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ABSTRACT

In order  to  a s sess  the secondary product ion 
p o t e n t i a l  of the  amphipod Gammarus mucronatus i t s  l i f e  
h i s t o r y  was examined wi th l abora tory  exper imentat ion and 
f i e l d  sampling in two warm temperate e s t ua r i ne  h a b i t a t s  in 
the York River ,  V i rg in i a .  A seagrass  ( Zostera marina) bed 
and a macroalgae (Ulva. spp . ,  Enteromorpha spp. )  foul ing 
community on old p i e r  p i l i n g s .

Var ia t ions  in  amphipod abundance between the 
h a b i t a t s  were not  s i m i l a r .  G. mucronatus was present  in 
the seagrass  h a b i t a t  during_^ost  o f  the  year  a t t a in in g  
maximum d ens i t i e s  of  1200‘m in the  spr ing .  Presence of  
G. mucronatus in the  macroalgae h a b i t a t  was almost t o t a l l y  
r e s t r i c t e d  to l a t e  spr ing  ant} e a r ly  summer, but  maximum 
d e n s i t i e s  as high as 6800*m occur red.

Est imates from f i e l d  and l abora to ry  evidence suggest  
t h a t  G.. mucronatus produced 6-9 genera t ions  over a one 
year p e r i od .  Rapid turnover  r e s u l t e d  from increased 
spr ing and summer growth ra t e s  and matura t ion a t  smal ler  
s i zes  during these months.  Reduction in s i ze  of summer 
adu l t s  i s  hypothesized to be a co-evolu t ionary  response to 
p reda t ion  by which the amphipod popula t ion can increase 
i t s  i n t r i n s i c  r a t e  o f  growth ( r ) .

Product ion c a l cu l a t i ons  were made us ing four 
d i f f e r e n t  approaches.  The s ize- f requency method was 
ca l c u l a t e d  for  26 f o r t n i g h t l y  sample d a t e s ,  two a l t e r n a t e  
subset s  of  the da ta  s e t  (13 sample da tes  each) ,  and 
separa t e  ca l cu l a t i ons  fo r  the sexes .  The four th  approach 
u t i l i z e d  a modified ins tantaneous  growth (IGR) equat ion.  
The IGR method produced r e s u l t s  t h a t  were more than 25% 
g r e a t e r  than the s ize- f requency es t imates  which a l l  agreed 
f a i r l y  we l l .  Monthly sampling i s  s u f f i c i e n t  to 
cha r ac te r i z e  the popula t ion fo r  product ion e s t imates ,  but  
because o f  rapid spr ing  and summer growth i t  i s  incapable 
of d e t ec t i ng  vo l t i n i s m.

- 2 . -1Product ion in the  a l ga l  h a b i t a t  was 1CK2 g*m. *yr 
with a  P/B of  60.8,  g r e a t e r  than the 5.0 g*m *yr 
product ion and 40.0 P/B of the seagrass  h a b i t a t .  The 
h igher  a l g a l  values a r e  the r e s u l t  of the g re a t e r  maximum 
abundance of  t h i s  h a b i t a t  coinciding wi th rapid  spr ing and 
summer growth.

Of three  d i f f e r e n t  p r e d i c t i ve  models t e s t e d ,  one 
proposed by Robertson (1979) provides  the  bes t  agreement 
with t he  P/ls es t imates  ca l cu l a t ed  from empi r ica l  da t a .

x i
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I n t r o d u c t i o n

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

b i o l o g i c a l  m a t t e r ,  i s  mos t  commonly a s s o c i a t e d  w i t h  t h e  

p r o c e s s  o f  p h o t o s y n t h e s i s .  Any a u t o t r o p h i c  o r g a n i s m ,  be  

i t  c h e m o a u t o t r o p h i c  b a c t e r i a  o r  an  o ak  t r e e  c a n  be  

p r o p e r l y  c l a s s i f i e d  a s  a p r i m a r y  p r o d u c e r .  Those  

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

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

p r o d u c e r s .  S e c o n d a r y  p r o d u c t i o n  i s  m e a s u r e d  a s  t h e  

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

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

e x p r e s s i n g  t h i s  p r o c e s s  i s  g r o w t h .

I n i t i a l l y ,  i n t e r e s t  i n  s e c o n d a r y  p r o d u c t i o n  

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

and s p o r t  f i s h  s p e c i e s .  I n  o r d e r  t o  manage  s u c h  f i s h e r i e s  

t h e r e  was a n eed  t o  know how f a s t  f i s h  g re w and 

r e p l e n i s h e d  t h e i r  s t o c k .  I n t e r e s t  i n  s e c o n d a r y  p r o d u c t i o n  

e s t i m a t i o n  o f  i n v e r t e b r a t e  o r g a n i s m s  i s  b a s e d  on a n e e d  t o  

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

l a k e  o r  o t h e r  a q u a t i c  h a b i t a t  t o  f i s h  s p e c i e s  ( W a t e r s  

1977)  .
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A d e q u a t e  m e t h o d s  f o r  t h e  m e a s u r e m e n t  o f  f i s h  

p r o d u c t i o n  h a d  b e e n  d e v e l o p e d  by t h e  1940 ' b  ( A l l e n  1 9 4 9 , 

R i c k e r  1 9 4 6 ) .  Most  c o m m e r c i a l l y  i m p o r t a n t  f i s h  have  

l i m i t e d  b r e e d i n g  s e a s o n s  and l i v e  f o r  s e v e r a l  y e a r s .

T h u s ,  a d i s t i n c t  c o h o r t  i s  p r o d u c e d  e v e r y  y e a r  t h a t  can  b e  

m e a s u r e d  o r  a g e d  t o  d i s t i n g u i s h  i t  f r om o t h e r  y e a r  

c l a s s e s .  On t h e  o t h e r  h a n d ,  many i n v e r t e b r a t e s  have  

e x t e n d e d  b r e e d i n g  s e a s o n s  and s h o r t  l i f e  s p a n s .  O f t e n  

c o h o r t s  c a n  n o t  be d i s t i n g u i s h e d  a n d  g r owt h  r a t e s  a r e  

unknown.  A d e q u a t e  c a l c u l a t i o n  m e t h o d s  f o r  s e c o n d a r y  

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

d e v e l o p e d  u n t i l  t h e  1 9 6 0 ' s  (Hynes  a n d  Coleman 1 96 8 ,  

H a m i l t o n  1 9 6 9 ) .  T h u s ,  p r o d u c t i o n  o f  a q u a t i c  i n v e r t e b r a t e s  

ha s  o n l y  b e e n  s t u d i e d  f o r  t h e  b r i e f  p e r i o d  o f  a de ca de  

( W a t e r s  1977 , Warwick 1 9 8 0 )  .

P r o d u c t i o n  e s t i m a t e s  o f  e n t i r e  a q u a t i c  i n v e r t e b r a t e  

c o m m u n i t i e s  a r e  r e l a t i v e l y  s c a r c e  i n  c o m p a r i s o n  t o  even 

t h e  m e ag e r  number  o f  s i n g l e  s p e c i e s  s t u d i e s  ( W a t e r s  1977)  

and t h e  m a j o r i t y  o f  t h e s e  communi ty  s t u d i e s  h a v e  b een  i n  

f r e s h  w a t e r  s y s t e m s  o r  c o l d  t e m p e r a t e  l a t i t u d e s .  In  one 

o f  t h e  o n l y  warm t e m p e r a t e  s t u d i e s ,  Di az  and F r e d e t t e  

( 1 9 8 2 )  e s t  i m a t e d  one o f  t h e  h i g h e s t  p r o d u c t i o n s  p e r  u n i t  

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

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

two m o l l u s c  s p e c i e s  a n d  o n e  s p e c i e s  o f  amphipod  w i t h  

m o n t h l y  s a m p l i n g  i n t e r v a l s  i n  a C h e s a p e a k e  Bay s e a g r a s s



b e d .  They c o n c l u d e d  t h a t  t h i s  s a m p l e  f r e q u e n c y  was 

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

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

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

r a t e  and v o l t i n i s m  ( g e n e r a t i o n  t i m e )  o f  an o r g a n i s m ,  

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

( W a t e r s  1979)  .

The p r e s e n t  s t u d y  was d e s i g n e d  t o  ( 1 )  i n v e s t i g a t e  t h e  

l i f e  h i s t o r y  o f  t h e  a mph i pod  s t u d i e d  by  Di az  and  F r e d e t t e

( 1 9 8 2 ) ,  Gammarus m u c r o n a t u s  and ( 2 )  u s e  t h e  l i f e  h i s t o r y
v

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

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

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

The f i r s t  p a p e r  i n v o l v e s  t h e  l i f e  h i s t o r y  a s p e c t s  o f  

G.. m u c r o n a t u s : g r o w t h ,  v o l t i n i s m ,  r e p r o d u c t i o n  and 

a b u n d a n c e ,  t h e  s e c o nd  p a p e r  i s  a r e p o r t  on t h e  s e c o n d a r y  

p r o d u c t i o n  o f  t h i s  s p e c i e s  and t h e  e f f e c t s  o f  d i f f e r e n t  

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

The l i f e  h i s t o r y  o f  t h e  amphi pod  Gammarus m u c r o n a t u s
was e xami n ed  i n  two warm t e m p e r a t e  e s t u a r i n e  h a b i t a t s ,  a
s e a g r a s s  ( Z o s t e r a  m a r i n a )  bed  and t h e  m a c r o a l g a e  r e g i o n
( Diva  s p p . ,  E n t e r o m o r p h a  s p p . )  o f  a f o u l i n g  commu ni t y .
Amphipod p o p u l a t i o n s  were  p r e s e n t  i n  t h e  s e a g r a s s  h a b i t a t

-2d u r i n g  mos t  o f  t h e  e n t i r e  y e a r  r a n g i n g  f r o m  <50'm i n
•  **2l a t e  summer t o  1 2 0 0 *m i n  J u n e ,  w h i l e  t h e  a l g a l  h a b i t a t

was u t i l i z e d  o n l y  f r om l a t e  w i n t e r  t o  e a r l y  summer,  b u t
_2

w i t h  maximum a b u n d a n c e s  a s  h i g h  a s  6800*m . Based on
l a b o r a t o r y  g r o w t h  e x p e r i m e n t s ,  o b s e r v a t i o n s  on f i e l d  
g r o w t h  r a t e s  and r e c o g n i t i o n  o f  c o h o r t s  f r o m  
s i z e - f r e q u e n c y  d i s t r i b u t i o n s  i t  i s  e s t i m a t e d  t h a t  
G. m u c r o n a t u s  i s  c a p a b l e  o f  p r o d u c i n g  a p p r o x i m a t e l y  6 - 9  
c o h o r t s  p e r  y e a r .  R ap i d  s p r i n g  and summer g r o w t h  i s  
a c c o m p a n i e d  by m a t u r a t i o n  a t  s m a l l e r  s i z e  and  r e d u c t i o n  i n  
b r o o d  s i z e ,  egg s i z e  and d e v e l o p m e n t  t i m e .
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I n t r o d u c t i o n

Gammaru8 m u c r o n a t u s  i s  an  e n d em i c  s h a l l o w  w a t e r  

amphi pod  o f  t h e  e s t u a r i e s  and c o a s t s  o f  t h e  N o r t h  A me r i c a n  

A t l a n t i c  s e a b o a r d  and t h e  G u l f  o f  Mex ico  ( B o u s f i e l d  1969 ,  

D i c k i n s o n  e t  a l .  1 9 8 0 ) .  ThiB r e l a t i v e l y  s m a l l  ( S t e e l e  and 

S t e e l e  1975)  e u r y t o p i c  Gammarus o c c u r s  i n  d i v e r s e  h a b i t a t s  

s u c h  as  s e a g r a s s  b e d s  ( H a r s h  1 9 7 3 , .  N e l s o n  1 9 8 0 a ) ,  s p on g e s  

( B i e r n b a u m  1 9 8 1 ) ,  S o a r t i n a  m a r s h e s ,  s o f t  b o t t o m s  w i t h  

s h e l l  o r  c o b b l e  ( v a n  Maren 1 9 7 8 ) ,  o y s t e r  b a r s  and open  

b e a c h e s  ( W a t l i n g  and  M a u r e r  1 9 7 2 ) .  S a l i n i t y  t o l e r a n c e  

r a n g e s  f r om 4 - 3 5 % o ( B o u s f i e l d  1 9 7 3 ) .

Gammarus m u c r o n a t u s  h a s  a g e n e r a l i z e d  d i e t  i n c l u d i n g  

m a c r o a l g a e ,  m i c r o a l g a e ,  d e t r i t u s  and  p o s s i b l y  some 

m a c r o f a u n a  (Zimmerjpan e t  a l .  1 9 7 9 ) .  I n  s e a g r a s s  b e d s ,  

t h i s  amphipod  may f u n c t i o n  a s  b o t h  a l i n k  i n  t h e  

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

d e t r i t u s  by  s h r e d d i n g  w i t h  mou t h  a p p e n d a g e s ,  and a s  a 

g r a z e r  o f  s e a g r a s s  e p i p h y t e s  (Howard  1 9 8 2 ) .  £ .  m u c r o n a t u s

i s  p r o b a b l y  i m p o r t a n t  a s  a p r e y  i t e m  f o r  b o t h  j u v e n i l e  and  

a d u l t  f i s h  a nd  l a r g e  d e c a p o d  c r u s t a c e a n s  ( N e l s o n  1979,  

1 9 8 1 ,  Young e t  a l .  1 9 7 6 ,  Van D o l a h  1 9 7 8 ) .
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U n l i k e  i t s  c o n g e n e r  G.. n a l u s t r i s . whose  l i f e  h i s t o r y  

c h a r a c t e r i s t i c s  a r e  w e l l  known ( G a b l e  and  C r o k e r  1 9 7 7 ,

Rees  1 9 7 5 ,  Tan D o l a h  e t  a l .  1 9 7 5 ) ,  t h e  l i f e  h i s t o r y  o f  G. 

m u c r o n a t u s  h a s  n o t  b e e n  c l o s e l y  e x a m i n e d .  Borowsky  ( 1 9 8 0 )  

e x a m i n e d  f e c u n d i t y ,  b r o o d  s i z e  and  e m b r y o n i c  p e r i o d  a nd  

Van D o l a h  a n d  B i r d  ( 1 9 8 0 )  s t u d i e d  egg and  b r o o d  s i z e .

S t e e l e  a nd  S t e e l e  ( 1 9 7 5 ,  a nd  r e f e r e n c e s  t h e r e i n )  e x a m i n e d  

t h e  l i f e  h i s t o r y  o f  s e v e r a l  Gammarus s p e c i e B  b u t  p r o v i d e d  

l i t t l e  d a t a  on G., m u c r o n a t u s . Ho we ve r ,  t h e y  do s u g g e s t  

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

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

G e n e r a l  l a c k  o f  l i f e  h i s t o r y  i n f o r m a t i o n  f o r  G. 

m u c r o n a t u s  was  n o t e d  by  D i a z  and  F r e d e t t e  ( 1 9 8 2 )  i n  a 

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

i n v e r t e b r a t e s .  They e x a m i n e d  s i z e - f r e q u e n c y  h i s t o g r a m s  

b a s e d  on m o n t h l y  s a m p l e s  i n  a C h e s a p e a k e  Bay s e a g r a s s  bed  

a nd  we r e  u n a b l e  t o  d i s t i n g u i s h  c o h o r t s .  They c o n c l u d e d  

t h a t  r a p i d  g r o w t h  may h a v e  p r e c l u d e d  t r a c k i n g  c o h o r t s  by  

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

p r e s e n t  s t u d y  was d e s i g n e d  t o  e x a m i n e  more  c l o s e l y  t h e  

l i f e  c y c l e ,  a b u n d a n c e  and  g r o w t h  r a t e  o f  (3. m u c r o n a t u s  

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

s a m p l i n g .  T h i s  d a t a  w i l l  t h e n  be  u s e d  t o  more  p r e c i s e l y  

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

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

m u c r o n a t u s . a s e c o n d  p a p e r  ( F r e d e t t e  1983)  e x a m i n e s  t h e  

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

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

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

s i z e - c l a s s  s t r u c t u r e ,  number  o f  g e n e r a t i o n s ,  a b u n d a n c e  and 

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

and Benke  1977,  W a t e r s  1 9 7 7 , 1 9 7 9 ) .



M a t e r i a l s and M ethods

S t u d y  S i t e s

Two d i f f e r e n t  h a b i t a t  t y p e s  we r e  c h o s e n  f o r  t h e  

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

( F i g u r e  1 ) ,  a s e a g r a s s  ( Z o s t e r a  m a r i n a ) b e d  i n  t h e  

v i c i n i t y  o f  J e n k i n s '  Neck and a h a r d  s u b s t r a t e  h a b i t a t  

c o v e r e d  p r i m a r i l y  by  m a c r o a l g a e  and  l o c a t e d  on o l d  p i e r  

p i l i n g s  a t  t h e  V i r g i n i a  I n s t i t u t e  o f  M a r i n e  S c i e n c e ,  

G l o u c e s t e r  P o i n t ,  V i r g i n i a .  T h e s e  two h a b i t a t s  w e r e  

c h o s e n  f o r  s t u d y  b e c a u s e  ( 1 )  f r om p r i o r  i n v e s t i g a t i o n  

a mph i pod  a b u n d a n c e s  were  e x p e c t e d  t o  be  h i g h  and ( 2 )  i t  

w o u l d  p r o v i d e  an o p p o r t u n i t y  t o  c o m p ar e  d i f f e r e n c e s  i n  

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

s p a t i a l l y  p r o x i m a t e  h a b i t a t s  o v e r  t h e  same t i m e  p e r i o d .  

Bo t h  s t u d y  s i t e s  a r e  l o c a t e d  i n  t h e  l o w e r  York  R i v e r ,  a 

s u b e s t u a r y  o f  t h e  C h e s a p e a k e  Bay .

The l ow er  Yo r k  iB g e n e r a l l y  u p p e r - m e s o h a l i n e  -  p o l y -  

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

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

e x h i b i t e d  s i m i l a r  t r e n d s  ( F i g u r e  2 )  w i t h  b o t h  p a r a m e t e r s  

t e n d i n g  t o  be  s omewha t  h i g h e r  a t  t h e  s e a g r a s s  bed owi ng  t o

11



F i g u r e  1 .  S a m p l i n g  l o c a t i o n s  i n  t h e  l o w e r  York R i v e r ,  

V i r g i n i a .
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F i g u r e  2 .  T e m p e r a t u r e  ( a )  and s a l i n i t y  ( b )  r e c o r d s  d u r i n g  

t h e  s t u d y  p e r i o d ,  a Z o s t e r a  m a r i n a  s i t e ,  D a l g a l  s i t e .
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i t s  s h a l l o w e r ,  l ow er  e s t u a r y  l o c a t i o n .  T e m p e r a t u r e  r a n g e d  

f r om - 1 . 0 °  C t o  33°  C and s a l i n i t y  v a r i e d  l e s s  t h a n  15%o 

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

s p r i n g  and summer m o n t h s .  S a l i n i t y  r a n g e  was 10 t o  24%0 a t  

t h e  s e a g r a s s  bed  and 15 t o  24%oat  t h e  a l g a l  h a b i t a t .

The s e a g r a s s  bed  i s  p a r t  o f  one o f  t h e  l a r g e s t  

t r a c t s  o f  s u bmer g ed  a q u a t i c  v e g e t a t i o n  i n  t h e  l owe r  

C h e s a p e a k e  Bay e x t e n d i n g  f rom A l l e n ' s  I s l a n d  down e s t u a r y  

t o  G u i n ea  Marsh  ( O r t h  e t  a l .  1 9 7 9 ) .  A l g a e  o c c u r r i n g  a t  

t h e  p i e r  s i t e  h a v e  b e e n  p r e v i o u s l y  d e s c r i b e d  by W u l f f  and 

Webb ( 1 9 6 9 ) .  S a m p l i n g  o f  t h e  a l g a l  s i t e  was r e s t r i c t e d  t o  

t h o s e  a r e a s  d o m i n a t e d  by  t h e  g r e e n  a l g a e  O l va  s p p . and 

E n t e r o m o r p h a  s p p .

F i e l d  P r o g r a m

To a s s e s s  p o p u l a t i o n  d y n a mi c s  and s e a s o n a l  f i e l d  

g r o w t h  r a t e s  a f o r t n i g h t l y  ( e v e r y  14 d a y s )  s c h e d u l e  o f  

f i e l d  s a m p l i n g  was e s t a b l i s h e d  f r o m  December  1981 t o  

November  1982 .  I t  was e x p e c t e d  t h a t  f o r t n i g h t l y  s a m p l i n g  

would  b e  s u f f i c i e n t  t o  t r a c k  c o h o r t s  i n  t h e  w i n t e r ,  b u t  a 

s h o r t e r  t i m e  s c a l e  wou l d  be  n e e d e d  i n  t h e  s p r i n g  and 

summer i f  warmer  t e m p e r a t u r e s  l e d  t o  f a s t e r  g r o w t h .  To 

e x a m i n e  t h i s  p o s s i b i l i t y  I  d e c i d e d  t o  Bample more
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i n t e n s i v e l y  ( e v e r y  f o u r  o r  f i v e  d a y s )  i n  two m o n t h s ,  March 

and May.

S a m p l i n g  was done  a t  low t i d e ,  f a c i l i t a t i n g  a c c e s s
2t o  b o t h  s i t e s .  Ten 0 . 0 1 6 5  m r e p l i c a t e  s a m p l e s  we r e  t a k e n  

r a n d o m l y  f r o m  e a c h  h a b i t a t .  S e a g r a s s  s a m p l e s  we r e  

o b t a i n e d  w i t h  an a c r y l i c  c o r e r  g e n t l y  p l a c e d  o v e r  t h e  

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

The corer was designed to reduce escape of organisms.

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

b u c k e t  and t h o r o u g h l y  r i n s e d .  A l l  of  t h e  s e a g r a s s  b l a d e s  

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

t h e  b u c k e t  c o n t e n t s  i n t o  a 0 .2 5  mm mesh b a g  ( b a s e d  on t h e  

s i z e  o f  n e w l y  h a t c h e d  j u v e n i l e s  t h i s  mesh s h o u l d  r e t a i n  

a l l  i n d i v i d u a l s ) .  Sa mp le s  were  t r a n s f e r r e d  t o  g l a s s  j a r s  

in  t h e  l a b o r a t o r y  and p r e s e r v e d  i n  10% b u f f e r e d ,  Rose  

B e n g a l  s t a i n e d  f o r m a l i n .

Samples  o f  t h e  a l g a l  communi t y  were  t a k e n  w i t h  a

s p e c i a l l y  d e s i g n e d  p i l i n g  s c r a p e r .  The d e v i c e  was made by

c u t t i n g  a c r e s c e n t  o f  t h e  same c u r v a t u r e  o f  an a v e r a g e
2p i l i n g  i n  t h e  end o f  a 0 . 0 1 6 5  m a c r y l i c  t u b e .  T h i s  edge  

was t h e n  g a s k e t e d  w i t h  a 3 cm w i d e  s t r i p  o f  n e o p r e n e .  A 

0 . 2 5  mm mesh b a g  w i t h  an  i n t e r n a l l y  e n c l o s e d  s c r a p e r  was 

a t t a c h e d  t o  t h e  o t h e r  end  o f  t h e  t u b e .  S a m p l i n g  was 

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

t h e  U lv a  and E n t e r o m o r n h a  ( t h e  g a s k e t  s e a l i n g  m o s t
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i r r e g u l a r i t i e s  o f  t h e  p i l i n g  and  b a r n a c l e s ) .  The a l g a e  

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

s a m p l e  c o n t a i n e d  by  q u i c k l y  s w e e p i n g  upwar d  t o  t h e  w a t e r  

s u r f a c e .  Sa mp le s  we re  p r e s e r v e d  a s  a b o v e .

L a b o r a t o r y  Sample  P r o c e s s i n g  and  Da t a  A n a l y s i s

Amphipods  we re  s o r t e d  f r o m  t h e  s a m p l e s  w i t h  t h e  a i d  

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

o c u l a r  m i c r o m e t e r  t o  t h e  n e a r e s t  0 . 1  mm and t h e i r  s e x  

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

r o s t r u m  t o  t h e  p o s t e r i o r  edge  o f  t h e  t h i r d  p e r e o n a l  

segment .  ( L ^ ^ ) .  I n  a d d i t i o n ,  a p p r o x i m a t e l y  75 amp hi p od s  

we re  m e a s u r e d  f o r  h e a d  l e n g t h  (I<g) and  t o t a l  l e n g t h  (L^,) 

t o  p r o v i d e  c o n v e r s i o n  t o  t h e s e  commonly u s e d  m e a s u r e s .

*

Head l e n g t h  and t o t a l  l e n g t h  a r e  s t r o n g l y  c o r r e l a t e d  

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

r e s u l t  i n  t h e  e q u a t i o n s

L^,(mm) = 3 . 7 4  L ^ ^ m m )  -  0 . 4 2  ( r 2 ** 0 . 9 8 ,  n = 72)

and

LH(mm) = 0 . 2  9 Lfl3(mm) + 0 . 1 1 ( r 2 ■ 0 . 9 4 ,  n = 78)
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A l l  l e n g t h s  r e p o r t e d  i n  t h i s  p a p e r  ( i n c l u d i n g  t h o s e  o f  

o t h e r  a u t h o r s )  w i l l  be  t h e  m e a s u r e .  Ho wev er ,  t o t a l

l e n g t h  i s  a p p r o x i m a t e l y  3 . 3  t i m e s  g r e a t e r .

H a l e s  were  i d e n t i f i e d  by  t h e  p r e s e n c e  o f  p e n i a l  

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

M a t u r i t y  o f  n o n - b r o o d i n g  f e m a l e s  was d e t e r m i n e d  by

p r e s e n c e  o f  s e t a e  on t h e  o o s t e g i t e s .  To d e t e r m i n e  i f  t h e

s e x  r a t i o  v a r i e d  f r o m  1 : 1 ,  t h e  n u l l  h y p o t h e s i s  ( p ^ k ^ O . S )  

was t e s t e d  a g a i n s t  t h e  b i n o m i a l  d i s t r i b u t i o n .  J u v e n i l e s  

w e r e  d e f i n e d  as  a l l  i n d i v i d u a l s  s m a l l e r  t h a n  1 . 0  mm 

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

s l i g h t l y  l a r g e r  i n d i v i d u a l s  on w h i c h  s e x  c o u l d  n o t  be

d e t e r m i n e d .  J u v e n i l e  a mp h ip od s  a r e  r e l e a s e d  f r o m  t h e  

b r o o d  p o u c h  a t  a p p r o x i m a t e l y  0 . 5  mm.

F i e l d  g r o w t h  r a t e s  we r e  d e t e r m i n e d  by  t r a c k i n g  

r e c o g n i z a b l e  c o h o r t s  w i t h  s i z e - f r e q u e n c y  d i s t r i b u t i o n s  

( 0 . 5  mm l e n g t h  c l a s s e s )  f r o m  s u c c e s s i v e  s a m p l e  d a t e s .  

R e p l i c a t e  s i z e - f r e q u e n c y  d i s t r i b u t i o n s  ( w i t h i n  h a b i t a t s ,  

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

s t r u c t u r e  w i t h  t h e  G t e s t  ( S o k a l  and R o h l f  1 9 8 1 ) .

Successive Bample dates within habitats and between 

habitat comparisons were also examined for homogeneity.

Mean s i z e  o f  m a l e s ,  f e m a l e s  and  t o t a l  p o p u l a t i o n s  were  

t e s t e d  f o r  d i f f e r e n c e s  b e t w e e n  t h e  two h a b i t a t s  on e a c h  

s a m p l e  d a t e  u s i n g  t - t e s t s  ( N i e  e t  a l .  1 9 7 5 ) .
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S t o n e r  ( 1 9 8 0 a )  h a s  shown t h a t  a b u n d a n c e  o f  many 

macro  i n v e r t e b r a t e s  i n  s e a g r a s s  b e d s  i s  r e l a t e d  t o  

m a c r o p h y t e  d e n s i t y  and n o t  s i m p l y  b o t t o m  a r e a .  To a d j u s t  

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

f r om t h e  s a m p l e s ,  d r i e d  i n  an o v e n  a t  6 0 °  C and w e i g h e d  t o  

d e t e r m i n e  b i o m a s s .  A moving  a v e r a g e  was t h e n  a p p l i e d  t o  

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

m a c r o p h y t e B .  T h e s e  v a l u e s  we re  t h e n  u s e d  t o  d e t e r m i n e  

a r e a l  e s t i m a t e s  o f  amph i pod  a b u n d a n c e .

Laboratory Program

Growth r a t e s  o f  G. m u c r o n a t u a  were  e x a m i n e d  u n d e r  

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

t e m p e r a t u r e  a nd  f o r  c o m p a r i s o n  t o  f i e l d  e s t i m a t e s .  I n  

March 1982 s e v e r a l  d o z e n  a d u l t  <3. m u c r o n a t u a  we re  

c o l l e c t e d  a t  t h e  s e a g r a s s  b ed  and  b r o u g h t  a l i v e  t o  t h e  

l a b o r a t o r y .  S e v e r a l  o v i g e r o u s  f e m a l e s  w e r e  i s o l a t e d  and 

t h e i r  b r o o d s  a l l o w e d  t o  h a t c h .  A f t e r  r e l e a s e  f r o m  t h e  

b r o o d  p o u c h ,  j u v e n i l e s  we r e  r a n d o m l y  a s s i g n e d  t o  one  o f  

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

w i t h  a p p r o x i m a t e l y  50 ml  a m b i e n t  s a l i n i t y  s e a w a t e r  and 

e a c h  c o n t a i n e d  one  a m p h i p o d .  E a c h  t r a y  was t h e n  p l a c e d  

i n t o  a n  i n c u b a t o r  s e t  a t  5 ,  14 o r  23°  C w i t h  a 12 ho ur  

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

r e p r e s e n t a t i v e  o f  t h o s e  G,. m u c r o n a t u a  w ou l d  e x p e r i e n c e  i n  

t h e  f i e l d .  Amphipod f o o d  s u p p l y  c o n s i s t e d  o f  a l g a e  and
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f r e s h  and  d e t r i t a l  s e a g r a s s .  F o r  t h i s  and a l l  l a b o r a t o r y  

e x p e r i m e n t s  w a t e r  was c h a n g e d  and f r e s h  f o o d  a d d e d  e v e r y  3 

o r  4 d a y s .  Over  t i m e  amphipodB wer e  r a n d o m l y  c h o s e n  f o r  

p r e s e r v a t i o n  a nd  m e a s u r e m e n t .

The e f f e c t s  o f  food  t y p e  and h a b i t a t  o f  o r i g i n  on 

a mp hi po d  g r o w t h  were  t e s t e d .  F o u r  t r e a t m e n t s  w e r e  

e s t a b l i s h e d ;  s e a g r a s s  amph i pods  -  d e t r i t a l  s e a g r a s s  f o o d ,  

s e a g r a s s  a mp h ip o ds  -  a l g a e  f o o d ,  a l g a l  a mp h i po ds  -  

d e t r i t a l  s e a g r a s s  f o o d ,  and a l g a l  a mp hi po d s  -  a l g a e  f o o d .  

O v i g e r o u s  a mp hi po d s  w e r e  o b t a i n e d  f r om e a c h  h a b i t a t  and 

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

t h e  two f o o d  t y p e B ,  w i t h  1 0 - 1 4  j u v e n i l e s  p l a c e d  i n t o  16 

500 ml c u l t u r e  b ow ls  ( 4  b o w l s  e a c h  t r e a t m e n t ) .  A f t e r  21 

d a y s  s i x  a mp h i po ds  w e r e  c h o s e n  r a n d o m l y  f r om e a c h  bowl  and 

p r e s e r v e d  f o r  l a t e r  m e a s u r e m e n t .  I t  was d e t e r m i n e d  f r om 

t h e  p r e v i o u s  g r o w t h  e x p e r i m e n t  t h a t  t h i s  d e s i g n  wo ul d  be  

s u f f i c i e n t  t o  d e t e c t  a 15% d i f f e r e n c e  i n  g r o w t h  b e t w e e n  

t r e a t m e n t s  (a ® 0 . 0 5 ,  3 *=0.005) .  A 2 X 2 ANOVA was u s e d  t o  

ex a mi n e  t h e  e x p e r i m e n t a l  r e s u l t s  ( H i e  e t  a l .  1 9 7 5 ) .

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

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

was e x a m i n ed  a t  6°  C.  T h i s  t e m p e r a t u r e  was c h o s e n  t o  

c om p le me n t  d a t a  f rom p r e v i o u s  s t u d i e s .  Borowsky ( 1 9 8 0 )  

h a s  p r e v i o u s l y  e s t i m a t e d  d e v e l o p m e n t  t i m e  a t  17 and  21°  C
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and S t e e l e  and S t e e l e  (1975 )  p r e s e n t e d  e s t i m a t e s  ( b a s e d  on 

egg s i z e )  f o r  0 and 10° C. S i x  f e m a l e s  i n  p r e c o p u l a  w i t h  

m a l e s  were  i s o l a t e d  and c h e c k e d  d a i l y .  A f t e r  o v i p o s i t i o n  

f e m a l e s  we r e  s e p a r a t e d  f rom m a l e s  and  p l a c e d  i n t o  a 

c o m p a r t m e n t e d  t r a y  i n  an i n c u b a t o r  m a i n t a i n e d  a t  6°  C,  12 

h o u r  l i g h t  and  d a r k  c y c l e .  The e m b r y o n i c  d e v e l o p m e n t  t i m e  

was r e c o r d e d  a s  t h a t  t ime f r o m  o v i p o s i t i o n  t o  r e l e a s e  o f  

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

To d e t e r m i n e  t h e  r e l a t i o n  b e t w e e n  f e m a l e  s i z e  and 

b r o o d  s i z e  97 o v i g e r o u s  f e m a l e s  c o l l e c t e d  f rom December  t o  

A u g u s t  we re  m e a s u r e d  and t h e  number  o f  e gg s  r e c o r d e d .  Of 

t h e s e  37 h ad  b r o o d s  t h a t  w e r e  a t  t h e  "A" s t a g e  o f  

d e v e l o p m e n t ,  wh i ch  i s  d e f i n e d  by  S t e e l e  and S t e e l e  ( 1 9 6 9 )  

a s  eggs  r e c e n t l y  o v i p o s i t e d .  S i z e  o f  s i x  eggs  p e r  b r o o d  

was d e t e r m i n e d  by t h e  method o f  S t e e l e  and S t e e l e  ( 1 9 6 9 )  

a s  t h e  a v e r a g e  of  t h e  l e n g t h  and w i d t h .



R e s u l t s

P o p u l a t i o n  S t r u c t u r e

O v e r a l l  s e x  r a t i o s  i n  e a c h  h a b i t a t  do n o t  a p p e a r  

d i f f e r e n t  t h a n  a n  e v e n  d i s t r i b u t i o n .  Sex r a t i o s  were  

f o u n d  t o  d i f f e r  ( p < 0 . 0 5 )  f r o m  a 1 : 1  r a t i o  on 6 May i n  t h e  

s e a g r a s s  h a b i t a t ,  when f e m a l e s  o u t  numbered  m a l e s  ( 2 . 5 : 1 )  

( T a b l e  1 ) .  On 22 J un e  m a l e s  we r e  more a b u n d a n t  t h a n  

f e m a l e s  i n  s e a g r a s s  ( 1 . 6 : 1 )  and l e s s  a b u n d a n t  t h a n  f e m a l e s  

a t  t h e  a l g a l  h a b i t a t  ( 1 : 2 . 6 ) .  M a t u r e  n o n - o v i g e r o u s  

f e m a l e s  w e r e  r a r e  w i t h  o v e r  90% o f  a l l  m a t u r e  f e m a l e s  

c a r r y i n g  b r o o d s .

Mean s i z e  o f  m a l e s ,  f e m a l e s  and t o t a l  p o p u l a t i o n s  

b e t w e e n  h a b i t a t s  doe s  n o t  a p p e a r  t o  d i f f e r  ( T a b l e  2 ) .  

A l t h o u g h  t h e r e  a r e  some s i g n i f i c a n t  ( p > 0 , 0 5 )  d i f f e r e n c e s ,  

no g e n e r a l  p a t t e r n  was e v i d e n t .  T h e r e  may be  some 

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

i n  A p r i l  and  e a r l y  May w i t h  a r e v e r s a l  i n  l a t e  May b u t  i t  

i s  n o t  v e r y  c o n c l u s i v e .  A n a l y s i s  o f  t h e  s i z e  o f  o v i g e r o u s  

f e m a l e s  ( F i g u r e  3)  i n d i c a t e s  a r e d u c t i o n  i n  mean s i z e  f rom 

a p p r o x i m a t e l y  3 . 5  rain t o  1 . 5  mm f r o m  t h e  w i n t e r  mo n t hs  to

21



T a b l e  1 .  Numbers  o f  m a l e s  and f e m a l e s  p r e s e n t  i n  e a c h  

h a b i t a t  by  d a t e .  S i g n i f i c a n t  d e p a r t u r e s  f rom a 1 :1  r a t i o  

a r e  i n d i c a t e d  by  an a s t e r i s k  ( * )  ( p < 0 . 0 5 ) .
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TABLE 1

Seagrass Algae ! Seagrass Algae
_________    I ______________  __________

Date 4 Male 4 Female 4  Male # Female I Date 4  Hale 4 Female 4 Male 4 Female
8 DEC 4 1 1 11 MAY 11 17 31 31

22 DEC 2 2 1 16 MAY 20 22 197 181
5 JAN 5 6 3 3 1 20 MAY 29 25 314 316

19 JAN 8 6 1 25 MAY 22 23 231 261
2 FEB 4 8 1 8 JUN 43 54 74 81

16 FEB 2 6 1 I 22 JON 36 * 22 6 * 16
2 MAH 7 12 2 3 1 6 JUL 14 7 5 10
6 MAH 4 5 1 20 JUL 5 1

11 MAR 17 13 1 3 AOG 9 6
16 MAR 10 9 1 1 17 AUG 4 5
20 MAR 8 6 1 31 AUG 1 1
25 MAR 7 6 t 14 SEP 1
30 MAR 8 9 1 28 SEP
13 APR 15 15 2 3 1 12 OCT
27 APR 25 24 12 19 1 26 OCT ' 1

1 MAY 18 20 21 19 1 9 NOV
6 MAY 11 27 52 47 1 23 NOV 1 5

* p<0.05
T o ta l N 350 365 951 991



T a b l e  2 ,  Mean s i z e  o f  i n d i v i d u a l s  a t  e a c h  s a m p l e  d a t e  by 

s e x  and  t o t a l  p o p u l a t i o n .  B l a n k s  i n d i c a t e  e i t h e r  no 

s a m p l e s  t a k e n  o r  a b s e n c e  o f  a m p h i p o d s .  S i g n i f i c a n t  s i z e  

d i f f e r e n c e s  a r e  i n d i c a t e d  by an a s t e r i s k  ( * )  ( p < 0 . 0 5 ) .
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TABLE 2

Date
Males Females T o ta l Pod.

Seaeraaa Aleae Seaeraaa Aleae SeaeraBS A leae
8 DEC 2.98 2.73 1.45 2.77 2.68 2.21

22 DEC 2.31 1.91 1.36
5 JAN 2.66 1.77 2.48 2.38 2.10 1.94

19 JAN 2.18 1.97 1.68
2 FBB 3.00 2.82 2.57

16 FEB 3.75 3.20 2.82 1.57 3.20
2 MAE 1.93 1.45 2.41 2.57 1.95 2.12
6 MAR 2.10 2.90 2.07

11 MAE 2.15 2.22 1.79
16 MAR 3.11 2.72 4.10 2.02 4.10
20 MAR 2.24 3.27 1.81
25 MAR 2.37 2.83 1.53
30 MAE 2.64 3.01 1.01 0.90
13 APR 1.65 2.00 1.31 * 3.27 0.81 1.02
27 APR 1.71 2.31 1.67 * 2.36 1.30 1.42

1 HAY 1.71 * 2.29 1.71 * 2.25 1.27 1.23
5 MAY 1.63 1.70 2.09 * 1.73 1.47 * 1.08

11 MAY 2.31 * 1.58 2.14 1.81 1.14 * 0.89
16 MAY 2.06 1.85 2.19 1.95 1.28 1.17
20 HAY 1.98 1.94 1.85 1.92 0.96 * 1.25
25 MAY 1.68 1.82 1.78 1.69 1.03 * 1.30
8 JUN 1.53 1.48 1.55 1.44 1.10 1.04

22 JUN 1.66 1.72 1.63 1.76 1.32 1.48
6 JUL 1.76 1.26 1.93 * 1.45 1.46 * 0.89

22 JUL 1.66 2.10 1.02
3 AUG 1.44 1.43 1.08

17 AUG 1.20 1.54 1.10
31 AUG 2.10 1.60 1.85
14 SEP 1.90 0.97
26 OCT 1.70 0.80

9 NOV 0.80
23 NOV 3.40 2.78 2 .54

* p<0.05



F i g u r e  3 .  Mean s i z e  (mm) o f  o v i g e r o u s  f e m a l e s .
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t h e  summer • T h i s  r e d u c t i o n  i n  mean s i z e  i s  a l s o  

p a r a l l e l e d  by a  r e d u c t i o n  i n  minimum r e p r o d u c t i v e  s i z e .

Growth

F i e l d  g r o w t h  r a t e s  we re  d e t e r m i n e d  f r om t h e  m e d ia n  

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

i n  a w i n t e r  g r o w t h  r a t e  o f  0 . 0 4  mm/day ( L ^ )  and  a  s p r i n g  

r a t e  o f  0 . 1 1  mm/day ( L g ^ ) .  Growth  r a t e s  o f  i n d i v i d u a l s  

r a i s e d  i n  t h e  l a b o r a t o r y  we r e  d e t e r m i n e d  f rom r e g r e s s i o n  

a n a l y s e s  ( F i g u r e  4 ) .  Each  d a t a  s e t  was t e s t e d  f o r  

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

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

a l l  t h r e e .  T h e r e  i s  some s u g g e s t i o n  t h a t  t h e  a mp h ip o d s  i n  

t h e  23°  C t r e a t m e n t  may b e  r e a c h i n g  an a s y m p t o t i c  s i z e  b u t  

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

Growth  a t  5° C i s  d e t e r m i n e d  t o  b e  0 . 0 1  mm'day An 

i n c r e a s e  o f  n i n e  d e g r e e s  t o  14°  C r e s u l t e d  i n  a  0 . 0 5  

mm‘ day  ^ r a t e  w h i l e  a n o t h e r  n i n e  d e g r e e  i n c r e a s e  t o  23°  C 

o n l y  r e s u l t e d  i n  a s l i g h t  i n c r e a s e  t o  0 . 0 6 ‘mm‘ day  

U s i n g  t h e s e  r a t e s  minimum o v i g e r o u s  s i z e  ( 1 . 1  mm) can be  

a t t a i n e d  i n  12 and  10 d a y s  and mean o v i g e r o u s  s i z e  ( 2 . 3  

mm) c a n  b e  r e a c h e d  i n  36 and  30 d a y s  a t  14 and 23°  C 

r e s p e c t  i v e l y .

Food t y p e  h a s  a s i g n i f i c a n t  e f f e c t  ( p < 0 . 0 0 1 )  on t h e  

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



F i g u r e  4 .  R e l a t i o n s h i p  o f  l e n g t h  o f  h e a d  and f i r s t  t h r e e  

p e r e o n i t e s  t o  t i m e  i n  g r o w t h  e x p e r i m e n t  a 5° C, □ 14°  C, 

o 23°  C.
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P l v a - E n t e r o m o r p h a  d i e t  r e s u l t i n g  i n  1 2 . 4 - 2 9 . 8 2  leBS g r o w t h  

a f t e r  21 d a ys  t h a n  t h e  s e a g r a s s  d i e t  ( T a b l e  3 ) .  Two way 

i n t e r a c t i o n s  b e t w e e n  f o o d  and  h a b i t a t  we r e  n o t  s i g n i f i c a n t  

( p > 0 . 0 5 )  and h a b i t a t  o f  o r i g i n  c o n t r i b u t e d  v e r y  l i t t l e  t o  

t h e  o v e r a l l  v a r i a n c e  ( p > 0 . 4 ) .

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

Brood development at 6° C was very consistent among

t h e  s i x  i n d i v i d u a l s  e x a mi n ed  t a k i n g  an a v e r a g e  o f  3 0 . 7  
2

d a y s  ( s  °  1 . 0 7 ) .  H o s t  o f  t h e s e  f e m a l e s  p r o d u c e d  s e c o n d  

o r  t h i r d  b r o o d s  when t h e y  we re  a g a i n  p a i r e d  w i t h  m a l e s .  

Combi n i ng  t h e s e  d a t a  w i t h  t h o s e  o f  S t e e l e  and  S t e e l e  

( 1 9 7 5 )  and Van D o l a h  and B i r d  ( 1 9 8 0 )  ( T a b l e  4)  t e m p e r a t u r e  

seems  t o  a f f e c t  d e v e l o p m e n t  t i m e  e x p o n e n t i a l l y  a s :

D = 6 4 . 0 3  e ^ ( r ^  = 0 . 9 6 ,  n = 5)

w h e r e  D i s  t i m e  i n  d a y s  and  T i s  d e g r e e s  C e l s i u s .

The number  o f  e gg s  c a r r i e d  by a  f e m a l e  v a r i e d  f r om  3

t o  200 b u t  was h i g h l y  d e p e n d e n t  on f e m a l e  s i z e  ( F i g u r e  5 ) .

A c u r v i l i n e a r  r e l a t i o n s h i p  p r o v i d e d  a s l i g h t l y  b e t t e r  f i t
2

t o  t h e  d a t a  t h a n  a s i m p l e  l i n e a r  r e g r e s s i o n  ( r  = 0 . 7 7  vs  
2

r  ■= 0 . 6 7 ) .  Egg s i z e  v a r i e d  s e a s o n a l l y  d e c r e a s i n g  f r om
2w i n t e r  t o  summer ( F i g u r e  6)  ( p < 0 . 0 0 1 ,  r  = 0 . 5 9 )  w i t h  a 

r a n g e  o f  0 . 3 0 8  t o  0 . 5 3 2  mm.



T a b l e  3 .  Mean s i z e  (mm) ( h ^ )  o f  24 i n d i v i d u a l s  p e r  

t r e a t m e n t  i n  t h e  f o o d  c o m p a r i s o n  e x p e r i m e n t .
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TABLE 3

H a b i t a t  o f  
O r i g i n

Food
Type

S i z e  a f t e r  21 Bays
mm (L g g  )

X

S e a g r a s  s 
S e a g r a s s  

A l g a e  
A l g a e

S e a g r a s s
A l g a e

S e a g r a s s
A l g a e

1 . 2 7
1 . 1 3
1 . 3 5
1 . 0 4

0 . 0 9 6
0 . 0 2 0
0 . 0 4 1
0 . 0 2 2



T a b l e  4 .  E s t i m a t e d  t e m p e r a t u r e  d e p e n d e n t  r a t e  o f  egg 

d e v e l o p m e n t .
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TABLE 4

T e m p e r a t u r e  
C e l c  i u s

Egg D e ve l o p m e n t  
Time i n  Days

S o u r c e

0 7 3 . 1 S t e e l e  and S t e e l e  ( 1 9 7 5 )
6 3 0 . 7 p r e s e n t  s t u d y

10 1 2 . 0 S t e e l e  and  S t e e l e  ( 1 9 7 5 )
17 8 . 3 B o r o v s k y  ( 1 9 8 0 )
21 4 . 3 B o r o v s k y  ( 1 9 8 0 )



F i g u r e  5 .  R e l a t i o n s h i p  o f  b r o o d  s i z e  t o  f e m a l e  s i z e  (mm).
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F i g u r e  6 .  R e l a t i o n s h i p  o f  e g g s i z e  (mm) t o  t i m e  f rom 

w i n t e r  t o  summer .  R e g r e s s i o n  -  95% c o n f i d e n c e  l i m i t s .
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A b un d an c e  and S i z e - f r e q u e n c y  D i s t r i b u t i o n s

I n  t h e  s e a g r a s s  h a b i t a t  G. m u c r o n a t u s  r a n g e d  i n
- 2d e n s i t y  f r o m  l e s s  t h a n  50*m ( b e l o w  l i m i t s  o f  d e t e c t i o n )

~2i n  l a t e  S e p t e m b e r  and e a r l y  O c t o b e r  t o  1190*m i n  l a t e

J u n e  ( F i g u r e  7 a ) .  S e a g r a s s  b i o m a s s  seemed t o  i n c r e a s e

somewhat  f r o m  December  t o  J a n u a r y  d e c l i n i n g  t h r o u g h  l a t e

w i n t e r  u n t i l  g r o w t h  b e g a n  i n  s p r i n g  ( F i g u r e  7 b ) . A
. —2maximum mean b i o m a s s  o f  1 8 6 . 1  g*m d r y  w e i g h t  o c c u r r e d  i n  

l a t e  Hay a f t e r  w h i c h  a t y p i c a l  summer d e c l i n e  e n s u e d  as  

h a s  b e e n  o b s e r v e d  by O r t h  and  Moore ( 1 9 8 2 ) .

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

c ommuni t y  was s p o r a d i c  and  low f r om  8 December  t o  30
- 2M ar c h ,  b u t  g r e a t l y  i n c r e a s e d  t o  6800*m on 20 Hay b e f o r e

r a p i d l y  d e c l i n i n g  t o  z e r o  on 20 J u l y  ( F i g u r e  8 a ) .

P r e s e n c e  o f  B n t e r o m o r p h a  s p p .  and  U l y a  s p p . e x h i b i t e d  a

s i m i l a r  p a t t e r n  o f  a b u n d a n c e  w i t h  a maximum b i o m a s s  o f  
_ 2

2 6 . 6  g*m d r y  w e i g h t  o c c u r r i n g  on 16 Hay ( F i g u r e  8 b ) .

I c e  f l o e s  i n  m i d - J a n u a r y  may h a v e  s e v e r e l y  a f f e c t e d  

a b u n d a n c e  p a t t e r n s  o f  b o t h  t h e  a l g a e  and  <5. m u c r o n a t u s  by 

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

T h i s  was i n d i c a t e d  by t h e  t o t a l  l a c k  o f  a l g a e  f r o m  2 

F e b r u a r y  t o  16 M a r c h ,  and  t h e  o b s e r v a t i o n  t h a t  mos t  o f  t h e  

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

i n  a s t a t e  o f  d e c a y .



*  —2F i g u r e  7 .  Mean d e n s i t y  (#*m )

t h e  s e a g r a s s  s i t e  ( a ) ,  and  mean 

o f  Z o s t e r a  m a r i n a  ( b ) .

o f  Gammarus m u c r o n a t u s  a t
_2

d r y  w e i g h t  b i o m a s s  ( g ’m )
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— 2F i g u r e  8 .  Mean d e n s i t y  (#*m ) o f  Gammarus m u c r o n a t u s  a t
— 2t h e  a l g a l  s i t e  ( a ) ,  and mean d r y  w e i g h t  b i o m a s s  (g*m ) o f  

E n t e r o m o r n h a - U l v a  ( b ) .



34

8,000-i

6 ,0 0 0 -

2 .0 0 0 -

0-^*r

30-.

CMI 2 0-,B
*

to

IQ-.



35

S i z e - f r e q u e n c y  d i s t r i b u t i o n s  o f  G, m u c r o n a t u s  w i t h i n  

r e p l i c a t e  s a m p l e s  c o l l e c t e d  f r om t h e  s e a g r a s s  bed  do n o t  

d i f f e r  s i g n i f i c a n t l y  ( p < 0 . 0 5 )  e x c e p t  on 11 and 20 May 

( T a b l e  5 ) .  F o r  t h e s e  d a t e s  d i f f e r e n c e s  a r e  p r o b a b l y  due 

t o  a p r e p o n d e r a n c e  o f  j u v e n i l e s  i n  one  s a m p l e  o f  t h e  s e t .

No d i f f e r e n c e s  we r e  d e t e c t e d  f o l l o w i n g  r e m o v a l  o f  t h e s e  

o u t l i e r s  f r om  t h e  a n a l y s e s .  S u c c e s s i v e  s a m p l e  d a t e s  were  

u s u a l l y  d i f f e r e n t  e x c e p t  i n  some c a s e s  when e i t h e r  

d e n s i t i e s  we r e  low ( w i n t e r  and summer)  o r  s a m p l e  d a t e s  

w e r e  c l o s e  i n  t i m e  ( M a r c h ,  May) .  T h e s e  r e s u l t s  i n d i c a t e  

t h a t  w i t h i n  t h e  s e a g r a s s  bed  s p a t i a l  v a r i a t i o n  i s  n o t  

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

s i z e - f r e q u e n c y  d i s t r i b u t i o n s  o c c u r  as  a r e s u l t  o f  g r o w t h  

and  r e c r u i t m e n t  b e t w e e n  s u c c e s s i v e  s a m p l i n g  d a t e s .

S i z e - f r e q u e n c y  d i s t r i b u t i o n s  o f  a mp hi po d s  f r o m  t h e  

a l g a l  h a b i t a t  show a d i f f e r e n t  p a t t e r n  t h a n  t h e  s e a g r a s s  

b e d  i n  t h a t  t h e r e  we re  d i f f e r e n c e s  ( p < 0 . 0 0 5 )  w i t h i n  s am p l e  

d a t e s .  D i f f e r e n c e s  we r e  f o u n d  on 1 6 ,  2 0 ,  25 May and  8 

J u n e  ( T a b l e  5 ) .  T h e s e  d i f f e r e n c e s  do n o t  a p p e a r  t o  be  due 

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

h e t e r o g e n e i t y  on t h e  p i l i n g s .  D i f f e r e n c e s  i n  t h e  

s i z e - f r e q u e n c y  d i s t r i b u t i o n s  b e t w e e n  s u c c e s s i v e  s a m p l e  

d a t e s  a l s o  we re  d i f f e r e n t  w i t h  t h e  same e x c e p t i o n s  as  

n o t e d  f o r  t h e  s e a g r a s s  h a b i t a t .  C o m p a r i s o n s  b e t w e e n  

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

i n  s i z e - f r e q u e n c y  d i s t r i b u t i o n s  on a l l  d a t e s  t e s t e d  e x c e p t



T a b l e  5 .  C o m p a r i s o n  o f  s i z e - f r e q u e n c y  d i s t r i b u t i o n s  

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

s u c c e s s i v e  d a t e s  and b e t w e e n  h a b i t a t s  ( g o o d n e s s  o f  f i t  

G - t e s t ) *
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TABLE 5

FORTNIGHTLY SAMPLES
S eagrass_______________________  Algae

Date W ithin Between Between W ithin Between
Date Dates H ab ita ts Date Dates

8 DEC m *
NS

22 DEC NS
*

5 JAN NS
NS In s u f f ic ie n t

19 JAN NS
* Data

2 FEB NS
*

16 FEB NS
**

2 MAR NS
**

16 MAR NS
**

30 MAR NS
NS

13 APR NS
**

* NS
NS

27 APR NS
**

** NS
**

11 MAY •k
*

* NS
**

25 MAY NS
*

** **
**

8 JUN NS
*

NS **
**

22 JUN NS
NS

NS NS
**

6 JUL NS
NS

** NS

20 JUL NS I n s u f f i c i e n t
NS

3 AUG NS
NS

Data

17 AUG NS

# NS -  no s ig n if ic a n c e  p>0.05 
* -  p<0.05 

** -  p>0.003
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TABLE 5 (con tinued)

INTENSIVE SAMPLES
Seagrass Algae

Date W ithin 
Date

Between
Dates

Between
H ab ita ts

W ithin Between 
Date Dates

2 MAR us*
NS

6 MAR NS
NS

IX MAR NS
**

16 MAR NS No In ten s iv e
*

20 MAR NS Sampling Done
*

25 MAR NS
NS

30 MAR NS

27 APR NS
*

** NS
NS

1 MAY NS
*

** NS
NS

6 MAY NS
**

** NS
NS

11 MAY *
NS

* NS
**

16 MAY NS
**

* **
**

20 MAY * ** **
NS **

25 MAY NS ** **

# NS -  no s ig n if ic a n c e  p>0.05
*  -  p<0.05

** -  p>0.005
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8 and 22 Ju n e ',  t h u s  t h e  two h a b i t a t s  may n o t  r e p r e s e n t  

c o n t i n u o u s  p o p u l a t i o n s .

S i z e - f r e q u e n c y  d i s t r i b u t i o n s  we re  f u r t h e r  a n a l y z e d  

f o r  r e c o g n i z a b l e  c o h o r t s .  The f o r t n i g h t l y  s i z e - f r e q u e n c y  

d i s t r i b u t i o n s  ( F i g u r e  9)  f r o m  t h e  s e a g r a s s  h a b i t a t  r e v e a l  

two r e c o g n i z a b l e  c o h o r t s .  The f i r s t  c o h o r t  ( 1 )  r e c r u i t e d  

i n  D e c e mb e r ,  m a t u r e d  o v e r  t h e  w i n t e r  and  d i s a p p e a r e d  f rom 

t h e  p o p u l a t i o n  by 30 Ma r ch .  C o h o r t  I I  r e c r u i t e d  i n  

F e b r u a r y ,  m a t u r e d  i n  March  and d i s a p p e a r e d  by  May.  For  

t h e  r e m a i n d e r  o f  t h e  y e a r  a d d i t i o n a l  c o h o r t  r e c o g n i t i o n  

was i m p o s s i b l e .  S i z e - f r e q u e n c y  d i s t r i b u t i o n s  f rom t h e  

s h o r t  i n t e r v a l  March  s a m p l i n g  ( F i g u r e  10)  s u g g e s t  t h a t  t h e  

s e c o n d  c o h o r t  ( I I )  r e c o g n i z e d  f r o m  t h e  f o r t n i g h t l y  s a m p l e s  

a c t u a l l y  m a t u r e d  and d i s a p p e a r e d  by 16 March and a  t h i r d  

c o h o r t  ( I I I )  w h i c h  r e c r u i t e d  i n  e a r l y  March was 

r e s p o n s i b l e  f o r  t h e  a d u l t s  t h a t  we re  p r e s e n t  i n  l a t e  March 

and  mid A p r i l .  T h i s  t h i r d  c o h o r t  was v e r y  d i s t i n c t  w h i l e  

t h e  s e c o n d  was n o t  c l e a r l y  e x p r e s s e d .

R e c o g n i t i o n  o f  c o h o r t s  i n  t h e  s a m p l e s  f r o m  t h e  May 

d a t a  i s  d i f f i c u l t  ( F i g u r e  10)  e v e n  w i t h  t h e  a i d  o f  t h e  

p r o b a b i l i t y  p a p e r  me th od  o f  H a r d i n g  ( 1 9 4 9 ) .  By 20 May 

r a p i d  g r o w t h  c ombi ned  w i t h  c o n t i n u o u s  r e p r o d u c t i o n  q u i c k l y  

o b s c u r e d  wha t  may h av e  b e e n  a d i s t i n g u i s h a b l e  c o h o r t  i n  

e a r l y  May.



F i g u r e  9 .  S i z e - f r e q u e n c y  d i s t r i b u t i o n s  f o r  t h e  

f o r t n i g h t l y  s a m p l e s  f r o m  t h e  s e a g r a s s  h a b i t a t  ( 0 . 5  mm 

l e n g t h  c l a s s e s ,  c l a s s  1 = 0 . 5 - 0 . 9  mm).  C o h o r t  I 

c r o s s h a t c h e d ,  c o h o r t  I I  s t r i p e d .
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F i g u r e  10 .  S i z e - f r e q u e n c y  d i s t r i b u t i o n s  f r om t h e  H a r ch  

and Hay i n t e n s i v e  s a m p l i n g ,  s e a g r a s s  s i t e .  16 F e b r u a r y  and 

13 A p r i l  a d d e d  f o r  r e f e r e n c e .  C o h o r t  I  c r o s s h a t c h e d ,

C o h o r t  I I  t h i c k  d i a g o n a l  s t r i p i n g ,  c o h o r t  I I I  t h i n  

d i a g o n a l  s t r i p i n g .
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S i z e - f r e q u e n c y  d i s t r i b u t i o n s  o f  amp hi p od s  f r o m  t h e  

a l g a l  h a b i t a t  ( F i g u r e  11)  do n o t  p r o v i d e  any  e v i d e n c e  f o r  

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

and j u v e n i l e  a m p h i p o d s  b o t h  p a r a l l e l e d  t h e  g e n e r a l  

p o p u l a t i o n  t r e n d  w h i c h  was s e e n  i n  f i g u r e  8 a .

P o p u l a t i o n  Dynamics

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

j u v e n i l e s  f r om t h e  s e a g r a s s  h a b i t a t  ( F i g u r e  12)  s u p p o r t s

t h e  o v e r a l l  i n t e r p r e t a t i o n  o f  t h e  s i z e - f r e q u e n c y  d a t a .

The c o h o r t  w h i c h  m a t u r e d  o v e r  w i n t e r  ( I )  p r o d u c e d  a p e a k

o f  o v i g e r o u s  f e m a l e s  on 2 March  w h i c h  was t h e n  f o l l o w e d  by

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

p r o d u c e d  t h e  s m a l l  r e c r u i t m e n t  p r e s e n t  on 16 March ( c o h o r t

11)  a n d  t h e  j u v e n i l e s  r e s p o n s i b l e  f o r  t h e  t h i r d  c o h o r t

( I I I ) .  C o h o r t  I I  and  c o h o r t  I I I  b o t h  c o n t r i b u t e d  t o  t h e

f o r m a t i o n  o f  t h e  n e x t  p e a k  o f  o v i g e r o u s  f e m a l e s  ( 1 6 - 3 0

March)  w h i c h  spawned  t h e  l a r g e  p e a k  o f  j u v e n i l e s  on 13

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

o v i g e r o u s  f e m a l e s  o b s e r v e d  on t h i s  d a y .  Wi th  t h e  warmer

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

23 t o  32 d ay s  l a t e r  on 6 t o  16 May.  The s u b s e q u e n t

j u v e n i l e  maxima ( 2 0  May) a g a i n  m a t u r e d  q u i c k l y  i n  19 d a y s
—2and r e s u l t e d  i n  t h e  maxima o f  127 m a t u r e  f e m a l e s * m  on 8 

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

d e c l i n e s  i n t o  t h e  summer m o n t h s .



F i g u r e  1 1 .  S i z e - f r e q u e n c y  d i s t r i b u t i o n s  f o r  t h e  a l g a l  

s i t e ,  8 December  t o  6 J u l y  ( d a t e s  o m i t t e d  wh er e  Gammarus 

m u c r o n a t u s  was a b s e n t ) .
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- 2F i g u r e  12 .  Mean d e n s i t i e s  ( # ' m  ) o f  j u v e n i l e s  ( s e e  t e x t )

s , a nd  o v i g e r o u s  f e m a l e s  a ( e x a g g e r a t e d  by a f a c t o r  o f  

8) f r om  t h e  s e a g r a s s  h a b i t a t ,  8 December  t o  3 A u g u s t .
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The n umbe rs  o f  j u v e n i l e s  p r o d u c e d  by  e a c h  p e a k  o f  

m a t u r e  f e m a l e s  we r e  n o t  p r o p o r t i o n a l l y  s i m i l a r .  The f i r s t  

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

i n  v e r y  d i f f e r e n t  q u a n t i t i e s  o f  j u v e n i l e s .  The t h i r d  and 

f o u r t h  p e a k s  i n  m a t u r e  f e m a l e s  w e r e  3 - 4  t i m e s  g r e a t e r  t h a n  

t h e  f i r s t  and s e c o n d  and  y e t  o n l y  y i e l d e d  j u v e n i l e  

a b u n d a n c e s  as  g r e a t  a s  o r  l e s s  t h a n  t h e  s e c o n d  p e a k .  The 

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

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

t e m p e r a t u r e s .  D i f f e r e n c e s  b e t w e e n  t h e  s e c o n d  p e a k  and t h e  

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

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

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



D i s c u s  s i o n

Growth

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

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

g r o w t h .  L e n g t h  i n c r e a s e s  a p p e a r  t o  be  l i n e a r  o v e r  t h e  

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

( 35  d a y s ) ,  t h o u g h  t h e y  p r o b a b l y  d e c r e a s e  w i t h  m a t u r i t y  a s  

h a s  b e e n  f o u n d  f o r  o t h e r  a m p h ip o d s  ( H a i r  and Ange r  1 9 7 9 ,  

V a s s a l l o  and S t e e l e  1 9 80 ,  Sa va ge  1 9 8 2 ) .  F i e l d  d e r i v e d  

g r o w t h  r a t e s  f r om t h e  s e a g r a s s  h a b i t a t  a r e  much g r e a t e r  

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

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

( 1 )  t h e  f i e l d  t e m p e r a t u r e  r e c o r d ,  t a k e n  e v e r y  two weeks  

( a n d  o f t e n  i n  t h e  m o r n i n g )  d i d  n o t  d e t e c t  d a i l y  warming  o f  

t h e  w a t e r  o v e r  t h e  s h a l l o w  s e a g r a s s  bed  ( w he r e  f i e l d  

g r o w t h  r a t e s  we re  d e t e r m i n e d )  and  ( 2 )  t h e  p r o b a b l e  l a c k  o f  

i d e a l  l a b o r a t o r y  c o n d i t i o n s  f o r  g r o w t h  e x p e r i m e n t s .  S i n c e  

p e r i o d s  o f  warmer  w a t e r  t e m p e r a t u r e  c o u l d  have  l e d  t o  

f a s t e r  g r o w t h  i t  i s  d i f f i c u l t  t o  p r o j e c t  f i e l d  g r o w t h  

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

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

were  c o n s i d e r e d  t o  b e  more  r e l i a b l e  and t h u s  w e r e  u s e d  t o
45
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e s t i m a t e  t h e  number  o f  c o h o r t  p r o d u c t i o n  i n t e r v a l s  ( C P I )  

o c c u r r i n g  d u r i n g  t h e  y e a r .

Benke  ( 1 9 7 9 )  d e f i n e d  t h e  CPI a s  t h e  t i me  p e r i o d  

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

t h e  l a r g e s t  s i z e  c l a s s .  I t  i s  a t e r m  t h a t  i s  o n l y  

e q u i v a l e n t  t o  g e n e r a t i o n  t i m e  when r e p r o d u c t i o n  c o i n c i d e s  

w i t h  a t t a i n m e n t  o f  maximum s i z e .  Thus  G. m u c r o n a t u s  wou l d  

be c a p a b l e  o f  a g r e a t e r  number  o f  g e n e r a t i o n s  t h a n  C P I ' s .  

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

l o n g e v i t y  s i n c e  i t  i s  s u b s e q u e n t l y  u s e d  i n  an e x a m i n a t i o n  

o f  t h e  p r o d u c t i o n  o f  t h i s  amphi pod  ( F r e d e t t e  1 9 8 3 ) .

T h e r e  a r e  two c l e a r l y  r e c o g n i z a b l e  c o h o r t s  p r e s e n t  

f r om December  t o  t h e  end o f  March ( I  and I I I )  ( F i g u r e  

9 , 1 0 ) ,  c o h o r t  I I  b e i n g  somewhat  i n d i s t i n c t .  Bas ed  on t h e  

e s t i m a t e d  g r o w t h  r a t e  o f  t h e  March c o h o r t  and t h e  

s u g g e s t i o n  o f  a q u i c k l y  g r o w i n g  c o h o r t  i n  Hay i t  i s  

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

( 3 . 2 5 )  o c c u r r e d  f r om December  t o  t h e  end o f  May.  From 

J u n e  t o  November  g r o w t h  i s  c o n s e r v a t i v e l y  e s t i m a t e d  t o  be  

e q u a l  t o  t h e  March  f i e l d  e s t i m a t e  s i n c e  t h e r e  i s  n o t  

e v i d e n c e  t o  d e t e r m i n e  summer g r o w t h  r a t e .  B e c a u s e  i n  t h e  

summer maximum s i z e  i s  much l e s s  t h a n  i n  w i n t e r , r a p i d  

g r o w t h  l e a d s  t o  v e r y  B h or t  C P I ' s  and  an e s t i m a t e  o f  5 . 6  

c o h o r t s  r e s u l t s .  Based  on t h e s e  e s t i m a t e s  a minimum o f  

8 . 8  n o n - o v e r l a p p i n g  c o h o r t s  c o u l d  h a v e  o c c u r r e d  i n  t h e
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y e a r  w i t h  t h e  number  o f  g e n e r a t i o n s  c e r t a i n l y  e x c e e d i n g  10 

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

s i z e .  The p o s s i b i l i t y  a l s o  e x i s t s  t h a t  h i g h  summer 

t e m p e r a t u r e s  a c t u a l l y  i n h i b i t  g r o w t h  so t h a t  t h e  number  o f  

c o h o r t s  may b e  l e s s  t h a n  8 . 8 .  B e c a u s e  o f  t h i s  u n c e r t a i n t y  

I  e s t i m a t e  t h a t  a p p r o x i m a t e l y  6 c o h o r t s  c o u l d  h a v e  

d e v e l o p e d  b e f o r e  h i g h  ( > 2 5 °  C) summer t e m p e r a t u r e s  

o c c u r r e d .

The m a j o r i t y  o f  p r i o r  a mph i pod  l i f e  h i s t o r y  s t u d i e s  

h a v e  b e e n  i n  c o l d  t e m p e r a t e  o r  b o r e a l  r e g i o n s  ( W i l d i s h  

1 9 8 2 ) .  The p o p u l a t i o n s  u n d e r  s t u d y  u s u a l l y  h a v e  one  o r  

two g e n e r a t i o n s  p e r  y e a r  ( G a b l e  a nd  C r o k e r  1 9 7 7 ,

Goedmaker s  1 9 8 1 ,  K l i e n  e t  a l .  1 9 7 5 ,  W a t e r s  and B o k e n s t r o m  

1980)  w h i l e  a few s t u d i e s  i n  t r o p i c a l  o r  warm t e m p e r a t e  

r e g i o n s  r e p o r t e d  more  t h a n  t w o .  Omori  e t  a l .  ( 1 9 8 2 )  

e s t i m a t e d  t h a t  Co r o n h iu m v o l u t a t o r  may p r o d u c e  f o u r  o f  

more  g e n e r a t i o n s .  F o r  C.. i n s i d i o s u m . B i r k l u n d  ( 1 9 7 7 )  

f o u n d  a g e n e r a t i o n  t i m e  o f  4 - 5  weeks  and s t a t e s  t h a t  

C a s a b l a n c a  ( 1 9 7 5 )  f o u n d  5 - 6 . 5  g e n e r a t i o n s  i n  a 

M e d i t e r r a n e a n  p o p u l a t i o n .  S t e e l e  ( 1 9 7 3 )  e x a m i n e d  t h e  

t r o p i c a l  a m p h i p o d ,  P a r a h v a l e l l a  p i e t s c h m a n n i . and 

d e t e r m i n e d  t h a t  g e n e r a t i o n  t i m e  was 4 -5  weeks  and 

r e p r o d u c t i o n  was c o n t i n u o u s  t h r o u g h o u t  t h e  y e a r .  V e n a b l e s  

( 1 9 8 1 )  s t u d i e d  an  e x t r e m e l y  p r o d u c t i v e  p o p u l a t i o n  o f  

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

i n  3 - 4  weeks  and maximum s i z e  i n  8 w e e k s .  T h e r e  i s  a l s o  a



48

g r o w i n g  body  o£ l a b o r a t o r y  e v i d e n c e  w h i c h  shows r a p i d  

g r o w t h  and m a t u r a t i o n  o f  a mp hi po d s  ( C o o p e r  1 9 6 5 ,  Doy l e  and 

Hun te  1 9 8 1 ,  K r i s h n a n  and  J o h n  1 9 7 4 ,  Macko e t  a l .  1 9 8 2 ) .  

Do y le  and Hun t e  ( 1 9 8 1 )  r a i s e d  Gammarus l a w r e n c i a n u s  a t  

room t e m p e r a t u r e  t h r o u g h  25 g e n e r a t i o n s  i n  a p p r o x i m a t e l y  

30 mo nt hs  and  Macko e t  a l .  ( 1 9 8 2 )  r a i s e d  Ampi t hoe  v a l i d a  

and  P a r h v a l e  h a w a i e n s i s  t o  m a t u r i t y  i n  5 - 6  weeks  a t  

2 1 -2 3 °  C.  The g r o w t h  r a t e s  m e a s u r e d  f o r  G. m u c r o n a t u s  a r e  

c o m p a r a b l e  t o  t h e s e  o t h e r  amp hi p od s  as  m a t u r a t i o n  i n  

warmer  m o n t h s  may r e q u i r e  o n l y  3 - 5  w e e k s .

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

W i n t e r  and summer p o p u l a t i o n s  o f  G. m u c r o n a t u s  

employ  d i f f e r e n t  r e p r o d u c t i v e  s t r a t e g i e s .  Summer 

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

t i m e ,  s i z e  a t  m a t u r i t y ,  maximum s i z e  and i n c r e a s e d  g r o w t h  

r a t e .  The s m a l l e s t  r e p r o d u c t i v e l y  m a t u r e  f e m a l e  I  

o b s e r v e d  ( 1 . 1  mm) i s  o n l y  s l i g h t l y  l a r g e r  t h a n  t h e  1 . 0  mm 

p r e d i c t e d  by  S t e e l e  and  S t e e l e  ( 1 9 7 5 ) .  F e m a l e s  i n  t h e  

o b s e r v e d  s i z e  r a n g e  a r e  c a p a b l e  o f  c a r r y i n g  o n l y  3 -1 0  e gg s  

and  f u r t h e r  r e d u c t i o n  i n  s i z e  may n o t  b e  p o s s i b l e  

e s p e c i a l l y  i f  t h e r e  i s  a  c r i t i c a l  l o w e r  l i m i t  t o  egg s i z e .

Borowsky  ( 1 9 8 0 )  h a s  p r e v i o u s l y  r e p o r t e d  on t h e  b r o o d  

s i z e ,  egg s i z e  and d e v e l o p m e n t  t i m e  i n  G. m u c r o n a t u s . She 

f o u n d  a r a n g e  i n  b r o o d  s i z e  o f  1 - 5 7 ,  w h i l e  t h e  p r e s e n t
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s t u d y  e x t e n d s  t h e  u p p e r  end o f  t h e  r a n g e  t o  2 00 .  T h i s  i s  

l a r g e l y  due t o  t h e  w i d e r  r a n g e  o f  f e m a l e  s i z e s  u s e d  h e r e .  

Based  on t h e  l a r g e s t  s i z e d  f e m a l e  s he  e xa mi n ed  I  would  

p r e d i c t  an  a v e r a g e  b r o o d  s i z e  o f  3 9 ,  a f a i r  e s t i m a t e  

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

somewhat  b e l o w  5 7 .  The l a r g e s t  f e m a l e  G.. m u c r o n a t u s

e x a m i n ed  by S t e e l e  and S t e e l e  ( 1 9 7 5 )  c a r r i e d  18 e gg s  a nd  I

would  p r e d i c t  1 5 .

S t e e l e  and S t e e l e  ( 1 9 7 5 )  and Van D o l a h  and B i r d

( 1 9 8 0 )  h a v e  p r o v i d e d  l i n e a r  r e g r e s s i o n  e q u a t i o n s  r e l a t i n g  

b r o o d  s i z e  t o  f e m a l e  s i z e  f o r  G. m u c r o n a t u s . As s u g g e s t e d  

by Van Do l a h  and B i r d  ( 1 9 8 0 ) ,  I  emp l oy ed  a l a r g e r  d a t a  s e t  

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

a b e t t e r  f i t .  Van Do l a h  e t  a l .  ( 1 9 7 5 )  r e p o r t e d  s i m i l a r  

r e s u l t s  f o r  G. n a l u s t r i s . I n t u i t i v e l y ,  t h i s  i s  an 

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

i n c r e a s e  as  a power  f u n c t i o n  o f  s i z e .

Van Do l ah  and B i r d  ( 1 9 8 0 )  r e p o r t  t h a t  n o r t h e r n  

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

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

S t e e l e  ( 1 9 7 5 )  t h a t  egg s i z e  v a r i e s  w i t h  Beason  ( a l s o  shown

by my d a t a )  c o m p a r i s o n s  a r e  made w i t h i n  s e a s o n .  Such 

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

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

t e m p e r a t u r e s  as  n o r t h e r n  c o u n t e r p a r t s ,  t e m p o r a l
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e q u i v a l e n c e  i s  n o t  s u f f i c i e n t  s i n c e  egg s i z e  i s  p r o b a b l y  

more  c l o s e l y  t i e d  t o  t e m p e r a t u r e  t h a n  s e a s o n .  I  f o u n d  egg 

s i z e  t o  v a r y  i n  t h e  r a n g e  o f  0 . 3 0 8 - 0 . 5 3 2  mm d e p e n d i n g  on 

s e a s o n  w h i l e  S t e e l e  and  S t e e l e  ( 1 9 7 5 )  r e p o r t  a n  a v e r a g e  o f  

0 . 3 5 5  mm. Tan D o l a h  and  B i r d  ( 1 9 8 0 )  r e p o r t  a r a n g e  o f

0 . 2 7 6 - 0 . 3 7 8  mm f o r  e gg s  o f  f e m a l e s  f r om  s e v e r a l  l o c a t i o n s  

a l o n g  t h e  A t l a n t i c  C o a s t .  Th o s e  v a l u e s  s m a l l e r  t h a n  my 

minimum a r e  f r o m  more  s o u t h e r l y  p o p u l a t i o n s  b u t  a s  

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

c o n s i d e r e d  more c a r e f u l l y .

Brood  d e v e l o p m e n t  t i m e  i n  a mp hi po d s  seems  t o  be 

c l e a r l y  r e l a t e d  t o  t e m p e r a t u r e  ( B o r o v s k y  1 9 8 0 ) .

C o m p a r i s o n  o f  my e q u a t i o n  t o  t h o s e  o f  M a r c h a n t  and Hynes

( 1 9 8 1 )  and  Hughes  ( 1 9 8 2 )  ( F i g u r e  13)  i n d i c a t e  t h a t  

G,. m u c r o n a t u s  d e v e l o p s  more r a p i d l y  t h a n  e i t h e r  

G. p s e u d o l i m n a e u s  o r  D o g i e l i n o t u s  l o o u a x . e s p e c i a l l y  a t  

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

S t e e l e  and S t e e l e  ( 1 9 7 3 )  h av e  r e p o r t e d  s i m i l a r  d e v e l o p m e n t  

r a t e s  i n  o t h e r  s p e c i e s  o f  Gammarus . Brood d e v e l o p m e n t  

t i m e  and b r o o d  number  may a l s o  be  a f f e c t e d  by  s e a s o n a l  egg 

s i z e .  I t  h a s  b e e n  c l e a r l y  shown t h a t  s m a l l e r  egg s i z e s  

d e v e l o p  more  q u i c k l y  ( C l a r k e  1982)  . E x p e r i m e n t s  p e r f o r m e d  

on w i n t e r  e gg s  a t  summer t e m p e r a t u r e s  w i l l  p r o b a b l y  

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

e x p e c t e d  t h a t  l i k e  s i z e d  f e m a l e s  i n  d i f f e r e n t  s e a s o n s  may



F i g u r e  1 3 .  T e m p e r a t u r e  d e p e n d e n t  egg d e v e l o p m e n t  r a t e s  f o r  

Gammarus p s e u d o 1 imn ae ou s  ( M e r c h a n t  and Hynes  1 9 8 1 ) ,

D o g i e 1 i n o t u s  l o o u a x  (Hughes  1982)  and Gammarus m u c r o n a t u s  

( p r e s e n t  s t u d y )  .



DA
YS

51

250-1

150 -i

1 0 0 -,

50-1

0 -
300 10 15 20 255

TEMPERATURE (deg C)



52

h av e  d i f f e r e n t  egg c a r r y i n g  c a p a c i t i e s  as  a r e s u l t  o f  

v a r y i n g  egg s i z e s .

P o p u l a t i o n  Dynami cs

T e m p o r a l  v a r i a t i o n  o f  <3. m u c r o n a t u s  p o p u l a t i o n s  i n  

t h e  s e a g r a s s  and  a l g a l  h a b i t a t s  we re  q u i t e  d i f f e r e n t .  The 

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

p r e s e n t  t h i s  h a b i t a t  i s  r a p i d l y  and d e n s e l y  p o p u l a t e d  by 

<3. m u c r o n a t u s . C o n v e r s e l y ,  t h e  r e l a t i v e l y  p e r m a n e n t  

s e a g r a s s  h a b i t a t  a p p e a r s  t o  b e  u t i l i z e d  t h r o u g h o u t  t h e  

y e a r  w i t h  p e a k  a mp hi po d  d e n s i t i e s  o c c u r r i n g  i n  s p r i n g  and 

summer m o n t h s .

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

o f  t h e  p i e r  may a c t u a l l y  be  a n  e x t e n s i o n  o f  a more  

c o n s t a n t  a l g a l  h a b i t a t  o c c u r r i n g  i n  v e r y  s h a l l o w  w a t e r  

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

a l g a e ,  a s  w e l l  as  a l g a e  a t t a c h e d  t o  h a r d  s u b s t r a t e s  

( r u b b l e )  a l o n g  t h e  s h o r e  and a  few o f  t h e  i n n e r m o s t  

p i l i n g s .  T h i s  more p e r m a n e n t  h a b i t a t  may s e r v e  a s  a 

s o u r c e  o f  c o l o n i z i n g  a m p h i p o d s  when a l g a e  d o e s  g row on a l l  

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

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

o b s e r v e d  i n  e s t u a r i n e  s h a l l o w  w a t e r  m e r o p l a n k t o n  s a m p l e s  

( V i l l i a m s  a nd  Bynum 1 9 7 2 ) .  I n  a d d i t i o n ,  Meyer  ( 1 9 8 2 )  has  

shown t h a t  j u v e n i l e  G.. m u c r o n a t u s  may b e  a common
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componen t  o f  t h e  p l a n k t o n  o v e r  s e a g r a s s  b e d s .  D e s p i t e  t h e  

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

s i z e - f r e q u e n c y  d i s t r i b u t i o n s  b e t w e e n  h a b i t a t s  ( T a b l e  5)  

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

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

The v a r i a t i o n s  i n  G. m u c r o n a t u s  p o p u l a t i o n  d e n s i t y  

i n  t h e  s e a g r a s s  h a b i t a t  do n o t  seem t o  be  c l o s e l y  t i e d  t o  

t h e  a v a i l a b i l i t y  o f  s u b s t r a t e  ( F i g u r e  7)  a s  was f o u n d  i n  

t h e  a l g a l  h a b i t a t  ( F i g u r e  8 ) .  I t  c o u l d  b e  h y p o t h e s i z e d  

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

s e a g r a s s  bed r e s u l t s  f r om t h e  a r r i v a l  o f  m i g r a t o r y  

p r e d a t o r s  i n  t h e  s p r i n g  and summer.  P r e d a t i o n  i s  o f t e n  

i n v o k e d  a s  a m a j o r  f a c t o r  i n  amphi pod  p o p u l a t i o n  

r e g u l a t i o n  ( N e l s o n  1 9 7 9 ) ,  t h o u g h  K r e b s  ( 1 9 7 8 )  a r g u e s  t h a t  

many p o p u l a t i o n s  may be  s e l f  r e g u l a t i n g .  C h e s a p e a k e  Bay 

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

and d e c a p o d  c r u s t a c e a n s  ( Heck  and O r t h  1 9 8 0 ,  O r t h  and Heck 

1 9 8 0 ) .  T h o ugh ,  S t o n e r  ( 1 9 8 0 b )  h a s  shown t h a t  n o t  a l l  

a mphi pod  p o p u l a t i o n s  i n  s e a g r a s s  b e d s  d e c r e a s e  i n  p e r i o d s  

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

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

p o p u l a t i o n  t r e n d s  o f  o t h e r  a mp hi po d s  and i s o p o d s  c o l l e c t e d  

i n  my s t u d y  s u p p o r t  h i s  c o n t e n t i o n .

P r e d a t i o n ,  when s i z e  s e l e c t i v e ,  c a n  a l s o  be  

i m p l i c a t e d  as  a me ch a n i sm f o r  r e d u c i n g  t h e  s i z e  r a n g e  o f



summer i n d i v i d u a l s .  Howeve r ,  r e d u c t i o n  i n  m a t u r a t i o n  s i z e

may p r e c l u d e  t h e  n e e d  t o  g row l a r g e r .  S i m i l a r  e a r l y

m a t u r i t y  h a s  b e e n  n o t e d  f o r  a m p h i p o d s  by B i r k l u n d  ( 1 9 7 7 ) ,

Coope r  ( 1 9 6 5 ) ,  N e l s o n  ( 1 9 8 0 b )  and N a i r  and A n g e r  ( 1 9 7 9 ) ,

f o r  c l a d o c e r a n s  by V i j v e r b e r g  and R i c h t e r  ( 1 9 8 2 )  and  i s

w e l l  d e m o n s t r a t e d  f o r  c o p e p o d s  (Dye 1 9 8 2 ) .  I t  i s

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

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

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

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

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

i n  t h e  s p r i n g )  c r o p  o n l y  l a r g e  i n d i v i d u a l s  t h e n  i t  would

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

m a t u r a t i o n  d u r i n g  t h e s e  p e r i o d s .  Sou thwood  ( 1 9 7 6 )  h a s

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

( r )  i s  more  e a s i l y  m a x i m i z e d  by  r e d u c t i o n  o f  g e n e r a t i o n

t i m e  (T ) t h a n  an i n c r e a s e  o f  f e c u n d i t y  (R ) a s :  c 4 o

T h u s ,  i f  G_. m u c r o n a t u s  d e c r e a s e s  g e n e r a t i o n  t i m e  b e t w e e n  

s e a s o n s  by a t h i r d  ( 9 0  t o  30 d a y s )  by  g r o w in g  f a s t e r  and 

m a t u r i n g  a t  s m a l l e r  s i z e s ,  f e c u n d i t y ,  as  m e a s u r e d  by  t h e  

number  o f  e gg s  p e r  b r o o d ,  mus t  be  r e d u c e d .  Even i f  t h e  

number  o f  eggs  p e r  b r o o d  i s  r e d u c e d  by  an o r d e r  o f  

m a g n i t u d e  ( 2 0 0  t o  1 0 ) ,  " r "  i s  i n c r e a s e d  ( 0 . 0 5 9  t o  0 . 0 7 7 ) .  

T h u s ,  summer p o p u l a t i o n s  o f  G.. m u c r o n a t u s  c a n  i n c r e a s e  a t  

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

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

s i z e  o f  summer a d u l t s ,  b u t  on an e c o l o g i c a l  t i m e  s c a l e  t h e  

p r o c e s s  may be  i n e v i t a b l y  t i e d  t o  p h y s i o l o g y  su ch  t h a t  

e ven  i n  t h e  a b s e n c e  o f  p r e d a t o r s  ( i . e .  w i t h  c a g i n g )  i t  

wou l d  o c c u r  .

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

e x p r e s s i o n  o f  m a t u r i t y  a t  s m a l l  s i z e s  may be  t e m p e r a t u r e .  

Howeve r ,  s e a s o n a l l y  c h a n g i n g  f ood  r e s o u r c e s  may a l s o  be  

i n v o l v e d .  My r e s u l t s  and t h o s e  o f  V a s s a l l o  and S t e e l e  

( 1 9 8 0 )  h a ve  shown t h a t  g r o w t h  o f  amp h i p o d s  o c c u r s  a t  

d i f f e r e n t  r a t e s  on  d i f f e r e n t  d i e t s .  V a s s a l l o  and S t e e l e  

( 1 9 8 0 )  f u r t h e r  d e m o n s t r a t e d  t h a t  t h o s e  d i e t s  p r o d u c i n g  

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

i d e n t i c a l  t e m p e r a t u r e  c o n d i t i o n s .  Thus e a r l y  m a t u r i t y  may 

be r e l a t e d  t o  a s e a s o n a l l y  c h a n g i n g  s u i t e  o f  f ood  

r e s o u r c e s ,  r a t e  o f  g r o w t h ,  t e m p e r a t u r e  o r  t h e s e  and o t h e r  

f a c t o r s  i n  c o m b i n a t i o n .

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

p o p u l a t i o n  d e n s i t y  o f  a mp h ip o d s  a p p e a r  f r om c i r c u m s t a n t i a l  

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

n e c e s s a r y .  The o b s e r v e d  p o p u l a t i o n  d e c l i n e  i n  t h e  summer 

may b e  an i n e v i t a b l e  r e s p o n s e  t o  f a c t o r s  o t h e r  t h a n  

p r e d a t i o n .  The p o p u l a t i o n s  o f  t h i s  amph i pod  may be 

t r a c k i n g  a s e a s o n a l l y  a b u n d a n t ,  p r e f e r r e d  f o o d  s o u r c e  o r
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B u b s t r a t e  ( a s  was s e e n  i n  t h e  a l g a l  h a b i t a t ) .  Or p e r h a p s  

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

g r o w t h  and s u r v i v a l .  The r e l a t i o n s h i p  b e t w e e n  p r e d a t i o n ,  

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

of  G. m u c r o n a t u s  w a r r a n t s  f u r t h e r  s t u d y .

Gammarus m u c r o n a t u s  e x h i b i t s  a v e r y  f l e x i b l e  l i f e  

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

wide  l a t i t u d i n a l  r a n g e .  Such a l i f e  h i s t o r y  i s  p r o b a b l y  

n o t  u n i q u e  s u g g e s t i n g  a n e e d  f o r  c l o s e r  e x a m i n a t i o n  o f  

o t h e r  p e r i c a r i d e a n  and d e c a p o d  c r u s t a c e a n  s p e c i e s .

R e c e n t l y  A l o n  and S t a n c y k  ( 1 9 8 2 )  h a v e  shown t h a t  t h e  

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

and w i n t e r  g e n e r a t i o n  i n  a S o u t h  C a r o l i n a  e s t u a r i n e  

e n v i r o n m e n t .  F o r  a d e q u a t e  e s t i m a t e s  o f  s u c h  phenomena  

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

s h o r t  t i m e  s c a l e s  ( d a y s - w e e k s )  b e f o r e  a s s u m i n g  t h a t  l o n g e r  

i n t e r v a l s  p r o v i d e  a d e q u a t e  c h a r a c t e r i z a t i o n .  I  e x p e c t  

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

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

s t u d y .  Such  e v i d e n c e  w i l l  r e q u i r e  t h a t  we r e e v a l u a t e  o u r  

a s s e s s m e n t  o f  s u c h  h a b i t a t s  as  t h e y  may p r o v e  t o  be  o f  a 

much more  dynami c  and p r o d u c t i v e  n a t u r e  t h a n  p r e v i o u s l y  

t h o u g h t .
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SECONDARY PRODUCTION OF THE CRUSTACEAN GAMMARUS MUCRONATUS 

SAY (AMPHIPODA: GAMMARIDAE) IN WARM TEMPERATE ESTUARINE 

HABITATS, YORK RIVER, VIRGINIA



A b s t r a c t

S e c o n d a r y  p r o d u c t i o n  o f  t h e  a mp h i po d  Gammarus 
m u c r o n a t u s  was B t u d i e d  i n  a s e a g r a s s  ( Z o s t e r a  m a r i n a ) 
h a b i t a t  and  a m a c r o a l g a l  f o u l i n g  c ommuni t y  on o l d  p i e r  
p i l i n g s .  G.. m u c r o n a t u s  p o p u l a t i o n s  we r e  p r e s e n t  i n  t h e  
m a c r o a l g a l  h a b i t a t  d u r i n g  o n l y  4 m o n t h s  o f  t h e  y e a r  b u t

_ 2 .  — i
p r o d u c t i o n  was 1 0 . 2 - 1 2 . 9  g*m *yr  d r y  w e i g h t  c omp ar ed  

. - 2 . - 1w i t h  5 . 0 - 6 . 5  g*m *yr  d r y  w e i g h t  i n  t h e  s e a g r a s s  h a b i t a t  
w h e r e  p o p u l a t i o n s  we r e  m a i n t a i n e d  t h r o u g h o u t  t h e  y e a r .  
R a p i d  t u r n o v e r  r a t e s  r e s u l t  i n  s h o r t  c o h o r t  p r o d u c t i o n  
i n t e r v a l s  ( C P I )  w i t h  a n n u a l  p r o d u c t i o n  t o  b i o m a s s  r a t i o s  
( P / B )  r a n g i n g  f r o m  3 6 . 8 - 7 6 . 8  .

A m o d i f i e d  i n s t a n t a n e o u s  g r o w t h  r a t e  m e t h o d  gave  
p r o d u c t i o n  e s t i m a t e s  t h a t  were ,  a p p r o x i m a t e l y  25% h i g h e r  
t h a n  e s t i m a t e s  o f  t h e  s i z e - f r e q u e n c y  m e t h o d .  P r o d u c t i o n  
e s t i m a t e s  o f  f o u r  d i f f e r e n t  v a r i a t i o n s  o f  t h e  
s i z e - f r e q u e n c y  m e t ho d  p r o d u c e d  r e s u l t s  t h a t  we r e  s i m i l a r  
t o  one  a n o t h e r .  The sum o f  s i z e - f r e q u e n c y  e s t i m a t e s  when 
m a l e s  and f e m a l e s  a r e  c o n s i d e r e d  s e p a r a t e l y  r e s u l t s  i n  
s l i g h t l y  l o w e r  p r o d u c t i o n  v a l u e s  t h a n  c o m b i n e d  
c a l c u l a t i o n s  s i n c e  d i m o r p h i c  s i z e  b i a s e s  a r e  e x c l u d e d .

C a l c u l a t i o n  o f  P / B  w i t h  p r o p o s e d  m o d e l s  shows  f a i r  

a g r e e m e n t  w i t h  t h a t  o f  R o b e r t s o n  ( 1 9 7 9 )  w h i l e  s e v e r e  
u n d e r e s t i m a t e s  a r e  made by  t h o s e  o f  Banse  a nd  H o s h e r  

( 1 9 8 0 )  and  Mann ( 1 9 6 9 ) .
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I n t r o d u c t  i o n

E s t u a r i e s  a r e  d e s c r i b e d  as  among t h e  m o s t  p r o d u c t i v e  

o f  m a r i n e  h a b i t a t s ,  w i t h  t h e  C h e s a p e a k e  Bay e s t u a r y  o f t e n  

b e i n g  u s e d  a s  a p r i m e  e x a m p l e .  The C h e s a p e a k e  Bay s e r v e s  

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

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

c o m m e r c i a l  and s p o r t  f i s h e r m e n .  As t h e  d r i v i n g  f o r c e  a t  

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

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

and a r o u n d  t h e  b a y .  The p r o c e s s  o f  c o n v e r s i o n  f r om p l a n t s  

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

s e v e r a l  l e v e l s  o f  t r a n s f e r  t h r o u g h  t h e  f ood  web a s  one  

o r g a n i s m  s e r v e s  a s  f o o d  f o r  a n o t h e r .  C o n t r a s t e d  a g a i n s t  

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

i m p o r t a n t  o r g a n i s m s  ( s e e  R i c k e r  1968)  t h e r e  a r e  few 

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

s e r v e  as  t h e i r  f o o d  r e s o u r c e s  ( W a t e r s  1 9 7 9 a ) .

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

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

common f o o d  r e s o u r c e  f o r  f i s h  and d e c a p o d  c r u s t a c e a n s  in  

many a q u a t i c  c o m m u n i t i e s  a r e  a mp hi po d s  ( N e l s o n  1 9 7 9 a ,

1 9 81 ,  S t o n e r  1 9 7 9 ,  Van D o l a h  1 97 8 ,  Young e t  a l .  1976)
65
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w h i c h  a r e  among t h e  m o s t  p r o d u c t i v e  o r g a n i s m s  s t u d i e d  

( Humphr eys  1 9 79 ,  M c N e i l l  and Lawton 1 9 7 0 ,  V e n a b l e s  1 9 8 1 ) .  

Howeve r ,  mos t  s t u d i e s  o f  amphipod  p r o d u c t i o n  h a v e  i n v o l v e d  

e i t h e r  f r e s h  w a t e r  ( C o o p e r  1 9 6 5 ,  D e s s a i x  and  Roux 1 9 8 0 ,  

Goedmakers  1981 ,  M a r c h a n t  and Hynes  1 9 81 ,  M a r t i e n  and  

Benke 197 7 ,  W a t e r s  and H o k e n s t r o m  1980)  o r  c o l d  

t e m p e r a t e - b o r e a l  m a r i n e  p o p u l a t i o n s  ( H a s t i n g s  1 9 81 ,  K l e i n  

e t  a l .  1 97 5 ,  W i l d i s h  and P e e r  1 9 8 1 ) .  T h e r e  a p p e a r  t o  be 

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

( D i a z  and F r e d e t t e  1 9 8 2 ,  V e n a b l e s  1 9 8 1 ) .  The p r e s e n t  

s t u d y  was d e s i g n e d  t o  e xa mi n e  t h e  p r o d u c t i o n  o f  

p o p u l a t i o n s  o f  t h e  s h a l l o w  w a t e r  amphi pod  Gammarus 

m u c r o n a t u s  i n  warm t e m p e r a t e  e s t u a r i n e  h a b i t a t s  o f  t h e  

York R i v e r ,  V i r g i n i a ,  a s u b e s t u a r y  o f  t h e  C h e s a p e a k e  Bay.

Among t h e  f a c t o r s  t h a t  a r e  i m p o r t a n t  f o r  t h e  

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

e x a m i ne d  ( M a r t i e n  and Benke  1 9 7 7 ) ,  a n  o r g a n i s m ' s  v o l t i n i s m  

( n u mb er  o f  g e n e r a t i o n s ) ,  a b u n d a n c e  and  s i z e - c l a s s  

s t r u c t u r e  ( W a t e r s  1 9 7 7 , 1 9 7 9 b ) .  F r e d e t t e  ( 1 9 8 3 )  h a s  

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

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

p r o x i m a t e  h a b i t a t s  f r om December  1981 t o  November  1 9 8 2 .

I n  t h i s  p r i o r  s t u d y  i t  was f o u n d  t h a t  p o p u l a t i o n  

f l u c t u a t i o n s  and maximum a b u n d a n c e  w e r e  q u i t e  d i f f e r e n t  

b e t w e e n  h a b i t a t s .  F r e d e t t e  ( 1 9 8 3 )  a l s o  d e t e r m i n e d  t h a t
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g r o w t h  i n  t h e  s p r i n g  and  summer c o u l d  be  v e r y  r a p i d  

r e s u l t i n g  i n  a p p r o x i m a t e l y  6 - 9  c o h o r t s  p e r  y e a r .

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

i s  t h e  me t hod  o f  c a l c u l a t i o n  e m p l o y e d .  I n  t h e  p r e s e n t  

p a p e r  £ e s t i m a t e  p r o d u c t i o n  w i t h  t h e  s i z e - f r e q u e n c y  

c a l c u l a t i o n  me t hod  ( H a m i l t o n  1 9 6 9 ,  H e n z i e  1980)  u s i n g  f o u r  

d i f f e r e n t  s u b s e t s  o f  d a t a  and  compar e  t h e s e  t o  a f i f t h  

e s t i m a t e  b a s e d  on  an i n s t a n t a n e o u s  g r o w t h  r a t e  ( IGR) 

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

ex ami n e  t h e  u t i l i t y  o f  t h r e e  d i f f e r e n t  p r e d i c t i v e  

p r o d u c t i o n  m o d e l s .



M a t e r i a  1 and M eth od s

The two s i t e s  c h o s e n  f o r  s t u d y  we r e  a Z o s t e r a  m a r i n a  

s e a g r a s s  b e d  and a f o u l i n g  communi t y  p r e s e n t  on  o l d  p i e r  

p i l i n g s  d o m i n a t e d  by  t h e  g r e e n  a l g a e  U lv a  s p p .  and 

B n t e r o m o r p h a  s p p .  ( F i g u r e  1 ) .  I n  a p r e v i o u s  s t u d y  o f  

C h e s a p e a k e  Bay s e a g r a s s  b e d s ,  D i a z  and F r . e d e t t e  ( 1 9 8 2 )  

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

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

r a p i d  g r o w t h .  I n  o r d e r  t o  more  c l e a r l y  d e f i n e  v o l t i n i s m  

and f i e l d  g r o w t h  r a t e s  I  s a m p l e d  more  f r e q u e n t l y  i n  t h i s  

s t u d y  on a f o r t n i g h t l y  ( e v e r y  14 d a y s )  b a s i s  f o r  a p e r i o d  

o f  one  y e a r  b e t w e e n  December  1981 and November  1 982 .  

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

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

warmer  m o n t h s  due  t o  more  r a p i d  g r o w t h ,  a more  i n t e n s i v e  

s a m p l i n g  f r e q u e n c y  ( e v e r y  f o u r  o r  f i v e  d a y s )  was 

e s t a b l i s h e d  f o r  t h e  m o n th s  o f  March  and May 1 9 8 2 .  

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

amphipod  b i o m a s s ,  a b u n d a n c e  and s i z e - f r e q u e n c y  

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

p r o c e s s i n g  m e t h o d s  a r e  r e p o r t e d  i n  more  d e t a i l  by F r e d e t t e  

( 1 9 8 3 ) .
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F i g u r e  1 .  S a m p l i n g  l o c a t i o n s  i n  t h e  l o w e r  York R i v e r ,  

V i r g i n i a .
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L e n g t h - w e i g h t  r e g r e s s i o n s  we re  d e t e r m i n e d  f o r  e a c h  

s e x  ( n o n - o v i g e r o u e  f e m a l e s  o n l y )  f r om b o t h  h a b i t a t s .  

Amphipods  were  d r i e d  a t  60°  C f o r  a minimum o f  72 h o u r s ,  

c o o l e d  i n  a d e s i c c a t o r  and w e i g h e d  t o  t h e  n e a r e s t  0 . 1  mg.  

S m a l l  a m p h ip o ds  were  p o o l e d  t o  o b t a i n  m e a s u r a b l e  v a l u e s .  

D i f f e r e n c e s  i n  t h e  r e s u l t a n t  r e g r e s s i o n s  we r e  c omp ar ed  

u s i n g  c o v a r i a n c e  a n a l y s i s  ( S n e d e c o r  and C o c h r a n  1 9 7 6 ) .

A l l  l e n g t h s  r e p o r t e d  i n  t h i s  p a p e r  were  d e t e r m i n e d  by 

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

edge  o f  t h e  t h i r d  p e r e o n a l  s e g m e n t .  T o t a l  l e n g t h  i s  

a p p r o x i m a t e l y  3 . 3  t i m e s  g r e a t e r  t h a n  t h i s  m e a s u r e .

I n  a d d i t i o n  t o  p r o d u c t i o n  t h r o u g h  g r o w t h ,  a m p h ip o ds  

p e r i o d i c a l l y  s h e d  t h e i r  e x o s k e l e t o n s  ( e x u v i a e ) .  To 

ex a mi n e  t h e  amount  o f  e x u v i a e  l o s t  d u r i n g  g r o w t h  16 n e wl y  

h a t c h e d  a m ph i p o d s  we re  i s o l a t e d  i n  i n d i v i d u a l  c o n t a i n e r s  

and r a i s e d  i n  t h e  l a b o r a t o r y  a t  23°  C. C o n t a i n e r s  we r e  

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

were  c o l l e c t e d  and p r e s e r v e d  i n  10% f o r m a l i n .  At  t h e  end 

o f  42 d a y s  a l l  a m p h i p o d s  we r e  c o l l e c t e d  a nd  p r e s e r v e d .

Bo t h  t h e  e x u v i a e  and a m p h ip o ds  we r e  t h e n  d r i e d  a s  a bove  

and w e i g h e d .
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P r o d u c t i o n  was d e t e r m i n e d  u s i n g  two m e t h o d s .  The 

f i r s t  i s  t h e  s i z e - f r e q u e n c y  m e t ho d  r e f i n e d  by Menz i e  

( 1 9 8 0 ) :

P = 2 ( H . -  N.  . )  * ( W . .  W. . ) 1 / 2
j =1 J J + l  J J + l

w h e r e  P i s  p r o d u c t i o n ,  i  i s  t h e  n umber  o f  s i z e  c l a s s e s ,

i s  t h e  n umber  o f  i n d i v i d u a l s  t h a t  d e v e l o p e d  i n t o  a g i v e n

s i z e  c a t e g o r y  o v e r  t h e  t i m e  i n t e r v a l  c o n s i d e r e d  and Hj  i s

t h e  mean w e i g h t  o f  an  i n d i v i d u a l  i n  t h e  j t h  s i z e  c l a s s .

The v a l u e  o f  N.  i s  d e t e r m i n e d  a s :
1

_  P D
N. « n .  * ______ *_____ _ * C

J J p c p i
a

w h e r e  D i s  t h e  n umbe r  o f  d a y s  o v e r  w h i c h  p r o d u c t i o n  

o c c u r s ,  n j  i s  t h e  mean n umber  o f  i n d i v i d u a l s  t h a t  

d e v e l o p e d  i n t o  a g i v e n  s i z e  c l a s s  d u r i n g  t i m e  p e r i o d  D, P g

i s  t h e  e s t i m a t e d  t i m e  s p e n t  i n  a s i z e  c l a s s ,  P i s  t h es
a c t u a l  t i m e  f o r  g r o w t h  t h r o u g h  a s i z e  c l a s s ,  CPI i s  t h e

c o h o r t  p r o d u c t i o n  i n t e r v a l  i n  d a y s  and C i s  t h e  n umber  o f

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

i n t e r v a l  ( C P I )  i s  t h e  t i m e  r e q u i r e d  f o r  g r o w t h  f r o m

r e c r u i t m e n t  t o  t h e  l a r g e s t  s i z e  c l a s s  ( Be nk e  1 9 7 9 ) .

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

( F r e d e t t e  1 98 3 )  so  P / P  » 1 .  T h i s  c a l c u l a t i o n  m e t ho de a
i n c l u d e s  i m p r o v e m e n t s  made by  H a m i l t o n  ( 1 9 6 9 )  t o  t h e  

o r i g i n a l  Hynes  m e t ho d  ( Hyne s  1 9 6 1 ,  Hynes  and Co leman  1968)  

and  t h e  r ecommended  u s e  o f  t h e  g e o m e t r i c  mean b e t w e e n  s i z e  

c l a s s e s  f o r  w e i g h t  a t  l o s s  (V^)  ( K r u e g e r  and M a r t i n  1 9 8 0 ) .
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To d e t e r m i n e  p r o d u c t i o n  w i t h  t h i s  me thod  ,

s i z e - f r e q u e n c y  d i s t r i b u t i o n s  we re  c o n s t r u c t e d  u s i n g  0 . 5  mm 

l e n g t h  c l a s s e s .  Amphipods  were  m e a s u r e d  f rom t h e  r o s t r u m  

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

C o r r e s p o n d i n g  w e i g h t s  we r e  g e n e r a t e d  u s i n g  t h e  r e g r e s s i o n  

e q u a t i o n s .  As p r e v i o u s l y  shown i n  an e x a m i n a t i o n  of  t h e  

l i f e  h i s t o r y  o f  G. m u c r o n a t u s  ( F r e d e t t e  1983)  g r o w t h  r a t e s  

a r e  t e m p e r a t u r e  d e p e n d e n t  and a r e  b e s t  d e s c r i b e d  by a 

l i n e a r  f u n c t i o n .  Based  on g r o w t h  r a t e s  d e t e r m i n e d  f r o m  

t h r e e  c o h o r t s  r e c o g n i z e d  w i t h  s i z e - f r e q u e n c y  d i s t r i b u t i o n s  

( F i g u r e  2 ) ,  G. m u c r o n a t u s  i s  c a p a b l e  o f  p r o d u c i n g  

a p p r o x i m a t e l y  6 - 9  c o h o r t s  d u r i n g  a y e a r .  In  a d d i t i o n ,  

d u r i n g  t h e  summer t h e r e  i s  a r e d u c t i o n  i n  t h e  maximum s i z e  

a t t a i n e d  by a d u l t s  w h i c h  i n  t u r n ,  r e s u l t s  i n  f e w e r  s i z e  

c l a s s e s  ( F i g u r e  2 ) .  F o r  t h e s e  r e a s o n s  I  d i v i d e d  t h e  y e a r  

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

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

s e g m e n t .  The CPI was s e a s o n a l l y  a d j u s t e d  f o r  t h i s  

p u r p o s e .  The t i m e  p e r i o d  f r om December  t o  t h e  end  o f  

F e b r u a r y  (82  d a y s )  was c h a r a c t e r i z e d  by a  c o h o r t  

p r o d u c t i o n  i n t e r v a l  o f  100 d ay s  and  e i g h t  s i z e  c l a s s e s .  

From March  t o  May (91  d a y s )  t h e r e  were  n i n e  s i z e  c l a s s e s  

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

warmer  s p r i n g  t e m p e r a t u r e s  c o h o r t  g r o w t h  was e s t i m a t e d  t o  

t a k e  36 d a y s .  From J u n e  t o  November  ( 183  d a y s )  o n l y  f i v e  

s i z e  c l a s s e s  w e r e  r e p r e s e n t e d  and  g r o w t h  t o  t h e  l a r g e s t  

s i z e  c l a s s  was more r a p i d  (32  d a y s ) .  V i t h o u t  s u c h



F i g u r e  2 .  S i z e - f r e q u e n c y  d i s t r i b u t i o n s  f o r  t h e  s e a g r a s s  

h a b i t a t ,  8 December  t o  22 J u n e  ( 0 . 5  mm l e n g t h  c l a s s e s ,  

c l a s s  1 = 0 . 5 - 0 . 9  mm).  C o h o r t  I  c r o s s h a t c h e d ,  c o h o r t  I I  

t h i c k  d i a g o n a l  s t r i p i n g ,  c o h o r t  I I I  t h i n  d i a g o n a l  

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

i n t r o d u c e d  i n t o  t h e  c o m p u t a t i o n .  Two m a j o r  e r r o r s  t h a t  

would  o c c u r  a r e  a p p l i c a t i o n  o f  a u n i f o r m  s i z e  c l a s s  f a c t o r  

(C) and CPI t o  p r o d u c t i o n  c a l c u l a t e d  on t h e  e n t i r e  d a t a  

s e t .  B ot h  o f  t h e s e  would  l e a d  t o  an  o v e r e s t i m a t e  o f  

p r o d u c t i o n  s i n c e  summer p o p u l a t i o n s  do no t  h a v e  as  many 

s i z e  c l a s s e s  and w i n t e r  p o p u l a t i o n s  g r o w a t  a s l o w e r  r a t e ,

i . e .  h a v e  a l o n g e r  CPI .

The s e c o n d  me thod  u s e d  i s  a m o d i f i c a t i o n  o f  t h e  

i n s t a n t a n e o u s  g r o w t h  r a t e  me th od  (IG&) where  a  d a i l y  

p r o d u c t i o n  v a l u e  was o b t a i n e d  f o r  e a c h  o f  t h e  sampl e  

d a t e s .  D a i l y  p r o d u c t i o n  was e s t i m a t e d  by m u l t i p l y i n g  t h e  

a b u n d a n c e  o f  G. m u c r o n a t u s  i n  a g i v e n  s i z e  c l a s s  on a 

s am p l e  d a t e  by a s e a s o n a l l y  a d j u s t e d  s i z e  s p e c i f i c  

i n s t a n t a n e o u s  g r o w t h  r a t e .  Growth r a t e s  we r e  e s t i m a t e d  

and s e a s o n a l l y  a d j u s t e d  f r o m  t h e  same d a t a  u s e d  to

e s t i m a t e  C P I .  T h e s e  d a i l y  p r o d u c t i o n  v a l u e s  were  t h e n

p l o t t e d  a g a i n s t  t i m e  and a c u r v e  was drawn b e t w e e n  p o i n t s .  

The a r e a  u n d e r  t h e  c u r v e  was i n t e g r a t e d  t o  o b t a i n

p r o d u c t i o n .  The e q u a t i o n  u s e d  was:
m i  w . • N .

p = / _________ Z J_3
1 J - l  Tj

wh er e  P i s  p r o d u c t i o n ,  Tj  i s  t h e  t i m e  p e r i o d  o v e r  w h i c h  

g r o w t h  i s  c o n s i d e r e d  ( i . e .  one  d a y ) ,  w^ i s  t h e  

i n s t a n t a n e o u s  d a i l y  g r o w t h  r a t e  f o r  t h e  j t h  s i z e  c l a s s ,  i  

i s  t h e  number  o f  s i z e  c l a s s e s  and m i s  t h e  number  o f
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s amp l e  d a t e s  i n  t h e  s t u d y  p e r i o d .  T h i s  me thod  i s  s i m i l a r  

t o  t h o s e  d e s c r i b e d  i n  Edmondson and  Wi nb er g  ( 1 9 7 1 )  and 

V e n a b l e s  ( 1 9 8 1 )  .

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

s e x e s  v e r e  e xa mi n ed  f o r  t h e  s i z e - f r e q u e n c y  m e t h o d .

E f f e c t s  o f  s a m p l i n g  f r e q u e n c y  v e r e  e x a m i n e d  by  mak i ng  

s e p a r a t e  c a l c u l a t i o n s  o f  p r o d u c t i o n  u s i n g  a l l  26 

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

v e e k  s u b s e t s  o f  t h i s  d a t a  ( i . e .  e v e r y  odd and  e v e r y  even  

s a m p l e ) .  The e f f e c t  o f  c o m b i n i n g  s e x e s  v a s  s t u d i e d  by 

s e p a r a t i n g  s e x e s  i n t o  two s u b g r o u p s  ( j u v e n i l e s  s p l i t  

e v e n l y  s i n c e  a 1 : 1  s e x  r a t i o  e x i s t s  ( F r e d e t t e  1 9 8 3 ) )  and 

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

e s t i m a t e s  were  c o mb i n e d  and c o mp ar e d  t o  t h e  e s t i m a t e  

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

P r o d u c t i o n  t o  b i o m a s s  ( P / B )  r a t i o s  f r om t h e  a bove  

a n a l y s e s  were  co mp ar ed  w i t h  t h o s e  p r e d i c t e d  f r o m  t h e  

g e n e r a l i z e d  m a t h e m a t i c a l  m o d e l s  o f  Mann ( 1 9 6 9 ) ,  R o b e r t s o n

( 1 9 7 9 )  and  Banse  and Mosher  ( 1 9 8 0 ) .  Mann ( 1 9 6 9 )  e x p r e s s e s  

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

o r g a n i s m s  w i t h  l i f e  s p a n s  l e s s  t h a n  one  y e a r  a s :

l og j Q  P ** 0 . 4 1 1  + 1 .237 l o g j Q  B
-  - 2  w he r e  P and  B a r e  i n  t e r m s  o f  k c a l ' m  . R o b e r t s o n  ( 1 9 7 9 )
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i n c l u d e s  a t e r m  b a s e d  on l i f e  s p a n  s u c h  t h a t :

l o g 1()P/B -  0 . 6 6 0 C - 0 . 0 8 9 )  -  0 . 7 2 6 ( ^ 0 . 1 4 7 )  l o g 1()L

w h e r e  L i s  mean l i f e  s p a n  i n  y e a r s .  Ban se  and Moshe r

( 1 9 8 0 )  r e l a t e  P / B  t o  mean a d u l t  s i z e  a t  m a t u r i t y  (M ) f o rs
o r g a n i s m s  l i v i n g  a t  a n n u a l  mean e n v i r o n m e n t a l  t e m p e r a t u r e s

b e t w e e n  5 and 2 0 °  C a s :

P / B  -  0 . 6 5  M “ ° * 37 .8

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

a s s u m i n g  ( 1 )  mean l i f e  s p a n  (L)  i n  y e a r s  t o  b e  0 . 1 1 3 ,

b a s e d  on 8 . 8 5  c o h o r t s  p e r  y e a r ,  ( 2 )  mean s i z e  a t  m a t u r i t y

t o  b e  t h e  mean s i z e  o f  a l l  o v i g e r o u s  f e m a l e s  c o l l e c t e d
-3( 2 . 3  mm) c o n v e r t e d  t o  a c a l o r i c  v a l u e  o f  4 . 5 5  x 10 k c a l

**2and ( 3 )  a mean b i o m a s s  o f  1 2 5 . 3  mg *m c o n v e r t e d  t o  2 0 . 2  
_ 2

k c a l ' m  . The c a l o r i c  v a l u e s  w e r e  e s t i m a t e d  f r o m  t h e  mean 

e n e r g y  c o n t e n t  v a l u e  o f  4050  c a l ' g  * r e p o r t e d  f o r  t h e  

f a m i l y  Gammar i dae  by Cummins and  Wuycheck ( 1 9 7 1 ) .  The 

R o b e r t s o n  ( 1 9 7 9 )  m o d e l  was c a l c u l a t e d  u s i n g  t h e  u p p e r  

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

P/B p r e d i c t i o n  f o r  a g i v e n  s e t  o f  p a r a m e t e r s .



Reeu I t s

L e n g t h - w e i g h t  r e g r e s s i o n s  f o r  e a c h  s e x  i n  e a c h  

h a b i t a t  were  f o u n d  n o t  t o  d i f f e r  on  t h e  b a s i s  o f  

c o v a r i a n c e  ( p < 0 . 0 5 )  so t h e  e n t i r e  d a t a  s e t  was c o mb in e d  t o  

p r o v i d e  a s i n g l e  r e g r e s s i o n  e x p r e s s e d  as

W = 0 . 0 9 4 3  L3 *03 .

whe r e  W i s  w e i g h t  i n  mg and L i s  l e n g t h  o f  h e a d  and f i r s t  

t h r e e  p e r e o n i t e s  i n  mm.

Amphipods  grown f o r  e x u v i a e  c o l l e c t i o n  m o l t e d  5 - 1 0  

t i m e s  o v e r  t h e  42 d ay  p e r i o d .  Some i n d i v i d u a l s  may h a v e  

m o l t e d  more  f r e q u e n t l y  t h a n  o b s e r v e d  due t o  r e i n g e s t i o n  o f  

t h e  e x o s k e l e t o n .  C e r t a i n  i n d i v i d u a l s  seemed t o  h a ve  

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

o t h e r s .  T o t a l  b i o m a s s  o f  e x u v i a e  c o l l e c t e d  was 2 . 1  mg d r y  

w e i g h t  w h i l e  b i o m a s s  o f  t h e  a mp hi po d s  was 5 . 4  mg d r y  

w e i g h t .  T h i s  e x u v i a e  l o s s  t h u s  r e p r e s e n t s  39% o f  t h e  

a mph i pod  d r y  w e i g h t  b i o m a s s  a c c u m u l a t e d  by  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 .

F r e d e t t e  ( 1 9 8 3 )  h a s  p r e v i o u s l y  r e p o r t e d  t h a t  maximum
_2

d e n s i t i e s  o f  G. m u c r o n a t u s  we re  a p p r o x i m a t e l y  1200*m i n
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_2
t h e  s e a g r a s s  h a b i t a t  and 6800*m i n  t h e  a l g a l  h a b i t a t .  

T h i s  h a b i t a t  d i f f e r e n c e  i s  r e f l e c t e d  i n  t h e  s t a n d i n g  B tock  

d r y  w e i g h t  b i o m a s s  o f  t h e  two h a b i t a t s  ( F i g u r e  3)  a s  t h e r e  

i s  an o r d e r  o f  m a g n i t u d e  d i f f e r e n c e  b e t w e e n  t h e m.  I n  t h e  

a l g a l  h a b i t a t  ( F i g u r e  3b)  b i o m a s s  was e x t r e m e l y  h i g h  

d u r i n g  t h e  b r i e f  p e r i o d  f r o m  1 6 - 2 5  May w i t h  more m o d e r a t e  

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

G. m u c r o n a t u s  was p r e s e n t  on t h e  p i l i n g s .

The me th o d  u s e d  t o  c a l c u l a t e  t h e  s i z e - f r e q u e n c y

e s t i m a t e s  a r e  shown f o r  t h e  s e p a r a t e  male  and f e m a l e

s u b g r o u p s  f r o m  t h e  s e a g r a s s  h a b i t a t  i n  T a b l e  1 .  Males

grew t o  l a r g e r  maximum s i z e  t h a n  f e m a l e s ,  t h u s  t h e  s i z e

c l a s s  f a c t o r  (C) i s  l a r g e r ,  c o n t r i b u t i n g  t o  g r e a t e r

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

e n t i r e  p o p u l a t i o n  ( 26  D a t e s )  ( T a b l e  2)  o f  5 2 4 3 . 5  
- 2 . -1mg'm *yr  i s  a p p r o x i m a t e l y  5% g r e a t e r  t h a n  t h e  5016
- 2 . -1mg‘m *yr o f  t h e  sum o f  t h e  s ex  s u b g r o u p s  (M+F) i n  t h e

s e a g r a s s  h a b i t a t ,  b u t  t h e  a l g a l  M+F e s t i m a t e  o f  1 0 2 9 3 . 4  
- 2  -1mg*m *yr i s  s l i g h t l y  (<1%) g r e a t e r  t h a n  t h e  1 0 2 4 7 . 4
- 2 . -1mg*m *yr  26 Da te  v a l u e  i n  t h a t  h a b i t a t  ( T a b l e  3 ) .  T h i s

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

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

h a b i t a t  m a l e s  and f e m a l e s  i n  t h e  a l g a l  h a b i t a t  r e a c h e d  

s i m i l a r  s i z e s  .



— 2F i g u r e  3 .  Amphipod d r y  w e i g h t  b i o m a s s  ( m g ’m ) d u r i n g  t h e  

s t u d y  p e r i o d  ( a )  s e a g r a s s  h a b i t a t  ( b )  a l g a l  h a b i t a t .
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T a b l e  1 .  S i z e - f r e q u e n c y  p r o d u c t i o n  e s t i m a t e s  f o r  ma l e  and 

f e m a l e  s u b g r o u p s  f r om t h e  s e a g r a s s  h a b i t a t  ( s e e  t e x t  f o r  

e x p l a n a t i o n  o f  t e r m s ) .
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TABLE 1

Class

n.
J

(#*m_2) P /P e a C

SEAGRASS- 
8 DEC to

Adjustment
fa c to r

(growth
period/C PI;

-MALES 
16 FEB

Loss
between
c la sse s

1 Nj (#*m~2)

ff.
J

(mg)

P

(mg‘m 2)

1 12,5 1.0 8 0.75 75.0
2 5.6 1.0 8 0.75 33.6 41.4 0.08 3.3
3 5.5 1.0 8 0.75 33.0 0.6 0.28 0.2
4 2.2 1.0 8 0.75 13.2 19.8 0.70 13.9
5 2.2 1.0 8 0.75 13.2 0.0 1.41 0.0
6 7 .0 1.0 8 0.75 42.0 -28 .8 2.48 -7 1 .4
7 3.7 1.0 8 0.75 22.2 19.8 4.00 79.2
8 2.3 1.0 8 0.75 13.8 8 .4 6.04 50.7

13.8 8.68 119.8

T o ta l P mg dry weight m 2 195.7

2 MAR to 25 MAY

Adjustment Loss
fa c to r between Weight

(growth c la s se s a t  loss P

C lass <#V2) p /p  e a C period/C PI) Kj (ruT2) (mg) (mg'm 2)

1 154.5 1.0 9 2 .5  3474.0
2 37.1 1.0 9 2 .5 834.7 2639.3 0.08 211.1
3 24.1 1.0 9 2 .5 542.2 292.5 0.28 81.9
4 15.5 1.0 9 2 .5 348.7 193.5 0.70 135.4
5 7.1 1.0 9 2 .5 159.7 189.0 1.41 266.5
6 6.3 1 .0 9 2 .5 141.7 18.0 2.48 44.6
7 1.0 1.0 9 2 .5 22.5 119.2 4.00 476.8
8 4.1 1.0 9 2 .5 92.2 -69 .7 6.04 -421.0
9 0.8 1.0 9 2.5 18.0 74.2 8.68 644.1

18.0 11.99 215.8

_2
T o ta l P mg dry w eigh t‘m 1655.3
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TABLE 1 (con tinued)

8 JUN to 23 NOV

Adjustment Loss
fa c to r between Weight

n .
3

(growth c la sse s a t  loss P

Cla86 :P /P e a
*

C period/C PI) N.
J

( # V 2) (mg) (mg*m 2)

1 40.9 1.0 5 5.6  1145.2
2 21.2 1.0 5 5.6 593.6 551.6 0.08 44.1
3 20.7 1.0 5 5.6 579.6 14.0 0.28 3 .9
4 8.6 1.0 5 5.6 240.8 339.0 0.70 237.3
5 2 .4 1.0 5 5.6 67.2 173.6 1.41 244.8
6 0.6 1.0 5 5.6 16.8 50.4 2.48 125.0

16.8 4.00 67.2

2
T otal P mg dry  weight *m 722.3

C lass

n .
J

( r n f 2) P /P e a

SEAGRASS— 
8 DEC to

Adjustment
fa c to r

(growth

C period/C PI)

FEMALES 
16 FEB

Loss
between
c la s se s

N. (#*nf2) 
J

Weight 
a t  loss

(mg)

P

(mg*m 2)

1 12.5 1.0 7 0.75 65.6
2 7 .0 1.0 7 0.75 36.7 28.9 0.08 2.3
3 4.0 1.0 7 0.75 21.0 15.7 0.28 4 .4
4 5.8 1.0 7 0.75 30.4 -9 .4 0.70 -6 .6
5 8.9 1.0 7 0.75 46.7 -16 .3 1.41 -2 3 .0
6 4 .8 1.0 7 0.75 25.2 21.5 2.48 53.3
7 3 .4 1.0 7 0.75 17.8 7 .4 4.00 29.6

17.8 6 .04 107.5

. -2T otal P mg dry  weight m 167.5
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TABLE 1 (continued)

2 MAR to 25 MAY

Adjustment Loss
fa c to r between Weight

n .
J

(growth c la s se s a t  lo ss P

C lass <#*nf2) P /P  e a C period/C PI)1 Nj (#*m- 2 ) (mg) (mg*m 2)

1 154.5 1.0 8 2 .5  3090.0
2 41.7 1.0 8 2 .5 834.0 2256.0 0.08 180.5
3 24.9 1.0 8 2 .5 498.0 336.0 0.28 94.1
4 12.9 1 .0 8 2 .5 258.0 240.0 0.70 168.0
5 9.7 1 .0 8 2 .5 194.0 64.0 1.41 90.2
6 10.0 1 .0 8 2 .5 200.0 -6 .0 2.48 -14 .9
7 4 .9 1 .0 8 2 .5 98.0 102.0 4.00 408.0
8 0 .8 1.0 8 2 .5 16.0 82.0 6 .04 495.3

16.0 8.68 138.9

T o ta l P mg dry weight •  *"m -2 1560.1

8 JUN to 23 MOV

Adjustment Loss
fa c to r between Weight

n .J (growth c la s se s a t  lo s s P

C lass (#'m  2) P /P  e a
*

C period/C PI) N.
J

(#*m~2) (mg) (mg*m 2)

1 40.9 1.0 5 5.6  1145.2
2 18.3 1 .0 5 5.6 512.4 632.8 0.08 50.6
3 18.6 1 .0 5 5.6 520.8 -8 .4 0.28 -2 .3
4 8.7 1 .0 5 5.6 243.6 277.2 0.70 194.0
5 1 .9 1.0 5 5.6 53.2 190.4 1.41 268.5
6 1.7 1.0 5 5.6 47.6 5.6 2.48 13.9

47.6 4.00 190.4

T o ta l P mg dry weight •  *"m 2 715.1

* 5 was used fo r C in s tead  o f the  number of s iz e  c la s se s  (6 ) because 
tbe  l a s t  s iz e  c la s s  was rep resen ted  only  on the  l a s t  day o f the  time 
p e rio d .



T a b l e  2 .  P r o d u c t i o n  e s t i m a t e s  f o r  Gammarus m u c r o n a t u s  

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

s e t  (26 D a t e s ) ,  t h e  two a l t e r n a t e  f o u r  week s e t s  (13  E v e n ,  

13 Odd) ,  t h e  s u m m a t i o n  o f  t h e  s e p a r a t e  s e x e s  (M+F) and  t h e  

i n s t a n t a n e o u s  g r o w t h  e s t i m a t e  ( I G R ) .  Bo t h  s e a s o n a l  and 

t o t a l  p r o d u c t i o n  a r e  shown.
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XABLE 2

Secondary P roduction—Seagrass H ab itat

Size Frequency IGR

26 D ates 13 Even 13 Odd M+F

DEC-FEB 389.4 481.2 296.7 363.2 350.0

MAR-MAY 3412.5 3168.1 3308.9 3215.4 4305.0

JUH-NOV 1441.6 992.8 1829.9 ..-.143.7...4.. 1802.5

P (mg’m ‘yr ) 5243.5 4642.1 5435.5 5016.0 6475.5

B (mg'm 2) 125.3 126.1 124.5 125.3 125.3

P/B 41.8 36.8 43.7 40.0 51.7



T a b l e  3 .  P r o d u c t i o n  e s t i m a t e s  f o r  Gammarus m u c r o n a t u s  

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

s e t  ( 26  D a t e s ) ,  t h e  s umma t i on  o f  t h e  s e p a r a t e  s e x e s  (M+F) 

and t h e  i n s t a n t a n e o u s  g r o w t h  e s t i m a t e  ( I G R ) .
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TABLE 3

S e c o n d a r y  P r o d u c t i o n — A l g a l  H a b i t a t  

S i z e  F r e q u e n c y  IGR

26 D a t e s  M+F

P ( m g , m"2 * y r “ 1 ) 1 0 2 4 7 . 4  1 0 2 9 3 . 4  1 2 9 5 0 . 0

B (mg*m"2 ) 1 6 8 . 5  1 6 8 . 5  1 6 8 . 5

P / B  6 0 . 8  6 1 . 1  7 6 . 8



S i z e - f r e q u e n c y  e s t i m a t e s  b a s e d  on an i n c r e a s e  o f  

s a m p l i n g  i n t e r v a l  f r o m  two t o  f o u r  weeks  (13 e v e n ,  13 odd)  

r e s u l t  i n  t h e  Even  s a m p l e  s e t  e s t i m a t i n g  12% l e s s  

p r o d u c t i o n  and t h e  Odd Bet  e s t i m a t i n g  4% g r e a t e r  

p r o d u c t i o n  t h a n  t h e  26 D a t e  s e t .  T h u s ,  i f  v a r i a t i o n s  i n  

e s t i m a t e s  o f  a p p r o x i m a t e l y  10% a r e  a c c e p t a b l e  f o r  a 

h a l v i n g  o f  s a m p l e  e f f o r t ,  m o n t h l y  s a m p l e s  wou l d  be 

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

When c ompar ed  t o  t h e  M+F s i z e - f r e q u e n c y  e s t i m a t e s  

t h e  IGR e s t i m a t e s  ( F i g u r e  4 ,  T a b l e s  2 , 3 )  we re  26% and  29% 

g r e a t e r  i n  t h e  a l g a l  h a b i t a t  and s e a g r a s s  h a b i t a t ,  

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

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

March  t o  May w h i l e  J u n e  t o  November  c o n t r i b u t e s  t h e  n e x t  

g r e a t e s t  amount  ( T a b l e  2 ,  F i g u r e  4 a ) .  I n  a d d i t i o n  t o  

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

v a l u e s ,  P /B  r a t i o s  a r e  a l s o  g r e a t e r  w i t h  t h e  IGR e s t i m a t e  

( 7 6 . 8 )  b e i n g  mor e  t h a n  d o u b l e  t h e  l o w e s t  e s t i m a t e  f r om  t h e  

s e a g r a s s  h a b i t a t .  The m a j o r i t y  o f  t h e  p r o d u c t i o n  o c c u r s  

f r om  13 A p r i l  t o  6 J u l y  ( F i g u r e  4b)  p a r a l l e l i n g  t h e  

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



F i g u r e  4 .  R e s u l t a n t  c u r v e s  f r om c o m p u t a t i o n  o f  d a i l y  IGR 

p r o d u c t i o n  ( a )  s e a g r a s s  h a b i t a t  ( b )  a l g a l  h a b i t a t .
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D i s c u s s  io n

- 2 . -1P r o d u c t i o n  o f  5 -1 0  g ' m *yr by  Gamnarua m u c r o n a t u s

p o p u l a t i o n s  i n  t h e  two h a b i t a t s  s t u d i e d  i s  m o d e r a t e  i n

c o m p a r i s o n  t o  o t h e r  amphipod  s p e c i e s  ( W a t e r s  1 9 7 7 ) .
- 2 . - 1V a l u e s  o f  2 7 . 1  g*m *yr  h a v e  b een  r e p o r t e d  f o r  Gammarus

p s e u d o l i m n a e u s  ( W a t e r s  and H o k e n s t r o m  1980)  and 1 5 0 -1 1 0 0  
—2 •  —1g*m *yr f o r  T a l o r c h e s t i a  m a r e a r i t a e  ( V e n a b l e s  1 9 8 1 ) .  

Howeve r ,  my e s t i m a t e d  P/B r a t i o s  a r e  among t h e  h i g h e s t  

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

p s e u d o l i m n a e u s  and  T,  m a r e a r i t a e  a r e  l a r g e l y  due  t o  h i g h  

s t a n d i n g  s t o c k s  as  t h e  mean P / B ' s  a r e  6 . 0  and  0 . 0 8 ,  

r e s p e c t i v e l y .  Hi gh  a n n u a l  P / B ' s  h a v e  b e e n  r e p o r t e d  f o r  

a mp h i p o d s  s u ch  a s  1 2 - 1 9 . 5  f o r  Co r o p h iu m i n s i d i o s u m  

( C a s a b i a n c a  1975)  and 2 3 . 6  f o r  G_. m u c r o n a t u s  ( D i a z  and 

F r e d e t t e  1 9 8 2 ) .  W a t e r s  ( 1 9 7 7 )  has  r e p o r t e d  mos t  P/B 

r a t i o s  o f  u n i v o l t i n e  z o o b e n t h o s  a r e  a p p r o x i m a t e l y  5 and 

f o r  m u l t i v o l t i n e  s p e c i e s  w i t h  2 -3  g e n e r a t i o n s  p e r  y e a r  

t h e y  a r e  a r o u n d  1 0 .  T h i s  i m p l i e s  a c o h o r t  P / B  o f  

a p p r o x i m a t e l y  4 - 5 .  Thus  w i t h  a p p r o x i m a t e l y  9 c o h o r t s  p e r  

y e a r ,  a P / B  o f  40 f o r  G. m u c r o n a t u s  s h o u l d  b e  e x p e c t e d .  

Even i f  t h e  l o w e r  e s t i m a t e  o f  6 c o h o r t s  i s  c o n s i d e r e d  by

r e d u c i n g  t h e  number  o f  summer c o h o r t s  by  3 ,  p r o d u c t i o n  i s
- 2  —1 —  e s t i m a t e d  t o  be  4 . 3  g ’m ‘ y r  and t h e  3 4 . 2  a n n u a l  P/B i s

87
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s t i l l  v e r y  h i g h .  High  P / B ' s  a r e  c h a r a c t e r i s t i c  o f  s h o r t  

l i v e d  o r g a n i s m s  s u c h  a s  z o o p l a n k t o n  and  some a q u a t i c  

i n s e c t s .  M e n z i e  ( 1 9 8 1 )  r e p o r t e d  a  P /B o f  2 1 . 0  f o r  t h e  

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

P/B may a c t u a l l y  have  b e e n  t w i c e  t h a t .

G.. m u c r o n a t u s  i s  o n l y  o ne  o f  s e v e r a l  a mph i pod  and  

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

t h e s e  s p e c i e s  a r e  more  a b u n d a n t  t h a n  G,. m u c r o n a t u s . T h o s e  

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

c o u l d  p r o v e  t o  b e  e x t r e m e l y  p r o d u c t i v e .  Amphipod 

d e n s i t i e s  i n  s h a l l o w  m a r i n e  h a b i t a t s  o f  1 x 1 0 ^  a r e  common 

and c a n  be  g r e a t e r  t h a n  1x10** ( B i r k l u n d  1 9 7 7 ,  M o l l e r  and  

R o s e n b e r g  1 9 8 2 ,  N e l s o n  1 9 7 9 b ,  V e n a b l e s  1 9 8 1 ) .  As i n  t h e  

a l g a l  h a b i t a t  s t u d i e d  h e r e ,  e v e n  when h i g h  d e n s i t i e s  a r e  

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

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

p r o d u c t i o n  p o t e n t i a l  o f  t r o p i c a l  and warm t e m p e r a t e  

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

h a b i t a t s  w h e r e  s t a n d i n g  s t o c k  b i o m a s s  i s  low p r o d u c t i o n  

may b e  g r e a t e r  t h a n  e x p e c t e d  due  t o  h i g h  t u r n o v e r  ( P / B )  

r a t e s .  S h a l l o w  w a t e r  c o l d  t e m p e r a t e  h a b i t a t s  a l s o  n e e d  t o  

t o  e x a m i n e d  more  c l o s e l y ,  e s p e c i a l l y  i n  emb ay men ts  w h e r e  

t e m p e r a t u r e s  a r e  l i k e l y  t o  i n c r e a s e  d u r i n g  t h e  summer .

Such a r e a s  c a n  o f t e n  warm t o  g r e a t e r  t h a n  14°  C, a 

t e m p e r a t u r e  a t  w h i c h  G. m u c r o n a t u s  can  g ro w q u i t e  r a p i d l y  

( F r e d e t t e  1 9 8 3 ) .
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I n  a d d i t i o n  t o  t h e  b i o m a s s  a c c u m u l a t e d  d u r i n g  

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

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

p r o d u c t i o n .  The d r y  w e i g h t  b i o m a s s  l o s t  by G. m u c r o n a t u s  

(39%) d u r i n g  t h e  m o l t i n g  p r o c e s s  seems t o  be  q u i t e  

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

Dabor n  ( 1 9 7 9 )  f o r  t h e  i s o p o d  I d o t e a  b a l t i c a . C o n v e r t i n g  

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

d u r i n g  g r o w t h  f e m a l e  i s o p o d s  l o s e  31% o f  a c t u a l  

a c c u m u l a t e d  body  mass  t o  e x u v i a e  and m a l e s  l o s e  37%. When 

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

n o t  so  s e v e r e ,  b u t  s t i l l  s u b s t a n t i a l  b e i n g  20% f o r  f e m a l e s  

and 24% f o r  m a l e s .  A c t u a l  p e r c e n t  e n e r g y  l o s s  by 

G,. m u c r o n a t u s  i s  a l s o  p r o b a b l y  l e s s  t h a n  t h e  b i o m a s s  l o s s  

s i n c e  t h e  e x u v i a e  a r e  l i k e l y  t o  h a v e  a l o w e r  e n e r g y  t o  

mass  c o n t e n t  t h a n  t h e  e n t i r e  b o d y .

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

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

e x c e p t i o n  o f  t h e  IGR e s t i m a t e .  I n  b o t h  h a b i t a t s  t h e  IGR 

me t hod  e s t i m a t e s  p r o d u c t i o n  t o  be  a t  l e a s t  25% g r e a t e r  

t h a n  t h e  M+F s i z e - f r e q u e n c y  e s t i m a t e  (26% a l g a l ,  29% 

s e a g r a s s ) .  T h i s  h i g h e r  e s t i m a t e  may be  p a r t i a l l y  due  t o  

t h e  a s s u m p t i o n  o f  l i n e a r  g r o w t h  f o r  a l l  a mp h i po ds  when 

d e t e r m i n i n g  s i z e  s p e c i f i c  i n s t a n t a n e o u s  g r o w t h  r a t e s .  I n  

r e a l i t y  l a r g e  amph i pods  p r o b a b l y  h av e  r e d u c e d  g r o w t h  

r a t e s ,  t h u s  t h e i r  p r o d u c t i o n  i s  o v e r e s t i m a t e d .  T a s s a l l o
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and S t e e l e  ( 1 9 8 0 ) ,  S a va ge  ( 1 9 8 2 ) ,  and H a i r  and Anger  

( 1 9 7 9 )  have  a l l  d e m o n s t r a t e d  t h a t  g r o w t h  o f  a m p h ip o d s  ( i n  

l e n g t h )  t e n d s  t o  be  l i n e a r  u n t i l  m a t u r a t i o n ,  a f t e r  w h i c h  

t h e  r a t e  d e c r e a s e s .

W i t h i n  t h e  s e a g r a s B  h a b i t a t  t h e  f o u r  s i z e - f r e q u e n c y  

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

g e n e r a t e d  by  e x c l u d i n g  e v e r y  a l t e r n a t e  s a m p l e  d a t e  

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

s a m p l e s )  t h e  e s t i m a t e s  o f  p r o d u c t i o n  we re  o n l y  4-12% 

d i f f e r e n t  t h a n  t h e  e n t i r e  26 f o r t n i g h t l y  s a m p l e  d a t a  s e t .  

B e c a u s e  s e c o n d a r y  p r o d u c t i o n  e s t i m a t i o n  i s  n o t  p r e c i s e ,  

s uch  a t r a d e  o f f  i s  a c c e p t a b l e .  L a p c h i n  and Neveu ( 1 9 8 0 )  

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

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

d e c r e a s e d .  The mos t  a c c u r a t e  v a l u e  o f  t h e  f o u r  s e a g r a s s  

h a b i t a t  s i z e - f r e q u e n c y  e s t i m a t e s  i s  p r o b a b l y  t h a t  o b t a i n e d  

f rom t h e  sum o f  t h e  m a l e  and f e m a l e  s u b g r o u p s  (M+F) s i n c e  

any b i a s  due  t o  d i m o r p h i c  s i z e  d i f f e r e n c e s  a r e  e l i m i n a t e d .  

Howeve r ,  t h e  d i m o r p h i c  s i z e  d i f f e r e n c e  was o n l y  one s i z e  

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

e s t i m a t e .  W a t e r s  and H o k e n s t r o m  ( 1 9 8 0 )  h a ve  s u g g e s t e d  

t h a t  i n  p o p u l a t i o n s  w he r e  s e x e s  grow t o  d i f f e r e n t  maximum 

s i z e s  t h e  s i z e  c l a s s  f a c t o r  (C)  m i g h t  be  r e d u c e d  t o  C - l .  

U s i n g  t h a t  p r o c e d u r e  i n  t h i s  Btudy  woul d  l e a d  t o  an 

e s t i m a t e  t h a t  i s  10% l o w er  t h a n  a c t u a l  s e p a r a t i o n  o f  s e x e s  

f o r  t h e  s e a g r a s s  h a b i t a t .
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Bet ween  h a b i t a t  c o m p a r i s o n s  show t h a t  d e s p i t e  t h e  

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

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

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

v e r y  h i g h  a mph i pod  d e n s i t i e s  a s  c ompar ed  t o  t h o s e  o b s e r v e d  

i n  t h e  s e a g r a s s  h a b i t a t .  The h i g h e r  P / B ' s  o f  t h e  a l g a l  

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

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

o n l y  o t h e r  s t u d i e s  w h i c h  h a s  e x a m i n e d  amphi pod  p r o d u c t i o n  

i n  two h a b i t a t s  ( M a r t i e n  and Benke  1977)  a l s o  r e p o r t e d  P /  

d i f f e r e n c e s  b e t w e e n  h a b i t a t s  o f  6 . 8  and 8 . 1  f o r  t h e  

amphipod  C r a n e o n v x  e r a c i l i s  b p . They  a t t r i b u t e d  t h e  

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

and  b e h a v i o r  o f  t h i s  a m p h i p o d .  Food q u a l i t y  i s  a f a c t o r  

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

d i f f e r e n t  P / B ' b . Growth o f  G. m u c r o n a t u s  i s  s l o w e r  on an  

a l g a l  d i e t  t h a n  on  a s e a g r a s s  d i e t  ( F r e d e t t e  1 9 8 3 ) .  Bas ed  

on t h i s  r e s u l t  X would  h a v e  e x p e c t e d  a l o w e r  P/B i n  t h e  

a l g a l  h a b i t a t .  Among t h e  f a c t o r s  t h a t  may have  l e d  t o  

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

p r e s e n t  i n  t h e  f i e l d  a s  compar ed  t o  t h e  l a b o r a t o r y  

e x p e r i m e n t .

The P / B " b p r e d i c t e d  f r om t h e  m o d e l s  v a r y  f r o m  

2 . 2 - 3 7 . 6  ( T a b l e  4 ) .  The R o b e r t s o n  ( 1 9 7 9 )  mode l  p r o d u c e s  

t h e  c l o s e s t  e s t i m a t e  t o  my v a l u e s ,  p r e s u m a b l y  b e c a u s e  i t  

a c c o u n t s  f o r  l i f e  s p a n .  The o t h e r  two m o d e l s  (Mann 1 969 ,

in



T a b l e  4 .  P r o d u c t i o n / B i o m a s s  r a t i o  

m u c r o a a t u 8 b a s e d  on c o m p u t a t i o n  of

e s t i m a t e s  f o r  Gammarus 

p r e d i c t i v e  m o d e l s .



TABLE 4

Model  P r e d i c t i o n s

____________ Model__________  P r e d i c t e d  P/B

Mann ( 1 9 6 9 )  2 . 2
Banse  and  Mosher  ( 1 9 8 0 )  4 . 8
R o b e r t s o n  ( 1 9 7 9 )  3 7 . 6
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Banse  a nd  M os h e r  1 9 8 0 )  i g n o r e  f a c t o r s  w h i c h  may b e  

a f f e c t e d  by how q u i c k l y  an o r g a n i s m  g r o w s .  S i m p l y  

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

c o h o r t s  would  p r o v i d e  c l o s e r  a g r e e m e n t  ( 1 9 . 5  a nd  4 2 . 3  

r e s p e c t i v e l y )  and may be  a r e a s o n a b l e  m o d i f i c a t i o n  

p a r t i c u l a r l y  f o r  t h e  Banse  and  Mo sh e r  ( 1 9 8 0 )  m o d e l .  The 

R o b e r t s o n  ( 1 9 7 9 )  m o d e l  may p r o v e  t o  be u s e f u l  a s  a 

management  t o o l ,  b u t  i t  i s  d e p e n d e n t  on o b t a i n i n g  a good 

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

s e t s  b e f o r e  g e n e r a l  a p p l i c a t i o n .

I n s t e a d  o f  c o m p a r i s o n  o f  P / B  v a l u e s ,  w h i c h  may

e x h i b i t  a f a i r  d e g r e e  o f  v a r i a t i o n ,  W a t e r s  ( 1 9 7 7 )  ha s

recommended  t h e  p o s s i b l e  u s e  o f  t h e  t e r m  P /B , whe r e  t h er  max
p r o d u c t i o n  i s  d i v i d e d  by t h e  maximum b i o m a s s  o b s e r v e d  o v e r

t h e  y e a r .  He r e p o r t e d  t h a t  some s t u d i e s  show t h i s  v a l u e

t o  be c o n s i s t e n t l y  c l o s e  t o  1 . 5 ,  b u t  s t r e s s e s  t h a t  more

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

c a u t i o n a r y  n o t e  as  F / B  v a l u e s  o f  1 3 . 8  f o r  t h e  s e a g r a s smax
h a b i t a t  and 3 . 9  f o r  t h e  a l g a l  h a b i t a t  a r e  e s t i m a t e d .

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

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

m u c r o n a t u s . H o w e v e r ,  I  was a b l e  t o  d e t e r m i n e  v o l t i n i s m  

o n l y  t h r o u g h  l a b o r a t o r y  e x p e r i m e n t a t i o n  and  w i t h  f i e l d  

s a m p l i n g  i n t e r v a l s  on  a t i m e  s c a l e  o f  d a y s  ( F r e d e t t e  

1 9 8 3 ) .  F u t u r e  i n v e s t i g a t i o n s  o f  s e c o n d a r y  p r o d u c t i o n  mus t
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c l e a r l y  e s t a b l i s h  t h e  v o l t i n i s m  o f  t h e  o r g a n i s m  u n d e r

s t u d y .  The a s s u m p t i o n  t h a t  an  o r g a n i s m  haB an  a n n u a l  l i f e

h i s t o r y  when i n  f a c t  t h e r e  i s  a t  l e a s t  one  summer c o h o r t

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

a c t u a l  v a l u e .  I f  I  h ad  a s s ume d  one  g e n e r a t i o n  p e r  y e a r

f o r  £ .  m u c r o n a t u s . t h e  s e a g r a s s  h a b i t a t  p r o d u c t i o n  would
— 2 . - 1h a v e  b e e n  e s t i m a t e d  a t  0 . 7  g*m *yr , 15% o f  t h e  

e s t i m a t e d  (M+F) v a l u e .

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

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

i s  u n l i k e l y  t h a t  m o s t  i n v e r t e b r a t e  g r o u p s  w i l l  e x h i b i t  t h e  

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

t h e s e  h a b i t a t s ,  b u t  t h o s e  s p e c i e s  t h a t  do can  b e  v e r y  

i m p o r t a n t  i n  t o t a l  co mmu n i t y  p r o d u c t i o n .  S h a l l o w  m a r i n e  

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

f r o m  n a n ' s  a c t i v i t i e s  r e l a t i v e  t o  d e e p e r  a r e a s  and  m u s t  be  

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

t h e  m a r i n e  e c o s y s t e m .
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p r o d u c t i o n :  b i o m a s s  r a t i o s  and l i f e s p a n s  f o r  
m a r i n e  m a c r o b e n t h o s .  O e c o l o g i a  3 8 ,  1 9 3 - 2 0 2 .

S a v a g e ,  A.  A. 1 9 8 2 .  The s u r v i v a l  and g r o w t h  o f  Gammarus 
t i g r i n u s  S e x t o n  ( C r u s t a c e a :  Amphipoda)  i n
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r e l a t i o n  t o  s a l i n i t y  and t e m p e r a t u r e .  H y d r o b i o l .  
9 4 ,  2 0 1 - 2 1 2 .

S n e d e c o r ,  6 .  tf.  and W. G. C o c h r a n .  1 9 7 6 .  S t a t i s t i c a l
M e t h o d s .  The Iowa S t a t e  U n i v e r s i t y  P r e s s ,  Ames,  
I o w a .  5 9 3 p p .

S t o n e r ,  A.  W. 1 9 79 .  S p e c i e s  s p e c i f i c  p r e d a t i o n  on amphipod  
C r u s t a c e a  hy p i n f i s h  ( La ga do n  r h o m b o i d e s ) ;  
M e d i a t i o n  by m a c r o p h y t e  s t a n d i n g  c r o p .  Mar .  B i o l .  
5 5 ,  2 1 0 - 2 0 7 .

S t r o n g ,  K. W. and G. R. D a b o r n .  1 9 7 9 .  Growth and e n e r g y  
u t i l i s a t i o n  o f  t h e  i n t e r t i d a l  i s o p o d  I d o t e a  
b a I t i c a  ( F a l l a s )  ( C r u s t a c e a :  I s o p o d a )  . J .  E xp .  
M a r .  B i o l .  E c o l .  4 1 ,  1 0 1 - 1 2 3 .

Van D o l a h ,  R.  F .  1 9 7 8 .  F a c t o r s  r e g u l a t i n g  t h e  d i s t r i b u t i o n  
and  p o p u l a t i o n  d y n a m i c s  o f  t h e  amphipod  Gammarus 
p a l u s t r i s  i n  an i n t e r t i d a l  s a l t  ma r s h  c ommu n i t y .  
E c o l .  Monogr .  4 8 ,  1 9 1 - 2 1 7 .

V a s s a l l o ,  L .  and D.  H. S t e e l e .  1 9 80 .  S u r v i v a l  and g r o w t h  
o f  young Gammarus l a w r e n c i a n u s  B o u s f i e l d ,  1 9 5 6 ,  
on d i f f e r e n t  d i e t s .  C r u s t a c e a n s  S u p p l .  6 ,  1 1 8 -  
1 2 5 .

V e n a b l e s ,  B.  J .  1 9 8 1 .  A s p e c t s  o f  t h e  p o p u l a t i o n  b i o l o g y  o f  
a V e n e z u e l a n  b e a c h  a m p h i p o d ,  T a l o r c h e s t i a  
m a r e a r i t a e  ( T a l i t r i d a e ) , i n c l u d i n g  e s t i m a t e s  o f  
b i o m a s s  and  d a i l y  p r o d u c t i o n ,  and r e s p i r a t i o n  
r a t e s .  C r u s t a c e a n s  4 1 ,  2 7 1 - 2 8 5 .

W a t e r s ,  T.  F .  1 9 7 7 .  S e c o n d a r y  p r o d u c t i o n  i n  i n l a n d  w a t e r s .  
A dv .  E c o l .  R e s .  1 4 ,  9 1 - 1 6 4 .

W a t e r s ,  T.  F .  1 9 7 9 a .  The t u r n o v e r  r a t i o  i n  p r o d u c t i o n  
e c o l o g y  o f  f r e s h w a t e r  i n v e r t e b r a t e s .  Am. N a t .
1 0 3 ,  1 7 3 - 1 8 5 .

W a t e r s ,  T.  F .  1 9 7 9 b .  I n f l u e n c e  o f  b e n t h o s  l i f e  h i s t o r y
u p o n  t h e  e s t i m a t i o n  o f  s e c o n d a r y  p r o d u c t i o n .  J .  
F i s h .  R e s .  Boar d  Can .  3 6 ,  1 4 2 5 - 1 4 3 0 .

W a t e r s ,  T.  F .  and J .  C. H o k e n s t r o m .  1 9 8 0 .  An nu a l
p r o d u c t i o n  and d r i f t  o f  t h e  s t r e a m  amphipod  
Gammarus p s e u d o l i m n a e u s  i n  V a l l e y  C r e e k ,  
M i n n e s o t a .  L i m n o l .  O c e a n o g r .  2 5 ,  7 0 0 - 7 1 0 .

WildiBh. D. J .  and D. Peer. 1 9 8 1 .  Methods for estimating
s e c o n d a r y  p r o d u c t i o n  i n  m a r i n e  Amphi poda .  C a n .  J .  
F i s h .  A q u a t .  S c i .  3 8 ,  1 0 1 9 - 1 0 2 6 .
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Young,  D. K . ,  M. A.  Buzas  and H.  W. Yo un g .  1 9 7 6 .  S p e c i e s  
d e n s i t i e s  o f  ma cr o b en t f ao s  a s s o c i a t e d  w i t h  
s e a g r a s s :  A f i e l d  e x p e r i m e n t a l  s t u d y  o f  
p r e d a t i o n .  J .  Mar .  R e s .  3 4 ,  5 7 7 - 5 9 2 .
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Seagrass—8 DEC TO 16 FEB

CLASS 8 DEC 22 DEC 5 JAM 19 JAM 2 FEB 16 FEB SUM
1 9.7 27.5 25.3 15.1 73.3 150.9
2 7 .7 27.6 34.7 5.7 75.7
3 7 .7 9.7 21.0 5.3 15.1 58.8
4 4.1 6 .5 14.7 23.3 48.6
5 4.1 27.5 14.7 8.1 12.4 66 .8
6 14.3 12.9 9.3 23.3 12.4 72.2
7 7.7 6.5 15.1 12.4 41.7
8 8.1 5.7 13.8

n .
J

#  LOST WT. AT WT. P

(n*m 2) BETWEEN
CLASSES

LOSS 
(ma) _

LOST
(ma)

(mg'm 2)

25.2 12.6 0.08 1.01 8.1
12.6 2.8 0.28 0.78 6.3

9.8 1.7 0.70 1.19 9 .5
Sal -3 .0 1.41 -4 .23 -3 3 .8

11.1 -0 .9 2.48 -2 .23 -1 7 .9
12.0 5.1 4.00 20.40 163.2
6.9 4.6 6.04 27.78 222.3
2.3 2.3 8.68 19.96 159.7

517.3 x 0.75*= 389.4 mg*m"2

* cohort adjustment factor
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Seagrass—2 MAR TO 25 MAY

LASS 2 MAR 16 MAR 30 MAR 13 APR 27 APR 11 MAY 25 MAY SUM
1 16.7 72.8 394.7 742.9 152.6 325.8 457.7 2163.2
2 23.2 76.6 192.8 123.4 19.8 119.2 555.0
3 23.2 24.6 10.7 27.0 152.6 39.6 65.6 343.3
4 34.3 5.7 10.7 13.5 35.8 54.0 48 .4 202.4
5 16.7 24.6 54.0 24.2 119.5
6 35.9 27.6 13.5 5.3 12.6 17.3 112.2
7 16.7 10.7 6 .8 7.2 41 .4
8 24.6 10.7 35.3
9 5 .4 5 .4

n . i # LOST WT. AT WT. P

Cn*m”2) BETWEEN LOSS LOST (mg*m“2)
CLASSES (mg) (mg)

309.0 230.0 0.08 18.40 165.6
79.3 30.3 0.28 8.48 76.4
49.0 20.1 0.70 14.07 126.6
28.9 11.8 1.41 16.64 149.7
17.1 1.1 2.48 2.73 24.6
16.0 10.1 4.00 40.40 363.6

5.9 0 .9 6.04 5.44 48.9
5 .0 4 .2 8.68 36.46 328.1
0 .8 0 .8 11.99 9.59 86.3

1369.8 x 2.5*= 3412.5 mg*m~2

* cohort adjustment fa c to r



CLASS 8 JUN

S eagrass— 8 

22 JON 6 JUL

JUN TO 

20 JUL

23 NOV

3 AUG 17 AUG 31 AUG
1 600.3 183.3 44.3 6 3 .4 77.9 39.0
2 279.0 113.3 24.6 6 .1 45.0 45.9
3 194.3 183.3 50.4 17.1 39.5 6 .9 7 .8
4 90.6 57.3 44.3 11.0 6 .9 7 .8
5 24.8 12.7 12.3

CLASS 14 SEP 28 SEP 12 OCT 26 OCT 9 NOV 23 NOV SUM
1
2
3
4
5
6

9.8

4 .5

33

8

.6 5.3 

.3

7.7

7.7
7.7 

30.0

1056.9
513.9 
512.1
217.9 

49.6 
30.3

n . j #  LOST WT. AT WT. P

(n'm 2) BETWEEN
CLASSES

LOSS
(mg)

LOST
(mg)

(mg’m ^)

81.9 42.4 0.08 3.39 17.0
39 .5 0.1 0.28 0.03 0.1
3 9 .4 22.1 0.70 15.47 77.3
17.3 12.9 1.41 18.19 90.9
4 .4 2.1 2.48 5.21 26.0
2 .3 2.3 4.00 9.20 46.0

*
257.4 x 5.6*= 1441.6 mg’

* cohort adjustm ent fa c to r



CLASS

Females— Seagrass 

8 DEC 22 DEC 5 JAN

—8 DEC 

19 JAN

TO 16 

2 FEB

FEB 

16 FEB SDH
1 4.8 13.7 12.6 7 .5 36.6 75.2
2 7.7 13.8 14.6 5.7 41.8
3 4.1 6 .5 5.3 8.1 24.0
4 4.1 6 .5 9.3 15.1 35.0
5 27.5 5.3 8.1 12.4 53.3
6 23.3 5.7 29.0
7 8.1 12.4 20.5

n . # LOST WT. AT WT. P
J

(n*m“ 2 ) BETWEEN LOSS LOST (mg’n f2)
_______ CLASSES (mg) (mg)_________

1 2 .5
7 .0
4 .0
5 .8

8 .9  
4 .8  
3 .4

5 .5
3 .0  

- 1.8 
- 3 .1

4 .1

1 .4
3 .4

0.08 0 .44 3.1
0.28 0 .84 5.8
0.70 -1 .2 6 -8 .8
1.41 -4 .3 7 -3 0 .6
2.48 10.17 71.2

4.00 5.60 39.2
6 .04 20.54 143.7

223.7 x 0.75*“ 167.7 mg*

* cohort adjustm ent fa c to r
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Females— SeagraBS—2 MAR TO 25 MAY

CLASS 2 MAR 16 MAR 30 MAR 13 APR 27 APR 11 MAY 25 MAY SOM
1 8.3 3 6 .4 197.3 371.4 76.3 162.9 228.8 1081.4
2 5.6 30.3 113.3 67.7 12.6 62.2 291.7
3 23.2 12.3 10.7 6 .8 70.3 27.0 24.2 174.5
4 11.1 5.7 11.9 32 .4 29.4 90.5
5 11.1 12.3 32 .4 12.1 67.9
6 18.0 27 .6 5.3 7 .2 12.1 70.2
7 16.7 10.7 6 .8 34.2
8 5.7 5.7

n .
J

4  LOST WT. AT WT. P

( n ’m 2) BETWEEN
CLASSES

LOSS 
_ (mEl

LOST
(mal

(mg*m 2)

154.5 112.8 0.08 9.02 72.2
41.7 16.8 0.28 4.70 37.6
24.9 12.0 0.70 8.40 67.2
12.9 3 .2 1.41 4.51 36.1

9.7 -0 .3 2.48 -0 .7 4 -5 .9
10.0 5.1 4.00 20.40 163.2

4 .9 4 .1 6.04 24.76 198.1
0 .8 0 .8 8.68 6.94 55.5

* . . j624.0 x 2.5*= 1560.1 mg’n f2

* cohort adjustment fa c to r



Females— Seagrass—8 JUN TO 23 NOV

CLASS 8 JUN 22 JUN 6 JUL 20 JUL 3 AUG 17 AUG 31 AUG
1 300.1
2 157.7
3 109.5
4 42.4
5 17.5

91.6 22.1 31.7 
38 .2  6 .1
76 .4  12.3
25 .4  24.6 6.1

38.9
16.5
16.5

19.5
19.9
6.9
6.9

7 .8

CLASS 14 SEP 28 SEP 12 OCT 26 OCT 9 NOV 23 NOV SUM
1 4 .9
2
3 4 .5
4
5
6

16.8

8.3

2.6 3 .8

7.7
7.7 

22.3

532.0 
238.4 
242.2
113.1

25.2
22.3

n . # LOST 
J

WT. AT WT. P

( n V 2) BETWEEN 
CLASSES

LOSS LOST (mg’m ) 
(me) (me)

40 ,9  22.6 0.08 1.81 9 .0
18*3 -0 .3 0.28 -0 .08 - 0 .4
18,6 9 .9 0.70 6.93 34.6

8 *7 6 .8 1.41 9.59 47.9
1 ,9  0 .2 2.48 0.50 2 .5
1,7 1.7 4.00 6.80 34.0

*
127.6 x 5 .6 = 714.6 mg*

* cohort adjustment fa c to r
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Males— S eagrass—8 DEC to  16 FEB

LASS 8 DEC 22 DEC 5 JAN 19 JAN 2 FEB 16 FEB SUM
1 4 .8 13.7 12.6 7 .5 36.6 75.2
2 13.8 20.0 33.8
3 7.7 4.1 12.9 8.1 32.8
4 5.3 8.1 13.4
5 4 .1 9.3 13.4
6 14.3 12.9 9.3 5.7 42.2
7 7 .7 6 .5 8.1 22.3
8 8.1 5.7 13.8

n .
J

(n*m 2 )

# LOST

BETWEEN
CLASSES

WT. AT

LOSS
(ma)

WT.

LOST
(mft)

P

(mg*m '

12.5 6 .9 0.08 0.55 4 .4
5.6 0 .1 0.28 0.03 0 .2
5 .5 3 .3 0.70 2.31 18.5
2 .2 0 .0 1.41 0.00 0 .0
2 .2 -4 .8 2.48 -11 .90 -9 5 .2
7 .0 3 .3 4.00 13.20 105.6
3 .7 1 .4 6 .04 8.46 67.6
2.3 2 .3 8.68 19.96 159.7

260.8 x 0.75*= 195.6 mg’m"2

*  cohort adjustm ent fa c to r



Males—Seagrass—2 MAR to 25 MAY

CLASS 2 MAR 16 MAR 30 MAR 13 APR 27 APR 11 MAY 25 MAY SUM
1 8.3 36.4 197.3 371
2 14.3 46.3 79
3 12.3 20
4 23.2 10.7 13
5 5.6 12.3
6 18.0 13
7
8 18.0 10.7
9 5.3

n .
J

i*m"2)

# LOST

BETWEEN
CLASSES

WT. AT

LOSS
(mg)

WT.

LOST
(mg)

154.5 117.4 0.08 9.39
37.1 13 .0 0.28 3 .64
24.1 8 .6 0.70 6.02
15.5 8 .4 1.41 11.84

7 .1 0 .8 2.48 1.98
6 .3 5 .3 4.00 21.20
1.0 -3 .1 6.04 -18.72
4 .1 3 .3 8.68 28.64
0 .8 0 .8 11.99 9.59

4 76.3 162.9 228.8 1081.4
4 55.7 7 .2 57.0 259.9
3 82.3 12.6 41.5 169.0
5 23.9 19.8 17.3 108.4

19.8 12.1 49.8
5 7 .2

7 .2
5 .2 43.9

7 .2  
28.7

5.3

P

(mg’m 2)

84.5
32.8
54.2 

106.6

17.9
190.8 

-168.5
257.8

86.3

662.3 x 2.5*= 1655.8 mg’n f2

* cohort adjustm ent fa c to r



Males— Seagrass—8 JUN TO 23 NOV

CLASS 8 JUN 22 JUN 6 JUL 20 JUL 3 AUG 17 APG 31 AUG
1 300.1 91.6 22.1 31.7 38.9 19.5
2 121.2 76.4 18.4 6.1 27.4 26.0
3 84.7 106.9 38.1 17.1 21.9
4 48.2 31 .8 18.4 6.1
5 5.8 12.7 12.3
6

CLASS 14 SEP 28 SEP 12 OCT 26 OCT 9 NOV 23 NOV SUM
1 4 .9  16.8 2.6 3 .8  532.0
2 275.5
3 268.7
4 112.3
5 30 .8
6 7.7 7 .7

n . # LOST WT. AT WT. P 
J

(n*m“2) BETWEEN LOSS LOST (mg*nf2)
________ CLASSES (mg) (mg)__________

40.9
21.2
20.7

8.6
2 .4
0.6

19.7
0 .5

12.1
6.2
1.8
0.6

0.08 1.58 7 .9
0.28 0.14 0 .7
0.70 8.47 42.3

1.41 8 .74 43.7
2.48 4.46 22.3
4 .00 2.40 12.0

129.0 x

* cohort adjustm ent fa c to r
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irk
Algae—8 DEC TO 23 NOV 

CLASS 8 DEC 22 DEC 5 JAN 19 JAN 2 FEB 16 FEB 2 MAR 16 MAR 30 MAR
1 16.4
2 11.7 3.6
3 5.8 7.2
4 16.4 17.3
5 32.6 5.8 3.6
6 16.4 11.7 3.6

CLASS 13 APR 27 APR 11 MAY 25 MAY 8 JPN 22 JPN 6 JPL SOM
1 107.7 215.3 1560.0 2477.4 966.8 242.9 288.0 5874.5
2 32.6 267.5 1358.3 463.3 202.4 63.0 2407.8
3 8.3 32.6 98.2 1219.4 354.6 404.7 72.0 2202.8
4 16.6 39.2 116.0 802.6 62.9 242.9 1313.9
5 58.7 53.4 370.5 11.1 535.7
6 26.1 8 .9 77.1 40.5 184.3
7 16.6 6 .5 8 .9 32.0
8 6.5 8 .9 14.4

IK # LOST WT. AT TO. P

(n*m“2) BETWEEN LOSS LOST (m g V 2)
CLASSES (me) (me)

225.9 133.3 0.08 10.66 85.3
92.6 7 .9 0.28 2.21 17.7
84.7 34 .4 0.70 24.08 192.6
50.3 29.7 1.41 41.88 335.0
20.6 13.5 2.48 33.48 267.8

7.1 5.9 4.00 23.60 188.8
1.2 0.6 6 .04 3.62 29.0
0.6 0.6 8.68 5.20 41.7

1157.9 x 8.85*= 10247.4 mg*m“2 ’yr-1

*  cohort adjustment fa cto r
** G. mucronatus not present 20 J1JL to 23 NOV
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Males—Algae—8 DEC TO 23 NOV

CLASS 8 DEC 22 DEC 5 JAN 19 JAN 2 FEB 16 FEB 2 MAR 16 MAR 30 MAR
1 8.2
2 8 .8  3 .6  2.7
3 5 .9  3 .6
4 5 .9
5 16.4
6 11.7

CLASS 13 APR 27 APR 11 MAY 25 MAY 8 JPN 22 JPN 6 JUL SUM
1 53.8 107.6 780.0 1238.5 483.4 121.4 144.0 2937.3
2 26.1 151.5 598.1 205.9 40.5  36.0 1073.2
3 8.3 6 .5  44 .5  517.0 177.4 81.0  9 .0  866.8
4 8.3 6 .5  53 .4  385.8 28.6 121.6 616.9
5 19.5 8 .9  223.8 11.4 287.3
6 13.1 8 .9  61 .8  95.5
7 8 .9  8 .9
8 6 .5  6 .5

n .
J

# LOST WT. AT WT. P

(n'm BETWEEN
CLASSES

LOSS
(me)

LOST
(me)

(mg’m

113.0 71.7 0.08 5.7 45.9
41.3 8.5 0.28 2 .4 19.0
32.8 9.3 0.70 6.5 52.1
23.5 12.7 1.41 17.9 143.3
10.8 7.1 2.48 17.6 140.9
3.7 3 .4 4.00 13.6 108.8
0.3 0 .0 6.04 0.00 0.0
0.3 0.3 8.68 2.6 20.8

530.8 x 8.85*= 4697.6 mg'm ^*yr *

*  cohort adjustment fa c to r
** G. mucrooatus not present 20 JUL to  23 NOV
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Females—Algae— 8 DEC TO 23 NOV

CLASS 8 DEC 22 DEC 5 JAN 19 JAN 2 FEB 16 FEB 2 MAR 16 MAR 30 MAR
1 8.2
2 2 .9 2 .7
3 3.6
4 16.4 11.7
5 16.4 5 .8 3.6
6
7

16.4 3.6
/
8 8 .5

CLASS 13 APR 27 APR 11 MAY 25 MAY 8 JUN 22 JUN 6 JUL SUM
1 53.8 107.6 780.0 1238.5 483.4 121.4 144.0 2937.3
2 6 .5 115.9 760.1 257.4 161.9 27.0 1334.4
3 26.1 53.4 694.5 171.6 323.8 63.0 1336.0
4 8.3 32.6 63.3 409.0 34.3 121.4 697.0
5 39 .2 44.5 138.9 248.4
6 13.1 15.5 40.5 89.1
7 16.6 6 .5 23.1
8 8 .9 17.4

n .j £ LOST WT. AT WT. P

(n m ) BETWEEN LOSS LOST (mg*m 2)
CLASSES (mg) (me)

113.0 61.7 0.08 4 .9 39.5
51.3 -0 .1 0.28 0.0 -0 .2
51.4 24.6 0.70 17.2 137.8
26.8 17.2 1.41 24.3 194.0

9.6 6 .2 2.48 15.4 123.0
3 .4 2 .5 4.00 10.0 80.0
0.9 0 .2 6.04 1.2 9.7
0.7 0.7 8.68 6.1 48.6

632 .3  x  8 .85*=  5595.9 mg'm“2 *yr_1

* cohort adjustm ent fa c to r
** G. mucronatus not p resen t 20 JUL to  23 NOV



L i t e r a t u r e C ite d

A l l e n ,  K. R.  194 9 .  Some a s p e c t s  o f  t h e  p r o d u c t i o n  and
c r o p p i n g  o f  f r e s h  w a t e r s .  R p t .  S i x t h  S c i .  C o n g r .  
1 9 4 7 .  T r a n s .  R.  S o c .  N. 2 .  7 7 ,  2 2 2 - 2 2 8 .

A l o n ,  N. C.  and S .  E .  S t a n c y k .  1 9 8 2 .  V a r i a t i o n  i n  l i f e -
h i s t o r y  o f  t h e  g r a s s  s h r i m p  P a l a e m o n e t e s  p u g i o  i n  
two S o u t h  C a r o l i n a  e s t u a r i n e  s y s t e m s .  Mar .  B i o l .  
6 8 ,  2 6 5 - 2 7 6 .

B a n s e ,  K. and  S.  M o s h e r .  1 9 8 0 .  A d u l t  body mass  and a n n u a l  
p r o d u c t i o n / b i o m a s s  r e l a t i o n s h i p s  o f  f i e l d  
p o p u l a t i o n s .  E c o l .  M o n o g r . 50 ,  3 5 5 - 3 7 9 .

B e n k e ,  A. C.  1 9 79 .  A m o d i f i c a t i o n  o f  t h e  me th o d  f o r
e s t i m a t i n g  s e c o n d a r y  p r o d u c t i o n  w i t h  p a r t i c u l a r  
s i g n i f i c a n c e  f o r  m u l t i v o l t i n e  p o p u l a t i o n s .
L i m n o l .  O c e a n o g r .  2 4 ,  1 6 8 -1 7 1 .

B i e r n b a u m ,  C.  K. 1 9 8 1 .  S e a s o n a l  c h a n g e s  i n  t h e  amphipod  
f a u n a  o f  M i c r o c  i o n a  p r o l i f e r a  ( E l l i s  and 
S o l a n d e r )  ( P o r i f e r a :  D e m o sp o n g i a )  and a s s o c i a t e d  
s p o n g e s  i n  a s h a l l o w  s a l t - m a r s h  c r e e k .  E s t u a r i e s  
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