i o r m o s t  g i l l  i n  A. d o r r i e n i , i s  l i n k e d  w i t h  t h e  r e t e n t i o n  o f  

th e  p le o p o d s , and t h a t  to g e th e r  b o th  f e a t u r e s  p ro v id e  th e  a n im a l w i th  

a n  e f f i c i e n t  g a s  e x c h a n g e  o r g a n .  F u r th e r  s t u d i e s  on t h e  f u n c t i o n a l  

m o rp h o lo g y  o f  t h i s  s y s te m  a r e  now u r g e n t l y  r e q u i r e d  t o  c l a r i f y  i t s
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r o l e  i n  th e  r e s p i r a t o r y  p h y s io lo g y  o f  th e s e  a n im a ls .

When t a l i t r i d s  a r e  s t r o n g ly  f le x e d , th e  l a r g e r  and m ore e lo n g a te  

g i l l s  on  P .2  an d  P .6  p r o j e c t  f o r w a r d s  a n d  b a c k w a rd s  i n t o  t h e  a i r ,  

c l e a r  o f  t h e  b o d y . T o g e th e r  w i t h  t h e i r  o b s e r v e d  " t w i s t i n g " ,  t h e s e  

f e a t u r e s  w ould  p re su m a b ly  a llo w  more e f f i c i e n t  g a s  exchange th a n  w ould  

be  p o s s i b l e  a t  G .3 -5 . The W -sh ap e  o f  G.2 may a l s o  be  r e l a t e d  t o  t h e  

m e c h a n ic a l  c o n s t r a i n t s  o f  gnathopod  dep loym en t and s to w ag e  (c f . Moore 

a n d  T a y l o r ,  1984 on  t h e  g a m m a rid s )  p a r t i c u l a r l y  i n  t h e  s t r o n g l y  

s e x u a l ly  d im o rp h ic  fo rm s su ch  a s  O rc h e s t ia .  The re m a in in g  g i l l s  ( G.3 

-  5) a r e  c o n s i d e r a b l y  s m a l l e r  and  l e s s  d i v e r s e  i n  fo rm  th a n  G.2 o r  

G.6 ( e x c e p t  i n  T a l o r c h e s t i a , s e e  a b o v e ) . D r. E.L. B o u s f i e l d  ( p e r s .  

comm.) h a s  s u g g e s te d  t h a t  th e  re a so n  f o r  t h i s  r e d u c t io n  in  s i z e  may be 

a  m e c h a n ic a l one. The r e d u c t io n  may be a  re s p o n s e  to  th e  need  f o r  th e  

s t e r n a l  c a v i t y  t o  be  o c c u p ie d  by a  r a t h e r  l a r g e  b ro o d  p o u c h  ( in  t h e  

f e m a le )  a n d / o r  t o  a v o id  a b r a s i o n  o f  t h e  g i l l  s u r f a c e s  by t h e  

s u b s tra tu m .

D a h l (1977) h a s  s u g g e s t e d  t h a t  t h e  a b s e n c e  o f  G.7 i n  O r c h e s t i a  

may have o c c u r re d  to  p r e v e n t  im pedence o f  p leo p o d  a c t io n .  R e d u c tio n  

i n  g i l l  n u m b e r , h o w e v e r ,  i s  f a i r l y  common among t h e  C r u s t a c e a ,  a n d  

t h e r e  may be m ore th a n  one re a s o n  f o r  i t s  o c c u rre n c e  (H a r tn o l l ,  1964). 

G i l l  7 i s  la c k in g  in  a l l  t e n  f a m i l i e s ,  in c lu d in g  a q u a t ic  ty p e s ,  w i th in  

th e  su p e r  f a m i ly  T a l i t r o i d e a  (Dr. E.L. B o u s f ie ld , p e r s .  comm.).

4 .4 .3  T o t a l  g i l l  a r e a

M oore and  T a y lo r  (1984) found a  r e d u c t io n  o f  t o t a l  g i l l  a r e a  in  

0 . g a m m a re llu s  a s  com pared w ith  o th e r  more m arin e  s p e c ie s .  T h is  s tu d y  

c o n f i r m s  t h e s e  r e s u l t s  f o r  a l l  o f  th e  s p e c i e s  s t u d i e d  w i t h  t h e  

e x c e p t i o n  o f  A r c i t a l i t r u s . T h is  s t r e n g t h e n s  t h e  a rg u m e n t  t h a t  

r e d u c t i o n  o f  t h e  g i l l  a r e a  i n  a m p h ip o d s  c a n  be  c o r r e l a t e d  w i t h  t h e  

c o l o n i s a t i o n  o f  t h e  s u p r a l i t t o r a l  zone  ( B o u s f i e ld ,  19 5 8 ; M oore a n d
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T a y l o r ,  1 9 8 4 ; M a rs d e n , 1 9 8 5 ) . I t  i s  g e n e r a l l y  r e c o g n i s e d  t h a t  t h e  

a b i l i t y  t o  r e g u la te  e v a p o ra t iv e  w a te r  l o s s  r e p r e s e n t s  a  m ajo r f a c t o r  

c o n t r o l l i n g  t h e  c o l o n i s a t i o n  o f  t h e  h i g h e r  s h o r e  l e v e l s  by m a r in e  

i n v e r t e b r a t e s  (N e w e ll ,  1 9 7 9 ) . I t  i s  p l a u s i b l e ,  t h e r e f o r e ,  t h a t  

r e d u c t io n  o f  g i l l  a r e a  in  s u p r a l i t t o r a l  am ghipods may have o c c u r re d  to  

a id  w a te r  c o n s e rv a t io n . T here  i s  e v id e n c e  f o r  th e  p re s e n c e  o f  a  waxy 

l a y e r  i n  t h e  c u t i c l e  o f  som e t a l i t r i d s  ( B o u s f i e ld ,  1 9 8 4 ; M oore a n d  

F r a n c i s ,  1985a). T h is  may n o t ,  how ever, a c t  a s  an  e f f e c t i v e  b a r r i e r  t o  

w a te r  l o s s  s in c e  oxygen u p ta k e  o c c u rs  a c ro s s  th e  g e n e ra l  body s u r f a c e  

an d  i s  n o t  r e s t r i c t e d  t o  t h e  g i l l s  (G ra f  a n d  M a g n ie z , 1 9 6 9 ) . A 

r e d u c t io n  o f  th e  t o t a l  g i l l  a r e a  a s  a  means o f  r e s t r i c t i n g  w a te r  l o s s  

w o u ld  a p p e a r  t o  be  e x p e d i e n t  i n  t h e  f a c e  o f  t h e  a p p a r e n t  h ig h  

p e r m e a b i l i t y  o f  t h e  g e n e r a l  b o d y  s u r f a c e .  The known d e s i c c a t i o n  

r e s i s t a n c e  o f  many o f  th e  t a l i t r i d s  exam ined  in  t h i s  s tu d y , h o w ev er, 

a p p e a r s  t o  be  c o r r e l a t e d  w i t n  t h e i r  t o t a l  g i l l  a r e a .  W a te r  l o s s  i s  

g r e a t e r  a n d  d e s i c c a t i o n  t o l e r a n c e  lo w e r  i n  A r c i t a l i t r u s  s y l v a t i c u s  

th a n  in  0^  g a m m a re llu s  (Lazo-W asem, 1984). I n  c o n t r a s t ,  T a l i t r u s  and  

T a l o r c h e s t i a  d e s h a y e s i i  a r e  m o re  r e s i s t a n t  t o  d e s i c c a t i o n  t h a n  0 . 

g a m m a re llu s  (W illiam so n , 1951a).

T he g i l l  a r e a  o f  ^  d o r r i e n i  i s  g r e a t e r  th a n  t h a t  o f  t h e  

s u p r a l i t t o r a l  am phipods ex am in ed , b u t  i s  s t i l l  red u ced  in  c o m p a riso n  

w i th  a q u a t i c  m arin e  and f r e s h w a te r  s p e c ie s .  The l e a f  l i t t e r  h a b i t a t  

r e t a i n s  m o is tu re  w hich  may r e n d e r  s p e c i f i c  a d a p ta t io n s  in  A r c i t a l i t u s , 

c o n s i d e r e d  e s s e n t i a l  i n  o t h e r  t e r r e s t r i a l  e n v iro n m e n ts , u n n e c e s s a ry  

( s e e  H u r l e y ,  1 9 5 9 , 1968 f o r  d i s c u s s i o n ) .  I n  o r g a n i s m s  w h ic h  a r e  n o t  

s u b j e c t  t o  i n t e n s e  d e s i c c a t i o n  s t r e s s ,  t h e  m e t a b o l i c  e n e r g y  

r e q u i r e m e n t s  may be m et by a e r i a l  g a s  e x c h a n g e  th r o u g h  r e l a t i v e l y  

u n m o d if ie d  g i l l  s t r u c t u r e s  ( N e w e l l ,1 9 7 9 ). B o u s f i e l d  ( p e r s .  comm, i n  

Moore and T a y lo r ,  1984) b e l i e v e s  t h a t  th e  f u n c t io n a l  s ig n i f i c a n c e  o f
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t h e  e n l a r g e d  g i l l s  i n  t h e  r a i n  f o r e s t  s p e c i e s  c a n  be  a t t r i b u t e d  t o  

t h e i r  i m p o r ta n c e  i n  i o n  u p ta k e .  I f  t h i s  i s  s o ,  i t  i s  d i f f i c u l t  t o  

e x p l a i n  why a  p a r a l l e l  s i t u a t i o n  i s  n o t  fo u n d  i n  t h e  f r e s h - w a t e r  

t a l i t r i d  O r c h e s t i a  c a v im a n a . The a n s w e r  may l i e  i n  t h e  f a c t  t h a t  Q. 

cav im an a  i s  r e s t r i c t e d  t o  w e s te rn  E uropean r e g io n s  w here s i g n i f i c a n t  

Na'*’ and C l“  io n s  a r e  p r e s e n t  in  th e  r a i n  and s o i l ,  and in  f r e s h  w a te r  

r u n o f f  from  h a rd w a te r  s o i l s  w h ile  many la n d h o p p e rs  o ccu r i n  hum ic io n -  

p o o r t r o p i c a l  r a i n  f o r e s t s  w here need f o r  o s m o re g u la to ry  s u r f a c e s  i s  

p re su m a b ly  much h ig h e r  (Dr. EJL. B o u s f ie ld , p e r s .  comm.).

I t  h a s  a l s o  b e e n  s u g g e s t e d  t h a t  t h e  l a r g e  g i l l s  o f  t h e  f u l l y  

t e r r e s t r i a l  s p e c i e s  h a v e  b e e n  r e t a i n e d  t o  m a i n t a i n  o x y g e n  a t  a  

n e c e s s a ry  l e v e l  w ith o u t  th e  a id  o f  a  r e s p i r a t o r y  c u r r e n t  (D ahl, 1977). 

Lack o f  oxygen  i s ,  how ever, r a r e l y  a  p rob lem  in  th e  a e r i a l  e n v iro n m e n t 

( L i t t l e ,  1 9 8 3 ) . C e r t a i n l y  o x y g e n  c o n s u m p tio n  i n  0 . g a m m a r e l lu s  i s  

u n a f f e c t e d  by g i l l  e x c i s i o n  ( c h a p te r  3 ) . D uncan  (q u o te d  in  H u r l e y ,  

1968) h a s  f o u n d ,  t h a t  up  to  60% o f  t o t a l  g a s  e x c h a n g e  t a k e s  p l a c e  

a c r o s s  th e  g i l l s  in  t e r r e s t r i a l  h o p p e rs . I t  i s  t h e r e f o r e  d i f f i c u l t  t o  

a s s e s s  th e  v a l i d i t y  o f  r e l a t i n g  oxygen c o n su m p tio n  r a t e s  to  g i l l  a r e a  

i n  a m p h ip o d s  (M a rsd e n , 1985) o r  o t h e r  c r u s t a c e a n  g r o u p s  (A m bore a n d  

V e n k a ta c h a r i ,  1978; B abu la  e t  ^ . ,  1978) w i th o u t  s u f f i c i e n t  know ledge  

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

g i l l  e p i t h e l i u m  o f t e n  sh o w s  o b v io u s  d i v i s i o n  i n t o  o s m o t i c  a n d  

r e s p i r a t o r y  t i s s u e ,  th e  r e l a t i v e  p r o p o r t io n s  o f  w hich  w i l l  a l t e r  th e  

b l o o d - g a s  d i f f u s i o n  a b i l i t y  o f  t h e  g i l l .  A llo w a n c e  f o r  s u c h  a  

p a r t i t i o n  m u s t  be m ade i f  v a l i d  i n t e r s p e c i f i c  c o m p a r is o n s  o f  

f u n c t i o n a l  g i l l  a r e a  a r e  t o  be made. The th ic K n e s s  o f  th e  g i l l  c u t i c l e  

in  0^ g a m m a re llu s  i s  s i m i l a r  to  t h a t  found in  th e  m ore m arin e  Gammarus 

(D a h l, 1 9 7 7 ) ,  w h ic h  in  t h e  c a s e  o f  t h e  l a t t e r  may be t e n  t i m e s  l e s s  

t h a n  t h e  a v e r a g e  c u t i c u l a r  t h i c k n e s s  (M iln e  an d  E l l i s ,  1 9 7 3 ) . S u c h  

s t r u c t u r a l  m o d i f i c a t i o n  h a s  t h e  e f f e c t  o f  m in im is in g  th e  d i f f u s i o n
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d i s t a n c e  a n d  s o  f a c i l i t a t e s  d i f f u s i o n a l  exchange o f  d i s s o lv e d  g a s e s  

a c r o s s  th e  b r a n c h ia l  s u r f a c e .  T h e re fo re , th e  r e d u c t io n  o f  t o t a l  g i l l  

a r e a  may b e  a n  i m p o r t a n t  l i m i t i n g  f a c t o r  i n  b o th  o x y g e n  u p ta k e  a n d  

t r a n s p o r t  i n  t h e  h aem o ly m p h  o f  t h e s e  a n im a l s  ( s e e  c h a p t e r  7 f o r  

d i s c u s s i o n ) .

A lth o u g h  la c k  o f  oxygen i s  r a r e l y  a  p rob lem  in  a i r ,  a i r  b r e a th in g  

a n im a ls  a r e  fa c e d  w ith  g r e a t e r  d i f f i c u l t i e s  in  th e  rem o v a l o f  c a rb o n  

d io x id e  (O'Mahoney and F u l l ,  1984). T here i s ,  h ow ever, l i t t l e  e v id e n c e  

to  s u g g e s t  t h a t  th e  l a r g e r  g i l l  a r e a  in  A. d o r r i e n i  i s  r e l a t e d  t o  th e  

p r o b le m  o f  CO2 e l i m i n a t i o n ,  s i n c e  T a l i t r u s  s a l t a t o r  (a s a n d h o p p e r  

w hich  i s  known to  u n d e r ta k e  e x te n s iv e  n o c tu r n a l  m ig r a t io n s  (B re g a z z i 

and N a y lo r , 1972) and i s  p re su m a b ly  p rone  to  OO2 a c c u m u la tio n  a t  t h i s  

tim e) h a s  th e  s m a l l e s t  t o t a l  g i l l  a r e a  p e r  u n i t  w e ig h t  o f  th e  a n im a ls  

p r e s e n t l y  exam ined .

The p r e s e n t  f in d in g s  s u p p o r t  th e  view  t h a t  t h e r e  i s  a  good s e m i-  

p h y l e t i c  c o n t r a s t  b e tw e e n  b e a c h f l e a s  and  s a n d h o p p e r s  ( B o u s f i e l d ,  

1984). The tw o g ro u p s a r e  c l e a r l y  d i s t in g u is h e d  by th e  c h a r a c t e r i s t i c  

s l o p e  o f  t h e i r  g i l l  a r e a / d r y  body  w e ig h t  r e g r e s s i o n  p l o t s .  A ls o  t h e  

m a rk e d  d i f f e r e n c e  i n  g i l l  a r e a  o f  T a l i t r u s  ( a l s o  T a l o r c h e s t i a ) a s  

com pared  w ith  A r c i t a l i t r u s  h i g h l i g h t s  th e  m o rp h o lo g ic a l  re m o te n e s s  o f  

s a n d h o p p e r s  fro m  l a n d h o p p e r s .  T h i s  q u a n t i t a t i v e  a s s e s s m e n t  o f  g i l l  

p a t t e r n s  f u r t h e r  s t r e n g th e n s  th e  c o n te n t io n  o f  B o u s f ie ld  (1984) o f  th e  

need  t o  rem ove a l l  known la n d h o p p e r  s p e c ie s  from  th e  genus T a l i t r u s .  

The e v o lu t io n a r y  and p h y s io l o g i c a l  s ig n i f i c a n c e  o f  th e s e  f in d in g s  w i l l  

be  d i s c u s s e d  in  th e  l a s t  c h a p te r .
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CHAPTER 5

THE OXYGEN TRANSPORTING PROPERTIES OF THE HAEMOLYMPH OF 

ORCHESTIA GAMMARELLUS AND 0 . MEDITERRANEA*
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5.1 INTRODUCTION

T h e re  i s  a n  e x t e n s i v e  l i t e r a t u r e  on t h e  i n f l u e n c e  o f  v a r i o u s  

f a c t o r s  su ch  a s  pB, te m p e ra tu re ,  p re se n c e  o f  d i v a l e n t  io n s  and l a c t a t e  

a c c u m u la t io n  on  t h e  o x y g e n  t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  b lo o d  o f  

d e c a p o d  C r u s t a c e a  (H ogben , 1926 ; R e d f i e l d ,  1 9 3 4 ; R edm ond , 1 9 5 5 ; 

L a rim er and R ig g s , 1963; T ru c h o t,  1975; Mangum and T o w le , 1977; B row er 

e t  a l . ,  1978; J o h n s to n  and B eck e r, 1981; Mauro and Mangum, 1982; Mason 

e t ^ . ,  1 9 8 3 ; B r id g e s  ef. a l . ,  1984 ; s e e  a l s o  M angum , 1 9 8 0 , 1 9 8 3 a ; 

T r u c h o t ,  1983  f o r  r e v ie w s )  b u t  o u r  k n o w le d g e  o f  o t h e r  g r o u p s  i s  

s e v e r e l y  l i m i t e d .  Among t h e  i s o p o d s ,  f o r  e x a m p le ,  t h e r e  h a v e  b e e n  a  

few  s t u d i e s  c o n c e r n e d  m a in ly  w i th  e l e c t r o p h o r e t i c  d e s c r i p t i o n s  o f  

haem ocyan in s  (B e r th e t  and B e r th e t ,  1963; W iese r, 1965; A lik h a n , 1971; 

A lik h a n  e t  ^ . ,  1974) o r ,  m ore r e c e n t ly ,  w ith  c o m p a ra t iv e  s tu d i e s  o f  

t h e  a b s o r p t i o n  s p e c t r a  a n d  a m in o  a c id  c o m p o s i t i o n  o f  o n i s c o i d e a n  

i s o p o d s  ( S e v i l l a ,  1 9 7 8 ) . A l th o u g h  som e d a t a  h a v e  r e c e n t l y  b e e n  

p u b l is h e d  on th e  haem ocyan in  oxygen c a r ry in g  c a p a c i ty  and b lo o d  pH o f  

M esid o th ea  en tom on , a  s p e c ie s  w hich o c c u rs  in  th e  B a l t i c  and in  some

S w ed ish  la k e s  (Hagerman and Oksama, 1985) o n ly  th e  s t u d i e s  o f  S e v i l l a  

a n d  L a g a r r ig u e  (1979) on an  e c o l o g i c a l  s e r i e s  o f  w o o d l i c e  a n d  o f  

Jo k u m se n  e t  ^  (1981) on  t h e  g i a n t  A n t a r t i c  i s o p o d ,  G l y p to n o tu s  

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

haem ocyan in  in  b lo o d  oxygen t r a n s p o r t .

W h ils t  in fo r m a t io n  on th e  iso p o d s  i s  l i m i t e d ,  t h e r e  have b een , to

* Much o f  t h i s  c h a p t e r  i s  e m b o d ie d  in  a  p a p e r  by  T a y l o r ,  A.C. a n d  

J . I .  S p i c e r  (1 9 8 6 )  T h e  o x y g e n  t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  

haemolymph o f  tw o  s e m i - t e r r e s t r i a l  am phipods, O r c h e s t i a  g a m m a re llu s  

( P a l l a s )  a n d  0 ^  m e d i t e r r a n e a  (C o s ta ) .J ^  e x p . m a r . B i o l .  E c o l . ,  9 7 , 

135 -150 .
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my k n o w le d g e , no s t u d i e s  on  t h e  o xygen  t r a n s p o r t i n g  p r o p e r t i e s  o f  

haem olym ph from  am phipod C ru s ta c e a . The e x is te n c e  o f  haem o cy an in  i n  

t h e  b lo o d  o f  a m p h ip o d s  w as q u e s t i o n e d  by R a w iin s o n  (1937) b u t  w as  

l a t e r  c o n f i r m e d  by M a n w e ll an d  B ak e r (1963) an d  B e r t h e t  a n d  B e r t h e t  

(1 9 6 3 ). The o n ly  o t h e r  i n f o r m a t i o n  o f  any  s o r t  t h a t  i s  a v a i l a b l e  

c o n s i s t s  o f  e l e c t r o p h o r e t i c  d e s c r i p t i o n s  o f  b lo o d  p r o t e i n s  ( i n  

p a r t i c u l a r  th e  v i t e l l o g e n i c  p r o te i n :  se e  C h a rn ia u x -C o tto n  and  P ayen , 

1985 f o r  rev iew ) and c o m p a ra t iv e  d a t a  on h a e m o c y a n in  c o n c e n t r a t i o n s  

( B e r t h e t  a n d  B e r t h e t ,  1 9 6 3 ; W i e s e r , 1965; A l ik h a n  e t  a l . ,  1 9 7 4 ) . T he 

l a c k  o f  i n f o r m a t i o n  on  t h e  p r o p e r t i e s  o f  t h e  h a e m o c y a n in  i n  g r o u p s  

s u c h  a s  t h e  i s o p o d s  a n d  a m p h ip o d s  i s  p r o b a b ly  a t t r i b u t a b l e  t o  t h e  

d i f f i c u l t i e s  o f  o b ta in in g  b lo o d  sam p les  from  such  s m a l l  a n im a ls  and t o  

t h e  v o lu m e s  o f  b lo o o  n e e d e d  f o r  som e o f  t h e  e a r l i e r  t e c h n i q u e s  u s e d  

f o r  o b ta in in g  j n  v i t r o  oxygen d i s s o c i a t i o n  c u rv e s . I n fo r m a t io n  on th e  

r e s p i r a t o r y  p r o p e r t i e s  o f  t h e  h a e m o c y a n in  i n  g r o u p s  o t h e r  t h a n  t h e  

d ecapods i s  u r g e n t ly  r e q u i r e d ,  how ever, i f  we a r e  t o  o b ta in  a  b e t t e r  

u n d e r s t a n d in g  o f  t h e  f u n c t i o n a l  s i g n i f i c a n c e  o f  i n t e r s p e c i f i c  

v a r i a t i o n s  i n  t h e s e  p r o p e r t i e s  w i t h i n  t h e  C r u s t a c e a  a s  a  w h o le .

T h i s  c h a p t e r  s e t s  o u t  t o  e x a m in e  som e a s p e c t s  o f  t h e  o x y g e n  

t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  b lo o d  in  tw o  s e m i -  t e r r e s t r i a l  

a m p h ip o d s ,  O r c h e s t i a  g a m m a r e l lu s  and  0. m e d i te r ra n e a .  They i n h a b i t  

tw o  d i s t i n c t  z o n e s  h ig h  o n  t h e  s h o r e  o f  t h e  I s l e  o f  C u m b rae  ( s e e  

c h a p t e r  2 f o r  f u l l  d e t a i l s ) .  H e re , th e y  a r e  v e r y  o f t e n  s u b j e c t  t o  

d i f f e r e n t  d e g r e e s  o f  i n u n d a t i o n ,  and  c o n s i d e r a b l e  f r e s h  w a t e r  

i n f l u e n c e  a n d  t e m p e r a t u r e  f l u c t u a t i o n  (R an k in  an d  D a v e n p o r t ,  1 9 8 1 ) . 

The oxygen b in d in g  p r o p e r t i e s  o f  haem ocyanin a r e  u s u a l ly  s e n s i t i v e  to  

t e m p e ra tu re  s h i f t s  (T ru c h o t, 1973; Mauro, 1978; Mangum and Lykkeboe, 

1979) and ch an g es  in  th e  i o n ic  e n v iro n m en t (W heatly  and McMahon, 1981; 

M ason e t  a l . ,  1 9 8 3 ) , b u t  t h e  n a t u r e  o f  th e  r e s p o n s e s  a r e  v e r y  o f t e n
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d i f f e r e n t  (W eiland  and Mangum, 1975). I t  i s  hoped t h a t  t h i s  s tu d y  w i l l  

s e rv e  a s  a  p r e l im in a r y  i n v e s t i g a t io n  i n to  th e  v a r io u s  ways in  w h ich  

th e s e  f a c t o r s  and t h e i r  i n t e r a c t i o n s  in f lu e n c e  th e  r o l e  o f  haem ocyan in  

a s  an  oxygen c a r r i e r  in  v iv o .

S e c o n d ly ,  p r e v i o u s  w ork  c a r r i e d  o u t  on  som e s e l e c t e d  d e c a p o d s  

(R edm ond, 1 9 6 8 ; B l i s s ,  1 9 68 ; Y oung, 1972) a n d  on  som e o n i s c o i d e a n  

i s o p o d s  ( S e v i l l a  a n d  L a g a r r ig u e ,  1979) s u g g e s t s  t h a t  t h e r e  i s  a  

g e n e r a l  t r e n d  to w a rd s  a  d e c re a s e  in  th e  oxygen a f f i n i t y  o f  th e  p ig m e n t 

a s s o c i a te d  w i th  a d a p ta t io n  to  th e  la n d  h a b i t a t .  S e v i l l a  and L a g a rr ig u e  

(1979) s u g g e s t  t h a t  t h i s  e v o lu t io n  may be r e l a t e d  t o  a  m o rp h o lo g ic a l  

and f u n c t i o n a l  s p e c i a l i s a t i o n  o f  th e  r e s p i r a t o r y  o rg a n s . On th e  o th e r  

h a n d ,  M angum  (1 9 8 2 )  s t a t e s  t h a t  w h en  a n i m a l s  f r o m  t h e  s a m e  

g e o g ra p h ic a l  l o c a t io n  a r e  com pared , t h i s  a s s o c i a t i o n  o f  lo w er oxygen 

a f f i n i t y  w i th  th e  t e r r e s t r i a l  h a b i t  i s  r e v e r s e d  when th e  c r u s ta c e a n s  

a r e  v iew ed  a s  a  w ho le : in  f a c t ,  w i th in  th e  d e cap o d s  a lo n e  th e r e  i s  no 

c le a r  r e l a t i o n s h i p  be tw een  o x y g e n a t io n  p r o p e r t i e s  a n d  th e  n a t u r e  o f  

th e  g a s  exchange  sy s te m .

Moore and T a y lo r  (1984) in  t h e i r  s tu d y  o f  th e  g i l l s  o f  am g^ipods 

in  an  e c o lo g ic a l  s e r i e s ,  have  n o te d  a  r e d u c t io n  in  th e  t o t a l  g i l l  a r e a  

o f  0^  g a m m a re llu s  com pared w ith  o th e r  more m a rin e  am phipods (see  a l s o  

c h a p te r  4). T h is  th e y  a t t r i b u t e d  to  w a te r l e s s  l i m i t a t i o n  and co n c lu d e d  

t h a t  t h e  g i l l  a r e a  r e d u c t i o n  i s  r e l a t e d  t o  t h e  c o l o n i s a t i o n  o f  t h e  

la n d . T h is  i s  in  f u l l  a g re e m e n t w ith  s i m i l a r  s t u d i e s  on th e  d ecap o d s  

( A y e rs ,  1 9 3 8 ; G ra y , 1 9 5 7 ) . F i n a l l y  t h e y  n o t e  t h a t ,  " . . . t h e  f u l l  

s i g n i f i c a n c e  o f  o u r  m o r p h o lo g ic a l  f i n d i n g s . . . . w i l l  o n ly  b ecom e 

a p p a re n t  once  c o m p a ra tiv e  d a ta  on r e s p i r a t i o n  r a t e s ,  b lo o d  haem ocyan in  

c o n te n t  and oxygen a f f i n i t y  become a v a i l a b l e  f o r  th e  s p e c ie s  s tu d ie d ."  

In fo r m a t io n  re g a rd in g  th e  b lo o d  g a s  r e l a t i o n s  o f  0^  g a m m a re llu s  and 0. 

m e d i te r r a n e a  may th ro w  m ore l i g h t  on th e  r e l a t i o n s h i p  be tw een  p ig m e n t 

a f f i n i t y  and  t e r r e s t r i a l  a d a p ta t io n  in  th e  C ru s ta c e a ,
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5.2 MATERIAI5 AND METHODS

5.2.1 A nim al m a t e r i a l

O r c h e s t ia  g a m m a re llu s  and 0^  m e d ite r ra n e a  w ere  c o l l e c t e d  fro m  

M.H.W.S. an d  M.H.W.N. a t  F a r l a n d  B ig h t  (O.S. G r id  r e f .  NS 17 3 2 4 4 1 2 ) , 

B a l l o c h m a r t i n  Bay (O.S. G r id  r e f .  NS 17 318437) a n d  F i n t r a y  Bay (O.S. 

G rid  r e f .  NS 17 331441) on G re a t  Cumbrae I s la n d  in  th e  F i r t h  o f  C lyde . 

T he a n im a l s  w e re  t r a n s p o r t e d  b a c k  to  th e  l a b o r a t o r y  i n  p l a s t i c  b a g s  

c o n ta in in g  some o f  th e  s u b s tr a tu m  in  w hich th e y  w ere  found.

5.2 .2  B lood sa m p le s

A l l  b lo o d  s a m p le s  w e re  t a k e n  fro m  a n im a l s  w i t h i n  12 h o u r s  o f  

c a p t u r e .  O n ly  a n im a l s  c o r r e s p o n d in g  to  t h e  i n t e r m o u l t  s t a g e  C 

( C h a r n i a u x - C o t to n ,  1957) w e re  u se d  i n  t h i s  s t u d y ,  s i n c e  i t  w as  

o b se rv e d  t h a t  in  n ew ly  m o u lte d  a n im a ls , th e  haem ocyan in  c o n te n t  o f  th e  

b lo o d  w as v e r y  lo w  ( s e e  b e lo w ) .  B lo o a  w as t a k e n  u s in g  a  f i n e - t i p p e d  

H a m il to n  g l a s s  s y r i n g e  t o  p u n c tu r e  a  s m a l l  d o r s a l  h o l e  b e tw e e n  t h e  

seco n d  and t h i r d  t h o r a c i c  s o m ite s .  G re a t c a re  w as e x e r c is e d  to  a v o id  

dam ag e  t o  an y  o f  t h e  f a t  b o d i e s  p r e s e n t  b e n e a th  t h e  c u t i c l e  an d  t o  

e n s u re  t h a t  th e  a n im a ls  w ere  d i s tu r b e d  a s  l i t t l e  a s  p o s s ib l e  p r i o r  t o  

b lo o d  sa m p lin g  in  an  a t t e m p t  t o  m in im ise  th e  p o s s ib l e  a c c u m u la t io n  o f  

l a c t a t e  i n  t h e  b lo o d  w h ic h  i s  now known t o  a f f e c t  t h e  o x y g e n  

t r a n s p o r t i n g  p r o p e r t i e s  o f  c r u s t a c e a n  h a e m o c y a n in s  ( T r u c h o t ,  198Ü ; 

B o o th  e t  a l . ,  1 9 8 2 ; M angum, 1 9 8 3 b ; B r id g e s  e t  a l . ,  1 9 8 4 ; M o r r i s  e t  

^ . ,  1 9 8 5 ) .

T he b lo o d  w as d ra w n  up  s lo w ly  i n t o  t h e  s y r i n g e  an d  t h e n  

t r a n s f e r r e d  to  a  1.5 ml E ppendo rf tu b e  s to r e d  on i c e .  Due to  th e  s m a l l  

s i z e  o f  even  th e  l a r g e s t  i n d iv id u a l s  ( f r e s h  w e ig h t ra n g e  40 -  150 m g), 

i t  w as  n o r m a l ly  p o s s i b l e  t o  o b t a i n  o n ly  5 - 1 5  j x l  o f  b lo o d  f ro m  a n
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i n d iv i d u a l  a n im a l. I t  w as th e r e f o r e  n e c e s s a ry  t o  p o o l  b lo o d  from  many 

a n im a ls  to  o b ta in  s u f f i c i e n t  b lood  fo r  s u b s e q u e n t a n a ly s i s .  The p o o le d  

b lo o d  sa m p le  w as th e n  m ixed  th o ro u g h ly , c e n t r i f u g e d  a t  10,000 g f o r  10 

m in u t e s  t o  rem o v e  a n y  c e l l s  and  c o a g u la t e d  p r o t e i n s  an d  s t o r e d  d e e p  

f r o z e n .

5 .2 .3  A n a ly s is  o f  haem olynph io n ic ,  p r o te i n  and l a c t a t e  c o n te n t

T he c o n c e n t r a t i o n  o f  Na"*", K"*", C a^^ a n d  Mg^^ io n s  i n  t h e  b lo o d  

w a s  d e t e r m i n e d  u s in g  a n  a to m ic  a b s o r p t i o n  s p e c t r o p h o t o m e t e r  (Pye 

U n icam  S P 9 0 ). The d i l u t i o n  sch em e  u s e d  i s  o u t l i n e d  i n  F ig .  5 .1 . T he 

c o n c e n t r a t io n  o f  C l“  io n s  was d e te rm in e d  u s in g  a  c h lo r id e  t i t r a t o r  

(E .E .L . 9 2 0 ) . The c o n c e n t r a t i o n s  o f  L - l a c t a t e  i n  t h e  p o o le d  b lo o d  

s a m p le s  w e re  d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  u s in g  th e  m ethod o f  

Gutman and W a h le fe ld  (1974) w ith  th e  m o d if ic a t io n s  used  by Graham e t  

a l . (1 9 8 3 ) . 50 u l  o f  b lo o d  w as d e p r o t e i n i s e d  by t h e  a d d i t i o n  o f  0.3M 

p e r c h l o r i c  a c i d  an d  c e n t r i f u g e d  a t  1 0 ,0 0 0  g f o r  15 m in u t e s .  T he 

r e s u l t a n t  s u p e r n a t a n t  w as n e u t r a l i s e d  w i t h  KHCO^, an d  50 j i l  w e re  

rem oved t o  a n  E ppendorf tu b e  (1.5 ml) c o n ta in in g  1000 j x l  o f  H y d ra z in e /  

G l y c in e  b u f f e r  an d  50 ^ 1  o f  NAD"*" (40 mM). The enzym e l a c t a t e  

d e h y d r o g e n a s e  (5 mM) w as t h e n  a d d e d . The r e s u l t a n t  m ix t u r e  w as  

i n c u b a t e d  i n  a  w a t e r b a t h  a t  37^C f o r  on e  h o u r  b e f o r e  th e  a b s o r b a n c e  

w as r e a d  on a  Pye-U nicam  PU 8600 s p e c tro p h o to m e te r  a t  340 nm. L a c ta te  

c o n c e n t r a t io n  in  th e  b lo o d  sam p le  was c a lc u la t e d  u s in g  th e  e x t i n c t i o n  

c o e f f i c i e n t  (E^^^) f o r  l a c t a t e  o f  6.22 ^ o l e s . m l ” ^.

M easu rem en ts  w ere  a l s o  made o f  th e  t o t a l  p r o t e i n  c o n c e n t r a t io n  o f  

b lo o d  s a m p le s  f ro m  37 i n d i v i d u a l  a n im a l s  an d  o f  t h e  p o o le d  b lo o d  

s a m p le s  u s in g  th e  C oom assie  B lue m ethod (Read and N o r th c r o f t ,  1981). 

The b lo o d  s a m p le s  (5 -  10 y i l)  w e re  d i l u t e d  w i t h  100 -2 0 0  yml o f  

d i s t i l l e d  w a te r  and 50 JJlL o f  th e  r e s u l t i n g  s o lu t i o n  was t r a n s f e r r e d  to  

a  s p e c t r o p h o t o m e t r i c  c e l l  (v o lu m e = 1 .0  m l; p a t h  l e n g t h  = 1cm)
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FIG. 5.1 D i lu t io n  schem e u sed  f o r  m ea su rin g  th e  c o n c e n t r a t io n  o f  

th e  m ajo r io n s  in  th e  haem olym ph o f  O r c h e s t ia  g a m m a re llu s  and 0 . 

m e d i te r r a n e a .



DILOTION SCHEME

Io n  a n a ly s e d

(A) 0 .1  ml haemolyirph + 1 .0  ml d i s t i l l e d  w a te r

(B) 0 .5  ml o f  d i l u t i o n  (A) + 5ml d i s t i l l e d  w ater-

1 ml o f  d i l u t i o n  (B) + 2 ml d i s t i l l e d  w a te r . .

C l'

Ca2+

Mg2+

1 ml o f  d i l u t i o n  (B) + 50 ml d i s t i l l e d  w ater- Na^



t o g e t h e r  w i t h  9 5 0 yiil o f  C o o m a ss ie  r e a g e n t .  T he s o l u t i o n  w as r a p i d l y  

m ix e d  a n d  l e f t  f o r  10 m in u te s  a t  room  t e m p e r a t u r e  b e f o r e  t h e  

e x t i n c t i o n  a t  595  nm w a s  m e a s u r e d  o n  a  P y e - U n ic a m  PU 8 6 0 0  

s p e c t r o p h o tc m e te r .

5 .2 .4  B lood pH and  oxygen c o n te n t  m easurem ents

The pH o f  th e  p o s t - b r a n c h ia l  b lo o d  w as d e te rm in e d  in  34 a n im a ls  

a s  d e s c r i b e d  a b o v e  b u t  i n s t e a d  o f  d r a w in g  t h e  b lo o d  s a m p le  i n t o  a  

s y r in g e ,  th e  b lo o d  w as d raw n  d i r e c t l y  i n to  th e  c a p i l l i a r y  pH e l e c t r o d e  

o f  a  R a d io m e te r  BMS2 w h ic h  w as c o n n e c te d  t o  a  PHM73 pH m e te r  

(R a d io m e te r , Copenhagen). As th e  e le c t r o d e  c a p a c i ty  i s  a p p ro x im a te ly  

30 j j i l  and th e  maximum b lo o d  volume o b ta in e d  from  th e  l a r g e s t  t a l i t r i d  

w as  r a r e l y  i n  e x c e s s  o f  15 jU l, th e  e x t r a  v o lu m e  w as m ade up w i t h  KCl 

e l e c t r o l y t e .  I f  an y  o b v io u s  m ix in g  to o k  p l a c e  a t  t h e  b lo o d /K C l  

i n t e r f a c e ,  th e  r e s u l t  was d isc o u n te d . The r e l i a b i l i t y  o f  t h i s  m ethod 

was v e r i f i e d  u s in g  b o th  s m a l l  and l a r g e  sa m p le s  o f  haem olym gb, f r e s h l y  

e x t r a c t e d  from  l a r g e  m ale  s h o re  c ra b s  (C a rc in u s  m aenas).

The BMS2, t h e r m o s ta t t e d  a t  lO^C, w as a l s o  used  to  to n o m e te r  b lo o d  

sa m p le s  w i th  a i r  and th e  t o t a l  oxygen c o n te n t  o f  th e  b lo o d  (C02) w as 

d e t e r m i n e d  i n  10 yul s a m p le s  u s in g  t h e  m e th o d  o f  T u c k e r  (1967) a s  

m o d if ie d  by B r id g e s  e t  (1979). 'Hie oxygen c a r r y in g  c a p a c i ty  o f  th e  

h a e m o c y a n in  (^]^qy0 2 ) w as th e n  c a l c u l a t e d  by s u b t r a c t i o n  o f  t h e  

p h y s i c a l ly  d i s s o lv e d  f r a c t i o n  (see below ).

5 .2 .5  Oxygen d i s s o c i a t i o n  c u rv e s

I n  v i t r o  oxygen d i s s o c i a t i o n  c u rv e s  f o r  th e  b lood  o f  b o th  s p e c i e s  

w e re  c o n s t r u c t e d  a t  t h r e e  t e m p e r a t u r e s ,  v i z .  1 0 , 15 an d  18^C . T he 

b lo o d  w as t o n o m e te r e d  i n  a  R a d io m e te r  BMS2 a t  t h e  a p p r o p r i a t e  

te m p e ra tu re  w i th  g a s  m ix tu re s  s u p p lie d  by p r e c i s io n  g a s  m ix in g  pum ps 

( W o s th o f f ,  B ochum , F .R .G .). A f t e r  20 -  30 m in u te s  e q u i l i b r a t i o n ,  t h e  

o x y g e n  c o n t e n t  o f  a  10 u l  s a m p le  o f  b lo o d  w as d e te r m in e d  u s in g  t h er
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m ethod o f  B r id g e s  e t  a l .  (1979) in  w hich p o ta s s iu m  c y a n id e  i s  u se d  to  

r e l e a s e  O2 bound to  th e  haem ocyan in . H ie t o t a l  oxygen c o n te n t  o f  th e  

b lo o d  sam p le  w as c a l c u l a t e d  u s in g  th e  fo llo w in g  e q u a tio n : -

T o ta l  oxygen c o n te n t  (C^(^02= POg /7 6 0  x aCN" x Ch.V. x 1 0 0 /g  y^

w here  aCN“  = S o l u b i l i t y  c o e f f i c i e n t  f o r  oxygen in  KCN~ w h ich  a t  30^C = 

0 .0261

Ch.V = Chamber Volume (300 j i l )

S .V . = Sample Volume (^1)

P02 = P02 (KCN^+Blood) -  P02 (KCN") x (Ch.V -  S .V .) /^ ^  y

The h a e m o c y a n in -b o u n d  o x y g e n  c o n t e n t  o f  t h e  b lo o d  s a m p le  w as 

c a l c u l a t e d  from  th e  fo l lo w in g  e q u a t io n :-

Bound O2 = T o ta l  O2 c o n te n t  -  p h y s ic a l ly  d is s o lv e d  O2
(U n its  = m is o f  oxygen p e r  100 ml o f  b lood)

The p h y s ic a l ly  d i s s o lv e d  oxygen in  a  p h y s io lo g ic a l  s a l i n e  h a v in g  

an  i o n i c  con^^çoi^l t i o n  a p p ro x im a te  to  th e  b lood  sam ple  w as m easu red  a t  

v a r io u s  p a r t i a l  p r e s s u r e s  o f  oxygen u s in g  th e  Tucker c e l l  a s  o u t l i n e d  

above. The v a lu e s  o b ta in e d  w ere  ta k e n  to  be e q u iv a le n t  t o  th e  am ount 

o f  oxygen  p h y s ic a l ly  d i s s o lv e d  in  th e  b lood  a t  th e  a p p r o p r ia t e  p a r t i a l  

p r e s s u r e s .

V a lu e s  o f  %CY02 c a l c u l a t e d  f o r  b lood  e q u i l i b r a t e d  to  a  ra n g e  o f  

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

s a t u r a t i o n .  The P^q a n d  c o o p e r a t i v i t y  (h^q) o f  t h e  b lo o d  w e re  

e s t im a te d  from  th e  r e g r e s s io n  l i n e s  fo r  th e  s a tu r a t i o n  v a lu e s  (b e tw een  

25 - 7 5  % s a t u r a t i o n )  a c c o r d i n g  t o  t h e  H i l l  e q u a t i o n .  B lo o d  pH w as 

v a r i é e  by a l t e r i n g  th e  p a r t i a l  p r e s s u r e  o f  CO2 in  th e  g a s  m ix tu r e s  and 

th e  pH o f  th e  b lood  n e a r  th e  P^q was m easured  u s in g  th e  c a p i l l  a ry  pH

83



e l e c t r o d e  o f  a  R ad io m e ter BMS2.

The e f f e c t  o f  te m p e ra tu re  on th e  oxygen t r a n s p o r t in g  p r o p e r t i e s  

o f  t h e  b lo o d  w as i n v e s t i g a t e d  by c a l c u l a t i n g  t h e  c h a n g e  i n  e n t h a l p y  

(Ah ) a c c o m p a n y in g  o x y g e n a t i o n  o f  h a e m o c y a n in  w i th  r e s p e c t  t o  t h e  

te m p e ra tu re  change a t  a  c o n s ta n t  pH (7.8) u s in g  th e  e q u a tio n

A h = ( -2 .3 0 3  X R X lo g  P ^y) /  ( 1 /^ ^  -  1/^% ) k J .m o le ” ^

w here  R i s  th e  g a s  c o n s ta n t  and T th e  a b s o lu te  te m p e ra tu re .

5 .2 .6  F u r th e r  i n v e s t i g a t io n s  on O. gam m arellu s

D uring  p r e l im in a r y  s t u d i e s  on th e  b lo o d  o f  th e s e  am phipods i t  w as 

o b s e rv e d , in  O .g am m are llu s , t h a t  th e  oxygen t r a n s p o r t in g  p r o p e r t i e s  o f  

th e  b lo o d  v a r ie d  som ew hat a c c o rd in g  t o  th e  e x a c t  lo c a t io n  on th e  s h o re  

fro m  w hich  th e  a n im a ls  w ere  c o l l e c t e d .  F u r th e r  s tu d ie s  w ere  t h e r e f o r e  

c a r r i e d  o u t  to  exam ine t h i s  in  m ore d e t a i l .  O rc h e s t ia  g a m m a re llu s  w ere  

c o l l e c t e d  fro m  tw o  l o c a t i o n s  on  t h e  s h o r e :  t h e  f i r s t  g r o u p  f ro m  

b e n e a th  ro c k s  and sh o re  d e b r i s  ly in g  on th e  g r a s s  v e rg e  b o rd e r in g  th e  

b each  w e l l  above M.H.W.S. (AHW a n im a ls ) ;  th e  second  g roup  from  b e n e a th  

r o c k s  a n d  s to n e s  i n  t h e  z o n e  o c c u p ie d  by th e  a l g a ,  P e l v e t i a  c a n a l i -  

c u l a t a  (L.) D ic n e  e t  T h u r . a t  t h e  lo w e r  l i m i t  o f  t h e  a m p h ip o d s ' 

d i s t r i b u t i o n  on th e  s h o re  (BHW a n im a ls ) .  The a n im a ls  w ere r e tu r n e d  t o  

t h e  l a b o r a t o r y  and  b lo o d  s a m p le s  t a k e n  im m e d ia te ly  u s in g  t h e  

p ro c e d u re s  d e s c r ib e d  above.

The c o n c e n t r a t io n s  o f  th e  m ajo r io n s  in  th e  b lood  w ere  d e te rm in e d  

a n d  v i t r o  d i s s o c i a t i o n  c u r v e s  c o n s t r u c t e d  u s in g  t h e  t e c h n i q u e s  

d e s c r i b e d  p r e v i o u s l y .  F u r t h e r  e x p e r im e n t s  w e re  c a r r i e d  o u t  t o  

i n v e s t i g a t e  t h e  e f f e c t  o f  d i f f e r e n c e s  i n  t h e  i o n i c  c o n c e n t r a t i o n  o f  

t h e  b lo o d  on th e  o x y g e n  t r a n s p o r t i n g  p r o p e r t i e s  o f  th e  h a e m o c y a n in .  

D uring  th e s e  e x p e r im e n ts , sa m p le s  o f  p o o led  b lood  (800 -  1500 j i l )  fro m  

BHW a n im a l s  w e re  d i a l y s e d  a g a i n s t  d i f f e r e n t  p h y s i o l o g i c a l  s a l i n e  

s o lu t i o n s .  Blood from  BHW a n im a ls  was d ia ly s e d  a g a in s t  a  s a l i n e  h a v in g
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a n  i o n i c  c o m p o s i t i o n  i d e n t i c a l  to  t h a t  o f  AHW a n i m a l s .  I n  a  s e c o n d  

e x p e r im e n t , b lo o d  from  BHW a n im a ls  was d ia ly s e d  a g a in s t  a n o th e r  s a l i n e  

w h ich  had  an  io n ic  c o m p o s i t io n  i d e n t i c a l  t o  th e  f i r s t  e x c e p t  t h a t  th e  

c o n c e n t r a t io n  o f  c a lc iu m  io n s  was in c re a s e d  to  th e  sam e c o n c e n t r a t io n  

a s  i n  t h e  b lo o d  o f  BHW a n im a ls .  A c o n t r o l  e x p e r i m e n t  w as a l s o  

p e r f o r m e d  i n  w h ic h  b lo o d  f ro m  BHW a n im a ls  w as d i a l y s e d  a g a i n s t  a  

p h y s io lo g ic a l  s a l i n e  th e  i o n ic  co m p o s itio n  o f  w h ich  was i d e n t i c a l  to  

t h a t  o f  th e  b lo o d  o f  BHW a n im a ls . The b lo o d  sa m p le s  w ere  d i a ly s e d  f o r  

24 h o u rs  a t  5^C in  500 m l o f  s a l i n e  s o lu t io n .  The s o lu t i o n  w as g e n t ly  

s t i r r e d  d u r in g  th e  d i a l y s i s  p e r io d  and w as a l s o  c o v e re d  t o  m in im is e  

e v a p o r a t i v e  w a t e r  l o s s .  F o l lo w in g  a i a l y s i s ,  d i s s o c i a t i o n  c u rv e s  f o r  

e a c h  o f  th e  b lo o d  s a m p le s  w ere  c o n s tru c te d  u s in g  th e  above p ro c e d u re .

5 .3  RESULTS

5 .3 .1  I o n ic  c o n p o s i t io n  o f  th e  b lood

Mean v a lu e s  f o r  th e  c o n c e n t r a t io n  o f  Na'*’, K"*”, C a^^, Mg^^ and C l“  

io n s  i n  p o o led  b lo o d  s a m p le s  o f  0 ^  g a m m are llu s  and  0 ^  m e d i te r r a n e a  a r e  

g iv e n  i n  T a b le  5.1. T h e re  w ere  o n ly  sm a ll  d i f f e r e n c e s  in  c o n c e n t r a t io n  

b e tw e e n  t h e s e  tw o  s p e c i e s ,  n o n e  o f  w h ic h , w i t h  t h e  e x c e p t i o n  o f  t h e  

C l”  an d  Na"  ̂ i o n  c o n c e n t r a t i o n s ,  w e re  s i g n i f i c a n t l y  d i f f e r e n t .  The 

c o n c e n t r a t io n  o f  Na"  ̂ and C l”  io n s  in  th e  b lo o d  o f  0^  m e o i te r r a n e a  w as 

som ew hat lo w e r th a n  in  0^  g a m m are llu s .

T h e  v a l u e s  i n  T a b le  5 .1  a r e  f o r  b lo o d  s a m p le s  o b t a i n e d  f ro m  

a n i m a l s  c o l l e c t e d  f ro m  t h o s e  a r e a s  o f  t h e  s h o r e  a t  w h ic h  t h e y  w e re  

m o st ab u n d an t and have  t h e r e f o r e  been ta k e n  t o  r e p r e s e n t  t h e  t y p i c a l  

c o n c e n t r a t i o n s  o f  t h e s e  i o n s  i n  t h e  b lo o d  o f  t h e s e  tw o  s p e c i e s .  

O r c h e s t i a  g a m m a r e l lu s  w e re  o c c a s i o n a l l y  f o u n d ,  h o w e v e r ,  i n  s m a l l  

g r o u p s  u n d e r  l a r g e  r o c k s  o r  s h o r e  d e b r i s  m u ch  h i g h e r  i n  t h e
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TAB. 5 .1  T he c o n c e n t r a t i o n  o f  t h e  m a jo r  i o n s  a n d  o f  p r o t e i n  i n  

th e  b lo o d  o f  O r c h e s t ia  g a m m a re llu s  and 0^  m e d i te r r a n e a  c o l l e c t e d  

fro m  th e  m id d le  o f  t h e i r  d i s t r i b u t i o n s  on th e  s h o re . V a lu e s  a r e  

m e a n s  + S.D. o f  5 a n d  3 p o o le d  b lo o d  s a m p le s  r e s p e c t i v e l y .  I n  

v iv o  pH v a l u e s  f o r  t h e  b lo o d  o f  b o th  s p e c i e s  a r e  a l s o  g i v e n  (n = 

1 0 - 1 5 ) .

0 .  gam m are llu s 0 .  m e d i te r r a n e a

Na"*" mmol.l'"̂ 5 4 8 .8  + 4 6 .8 5 0 0 .3  + 2 6 .0

K+ 1 7 .9  + 2 .7 1 5 .6  + 1 .2

Câ + 1 5 .5  + 3 .2 1 3 .4  + 2 .5

2 3 .9  + 4 .0 2 1 .8  + 2 .0

Cl" 5 5 8 .2  + 5 9 .1 4 9 2 .0  + 3 .1

Total protein mg.ml"̂ 2 2 .1  + 1 .5 2 3 .0  + 1 .7

pH 7 .8 3  + 0 .1 6 7 .8 7  + 0 .1 0
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s u p r a l i t t o r a l  zone (AHW a n im a ls )  (see  a l s o  c h a p te r  5). A lth o u g h  th e y  

w ere  n o t  ab u n d an t a t  th e s e  l o c a t io n s ,  b lood  sa m p le s  w ere o b ta in e d  from  

t h e s e  a n i m a l s  t o  c o m p a re  i o n i c  c o m p o s i t i o n  w i t h  t h a t  o f  p o o le d  

sa m p le s  from  th e  lo w e r  s h o re  BHW a n im a ls  H ie r e s u l t s  o f  th e s e  a n a ly s e s  

a r e  p r e s e n te d  in  T a b le  5 .2 .

The c o n c e n t r a t io n s  o f  th e  m ajor io n s  in  th e  b lood  o f  BHW a n im a ls

( T a b le  5 .2) w e re  a l m o s t  i d e n t i c a l  t o  t h o s e  i n  t h e  b lo o d  o f  a n i m a l s

c o l l e c t e d  from  th e  m id d le  o f  t h e i r  o cc u p ie d  zone on th e  s h o re  (T ab le

5 .1 ). The c o n c e n t r a t io n s  o f  th e s e  io n s , h ow ever, w ere v e ry  d i f f e r e n t

from  th o s e  in  b lo o d  s a m p le s  from  AHW a n im a ls . The c o n c e n t r a t io n s  o f

Na"*”, C l”  a n d  C a^^  i o n s  i n  p a r t i c u l a r  w e re  v e r y  m uch lo w e r  i n  t h e

b lo o d  o f  AHW a n im a ls . The r e d u c t io n  in  th e  c o n c e n t r a t io n s  o f  Câ "** and 

2+Mg io n s  in  th e  b lo o d  o f  AHW a n im a ls  was e s p e c i a l l y  i n t e r e s t i n g  s in c e  

t h e s e  i o n s  a r e  know n t o  p l a y  an  i m p o r t a n t  r o l e  i n  m o d u la t in g  t h e  

r e s p i r a t o r y  p r o p e r t i e s  o f  t h e  h a e m o c y a n in  ( T r u c h o t ,  1 9 7 3 , 1 9 75 ; 

W e ila n d  an d  M angum, 1 9 7 5 ; Mangum and  T o w le , 1 9 77 ; B ro w e r e ^  a l . ,  

1 9 7 8 ; M ason e t  £ l . ,  1 9 8 3 ) . The r e s u l t s  o f  i n v e s t i g a t i o n s  o f  t h e  

e f f e c t s  o f  th e  d i f f e r e n c e s  in  io n ic  c o m p o s itio n  o f  th e  b lood  on haemo

c y a n in  oxygen t r a n s p o r t  a r e  g iv e n  below .

5 .3 .2  B lood p r o t e i n  and  oxygen  c a r ry in g  c a p a c i ty

V a lu e s  f o r  in  v iv o  pH, p r o t e i n  and  h a e m o c y a n in  o x y g e n  c a r r y i n g  

c a p a c i ty  (C^qy^ 2  ̂ o f  th e  b lo o d  o f  g a m m a re llu s  and 0^ m e d i te r r a n e a  

a r e  a l s o  show n  i n  T a b le  5 .1 . No s i g n i f i c a n t  d i f f e r e n c e s  w e re  fo u n d  

b e tw e en  th e s e  v a lu e s  in  th e  tw o s p e c ie s  ( t - t e s t ,  P=0.05). T h e re  was a  

s l i g h t  d i f f e r e n c e  i n  t h e  p r o t e i n  c o n c e n t r a t i o n  o f  t h e  b lo o d  o f  Q. 

g a m m a r e l lu s  c o l l e c t e d  f ro m  w e l l  ab o v e  t h e  H ig h  W a te r  M ark (AHW 

a n im a ls )  an d  t h a t  o f  a n i m a l s  c o l l e c t e d  f ro m  t h e  m id d le  o f  t h e i r  

d i s t r i b u t i o n  on  t h e  s h o r e  b u t  t h i s  d i f f e r e n c e  was n o t s t a t i s t i c a l l y
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TAB. 5 .2  T he c o n c e n t r a t i o n s  o f  t h e  m a jo r  i o n s  a n d  o f  t o t a l  

p r o t e i n  i n  t h e  b lo o d  o f  O r c h e s t i a  g a m m a r e l lu s  c o l l e c t e d  f ro m  

a b o v e  MHWN (AHW a n im a ls )  an d  f ro m  t h e  lo w e r  l i m i t  o f  t h e i r  

d i s t r i b u t i o n  on th e  s h o re  (BHW a n im a ls ) .  V a lu e s  a r e  m eans + SJD. 

(n = 10) f o r  p o o le d  b lo o d  s a m p le s .  ^  v i v o  pH v a l u e s  f o r  t h e  

b lo o d  o f  AHW a n im a ls  a r e  a l s o  shown.

BHW a n im a ls  AHW a n im a ls

Na'*’ m rao l.l"^ 550 .7  + 2 8 .2 3 4 7 .0  + 1 7 .8

K+ 1 8 .4  + 1 .5 1 4 .1  + 0 .8

Ca^+ 1 7 .1  -  3 -4 9 .2  + 2 .2

M92+ 2 4 .3  + 2 .9 1 9 .1  + 3 .3

c r 5 6 7 .1  ^  31 .7 2 7 9 .3  + 1 4 .2

T o ta l  p r o t e i n  mg.ml V 2 2 .4  + 2 .9 2 7 .1  + 6 .3

pH 7 .8 3  + 0 .1 6 7 .6 3  + 0 .1 2

S%



s i g n i f i c a n t  (T a b le  5 .1 ) .  I t  w as fo u n d , h o w e v e r ,  t h a t  t h e  pH o f  t h e  

b lo o d  o f  AHW a n im a ls  w as s i g n i f i c a n t l y  lo w e r th a n  t h a t  o f  BHW a n im a ls  (J?<oo 

( T a b le  5 .2 ) .

The oxygen c a r r y in g  c a p a c i ty  o f  th e  haem ocyan in  (C^CY^2) b o th  

s p e c i e s  w as q u i t e  lo w , 0 .74  + 0 .20 (n = 40) an d  0 .69  + 0 .1 6  (n = 26) 

ml.lOO ml ^ (0.33 ^ m o l.m l ^ and 0.31 ^umol.ml” ^) in  0^ g a m m a re llu s  and

0 . m e d i t e r r a n e a  r e s p e c t i v e l y .  T h e re  w as no s i g n i f i c a n t  d i f f e r e n c e  

b e tw e e n  t h e s e  v a l u e s  ( t - t e s t ,  P = 0 .0 5 ). C a l c u l a t i o n s  o f  t h e  o x y g e n  

c a r r y in g  c a p a c i ty  from  th e  v a lu e s  f o r  p r o t e i n  c o n c e n t r a t i o n s  o f  t h e  

b lo o d  w e re  w o rk e d  o u t  by  a s s u m in g  t h a t  h a e m o c y a n in  r e p r e s e n t e d  

a p p ro x im a te ly  80% o f  th e  t o t a l  p r o te in  c o n te n t  o f  th e  b lo o d  (W ie se r ,

1965) and t h a t  th e  oxygen b in d in g  s i t e  in  t h i s  s p e c ie s  h as  a  m o le c u la r  

w e i g h t  o f  7 5 ,0 0 0  d a l t o n s  i n  common w i t h  m any o t h e r  c r u s t a c e a n s  

(M angum , 1 9 8 3 a ) . The c a l c u l a t e d  v a lu e s  t h u s  o b t a i n e d  w e re  i n  g o o d  

a g re e m e n t w i th  th e  m easu red  v a lu e s .

5 .3 .3  Lack o f  p ig m en t i n  0 ^  m e d ite r ra n e a

D uring  t h i s  s tu d y  i t  w as o c c a s io n a l ly  found t h a t  th e  b lo o d  o f  0 . 

m e d i te r r a n e a  was a lm o s t  c o m p le te ly  la c k in g  in  haem ocyanin . The p r o t e i n  

c o n c e n t r a t i o n  o f  s u c h  b lo o d  w as e x t r e m e l y  lo w  (0 .05  m g .m l” ^) a n d  

o x y g e n  d i s s o c i a t i o n  c u r v e s  c o n s t r u c t e d  f o r  t h i s  b lo o d  w e re  n o t  

s i g m o i d a l  ( F ig .  5 .2 ) .  When t h e  b lo o d  w as e q u i l i b r a t e d  a g a i n s t  g a s  

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

t o t a l  o x y g e n  c o n t e n t  o f  t h e  b lo o d  c a l c u l a t e d ,  a  s im p l e  l i n e a r  

r e l a t i o n s h i p  w as o b ta in e d  w h ich  was a lm o s t  i d e n t i c a l  to  t h a t  o b ta in e d  

u s in g  e i t h e r  s e a w a te r  o r  a  p h y s i o l o g i c a l  s a l i n e  s o l u t i o n .  B lo o d  

s a m p le s  ta k e n  a b o u t tw o m on ths l a t e r  (May) from  th e  same p o p u la t io n  o f  

a n i m a l s  h a d  n o rm a l  o x y g e n  c a r r y i n g  c a p a c i t i e s  an d  g a v e  t y p i c a l l y  

s ig m o id a l  d i s s o c i a t i o n  c u rv e s .
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FIG . 5 .2  T he m ean  o x y g e n  c a r r y i n g  c a p a c i t y  o f  t h e  b lo o d  o f  

O r c h e s t ia  g a m m a re llu s  and m e d i te r ra n e a  w as a p p ro x im a te ly  1.2 

ml.lOO m l"^ . I t  w as fo u n d , how ever, t h a t  in  many n ew ly  m o u lte d  0. 

m e d i te r ra n e a  (■) th e  b lo o d  c o n ta in e d  v e ry  l i t t l e  h aem o cy an in  w i th  

t h e  r e s u l t  t h a t  t h e  o x y g e n  c a r r y i n g  c a p a c i t y  o f  t h e  b lo o d  w as 

v e ry  low  and d i f f e r e d  l i t t l e  from  t h a t  o f  s e a  w a te r  (O).
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5 .3 .4  Oxygen d i s s o c i a t i o n  c u rv e s

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

g a m m a r e l lu s  a t  lü ^C  a r e  show n in  F ig .  5 .3 . T h e re  w as v e r y  l i t t l e  

d i f f e r e n c e  i n  e i t h e r  t h e  o x y g en  a f f i n i t y  o r  t h e  s i z e  o f  t h e  B oh r 

e f f e c t  b e tw e e n  t h e  tw o  s p e c i e s .  The b lo o d  o f  0 ^  g a m m a r e l lu s  a n d  

Q .m e d ite r ra n e a  had a  m o d e ra te ly  h ig h  oxygen a f f i n i t y .  The P^q m easu red  

a t  t h e  i n  v iv o  pH (pH = 7 .8) w as 9.7 and  10 ,3  T o r r  i n  0 . g a m m a r e l lu s  

and  0 . m e d i te r r a n e a  r e s p e c t iv e ly .  The r e l a t i o n s h i p s  be tw een  P^q and  pH 

o f  t h e  b lo o d  o f  0 .  g a m m a r e l lu s  and  0 . m e d i t e r r a n e a  a r e  show n  i n  P ig .  

5 .4 . The b lo o d  o f  b o th  s p e c ie s  d e m o n s tra te d  a  n o rm a l Bohr e f f e c t .  The 

B ohr f a c t o r  (A log P ^ g /A p H )  a t  lO^C h ad  a  v a lu e  o f  - 0 .8 4  i n  0 .  

g a m m a re llu s  and -0 .8 1  in  0^ m e d ite r ra n e a . C o v a ria n c e  a n a ly s i s  o f  th e s e  

d a ta  d e m o n s tra te d  t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  in  th e  s i z e  

o f  t h e  B ohr f a c t o r  b e tw e e n  th e  tw o  s p e c i e s .  I n  0 . g a m m a r e l lu s  an d  Q. 

m e d i t e r r a n e a n t n e  o x y g e n  a f f i n i t y  o f  t h e  b lo o d  r e m a in e d  a l m o s t  

i n d e p e n d e n t  o f  t e m p e r a t u r e  in  t h e  r a n g e  10 -  IB^C (F ig . 5 .4 ) .  A t pH = 

7 .8  t h e  c a l c u l a t e d  v a l u e s  f o r  a' h b e tw e e n  10 -  18^0  w e re  - 1 1 .7  a n d  -

21.3 kJ.mole*"^ in  0^ g a m m a re llu s  and 0^ m e d i te r ra n e a  r e s p e c t iv e ly .

The c o o p e r a t i v i t y  (n^g) o f  th e  haem ocyan in  in  b o th  O .g am m are llu s  

a n d  0 ^  m e d i t e r r a n e a  w as q u i t e  low  an d  w as l a r g e l y  i n d e p e n d e n t  o f  pH 

w i t h i n  t h e  pH r a n g e  7 .2  -  8 .2 . C o o p e r a t i v i t y  a l s o  a p p e a r e d  t o  b e  

u n a f f e c te d  by te m p e ra tu re  w i th in  th e  ran g e  10 -  18^C. The mean v a lu e s  

f o r  n^Q i n  0 .  g a m m a r e l lu s  an d  in  0 . m e d i t e r r a n e a  w e re  3 .00  + 0 .2 8  a n d  

2 .9 4  + 0 .4 2  r e s p e c t i v e l y .

5 .3 .5  F u r th e r  s tu d i e s  on 0 .  gam m arellus

S in c e  th e  b lo o d  o b ta in e d  from  0^ g a m m a re llu s  l i v i n g  h ig h  on th e  

s h o re  (AHW a n im a ls )  had an  io n ic  c o m p o s itio n  v e ry  d i f f e r e n t  from  t h a t  

o f  a n im a ls  c o l l e c t e d  from  th e  lo w er l i m i t s  o f  d i s t r i b u t i o n ,  f u r t h e r  

s t u d i e s  w ere  c a r r i e d  o u t  t o  com pare th e  r e s p i r a t o r y  p r o p e r t i e s  o f  th e
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F IG . 5 .3  O xygen  d i s s o c i a t i o n  c u r v e s  f o r  t h e  b lo o d  o f  O r c h e s t i a  

g a m m a r e l lu s .  The c u r v e s  w e re  c o n s t r u c t e d  a t  lO^C an d  t h e  pH o f  

t h e  b lo o d  w as a l t e r e d  by a d j u s t i n g  t h e  p e r c e n t a g e  o f  CO2 i n  t h e  

g a s  m ix tu re s  w i th  w h ich  th e  b lood  w as e q u i l i b r a t e d .
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F IG . 5 .4  T he e f f e c t  o f  t e m p e r a t u r e  on  t h e  r e l a t i o n s h i p  b e tw e e n  

P^Q a n d  pH f o r  t h e  b lo o d  o f  A) O r c h e s t i a  g a m m a r e l lu s  a n d  B) 0 . 

m e d i t e r r a n e a . V a l u e s  o f  P ^ q w e r e  o b t a i n e d  f r o m  o x y g e n  

d i s s o c i a t i o n  c u r v e s  c o n s t r u c t e d  a t  10 (a ) ,  15 (•) an d  18 (■) ^C. 

V a lu e s  o f  n^Q o b ta in e d  from  th e  sam e c u rv e s  a r e  a l s o  g iv e n .
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haem ocyan in  in  th e s e  tw o g ro u p s  o f  a n im a ls .

The l a c t a t e  c o n c e n t r a t io n s  in  th e  p o o le d  b lo o d  s a m p le s  from  th e  

tw o  g ro u p s  o f  a n im a ls  w ere  low  (0.28 and 0.37 m m ol.l"^  in  AHW and BHW 

a n i m a l s  r e s p e c t i v e l y ) .  The r e l a t i o n s h i p s  b e tw e e n  P^q  a n d  pH in  b o th  

AHW and BHW a n im a ls  a r e  shown in  F ig u re  5.5 to g e th e r  w i th  v a lu e s  fo r  

c o o p e r a t i v i t y  (n^g). I t  i s  c l e a r  from  th e s e  d a ta  t h a t  th e  haem ocyan in  

o f  AHW a n im a ls  h ad  a  m uch lo w e r  o x y g e n  a f f i n i t y  t h a n  t h a t  o f  BHW 

a n im a ls .  A t a  c o n s ta n t  ^  (7 .8), th e  haem ocyanin  o f  AHW a n im a ls  had a  

P^Q o f  14 .5  T o r r  w h e r e a s  i n  BHW a n im a l s  t h e  Pi^q w as 9 .y T o r r .  The in  

v iv o  p à  o f  th e  b lo o d  o f  AHW a n im a ls  w as, how ever, s i g n i f i c a n t l y  lo w e r 

(pH = 7 .6) t h a n  t h a t  o f  BHW a n im a l s  (pH = 7 .8 ) .  A t t h e  i n  v iv o  pH, t h e  

o x y g e n  a f f i n i t y  o f  t h e  h a e m o c y a n in  w as e v e n  lo w e r  (P^q = 2 0 .5  T o r r ) .  

C o v a r ia n c e  a n a ly s i s  o f  th e s e  d a ta  showed t h a t ,  a l th o u g h  t h e r e  was no 

s i g n i f i c a n t  d i f f e r e n c e  i n  th e  s lo p e s  o f  th e  r e g r e s s io n  l i n e s  f i t t e d  t o  

th e  d a t a ,  th e  e l e v a t i o n s  o f  th e  l i n e s  w ere  s i g n i f i c a n t l y  d i f f e r e n t  (P 

< 0 .05 ). Thus, a lth o u g h  th e  oxygen a f f i n i t y  o f  th e  r e s p i r a t o r y  p ig m e n t 

d id  d i f f e r  be tw een  th e  tw o g ro u p s  o f  a n im a ls ,  th e r e  w as no s i g n i f i c a n t  

d i f f e r e n c e  in  th e  m a g n itu d e  o f  th e  Bohr e f f e c t .  The mean Bohr v a lu e ,  

c a l c u l a t e d  f ro m  t h e  c o v a r i a n c e  a n a l y s i s  w as - 0 .8 4  w h ic h  w as  v e r y  

s i m i l a r  t o  t h e  v a lu e  o b t a i n e d  f o r  t h e  b lo o d  o f  0 ^  g a m m a r e l lu s  

c o l l e c t e d  from  th e  m id d le  o f  t h e i r  l i t t o r a l  d i s t r i b u t i o n .

E x p e rim en ts  w ere  a l s o  c a r r i e d  o u t  to  i n v e s t i g a t e  to  w hat e x te n t  

t h e  o b s e r v e d  d i f f e r e n c e s  i n  t n e  i o n i c  c o m p o s i t i o n  o f  t h e  b lo o d  w e re  

r e s p o n s ib le  f o r  th e  lo w e r  oxygen a f f i n i t y  o f  th e  haem ocyan in  o f  AHW 

a n i m a l s .  The r e s u l t s  o f  t h e s e  e x p e r i m e n t s ,  i n  w h ic h  b lo o d  f ro m  BHW 

a n im a ls  was d ia ly s e d  a g a i n s t  p h y s i o l o g i c a l  s a l i n e  s o l u t i o n s  h a v in g  

d i f f e r i n g  i o n i c  c o m p o s i t i o n s  a r e  p r e s e n t e d  in  F ig .  5 .6 . When b lo o d  

from  BHW a n im a ls  w as d i a ly s e d  a g a in s t  a  p h y s io lo g ic a l  s a l i n e  h a v in g  an  

io n i c  c o m p o s itio n  i d e n t i c a l  t o  t h a t  o f  th e  b lood  o f  AHW a n im a ls ,  th e
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F IG . 5 .5  T he r e l a t i o n s h i p  b e tw e e n  P ^ q and  pH f o r  t h e  b lo o d  o f  

Q r c h e s t i a  g a m m a re llu s  c o l l e c t e d  from  th e  upper (O) and lo w e r  (#) 

l i m i t s  o f  t h e i r  l i t t o r a l  d i s t r i b u t i o n  (AHW and  BHW a n i m a l s  

r e s p e c t i v e l y ) .  V a lu e s  f o r  n^Q a r e  a l s o  g iv e n .  F o r  f u r t h e r  

d e t a i l s ,  s e e  t e x t .
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PIG . 5 .6  T he  r e l a t i o n s h i p  b e tw e e n  P^q  a n d  pH f o r  t h e  b lo o d  o f  

Q r c h e s t i a  g a m m a re llu s  c o l l e c t e d  from  th e  u j ç e r  (o) and lo w e r  (#) 

l i m i t s  o f  t h e i r  l i t t o r a l  d i s t r i b u t i o n  (AHW an d  BHW a n i m a l s  

r e s p e c t i v e ly ) .  D a ta  a r e  a l s o  p r e s e n te d  f o r  b lo o d  from  BHW a n im a ls  

w h ich  had been  d i a ly s e d  a g a in s t  a  p h y s io lo g ic a l  s a l i n e  h a v in g  an  

i o n ic  c o m p o s i t io n  i d e n t i c a l  to  t h a t  o f  th e  b lo o d  o f  AHW a n im a ls  

(A) ,  a n d  a g a i n s t  a n o t h e r  s a l i n e  h a v in g  an  i d e n t i c a l  i o n i c  

c o m p o s i t i o n  e x c e p t  t h a t  t h e  c o n c e n t r a t i o n  o f  C a^^  i o n s  w as 

in c r e a s e d  t o  th e  sam e c o n c e n t r a t io n  m easu red  in  th e  b lo o d  o f  BHW 

a n im a ls  (A). For f u r t h e r  d e t a i l s ,  s e e  t e x t .
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r e l a t i o n s h i p  b e tw e e n  t h e  P ^ q a n d  pH w as a lm o s t  i d e n t i c a l  t o  t h a t  

o b ta in e d  f o r  w hole (u n d ia ly se d )  b lood  o f  AHW a n im a ls . U n f o r tu n a te ly ,  

o n ly  a  few  d a ta  c o u ld  be o b ta in e d  from  d ia ly s e d  b lo o d  due  to  th e  s m a l l  

vo lum e o f  b lood  a v a i l a b l e .  N e v e r t h e l e s s ,  c o v a r i a n c e  a n a l y s i s  sh o w e d  

t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  b e tw een  e i t h e r  t h e  s lo p e s  o r  

th e  e l e v a t io n s  o f  th e  c a l c u l a t e d  r e g r e s s io n  l in e s .

When b lood  from  BHW a n im a ls  was d ia ly s e d  a g a in s t  a  f ^ y s i o l o g i c a l  

s a l i n e  b ased  on th e  i o n ic  c o m p o s itio n  o f  th e  b lood  o f  AHW a n im a ls  b u t  

h a v in g  a  Ca io n  c o n c e n t r a t io n  i d e n t i c a l  t o  t h a t  o f  BHW a n im a ls ,  th e  

oxygen a f f i n i t y  o f  th e  b lo o d  w as in c re a s e d . The r e g r e s s io n  l i n e  f i t t e d  

t o  th e s e  d a ta  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from  th e  l i n e  f i t t e d  t o  

t h e  d a t a  f o r  w h o le  ( u n d ia ly s e d )  b lo o d  f ro m  BHW a n im a ls  ( c o v a r i a n c e  

a n a l y s i s  P = 0 .0 5 ) . A c o n t r o l  e x p e r im e n t  i n  w h ic h  b lo o d  f ro m  BHW 

a n im a ls  was d ia ly s e d  a g a i n s t  a  p h y s io lo g ic a l  s a l i n e  h a v in g  an  io n ic  

c o m p o s i t i o n  i d e n t i c a l  t o  t h a t  o f  BHW a n im a ls  w as c a r r i e d  o u t .  T he 

r e l a t i o n s h i p  be tw een  P^q and pH o b ta in e d  f o r  t h i s  d ia ly s e d  b lo o d  d id  

n o t  d i f f e r  s i g n i f i c a n t l y  from  t h a t  o b ta in e d  fo r  w hole b lo o d  fro m  th e s e  

a n im a ls .

5 .4  DISCUSSION

5 .4 .1  I o n i c  c o m p o s i t i o n  o f  0 ^  g a m m a r e l lu s  an d  CU m e d i t e r r a n e a  

haeno lyn$h

The r e l a t i v e  p r o p o r t io n s  o f  io n s  i n  b o th  Q r c h e s t ia  s p e c i e s  w as 

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

c o m p a rab le  t o  t h a t  o f  many o f  th e  decapod and isopod  s p e c ie s  exam in ed  

t o  d a t e .  The b lo o d  m a g n e s iu m  c o n c e n t r a t i o n  w as l e s s  t h a n  h a l f  t h a t  

fo u n d  i n  n o rm a l  s e a  w a t e r .  T h i s  i s  a  common f e a t u r e  o f  m any a q u a t i c  

a n d  t e r r e s t r i a l  c r u s t a c e a n s  ( R o b e r t s o n ,  1 9 4 9 ;  M c L u s k y , 1 9 6 8 ;  

L a g a r r ig u e ,  1969; M ason, 1970). I t  sh o u ld  be n o ted  t h a t  th e  v a lu e s  f o r
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t h e  io n s  in  Q rc h e s t ia  haem olym ph a r e  s i m i l a r  t o  t h a t  o f  v a r io u s  L ig ia  

s p e c i e s  ( P a r r y ,  1953 ; L a g a r r i g u e ,  1 9 6 9 ) . L i g i a  i n h a b i t s  a  l e v e l  on  

t h e  s h o r e  c o m p a ra b le  t o  t h a t  o f  Q r c h e s t i a  ( s e e  c h a p t e r  2 ) .  I t  m ay b e  

t h a t  t h e  im m ed ia te  s u r ro u n d in g s  o f  th e s e  a n im a ls  may be " s a l t - l a d e n "  

d u e  t o  e v a p o r a t i o n .  I f  t h i s  w e re  s o ,  i t  w o u ld  h e lp  t o  e x p l a i n  t h e  

v a r i a n c e  in  b lood  sodium  c o n c e n t r a t io n  m easu red  in  c h a p te r  6 and  th e  

p r e s e n t  c h a p te r .

R o b e r tso n  (1949) fo u n d  t h a t  m ore a c t i v e  c ru s ta c e a n  s p e c i e s  had

low  b lo o d  m agnesium  c o n c e n t r a t io n s .  He s u b s e q u e n tly  p u t  fo rw a rd  th e

t h e o r y  t h a t  d e c r e a s e d  b lo o d  m a g n e s iu m  an d  i n c r e a s e d  a c t i v i t y  w e re

c a u s a l ly  r e l a t e d  (R o b e rtso n , 1953). I n  t h i s  p a p e r  he q u o te s  e x a m p les

o f  s t u d i e s  in  w hich n e u ro m u sc u la r  t r a n s m is s io n  had been im p a ire d  by

in c r e a s in g  haemolymph m agnesium . B o th  Q r c h e s t i a  s p e c i e s  h a v e  b lo o d

m a g n e s iu m  c o n c e n t r a t i o n s  b e tw e e n  t h a t  o f  R o b e r t s o n 's  " a c t i v e "

(N e p h r o p s , 17 .8  m e q .l” ^ Mg^+) an d  " p a s s i v e "  (L i th o d e s  1 0 4 .4  m e q . l” ^ 

9+Mg ) C r u s t a c e a .  A r e c e n t  s tu d y  on  t h e  i n t e r t i d a l  p r a w n , P a la e m o n  

e le g a n s  seem s to  s t r e n g th e n  th e  e v id e n c e  f o r  a  r e l a t i o n s h i p  b e tw e e n  

low  m agnesium  c o n c e n t r a t io n s  and in c re a s e d  a c t i v i t y  r a t e s  (R am irez de  

I s l a  H ernandez and T a y lo r ,  1985).

R o b e r ts o n  (1953) a l s o  fo u n d  t h a t  t h e  e f f e c t  o f  t h e  m a g n e s iu m  

io n  w a s  c o u n t e r a c t e d  by t h e  p r e s e n c e  o f  c a lc iu m  in  t h e  b lo o d .  I n  

s p id e r  c r a b s ,  th e  Ca^'^/Mg^^ r a t i o  v a r ie d  be tw een  0.19 and 0.31 w h i le  

i n  t h e  r e m a in in g  d e c a p o d s  t h e  C a^^ /M g ^^  r a t i o  w as 0 .3 9 - 2 .0 .  T he  

C a ^ ^ /M g ^ ^  r a t i o s  c a l c u l a t e d  f o r  Q. g a m m a r e l lu s  an d  Q. m e d i t e r r a n e a  

w ere  0.68 and 0.59 r e s p e c t i v e ly ,  p la c in g  b o th  t a l i t r i d s  in  th e  l a t t e r  

c a t e g o r y .  I n  t h e  m o re  t e r r e s t r i a l  a r t h r o p o d s  s u c h  a s  w o o d l i c e ,  

s c o r p i o n s  a n d  s p i d e r s  ( a n d  som e f r e s h  w a te r  c r a y f i s h ) ,  t h e  b lo o d  

c a lc iu m  i s  a t  l e a s t  2.5 t im e s  g r e a t e r  th a n  th e  b lood  m agnesium  (Gondko 

e t  a l . ,  1 9 8 4 ). T h i s  i s  f a r  g r e a t e r  t h a n  w as fo u n d  i n  e i t h e r  o f  t h e  

t a l i t r i d s  exam ined .
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I t  i s  e x p e c t e d  t h a t  a  h a l o p h i l o u s  s p e c i e s  w o u ld  d i s p l a y ,  f o r  

t h e  m a in  i o n s ,  a  c o n c e n t r a t i o n  h ig h e r  t h a n  a  n o n - h a l o p h i  1 i c  s p e c i e s  

( L a g g a r i q u e ,  1 9 6 9 ) .  T h i s  i s  b o r n e  o u t  i n  a  c o m p a r i s o n  o f  0 .  

g a m m a re llu s  from  th e  e x tre m e  edge o f  i t s  zone w ith  v a r io u s  f r e s h - w a te r  

am g ^ ip o d s and m ore f u l l y  t e r r e s t r i a l  iso p o d s  su ch  a s  F or c e l l  i o  s p e c ie s  

( L a g a r r iq u e ,  1 9 6 9 ) . I n  O n is c u s  a s s e l l u s  a n d  P o r c e l l i o  s c a b e r , a l l  o f  

t h e  i o n s  m e a s u r e d ,  t o g e t h e r  w i th  t h e  o s m o t ic  p r e s s u r e  o f  t h e  b lo o d ,  

w e re  a p p r o x i m a t e ly  h a l f  t h a t  o f  th e  s e m i - t e r r e s t r i a l  L i g i a  s p e c i e s  

( L a g a r r iq u e ,  1 9 6 9 ) . I t  c o u ld  be s u g g e s t e d ,  t h e r e f o r e ,  t h a t  t h e  

o b se rv e d  change in  0 ^  g a m m a re llu s  haem olym ph, ta k e n  from  a n im a ls  a t  

t h e  e x t r e m e s  o f  t h e i r  v e r t i c a l  d i s t r i b u t i o n ,  w as t h e  r e s u l t  o f  a  

s im p le  d i l u t i o n  e f f e c t .

5 .4 .2  B lood pH

T he Jui v iv o  pH v a l u e s  o f  haem o lym ph  f ro m  b o th  Q r c h e s t i a  s p p . 

f a l l  w e l l  w i t h i n  t h e  r a n g e  o f  v a lu e s  r e p o r t e d  f o r  o t h e r  c r u s t a c e a n s  

(Mangum a n d  S h ic k ,  1 9 7 2 ; S e v i l l a  an d  L a g a r r i q u e ,  1 9 7 9 ; J o k u m s e n  e t  

a l . ,  1 9 8 1 ) . T h i s  i s  e v e n  a l l o w i n g  f o r  v a r i a t i o n s  i n  e x p e r i m e n t a l  

te m p e ra tu re ;  d i f f e r e n c e s  o f  w hich  w i l l  i n e v i t a b l y  a f f e c t  pH (H ow ell e t  

a l . ,  1 9 7 3 ) . The r e s u l t s  r e p o r t e d  h e r e  s t r e n g t h e n  t h e  s u g g e s t i o n  t h a t  

t h e r e  i s  a  d e g r e e  o f  h o m o g e n e i ty  i n  t h e  b lo o d  pH o f  t h e  C r u s t a c e a  

( S e v i l l a  and L a g a r r iq u e ,  1979).

5 .4 .3  Qxygen c a r r y in g  c ^ ) a c i t y

The t o t a l  oxygen  c a r r y in g  c a p a c i ty  ( d is s o lv e d  + bound oxygen) o f  

th e  b lo o d  o f  b o th  s p e c i e s  was q u i t e  low  (1.23 ml.lOOral ^) and d id  n o t  

d i f f e r  s i g n i f i c a n t l y  b e tw e en  0^  g am m a re llu s  and m e d i te r r a n e a .  T h is  

v a l u e  c o m p a re s  c l o s e l y  w i t h  t h e  v a lu e  o f  1 .8  m l.1 0 0 m l ^ i n  t h e  

a q u a t i c  i s o p o d  M e s io d o th e a  e n to m o n  (H agerm an a n d  Q k sam a, 1985) an d

1 i n  th e  s u p r a l i t t o r a l  s p e c ie s ,  L ig ia  o c e a n ic a  (J .I .S . , 
1.61 m l.lOOml"^
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u n p u b l ,  o b s . ) , t h e  o n l y  s p e c i e s  o f  i s o p o d  f o r  w h i c h  w e h a v e  

in fo r m a t io n .  Much m ore i s  known, how ever, a b o u t th e  oxygen  c a r r y in g  

c a p a c i t y  o f  t h e  b lo o d  o f  d e c a p o d  C r u s ta c e a  ( s e e  r e v i e w  o f  M angum, 

1983a). W ith in  th e  d e c a p o d s , th e  oxygen c a r r y in g  c a p a c i ty  o f  th e  b lo o d  

i s  c h a r a c t e r i s t i c a l l y  lo w , e s p e c i a l l y  a m o n g s t t h e  a q u a t i c  s p e c i e s  

( r a n g e  1 - 2  m l,1 0 0 m l ^ ) , a l t h o u g h  s l i g h t l y  h ig h e r  v a l u e s  h a v e  b e e n  

re c o rd e d  f o r  some n a t a n t  s p e c ie s  (Hagerman and W eber, 1981; W eber and 

H a g e rm a n , 1982 ; M o r r i s  e t  a l . ,  1 9 8 5 ). I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  

lo w  o x y g e n  c a r r y i n g  c a p a c i t i e s  o f  th e  b lo o d  o f  a q u a t i c  d e c a p o d s  may 

r e s u l t  f ro m  p r o b le m s  o f  f l u i d  b a la n c e  w h ic h  r e q u i r e  t h a t  t h e  

haem ocyan in  c o n c e n t r a t io n  o f  th e  b lood  i s  k e p t a t  low  l e v e l s  (Mangum 

and Jo h a n se n , 1975; Mangum, 1980). The s i t u a t i o n  in  t e r r e s t r i a l  c r a b s  

a p p e a r s  t o  be  r a t h e r  d i f f e r e n t  s i n c e ,  i n  t h e  m a j o r i t y  o f  s p e c i e s  

s t u d i e d  so  f a r ,  t h e  o x y g e n  c a r r y i n g  c a p a c i t y  o f  t h e  b lo o d  i s  h i g h e r  

t h a n  i n  a q u a t i c  s p e c i e s  e .g .  2 .9  m l.lO U m l” ^ in  C a rd is o m a  c a r n i f l e x  

(B u rg g re n  and  M cM ahon, 1981) and  3.5 m l.lO O m l” ^ i n  C o e n o b i ta  

c ly p e a tu s  (McMahon and  B u rg g ren , 1979). I t  i s  i n t e r e s t i n g ,  t h e r e f o r e ,  

t h a t  t h e  o x y g e n  c a r r y i n g  c a p a c i t y  o f  t h e  b l o o d  o f  Q r c h e s t i a  

g a m m a re llu s , a  s e m i - t e r  r e s  t r i a l  s p e c ie s ,  i s  low  and i s  c l o s e r  to  t h a t  

o f  th e  a q u a t ic  d ecap o d s . F u r th e r  in fo rm a t io n  on o th e r  am phipod g e n e ra ,  

f ro m  a  r a n g e  o f  e n v i r o n m e n t s  i s  n e e d e d , h o w e v e r , b e f o r e  t h e  f u l l  

e c o lo g ic a l  im p l ic a t i o n s  o f  th e s e  d i f f e r e n c e s  can  be a p p r e c ia te d .

5 .4 .4  Lack o f  haem ocyan in  i n  0 ^  m e d ite r ra n e a

I t  i s  known t h a t  i n  many decapods th e  haem ocyanin  c o n c e n t r a t io n  

o f  t h e  b lo o d  c a n  f a l l  t o  e x t r e m e l y  lo w  l e v e l s  i n  r e c e n t l y  m o u l te d  

a n im a ls  (Z u ck erk an d l, 1957; L ew is and H ae fn er, 1976). T h is  may e x p la in  

t h e  l a c k  o f  h a e m o c y a n in  i n  t h e  b lo o d  o f  0 ^  m e d i t e r r a n e a  t h a t  w as 

o c c a s io n a l ly  o b se rv e d  d u r in g  t h i s  s tu d y . Many t a l i t r i d s  a r e  known to  

un d erg o  a  s y n c h ro n is e d  m o u lt (C h arn iau x -C o tto n , 1957) and i t  w as n o te d
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t h a t  t h e  e x o s k e l e t o n s  o f  t h e  m a j o r i t y  o f  a n i m a l s  s a m p le d  o n  t h i s  

o c c a s io n  w ere  s o f t ,  i n d ic a t in g  t h a t  m o u ltin g  had  r e c e n t l y  ta k e n  p la c e .  

I t  f o l l o w s  t h a t  d u r in g  t h e  t im e  t h a t  h a e m o c y a n in  i s  a b s e n t  f ro m  t h e  

b lo o d , th e  a n im a l 's  r e s p i r a t o r y  demands a r e  m et by oxygen t r a n s p o r te d  

i n  s o l u t i o n  by t h e  b lo o d .  The r e d u c e d  a b i l i t y  o f  t h e  b lo o d  t o  

t r a n s p o r t  o x y g e n  may be  p a r t i a l l y  c o m p e n s a te d  by  th e  i n c r e a s e d  

p e r m e a b i l i t y  o f  th e  body s u r f a c e  fo llo w in g  m o u ltin g  and  by th e  f a c t  

t h a t  Q r c h e s t i a , l i k e  many o th e r  c r u s ta c e a n s ,  re m a in s  q u ie s c e n t  a f t e r  

m o u ltin g  (C h a rn ia u x -C o tto n , 1957).

5 .4 .5  Qxygen a f f i n i t y  and th e  Bohr e f f e c t

T he o t h e r  r e s p i r a t o r y  p r o p e r t i e s  o f  t h e  b lo o d  o f  O .g a m m a re l lu s  

ah d  0 ^  m e d i t e r r a n e a , s u c h  a s  o x y g en  a f f i n i t y ,  B ohr f a c t o r  a n d  

c o o p e r a t i v i t y  f a l l  w i t h i n  t h e  r a n g e s  r e p o r t e d  f o r  t h e  m a j o r i t y  o f  

d e c a p o d s  ( s e e  r e v ie w  o f  M angum, 1 9 8 3 a ) . C o m p a r is o n s  w i t h  o t h e r  

a m p h ip o d s  a r e  a g a in  i m p o s s i b l e  d u e  to  t h e  c o m p le te  l a c k  o f  d a t a  f o r  

t h i s  g r o u p .  T he o n ly  o t h e r  c r u s t a c e a n  g ro u p  a p a r t  f ro m  t h e  d e c a p o d s  

f o r  w h ic h  i n f o r m a t i o n  i s  a v a i l a b l e  i s  t h e  I s o p o d a  b u t  e v e n  h e r e  few  

d a ta  e x i s t .  Such c o m p a riso n s  sh o u ld  be t r e a t e d  w ith  c a u t io n ,  how ever, 

s in c e  r e c e n t  w ork h as  in d ic a te d  t h a t  l a c t a t e  can  a f f e c t  haem ocyan in  

o x y g e n  a f f i n i t y ,  a t  l e a s t  i n  d e c a p o d s  ( T r u c h o t ,  19 8 0 ; G raham  e t  a l . , 

1 9 8 3 ; M angum , 1 9 8 3 b ; B r id g e s  e t  a l . ,  1 9 8 4 ) , a n d  i n  t h e  m a j o r i t y  o f  

p r e v io u s  s t u d i e s  in fo r m a t io n  on th e  l a c t a t e  c o n c e n t r a t io n  o f  th e  b lo o d  

i s  l a c k i n g .  W ith o u t  s u c h  i n f o r m a t i o n  i t  i s  d i f f i c u l t  t o  m ake 

m e a n in g fu l i n t e r s p e c i f i c  c o m p a riso n s .

I t  i s  a l s o  e s s e n t i a l  t h a t  t h e  o x y g e n  t e n s i o n s  o f  t h e  p r e -  a n d  

p o s t - b r a n c h i a l  b lo o d  a r e  know n i f  t h e  r o l e  o f  h a e m o c y a n in  i n  b lo o d  

o x y g e n  t r a n s p o r t  i n  t h e s e  a n im a ls  i s  t o  b e  f u l l y  u n d e r s to o d .  

U n f o r t u n a t e l y ,  d u e  t o  t h e  s m a l l  s i z e  o f  t h e s e  a m p h ip o d s  i t  w as  

i m p o s s i b l e  t o  o b t a i n  t h i s  i n f o r m a t i o n .  N e v e r t h e l e s s ,  e v e n  w i t h o u t
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t h e s e  d a t a ,  c o m p a r i s o n s  o f  t h e  r e s p i r a t o r y  p r o p e r t i e s  o f  t h e  b lo o d  

w i th  th o s e  o f  o th e r  a n im a ls  can  s t i l l  be i n s t r u c t i v e .

T he h a e m o c y a n in  o f  b o th  ^  g a m m a r e l lu s  a n d  0 ^  m e d i t e r r a n e a  

e x h i b i t s  a  m o d e ra te ly  h ig h  oxygen a f f i n i t y  com pared  w i th  th e  v a lu e s  

f o r  P^Q re c o rd e d  in  th e  d e cap o d s  (Mangum, 1983a). T h e re  i s  e v id e n c e  in  

th e  l i t e r a t u r e  t h a t  th e  p o s s e s s io n  o f  a  r e s p i r a t o r y  p ig m e n t h a v in g  a  

h ig h  oxygen a f f i n i t y  i s  o f t e n  c o r r e la t e d  w ith  an  a n im a l 's  a b i l i t y  to  

s u rv iv e  a t  low  a m b ie n t oxygen  te n s io n s .  Q r c h e s t ia  m e d i te r r a n e a  o c c u rs  

u n d e r  s t o n e s  i n  t h e  e u l i t t o r a l  zo n e  an d  i t  i s  know n t h a t  c o n d i t i o n s  

w i th in  th e  p o o ls  o f  w a te r  w h ich  rem a in s  under su c h  s to n e s  a t  low  t i d e  

a r e  o f t e n  h y p o x ic  (Agnew a n d  T a y l o r ,  1 9 8 6 ). T h i s  i s  a l s o  t h e  h a b i t a t  

o f  th e  h ig h  s h o re  gam m arid  Echinogam m arus p i r l o t i , w h ich  u n d er h y p o x ic  

c o n d i t io n s ,  e x h ib i te d  a  h ig h  d e g re e  o f  r e s p i r a t o r y  in d ep en d en ce  w i th  a  

c r i t i c a l  P02 v a lu e  a s  lo w  a s  15 T o r r  (Agnew a n d  T a y l o r ,  1 9 8 5 ) . T he 

a b se n c e  o f  su ch  r e s p i r a t o r y  independence  in  0^ m e d i te r r a n e a  (W alshe- 

M a e tz ,  1 9 5 2 , 1 9 5 6 ) , c o u p le d  w i t h  t h e  a n im a ls  p r e f e r e n c e  f o r  d r i e r  

h a b i t a t s  d u r in g  lo w  t i d e  ( J . I .S .  u n p u b l . o b s .)  w o u ld  s u g g e s t  t h a t  

p ro lo n g e d  h y p o x ic  e x p o su re  d o es  n o t  p la y  a  m ajo r r o l e  in  th e  b io lo g y  

o f  t h e s e  a n im a l s .  N e v e r t h e l e s s ,  t h e  m o d e r a te ly  h ig h  a f f i n i t y  o f  0 . 

m e d i te r ra n e a  may be a d v a n ta g e o u s , e s p e c i a l l y  d u r in g  th e  summer when, 

a s  a  r e s u l t  o f  l a r g e  a m o u n ts  o f  d e c a y in g  a lg a e  on t h e  s h o r e ,  t h e  P02 

o f  t h e  in c o m in g  t i d e  c a n  b e  v e r y  low  (Agnew a n d  T a y l o r ,  1 9 8 6 ) . I n  

c o n t r a s t ,  a l t h o u g h  0 ^  g a m m a r e l lu s  i s  knowh t o  be  q u i t e  t o l e r a h t  o f  

h y p o x ia  (M oore a h d  F r a h c i s ,  1 9 8 6 a ) , i t  a p p e a r s  t h a t  i t  i s  r a r e l y  

e x p o s e d  t o  h y p o x ia  e v e n  i n  t h e  d e n s e  a l g a l  m a ts  i n  w h ic h  i t  i s  

f r e q u e n t ly  found (Moore and  F r a n c is ,  1985a).

The oxygen a f f i n i t y  o f  th e  b lood  o f  Q r c h e s t ia  spp . i s  much h ig h e r  

th a n  t h a t  o f  th e  t e r r e s t r i a l  iso p o d s , P o r c e l l io  la e v a s  and A rm a d illiu m  

s p p .  (P^Q = 31 -  68 T o r r  a t  pH = 7 .6 5 , 20^C) ( S e v i l l a  a n d  L a g a r r i q u e ,  

1 9 7 9 ) . I t  i s  i n t e r e s t i n g ,  h o w e v e r , t h a t  t h e  b lo o d  o f  L i g i a  i t a l i c a ,
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w h ic h  o c c u p i e s  a  p o s i t i o n  on  t h e  s h o r e  c o r r e s p o n d in g  t o  t h a t  o f  0 . 

g a m m a r e l lu s , h a s  an  o x y g e n  a f f i n i t y  (P^q = 16 T o r r  a t  pH 7 .6 5 , 20^C) 

c o m p a r a b le  t o  t h a t  o f  t h e  s e m i - t e r r e s t r i a l  am phipods exam ined  h e re  

( S e v i l l a  a n d  L a g a r r i q u e ,  1 9 7 9 ) , a l t h o u g h  T e r w i l l i g e r  e t  a l . (1979) 

fo u n d  a  s l i g h t l y  lo w e r  o x y g e n  a f f i n i t y  i n  t h e  c l o s e l y  r e l a t e d  L. 

e x o t i c a .

B o th  Q r c h e s t i a  s p p . h a v e  m o d e r a te ly  h ig h  B ohr v a l u e s  o f  a ro u n d  

0.8 w h ich  a r e  co m p a rab le  w i th  many a q u a t i c  d ecap o d s  (Mangum, 1 983a). 

F rom  t h e s e  v a l u e s  we c a n  i n f e r  t h a t  a t  t h e  l e v e l  o f  t h e  t i s s u e s  i n  

th e s e  am ph ipods, a p p ro x im a te ly  0.8 M o f  p r o to n s  a r e  bound p e r  m ole  o f  

o x y g e n  r e l e a s e d  by  t h e  p ig m e n t .  I n  t h i s  i n s t a n c e  t h e  B ohr e f f e c t  

f a v o u r s  o x y g e n  u n lo a d in g  a t  t h e  t i s s u e  l e v e l  e v e n  a t  s m a l l  pH 

d i f f e r e n c e s .  The low  oxygen c a r r y in g  c a p a c i ty  o f  Q r c h e s t ia  haem ocyan in  

m en tio n ed  ab o v e , m eans t h a t  a p p ro x im a te ly  h a l f  o f  th e  oxygen d e l i v e r e d  

t o  th e  t i s s u e s  i s  t r a n s p o r te d  in  p h y s ic a l  s o lu t io n .  T h e re fo re  p r o to n s  

bound  t o  t h e  p ig m e n t  a t  t h e  t i s s u e s  d u r in g  o x y g e n  u n lo a d in g  a r e  

red u c e d  com pared  to  p ro to n  p ro d u c tio n . T h is  in  t u r n  w i l l  fa v o u r  lo w e r  

v a lu e s  a t  th e  l e v e l  o f  th e  t i s s u e s  a s  com pared  w ith  haem olym ph pü  

a t  s i t e s  o f  o x y g e n  u p ta k e .  ^  v iv o  pH c h a n g e s ,  a s s o c i a t e d  w i t h  a n  

i n c r e a s e  i n  a c t i v i t y  may a l s o  a u g m e n t u n lo a d in g  o f  o x y g e n  a t  

m e ta b o l is in g  t i s s u e s .

Y o u n g  (1 9 7 2 )  p o s t u l a t e d  t h a t  am o n g  c r a b s ,  i n c r e a s i n g  

' t e r r e s t r i a l n e s s '  was c o r r e l a t e d  w ith  r e d u c t io n s  in  haem ocyan in  oxygen 

a f f i n i t y  and in  th e  m ag n itu d e  o f  th e  Bohr e f f e c t .  S in c e  Y oung's s tu d y ,  

how ever, m ore d a ta  have become a v a i l a b l e  f o r  decap o d s from  a  v a r i e t y  

o f  h a b i t a t s  a n d  som e d o u b t  h a s  b e e n  e x p r e s s e d  a b o u t  t h i s  h y p o t h e s i s  

(M angum, 1 9 8 2 ) . N e v e r t h e l e s s ,  t h e  w ork  o f  S e v i l l a  and  L a g a r r i q u e  

(1979) on  a n  e c o l o g i c a l  s e r i e s  o f  i s o p o d s  h a s  i n d i c a t e d  t h a t  s u c h  a 

c o r r e l a t i o n  m ay w e l l  e x i s t  am ong t h a t  g r o u p .  T h i s  s u b j e c t  w i l l  b e
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c o n s id e re d  m ore f u l l y  in  c h a p te r  7.

5 .4 .6  P igm en t te n ç )e ra tu re  i n s e n s i t i v i t y

Many p o i k i l o t h e r m i c  a n im a l s  i n h a b i t i n g  e n v i r o n m e n t s  t h a t  a r e  

s u b j e c t  t o  c o n s i d e r a b l e  t e m p e r a t u r e  v a r i a t i o n  p o s s e s s  r e s p i r a t o r y  

p ig m e n ts  t h a t  show  a n  a d a p t i v e  d e c r e a s 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  

(Y oung, 1 9 7 2 ; R u t l e d g e ,  1 9 8 1 ; Jo k u m se n  an d  W e b e r , 1 9 8 2 ; A rp  a n d  

C h i l d r e s s ,  1 9 8 5 ; M o r r i s  e t  a l . ,  1985 ; M o r r i s  a n d  B r i d g e s ,  1 9 8 5 ) . 

T e m p era tu re  i n s e n s i t i v i t y  o f  th e  r e s p i r a t o r y  p ig m e n t can  be re g a rd e d  

a s  a d a p tiv e  i n  th e s e  a n im a ls  s in c e  th e  r e d u c t io n  in  oxygen a f f i n i t y  o f  

th e  p ig m e n t w i th  in c r e a s in g  te m p e ra tu re ,  w h ich  i s  a l s o  compounded by 

t h e  a s s o c i a t e d  e f f e c t  o f  t e m p e r a t u r e  on b lo o d  pH (H o w ell e ^  a l . ,  

1 9 7 3 ) , c o u ld  s e r i o u s l y  a f f e c t  o x y g en  l o a d i n g  a t  t h e  r e s p i r a t o r y  

s u r f a c e s  a n d  r e d u c e  t h e  o x y g e n  r e s e r v e  i n  t h e  v e n o u s  b lo o d .  I t  i s  

p e r h a p s  n o t  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  t h e  h a e m o c y a n in  o f  b o th  0 .  

g a m m a r e l lu s  a n d  0 ^  m e d i t e r r a n e a  h a s  a  lo w  t e m p e r a t u r e  s e n s i t i v i t y  

s in c e  b o th  th e s e  s p e c ie s  may be s u b je c t  t o  c o n s id e r a b le  te m p e ra tu re  

v a r i a t i o n ,  i n  s p i t e  o f  t h e  f a c t  t h a t  th e y  may b e  " b u f f e r e d "  f ro m  t h e  

m ore e x tre m e  d i u r n a l  ch an g es  in  te m p e ra tu re  under b la n k e ts  o f  d e c a y in g  

a lg a e  (B acklund, 1945; Moore and F r a n c is ,  1985a).

5 .4 .7  F u r th e r  s tu d i e s  on 0 ^  gangnare llu s

T h e  i m p o r t a n t  d i f f e r e n c e  i n  t h e  o x y g e n  a f f i n i t y  o f  t h e  

haem ocyan in  from  0^  g a m m a re llu s  c o l l e c t e d  from  d i f f e r e n t  l o c a t io n s  o f  

th e  sam e s h o re  i s  p a r t i c u l a r l y  n o tew o rth y . The r e d u c t io n  o f  th e  oxygen 

a f f i n i t y  o f  AHW a n im a ls  m easu red  J j i  v i t r o  can  be a t t r i b u t e d  p r i m a r i l y  

t o  th e  ch an g es  i n  io n ic  c o m p o s i tio n  o f  th e  b lo o d  s in c e  i t  i s  now w e l l  

e s t a b l i s h e d  t h a t  th e  i o n ic  e n v iro n m e n t o f  th e  b lo o d  can  have im p o r ta n t  

e f f e c t s  on i t s  oxygen t r a n s p o r t i n g  p r o p e r t i e s  (Spoek, 1967; T ru c h o t,  

1 9 7 5 ; B ro u w e r ^  a J . ,  1 9 7 8 ; M i l l e r  an d  Van H o ld e , 1 9 81 ; M ason e t  a l . ,  

1 9 8 3 ).
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T he b lo o d  i o n i c  c o m p o s i t i o n  o f  a n im a l s  f ro m  h ig h  on  t h e  s h o r e  

(AHW a n im a ls )  was v e ry  d i f f e r e n t  from  t h a t  o f  a n im a ls  in  th e  m id d le  o f  

t h e i r  zone (BHW a n im a ls ) ,  "Die r e d u c t io n  in  th e  c o n c e n t r a t io n  o f  n e a r l y  

a l l  t h e  m ajo r  io n s  o f  th e  b lo o d  o f  AHW a n im a ls  p ro b a b ly  r e s u l t e d  fro m  

b e in g  e x p o s e d  t o  f r e s h  w a te r  r u n - o f f  a t  t h e  t o p  o f  t h e  s h o r e  a n d  n o t  

b e in g  c o v e r e d  by t h e  s e a ,  e v e n  a t  s p r i n g  t i d e s .  I t  i s  m ore  d i f f i c u l t  

t o  e x p l a i n  t h e  r e d u c t i o n  i n  t h e  pH o f  t h e  b lo o d  o f  a n im a l s  f ro m  

s l i g h t l y  h i g h e r  on  t h e  s h o r e  (AHW a n i m a l s ) .  S in c e  t h e r e  w as n o  

s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p r o t e i n  c o n c e n t r a t i o n  o f  t h e  b lo o d  o f  

AHW and BHW a n im a ls ,  i t  i s  u n l ik e ly  t h a t  th e  b u f f e r in g  c a p a c i ty  o f  th e  

b lo o d  v a r i e d  b e tw e e n  th em  ( b u t  s e e  n e x t  c h a p t e r ) .  I t  i s  p o s s i b l e  

h o w e v e r ,  t h a t  t h e  AHW a n i m a l s ,  w h ic h  w e re  p r o b a b l y  s u b j e c t e d  t o  

g r e a t e r  ' s t r e s s '  in  th e  form  o f  i o n ic  r e g u la t i o n ,  had  a  h ig h e r  r a t e  o f  

oxygen  co n su m p tio n . T h is  was n o t  p r e s e n t ly  exam ined  b u t i s  a  common 

r e s p o n s e  o f  many m arin e  a n im a ls  on e x p o su re  to  low  s a l i n i t y .  I f  t h i s  

w ere  th e  c a s e ,  th e  r e s u l t i n g  in c r e a s e  in  CO2 p r o d u c t io n  c o u ld  a c c o u n t  

f o r  t h e  r e d u c t io n  in  b lo o d  pH e s p e c i a l l y  s in c e  e l im in a t io n  o f  QO2 i s  

m o re  d i f f i c u l t  i n  t e r r e s t r i a l  an d  s e m i - t e r r e s t r i a l  a n im a ls  t h a n  i n  

a q u a t i c  a n i m a l s  (O 'M a h o n ey  a n d  F u l l ,  1 9 8 4 ) .  C h a n g e s  i n  t h e  

m ic ro e n v iro n m e n t o f  th e  b lo o d  a s s o c ia te d  w ith  h y p o s a lin e  e x p o su re  a r e  

c o n s id e r e d  m ore f u l l y  in  th e  n e x t  c h a p te r .

5 .4 .8  E f f e c t  o f  C alcium  on oxygen a f f i n i t y

The d i a l y s i s  e x p e r im e n ts  d e m o n s tra te d  t h a t  th e  r e d u c t io n  in  th e  

o x y g e n  a f f i n i t y  o f  t h e  b lo o d  o f  AHW a n im a l s  w as p r o b a b ly  d u e  t o  lo w  

Ca^"^ io n  c o n c e n t r a t io n  in  th e  b lo o d . A number o f  s tu d i e s  have  show n 

t h a t  d i v a l e n t  i o n s  g e n e r a l l y  i n c r e a s e  o x y g e n  a f f i n i t y  ( L a r im e r  a n d  

R ig g s , 1963; T ru c h o t, 1975; B row er e t  a l . ,  1978; M i l l e r  and Van H o ld e , 

1 9 8 1 ; M ason e t  a l . ,  1 9 83 ; T e r w i l l i g e r  e t  a l . ,  1979) e i t h e r  b e c a u s e
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t h e y  s t a b i l i z e  t h e  h ig h  a f f i n i t y  c o n f i g u r a t i o n  o f  t h e  r e s p i r a t o r y

p ig m e n t  o r  b e c a u s e  t h e y  p r o m o te  p o l y m e r i s a t i o n  t o  a  m o le c u la r  fo rm

t h a t  h a s  a  h ig h e r  oxygen a f f i n i t y  th a n  i t s  com ponent s u b u n i t s  (Mangum,

1983a). The v a lu e  f o r  th e  f a c t o r  d e s c r ib in g  c a lc iu m  s e n s i t i v i t y ,  A lo g

P 5Q /^ lo g  [C a^^] ( L a r im e r  an d  R ig g s ,  1963) i s  m o d e r a t e l y  h ig h  i n  0 .

g a m m a re llu s  a t  -0 .4 1 . T h is  i s  c lo s e r  to  th e  v a lu e  o f  -0 .2 8  c a l c u l a t e d

f o r  C a rc in u s  m aenas (T ru c h o t, 1975) th a n  th e  f i g u r e  o f  -0 .8 2  g iv e n  f o r

t h e  b lu e  c r a b ,  C a l l i n e c t e s  s a p  id  u s  by M ason e t  £ l . (1 9 8 3 ). I t  a l s o  

2+a p p e a rs  t h a t  Ca io n s  have  a  g r e a t e r  e f f e c t  on  oxygen a f f i n i t y  th a n  

Mg^^ io n s  ( M i l le r  and Van H o lde , 1974), b u t  Mg^^ io n s  a l s o  a f f e c t  th e  

s i z e  o f  t h e  B ohr e f f e c t  ( T r u c h o t ,  1 9 7 5 ). U n f o r t u n a t e l y ,  t h e r e  w a s  

i n s u f f i c i e n t  b lo o d  a v a i l a b l e  d u r in g  t h i s  p r e s e n t  s tu d y  to  i n v e s t i g a t e  

t h e  e f f e c t  o f  Mg^"^ i o n s  on th e  r e s p i r a t o r y  p r o p e r t i e s  o f  t h e  

haem ocyan in  o f  0 . g a m m a re llu s . The r e s u l t s  o f  th e  d i a l y s i s  e x p e r im e n ts  

a p p e a r e d  t o  sh o w , h o w e v e r ,  t h a t  t h e  r e d u c t i o n  i n  o x y g e n  a f f i n i t y  o f  

t h e  b lo o d  o f  AHW a n im a l s  w as d u e  a lm o s t  e n t i r e l y  t o  t h e  lo w  

c o n c e n t r a t i o n  o f  Ca^"^ io n  i n  t h e i r  b lo o d . I n  t h o s e  e x p e r i m e n t s  i n  

w hich  th e  b lo o d  o f  AHW a n im a ls  w as d ia ly s e d  a g a in s t  a  p h y s io lo g ic a l  

s a l i n e  h a v in g  an  io n ic  c o m p o s i tio n  i d e n t i c a l  t o  t h a t  o f  th e  b lo o d  o f  

AHW a n im a ls  b u t  in  w hich  th e  Ca?^ c o n c e n t r a t io n  had been  in c r e a s e d  to  

th e  sam e l e v e l  a s  in  BHW a n im a ls ,  th e  oxygen a f f i n i t y  o f  th e  b lo o d  w as 

r e s to r e d  a lm o s t  c o m p le te ly  to  t h a t  o f  BHW a n im a ls .

T he r e s u l t s  o f  t h e s e  e x p e r i m e n t s  i n d i c a t e  t h a t  Ca^"^ i o n s  m ay 

have a  s i m i l a r  e f f e c t  on b lo o d  oxygen a f f i n i t y  in  b o th  am phipods and  

d ecap o d s . The s i t u a t i o n  in  th e  iso p o d s , how ever, a p p e a rs  r a t h e r  m ore 

c o n fu se d . S e v i l l a  and L a g a rr iq u e  (1979), in  a  c o m p a ra tiv e  s tu d y  o f  th e  

h aem ocyan in  from  s e v e r a l  s p e c ie s  o f  t e r r e s t r i a l  and s e m i - t e r r e s t r i a l  

iso p o d s , found  t h a t  in  L ig ia  i t a l i c a , T y lo s  l a t r e i l l e i  and A rm ad illu m  

o f f i c i n a l i s  d i v a l e n t  io n s  in c r e a s e d  oxygen a f f i n i t y  b u t  in  P o r c e l l i o  

l a e v i s ,  A r m a d i l l i d iu m  g r a n u la tu m  and  A. v u l g a r e  t h e y  r e s u l t e d  i n  a
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r e d u c t i o n  i n  o x y g e n  a f f i n i t y .  A ls o  Van H o ld e  a n d  B r e n o w i tz  (1981) 

fo u n d  t h a t  d i v a l e n t  c a t i o n s  had  no e f f e c t  a t  a l l  on th e  oxygen b in d in g  

p r o p e r t i e s  o f  t h e  h a e m o c y a n in  o f  t h e  g i a n t  i s o p o d ,  B a th y n o m u s  

g i g a n t i c u s .

5 .4 .9  C o n c lu s io n s

T h e  p r e s e n t  s tu d y  i s  o n e  o f  t h e  f i r s t  t o  d e a l  w i t h  o x y g e n  

t r a n s p o r t  i n  a m p h ip o d s . An a l m o s t  t o t a l  l a c k  o f  i n f o r m a t i o n  o n  t h e  

r e s p i r a t o r y  p r o p e r t i e s  o f  a m p h ip o d  h a e m o c y a n in  p r e c l u d e s  d e t a i l e d  

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

p r o p e r t i e s  in  Cu g a m m a re llu s  and  m e d i te r ra n e a  in  r e l a t i o n  to  o th e r  

am phipod f a m i l i e s .  One o f  th e  m o st i n t e r e s t i n g  p o in t s  to  have  em erged  

fro m  t h i s  s tu d y  i s  th e  f a c t  t h a t  th e  oxygen t r a n s p o r t in g  p r o p e r t i e s  o f  

th e  b lo o d  o f  th e s e  tw o t a l i t r i d  s p e c ie s  a r e  so  s i m i l a r  d e s p i t e  t h e i r  

e c o lo g ic a l  d i f f e r e n c e s .  T h is  r a i s e s  a  number o r q u e s t io n s  c o n c e rn in g  

t h e  r e s p i r a t o r y  a d a p t a t i o n s  o f  a m p h ip o d s  t o  s e m i -  a n d  f u l l y  

t e r r e s t r i a l  l i f e  w hich  w i l l  be c o n s id e re d  in  th e  l a s t  c h a p te r .

T he o x y g e n  t r a n s p o r t i n g  p r o p e r t i e s  o f  t h e  b lo o d  o f  Q r c h e s t i a  

s p e c i e s  show  a  num ber o f  s i m i l a r i t i e s  w i t h  t h o s e  o f  t h e  b lo o d  o f  

i s o p o d  a n d  d e c a p o d  C r u s t a c e a  i e .  i t  i s  c o n s e r v a t i v e  w i t h i n  t h e  

C r u s ta c e a  (Mangum, 1983a). More i n f o r m a t ic s  on o th e r  ta x a  i s  n e c e s a ry  

t o  t e s t  t h i s  h y p o t h e s i s  a n d  t o  i n c r e a s e  o u r  u n d e r s t a n d in g  o f  t h e  

p h y s io lo g ic a l  and e c o lo g ic a l  s ig n i f i c a n c e  o f  i n t e r s p e c i f i c  d i f f e r e n c e s  

i n  th e  r e s p i r a t o r y  p r o p e r t i e s  o f  haem ocyan ins

5 .5  A p p e n d ix  ; N o te s  on  t h e  a p p e a r a n c e  o f  b lo o d  f ro m  Q r c h e s t i a  s p p .  

and  o th e r  am f^ ipod  s p e c ie s .

The b lo o d  o f  b o th  0^ g a m m a re llu s  and 0^ m e d i te r ra n e a  i s  n o rm a l ly  

a  d a r k  b lu e  c o l o u r .  U nder t h e  m ic r o s c o p e ,  t h e  b lo o d  c a n  b e  s e e n  t o  

c o n t a i n  s m a l l  c o r p u s c l e - l i k e  f r a g m e n ts  and num erous l i p i d  g lo b u le s ,
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t h e  l a t t e r  c o n t a i n i n g  a  p u r p l e  p ig m e n t .  T he p la s m a  i t s e l f  a p p e a r s  

c o lo u r l e s s .  I tie  d a rk  b lu e  p ig m e n ta t io n  i s  due n o t  to  haem o cy an in  b u t  

t o  a  c h ro m o p ro te in  o f  th e  c a r o te n o id  ty p e  (R aw linson , 1937; G oodw in, 

1960; W ie s e r , 1965). I t  show s no a p p r e c ia b le  change in  c o lo u r  when i t  

i s  d e o x y g e n a te d .  As s u g g e s t e d  by R a w lin s o n  (1937) t h e  p ig m e n t  t u r n s  

o r a n g e  r e d  w hen h e a te d .  The a d d i t i o n  o f  so d iu m  d i t h i o n a t e  h a d  a  

s i m i l a r  e f f e c t .

M easurem en ts o f  th e  a b s o r p t io n  s p e c t r a  w ere made to  c l a r i f y  t h e  

p r e s e n c e  o f  h a e m o c y a n in  i n  t h e  b lo o d  an d  to  c h a r a c t e r i s e  i t s  

a b s o r p t i o n  s p e c t r a .  A b s o r p t io n  s p e c t r a  o v e r  t h e  r a n g e  250 -  650 nm 

w e re  d e te r m i n e d  f o r  t h e  b lo o d  o f  0 .  g a m m a r e l lu s  u s in g  a  P y e -U n ic a m  

S.P. 8000 scan n in g  s p e c tro p h o to m e te r .  10 u l  o f  b lood  was d i l u t e d  w i th  

890 u l  o f  a  p h y s io lo g ic a l  s a l i n e ,  th e  io n ic  c o m p o s itio n  o f  w h ich  w as 

b a se d  on th e  p r e v io u s ly  d e te rm in e d  io n ic  c o n c e n t r a t io n s  o f  th e  b lo o d . 

T he d i l u t e d  s a m p le s  w e re  a n a l y s e d  a t  room  t e m p e r a t u r e  i n  1 cm
r

p a t h l e n g t h  ( q u a r t z ,  1 .0 0  m l c a p a c i t y )  s p e c tr o p h o to m e te r  c e l l s .  

A b s o r p t i o n  s p e c t r a  f o r  t h e  b lo o d  show  t h e  o c c u r r e n c e  o f  a  t y p i c a l  

p r o t e i n  a b s o r p t i o n  p e a k  a t  a r o u n a  270 -2 9 5  nm an d  a  s m a l l e r  p e a k  

b e t w e e n  330 a n d  340  nm . T h e  s m a l l e s t  p e a k  ( t h e  c o p p e r  p e a k )  

d is a p p e a re d  on d e o x y g e n a tio n  o f  th e  d i l u t e d  b lo o d . T h is  c o n f irm e d  t h a t  

h aem ocyan in  w as p r e s e n t  in  g a m m a re llu s  haemolymph. No a b s o r p t io n  

b an d s  w ere  found above 340 nm. T h is  may have been  due , how ever, t o  th e  

m ag n itu d e  o f  th e  d i l u t i o n  f a c t o r  em ployed  b e in g  so  g r e a t  a s  t o  o b s c u re  

o t h e r  bands.

The w hole  b lo o d  a b s o rp t io n  sp e c tru m  f o r  Q r c h e s t ia  was s i m i l a r  t o  

t h a t  fo u n d  f o r  t h e  D e c ap o d a  ( M i l l e r  an d  Van H o ld e , 1 9 7 4 ) ,  t h e  

o n i s c o i d e a n  I s o p o d a  ( S e v i l l a ,  1 9 7 8 ) , G am m arus l o c u s t a  a n d  G. p u  l e x  

r e p r e s e n t i n g  t h e  A raph ipoda ( J . I .S .  u n p u b . o b s .)  and  o t h e r  m o l l u s c a n  

and  a r th ro p o d a n  haem ocyan in  s o lu t i o n s  a s  m easured  by N ic k e rso n  and  Van
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H o ld e  (1 9 7 1 ). T he e x t i n c t i o n  c o e f f i c i e n t  p e r  m i l l i g r a m  p r o t e i n  (E^ 

cm.mg ^ f o r  b lo o d  p r o t e i n  t a k e n  a s  22 m g.m l f o r  t h e

p r o t e i n  p e a k  a t  280 nm i s  v e r y  s i m i l a r  a t  1 4 .2 , t o  t h e  v a l u e  o f  1 4 .8  

c a lc u la t e d  f o r  th e  haem olym ph o f  Palaem on e le g a n s  (T ay lo r and  S p ic e r ,  

u n p u b l is h e d ) .

T h e  d e t e r m i n a t i o n  o f  o x y g e n  d i s s o c i a t i o n  c u r v e s  b y  

s p e c tro p h o to m e tr  i c  m eans was re n d e re d  im p r a c t ic a l  by th e  opaque n a tu r e  

o f  u n d i l u t e d  Q r c h e s t i a  h aem o ly m p h . T h is  i s  d u e  t o  t h e  p r e s e n c e  o f  

c h r o m o p r o te in  ( s e e  e a r l i e r ) .  A f t e r  m o u l t ,  h o w e v e r , t h e  s t r o n g  b l u e  

p i g m e n t a t i o n  d i s a p p e a r s  a n d  t h e  b lo o d  beco m es v e r y  p a l e .  T he l i p i d  

g l o b u l e s ^  w h i l e  s t i l l  p r e s e n t ,  a r e  a lm o s t  c o l o u r l e s s  an d  g i v e  t h e  

h aem o ly m p h  a  f a i n t  o r a n g e  t i n g e .  The m a sk in g  o f  h a e m o c y a n in  i n  t h e  

b lo o d  by c h r o m a t o p r o t e i n  a s  fo u n d  i n  Q r c h e s t i a  g a m m a r e l lu s , Q. 

m e d i te r r a n e a , Q. cav im ana  and A r c i t a l i t r u s  d o r r i e n i , b u t  i s  n o t  su ch  

a  p e r m a n e n t  f e a t u r e  o f  t h e  haem o lym ph  o f  T a l i t r u s  s a l t a t o r  o r  

T a l o r c h e s t i a  d e s h a y e s i i . I n  t h e s e  a n im a l s ,  t h e  h aem o ly m p h  i s  o f t e n  

c l e a r  th o u g h  w i t h  a  d i s t i n c t  b l u i s h  t i n g e .  The t i n t  d i s a p p e a r s  upon  

d e o x y g e n a tio n . A lik h a n  e t  a ^  (1974) h a s  r e p o r te d  t h a t  th e  haem olym ph 

o f  th e  f r e s h - w a te r  Gammarus fo ssa ru m  i s  b lu is h - y e l lo w , tu r n in g  b lu e  

w hen e x p o s e d  t o  a i r .  T h i s  i s  s i m i l a r  t o  t h e  b lo o d  o f  t h e  s a n d h o p p e r s  

m en tio n ed  above and a l s o  t h a t  o f  Gammarus lo c u s ta .  Gammarus p u le x  on 

t h e  o t h e r  h a n d , h a s  a  v e r y  d u l l  b l u e - g r e y  haem o ly m p h  w h ic h  i s  n o t  

a l t e r e d  in  i t s  c o lo r a t i o n  by d eo x y g e n a tio n .

Qn p u n c tu r i n g  t h e  e x o s k e l e t o n  o f  Q r c h e s t i a  ( a l s o  T a l i t r u s  a n d  

T a l o r c h e s t i a ) , t h e  b lo o d  f lo w s  q u i c k l y  fro m  t h e  i n c i s i o n  w h ic h  

s u g g e s ts  t h a t  b lo o d  p r e s s u r e  may be q u i t e  h ig h . T h is  i s  m o st m arked in  

p o s t- m o u l t  i n d iv id u a l s .  T h is  f e a t u r e  i s  n o t  so  n o t ic e a b le  in  Gammarus 

p u le x , G^ lo c u s t a  o r  ev en  th e  f u l l y  t e r r e s t r i a l  t a l i t r i d  A r c i t a l i t r u s  

d o r r i e n i .
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CHAPTER 6

EFFECT OF HYPER- AND HYPO-SALINE EXPOSURE ON THE BLOOD AND TISSUES OF 

a  GAMMARELLUS IN THE FIELD AND IN THE LABORATORY

105



6.1 INTRODUCTION

O sm o re g u la to ry  m echan ism s have been  s tu d i e d  in  many i n v e r t e b r a t e  

g r o u p s  a n d  t h e  r e s u l t s  r e v ie w e d  e x t e n s i v e l y  ( S c h o f f e n i e l s ,  1 9 7 6 ; 

G i l l e s ,  1979; G i l l e s  and  Pequeux, 1983). I n  th e  C r u s ta c e a ,  h y p o s a lin e  

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

> th e  o s m o tic  c o n c e n t r a t io n  due to  l o s s  o f  b lo o d  io n s  to g e th e r  w i th  

a n  in w a r d  m o v em en t o f  w a t e r .  I n t r a c e l l u l a r  o s m o l a r i t y  d u r in g  h y p o -  

o s m o tic  s t r e s s  i s  r e g u la te d  by a  d e c re a s e  in  i n t r a c e l l u l a r  f r e e  am ino 

a c i d s  (FAA) t o g e t h e r  w i t h  o t h e r  low  m o le c u la r  w e ig h t  n i t r o g e n o u s  

s o l u t e s .

To d a te ,  t h e r e  have  been  few  e x p e r im e n ta l  s t u d i e s  c o n c e rn e d  w i th  

t h e  e f f e c t s  o f  s a l i n i t y  on  t a l i t r i d  a m p h ip o d s . T h i s  i s  i n  s h a r p  

c o n t r a s t  t o  t h e  w o rk  t h a t  e x i s t s  on a  nu m b er o f  e u r y h a l i n e  a q u a t i c  

a m p h ip o d  s p e c i e s  (M cL usky , 1968 ; P r e e c e ,  1 9 7 0 ; D o r g e lo ,  1977 ; 

B u ln h e im , 1 9 7 9 ) . T he i n f o r m a t i o n  t h a t  e x i s t s  f o r  t h e  T a l i t r i d a e  i s  

d e r iv e d  a lm o s t  e x c l u s i v e l y  f ro m  s e m i - t e r  r e s  t r i a l  s p e c i e s  ( W i ld i s h ,  

1 970a ,b ; Bock, 1967; B ack lu n d , 1945; M arsden , 1980; Moore and F r a n c i s ,  

1 9 8 5 a , 1 9 8 6 a ) w ith  t h e  e x c e p t i o n  o f  tw o  v a l u e s  f o r  b lo o d  o s m o t i c  

p r e s s u r e ;  o n e  f ro m  a n  u n i d e n t i f i e d  (D r. C. L i t t l e ,  p e r s .  comm.) 

e u t e r r e s t r i a l  la n d h o p p e r  s p e c ie s  ( L i t t l e ,  1983) and th e  o th e r  from  a  

s u p r a l i t t o r a l  T a l o r c h e s t i a  sp . (Moloney and N ic o ls o n , 1984).

T h ere  have been  a  few  e x p e r im e n ta l  s tu d i e s  d e a l in g  w i th  th e  g r o s s  

e f f e c t s  o f  s a l i n i t y  on  v a r io u s  t a l i t r i d s .  W ild is h  (1970b), ex am in in g  

t h e  d i s t r i b u t i o n  o f  Q r c h e s t i a  s p . i n  t h e  M edway e s t u a r y ,  fo u n d  t h a t  

th e  m edian  l e t h a l  c o n c e n t r a t io n  o f  d i l u t e  s e a w a te r  (0.4 -  1.8 %o C l')  

f o r  Oj_ g a m m a re llu s  w as n e a r  th e  l i m i t i n g  i s o h a l in e  a t  h ig h  w a te r  (1 -  

2 %o C l ')  i n  t h e  e s t u a r y .  T he t o l e r a n c e  l i m i t  o f  0 . m e d i t e r r a n e a  w as 

r e a c h e d  a t  5 .8  -  6 .4  %e C l ' a t  h ig h  w a t e r .  Two d i s t i n c t  m o rp h s  o f  t h e  

l a t t e r  s p e c ie s  e x i s t  (W ild is h , 1970c), and th e  m ore m a rin e  o f  th e  tw o
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(morph m e d i te r ra n e a  a s  o£^x)sed to  morph a e s tu a r e n s i s )  show s s u b ie t h a l  

e f f e c t s  eg . in c r e a s e d  i n t e r  m o u lt p e r io d  and egg m o r t a l i t y ,  due  t o  th e  

lo w  c h l o r i n i t y  o f  t h e  s u b s t r a t e  an d  o f  t h e  fo o d  ( < 8 .1  %o C l ' ) .  I t  

a p p e a r s  t h a t  m orph  a e s t u a r e n s i s , i s  i n  som e w ay b e t t e r  a d a p te d  t o  

lo w e r  s a l i n i t y  th a n  m orph m e d ite r ra n e a . In  g e n e r a l ,  m o st E uropean  and 

A m erican  s e a - s h o re  t a l i t r i d s  a r e  r a t h e r  i n d i f f e r e n t  to w a rd s  s a l i n i t y  

(w ith  some n o ta b le  e x c e p t io n s ,  se e  B o u s f ie ld , 1958; B ow ers, 1964) b u t  

d i e  i f  t h e y  a r e  im m e rs e d  i n  f r e s h  w a te r  (S m a llw o o d , 1 9 0 3 , 1 9 0 5 ; 

B a c k lu n d , 1945 ; D a h l ,  1 9 4 6 ; Den H a r to g ,  1 9 6 2 ; B o ck , 1 9 6 7 ; H u r l e y ,  

1 9 6 8 ).

S u r v iv a l  t im e  a t  red u c e d  s a l i n i t i e s  i s  d e c re a s e d  by an  in c r e a s e  

i n  te m p e ra tu re  (B ow ers, 1964), a lth o u g h  th e r e  a r e  d i f f e r e n c e s  in  th e  

s u r v i v a l  t im e s  o f  sum m er and  w i n t e r  p o p u l a t i o n s  o f  T r a n s o r c h e s t i a  

(=O r c h e s t i a ) c h i l i e n s i s  (M a rs d e n , 1 9 8 0 ). I n  h i s  s tu d y  o f  t h e  w ra c k  

f a u n a  o f  S w eden  an d  F i n l a n d ,  B a c k lu n d  (1945) c l a i m e d  t h a t  b o th  0 . 

g a m m a re llu s  and P l a t o r c h e s t i a  p l a t e n s i s  have low  s a l i n i t y  p r e f e r e n c e s  

( a ro u n d  3 %o ) w hen e x p o s e d  t o  a  s a l i n i t y  r a n g e  o f  0 t o  200 %c ; b u t  

w hen h e  p l a c e d  th e m  w i t h i n  t h e  c o n f i n e s  o f  a  m ore  l i m i t e d  s a l i n i t y  

ra n g e  (0 -  10%& ) n e i t h e r  o f  th e  s p e c ie s  e x h ib i te d  any m arked  s a l i n i t y  

p r e f e r e n c e .  E m bryos o f  0 .  g a m m a r e l lu s  c a n  a l s o  w i t h s t a n d  c h a n g e s  i n  

e x t e r n a l  s a l i n i t y .  A t lo w e r  s a l i n i t i e s ,  a l t h o u g h  t h e  r a t e  o f  

d e v e lo p m en t re m a in s  c o n s ta n t ,  th e  number o f  h a tc h e d  j u v e n i l e s  d e c l i n e s  

w i th  c h l o r i n i t y  (V lasb lom  and B o l i e r ,  1971).

B o u s f ie ld  (1958) s t a t e s  t h a t  one o f  th e  p r i n c i p a l  m o d i f ic a t io n s  

a c c o m p a n y in g  t h e  a q u a t i c / t e r  r e s  t r i a l  t r a n s i t i o n  in  th e  am ph ipods i s  

th e  in c re a s e d  e f f i c i e n c y  o f  o s m o re g u la tio n . U n fo r tu n a te ly  he p r e s e n t s  

no d a ta  in  th e  p a p e r  t o  s u b s t a n t i a t e  h i s  c la im . Some r e c e n t  w ork on O. 

g a m m a re llu s  how ever, h a s  shown t h a t  t h i s  a n im a l p o s s e s s e s  f a i r l y  good 

p o w e rs  o f  o s m o re g u la t io n  (Moore and F r a n c is ,  1985a). The a b i l i t y  o f  0 . 

g a m m a re llu s  to  h y p e r - r e g u la te  o v e r a  w ide ran g e  o f  d i l u t e  s a l i n i t i e s
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( s e e  a l s o  B o c k , 1 9 6 7  o n  ^  p l a t e n s i s ) c a n  b e  r e l a t e d  t o  i t s  

c o n s i d e r a b l e  p e n e t r a t i o n  i n t o  e s t u a r i e s  a s  m e n t io n e d  a b o v e . I t  h a s  

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

e x t e r n a l  c h lo r id e  io n s  may be an  im p o r ta n t  f a c t o r  in  th e  r e s t r i c t i o n  

o f  th e s e  a n im a ls  t o  m a r i t im e  re g io n s  (B o u s f ie ld , 1958; s e e  a l s o  F r ie n d  

and R ic h a rd so n , 1986). I t  h a s  been shown e x p e r im e n ta l ly ,  ho w ev er, t h a t  

i t  m ay n o t  be t h e  c h l o r i d e  io n  b u t  t h e  a s s o c i a t e d  so d iu m  io n  t h a t  i s  

m o re  l i k e l y  t o  be  t h e  l i m i t i n g  f a c t o r  (M oore a n d  F r a n c i s ,  1 9 8 6 a ) . I t  

h a s  b e e n  s u g g e s t e d  ( F r i e n d  a n d  R ic h a r d s o n ,  1986) t h a t  l a n d h o p p e r s  

(Group IV; 1 , B o u s f ie ld ,  1984) have d e v e lo p ed  g r e a t e r  p o w ers  o f  o s m o tic  

and  i o n ic  r e g u l a t i o n  th a n  have  t e r r e s t r i a l  b e a c h f le a  g e n e ra  (Group I I ,  

B o u s f ie ld ,  1984) e n a b lin g  th e  fo rm er to  p e n e t r a t e  f u r t h e r  in la n d . T h is  

h a s  y e t  to  be s u b je c te d  to  e x p e r im e n ta l  v e r i f i c a t i o n .

T h is  s tu d y  s e t s  o u t  t o  exam ine th e  e f f e c t s  o f  lo n g  te rm  hypo- and  

h y p e r - s a l i n e  e x p o su re  on 0^ g a m m are llu s  a t  th e  l e v e l  o f  th e  b lo o d  and 

t i s s u e s .  Em ploying b o th  l a b o r a to r y  and f i e l d  d a ta ,  ch an g es in  th e  pH, 

b lo o d  sodium  and p r o t e i n  c o n c e n t r a t io n s  and th e  t o t a l  f r e e  am ino  a c id  

p o o l  o f  th e  s p e c ie s  w ere  a s s e s s e d . The r e s u l t s  a r e  o f  i n t e r e s t  f o r  tw o 

r e a s o n s ;  a) t o  d i s c o v e r  t h e  h o m e o s t a t i c  m e c h a n is m s  i n v o lv e d  w hen 0 . 

g a m m a r e l lu s  i s  e x p o s e d  t o  c h a n g e s  i n  e n v i r o n m e n t a l  s a l i n i t y  a n d  

c o m p a re  t h e  r e s u l t s  w i t h  t h o s e  f o r  o t h e r  c r u s t a c e a n  g r o u p s  a n d  b) 

b e c a u se  th e y  p ro v id e  a  background  to  th e  d e s c r i p t i o n  o f  th e  b lo o d  g a s  

c o m b i n a t i o n  p r o p e r t i e s  o f  t h e  h aem o ly m p h  i n  t h e  p r e v i o u s  c h a p t e r .
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6.2 MATERIALS AND METHODS

6.2.1 Laboratory studies

Q r c h e s t ia  g a m m a re llu s  w as c o l l e c t e d  by hand from  b e n e a th  w rack  

b ed s  a t  H.W.M. on B a llo c h m a r t in  Bay, g r e a t  Cumbrae I s la n d .  The a n im a ls  

w e re  t r a n s p o r t e d  b a c k  t o  t h e  l a b o r a t o r y  a l i v e  i n  p l a s t i c  b a g s  

c o n ta in in g  some o f  t h e i r  n a t iv e  s u b s tra tu m  and some f r e s h  seaw eed , Qn 

a r r i v a l  t h e y  w e re  t r a n s f e r r e d  (30 a n im a l s  p e r  d i s h )  t o  a  n u m b er o f  

c r y s t a l l i s i n g  d i s h e s  (100 ml c a p a c i ty ) .  The d i s h e s  w ere c o v e re d  w ith  

m u s l in  t o  p r e v e n t  th e  a n im a ls  e s c a p in g , and k e p t m o is t  by th e  a d d i t io n  

o f  f i l t e r - p a p e r  s o a k e d  i n  s e a w a t e r  o f  a n  a p p r o p r i a t e  i o n i c  

c o m p o s i t i o n .  T h i s  f i l t e r - p a p e r  w as s e p a r a t e d  f ro m  t h e  a n i m a l s  by a  

s h e e t  o f  p l a s t i c  g au ze . Each d i s h  was s u p p lie d  w ith  e x c e s s  fo o d  in  th e  

fo rm  o f  a g a r  (Z o b e ll 's  2216E) made up w i th  a r t i f i c i a l  s e a  s a l t  (T ro p ic  

m arin e) s o lu t i o n s  o f  a  ran g e  o f  d i f f e r e n t  s a l i n i t i e s  (0, 5 , 10 , 20 , 30 

a n d  40 %©). Q r c h e s t i a  g a m m a r e l lu s  w e re  k e p t  u n d e r  t h e s e  c o n d i t i o n s  

f o r  72 h o u rs  in  a  c o n t r o l l e d  te m p e ra tu re  room h e ld  a t  lO^C.

A t th e  end o f  th e  e x p e r im e n ta l  p e r io d ,  a n im a ls  w ere rem oved and 

haem olym ph sa m p le s  w ere  ta k e n  u s in g  th e  m ethod o u t l in e d  in  C h a p te r  5. 

The haem olym ph was im m e d ia te ly  t r a n s f e r r e d  to  a  1.5 m l E ppendo rf tu b e  

s to r e d  on i c e  b e fo r e  b e in g  deep  f ro z e n  a t  - 2 0 ^C. The b le d  body o f  th e  

a n im a l  was th e n  q u ic k ly  im m ersed in  l i q u i d  n i t r o g e n  f o r  10-20  se co n d s  

a n d  s t o r e d  i n  a  l a b e l l e d  v i a l  a t  -2 0 ^ C . Q n ly  i n t e r m o u l t  m a le s  a s  

d e t e r m i n e d  by  t h e  c r i t e r i a  o f  C h a r n i a u x - c o t t o n  (1957) w e re  u s e d ;  

a n im a ls  t h a t  had m o u lted  d u r in g  th e  e x p e r im e n t w ere  d is c a r d e d .

T o t a l  b lo o d  p r o t e i n  a n d  s o d iu m  io n  c o n c e n t r a t i o n  w e re  a l s o  

d e te rm in e d  u s in g  th e  m ethods d e s c r ib e d  in  c h a p te r  5. The t o t a l  FAA was 

d e t e r m i n e d  f o r  i n d i v i d u a l  a n im a ls  a s  f o l l o w s .  T he w h o le  a n im a l  w as

qC a n d  th e n  h o m o g e n is e d  i n  0 .5  m l o f  p e r c h l o r i c
f r e e z e - d r i e d  a t  - 7 0
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a c i d  a t  5^C. F o l lo w in g  c e n t r i f u g a t i o n  (1 0 ,0 0 0  g ) ,  t h e  r e s u l t a n t  

s u p e r n a t a n t  w as n e u t r a l i s e d  u s in g  KHCO^. T o t a l  FAA w as t h e n  a s s a y e d  

u s in g  a  n in h y d r in  m ethod (Moore and S t e in ,  1948) and e x p re s s e d  a s  y*mol 

t o t a l  FAA. g~^ d ry  body w e ig h t. A la n in e  w as ru n  a s  a  s ta n d a r d .

6 .2 .2  F i e ld  s tu d i e s

L a r g e  m a le  g a m m a r e l lu s  w e re  c o l l e c t e d  f ro m  a  nu m b er o f  

d i f f e r e n t  s i t e s  a t  th e  one lo c a t io n  a t  B a l lo c h m a r t in  Bay (se e  c h a p te r  

2 f o r  d e t a i l s ) .  The s i t e s  w e re  a s  f o l l o w s ,  (a) w e l l  a b o v e  t h e  H.W.M., 

b e n e a t h  s t o n e s  an d  d e b r i s  l y i n g  on  g r a s s  a n d  d r y  g r o u n d , (b) j u s t  a t  

H.W.M., b e n e a th  a  d e n s e  w ra c k  b e d , l y i n g  on  a  c o b b le  b e a c h ,  (c) 

b e n e a t h  s t o n e s  an d  r o c k s  a t  t h e  l e v e l  o f  P e l v e t i a  c a n a l i c u l a t a  f o u r  

h o u r s  a f t e r  th e  h ig h  t i d e ,  and (d) s i m i l a r  t o  th e  l o c a t io n  (c.) e x c e p t  

t h a t  P. c a n a l  i c u l a t a  had been  re p la c e d  by E n terom orpha sp . w h ich  was 

ta k e n  t o  be  i n d i c a t i v e  o f  f r e s h - w a te r  in f lu e n c e .  The c o l l e c t i o n s  w ere 

made on th r e e  c o n s e c u t iv e  d ay s  in  summer (average  a i r  te m p e ra tu re  = 

2 1 ^ 0 ,  th e  w e a th e r  b e in g  f i n e  b u t  o v e r c a s t .

On r e m o v a l  o f  a n im a l s  t o  t h e  l a b o r a t o r y ,  b lo o d  w as e x t r a c t e d  

im m e d ia te ly  ( w ith in  2 h o u rs  o f  c a p tu re )  u s in g  th e  m ethod o u t l i n e d  in  

c h a p te r  5. Only a n im a ls  w hich  y ie ld e d  10 ^ 1 +  o f  b lo o d  w ere  c o n s id e re d . 

10 ^  o f  haemolymph w as d i l u t e d  w i th  990y * l  o f  d o u b le  d i s t i l l e d  w a te r .  

B lo o d  p r o t e i n  w as a s s a y e d  u s in g  50 y # l o f  t h i s  d i l u t i o n  b y  t h e  

C o o m assie  b lu e  m ethod o u t l i n e d  in  c h a p te r  5. The re m a in in g  vo lum e w as 

u s e d  t o  d e t e r m i n e  t h e  b lo o d  so d iu m  c o n c e n t r a t i o n ,  u s in g  a n  E .E .L . 

f la m e  fd io to m e te r  and an  a p p r o p r ia te  ran g e  o f  sodium  s ta n d a r d s .
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6.3 RESULTS

6.3.1 Laboratory studies

A s e x p e c t e d ,  m a le  i n t e r m o u l t  0 ^  g a m m a r e l lu s  w e re  f o u n d  t o  be  

e u r y h a l in e  (T ab le  6 .1 ). A f te r  72 h t h e r e  w as v e ry  l i t t l e  m o r t a l i t y  a t  

a l l  t e s t  s a l i n i t i e s  w i t h  t h e  e x c e p t i o n  o f  0 and  5 %o. T h e r e  w as  

m arked s w e l l in g  o f  th e  g i l l s  in  a n im a ls  w hich had d ie d  fro m  e x p o s u re  

t o  th e  lo w e r s a l i n i t y  m edia .

The sodium  io n  c o n c e n t r a t io n  in  th e  haemolymph o f  0 ^  g a m m a re llu s  

w as v e r y  w e l l  r e g u l a t e d  o v e r  t h e  r a n g e  5 -  40%o a t  lO ^C ( F ig .  6 .1 ) .  

T he c a l c u l a t e d  i s o i o n i c  c o n c e n t r a t i o n  w as 350 m M .l"^ . T he a n im a l  

h y p e r - r e g u la te d  a t  red u ced  s a l i n i t i e s  b u t  h y p o - re g u la te d  when ex p o sed  

t o  e n v iro n m e n ta l  s a l i n i t i e s  > 30 %o.

T o ta l  Dlood p r o t e i n  was se en  to  v a ry  i n v e r s e ly  w i th  a c c l im a t io n  

s a l i n i t y  (F ig .  6 .2 ) .  T h e re  w as a n  i n c r e a s e  o f  35% r e c o r d e d  a f t e r  3 

d a y s  on  t r a n s f e r  o f  30 %o a c c l im a te d  a n im a ls  t o  10 %o. C o n v e rse ly  t o t a l  

FAA v a r ie d  d i r e c t l y  w i th  a c c l im a t io n  s a l i n i t y  (F ig . 6.3) f a l l i n g  fro m

1 0 1 .9  yum ol.g” ^ a t  30 %o t o  64 .7  yuunol.g"*^ a t  10 %• . T h e r e  w as  no 

s i g n i f i c a n t  d i f f e r e n c e  i n  t o t a l  FAA b e tw e e n  30 %« an d  40 %o o r  5 %o 

a n d  10%® .

T he  pH o f  i n  v iv o  haem o lym ph  s a m p l e s ,  a t  lO^C w e re  s e e n  t o  v a r y  

d i r e c t l y  w i t h  a c c l i m a t i o n  s a l i n i t y  a f t e r  3 d a y s  e x p o s u r e  ( F ig .  6 .4 ) .  

T h e r e  w as a  d r o p  o f  0 .1 5  pH u n i t s  b e tw e e n  30 %®and 10 %o a c c l i m a t e d  

a n i m a l s ,  b u t  t h i s  r e d u c t i o n  w as m o re  p ro n o u n c e d  a t  0 %® w h e re  t h e  

h a e m o ly m p h  pH w as 7 .4 0 1 , i e .  a p p r o x i m a t e l y  0 .5  pH u n i t s  b e lo w  t h e  

b lo o d  pH o f  30 %o a c c l im a te d  a n im a ls .
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TAB. 6.1 M o r t a l i ty  a f t e r  72 h  o f  g a m m a re llu s  p r e s e n te d  w i th  

fo o d  o f  d i f f e r e n t  s a l i n i t i e s  (n = 90 a t  e a ch  s a l i n i t y ) .

S a l i n i t y  (%o) P e rc e n ta g e  m o r t a l i ty

40 3

30 5

20 1

10 5

5 10

0 23

1IX.



F IG . 6 .1  T he  c o n c e n t r a t i o n  o f  Na"^ i o n s  i n  t h e  h a e m o ly m p h  o f  0 . 

g a m m a re llu s  p r e s e n te d  w ith  food  o f  d i f f e r e n t  s a l i n i t i e s  a t  lO^C. 

A n a ly s e s  w ere  c a r r i e d  o u t  on p o o le d  b lo o d  sa m p le s  (100y ^ l)  w ith  n 

= 3 f o r  e a c h  s a l i n i t y .
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FIG. 6 .2  The t o t a l  b lo o d  p r o t e i n  and oxygen c a r r y in g  c a p a c i ty  o f  

haem olym ph from  0^ g a m m a re llu s  p r e s e n te d  w ith  food  o f  d i f f e r e n t  

s a l i n i t i e s  a t  lO^C. The oxygen c a r r y in g  c a p a c i ty  d e te r m in a t io n s  

w e re  c a r r i e d  o u t  on  p o o le d  b lo o d  s a m p le s  (n = 2) f o r  e a c h  

s a l i n i t y .
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FIG. 6.3 Total free amino acid (FAA) content of individual 0. 

gammarellus exposed to food of different salinities at lÔ C. (n = 

10 for each salinity tested).
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FIG, 6.4 The ^  vivo pH of the haemolymph of 0̂  gammarellus 

exposed to food of different salinities at lÔ C. Determinations 

(n = 5 at each salinity) were carried out on individual animals.
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6.3.2 Field studies

T h e  r e l a t i o n s h i p  b e tw e e n  b l o o d  p r o t e i n  a n d  s o d iu m  i o n  

c o n c e n t r a t io n s  o f  th e  haemolymph from  a n im a ls  c o l l e c t e d  from  (a) above  

t h e  h i g h  w a te r  m ark  a n d  (b) a t  t h e  h ig h  w a te r  m ark  b e n e a th  w ra c k  i s  

sh o w n  g r a p h i c a l l y  i n  F i g u r e  6 .5 . The p r o t e i n  c o n c e n t r a t i o n  o f  t h e  

haem olym ph o f  th e  fo rm e r  (w hich i s  e q u iv a le n t  to  th e  AHW a n im a ls  o f  

c h a p t e r  5) w as q u i t e  v a r i a b l e  w i th  v a l u e s  r a n g in g  f ro m  24 -  33 mg 

p r o t e i n ,  ml*”^ b lo o d . The sodium  io n  c o n c e n t r a t io n  was t y p i c a l l y  low  < 

300 m M .l” ^ . C o n v e r s e ly ,  a n im a l s  c o l l e c t e d  f ro m  b e n e a th  t h e  w ra c k  a t  

h i g h  w a t e r  s h o w e d  s i m i l a r  b l o o d / t i s s u e  t r a i t s ,  i n d i c a t i n g  a  

h o m o g e n e i ty  o f  b lo o d  p r o t e i n / N a  ; t h e  so d iu m  io n  c o n c e n t r a t i o n  w as 

s i g n i f i c a n t l y  g r e a t e r  th a n  in  a n im a ls  c o l l e c t e d  from  above th e  h ig h  

w a t e r  m ark  an d  w h i l e  t h e  b lo o d  p r o t e i n  c o n t e n t  w as lo w e r  i t  w a s , i n  

g e n e r a l ,  l e s s  v a r i a b le .

S u p erim p o sed  on F ig u re  6.5 i s  th e  r e g r e s s io n  l i n e  c a l c u l a t e d  f o r  

t h e  sam e  r e l a t i o n s h i p  b e tw e e n  b lo o d  p ro te in /N a " ^  u n d e r  c o n t r o l l e d  

c o n d i t i o n s  i n  t h e  l a b o r a t o r y .  I t  i s  o f  i n t e r e s t  t h a t  b o th  s e t s  o f  

p o i n t s  on  t h e  g r a p h  ( w i th  t h e  e x c e p t i o n  o f  som e o f  t h e  AHW p o i n t s )  

c lum ped  a t  e i t h e r  end o f  t h i s  r e g r e s s io n  l i n e .

I n  F i g u r e  6 .6 ,  t h e  r e g r e s s i o n  l i n e  r e l a t i n g  b lo o d  p r o t e i n  t o  

b lo o d  Na"^ c o n t e n t  i n  l a b o r a t o r y  a c c l i m a t e d  a n im a ls  h a s  a g a i n  b e e n  

s u p e r im p o s e d  upon  a  s i m i l a r  p l o t  o f  p a i r e d  v a lu e s  f o r  b lo o d  p r o t e i n  

a n d  Na"^ o b t a i n e d  f ro m  a n im a l s  c o l l e c t e d  a t  i d e n t i c a l  h e i g h t s  on  t h e  

s h o re  a t  th e  b o tto m  o f  th e  Oj_ gam m arellus*  zone. In  haem olym ph ta k e n  

f ro m  a n i m a l s  w h ic h  w e re  c o l l e c t e d  i n  t h e  P. c a n a l i c u l a t e ,  z o n e ,  t h e  

s c a t t e r  o f  p o i n t s  w as s i m i l a r  t o  t h o s e  r e p r e s e n t i n g  s a m p le s  f ro m  

a n im a ls  ta k e n  b e n e a th  th e  w rack bed (see  above). They e x h ib i te d  a  h ig h  

b lo o d  Na"*" b u t  low  b lo o d  p r o t e i n  c o n c e n t r a t io n .  C o n v e rse ly , haem olym ph
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FIG. 6.5 The r e l a t i o n s h i p  b e tw een  p r o t e i n  and Na"*" c o n c e n t r a t io n s  

i n  th e  haem olym ph o f  in d iv id u a l  0^  g a m m a re llu s , c o l l e c t e d  above 

(A) a n d  b e lo w  (A) t h e  h ig h  w a te r  m a rk , a t  t h e  e x t r e m e s  o f  t h e  

s p e c i e s '  v e r t i c a l  d i s t r i b u t i o n  o n  t h e  s h o r e  ( s e e  t e x t  f o r  

d e t a i l s ) .
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FIG. 6.6 The r e l a t i o n s h i p  b e tw een  p r o t e i n  and Na"  ̂ c o n c e n t r a t io n s  

i n  th e  haem olym ph o f  in d iv id u a l  Ol_ g a m m a re llu s  c o l l e c t e d  b e n e a th  

w r a c k ,  f ro m  ] u s t  b e lo w  t h e  H ig h  W a te r  M ark a t  l o c a t i o n s  c . (&) 

a n d  d . (A). (S ee  t e x t  f o r  d e t a i l s ) .
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s a m p le s  f ro m  a n i m a l s  e x p o s e d  t o  g r e a t e r  f r e s h  w a te r  r u n - o f f  a t  t h e  

sam e l e v e l  on th e  s h o re  h ad , in  g e n e r a l ,  low  b lo o d  Na"  ̂ and  h ig h  b lo o d  

p r o te in .  I t  i s  e v id e n t ,  h ow ever, t h a t  th e  m ic r o h a b i ta t s  i n  t h i s  a r e a  

m u st v a ry  d r a m a t i c a l l y  in  t h e i r  d e g re e  o f  f r e s h - w a te r  in f lu e n c e .  T h is  

i s  shown in  th e  l a r g e  s c a t t e r  o f  p o in t s  en co m p ass in g , in  many c a s e s ,  

th e  c h a r a c t e r i s t i c  h ig h  N a V lo w  p r o t e i n  c o m b in a t io n  o f  m o re  ' s t a b l e '  

a r e a s .

P r e l im in a r y  e x p e r im e n ts  show ed t h a t  i t  was p o s s ib l e  to  r e v e r s e  

th e  c h a r a c t e r i s t i c  b lo o d  N a"^ /p ro te in  c o m b in a tio n  found in  haemolymph 

f o r  b o th  AHW and BHW a n im a ls .  T h is  show ed c l e a r l y  t h a t  th e  ch an g es in  

t h e s e  p a r a m e t e r s  w e re  d e t e r m i n e d  s o l e l y  by t h e  p r e v a l e n t  s a l i n i t y  

m ic r o r e g im e s  e n c o u n te r e d  by 0 ^  g a m m a r e l lu s . T he l a r g e  v a r i a t i o n s  

e n c o u n te r e d  may r e f l e c t  t h e  d i v e r s i t y  o f  m i c r o h a b i t a t s  e v e n  in  t h e  

sam e g e n e ra l  a r e a  a s  r e g a r d s  s a l i n i t y  and o th e r  e n v iro n m e n ta l  f a c t o r s  

(eg. te m p e ra tu re ,  r e l a t i v e  h u m id ity  e t c . ) .

6 .4  DISCUSSION

6 .4 .1  S a l i n i t y  t o l e r a n c e

L arge  in d iv i d u a l s  o f  0 . g a m m a re llu s  w ere a b le  to  s u r v iv e  72 h o u rs  

e x p o s u r e  t o  a  w id e  r a n g e  o f  fo o d  s a l i n i t i e s  a t  lÛ ^C . T h i s  f i n d i n g  i s  

i n  a c c o r d  w i t h  t h e  r e s u l t s  o f  M o o re  a n d  F r a n c i s  (1 9 8 6 a ) w h o  

in v e s t ig a t e d  th e  s a l t  t o l e r a n c e  o f  t h i s  s p e c ie s  under c o n d i t io n s  o f  

im m ersio n . They found  t h a t  b o th  s m a l l  and l a r g e  a n im a ls  s u rv iv e d  >96 

h o u r s  i n  s a l i n i t i e s  b e tw e e n  1 -  6Ü %o. S e e m in g ly  c o n t r a r y  t o  t h i s  

p r e s e n t  work in  w h ich  m o st o f  th e  a n im a ls  exposed  to  medium made up 

u s in g  f r e s h - w a te r  s u rv iv e d  th e  d u r a t io n  o f  th e  e x p e r im e n t , Moore and 

F r a n c i s  (1986a) fo u n d  t h a t  w hen 0 ^  g a m m a r e l lu s  w e re  im m e rs e d  i n  

d i s t i l l e d  w a te r  d e a t h  o c c u r r e d  w i t h i n  8 - 2 4  h o u r s .  T h i s  d i s c r e p a n c y  

m ay b e  due  t o  t h e  d i f f e r e n t  c o n d i t i o n s  o f  im m e r s io n  a n d  e m e r s io n  i n
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e a c h  c a s e ,  a n d  may be  i n d i c a t i v e  o f  a  g e n u in e  d i f f e r e n c e  i n  t h e  

a n i m a l s '  p h y s i o l o g i c a l  r e s p o n s e  i n  e a c h  c a s e .  Many o t h e r  e u r y h a l i n e  

a q u a t i c  a m p h ip o d s  a r e  a b l e  t o  t o l e r a t e  such  c o n d i t io n s  o f  hypo - and 

h y p e r -  s a l i n e  e x p o s u r e  (D o rg e lo ,  1 9 7 4 ; A gnew , 1985) a n d  so  t h i s  

f a c u l t y ,  a lth o u g h  i t  may be p r e - a d a p t iv e ,  may n o t  be  d i r e c t l y  r e l a t e d  

t o  th e  a c q u i s i t i o n  o f  s e m i - t e r r e s t r i a l  h a b i t s  in  th e  T a l i t r i d a e .

6 .4 .2  Haemolymph sod ium  r e g u la t i o n

I t  i s  know n t h a t  w id e  v a r i a t i o n s  i n  e x t e r n a l  so d iu m  io n  

c o n c e n t r a t i o n s  c a n  b e  t o l e r a t e d  by 0 .  g a m m a r e l lu s ; i n d e e d ,  t h i s  i s  

c o n s id e re d  to  be th e  m o st im p o r ta n t  io n  s p e c ie s  to  t h i s  a n im a l (Moore 

a n d  F r a n c i s ,1 9 8 6 a ) . I t  w as n o t  u n e x p e c te d  t h e n ,  t h a t  t h e  p a t t e r n  o f  

r e g u l a t i o n  b e tw een  10 -  40 %e o f  t h i s  m ajo r b lo o d  c a t i o n  w as s im i l a r  

t o  t h a t  o f  t h e  t o t a l  o s m o t i c  c o n c e n t r a t i o n  o f  t h e  b lo o d  (M oore an d  

F r a n c i s ,  1985a) .F u r th e r m o r e ,  w h i l e  t h e  o s m o t ic  r e g u l a t i o n  b e g in s  t o  

b r e a k  down < 10 %o i n  t h i s  s p e c i e s  (M oore an d  F r a n c i s ,  1 9 8 5 a ) , t h e  

b lo o d  so d iu m  c o n c e n t r a t i o n  c o n t i n u e s  t o  be r e g u l a t e d  t o  a ro u n d  5 %« 

(o r  p e r h a p s  e v e n  l o w e r ) .  T h i s  f e a t u r e  f u r t h e r  s t r e n g t h e n s  t h e  v ie w  

e x p r e s s e d  a b o v e , t h a t  so d iu m  i s  o n e  o f  t h e  m o s t  i m p o r t a n t  i o n s  t o  0 . 

g a m m a re llu s  (see  c h a p te r  7 f o r  f u r t h e r  d i s c u s s io n ) .  A g a in , t h i s  h ig h ly  

d e v e lo p e d  io n ic  r e g u la to r y  m echanism  i s  n o t  p e c u l i a r  to  th e  Amphipoda 

o f  t h e  s u p r a - l i t t o r a l  z o n e  a n d  i s  fo u n d  in  m any o t h e r  e u r y h a l i n e  

a m p h ip o d s  (Shaw a n d  S u t c l i f f e ,  1 9 6 1 ; M cLusky, 19 6 8 ; S u t c l i f f e ,  1971 

a ,b )  a s  w e l l  a s  o t h e r  i n t e r t i d a l  c r u s t a c e a n  s p e c i e s  ( Z a n d e r s ,  19 8 0 ; 

R am irez  de I s l a  H ernandez  and T a y lo r , 1985).

6 .4 .3  M echanism o f  o sm o re g u la tio n  in  O. gam m arellu s

No e u ry h a l in e  s p e c ie s  c o u ld  t o l e r a t e  changes in  b lo o d  volum e such  

a s  w ould  r e s u l t  from  h y p e r-  and h y p o - s a l in e  e x p o su re , i f  t h e i r  c e l l s  

w ere  s im p ly  to  a c t  a s  o sm om eters . M ost e u ry h a l in e  a n im a ls  c a n  m a in ta in
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r e l a t i v e l y  c o n s ta n t  b lo o d  and c e l l  vo lum es when a d a p te d  to  a  ra n g e  o f  

e x t e r n a l  s a l i n i t i e s ,  by v a ry in g  a  num ber o f  th e  c o n s t i t u e n t s  o f  t h e i r  

haem olym g^ and body t i s s u e .

I n  b o th  p o o le d  a n d  i n d i v i d u a l  h aem o ly m p h  s a m p le s  t a k e n  f ro m  Q. 

g a m m a re llu s , th e  d e c re a s e  i n  b lood  io n ic  c o n c e n t r a t io n ,  a s  i n d ic a te d  

b y  t h e  f a l l  i n  Na"^ io n  c o n c e n t r a t i o n  ( s e e  a l s o  c h a p t e r  5 ) ,  i s  v e r y  

o f t e n  accom panied  by an  in c r e a s e  in  th e  o v e r a l l  p r o t e i n  c o n c e n t r a t io n  

o f  t h e  b lo o d .  S u c h  m o d i f i c a t i o n s  f o l lo w in g  h y p o -o sm o tic  s t r e s s  have 

b e e n  r e p o r t e d  i n  o t h e r  c r u s t a c e a n s  ( S i e b e r s  e t  1 9 7 2 ; G i l l e s ,

1 9 7 7 ; P e q u e u x  e_t 1 9 7 9 ; T a y lo r  e t  £ l . ,  1 9 8 6 ) . As r e l a t i v e

h a e m o c y a n in  c o n c e n t r a t i o n  o f  t h e  b lo o d  i s  l e s s  v a r i a b l e  t h a n  t h a t  

found  in  t y p i c a l l y  m a rin e  am phipods (W iese r, 1965), t h i s  w ould  s u g g e s t  

t h a t  w i t h  an  i n c r e a s e  i n  h a em o ly m p h  p r o t e i n  t h e r e  s h o u ld  be  a  

c o r r e s p o n d in g  i n c r e a s e  i n  b lo o d  o x y g e n  c a r r y i n g  c a p a c i t y .  S u ch  a n  

in c r e a s e  c o u ld  be s e e n  a s  a d a p t iv e ,  o f f - s e t t i n g  th e  e f f e c t s  o f  lo w e r 

oxygen a f f i n i t y  in  th e  haemolymph o f  AHW a s  com pared w i th  BHW a n im a ls .  

W h ile  t h i s  h a s  b e e n  o b s e r v e d ,  i t s  o c c u r r e n c e  w as n o t  c o n s i s t e n t .  

A l th o u g h  t h e  p o s s i b i l i t y  c a n n o t  be  d i s c o u n t e d ,  i t  i s  u n l i k e l y  t h a t  

ch an g es  in  th e  b lo o d  p r o t e i n  c o n c e n t r a t io n  re c o rd e d  in  0 ^  g a m m a re llu s  

a s s o c i a t e d  w i t h  h y p o - / h y p e r - s a l i n e  e x p o s u r e ,  a r e  r e l a t e d  s o l e l y  t o  

t i s s u e  h y d r a t io n  o r  ch an g es in  e x t r a c e l l u l a r  volum e ( G i l l e s ,  1977). I t  

may be  t h a t  t h e  i n c r e a s e  i n  p r o t e i n  c o n c e n t r a t i o n  i s  r e l a t e d  t o  t h e  

r e d u c t i o n  o f  t h e  o s m o t i c  c o n c e n t r a t i o n  o f  th e  b lo o d  a s  i n d i c a t e d  by  

th e  f a l l  in  sod ium  io n  c o n c e n t ra t io n ^  -

I t  i s  know n t h a t  i n  t h e  s h o r e  

c r a b  C a rc in u s  m aen as, haem ocyan in  s y n th e s i s  i s  s t im u la te d  d u r in g  hypo - 

o s m o tic  s t r e s s  (Boone and S c h o f f e n ie l s ,  1979). A lso  in  th e  e u r y h a l in e  

c r a y f i s h  P a c i f a s t a c u s  l e n i s c u l u s , th e  f r e e  am ino a c id  c o n c e n t r a t io n
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i s  in c re a s e d  a t  th e  ex p en se  o f  th e  r e s p i r a t o r y  p ig m e n t. I n  t h i s  c a s e  

ho w ev er, d e s p i t e  a  r e d u c t io n  in  oxygen c a r r y in g  c a p a c i ty ,  a l t e r a t i o n s  

o f  t h e  o x y g e n  b i n d in g  c h a r a c t e r i s t i c s  o f  t h e  h a e m o ly m p h  a l l o w  O2 

t r a n s p o r t  to  c a r r y  on  u n im p a ire d  (W heatly  and McMahon, 1981).

T he d e c r e a s e  i n  t o t a l  FAA d u r in g  h y p o - o s m o t ic  e x p o s u r e  i n  0 ,  

g a m m a re llu s  h a s  been  o b se rv e d  in  o th e r  i n t e r t i d a l  c r u s ta c e a n  s p e c ie s  

( J e a n ia u x  e t  a l . ,  1 9 6 1 ; T a y lo r  an d  S p i c e r ,  in  p r e p ) , a n d  i s  a l s o  

c o n s i s t e n t  w ith  t h i s  th e o ry . F re e  am ino a c id s  and o th e r  low  m o le c u la r  

w e i g h t  n i t r o g e n o u s  co m pounds h a v e  b e e n  i m p l i c a t e d  i n  c e l l  v o lu m e  

r e g u l a t i o n  d u r in g  h y p o - /h y p e r -  s a l i n e  a c c l i m a t i o n  ( s e e  I n t r o d u c t i o n  

f o r  r e f e r e n c e s ) .  D uring  h y p o -o sm o tic  s t r e s s ,  such  a s  may o c c u r due to  

f r e s h - w a te r  r u n - o f f  in  th e  s u p r a - l i t t o r a l  zone, m em brane p e r m e a b i l i t y  

c o u ld  be a l t e r e d  and  am ino a c id s  r e le a s e d  i n to  th e  haem olym ph. T hese  

am ino  a c id s  c o u ld  th e n  be used  fo r  b lo o d  p r o te i n  s y n th e s i s  ( p o s s ib ly  

i n  th e  h e p a to p a n c re a s ;  s e e  G h ir e t t i - M a g a ld i  e t  ^ . ,  1973 on C a rc in u s  

m aenas ) , th e  r e s u l t a n t  b lo o d  p r o t e i n  a c t in g  a s  an  am ino a c id  s to r e .  I t  

i s  a l s o  p o s s ib l e  t h a t  th e  in c re a s e d  b lood  p r o te in  c o n te n t  w ould a s s i s t  

v o lu m e  c o n t r o l  by d e c r e a s i n g  t h e  o s m o t ic  s w e l l i n g  g r a d i e n t  w h ic h  

b u i ld s  up when b lo o d  o s m o la r i ty  i s  d e c re a s in g  ( G i l l e s ,  1978).

An o b je c t io n  to  t h i s  p ro c e s s  o c c u r r in g  in  Q r c h e s t i a , how ever, i s  

b a s e d  upon t h e  c o n s e q u e n c e s  o f  t h e  d e a m in a t io n  p r o c e s s .  F o r a s  t h e  

f r e e  am ino a c id  p o o l  i s  red u ced , b lood  ammonia in c r e a s e s ;  th e  amm onia 

m o le c u le  g a in s  a  p r o to n  and th e  b lo o d  pH sh o u ld  r i s e  c o n c u r r e n t ly .  I n  

th e  c a s e  o f  Q r c h e s t i a ,  th e  b lood  pH i s  d e c re a s e d  in  a n im a ls  e x h ib i t i n g  

a  red u c e d  io n ic  c o m p o s itio n . T h is  c o n f l i c t  may be p a r t i a l l y  r e s o lv e d  

by  c o n s id e r in g  th e  t im e  s c a l e  o v e r w hich  th e s e  ch an g es  in  pH have b een  

m e a s u r e d .  I n  t h e  r o c k  p o o l  s h r im p  P a la e m o n  e l e g a n s , t h e  b lo o d  pH 

i n c r e a s e s  w i th in  th e  f i r s t  tw o h o u rs  o f  h y p o s a lin e  e x p o s u re , b u t  d o e s  

n o t  r e m a in  a t  t h i s  e l e v a t e d  l e v e l  (T a y lo r  and  S p i c e r ,  i n  p r e p ) .  T he
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b lo o d  pH change in  Q r c h e s t ia  haem olym ph w as o b se rv e d  o n ly  a f t e r  t h r e e  

d a y s  a c c l i m a t i o n  t im e .  A ls o  i n  t h e  b a r n a c l e  P o l l i c i p e s  p o l y m e r u s , 

w h e re  t h e  i n t e r n a l  pH d e c r e a s e s  w i t h  a c c l i m a t i o n  s a l i n i t y  (Fyhn e t  

a l . /  1 9 7 2 ) , t h e  c h a n g e  r e s u l t i n g  f ro m  a d d i t i o n a l  CQ2 e n t e r i n g  t h e  

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

m e d ia , may a l s o  be f u r t h e r  compounded by p ro b le m s  a s s o c i a te d  w i th  th e  

e l i m i n a t i o n  o f  (X>2 in  an  a e r i a l  e n v iro n m e n t ( L i t t l e ,  1983).
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CHAPTER 7

THE PHYSI0DCX3ICAL ECOLOGY OF 

LAND INVASION BY THE TALITRIDAE
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7.1 INTRODUCTION

7.1.1 Aim of chapter

A d a p t a t i o n  to  l i f e  on  l a n d  p r e s e n t s  t a l i t r i d  a m p h ip o d s  w i t h  a  

n u m b er o f  i n t e r - r e l a t e d  p h y s i o l o g i c a l  p r o b le m s .  T h e se  p r o b le m s  a r e  

m a i n ly  c o n c e r n e d  w i t h  w a t e r  c o n s e r v a t i o n ,  n i t r o g e n o u s  e x c r e t i o n ,  

o s m o re g u la t io n , r e s p i r a t i o n  and  lo c o m o t io n .  A lth o u g h  i t  i s  co m m o n ly  

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

r e q u i r e d  by am phipods i n  r e s p o n s e  t o  th e  c o lo n i s a t io n  o f  la n d  (Edney, 

1 9 6 0 ) ,  d i f f e r e n t  d e g r e e s  o f  a d a p t a t i o n  a r e  c e r t a i n l y  d i s c e r n i b l e  

b e tw e e n  v a r i o u s  a m p h ip o d  f a m i l i e s .  A l th o u g h  he  w as n o t  s p e c i f i c ,  

S t e b b in g  (1906a) r e c o g n i s e d  t h a t  t h e r e  w e re " im p o r ta n t d i s t i n c t i o n s "  

b e tw e en  Gammarus and T a l i t r u s , b u t  t h a t  th e s e  w ere 'b r id g e d  o v e r ' by  

t h e  g e n u s  H y a l e . K in g  ( 1 9 ( 3 )  t o o ,  n o t e d  t h a t ,  " i n  t h e  

o r  c h e s t  i a s . . . . H y a le  an d  Q r c h e s t i a , p h y s i o l o g i c a l  d i f f e r e n t i a t i o n  o f  

g e n e ra  a s  to  e n d u ran ce  o f  e x p o s u re  t o  th e  a tm o sp h ere  made p o s s ib l e  a  

l a n d  l i f e  f o r  t h e  l a t t e r . "  E ven  w i t h i n  th e  f u l l y  t e r r e s t r i a l  

la n d h o p p e r  g e n e ra , i t  h a s  been  s u g g e s te d  t h a t  one c o u ld  d i f f e r e n t i a t e  

e u r y to p ic  s p e c ie s  su ch  a s  T a l i t r o i d e s  a l l u a u d i  fro m  m o re  s t e n o t o p i c  

s p e c i e s  such  a s  A r c i t a l i t r u s  d o r r i e n i  on th e  b a s i s  o f  p h y s io lo g y  a lo n e  

(B o u s f ie ld , 1982, 1984). The p a u c i ty  o f  r e l e v a n t  p h y s io lo g ic a l  s t u d i e s  

( p a r t i c u l a r l y  w ith  r e g a rd  t o  th e  m ore t e r r e s t r i a l  am ph ipods, la m e n te d  

b o th  by H urley  (1959, 1968) and Laso-W azem  (1984), how ever, h a s  so  f a r  

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

inçxD ssib le .

The p re c e d in g  fo u r  c h a p te r s  have gone some way to  r e d r e s s in g  o u r 

l a c k  o f  d e t a i l e d  k n o w le d g e  o f  e v e n  t h e  m o s t  f u n d a m e n ta l  a s p e c t s  o f  

t a l i t r i d  p h y s io l o g y .  The p r e s e n t  c h a p t e r  s e e k s  t o  c o m b in e  t h e s e  new 

d a t a  w i t h  a  c r i t i c a l  r e i n t e r p r e t a t i o n  o f  t h e  r e l e v a n t  i n f o r m a t i o n  

a v a i l a b l e  f ro m  t h e  l i t e r a t u r e ,  i n  o r d e r  t o  r e v ie w  t h e  s t a t e  o f  o u r
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k n o w le d g e  a n d  to  p r o v id e  a  f ra m e w o rk  f o r  s u b s e q u e n t  i n c i s i v e  

i n v e s t i g a t io n .  (Note: no a t te m p t  h a s  been  made to  in c lu d e  d a t a  on th e  

r e p r o d u c t iv e  and  d e v e lo p m e n ta l b io lo g y  o f  th e s e  a n im a ls ,  a s  t h i s  h a s  

b e e n  v e ry  a d e q u a te ly  rev ie w e d  r e c e n t l y  (M orino, 1978; W ild is h ,  1979, 

1982b; F r ie n d  and R ic h a rd so n , 1986). S i m i l a r ly ,  th e  f o l lo w in g  a c c o u n t  

d o e s  n o t  p u r p o r t  t o  r e p l a c e ,  b u t  t o  c o m p le m e n t , t h e  r e v i e w s  w h ic h  

e x i s t  a t  p r e s e n t  (H urley , 1959, 1968; Pow ers and B l i s s ,  1983; L i t t l e ,  

1983; F r ie n d  and R ic h a rd so n , 1986)).

The r e c e n t  work o f  B o u s f ie ld  (1984), s u b -d iv id in g  th e  T a l i t r i d a e  

i n t o  fo u r  e c o -m o rp h o lo g ic a l  th o u g h  p h y l e t i c a l l y  o v e r l a p p i n g  g r o u p s  

( o u t l in e d  in  c h a p te r  1) h as  made p o s s ib l e  more m e a n in g fu l i n t r a -  and 

i n t e r s p e c i f i c  p h y s io lo g ic a l  c o m p a riso n s . I t  sh o u ld  now be p o s s ib l e  t o  

i n t e r p r e t  p a r t i c u l a r  a s p e c ts  o f  t a l i t r i d  p h y s io lo g y  n o t  s o l e l y  in  th e  

c o n te x t  o f  t h e i r  im m ed ia te  h a b i t a t ,  b u t  a l s o  w ith  r e f e r e n c e  to  t h e i r  

e v o lu t io n a r y  background .

As t h e r e  i s  no i n f o r m a t i o n  a t  p r e s e n t  on p a l u s t r a l  a m p h ip o d s  

(Group I ) ,  th e y  have been  o m it te d  fro m  th e  c o n s id e r a t io n .  Even though  

d i s t i n c t  g ro u p s  can  be d e s ig n a te d ,  t h e r e  i s  a  g r e a t  d e a l  o f  c o n v e rg e n t 

e v o l u t i o n  b e tw e e n  th e m . I n t e r p r e t a t i o n  o f  m e c h a n i s m s  ( a s  o f  

s t r u c t u r e s )  m u s t  t h u s  be c a r e f u l  a n d  c a u t i o u s .  E q u a l ly ,  o n e  s h o u ld  

n e v e r  im p ly  t h a t  m echanism s p r e s e n t  in  l i v i n g  s p e c ie s  e v o lv e d  d i r e c t l y  

f ro m  t h o s e  o f  o t h e r  l i v i n g  s p e c i e s .  C o m p a ra t iv e  s t u d i e s  o f  e x t a n t  

s p e c ie s  a r e ,  how ever th e  o n ly  h a n d le  on r e a l i t y  t h a t  we can  g r a s p  in  a  

g r o u p  b e r e f t  o f  f o s s i l  r e p r e s e n t a t i v e s ,  so  i t  i s  i m p o r t a n t  t h a t  

f u n c t i o n a l  s tu d i e s  go hand in  hand w i th  p h y lo g e n e tic  s p e c u la t io n s  to  

t e s t  t h e i r  f e a s i b i l i t y .  I n  B o u s f i e l o 's  (1984) sch em e  t h e r e  a r e  tw o  

m a jo r  p h y lo g e n e t ic a l ly  d i f f e r e n t  g ro u p s  o f  t e r r e s t r i a l  t a l i t r i d s ,  b o th  

o f  w h ic h  a r e  r e f e r r e d  t o  a s  l a n d h o p p e r s  (G roup IV) . G ro u p  I V :2 

c o n s i s t s  o f  s e x u a l l y  d im o r p h ic  s p e c i e s  d e s c e n d e d  f ro m  b e a c h f l e a  

( B o u s f i e l d 's .  G ro u p  I I )  p r o g e n i t o r s .  T he s e c o n d  m ore  a n c i e n t  g r o u p
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(Group IV;1) i s  d e r iv e d  d i r e c t l y  from  l i t t o r a l  a n c e s to r s .  P ow ers and 

B l i s s  (1983) s u g g e s te d  t h a t  th e  c o m b in a tio n  o f  p resum ed  t e r r e s t r i a l /  

m a r i n e /  l i t t o r a l  t r a i t s  p r o b a b l y  r e f l e c t e d  th e  in d e p e n d e n t p a th s  o f  

e v o lu t io n  fo llo w e d  by d i f f e r e n t  t e r r e s t r i a l  s p e c ie s .  I t  i s  hoped t h a t  

a n  a s s e s s m e n t  o f  t h e  p h y s io l o g y  o f  t h e s e  d i f f e r e n t  g r o u p s  may h e l p  

d e m o n s tra te  th e  p r im a ry  a d a p ta t io n s  fo r  t e r r e s t r i a l  e v o lu t io n .

7 .1 .2  D e f in i t io n  o f  th e  te rm  " t e r r e s t r i a l "

H u r le y  (1 9 5 9 , 1968) d e f i n e d  " t e r r e s t r i a l "  i n  t h e  c o n t e x t  o f  h i s  

s t u d i e s  on th e  T a l i t r i d a e  a s  "b e in g  in d ep e n d e n t o f  th e  s e a  o r  s ta n d in g  

b o d ie s  o f  w a te r  fo r  b r e e d in g , fe e d in g  and d i s t r i b u t i o n . "  A c c o rd in g ly , 

he  s e p a r a te d  th e  s u p r a l i t t o r a l  s p e c ie s  from  w hat he re g a rd e d  a s  f u l l y  

t e r r e s t r i a l  s p e c ie s  t o  p r e v e n t  m isu se  o f  th e  te rm  a s  a p p l i e d  to  su ch  

s u p r a l i t t o r a l  s p e c ie s  a s  T a l i t r u s  s a l t a t o r  (Dahl, 1946) o r  Q r c h e s t ia  

g a m m a r e l lu s  ( W i l l i a m s o n ,  1 9 5 1 a , s e e  a l s o  B a r n a r d ,  1 9 6 9 ) . I n  t h e s e  

s u p r a l i t t o r a l  a n i m a l s ,  d i s p e r s a l  i s  p a s s i v e  an d  t a k e s  p l a c e  i n  s e a  

w a te r  ( K a r l b r in k ,  1 9 6 9 ) . T h i s  d e f i n i t i o n  i s  i n  f u l l  a g r e e m e n t  w i t h  

t h a t  s u g g e s te d  by Pow ers and B l i s s  (1983). Such a  d e f i n i t i o n ,  how ever, 

i s  n o t  w i t h o u t  p r o b le m s .  A l th o u g h  th e  common b e a c h f l e a  o f  B r i t i s h  

s h o r e s ,  0^  g a m m a re llu s , i s  g e n e r a l l y  re g a rd e d  a s  s u p r a l i t t o r a l  in  i t s  

d i s t r i b u t i o n ,  in  N.W. S c o tla n d  and to w a rd s  i t s  s o u th e rn  g e o g ra p h ic a l  

l i m i t ,  i t  can  be found many m e tr e s  above s e a - l e v e l  (see  c h a p te r  2). A t 

t h e s e  d i s t a n c e s  f ro m  t h e  s h o r e ,  d i s p e r s a l  i s  p r e s u m a b ly  no  l o n g e r  

f a c i l i t a t e d  by th e  s e a  a l th o u g h  i t  i s  e n t i r e l y  p o s s ib le  t h a t  i t  c o u ld  

in v o lv e  s ta n d in g  b o d ie s  o f  w a te r .  T h e re fo re , in  some l o c a t i o n s ,  t h i s  

a n im a l i s  s e m i - t e r r e s t r i a l  w h e re as  in  o th e r s  i t  m ust by d e f i n i t i o n  be 

re g a rd e d  a s  t e r r e s t r i a l .

H u r le y 's  (1968) d e f i n i t i o n  th u s  h a s  i t s  l i m i t a t i o n s  w hich  become 

m ore a c u te  i f  we p r e s s  f o r  q u a n t i t a t i v e  d i f f e r e n c e s  in  b io lo g y  b e tw een  

se ra i-  an d  f u l l y  t e r r e s t r i a l  s p e c i e s .  F o r t u n a t e l y ,  t h i s  d o e s  n o t
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r e p r e s e n t  mucn o f  a  p ro b le m  w i th in  th e  c o n f in e s  o f  th e  p r e s e n t  s tu d y . 

As r e g a r d s  p h y s io lo g y , th e  d i f f e r e n c e s  be tw een  w hat w ould  com m only be 

re g a rd e d  a s  s e m i-  and e u t e r r e s t r i a l  s p e c ie s  a r e  l a r g e l y  d i f f e r e n c e s  i n  

d e g re e  r a t h e r  th a n  k in d . We can  s t i l l  h o ld  to  th e  d e f i n i t i o n s  g iv e n  by 

H u r le y  (1 9 5 9 , 1968) a n d  P o w e rs  a n d  B l i s s  (1983) p r o v i d i n g  we k e e p  

th e s e  l i m i t a t i o n s  i n  m ind.

7 .2  WATER RELATIONS

7 .2 .1  D e s ic c a t io n

I n  t h e  a i r ,  c o n d i t i o n s  w h ic h  f a v o u r  o x y g en  u p ta k e  w i l l  a l s o

fa v o u r  w a te r  l o s s .  Those a r th r o p o d s  w hich  have become f u l l y  a d a p te d  t o

la n d ,  e x h i b i t  a  number o f  a d a p ta t io n s  w hich r e t a r d  w a te r  l o s s ,  eg . th e

p r e s e n c e  o f  an  im p e r m e a b le  c u t i c l e  an d  t h e  i n t e r n a l i s a t i o n  o f  t h e
6

r e s p i r a t o r y  o r g a n s  ( t r a c h ja e  i n  i n s e c t s )  ( L i t t l e ,  1 9 8 3 ) . I t  h a s  lo n g  

b e e n  r e c o g n i s e d ,  h o w e v e r ,  t h a t  b o th  s e m i -  an d  f u l l y  t e r r e s t r i a l  

am ph ipods a r e  v e ry  s u s c e p t ib l e  to  d e s ic c a t io n  s t r e s s  (C hevreux , 1888;

De G eurne, 1888; H u rle y , 1968). The a q u a t i c  am phipods, Gammarus d u e b e n i 

a n d  G^ o c e a n ic u s  w e re  a b l e  t o  s u r v i v e  a  m aximum  o f  228 a n d  120 h 

r e s p e c t i v e l y ,  in  f u l l y  s a t u r a t e d  a i r  a t  19^C ( L a g e r s p e t z ,  1 9 6 3 ) . 

M em bers o f  t h e  f a m i l y  T a l i t r i d a e ,  h o w e v e r , w e re  a b l e  t o  s u r v i v e  

i n d e f i n i t e  e x p o s u r e  t o  a e r i a l  c o n d i t i o n s  a s  lo n g  a s  100% r e l a t i v e  

h u m i d i t y  (R.H.) w as m a i n t a i n e d .  P la tz m a n  (1 9 6 0 ), d e s p i t e  t h e  h i g h l y  

a r t i f i c i a l  n a t u r e  o f  h e r  e x p e r i m e n t a l  c o n d i t i o n s ,  a l s o  sh o w e d  t h a t  

s u r v i v a l  a t  26.5^C o f  th e  tw o b e a c h f le a s ,  T a lo r c h e s t i a  m eg a lo p h th a lm a  

(44 m in s )  an d  Q r c h e s t i a  a g i l i s  (33 m in s) w as g r e a t e r  t h a n  t h e  f u l l y  

m a r in e  A m p h ith o e  s p . (1 3 .5  m in s )  i n  d r y  a i r  (0 % R .H .). S h e  c o n c lu d e d  

t h a t  t h i s  i n c r e a s e  i n  s u r v i v a l  a t  lo w  R.H. w as a n  a d a p t a t i o n  t o  

t e r r e s t r i a l  l i f e .
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W illia m so n  (1951a), ex am in in g  th e  s u r v iv a l  t im e s  o f  t h r e e  s e m i-  

t e r r e s t r i a l  t a l i t r i d  s p e c ie s  in  a i r  o f  d i f f e r e n t  h u m id i ty ,  found t h a t  

T a l i t r u s  s a l t a t o r  a lw a y s  s u r v i v e d  c o n s i d e r a b l y  l o n g e r  t h a n  b o th  

T a lo r c h e s t i a  d e s h a y e s i i  and Q r c h e s t ia  g a m m a re llu s . A t R.H. 95% (25^C) 

h e  fo u n d  t h a t  s u r v i v a l  t im e  f o r  T a l i t r u s  w as 16 h w h ic h  w as a lm o s t  

t w i c e  t h a t  o f  Q r c h e s t i a  o r  T a l o r c h e s t i a  (9 h ) .  W i l l i a m s o n  (1951a) 

n o te d  t h a t  th e  s u r v iv a l  t im e s  m easu red  f o r  0^  g a m m a re llu s  a t  d i f f e r e n t  

h u m id i t i e s  by B acklund (1945) w ere  g r e a t e r  th a n  th o s e  found  in  h i s  own 

s t u d i e s ;  t h i s  h e  a t t r i b u t e d  t o  t h e  d i f f e r e n t  m e th o d s  o f  h u m id i ty  

c o n t r o l  u s e d . I t  s h o u ld  be  n o t e d ,  h o w e v e r , t h a t  n o t  o n ly  w e re  t h e  

e x p e r im e n ta l  te c h n iq u e s  and p r o to c o l  d i f f e r e n t  i n  th e  tw o s t u d i e s ,  b u t  

t h a t  in  b o th  c a s e s ,  th e  w e ig h t ran g e  o f  th e  i n d iv id u a l s  exam ined  was 

n o t  c l e a r l y  s p e c i f i e o .  I n  a  r e c e n t  p u b l i c a t i o n ,  M oore a n d  F r a n c i s  

(1985a) c o n f i r m e d  t h a t  0 ^  g a m m a r e l lu s  w as e x t r e m e l y  s e n s i t i v e  t o  

d e s i c c a t i o n  a l t h o u g h  n o t  q u i t e  a s  s e n s i t i v e  p e rh a p s  a s  W il l ia m s o n 's  

d a t a  s u g g e s t ;  a t  23^C an d  R.H. = 82.8% , 88% m o r t a l i t y  w as r e c o r d e d  

a f t e r  10 h . P a l l i^ M ^ lt  (1954) fo u n d , d u r in g  a n  e c o l o g i c a l  s t u d y  o f  T. 

s a l t a t o r , t h a t  a t  84% R.H. (20^C) t h i s  s p e c i e s  s u r v i v e d  f o r  19 h . 

U n f o r t u n a t e l y ,  h e  to o  w as n o t  s p e c i f i c  a b o u t  t h e  w e i g h t  r a n g e  o f  

e x p e r i m e n t a l  a n i m a l s  w h i c h ,  c o u p l e d  w i t h  t h e  d i f f e r e n c e  i n  

e x p e r i m e n t a l  m e th o d , m ak es  a  c o m p a r is o n  w i t h  W i l l i a m s o n 's  d a t a  

d i f f i c u l t .  B o w e rs  ( 1 9 6 4 ) ,  d u r i n g  a  c o m p a r a t i v e  s t u d y  o f  tw o  

b e a c h f l e a s ,  O r c h e s t o i d e a  c a l i f o r n i a n a  an d  0 . c o r n i c u l a t a  found t h a t  

th e r e  was no d i f f e r e n c e  in  h u m id ity  to le r a n c e  b e tw een  th e  tw o s p e c ie s  

i n  " d ry "  a i r .  He r e c o g n i s e d ,  h o w e v e r ,  t h a t  t h e  a r t i f i c i a l l y  lo w  

h u m id i t ie s  in d u ced  w ere  to o  low  to  a l lo w  v a r i a t i o n s  in  t o le r a n c e  to  be 

d e t e c t e d .  He fo u n d  t h a t  a ro u n d  2 5 0 ^ , i n d i v i d u a l s  o f  b o th  s p e c i e s  

succum bed in  l e s s  th a n  4 h o u rs  in  "dry" a i r .  D o u b tle s s  th e  fum es from  

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

e x p e r im e n ta l  a n im a ls .
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R e c e n t ly  t h e r e  h a v e  b e e n  tw o  s t u d i e s  p u b l i s h e d  c o n c e r n in g  t h e  

h u m id ity  to le r a n c e  o f  some f u l l y  t e r r e s t r i a l  le a fh o p p e r  s p e c i e s .  L azo - 

Wasem (1984) found t h a t  in  th e  s y n a n th ro p ic  A r c i t a l i t r u s  s y l v a t i c u s , 

h u m id i ty  t o l e r a n c e  w as a p p a r e n t l y  lo w e r  t h a n  t h a t  fo u n d  f o r  O. 

g a m m a r e l lu s , T a l o r c h e s t i a  d e s h a y e s i i  o r  T a l i t r u s  s a l t a t o r . The 

e u t e r r e s t r i a l  M y s ic o t a l i t r u s  (=T a l i t r u s )  ta s m a n ia e  d i s p la y e d  a  g r e a t e r  

t o le r a n c e  o f  d e s ic c a t i o n  s t r e s s  th a n  K e ra tro id e s  (^ T a l i t r u s )  v u l g a r i s  

o r  a n o th e r  u n d e s c r i b e d  M y s t i c o t a l i t r u s  s p .  ( R ic h a r d s o n  an d  D e v i t t ,

1 9 8 4 ) . A t 95% R.H. (1 5 ^C ), t h e  t im e  t a k e n  f o r  50% o f  t h e  a n i m a l s  (10 

a n i m a l s  i n i t i a l l y )  t o  d i e  w as 2 .6 , 2.1  and  1 .9  d a y s  r e s p e c t i v e l y .  

T h e re  was l i t t l e  v a r i a t i o n ,  how ever, be tw een  th e  t h r e e  s p e c ie s  be low  

95% R.H. ( i e  9 3 , 9 0 , 85 & 80 % R .H .). R ic h a r d s o n  a n d  D e v i t t  (1984) 

s u g g e s t e d  a  l i k e l y  c o r r e l a t i o n  b e tw e e n  t h e  m o re  h a r d y  n a t u r e  o f  M. 

t a s m a n ia e  when com pared w ith  v u l g a r i s , in  t h a t  th e  fo rm e r  i s  a b le  

t o  c o lo n is e  w arm er and l e s s  hum id e n v iro n m en ts . D e s p i te  th e  b a s ic  and 

so m e w h a t l i m i t e d  n a t u r e  o f  t h e  e x p e r i m e n t s ,  t h i s  s t u d y  c l e a r l y  

d e m o n s t r a t e s  ( i)  t h e  v a lu e  o f  e x a m in in g  t h e  h u m id i ty  r e s p o n s e  o f  

a n im a l s  t o  a  f i n e r  g r a d a t i o n  (and  m ore  r e a l i s t i c  r a n g e )  o f  r e l a t i v e  

h u m i d i t i e s  t h a n  h a s  h i t h e r t o  b e e n  e x a m in e d , ( i i )  t h a t  t h e r e  a r e  

d e g r e e s  o f  d e s i c c a t i o n  r e s i s t a n c e  i n  la n d h o p p e r  s p e c i e s ,  i e .  som e 

s p e c i e s  a r e  b e t t e r  a d a p te d  f o r  d r i e r  h a b i t a t s  t h a n  o t h e r s  ( s e e  

W ild is h , 1979), and ( i i i )  th e  d i f f i c u l t i e s  in v o lv e d  in  co m p arin g  d a t a  

fro m  d i f f e r e n t  s t u d i e s  w h ich  may d i f f e r  in  t h e i r  m eth o d o lo g y  and  in  

th e  p r e s e n t a t i o n  o f  th e  d a ta .  T h is  i s  c l e a r l y  shown when an  a t t e m p t  i s  

made to  com pare th e  r e s u l t s  f o r  th e s e  p a r t i c u l a r  lan d h o p p e r  s p e c ie s  

w i t h  ^  s y l v a t i c u s . I t  i s  a p p a r e n t  t h a t ,  a p a r t  f r o m  b r o a d  

g e n e r a l i s a t i o n s ,  t h e r e  i s  no g r e a t  v a lu e  i n  s u c h  c o m p a r i s o n s  a t  

p r e s e n t .
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I t  may a t  f i r s t  seem  s u r p r i s i n g  t h a t  d e s i c c a t i o n  to le r a n c e  sh o u ld  

be g r e a t e r  in  s u p r a - l i t t o r a l  th a n  e u t e r r e s t r i a l  g e n e ra . T h is  w i l l  be 

c o n s id e re d  m ore f u l l y  below .

7 .2 .2  T r a n s p i r a t io n  r a t e s

T r a n s p i r a t io n  r a t e s  and  p e rc e n ta g e  body w e ig h t  l o s s  in  re s p o n s e  

t o  lo w  h u m id i ty  h a v e  b e e n  m e a s u re d  i n  0 ^  g a m m a r e l lu s  ( W i l l i a m s o n ,  

1 9 5 1 a ; M oore a n d  F r a n c i s ,  1 9 8 5 a ) ,  T. s a l t a t o r  ( W i l l i a m s o n ,  1 9 5 1 a ; 

P a l l a u a l t ,  1954), T. d e s h a y e s i i  (W illiam so n , 1951a) and  A. s y lv a t i c u s  

(Lazo-W asem, 1984), and t y p i c a l l y  th e  v a lu e s  w ere  h ig h . As m en tio n e d  

abo v e , any a t t e m p t  a t  a  d e t a i l e d  i n t e r s p e c i f i c  c o m p a riso n  i s  re n d e re d  

u n p r o f i t a b l e  by th e  m u l t i p l i c i t y  o f  d i f f e r i n g  e x p e r im e n ta l  v a r i a b l e s  

b e tw e e n  i n v e s t i g a t i o n s .  I t  i s  c l e a r ,  h o w e v e r , t h a t  s m a l l e r  a n i m a l s  

lo o s e  w a te r  f a s t e r  th a n  l a r g e r  a n im a ls . I t  w ould a l s o  a p p e a r  t h a t  in  

0 . g a m m a r e l lu s  (and  i n  a l l  p r o b a b i l i t y  a l l  o f  t h e  t a l i t r i d s  y e t  

s t u d i e d )  t h a t  t h e  r a t e  o f  e v a p o r a t i o n  f ro m  t h e  a n i m a l 's  b o d y  i s  n o t  

c o n t r o l l e d ;  M oore a n d  F r a n c i s  (1985a) fo u n d  t h a t  d e a d  a n im a l s  l o s t  

w a te r  a t  a n  e q u i v a l e n t  r a t e  t o  l i v e  a n im a l s .  T h i s  f a c t  a lo n e  m ay 

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

t r a n s p i r a t i o n  r a t e s  o f  th e  la n d h o p p e r and b e a c h /s a n d  f l e a  g e n e ra . The 

la n d h o p p e r s  h a v e  a  t y p i c a l l y  s m a l l e r  b ody  s i z e  r a n g e  (h e n c e  l a r g e r  

s u r f a c e  a r e a )  t h a n  t h e  p r e d o m i n a n t ly  h e a v y - b o d ie d  s u p r a l i t t o r a l  

a n im a ls . Body w a te r  l o s s  g r e a t e r  th a n  25% r e s u l t e d  in  th e  d e a th  o f  0 . 

g a m m a re llu s  w h ic h , a l lo w in g  f o r  d i f f e r e n c e s  in  p r e - e x p e r im e n ta l  w a te r  

l o s s ,  i s  s i m i l a r  t o  f i g u r e s  o b t a i n e d  f ro m  som e t e r r e s t r i a l  c r a b s  

(Moore and F r a n c i s ,  1985a).

7 .2 .3  S i t e s  o f  w a te r  l o s s

The m a jo r i ty  o f  la n d  a r th ro p o d s  p o s s e s s  an  im p erm eab le  c u t i c l e  

an d , in  th e  c a s e  o f  th e  i n s e c t s ,  b r e a th e  though  a  sy s te m  o f  a i r  tu b e s  

c a l l e d  t r a c l ja e .  B e a c h f le a s  and la n d h o p p e rs , how ever, a p p a r e n t ly  l o s e
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w a te r  from  th e  w hole  body s u r f a c e .  T h is  has been  d e m o n s tra te d  s e m i-  

q u a n t i t a t i v e l y  by s i l v e r  s t a i n i n g  te c h n iq u e s  in  0^  cav im an a  (G raf and 

M a g n ie z ,  1 9 7 9 ) ,  0 ^  g a m m a r e l l u s  (M o o re  a n d  F r a n c i s ,  1 9 8 5 a ) ,  

T r a n s o r c h e s t ia  c h i l i e n s i s  and C h r o e s t ia  l o t a  (M arsden, 1984, 1985) and 

A. d o r r i e n i  ( J . I .S .  U n p u b l. o b s . ) . I n d i v i d u a l s  o f  0 . g a m m a r e l lu s  i n  

w hich  th e  body s u r f a c e  had been  sm eered  w ith  v a s e l i n e ,  l o s t  w a te r  a t  a  

s lo w e r  r a t e  th a n  u n t r e a te d  c o n t r o l  a n im a ls  (Moore and F r a n c i s ,  1985a).

Sem i- and f u l l y  t e r r e s t r i a l  w o o d lice  have a  w e l l - d e f in e d  la y e r  

o f  wax c o v e r in g  th e  c u t i c l e  (H am ilton  e t  a l . ,  1975) w h ich  i s  p resum ed  

t o  be an  a d a p ta t io n  to  im prove w a te r  r e t e n t io n .  A lth o u g h  o f f e r r i n g  no 

s u g g e s t i o n  a s  t o  t h e i r  f u n c t i o n ,  S h y a m a s u n d a r i  a n d  H a n u m a n ith a  Rao 

(1974) h a v e  n o te d  t h e  o c c u r r e n c e  o f  m ucous g l a n d s  on  t h e  f i r s t  an d  

s e c o n d  a n t e n n a e ,  p e r a e o p o d s  a n d  u ro p o d s  o f  t h e  s e m i - t e r r e s t r i a l  

s p e c ie s ,  T a l o r c h e s t i a  mar t e n s  i i  and o f  P l a t o r c h e s t i a  p l a t e n s  i s .  They 

a l s o  n o te d  t h a t  n o n e  o f  t h e  m o u th p a r t s ,  g n a th o p o d s  o r  p le o p o d s  

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

i n d i c a t i o n  a s  t o  t h e  s t a i n  r e t e n t i o n  ( A lc ia n  b l u e  + s a f r a n i n )  o f  t h e  

g e n e ra l  body s u r f a c e .  I t  h a s  r e c e n t l y  been n o ted  t h a t  t h e r e  i s  a  t h in  

l a y e r  o f  f l u i d  p r e s e n t  on  t h e  body  s u r f a c e  o f  l a n d h o p p e r  s p e c i e s ,  

w hich  p ro d u c e s  a  s tr o n g  i r io e s c e n c e  (Duncan, 1985a; s e e  a l s o  Moore and 

S p i c e r ,  198b).

M oore an d  F r a n c i s  (1985a) h a v e  d e m o n s t r a t e d  t h e  p r e s e n c e  o f  a n  

e p i c u t i c u l a r  wax l a y e r  i n  0 .  g a m m a r e l lu s  w h ic h  may b e  s e c r e t e d  by  a  

s y s te m  o f  p o r e s  i n  t h e  in te g u m e n t  (S e lle m  and  G r a f ,  1 9 8 2 ; M oore an d  

F r a n c is ,  1985a). T hese p o re  ty p e s  and t h e i r  s p a t i a l  a rra n g e m e n t on th e  

c u t i c l e  s u r f a c e  a r e  s i m i l a r  i n  b o th  b e a c h f l e a  (G roup  I I )  (M oore an d  

F r a n c is ,  1985a) and lan d h o p p e r (Group IV) s p e c ie s  (Duncan, 1985a). The 

s u r f a c e  wax o f  0^  g a m m a re llu s  was found to  have a  m e l t in g  p o in t  (36- 

nC) s i m i l a r  t o  t h a t  r e p o r te d  f o r  th e  t e r r e s t r i a l  o n is c o id e a n  iso p o d44
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O n isc u s  a s e l l u s  (37^C), a  f e a t u r e  w hich may r e s t r i c t  th e  a c t i v i t y  o f  

b o th  a n im a ls ,  p a r t i c u l a r l y  w i th  r e g a rd  to  e x p o su re  to  f u l l  s u n l i g h t .

U n f o r tu n a te ly ,  th e  r e l a t i v e  im p o rta n c e  o f  d i f f e r e n t  p o t e n t i a l  

s i t e s  o f  w a te r  l o s s  in  any t a l i t r i d  s p e c ie s  h a s  n o t  y e t  been  p r o p e r ly  

q u a n t i f i e d .  The g i l l s  o f  O. g a m m a r e l lu s , 0 . c a v im a n a  a n d  A. d o r r i e n i  

show  s u b s t a n t i a l  s t a i n  r e t e n t i o n  (G ra f  and  M a g n ie z , 1 9 6 9 ; M oore  a n d  

F r a n c i s ,  1 9 8 5 a ; J . I .S .  u n p u b l .  o b s .)  P re s u m a b ly  t h i s  i s  a l s o  t h e  c a s e  

in  T r a n s o r c h e s t ia  c h i l i e n s i s , a l t h o u g h  M a rsd e n  (1985) o n ly  m e n t io n s  

t h a t  t h e  p l e o p o d s ,  t e l s o n  a n d  t h e  b a s a l  s e g m e n ts  o f  t h e  s e c o n d  

a n te n n a e  a r e  th e  m ost p e rm e a b le  a r e a s  o f  th e  body. The p le o p o d s  o f  O. 

c av im an a  a r e  a l s o  im p l ic a te d  a s  s i t e s  o f  w a te r  l o s s  (G raf and  M agn iez ,

1969) a lth o u g h  Moore and F r a n c is  (1985a) d id  n o t  m en tio n  them  in  th e  

r e s u l t s  o f  t h e i r  s i l v e r  s t a i n i n g  o f  0 . g a m m a r e l lu s . The s t a i n i n g  o f  

t h e  e p i m e r a l  a n d  c o x a l  p l a t e s  i s  c o n f i r m e d  f o r  0 ^  c a v im a n a  a n d  A. 

d o r r i e n i . T h e s e  w e re  s t a i n e d  t h e  l e a s t  o f  s t a i n e d  s u r f a c e s  i n  0 . 

g a m m a re llu s  by Moore and F r a n c is  (1985a).

A l l  th e  t a l i t r i d s  exam ined  in  c h a p te r  4 (w ith  th e  e x c e p t io n  o f  

A. d o r r i e n i )  had g i l l s  w i th  s i g n i f i c a n t l y  s m a l le r  w e i g h t - s p e c i f i c  g i l l  

a r e a s  th a n  th e  m arin e  am phipods exam ined by Moore and T a y lo r  (1984). 

W ith in  exam ined  t a l i t r i d s ,  th e  g i l l  a r e a  p e r  u n i t  w e ig h t d e c l in e d  in  

an  o r d e r  w hich  can  be ro u g h ly  c o r r e l a t e d  w ith  d e s ic c a t io n  r e s i s t a n c e  

f o r  e a ch  s p e c ie s .  Somewhat p a r a d o x ic a l ly ,  how ever, th e  a n im a l w i th  th e  

g r e a t e s t  o v e r a l l  g i l l  a r e a  w as a l s o  t h e  m o s t t e r r e s t r i a l  o f  t h e  

s p e c i e s  s t u d i e d .  T h is  s t r o n g l y  s u g g e s t s  t h a t  r e d u c t i o n  i n  g i l l  a r e a  

may be re g a rd e d  a s  an  a d a p ta t io n  to  red u ce  perm ealijjlity  (T a y lo r , 1985) 

a n d  t h a t  g i l l  r e d u c t i o n  p e r  s e  i s  n o t  a  p r e - r e q u i s i t e  f o r  t a l i t r i d  

a m p h ip o d s  a s s u m in g  a  f u l l y  t e r r e s t r i a l  e x i s t e n c e .  I t  c o u ld  a l s o  be  

s u g g e s te d  t h a t  p leo p o d  r e d u c t io n  may be r e l a t e d  to  o r ,  a t  v e ry  l e a s t ,  

h av e  c o n seq u en ces  f o r  w a te r  c o n s e r v a t io n , s in c e  i t  h a s  been  s u g g e s te d  

t h a t  t h e  p le o p o d s  a r e  a n  i m p o r t a n t  s i t e  o f  w a te r  l o s s  ( M a r s o e n /
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1985) -  a lth o u g h  t h i s  s t i l l  r e q u i r e s  e x p e r im e n ta l  v e r i f i c a t i o n .  

F i n a l l y ,  i t  s n o u ld  be  n o te d  t h a t  t h e r e  may b e  a  r e l a t i o n s h i p

b e tw e e n  g ro o m in g  b e h a v io u r  ( s e e  c h a p t e r  2) a n d  w a te r  l o s s .  I n  

t e r r e s t r i a l  am ph ipods, f i n e  g r a n u l a r  m a t e r i a l  may a b r a d e  a r t i c u l a r  

m em branes p ro m o tin g  d e s i c c a t i o n  (BJD. V a le n t in e ,  in  H o lm q u is t , 1982). 

I n  t h i s  w ay , g ro o m in g  i n  t e r r e s t r i a l  a m p h ip o d s  may r e d u c e  t h e  

i n c i d e n c e  o f  d a m a g e  a n d  t h e r e f o r e  r e d u c e  t h e  l i k e l i h o o d  o f  

d e s i c c a t i o n .

7 .2 .4  W ater l o s s  a s  r e l a t e d  t o  h a b i t a t  and o r i e n t a t i o n

As t h e  r e s u l t  o f  t h e i r  s u s c e p t i b i l i t y  t o  d e s i c c a t i o n ,  t h e  

T a l i t r i d a e  a r e  c o n fin e d  to  a  l a r g e l y  c ry p to z o ic  e x is te n c e  and  a r e  much 

m o re  l i m i t e d  in  t h e i r  a d a p t i v e  r a d i a t i o n  th a n  o t h e r  t e r r e s t r i a l  

a r th r o p o d s  such  a s  i n s e c t s  and , t o  a  l e s s e r  e x te n t ,  w o o d lic e .

I t  i s  know n t h a t  0 ^  g a m m a r e l lu s  i n h a b i t s  an  a l m o s t  f u l l y  

s a t u r a t e d  (>95% R.H .) e n v i r o n m e n t  i n  t h e  s u p r a - l i t t o r a l  z o n e  

(B acklund, 1945; Moore and F r a n c is ,  1985a). The few  q u a l i t a t i v e  d a ta  

t h a t  e x i s t ,  w o u ld  t e n d  t o  s u g g e s t  t h a t  t h i s  i s  a l s o  t r u e  o f  t h e  

e u t e r r e s t r i a l  am phipods (see  H u rle y , 1968 and F r ie n d  and R ic h a rd s o n ,

1 9 8 6 ) . To m a i n t a i n  t h e i r  p r e s e n c e  i n  t h i s  s a t u r a t e d  e n v i r o n m e n t ,  

t a l i t r i d  am phipods a r e  g r e a t l y  d e p e n d e n t on a  number o f  i n t e r - r e l a t e d  

b e h a v i o u r a l  m e c h a n is m s . T he a g g r e g a t i o n  o f  l a r g e  n u m b e rs  o f  O. 

g a m m a re llu s  in  th e  f i e l d  h a s  been  o b se rv e d  (J .I .S . U npubl. obs.) o f t e n  

in v o lv in g  in d iv id u a l  a n im a ls  b e in g  in  c lo s e  b o d i ly  c o n ta c t  w i th  one 

a n o t h e r .  I n  t h e  l a n d h o p p e r s  0 .  h u r l e y i  an d  0 . p a t e r s o n i , h o w e v e r ,  

t h e s e  a n im a ls  a c tu a l l y  a v o id  p h y s ic a l  c o n ta c t  (ex c e p t f o r  m a tin g )  w i th  

e a c h  o t h e r  (D uncan , 1 9 6 9 ) . D uncan  a l s o  o b s e r v e d  t h a t  o n e  i n d i v i d u a l  

m ay e v e n  r e p e l  a n o th e r  by l y i n g  on  i t s  s i d e  an d  'k i c k i n g '  w i t h  i t s  

abdomen.
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T a l i t r i d s  a r e  p r i m a r i l y  n o c tu r n a l  i n  t h e i r  h a b i t s  and  many o f  

th e  s u p r a - l i t t o r a l  s p e c ie s  e x h i b i t  a  d iu r n a l  rh y th m  o f  a c t i v i t y  (see  

c h a p t e r  2 ) . Q r c h e s t i a  g a m m a r e l lu s  i s  know n t o  show  a  p r e f e r e n c e  f o r  

t h e  h i g h e s t  h u m id i ty  a v a i l a b l e  (B a c k lu n d , 1 9 4 5 ; W i l l i a m s o n ,  1 9 5 1 a ) . 

T h is  a n im a l w i l l  move m ore q u ic k ly ,  hopping  and jum p ing  o f t e n  i n  d ry  

a i r  (W illiam so n , 1951a). T a l i t r u s  s a l t a t o r  h as  been  shown to  b u rrow  to  

a  d e p th  a t  w hich  th e  m o is tu re  i s  optim um  (W illia m s , 1983b). B u rrow ing  

i t s e l f  i s  th u s  an  im p o r ta n t  w a te r  c o n s e rv a t io n  m easu re .

I n  a n  a t t e m p t  t o  l o c a t e  s t r u c t u r e s  t h a t  c o u ld  be r e f e r r e d  t o  a s  

h u m id i ty  r e c e p t o r s ,  W i l l i a m s o n  (1951a) c a r r i e d  o u t  a  n u m b er o f  

s t r a t e g i c  a m p u ta tio n s  on t h r e e  t a l i t r i d  s p e c ie s  he w as s tu d y in g . The 

f i r s t  and second  a n te n n a e  r e c e iv e d  p a r t i c u l a r  a t t e n t i o n ,  b u t  w i th  no 

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

s u r f a c e  w i th  wax b u t  t h i s  r e s u l t e d  in  t h e  u n t i m e l y  d e m is e  o f  t h e  

e x p e r im e n ta l  a n im a ls . W illia m s o n  co n c lu d ed  t h a t  th e  T a l i t r i d a e  had no 

s p e c i f i c  h y g r o m e te r - l ik e  r e c e p to r s  b u t  r e a c t e d  i n s t e a d  t o  d i f f e r e n t  

a m o u n ts  o f  w a te r  l o s s .  W i l l i a m s  (1983a) r i g h t l y  p o i n t e d  o u t  t h a t  

W illia m so n  (1951a) o m it te d  t o  c l a r i f y  h i s  u se  o f  th e  te rm  w a te r  l o s s  

w h ich  c o u ld  be u n d e rs to o d  e i t h e r  a s  th e  am ount o f  w a te r  l o s s  p e r  u n i t  

t im e  (w h ic h  i s  a  f u n c t i o n  o f  t h e  s a t u r a t i o n  d e f i c i t  [S .D .]) o r  a s  

w a te r  l o s s  a s  a  p e r c e n t a g e  o f  t h e  i n i t i a l  body  w e i g h t  ( t h i s  i s  a  

f u n c t i o n  o f  b o th  e x p o s u r e  t i m e  an d  S .D .). I n  h i s  own e x p e r i m e n t s  

i n v o l v i n g  T. s a l t a t o r , W i l l i a m s  (1983b) fo u n d  t h a t  w hen h e  k e p t  t h e  

S.D. c o n s ta n t ,  th e  a n im a l w as s t i l l  a b le  to  o r i e n t a t e ,  i n d ic a t i n g  t h a t  

i t  w as r e a c t i n g  t o  w a te r  l o s s  a s  a  p e r c e n ta g e  o f  t h e  i n i t i a l  b o d y  

w e ig h t.

As th e  e f f e c t s  o f  l i g h t ,  t e m p e r a t u r e  an d  h u m id i ty  a r e  i n t e r 

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

a r e  a b le  to  o r i e n t a t e  w i th  r e s p e c t  to  ea ch  o f  th e s e  f e a t u r e s ,  eg . th e  

d e g r e e  o f  p r e - e x p e r  i m e n t a l  w a t e r  l o s s  h a s  b e e n  i m p l i c a t e d  i n
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" r e s e t t i n g "  t h e  o r i e n t a t i o n  p a t t e r n  o f  p a r t i c u l a r  s u p r a - l i t t o r a l  

s p e c i e s  ( s e e  p  23 c h a p t e r  2 ) .

The w a te r  r e q u ir e m e n ts  o f  many a r th ro p o d s  a r e  s a t i s f i e d  by w a te r  

ta k e n  in  w i th  th e  food  su p p le m e n te d  by d r in k in g  f r e e  w a te r  (B e rr id g e ,

1 9 7 0 ) . I t  h a s  b e e n  show n  t h a t  0 . g a m m a r e l lu s  i s  a b l e  t o  r e p l a c e  l o s t  

body w a te r  from  b o th  a  f u l l y  s a tu r a t e d  a tm o sp h e re  and from  s ta n d in g  

b o d i e s  o f  w a te r  (M oore a n d  F r a n c i s ,  1985a) J h e  w a te r  l o s s  s u s t a i n e d  

d u r in g  a c u te  d e s ic c a t io n  s t r e s s  w ould  ap p e ar  to  be a t  th e  e x p e n se  o f  

t h e  h aem o ly m p h  (M oore a n d  F r a n c i s ,  1 9 8 5 a ; J . I . S . ,  u n p u b l .  o b s . ) . The 

'b lu e in g ' o f  th e  l im b s  n o te d  by R aw lin so n  (1937), W illia m s o n  (1951a) 

and Moore and F r a n c is  (1985a) may be due to  c h ro m a to p ro te in  p ig m e n ts  

in  th e  haemolymph becom ing f i b r i l l a r  a f t e r  w a te r  rem o v a l.

T e r r e s t r i a l  am phipods a l s o  c a r r y  e x o so m a tic  w a te r  i n  t h e i r  b rood  

p o u c h  (H u r le y , 19 6 8 ; J . I . S . ,  u n p u b l .  o b s . ) . D uncan  ( in  H u r l e y ,  1968) 

h a s  a s su m e d  t h a t  dew i s  s u f f i c i e n t  t o  p r o v id e  t h e  q u a n t i t y  fo u n d . 

T h e r e f o r e ,  t h e r e  may be no  n e e d  f o r  t h e  a m p h ip o d  t o  s e a r c h  f o r  

s ta n d in g  b o d ie s  o f  w a te r .

7 .2 .5  O o s te g i te s  and d e s ic c a t i o n  r e s i s t a n c e  o f  eggs

I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  o o s t e g i t e s  o f  A u s t r o t r o i d e s  

c r e n a tu s , w hich  a r e  b ro a d e r  th a n  th o s e  o f  s i m i l a r  A u s t r o t r o id e s  s%%)., 

w ere  d e v e lo p e d  in  re s p o n s e  to  th e  c l im a te  o f  th e  A d e la id e  ( A u s tr a l ia )  

a r e a  w h ic h  i s  much d r i e r  t h a n  t h e  f o r e s t s  o f  W e s te rn  A u s t r a l i a  

( F r i e n d ,  1 9 8 2 ). I n  t h i s  c o n n e c t i o n ,  i t  i s  i n t e r e s t i n g  t h a t  t h e  f u l l y  

d e v e lo p e d  o o s t e g i t e s  o f  th e  lan d h o p p e r  A. d o r r i e n i  have a  much s m a l le r  

s u r f a c e  a r e a  t h a n  t h o s e  t a k e n  f ro m  Q r c h e s t i a  g a m m a r e l lu s  o r  Q. 

m e d i t e r r a n e a  (M oore an d  S p i c e r ,  19 8 6 ; J . I . S .  U n p u b l. o b s . ) . T h i s  may 

be r e l a t e d  to  th e  o c c u rre n c e  o f  d e s ic c a to r y  s t r e s s  in  t h e i r  r e s p e c t i v e  

h a b i t a t s ;  0^  g a m m a re llu s  i s  s u b je c t  to  g r e a t e r  e x tre m e s  o f  h u m id ity  

v a r i a t i o n  in  th e  s u p r a - l i t t o r a l  zone th a n  ^  d o r r i e n i  w h ich  i n h a b i t s
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t h e  r e l a t i v e l y  s t a b l e  (p e rh a p s )  s a t u r a t e d  e n v i r o n m e n t  o f  t h e  l e a f  

l i t t e r .

7 .2 .6  C o n c lu s io n s

I t  i s  e v id e n t  t h a t  o u r know ledge o f  th e  e f f e c t s  o f  h u m id ity  on 

t a l i t r i d  am ph ipoas i s  g r o s s ly  d e f i c i e n t .  As n o te d  a b o v e , much e x i s t i n g  

w ork i s  o f  v e ry  l i t t l e  c o m p a ra tiv e  v a lu e . I t  i s  c l e a r  t h a t  t a l i t r i d s  

i n  g e n e ra l  a r e  e x tr e m e ly  s u s c e p t ib l e  to  d e s i c c a t i o n ,  f a r  m ore so  th a n  

o th e r  t e r r e s t r i a l  a r th ro p o d  g ro u p s , b u t c h o ic e  e x p e r im e n ts  in v o lv in g  

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

p a r t i c u l a r l y  w i t h  r e g a r d  t o  t h e  l e a f  l i t t e r  i n h a b i t a n t s .  I t  i s  

s u g g e s te d  f o r  th e  f u t u r e ,  t h a t  e x p e r im e n ta l  te c h n iq u e s  and a n im a l body 

s i z e  be s ta n d a r d is e d  a s  f a r  a s  p o s s ib le  and t h a t  a  num ber o f  d i f f e r e n t  

s p e c ie s  be exam ined  s im u l ta n e o u s ly ,  under i d e n t i c a l  c o n d i t io n s .

7 .3  IONIC AND OSMOTIC REGULATION

7 .3 .1  I n t r o d u c t io n

The a b i l i t y  t o  m a in ta in  a  s u i t a b l e  i n t e r n a l  m i l ie u  in  th e  f a c e  o f  

o s m o tic  s t r e s s  h a s  p la y e d  a  m o st im p o r ta n t  r o l e  in  a n im a l e v o lu t io n  

f o r  tw o  m a in  r e a s o n s .  F i r s t ,  a n im a l s  a r e  r e s t r i c t e d  i n  t h e i r  

g e o g ra p h ic a l  d i s t r i b u t i o n  by e n v i r o n m e n ta l  f a c t o r s ,  o n e  o f  t h e  m o s t  

im p o r ta n t  o f  w h ich  i s  th e  o s m o tic  n a tu r e  o f  th e  e n v iro n m e n t. Second, 

g e o g ra p h ic a l  d i s p e r s a l  fo llo w e d  by g e n e t i c  i s o l a t i o n  i s  an  im p o r ta n t  

m e c h a n is m  f o r  t h e  e v o l u t i o n a r y  d i v e r g e n c e  o f  s p e c i e s .  I t  c o u ld  be  

a rg u e d  t h a t  th e  a r th r o p o d s ,  and in  p a r t i c u l a r  th e  i n s e c t s ,  w ould have 

been  l e s s  s u c c e s s f u l  in  t h e i r  in v a s io n  o f  f r e s h - w a te r  and la n d  i f  th e y  

h a d  n o t  e v o lv e d  a  m ean s o f  r e g u l a t i n g  t h e i r  e x t r a c e l l u l a r  i o n i c  

m i l ie u .  I t  h a s  been  s u g g e s te d  r e c e n t ly  t h a t  p h y s io lo g ic a l  a d a p ta t io n s
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t o  r e t a i n  io n s  i n  th e  body have been  more im p o r ta n t  in  th e  e v o lu t io n  

o f  th e  la n d h o p p e rs  th a n  a d a p ta t io n s  to  r e s i s t  d e s i c c a t i o n  (F rie n d  and 

R ic h a r d s o n ,  1 9 8 6 ) . T h i s  t h e o r y  i s  s u p p o r t e d  by  t h e  f a c t  t h a t ,  a s  we 

h a v e  s e e n ,  h u m id i ty  t o l e r a n c e  a p p e a r s  t o  be b e t t e r  d e v e lo p e d  i n  t h e  

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

m ind t h a t  t h e r e  i s  a s  y e t  no c o n c lu s iv e  e v id e n c e  f o r  su ch  a  d i f f e r e n c e  

e x i s t i n g  b e tw een  a n im a ls  o f  e q u iv a le n t  w e ig h t.

7 .3 .2  O sm o re g u la tio n  .
eskianne. environment

T a l i t r i d  a m p h ip o d s  h a v e  c o l o n i s e d  b o th  t h e  f r e s h - w a t e r j a n d  s o  

h ig h ly  d e v e lo p e d  p o w e rs  o f  o s m o tic  r e g u la t i o n  may be a n t i c i p a t e d  (see  

B o u s f ie ld ,  1958 i n  h i s  l i s t  o f  t e r r e s t r i a l  a d a p ta t io n s ) .  Y et d e s p i t e  

t h i s ,  v e ry  l i t t l e  p e r t i n e n t  d a ta  e x i s t  in  th e  l i t e r a t u r e .  In d eed  w ith  

t h e  e x c e p t io n  o f  t h e  d a t a  p r e s e n t e d  in  c h a p te r  b a n d  a  few  i s o l a t e d  

v a lu e s  s c a t t e r e d  th o u g h o u t th e  l i t e r a t u r e ,  (Bock, 1967; L i t t l e ,  1983; 

M o loney  a n a  N i c o l s o n ,  1 9 8 4 ) ,  t h e  o n ly  p a p e r s  t o  d e a l  w i t h  t a l i t r i d  

(b e a c h f le a  on ly) o s m o re g u la t io n  a r e  th o s e  o f  Bock (1967) and Moore and 

F r a n c i s  (1 9 8 5 a ) . (N o te : F u r t h e r  s t u d i e s  a r e  a t  p r e s e n t  b e in g  c a r r i e d  

o u t  on t a l i t r i d  o s m o re g u la t io n , in c lu d in g  a  f u l l y  t e r r e s t r i a l  s p e c ie s  

a t  B r i s t o l  u n i v e r s i t y ;  D r. C. L i t t l e ,  p e r s .  com m .).

B o th  Q r c h e s t i a  g a m m a r e l lu s  and  P l a t o r c h e s t i a  ( = O r c h e s t i a )  

p l a t e n s i s  h y p e r - r é g u l a t e  w hen f e d  e i t h e r  w i t h  fo o d  o f  a  r e d u c e d  

s a l i n i t y  o r  w hen im m e rs e d  i n  d i l u t e  m e d ia  an d  h y p o r e g u l a t e  u n d e r  

c o n d i t i o n s  o f  h y p e r s a l i n e  e x p o s u r e .  A s i m i l a r  a b i l i t y  i s  fo u n d  i n  

f u l l y  m arin e  am phipods su ch  a s  Gammarus d u e b e n i and G. o c e a n ic u s . B oth  

o f  t h e s e  f e a t u r e s  h a v e  b e e n  r e g a r d e d  a s  p r e - a d a p t a t i o n s  t o  

t e r r e s t r i a l  e x i s t a n c e  in  o th e r  c ru s ta c e a n  g ro u p s  (M ante l and F a rm e r, 

1 9 8 3 ) . I t  s h o u ld  be  n o t e d ,  h o w e v e r ,  t h a t  i n  0 ^  g a m m a r e l lu s , t h i s  

a b i l i t y  i s  a p p a r e n t l y  l e s s  e f f i c i e n t  w hen t h e  a n im a l  i s  im m e rs e d  

(M oore and  F r a n c i s ,  1 9 8 5 a ; s e e  a l s o  P r i c e  an d  H o l d r i c h ,  1 9 8 0 ) . T h i s
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m ay be  d u e  t o  t h e  i n a p p r o p r i a t e  n a t u r e  o f  t h i s  m edium  f o r  O. 

g a m m a re llu s .

W h ile  t h e  r e l a t i v e  HCY c o n t e n t  o f  a m p h ip o d  h aem o ly m p h  b e c o m e s  

m ore s t a b l e  w i th  th e  move o n to  la n d ,  th e  l e v e l  and ran g e  o f  a b s o lu te  

HCY c o n te n t  may be u n a f f e c te d  by th e  a n im a ls ' e c o lo g ic a l  p o s i t i o n  on 

t h e  s h o r e  ( W i e s e r ,  1 9 6 5 ) .  T h e  s t a b i l i t y  o f  t h e  r e l a t i v e  HCY 

c o n c e n t r a t i o n  i n  Q r c h e s t i a  may be  i n d i c a t i v e  o f  a  s t r i c t  c o n t r o l  

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

o s m o re g u la t io n .

Two d i f f e r e n t  t y p e s  o f  r e l a t i o n s h i p  b e tw e e n  b lo o d  p r o t e i n  an d  

b lo o d  o s m o l a r i t y  h a v e  b e e n  fo u n d  f ro m  e x a m i n a t i o n  o f  a  num ber o f  

m a r in e  a n d  s e m i - t e r r e s t r i a l  C r u s t a c e a  (P eq u eu x  £ t  a l . ,  1 9 7 9 ) . I n  

a q u a t i c  e u r y h a l i n e  s p e c i e s  i n c l u d i n g  C a r c in u s  m a e n a s , t h e r e  i s  a n  

in v e r s e  r e l a t i o n s h i p  be tw een  b lo o d  p r o t e i n  and b lo o d  o s m o la r i ty ,  f o r  

r e a s o n s  s i m i l a r  t o  th o s e  o u l in e d  ab o v e , b u t  in  th e  s e m i - t e r r e s t r i a l  

s p e c i e s  r e p r e s e n t e d  b y  U ca m in a x  a n d  Q c y p o d e  q u a d r a t u s , t h e  

r e l a t i o n s h i p  i s  d i r e c t .  P e q u e u x  e t  (1979) p o s t u l a t e d  t h a t  t h e  

r e a s o n  f o r  t h i s  c o u p l in g  o f  h i g h  b lo o d  p r o t e i n  w i th  h ig h  b lo o d  

o sm o la r  i t y  may r e l a t e  to  th e  m a in te n a n c e  o f  c o l l o i d a l  o sm o tic  p r e s s u r e  

i n  th e  body f l u i d s  (bulsee aiddohswsen.. ;) in  a n im a ls  c o n t i n u a l l y

c o n f ro n te d  w i th  p ro b le m s  o f  w a te r  a v a i l a b i l i t y .

D e s p i te  th e  s e m i - t e r r e s t r i a l  h a b i t  o f  g a m m a re llu s , i t  i s  

c l e a r  t h a t  t h i s  s p e c i e s  i s  m o re  c l o s e l y  a l l i e d  t o  t h e  a q u a t i c  

e u r y h a l in e  d e cap o d s  in  i t s  m ethod o f  b lo o d  and c e l l  volum e r e g u la t i o n ,  

t h a n  t o  t h e  s e m i - t e r r e s t r i a l  s p e c i e s  e x a m in e d  by P eq u e u x  e t  a l . 

(1 9 7 9 ). T h i s  f e a t u r e  may be  i n d i c a t i v e  o f  t h e  g e n e r a l l y  w a t e r -  

s a tu r a t e d  e n v iro n m e n t in h a b i te d  by ev en  th e  m ost t e r r e s t r i a l  o f  th e  

t a l i t r i d  g e n e r a .  U n d e r  s u c h  c o n d i t i o n s ,  w a t e r  l o s s  ( p e r h a p s  

s u r p r i s i n g l y )  i s  n o t  t o  be r e g a r d e d  a s  t h e  p r e - e m i n e n t  b a r r i e r  t o
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t a l i t r i d  a m p h ip o d s  c o l o n i s a t i o n  o f  l a n d  ( s e e  a b o v e ) .  I n d i v i d u a l s  

o c c u r r i n g  a b o v e  t h e  h ig h  w a te r  m ark  (AHW a n im a ls )  h a v e  a  b lo o d  an d  

t i s s u e  c o m p o s i t i o n  q u a n t i t a t i v e l y  ( i f  n o t  q u a l i t a t i v e l y )  d i f f e r e n t  

from  t h e i r  BHW c o u n te r p a r t s .  They a r e  c h a r a c te r i s e d  by a  low  t o t a l  FAA 

and  a  low  i o n ic  c o n te n t  (p roducing  a  low  o s m o tic  p r e s s u r e ) ,  to g e th e r  

w i th  a  h ig h  b lo o d  p r o t e i n  c o n c e n t r a t io n  (as opposed  to  h ig h  t o t a l  FAA, 

h ig h  o s m o l a r i t y  a n d  lo w  p r o t e i n  c o n t e n t  w h ic h  i s  c h a r a c t e r i s t i c  o f  

m o st BHW a n im a ls ) .  P re su m ab ly  a s  t h i s  s i t u a t i o n  i s  f u l l y  r e v e r s i b l e ,  

th e  d i f f e r e n c e  i s  e n v iro n m e n ta l ly  induced  and a  g e n e t i c  com ponent i s  

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

t r a n s p o r t i n g  p r o p e r t i e s  o f  th e  b lo o d  o f  th e  tw o g ro u p s  a r e  d i f f e r e n t .

I n  t h e  A z o r e s ,  0 ^  g a m m a r e l lu s  i s  fo u n d  f a r  i n l a n d  an d  h a s  

p o s s i b l y  ' t h r o w n - o f f '  a  f u l l y  t e r r e s t r i a l  s p e c i e s  (H u r le y ,  1 9 6 8 ) , 0 . 

c h e v r e u x i  ( A n d e r s s o n ,  1 9 6 1 ) .  A s i m i l a r  c a s e  e x i s t s  w i t h  tw o  

p o p u l a t i o n s  o f  P ^  p l a t e n s i s  (T a m u ra  a n d  K o e s k i ,  1 9 7 4 )  w h e r e  

m o rp h o lo g ic a lly  i d e n t i c a l  a n im a l s  i n h a b i t  b o th  s e a - s h o r e  an d  l o c a l  

f o r e s t  e n v i r o n m e n t s  ( a l th o u g h  i t  i s  now c o n s i d e r e d  t h a t  t h e s e  a r e  

d i s t i n c t  s p e c ie s .  They a r e  c e r t a i n l y  s e p a r a te d  by t h e i r  r e p r o d u c t iv e  

b e h a v io u r .  I t  c o u ld  be e x p e c te d  t h a t  0 ^  c h e v r e u x i  a n a  0 ^  p l a t e n s i s  

u a p o n ic u s  w ould  e x h i b i t  b lo o d  / t i s s u e  c h a r a c t e r i s t i c s  s i m i l a r  to  AHW

0 . g a m m a re llu s . C o n se q u e n tly , g e n e t i c  i s o l a t i o n  o f  th e s e  s p e c ie s  from  

t h e i r  s e a - s h o r e  p r o g e n i t o r s  w i l l  r e s u l t  i n  a  d i v e r g e n c e  in  t h e i r  

b l o o d / t i s s u e  c h a r a c t e r i s t i c s  w i th  th e  r e s u l t a n t  co n seq u e n c e s  f o r  th e  

t r a n s p o r t  o f  oxygen  in  th e  b lo o d  (see  b e low ). I t  w ou ld , t h e r e f o r e ,  be 

o f  g r e a t  i n t e r e s t  t o  com pare th e  io n ic  and o s m o tic  r e g u la to r y  a b i l i t y  

a n d  m e c h a n is m s  o f  a  c l o s e l y  r e l a t e d  p a i r  o f  s p e c i e s  s u c h  a s  Q. 

g a m m a r e l lu s  a n d  0 . c h e v r e u x i . S i m i l a r l y ,  f u r t h e r  c o m p a r is o n  o f  t h e  

b e a c h f l e a  s p e c i e s  w i t h  som e t r u e  la n d h o p p e r  s p e c i e s  may s h e d  som e 

l i g h t  on  t h e  i n t e r s p e c i f i c  d i f f e r e n c e s  i n  p h y s io l o g y  i n  t h e s e  tw o  

g ro u p s .
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T a b le  7 .1  V a lu e s  f o r  t h e  o s m o t i c  p r e s s u r e  o f  t a l i t r i d  a m p h ip o d  

haemolymph.

S p e c ie s O .P . (mOsm)

Q r c h e s t i a  gamarflarellus 828

Q r c h e s t i a  cav im ana 360

P l a t o r c h e s t i a  p l a t e n s i s  806

T a l o r c h e s t i a  c a p e n s is  836

U n id e n t i f ie d  eu 
t e r r e s t r i a l  t a l i t r i d 400

R e fe re n c e

Moore and F r a n c is  (1985a) 

J . I . S . ,  u n p u b lish e d  

Bock (1967)

M oloney and N ic o lso n  (1984) 

L i t t l e  (1983)
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T a b le  7.1 c o n ta in s  a l l  known v a lu e s  f o r  th e  o s m o tic  p r e s s u r e  o f  

t a l i t r i d  am phipod haemolymph. T hese  v a lu e s  a r e  a l l  c o m p a ra t iv e ly  h ig h , 

i n c l u d i n g  0 ^  c a v im a n a  an d  t h e  l e a f - h o p p e r  s p e c i e s .  T h i s  i s  o f t e n  

r e g a r d e d  a s  e v id e n c e  f o r  t r a n s i t i o n  o n to  l a n d  v i a  t h e  l i t t o r a l  z o n e  

r a t h e r  th a n  a  r o u te  in v o lv in g  f r e s h - w a te r .  However, t h i s  i s  n o t  by any  

m ea n s  c e r t a i n  s i n c e  0 . c a v im a n a  i s  a  f r e s h - w a t e r  t a l i t r i d  w h ic h  h a s  

b e e n  fo u n d  f a r  i n l a n d  (D o rsm an , 1 9 3 5 ) . I t  may b e ,  w h i l e  l a n d h o p p e r s  

h a v e  a  l i t t o r a l  o r i g i n ,  t h a t  t h e  m o re  t e r r e s t r i a l  b e a c h f l e a  s p e c i e s  

may have c o lo n is e d  la n d  v i a  b o th  f r e s h - w a te r  and s u p r a - l i t t o r a l  m a r in e  

r o u t e s .  H a v in g  d a t a  on o n ly  tw o  b e a c h f l e a  s p e c i e s  th o u g h ,  i t  i s  

im p o s s ib le  t o  a s s e s s  th e  e c o lo g ic a l  s ig n i f i c a n c e  o f  any  i n t e r g e n e r i c  

d i f f e r e n c e s  t h a t  may e x i s t .

7 .3 .3  I o n ic  r e g u la t i o n

I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  m a in te n a n c e  o f  c h l o r i d e  i o n  

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

t e r r e s t r i a l  b e a c h f l e a s  t o  o c e a n i c  i s l a n d s  o r  m a r i t i m e  h a b i t a t s  

(B o u s f ie ld , 1968). A r e c e n t  s tu d y ,  how ev er, h a s  p ro v id e d  some e v id e n c e  

t h a t  th e  c r i t i c a l  io n  s p e c ie s  may n o t  be c h lo r id e  b u t  i t s  a s s o c i a te d  

c a t i o n  s o d iu m  (M oore a n d  F r a n c i s ,  1 9 8 6 a ) . T h e r e f o r e ,  i t  i s  n o t  

s u r p r i s i n g  t h a t  t h i s  io n  i s  s o  w e l l  r e g u l a t e d  by 0^ g a m m a r e l lu s  

( c h a p t e r  6 ) .  Q r c h e s t i a  g a m m a r e l lu s  c a n  t o l e r a t e  a  c o n c e n t r a t i o n  o f  

s o d iu m  i o n s  t h r e e  o r d e r s  o f  m a g n i tu d e  b e lo w  t h a t  o f  s e a w a t e r .  T h i s  

a m p h i p o d ,  h o w e v e r ,  c o u l d  n o t  e x i s t  o n  n a t u r a l  o r  e n h a n c e d  

c o n c e n t r a t io n s  o f  c a lc iu m  o r  p o ta s s iu m  (c h lo r id e s )  a lo n e  when sod ium  

io n s  w ere  rem oved (Moore and F r a n c i s ,  1986a). The s u g g e s t io n  t h a t  th e  

d i f f e r e n c e  b e tw een  b e a c h f le a s  and  la n d h o p p e rs  l i e s  in  t h e i r  d i f f e r i n g  

io n ic  r e g u la to r y  a b i l i t i e s  h a s  y e t  t o  be s u b s ta n t i a t e d .  The a t t r a c t i o n
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o f  t h i s  t h e o r y ,  co m e s  m a in ly  f ro m  t h e  r e j e c t i o n  o f  d e s i c c a t i o n  

t o l e r a n c e  a s  a  m a jo r  c r i t e r i o n  f o r  l a n d  l i f e  a n d  no m o re  l i k e l y  

e x p la in a t io n s  have  been  p u t  f a r  w ard . The th e o ry  h a s  one  d is a d v a n ta g e  

i n  t h a t  i t  p r e s u p p o s e s  t h a t  no b e a c h f l e a  s p e c i e s  h a s  e v o lv e d  v i a  a  

f r e s h - w a te r  ro u te .

A l th o u g h  m a r in e  d e c a p o d s  s t o r e  som e c a l c iu m ,  t h e y  l o s e  a  l a r g e  

p r o p o r t i o n  o f  t h e i r  t o t a l  b o d y  c a lc iu m  w hen t h e y  m o u l t  (P a s s a n o ,  

1 9 6 0 ) . T h i s  i s  r e g a i n e d  by a c t i v e  r e a b s o r p t i o n  f ro m  t h e  s u r r o u n d i n g  

s e a w a te r  (R o b e rtso n , 1960). S e m i - t e r r e s t r i a l  am phipods no lo n g e r  have 

u n l im i te d  a c c e s s  to  th e  se a . In  co n seq u en ce , c a lc iu m  s to r a g e  i s  h ig h  

e g . i n  Q r c h e s t i a  (G r a f ,  1 9 6 5 , 1 9 7 4 ; c f .  a l s o  G r a f ,  1 9 6 6 , 1 9 6 7 , 1 9 7 1 , 

1972) an d  i n  o t h e r  t e r r e s t r i a l  C r u s t a c e a  (S p a rk e s  a n d  G re e n a w a y , 

1984). I t  i s  known t h a t  c a lc iu m  l e v e l s  in  th e  haem olym ph f l u c t u a t e  in  

re s p o n s e  t o  s a l i n i t y  ch an g es ( c h a p te r  5) a s  w e l l  a s  d u r in g  d i f f e r e n t  

s t a g e s  o f  t h e  m o u l t  c y c l e  i n  Q. g a m m a r e l lu s  ( G ra f ,  1 9 7 1 ) . D u r in g  t h e  

p r e - e x u v ia l  p e r io d ,  c a lc iu m  re a b s o rb e d  from  th e  o ld  c u t i c l e  i s  s to r e d  

i n  t h e  fo rm  o f  c a l c a r e o u s  c o n c r e t i o n s  in  t h e  p o s t e r i o r  c a e c a  o f  t h e  

m id g u t .  I n  t h e  p o s t - e x u v i a l  p e r i o d  s u c h  s t o r e d  c o n c r e t i o n s  a r e  

e x tru d e d  in to  th e  haem olym ph and re a b s o rb e d  w i th in  one o r  tw o days t o  

m in e r a l i s e  th e  new c u t i c l e  (M eyran e t  a l . ,  1984). P re su m a b ly  a  s i m i l a r  

p r o c e s s  o c c u rs  in  la n d h o p p e rs , in  w h ich  i t  sh o u ld  be o f  even  g r e a t e r  

im p o rta n c e  (see  be low ).

R e id  (1947) n o te d  t h a t  w h i l e  m o s t  a m p h ip o d s  h a r d e n  t h e i r  

e x o s k e le to n  by c a lc iu m  c a rb o n a te  d e p o s i t io n ,  t h i s  d id  n o t  a p p e a r  to  be 

a  f e a t u r e  o f  t h e  T a l i t r i d a e .  He s u g g e s t e d  t h a t ,  r a t h e r  t h a n  t h i s  

" p h y s io lo g ic a l  p e c u l i a r i t y "  b e in g  r e l a t e d  to  l i g h t e n in g  th e  w e ig h t o f  

a  s a l t a t o r y  a n im a l,  th e  "ab sen ce  o f  such  a  s t i f f e n i n g  m a t e r i a l  m ig h t 

h e lp  t o  make t e r r e s t r i a l  e x i s t e n c e  e a s i e r  in  t h a t  a  s u p p le  a n im a l i s  

b e t t e r  f i t t e d  f o r  c ra w lin g  in to  d ry  a p e r tu r e s  th a n  i s  a  r i g i d  one."

S u ch  s o f t e n i n g  o f  t h e  e x o s k e l e t o n ,  h o w e v e r , may be  c o n f i n e d  t o
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t h e  b e a c h f l e a  a n d  s a n d h o p p e r  g e n e r a .  H a s w e l l  (1 8 8 2 ) , d e s c r i b i n g  

T a lo r c h e s t i a  m arm o ra ta  (w hich d e s p i t e  i t s  g e n e r ic  a t t r i b u t i o n  b e lo n g s  

t o  B o u s f i e l d 's  g r o u p  IV : 1 , t h e  l a n d h o p p e r s )  n o te d  t h a t  t h e  w h o le  

in te g u m e n t  w as  v e r y  h a r d .  D uncan  (1985a) h a s  a l s o  n o t e d  t h a t  t h e  

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

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

a p p e a r a n c e  an d  t e x t u r e  o f  t h e  i n te g u m e n t  i s  m ore c l o s e l y  r e l a t e d  t o  

t h a t  o f  m a r in e  a m p h ip o d s  t h a n  t o  t h e  s u p r a - l i t t o r a l  b e a c h f l e a s  

r e f e r r e d  to  by R eid  (1947). T h is  w ould  seem to  s u g g e s t  t h a t  s e l e c t i v e  

p r e s s u r e  le a d in g  to w a rd s  s u p p le n e s s  o f  th e  in te g u m e n t in  th e  b e a c h f le a  

a n d  s a n d f l e a  g r o u p s  w as n o t  p r e s e n t  i n  t h e  c a s e  o f  t h e  m o s t  a n c i e n t  

lan d h o p p e r g ro u p . W hat i s  n o t  in  d o u b t , how ever, i s  t h a t  an  im p o r ta n t  

p h y s io lo g ic a l  d i f f e r e n c e  e x i s t s  b e tw e en  th e  two g ro u p s  a s  r e g a r d s  th e  

m echanism  o f  c a l c i f i c a t i o n .  C o m p a ra tiv e  s tu d ie s  on t h i s  t o p ic  d e s e rv e  

h ig h  p r i o r i t y  in  th e  f u tu r e ,  W ie se r  (1967) has  o u t l in e d  th e  p ro b le m  o f  

c o p p e r  a v a i l a b i l i t y  an d  s t o r a g e  i n  C r u s ta c e a  t h a t  no  l o n g e r  h a v e  

r e c o u r s e  t o  t h e  s e a .  I t  i s  s i m i l a r  i n  n a t u r e  t o  t h a t  o u t l i n e d  a b o v e  

f o r  c a lc iu m . The cop p er c o n te n t  o f  th e  h e p a to p a n c re a s  o f  Q r c h e s t i a  i s  

e l e v a t e d  a n d  l e s s  v a r i a b l e  t h a n  i n  a  num ber o f  a q u a t i c  a m p h ip o d  

s p e c ie s  (W ieser, 1965). T h is  w as a l s o  o b se rv ed  in  th e  w o o d lic e , w h ich  

hav e  been m ore th o ro u g h ly  s tu d ie d  th a n  th e  T a l i t r i d a e ,  w here  su ch  h ig h  

c o p p e r  c o n c e n t r a t i o n s  a r e  r e l a t e d  t o  t h e  need  t o  c o n s e r v e  i o n s  t h a t  

h a s  r e s u l t e d  f r o m  t h e  m ove o n t o  l a n d  ( L i t t l e ,  1 9 8 3 ) .  I n  t h e  

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

l i t t e r  fo o d  (C o u g h tre y  e t  a l . ,  1 9 8 0 ) ; t h e  e f f i c i e n c y  o f  c o p p e r  

a s s i m i l a t i o n  v a r i e s  in v e r s e ly  w i th  th e  m o is tu re  c o n te n t  and  th e  s t a t e  

o f  p r e s e r v a t i o n  (u n d e c a y e d )  o f  t h e  l e a f  l i t t e r  ( W ie s e r ,  1 9 6 8 ) . A 

s i m i l a r  s i t u a t i o n  may o c c u r  i n  t h e  T a l i t r i d a e  b u t ,  a s  y e t ,  t h i s  i s  

s t i l l  s u b je c t  t o  i n v e s t ig a t io n .
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F u l l y  t e r r e s t r i a l  a m p h ip o d s  a r e  s u b j e c t e d  t o  l o w e r  

e n v i r o n m e n t a l  pH c o n d i t i o n s  t h a n  a r e  t h e i r  a q u a t i c  ( m a r in e )  

c o u n t e r p a r t s  ( F r i e n d  an d  R ic h a r d s o n ,  1 9 7 7 ). Some r e c e n t  w ork  on  t h e  

s e m i - t e r r e s t r i a l  O. g a m m a re llu s  (Moore and F r a n c is ,  1986a) h a s  shown a  

m arked d e g re e  o f  ^  to le r a n c e  in  t h i s  s p e c ie s  a l th o u g h  s u b - l e t h a l  pH 

v a l u e s  may i n t e r f e r e  w i t h  v i t a l  p r o c e s s e s  l i k e  f e e d i n g  (M oore an d  

F r a n c is ,  1985b). Such p h y s io lo g ic a l  t o le r a n c e s  may be p r e - a d a p t iv e  f o r  

th e  f u l l y  t e r r e s t r i a l  e n v iro n m en t.

7 . 4  NITROGEaSIOUS EXCRETION

An i m p o r t a n t  d i f f e r e n c e  b e tw e e n  t e r r e s t r i a l  a r t h r o p o d s  f ro m  a  

v a r i e t y  o f  g r o u p s  i s  t h e  n a t u r e  o f  t h e i r  n i t r o g e n o u s  e n d  p r o d u c t s .  

C r a b s ,  w o o d l i c e  a n d  m y r ia p o d s  e x c r e t e  n i t r o g e n  m a in ly  a s  am m onia 

w h e re as  a r a c h n id s  and i n s e c t s  e x c r e te  in s o lu b le  p u r in e s ,  g u a n in e  and 

u r i c  a c id  t h e  l a s t  o f  w h ic h  r e d u c e s  w a te r  l o s t  d u r i n g  e x c r e t i o n  

( L i t t l e ,  1983). D re s e l  and M oyle (1950) found t h a t  0 ^  g a m m a re llu s  had 

a d a p te d  to  a  t e r r e s t r i a l  l i f e  w h i le  r e t a in in g  a  p r i m i t i v e  am m o n o te lic  

ty p e  o f  m e t a b o l i s m .  The s u p p r e s s i o n  o f  n i t r o g e n  m e ta b o l i s m  i n  

t e r r e s t r i a l  iso p o d s  and am phipods a s  th e y  s u g g e s te d , h o w ev er, h a s  been  

show n  to  be  w ro n g  i n  t h e  c a s e  o f  t h e  fo rm e r  (W ie s e r  e t  a l . ,  1 9 6 9 ). I t  

may be t h a t  t h i s  i s  a l s o  t r u e  f o r  th e  am phipods.

L i t t l e  (1983) su g g e s te d  t h a t  th e  a p p a re n t  r e d u c t io n  in  e x c re te d  

n i t r o g e n  p r o b a b l y  r e f l e c t e d  t h e  u s e  o f  g a s e o u s  am m o n ia  a s  a n  en d  

p r o d u c t .  I n  t h e  T a l i t r i d a e  t h e  a n t e n n a l  g la n d  h a s  b e e n  l o s t  (o r  a t  

l e a s t  i s  g r e a t l y  reduced) and i t  i s  th o u g h t t h a t  e x c r e t i o n  ta k e s  p la c e  

v i a  t h e  d i g e s t i v e  t r a c t  ( B o u s f i e l d ,  p e r s  comm, i n  K a e s t n e r ,  1 9 7 0 ) . 

T h is  w ould a l s o  a p p e a r  t o  be t r u e  f o r  e u t e r r e s t r i a l  la n d h o p p e r  s p e c ie s  

(S ee  M o rto n , i n  F r i e n d  a n a  R ic h a r d s o n ,  1 9 8 6 ). F r i e n d  a n d  R ic h a r d s o n  

(1986) have com m ented r i g h t l y  t h a t  th e  r e t e n t i o n  o f  an  a m m o n io te lic
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n itro g e n o u s  e x c r e t i o n  i s  n o t  s u r p r i s i n g  c o n s id e r in g  th e  m o is t  h a b i t a t  

o f  th e  T a l i t r i d a e .  I t  i s  a l s o  o f  i n t e r e s t  in  t h i s  c o n n e c t io n  t h a t  th e  

s e m i - t e r r e s t r i a l  0^  g a m m a re llu s  show s g r e a t e r  t o le r a n c e  t o  in c r e a s e d  

ammonia c o n c e n t r a t io n s  th a n  d o es  th e  f r e s h - w a te r  Gammarus p u le x  (Moore 

and  F r a n c is ,  1986a).

The u r i c  a c id  (a p o s s ib l e  a l t e r n a t i v e  w a s te  p ro d u c t)  c o n te n t  o f  

w h o le  a n im a ls  w as s i m i l a r  i n  b o th  s e m i - t e r r e s t r i a l  (Q r c h e s t i a  s p .
-

0 .0 8  mg.g w e t  w t.)  an d  m a r in e  (M a rin o g a m m a ru s  s p p . 0 .07  -  0 .10  m g.g 

w e t w t.) am phipods (D rese l and M oyle, 1950).

I t  i s  c l e a r  t h a t  o u r  k n o w le d g e  o f  n i t r o g e n o u s  e x c r e t i o n  i n  

t a l i t r i d  a m p h ip o d s  i s  g r o s s l y  d e f i c i e n t .  From  t h e  l i t t l e  e v id e n c e  

c u r r e n t l y  a v a i l a b l e ,  i t  c o u ld  be  s u g g e s t e d  t h a t  t h e r e  h a s  b e e n  no 

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

t r a n s i t i o n  from  s e a  to  la n d  in  am phipod C ru s ta c e a . T h is  r e t e n t i o n  o f  

an  a m m o n io te lic  n i tro g e n o u s  e x c r e t i o n  may be a s s o c ia te d  w i th  th e  m o is t  

c h a r a c t e r  o f  t a l i t r i d  h a b i t a t s .  E q u a l ly ,  i t  may h i g h l i g h t  o u r  

i g n o r a n c e  o f  t h e  b a s i c  p r o c e s s e s  in v o lv e d  an d  o u r  r e l i a n c e  o n  

e x t r a p o la t io n  from  o th e r  g ro u p s .

7 .5  RESPIRATION

7 .5 .1  A e r ia l ;A q u a t ic  r e s p i r a t i o n

I t  w o u ld  a p p e a r ,  i n  b o th  t h e  b e a c h f l e a  and  l a n d h o p p e r  s p e c i e s  

exam ined , t h a t  a s  a  s p e c ie s  becom es l e s s  d ep en d en t on s ta n d in g  b o d ie s  

o f  w a te r  f o r  i t s  s u r v i v a l ,  i t  l o s e s  th e  a b i l i t y  t o  m a in ta in  an  a e r i a l  

r a t e  o f  o x y g e n  c o n s u m p t io n  w hen su b m e rg e d  (se e  T a b le  3 .4  i n  c h a p t e r  

3 ) .  I n  m any i n s t a n c e s ,  h o w e v e r ,  t h i s  d o e s  n o t  r e s u l t  i n  t h e  d e a t h  o f  

t h e  a n im a l  a s  lo n g  a s  t h e  s t r e s s  o f  im m e rs io n  i s  n o t  com p o u n d ed  by  

o t h e r  e x t r a n e o u s  f a c t o r s  ( s e e  c h a p t e r  3. a l s o  B o w e rs , 1 9 6 4 ) . F o r  

e x am p le , none o f  th e  a n im a ls  exam ined  in  t h i s  p r e s e n t  s tu d y  s u rv iv e d
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im m ers io n  a t  t e m p e r a tu r e s  in  e x c e s s  o f  20^C. I t  i s  d i f f i c u l t  to  a s s e s s  

t h e  r e l a t i o n s h i p  b e tw e e n  t h e  l o s s  o f  b im o d a l  r e s p i r a t i o n  and  t h e  

r e d u c t io n  o f  g i l l  a r e a  in  th e  b e a c h f le a  and la n d h o p p e r  g ro u p s  s tu d ie d .  

In d e e d  w i t h o u t  p r o f o u n d  c h a n g e s  i n  t h e  n a t u r e  a n d / o r  s i t e ( s )  o f  g a s  

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

s u p p re s s io n  o f  a q u a t i c  r e s p i r a t i o n  o b se rv e d  (see  b e lo w ). A r c i t a l i t r u s  

d o r r i e n i  (Group IV;1) and o th e r  f u l l y  t e r r e s t r i a l  la n d h o p p e rs  (Makawe 

(Q r c h e s t i a ) h u r l e y i  a n d  T a l o r c h e s t i a  (Q r c h e s t i a ) p a t e r s o n i  [G roup  

I V ; 2 j ;  K.W. D u n c a n , p e r s .  comm.) a r e  i n c a p a b le  o f  p r o lo n g e d  a q u a t i c  

im m ers io n  r e g a r d l e s s  o f  e x p o s u r e  t e m p e r a t u r e .  T hey  h a v e  c o m p l e te l y  

l o s t  th e  c a p a c i ty  t o  r e s p i r e  under w a te r  w ith  i n i t i a l  a e r i a l ; a q u a t i c  

o x y g e n  c o n s u m p t io n  r a t i o s  i n  t h e  r e g i o n  o f  2 -  3 , d e s p i t e  t h e  

r e t e n t i o n  o f  a n  a q u a t i c  g i l l  a r e a .  I t  i s  u n c l e a r ,  h o w e v e r ,  w h e th e r  

r e s p i r a t o r y  o r  o s m o tic  s t r e s s  was th e  p r im a ry  c a u se  o f  d e a th  (Duncan, 

1 9 6 9 ;  J . I . S .  u n p u b l .  o b s . ) . I n  t h e  c a s e  o f  t h e  S o u t h  A f r i c a n  

la n d h o p p e r  (g ro u p  IV ;1 ) T a l i t r i a t o r  e a s tw o o d a e  (M e th u e n , 1 9 1 3 ) , 

how ever, s u b m e rs io n  f o r  up to  10 d a y s  in  o r d in a r y  t a p  w a te r  seem s to  

h a v e  no  i l l  e f f e c t  (L a w re n c e , 1 9 5 3 ) . I t  i s  c l e a r  t h a t  t h e r e  i s  a  

g r e a t e r  n e e d  f o r  q u a n t i t a t i v e  d a t a  on t h e  s u r v i v a l  a n d  o x y g e n  

co n su m p tio n  in  a i r  and w a te r  o f  v a r io u s  lan d h o p p e r s p e c ie s  (bo th  IV 1 

and  2) b e fo r e  th e  o v e r a l l  p i c t u r e  becom es c le a r .

A l th o u g h  t h e r e  w as n o t  t h e  e x p e c t e d  i n c r e a s e  i n  m e ta b o l i s m  

s o m e t im e s  a s s o c i a t e d  w i t h  t h e  r e a d y  a v a i l a b i l i t y  o f  o x y g e n  i n  t h e  

a e r i a l  e n v i r o n m e n t  (E dney , 1960) b o th  b e a c h f l e a  a n d  la n d h o p p e r  

r e p r e s e n t a t i v e s  exam ined  in  c h a p te r  3 w ere  s t i l l  a b le  t o  m a in ta in  a  

c o n s ta n t  a e r i a l  oxygen co n su m p tio n  a t  3 0 f or  a  num ber o f  h o u rs  a f t e r  

i n i t i a l  e x p o s u re . In  c o n t r a s t ,  th e  i n t e r t i d a l  am ph ipods E^ o b tu s a tu s  

and E^ p i r l o t i , s u s ta in e d  a e r i a l  oxygen  c o n su m p tio n  was n o t  p o s s ib l e  

a t  t e m p e r a t u r e s  i n  e x c e s s  o f  250^^ T h i s  i s  c l e a r l y  a n  a d a p t a t i o n  t o
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th e  in c r e a s e  i n  te m p e ra tu re  f l u c t u a t i o n  e x p e r ie n c e d  in  th e  t e r r e s t r i a l  

h a b i t a t  a s  a r e  th e  low  Q^o v a lu e s  fo r  b e a c h f le a  and lan d h o p p e r oxygen 

co n su m p tio n  r a t e s .

The r e l a t i v e  a n t i q u i t y  o f  t e r r e s t r i a l  s p e c ie s  fro m  b o th  t a l i t r i d  

g ro u p s  may be shown in  t h e i r  re s p o n s e  to  im m ers io n . I n  th e  s e m i-  and  

a lm o s t  f u l l y  t e r r e s t r i a l  b e a c h f le a s ,  th e r e  a r e  e x a m p le s  o f  r e t e n t i o n  

o f  b im odal r e s p i r a t i o n ,  (a lth o u g h  a q u a t ic  r a t e s  o f  oxygen  c o n su m p tio n  

a r e  c o n s i d e r a b l y  r e d u c e d  w hen c o m p a re d  w i t h  e u l i t t o r a l  o r  s e m i 

t e r r e s t r i a l  b e a c h f le a  s p e c ie s  eg . 0^ cavim ana) b u t  t h e r e  i s  a l s o  l o s s  

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

p r o g e n i t o r s ,  e g .  M akawe h u r l e y i  a n d  T a l o r c h e s t i a  p a t e r s o n i . I n  t h e  

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

p leo p o d s  and th e  rh y th m ic  re s p o n s e  o f  th e s e  s t r u c t u r e s  upon im m ers io n , 

may be i n d i c a t i v e  o f  an  in c o m p le te  a d a p ta t io n  o f  th e s e  a n im a ls  to  an  

a e r i a l  e x i s t e n c e  ( s e e  a l s o  W a ls h e -M a e tz ,  1 9 5 2 , 1956  on t h e  l a c k  o f  

r e s p i r a t o r y  r e g u l a t i o n  d u r in g  h y p o x ia ) . T h is  i s  i n  s h a rp  c o n t r a s t  t o  

th e  lan d h o p p er s p e c ie s  in  w h ich  t h e r e  i s  a  r e d u c t io n  o r  t o t a l  l o s s  o f  

p le o p o d s  and a n im a ls ,  w h i le  i n i t i a l l y  hav in g  a  h ig h  a e r i a l ;  a q u a t ic  O2 

co n sum ption  r a t e ,  a r e  u n a b le  t o  s u r v iv e  p ro lo n g e d  im m ers io n .

7 .5 .2  O xygen t r a n s p o r t

The o n ly  i n f o r m a t i o n  on  t h e  o x y g e n  t r a n s p o r t i n g  p r o p e r t i e s  o f  

t a l i t r i d  h a e m o ly m p h  i s  t h a t  p r e s e n t e d  h e r e i n .  T he s e m i - t e r r e s t r i a l  

b e a c h f l e a s  0 ^ g a m m a r e l lu s  a n d  0 ^ m e d i t e r r a n e a  b o th  h a v e  a  h i g h  

a f f i n i t y  p ig m e n t w i th  a  m o d era te  Bohr s h i f t .  As p r e v io u s ly  m en tio n ed  

(c h a p te r  5) ,  t h i s  d o e s  n o t  a p p e a r  t o  s u p p o r t  th e  h y p o th e s is  t h a t  a  low  

o x y g e n  a f f i n i t y  i s  a n  a d a p t a t i o n  t o  l i v i n g  on  l a n d  in  d e c a p o d  

c r u s t a c e a n s  (Y oung, 1 9 7 2 ) . H o w e v e r , t h e  p r o p e r t i e s  o f  Q r c h e s t i a  

haem o lym ph  may s t i l l  be  r e l a t e d  t o  t h e  a n i m a l s '  m ove o n to  l a n d .  As 

n o te d  above, one o f  th e  m ajo r p ro b le m s  fa c in g  a n im a ls  com ing o u t  o n to
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l a n d  v i a  t h e  l i t t o r a l  z o n e , m u s t  b e  d e s i c c a t i o n  o f  t h e  s u r f a c e s  o f  

r e s p i r a t o r y  g a s  exchange. In  a s s o c i a t i o n  w i th  t h i s  i t  i s  known t h a t  0 . 

g a m m a r e l lu s  a n d  0 . m e d i t e r r a n e a  (am ong o t h e r s )  show  a  r e d u c t i o n  i n  

t h e i r  t o t a l  g i l l  a r e a  w h ic h  may b e  r e l a t e d  t o  t h e  n e e d  t o  c o n s e r v e  

w a t e r .  W h a te v e r  t h e  r e a s o n s  f o r  t h e  r e d u c t i o n ,  i t  h a s  c e r t a i n  

c o n seq u e n c e s  f o r  oxygen t r a n s p o r t i o n ;  i t  w i l l  re d u c e  th e  o v e r a l l  r a t e  

o f  oxygen d i f f u s i o n  i n to  th e  b lo o d . T h is  p re su p p o se s  1) t h a t  th e  g i l l s  

a r e  ( th o u g h  n o t  n e c e s s a r i l y  t h e  o n l y ) ,  t h e  m ain  s i t e  o f  g a s  e x c h a n g e  

a n d  2) t h a t  w i t h  t h e  r e d u c t i o n  i n  g i l l  a r e a ,  t h e  g i l l  c u t i c l e  e i t h e r  

rem a in e d  th e  sam e th ic k n e s s  o r  becom e t h i c k e r ,  and 3) t h a t  th e r e  i s  no 

n e t  change in  b lo o d  f lo w . As th e  r a t e  o f  d i f f u s i o n  a c r o s s  th e  g i l l s  i s  

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

t h e  oxygen a f f i n i t y  o f  th e  p ig m e n t, th e  f a s t e r  w i l l  oxygen be ta k e n  up 

i n t o  th e  b lo o d . I t  i s  o f te n  th e  c a s e  t h a t  th e  p o s t - b r a n c h ia l  b lood  P02 

i n  d ecap o d s  i s  low  (Redmond, 1968) w h ich  s u g g e s ts  t h a t  th e  r e s p i r a t o r y  

c o n s e q u e n c e s  o f  w a te r  c o n s e r v a t i o n  may o u tw e ig h  t h o s e  o f  e n h a n c e d  

oxygen a v a i l a b i l i t y  in  a i r .

A h ig h  a f f i n i t y  p ig m e n t  i s  o f t e n  r e g a r d e d  a s  an  a d a p t a t i o n  t o  

h y p o x ia  t o l e r a n c e  (lo w  e x t e r n a l  PO2 a s  o p p o s e d  t o  lo w  i n t e r n a l  P02  

c o n s id e re d  above) b u t  b ecau se  o f  th e  h ig h  d i f f u s io n  r a t e  o f  oxygen in  

a i r ,  t e r r e s t r i a l  m i c r o - h a b i t a t s  a r e  n o t  n o r m a l ly  l i a b l e  t o  o x y g e n  

d e p le t io n .  In  s o i l s ,  how ever, a l th o u g h  oxygen t e n s io n s  o f  around  150 

T o r r  a r e  fo u n d  e v e n  a t  d e p t h s  o f  30 cm , h e a v y  r a i n  may s e a l  

i n t e r s t i c e s  a t  th e  s u r f a c e  p r e v e n t in g  f r e e  d i f f u s i v e  exchange. In  su c h  

a  c a s e ,  th e  oxygen te n s io n  can  f a l l  r a p i d l y  to  v e ry  low  l e v e l s ,  due  t o  

t h e  a c t i v i t y  o f  s o i l  o rg a n is m s , and  be accom panied  by a  c o rre s p o n d in g  

in c r e a s e  in  th e  p a r t i a l  p r e s s u r e  o f  CO2. I n  th e s e  c ir c u m s ta n c e s  i t  may 

be  s e v e r a l  d a y s  b e fo re  o p t im a l  c o n d i t io n s  a r e  r e s t o r e d  (Jo n e s , 1972). 

T h e r e f o r e ,  t h e  p r e s e n c e  o f  s u c h  a  h ig h  a f f i n i t y  p ig m e n t  may a p p e a r  

a d v a n ta g e o u s  t o  a  c r y p t o z o i c  l e a f - l i t t e r  i n h a b i t a n t  s u c h  a s  ^
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d o r r i e n i . D un can  (1 9 6 9 ), h o w e v e r ,  h a s  n o te d  t h a t  M. h u r l e y i  w i l l  

c l im b  upw ards when th e  s o i l  i s  w a te r lo g g e d  w h e re as  p a te r s o n i  w h ich  

a r e  n o t  know n t o  c l im b  may f r e q u e n t l y  be fo u n d  d e a d  i n  s m a l l  p o o l s  

a f t e r  h e a v y  r a i n .  M o o re  a n d  S p i c e r  (1 9 8 6 )  a l s o  n o t i c e d  t h a t  

A r c i t a l i r u s  d o r r i e n i  a p p eared  to  sh u n  w a te r lo g g e d  s i t e s  to o .

From th e  w ork c a r r i e d  o u t  on 0 . g a m m a re llu s , i t  a p p e a r s  t h a t  when 

b e a c h f l e a  s p e c i e s  ' t h r o w s  o f f  a  t e r r e s t r i a l  s p e c i e s ,  t h e  

e u t e r r e s t r i a l  n o v e l ty  ( e q u iv a le n t  t o  AHW a n im a ls? )  may have d i f f e r e n t  

i n  v iv o  oxygen c a r r y in g  p r o p e r t i e s  o f  th e  b lood  from  i t s  s u p r a l i t t o r a l  

p r o g e n i to r  ( e q u iv a le n t  to  BHW a n im a ls ) .  U n t i l  th e  oxygen t r a n s p o r t i n g  

p r o p e r t i e s  o f  s u c h  s p e c i e s  a s  0 . c a v im a n a , P l a t o r c h e s t i a  p l a t e n s i s  

j a p o n i c u s  a n d  p l a t e n s i s  p l a t e n s i s  a r e  e x a m in e d  a n d  t h e  r e s u l t s  

com pared  w i th  th o s e  o f  th e  p r e s e n t  s tu d y , such  s u g g e s t io n s  m ust re m a in  

h ig h ly  s p e c u la t i v e .  N e v e r th e le s s  ev en  s p e c u la t io n s  may be h e lp f u l  i n  

m aking p r e d i c t i o n s  ab o u t e c o lo g i c a l ly  d i f f e r e n t  s p e c i e s  and may th ro w  

some l i g h t  upon th e  r e l a t i o n s h i p  o f  th e  g a s  exchange s t r u c t u r e s  t o  th e  

oxygen t r a n s p o r t a t i o n  sy stem .

I t  i s  s u g g e s t e d ,  t h e r e f o r e ,  t h a t  a s  t h e  o x y g e n  a f f i n i t y  o f  t h e  

r s p i r a t o r y  p ig m e n t o f  0^ g a m m a re llu s  (AHW) in c r e a s e s  r e l a t i v e  to  t h a t  

o f  0 ^  g a m m a re llu s  (BHW) due to  th e  r e d u c t io n  in  in f lu e n c e  o f  d i v a l e n t  

io n s  and  a  d e c re a s e  o f  v iv o  pH, so  a  s i m i l a r  s i t u a t i o n  may e x i s t  i n  

t h e  tw o  s u b p o p u l a t i o n s  o f  P. p l a t e n s i s  s t u d i e d  by T am u ra  and  K o s e k i  

(1 9 7 4 ). T hey  fo u n d  t h a t  i n  s p i t e  o f  m o r p h o lo g ic a l  u n i f o r m i t y ,  t h e  

s u p r a l i t t o r a l  a n d  f o r e s t  p o p u l a t i o n s  o f  ^  p l a t e n s i s  show ed  tw o  

d i s t i n c t  n o n -b re e d in g  p e r io d s  and o v e r - w in te r  in  d i s t i n c t l y  s e p a r a te d  

d e v e lo p m e n ta l  s ta g e s .  T h is  was u n d o u b te d ly  accom pan ied  by a  r e d u c t io n  

i n  t h e  t o t a l  h aem o ly m p h  i o n i c  c o m p o s i t i o n  o f  t h e  f o r e s t  d w e l l i n g  P . 

p l a t e n s i s  ja p o n ic u s  ( e q u iv a le n t  to  AHW a n im a ls  ?) com pared  w ith  th e  

s u p r a l i t t o r a l  P^ p l a t e n s i s  p l a t e n s i s  ( e q u iv a le n t  t o  BHW a n im a ls  ? ). We
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c o u ld  a l s o  p o s t u l a t e  on th e  sam e g ro u n d s , th e  l i k e l y  p re s e n c e  o f  a  low  

o x y g e n  a f f i n i t y  p ig m e n t  i n  t h e  h aem o ly m p h  o f  0 . c a v im a n a  (a c l o s e  

r e l a t i v e  o f  0^  m e d i te r r a n e a ) .

I n d e e d  s u c h  a  f e a t u r e  m ay h e l p  e x p l a i n  t h e  lo w  a e r i a l ; a q u a t i c  

o x y g e n  c o n s u m p t io n  r a t i o  i n  0 .  c a v im a n a  ( c f .  0 .  g a m m a r e l lu s  a n d  Q. 

m e d i t e r r a n e a ) .  I t  i s  s u g g e s t e d  t h a t  t h e  h ig h  a f f i n i t y  p ig m e n t  o f  Q. 

g a m m a r e l lu s  an d  0^  m e d i t e r r a n e a  i s  a  r e l i c  o f  t h e i r  i n t e r t i d a l  

h i s t o r y .  F o r t h e i r  l i t t o r a l  p r o g e n i t o r s ,  b o th  h y p o x ia  s t r e s s  a n d  

r e d u c t i o n  o f  g i l l  a r e a  in  r e s p o n s e  t o  d e s i c c a t i o n  s t r e s s  w o u ld  m ake 

t h e  p o s s e s s i o n  o f  a  h ig h  a f f i n i t y  p ig m e n t  d e s i r a b l e .  W ith  t h e  

em ergence  o n to  la n d , a  h ig h  a f f i n i t y  p ig m e n t w ould be re d u n d a n t e x c e p t  

p e rh a p s  f o r  th e  s h o r t  p e r io d s  o f  a c c id e n ta l  in u n d a t io n  o c c a s s io n a l ly  

e x p e r i e n c e d  by t h e s e  a n i m a l s .  I t  i s  know n t h a t  t h e  e u l i t t o r a l  Q. 

m e d i t e r r a n e a  l a c k s  a n y  g r e a t  m e a s u r e  o f  r e s p i r a t o r y  in d e p e n d e n c e  

d u r in g  h y p o x ia ;  t h e  p le o p o d  b e a t  i s  q u i t e  i n s e n s i t i v e  t o  c h a n g e s  i n  

a m b ie n t  P02 ( W a ls h e -M a e tz ,  1 9 5 2 , 1 9 5 6 ) . T h i s ,  t o g e t h e r  w i th  t h e  

r e t e n t i o n  o f  b im o d a l  r e s p i r a t i o n  ( s e e  a b o v e ) ,  c o u ld  b e  r e g a r d e d  a s  

e v id e n c e  o f  i t s  i n c o m p le t e  a d a p t a t i o n  t o  an  a e r i a l  e n v i r o n m e n t .  

C e r ta in ly  th e  h ig h  P^ v a lu e  fo und  f o r  0^  m e d i te r ra n e a  w ould  a p p e a r  to  

be  i n c o n s i s t e n t  w i th  th e  p re s e n c e  o f  a  h ig h  a f f i n i t y  p ig m e n t (H e rre id , 

1980). S in c e  t h e r e  i s  a p p a r e n t ly  no s e l e c t i o n  p r e s s u r e  f o r  r e t e n t i o n  

o f  a  h ig h  a f f i n i t y  p ig m e n t ,  w i t h  l a n d w a r d s  p r o g r e s s i o n  (due t o  t h e  

c o r r e s p o n d in g  d e c r e a s e  i n  t h e  i o n i c  c o m p o s i t i o n  a n d  t h e  o s m o t i c  

p r e s s u r e  o f  th e  haem olym ph), p ig m e n t a f f i n i t y  d e c re a s e s .  Such a  th e o r y  

w ould  p r e d i c t  a  low  oxygen a f f i n i t y  f o r  e u t e r r e s t r i a l  b e a c h f le a  and  

la n d h o p p e r  s p e c ie s .

The te m p e ra tu re  i n s e n s i t i v i t y  o f  th e  r e s p i r a t o r y  p ig m e n t may be  

t a k e n ,  l i k e  t h e  lo w  v a l u e s ,  a s  an  a d a p t a t i o n  t o  t h e  i n c r e a s e d  

th e r m a l  i n s t a b i l i t y  o f  th e  l i t t o r a l  zone (see  c h a p te r  5 f o r  d e t a i l s ) ,  

and w ould  be p r e - a d a p t iv e  f o r  t e r r e s t r i a l  l i f e .
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7.6 SENSORY APPARATUS

A s s o c i a t e d  w i t h  t h e  c o l o n i s a t i o n  o f  l a n d ,  t h e r e  h a s  b e e n  a  

m arked r e d u c t io n  in  th e  f i r s t  a n te n n a e  in  T a l i t r u s , and  a s  f i r s t  n o te d  

by  B a te  (1 8 6 2 ) , t h e  o l f a c t o r y  l o b e s  o f  t h e  b r a i n  beco m e r e d u c e d .  

T h e re fo re  any  in c r e a s e  in  th e  s e n s o r y  fu n c t io n  o f  th e  seco n d  a n te n n a e  

m ay b e  a s s o c i a t e d  w i th  g r e a t e r  d e v e lo p m e n t  o f  t h e  t r i t o c e r e b r u m .  

M adsen (1960) found  t h a t  th e  d e v e lo p m e n t o f  g lo m e r u l i  c e l l s  to g e th e r  

w i th  n e u r o p i le s  in  th e  t r i to c e r e b r u m  o f  Q rc h e s t ia  g r e a t l y  ex ceed  t h a t  

o f  G am m arus. T he s e c o n d  a n t e n n a e  a r e  a l s o  u s e d  a s  p r e h e n s i l e  

s t r u c t u r e s  d u r in g  c o p u l a t i o n  ( i n  t h e  a b s e n c e  o f  p r e h e n s i l e  f i r s t  

g n a th o p o d s ) ,  s o  t h e y  h a v e  a n  i m p o r t a n t  t a c t i l e  r o l e  i n  a d d i t i o n  t o  

o l f a c t i o n  (D r. P.G. M oore , p e r s .  com m .).

An e x a m i n a t i o n  o f  t h e  f i n e  s t r u c t u r e  o f  t h e  t e r m i n a l  a n d  

s u b t e r m i n a l  s e n s o r y  s e t a e  g r o u p s  on  th e  f i r s t  a n te n n a e  o f  b o th  

P l a t o r c h e s t i a  p l a t e n s i s  and T a l o r c h e s t i a  d e s h a y e s i i  s u g g e s te d  t h a t  th e  

f i r s t  a n te n n a e  may s t i l l  h a v e  a n  i m p o r t a n t  r o l e  i n  o r i e n t a t i o n  

b e h a v io u r  a n d  c h e m o r e c e p t io n  (D a h l, 1 9 7 3 ). I n d e e d  t h e  f u n c t i o n  a n d  

d i s t r i b u t i o n  o f  s e n so ry  s e ta e  i s  l i t t l e  d i f f e r e n t  from  t h a t  in  f u l l y  

a q u a t i c  G am m arus s p p . The t o t a l  n u m b er o f  s e n s o r y  s e t a e  o n  v a r i o u s  

p a r t s  o f  th e  body i s  c o n s id e r a b le  and  p resu m a b ly  w ould  s u b s t a n t i a l l y  

in c r e a s e  th e  d an g e r o f  d e s i c c a t i o n ,  b o th  o f  th e  g e n e r a l  body s u r f a c e  

and  th e  s e n s o ry  m ic ro  s t r u c t u r e s  th e m s e lv e s , th u s  f u r t h e r  r e s t r i c t i n g  

t a l i t r i d s  t o  m o is t  t e r r e s t r i a l  e n v iro n m e n ts .

7 .7  FEEDING

T h ere  i s  v e ry  l i t t l e  change  i n  fe e d in g  m ethod a s s o c i a te d  w i th  th e  

c o l o n i s a t i o n  o f  l a n d .  T h e re  i s  a  t e n d e n c y  to w a r d s  s t r e n g t h e n i n g  a n d
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s i m p l i f i c a t i o n  o f  th e  m o u th p a r ts  (H urley , 1968; F r ie n d  and  R ic h a rd so n , 

1 9 8 6 ) , p e r h a p s  a s  a n  a d a p t a t i o n  t o  c h e w in g  d r i e r  f o o d  p a r t i c l e s .  

B o u s f ie ld  ( in  K a e s tn e r , 1970) n o te d  t h a t  th e  p a lp i  and  m o s t f i n e  s e ta e  

on  t h e  m o u th p a r t s  a r e  l o s t  i n  t a l i t r i d s ,  a n a la g o u s  t o  t h e  t r e n d  i n  

i n s e c t s .  As r e g a r d s  th e  p h y s io lo g y  o f  d ig e s t io n ,  t h e r e  a r e  few  changes 

r e q u i r e d  t o  c o p e  w i t h  l a n d  l i f e  ( s e e  c h a p te r  2 f o r  d e t a i l s ) .  L e a f  

l i t t e r ,  w h ich  fo rm s  a  l a r g e  p a r t  o f  th e  d i e t  o f  la n d h o p p e rs  (A shton, 

1 9 7 5 ; F r ie n d  a n d  R ic h a r d s o n ,  1 9 7 7 ; R ic h a r d s o n  a n d  M o r to n , 1986) c a n  

a l s o  be in g e s te d  by 0^  g a m m a re llu s  (P e rk in s , 1974; s e e  a l s o  Moore and 

F r a n c i s ,  1985b) an d  0 ^  c a v im a n a  ( J . I .S .  u n p u b l . o b s .)  a s  w e l l  a s  by  

a q u a t i c  a m p h ip o d s  s u c h  a s  G am m arus p u le x  (W il lo u g h b y  an d  E a rn s h a w , 

1 9 8 2 ).

7.8 LOCOMOTION

B oth b e a c h f le a s  and sa n d h o p p e rs  have h ig h ly  d e v e lo p e d  w a lk in g  and 

jum p ing  b e h a v io u r  and d i s p l a y  c o n c o m ita n t  m o p h o lo g ic a l s p e c i a l i s a t i o n  

(see  c h a p te r  2 fo r  d e t a i l s ) .  I t  h a s  been  s u g g e s te d  in  t h i s  c o n n e c t io n , 

t h a t  e a r l y  fo rm a tio n  and s t r e n g th e n in g  o f  p e r ^ p o d  s u r f a c e s  a s  found 

i n  0 . g a m m a r e l lu s  may be  o n e  o f  t h e  f e a t u r e s  t h a t  h a v e  a l l o w e d  t h e  

d e v e lo p m en t o f  a  la n d  b a sed  l i f e  (C h arn iau x -L eg ran d , 1952). C e r ta in ly  

n e w ly  m o u l te d  0 . g a m m a r e l lu s  show  g r e a t  d i f f i c u l t y  i n  s u s t a i n i n g  

lo c o m o to r y  a c t i v i t y  ( J . I .S .  p e r s .  o b s . ) .

7.9 CÜTICÜLAR MICROSTRUCTÜRES

The e x is t e n c e  o f  c u t i c u l a r  m ic r o s t r u c tu r e s  on th e  o u te r  s u r f a c e  

o f  t e r r e s t r i a l  c r u s t a c e a n s  h a s  b e e n  r e c o g n i s e d  f o r  a  lo n g  t i m e ,  b u t  

u n t i l  r e c e n t l y  t h e y  w e re  t h o u g h t  t o  be a b s e n t  f ro m  t h e  s u r f a c e  o f  

se m i-  an d  f u l l y  t e r r e s t r i a l  a m p h ip o d s  (M ey er-R o ch o w , 1 9 8 1 ). I f  

S c h m a l f u s s  (1978) i s  c o r r e c t  a n d  s u c h  m i c r o s t r u c t u r e s  do  f u n c t i o n  

s o l e l y  a s  a n t i - a d h e s iv e  o rg a n s  in  t e r r e s t r i a l  c r u s t a c e a n s ,  th e  la c k  o f
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s u c h  s t r u c t u r e s  i n  t h e  a m p h ip o d s  a s  w e l l  a s  t h e  o c c u r r e n c e  o f  a  

ro u g h e r c u t i c l e ,  ta k e n  to g e th e r  c o u ld  have been  ta k e n  t o  i n d i c a t e  t h a t  

t e r r e s t r i a l  a m p h ip o d s  (G roup  IV) h a d  c o l o n i s e d  l a n d  i n  r e l a t i v e l y  

r e c e n t  g e o l o g i c a l  t i m e .  A r e - a n a l y s i s  o f  M e y e r-R o c h o w 's  m a t e r i a l ,  

h o w e v e r ,  t o g e t h e r  w i t h  new  o b s e r v a t i o n s  on  som e o t h e r  f u l l y  

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

c o m p lic a te d  and h ig h ly  s p e c i f i c  p a t t e r n s  o f  c u t i c u l a r  m ic r o s t r u c t u r e s  

(Duncan, 1985a). The p re s e n c e  o f  th e s e  m ic r o s t r u c tu r e s  i s  in  k e e p in g  

w i t h  a  m ore  a n c i e n t  o r i g i n  f o r  t h i s  g ro u p  ( B o u s f i e l d ,  1 9 8 4 ) . T he 

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

e n v iro n m e n t c h a r a c te r i s e d  by s t i c k y  s o i l  and humus p a r t i c l e s )  h a s  n o t  

been  c o n firm e d  in  any b each  o r  s a n d f l e a  genus. T h is  may be im p o r ta n t ,  

p a r t i c u l a r l y  f o r  th e  b e a c h f le a  s p e c ie s  w here p h y s io lo g ic a l  a d a p ta t io n  

to  a  e u te r  r e s  t r i a l  l i f e  may s t i l l  be in  f u l l  f lu x ,  a l th o u g h  i t  sh o u ld  

b e  rem em bered t h a t  many m a rin e  am phipods have c o m p lic a te d  c u t i c u l a r  

d e s ig n s  and s t r u c t u r e s  (C u ad ras , 1982).

7.10 THE PHYSI0D3GICAL ECOLOGY OF LAND INVASION BY TALITRID AMPHIPODS 

-  AN EVOLUTIONARY SYNTHESIS

A summ ary o f  th e  p h y s io lo g ic a l  c h a r a c t e r i s t i c s  d i s c u s s e d  e a r l i e r  

i n  t h i s  c h a p te r  to g e th e r  w i th  a  l i s t  o f  a d a p ta t io n s  d raw n  fro m  o th e r  

r e l e v a n t  l i t e r a t u r e ,  i s  p r e s e n t e d  i n  F ig u r e  7 .1 . T h ey  h a v e  b e e n  

c l a s s i f i e d  u n d e r  t h r e e  o f  t h e  f o u r  e c o - m o r p h o l o g ic a l  h e a d in g s  

s u g g e s te d  by B o u s f ie ld  (1984).

T he sc h em e  i s  b a s e d  upon  t h e  s c e n a r i o  e n v i s a g e d  b y  B o u s f i e l d  

(1984) w i t h  tw o  m a in  r o u t e s  o n t o  l a n d ;  ( i)  d i r e c t ,  ( i i )  v i a  t h e  

s u p r a l i t t o r a l  z o n e . A r e c e n t  r e v i e w  h a s  c o n fu s e d  t h e s e  tw o  o p t i o n s  

(M a ts u d a , 1982) b u t  a  r e p l y  by  D r. K.W. D uncan (D u n can , 1985b) h a s  

b o th  c r i t i c i s e d  th e  m echanism  o f  th e  e v o lu t io n a r y  p r o c e s s  p u t  fo rw a rd

149



FIG . 7 .1  P h y s io lo g ic a l  e c o lo g y  o f  la n d  in v a s io n  by t a l i t r i d  am phipods 

T h is  f i g u r e  o p p o s i te  i s  a  g r a p h ic  d e p ic t io n  o f  s u g g e s te d  r o u te s  

o n t o  l a n d  t a k e n  by t a l i  t r i o  a m p h ip o d s  w i t h  i n d i c a t i o n s  o f  t h e  

p h y s io l o g i c a l  changes t h a t  have  a c c o m p a n ie d  t h i s  t r a n s i t i o n .  M o d ern  

d a y  s p e c i e s  a r e  m e n t io n e d  a s  g r o u p  r e p r e s e n t a t i v e s ,  b u t  i t  i s  n o t  

s u g g e s te d  o r  assum ed t h a t  m echan ism s p r e s e n t  in  e x ta n t  s p e c ie s  e v o lv e d  

d i r e c t l y  f ro m  t h o s e  o f  o t h e r  e x t a n t  s p e c i e s .  N e i t h e r  i s  t h e  sc h e m e  

p r e s e n te d  n e c e s s a r i ly  a s  a  c l a d i s t i c  m odel o f  t a l i t r i d  e v o lu t io n .  I t  

i s  s im p ly  a  u s e f u l  fram ew o rk  f o r  f o l lo w in g  and p r e d i c t i n g  c h a n g es  in  

t h e  p h y s io l o g y  o f  t h e s e  a n i m a l s  n e c e s s i t a t e d  by t h e  m ove o n to  l a n d .  

T o g e th e r  w i th  th e  m a t e r i a l  p r e s e n te d  in  t h i s  c h a p te r ,  th e  t e r r e s t r i a l  

a d a p ta t i o n s  a s  l i s t e d  by W ild is h ,  1982a (*) a r e  l i s t e d .



GRASSLAND (More xeric habitats)

t Landhopper

i. Development of greater d e s i c c a t i o n  
resistance.
eg. Austrotroides crenatus

LEAFMOULD ZONE ^

(Gp IV,2)
1. Development of greater desiccation

resistance.
2. Well developed ionic/osmotic

regulation.
eg. Talorchestia patersoni

t
Landhopper , )

1 . L oss o f  o im odal r e s p i r a t i o n .
2 . U nable to  s u rv iv e  p ro lo n g ed  im m ersion
3 . Low r e s p i r a o r y  v a lu e .
4. Low a f f i n i t y ,  te m p e ra tu re  i n s e n s i t i v e  

p igm en t?
5 . M o d if ie d  g i l l s  b u t  r e t e n t i o n  o f  an 

'a q u a t i c '  g i l l  a r e a .
6 . P le o p o d s  red u ced  o r  a b s e n t .
7 . Low r e s i s t a n c e  to  d e s ic c a t io n .
8 . A m m oniotelic  e x c r e t io n .
9 . E x o sk e le to n  h ig h ly  c a l c i f i e d .

10 . W e l ld e v e lo p e d  i o n i c / o s m o t i c  
r e g u la t i o n

11 . S h o r t  am plexus t im e .*
12. Slew m oving.*
13 . C ry p to z o ic ,*
14 . Slow m e ta b o lism , n eo ten o u s  g row th .*
15 . Distribution: Endem ic.*

e g . A r c i t a l i t r u s  d o r r i e n i

INTERTIDAL ZONE

1. Tendancy toward loss of bimodal 
breathing.

2. Unable to survive prolonged 
himersion.

3. Low affinity, temperature 
insensitive pigment?

4. Further reduction of the pleopods,
5. Better developed ionic/osmotic 

regulation. ^
6. Short amplexus time,
7. Slow moving.*
8. Slow metabolism. *
9. Cryptozoic.*

10. Distribution: Endemic.*
eg. Qrchestia sylvicola

SUPRA-LITTORAL ZONE
Sandhopper 

(Gpif9
1. R e te n tio n  o f  b im odal r e s p i r a t i o n .
2 . A ble to  s u rv iv e  p ro lo n g e d  im m ersion
3. Low r e s p i r a t o r y  v a lu e .
4 .H igh  a f f i n i t y ,  t e m p e r a t u r e  

i n s e n s i t i v e  p ig m e n t. y
5 . Reduced g i l l  a r e a  <
6 . P le o p o d s  n o r m a l  o r  r e d u c e d ,  n e v e r  

a b s e n t .
7 .Low r e s i s t a n c e  t o  d e s i c c a t i o n  ( b u t  

g r e a t e r  th a n  L andhoppers IV ,1 ) .
8 . A m m oniotelic e x c r e t i o n .
9. Good i o n i c /  o s m o tic  r e g u la t i o n  (b u t 

l e s s  so  th a n  L andhoppers IV ,1 ) .  
E x o sk e le to n  s o f t .
Long am p lex u s.*
F a s t  m oving .*
F a s t  m e ta b o lism .*

14. N o c tu rn a l ly  a c t i v e .*
15. D i s t r i b u t io n :  co sm o p o lita n *

eg . Q r c h e s t i a g a m m a r e l l u s  
and

T a l i t ru s  s a l t a t o r

Beachflea 
(Gp II.)



b y  M a ts u d a  (1982) a n d  r e a d v o c a t e d  a n  e v o l u t i o n a r y  h i s t o r y  f o r  t h e  

g r o u p  s i m i l a r  t o  t h a t  p r o p o s e d  by  B o u s f i e l d  (1 9 8 4 ) . W h ile  D uncan  

(1985b) i s  c o r r e c t  in  e x e r c i s in g  c a u t io n  when r e l a t i n g  p h y s io lo g ic a l  

(or o th e r )  a d a p ta t io n s  to  e v o l u t i o n a r y  t r e n d s  w i t h i n  t h e  la n d h o p p e r  

g ro u p s , t h i s  sh o u ld  n o t  p r e c lu d e  p e r i o d i c  a t t e m p ts  to  d raw  to g e th e r  

th e  d i s p a r a t e  th r e a d s  o f  o u r u n d e rs ta n d in g  o f  t a l i t r i d  b io lo g y . I t  i s  

c l e a r  from  th e  p r e s e n t  a s s e s s m e n t  t h a t ,  in  e x p e r im e n ta l  t e r m s , v e ry  

l i t t l e  c o n s id e r a t io n  h a s  been  g iv e n  to  th e  m echanism s in v o lv e d  in  th e  

c o lo n i s a t i o n  o f  la n d  by t h i s  g ro u p . T h is  may r e f l e c t ,  up u n t i l  f a i r l y  

r e c e n t  t i m e s ,  a d h e r e n c e  t o  a n  o v e r s i m p l i f i e d  v ie w  o f  t a l i t r i d  

p h y lo g en y .

D e s p i t e  a  g r e a t  d e a l  o f  c o n v e r g e n t  e v o l u t i o n ,  b o th  g r o u p s  o f  

l a n d h o p p e r s  (IV ,1  an d  I V ,2) r e t a i n  m any c h a r a c t e r i s t i c s  w h ic h  a r e  

h i g h l y  s p e c i f i c  a n d , w h ic h  i t  i s  s u g g e s t e d ,  a r e  i n d i c a t i v e  o f  t h e  

r o u t e  t h e y  h a v e  t a k e n  o n to  l a n d  ( F ig .  7 . ) ) .  I t  i s  c l e a r  t h a t  t h e  

b e a c h f l e a  ( e g .  Q r c h e s t i a , C h r o e s t i a , T r a n s o r c h e s t i a  e t c . )  a n d  

s a n d h o p p e r  g e n e r a  (e g . O r c h e s t o i d e a , T a l o r c h e s t i a  e t c . )  a r e  h i g h l y  

m o d if ie d  f o r  l i f e  in  th e  s u p r a l i t t o r a l  zone. Many o f  th e  f e a t u r e s  t h a t  

d e v e lo p e d  i n  p a s s a g e  t h r o u g h  t h e  l i t t o r a l  z o n e  i n  r e s p o n s e  t o  

im m e d ia te  h a b i t a t  r e q u i r e m e n t s ,  e g .  g i l l  r e d u c t i o n ,  i n c r e a s e d  

d e s ic c a t i o n  r e s i s t a n c e ,  in c r e a s e d  s u p p le n e s s  o f  th e  in te g u e m e n t (F ig .

7. I w ould  n o t  a ^ ^ a r  to  be e s s e n t i a l  p r e r e q u i s i t e s  f o r  l i f e  on la n d . 

T h is  i s  shown m o st c l e a r l y  by th e  a b se n c e  o f  many o f  th e s e  f e a t u r e s  in  

t h e  G ro u p  IV : 1 l a n d h o p p e r s  e v e n  th o u g h  t h e y  may b e  p r e s e n t  i n  t h e  

G ro u p  IV :2 s p e c i e s  w h ic h  w e re  d e r i v e d  f ro m  b e a c h f l e a  p r o g e n i t o r s .  

F u r th e rm o re , t h i s  le n d s  q u a l i f i e d  s u p p o r t  to  th e  c o n te n t io n  t h a t ,  a t  

l e a s t  i n i t i a l l y ,  am phipods have  a d a p te d  t o  la n d  by b e h a v io u ra l  r a t h e r  

t h a n  p h y s i o l o g i c a l  m e a n s  ( s e e  c h a p t e r  1 . I n t r o d u c t i o n ) .  T he 

l a n d h o p p e r s  w h ic h  h a v e  e m e rg e d  v i a  t h e  s u p r a l i t t o r a l  z o n e , e g .
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T a lo r c h e s t i a  p a t e r s o n i ,  a r e  to  a  c e r t a i n  e x t e n t ,  j ^ iy s io lo g ic a l ly  p re 

a d a p te d  f o r  m ore r ig o r o u s  t e r r e s t r i a l  e n v iro n m e n ts  ( i .e .  t h e i r  s u c c e s s  

i s  due  t o  p r e - a d a p ta t i o n s  o f  l i t t o r a l  and s u p r a l i t t o r a l  p r o g e n i to r s )  

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

p e n e t r a t i o n  may be l i m i t e d  in  th e  fo rm e r n o t  by d e s i c c a t i o n  s t r e s s  b u t  

by  o s m o - / i o n o - r e g u l a t o r y  c o n s t r a i n t s .  I t  i s  s u g g e s t e d  g iv e n  t h e  

p r e s e n t  s t a t e  o f  o u r  k n o w le d g e , t h a t  b e a c h f l e a  (G roup I I )  a n d  

lan d h o p p e r (Group IV :2) g e n e ra  a r e  p h y s io lo g ic a l ly  h a rd y  a n im a ls ,  b u t ,  

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

d e v e lo p e d  a s  i s  p o s tu l a t e d  f o r  th e  more a n c ie n t  la n d h o p p e r g roup . I t  

i s  f u r t h e r  s u g g e s t e d  t h a t  t h e  d e g r e e  o f  i o n i c /  o s m o t i c  r e g u l a t i o n  

show n  i n  b o th  l a n d h o p p e r  g r o u p s ,  i s  t h e  key  f a c t o r  e n a b l i n g  t h e  

em ergence  o n to  la n d  in  t h i s  am phipod f a m ily .

The e a r l i e s t  e u t e r r e s t r i a l  l a n d h o p p e r s  (G roup  IV :1 ) ,  h a v in g  

e v o lv e d  f ro m  s i m p l i d a c t y l a t e  p a l u s t r a l  a n c e s t o r s  i n  h i g h - r a i n f a l l  

c o a s t a l  r e g i o n s  o f  G o n d w a n a la n d  i n  t h e  m id - C r e ta c e o u s  ( B o u s f i e ld ,  

1 9 8 4 ) , in v a d e d  l a n d  d i r e c t l y  v i a  t h e  l e a f  l i t t e r  o f  t h e  n e w ly  

e s t a b l i s h e d  a n g io s p e r m  r a i n f o r e s t s .  T h u s  t h e s e  a m p h ip o d s  a r e  

c h a r a c te r i s e d  by th e  r e t e n t i o n  o f  an  a q u a t i c  g i l l  a r e a  in  th e  ab sen c e  

o f  t r a n s i t i o n a l  d e s i c c a t i o n  s t r e s s  (F ig .  7 .1 ) .  Some o f  t h e  m ore  

a n c i e n t  l a n d h o p p e r s  (G roup  IV :1 ) (and  G roup  IV :2 , a s  h i n t e d  a t  by  

W ild is h ,  1979) have  a l s o ,  i t  i s  s u g g e s te d , d e v e lo p e d  g r e a t e r  pow ers o f  

d e s ic c a t i o n  r e s i s t a n c e  su b se q u e n t to  th e  in v a s io n  o f  la n d  (see  F r ie n d , 

1982  on  A u s t r o t r o i d e s  p e c t i n a l i s ) .  The move f ro m  s a t u r a t e d  t o  m ore  

x e r i c  c o n d i t io n s  by la n d h o p p e rs  (Group IV: 1) may be fo u n d , in  te rm s  o f  

p h y s i o l o g i c a l  a d a p t a t i o n ,  t o  . p a r a l l e l  t h e  m ove f ro m  t h e  

l i t t o r a l  t o  t h e  s u p r a l i t t o r a l  z o n e  by b o th  t h e  b e a c h f l e a  a n d  

s a n d h o p p e r  g e n e r a .  T h i s  h y p o t h e s i s ,  h o w e v e r , r e q u i r e s  a  g r e a t  d e a l  

m ore work in v o lv in g  co n tem p o ran eo u s  i n t e r s p e c i f i c  c o m p a riso n s  o f  th e  

g ro u p s  in v o lv e d .
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