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ABSTRACT

Mussels ( M y t i l u s  e d u l i s  L . )  were exposed to  s in uso id a l  and abrupt  
changes in s a l i n i t y  between 30 and 15 ° /oo  and p h y s i o lo g ic a l  
responses (blood osmoconcent rat ion,  r e s p i r a t i o n ,  c learance r a t e ,  
food absorp t ion  e f f i c i e n c y  and scope f o r  growth)  were determined at  
i n t e r v a l s  over 21 days. Adaptat ion t o  an abrupt  increase in s a l i n i t y  
was more ra p id  than adaptat ion t o  an abrupt  decrease in s a l i n i t y .  
Mussels subjected t o  a f l u c t u a t i n g  s a l i n i t y  regime mainta ined a 
r e l a t i v e l y  constant  r a t e  o f  r e s p i r a t i o n ,  feed ing  and scope f o r  
growth between 30 and 20 ° / o o .  Below 19 ° /oo  there  was p a r t i a l  
va lve c l o s u re ,  feeding ceased, r e s p i r a t i o n  was reduced and scope f o r  
growth was nega t i ve .  There was no acc l im a t i on  to  the f l u c t u a t i n g  
s a l i n i t y  regime over 21 days.

INTRODUCTION

S a l i n i t y  i s  one o f  the major envi ronmental  v a r i a b le s  a f f e c t i n g  the 
performance and u l t i m a t e l y  the d i s t r i b u t i o n  o f  organisms in 
e s t u a r i e s .  E a r l y  i n v e s t i g a t i o n s  o f  s a l i n i t y  adap ta t ion  o f  the common 
mussel ,  M y t i l u s  e d u l i s  L . ,  were m a i n ly  concerned w i th  the phys io ­
l o g i c a l  and biochemical  responses f o l l o w i n g  abrupt  changes in 
s a l i n i t y  ( reviewed in Bayne, 1976).  In recen t  s tu d ie s ,  however, the 
responses o f  M y t i l u s  e d u l i s  to  more en v i r onme nta l l y  r e a l i s t i c  
f l u c t u a t i n g  s a l i n i t y  regimes have been examined. The responses 
measured i n c lu de ,  valve movements (Davenport ,  1979, 1981),  r e s p i r ­
a t io n  and hear t  r a t e  ( S t i c k l e  and Sabour in,  1979) changes in e x t r a ­
c e l l u l a r  osmo-concent rat ion and water  con ten t  (Shumway, 1977a, b) 
and changes in  i n t r a c e l  1 ul  ar amino acids (Shumway et_ _al_., 1977; 
L i v in gs t on e  e t  aj_., 1979).

The aim o f  the present  study was to  i n v e s t i g a t e  the r a t e  and 
degree o f  adap ta t ion  o f  ph y s i o lo g i c a l  responses such as blood osmo­
c o n c e n t r a t i o n ,  c learance r a t e ,  r e s p i r a t i o n  r a t e  and food absorpt ion 
e f f i c i e n c y  o f  M_. e d u l i s  to  both f l u c t u a t i n g  and abrupt  changes in 
s a l i n i t y  between 30 and 15°/oo ,  and t o  assess the o v e r a l l  per form­
ance and the degree s t re ss  experienced in terms o f  the in teg ra t ed  
response 'scope f o r  g ro w th ' .
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MATERIALS AND METHODS

Specimens o f  My t i l u s  e d u l i s  (5-6 cm she l l  l eng th )  were c o l le c t ed  
from Beggars Is land  a t  the con f luence  o f  the  r i v e r s  Lynher and 
Tamar. The s a l i n i t y  regime at  t h i s  s i t e  i s  g e n e r a l l y  s t ab le  and 
above 30° /oo dur ing  the summer, b u t  f o l l o w i n g  per iods  o f  heavy 
r a i n f a l l  du r ing the autumn, w in t e r  or sp r i n g ,  the s a l i n i t i e s  are 
markedly lower and have been known to  vary between 8 and 24°/oo over 
a s i n g le  t i d a l  c yc le .  I n d i v i d u a l s  were cleaned o f  e p i b io n ts  and 
accl imated in the la b o r a to r y  t o  e i t h e r  30 o r  15° /oo  f o r  a per iod of  
a t  l e a s t  4 weeks and then exposed to  one o f  th ree  s a l i n i t y  regimes.

1.  Mussels were subjected t o  an abrup t  s a l i n i t y  change from an 
acc l im at ion  s a l i n i t y  o f  30o/oo t o  15° /oo.

2. I n d i v i d u a l s  were subjected to  an abrupt  s a l i n i t y  change from an 
acc l im at ion  s a l i n i t y  o f  15°/oo t o  30° /oo.

3. Mussels were t r a n s fe r r e d  from an acc l imat ion  s a l i n i t y  o f  30°/oo 
to  a f l u c t u a t i n g  s a l i n i t y  regime (12 h s i nuso ida l  cyc le 
c o n t r o l l e d  by microcomputer)  between 30 and 15° /oo.

A l l  experiments were conducted a t  15°C and mussels were fed 
Phaeodactylum t r i c o r nu tu m (0.32 mg 1“ 1 ) .  Phys io lo g ic a l  responses o f  
M. e d u l i s  exposed to  the th ree  s a l i n i t y  regimes were moni tored at 
" in te rva ls ” over 21 days. Blood osmoconcentrat ion was measured as 
descr ibed  by L iv ings ton e  e t  al_. (1979) and oxygen consumpt ion, 
c lea rance r a t e  and food absorpt ion  e f f i c i e n c y  were measured as 
descr ibed  by Widdows (1984) .  These ra tes were then converted in to
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F ig .  1. E f f e c t  o f  abrup t  dec l ine  in s a l i n i t y  from 30 to  
15 ° /oo  on the blood osmoconcentrat ion o f  M y t i l u s  ed u l i  s 
(c losed  c i r c l e s ) .  Mean i  S .E . ;  n=6. Redrawn f rom 
L iv ings tone  et. al_., 1979.
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e n e rg e t i c  e q u iv a l en ts  (Widdows e t  _al_. 1981) and the performance or 
the degree o f  s t re ss  experienced under the  d i f f e r e n t  s a l i n i t y  
regimes was expressed in terms o f  scope f o r  growth (J g-1 d ry  mass 
h - 1 ) .  In an a d d i t i o n a l  exper iment ,  mussels accl imated t o  15 ° /oo 
were exposed t o  a f l u c t u a t i n g  s a l i n i t y  regime between 15 and 30 
° / o o ,  but  c lea rance  r a t e  was the on ly  response measured on t h i s  
occasion.

RESULTS

1) Responses to  an abrupt  decrease in s a l i n i t y  (30 to  15 ° / o o ) . In 
response to  an abrupt  dec l in e  in s a l i n i t y  f rom 30 t o  15 ° / o o ,  the 
mussels c losed t h e i r  valves and blood osmoconcent rat ion g ra d u a l l y  
dec l ined '  t o  t h a t  o f  the ex te rna l  medium dur ing  the f o l l o w i n g  24 to 
48 hours ( F i g .  1 ) .  Oxygen consumption and c learance (= feeding)  r a t e  
ceased immediate ly  upon t r a n s f e r  to  15 ° /oo  ( F i g .  2 ) ,  but  w i t h i n  12 
hours oxygen uptake had resumed and by 24 hours the r e s p i r a t i o n  ra t e  
had re t u rn ed  t o  the i n i t i a l  ra t e  recorded a t  30 ° /oo  ( F i g .  2; R). 
There was no measurable c learance ra t e  d u r i ng  the i n i t i a l  2 days but  
a f t e r  4 days the  mussels had resumed pumping and w i t h i n  8 days the 
c learance  r a t e  had reached a steady s t a t e ,  s l i g h t l y  lower but
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F ig .  2. E f f e c t  o f  ab rup t  dec l ine  in  s a l i n i t y  f rom 30 to 
15 ° /o o  on the r a t e  o f  oxygen consumption by My t i l u s  
e d u l i s (R, closed c i r c l e s )  and c learance ra t e  (C, open 
t r i a n g l e s ) .  P o s i t i v e  scope f o r  growth (shaded area) 
represents  the d i f f e r e n c e  between energy absorbed (A) from 
the food energy consumed (C) and the  energy l o s t  through 
r e s p i r a t i o n  (R) and exc re t io n  (E) .  Mean Í S . E . ;  n=8.
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TABLE 1. E f f e c t  o f  abrupt  s a l i n i t y  change between 30 ° /oo 
and 15 ° /oo on the % food absorpt ion  e f f i c i e n c y  by My t i l u s  
e d u l i s . Mean ±S.E. (n=6) .

Accl imated Time in days
Condi t ion 0 1 2 3 4 5 6 8 14 21

30 -»-15

ooo

83.5 0 0 0 0 0 1/ 64 70 / I
± 4 (NF) (NF) (PF) (PF) (PF) ±10 ±6 ±3 ±4

15 --30 o o o 70 81 82 83 - 79 _ 83.5 82 81
+3 ±3 .5 ±4 ±2.5 - ±3 - ±3.5 ±2 ±3

NF=No faeces .  PF=Pseudofaeces.

not  s i g n i f i c a n t l y  d i f f e r e n t  (P>0.05) f rom the r a t e  a t  30 ° /oo  (F i g .  
2; C).  Al though food p a r t i c l e s  were c lea red or f i l t e r e d  f rom the 
water  a f t e r  2 days a t  15 ° /o o ,  d i g e s t i o n  o f  the food d id  not 
commence u n t i l  6 days; between days 2 and 5 o n ly  pseudofaeces were 
produced (Table 1 ) .  On day 6 the d ig e s t i on  o f  food began and o rganic 
mat te r  was absorbed w i th  17% e f f i c i e n c y ,  and t h i s  increased to  64% 
on day 8 and 70% e f f i c i e n c y  a f t e r  day 14. Th is  was lower but  not 
s i g n i f i c a n t l y  d i f f e r e n t  f rom the 83.5% food absorp t ion  e f f i c i e n c y  o f  
mussels held a t  30°/oo.

Scope f o r  growth (F i g .  2 -  shaded area) represents  the d i f f e r e n c e  
between the energy absorbed (A) f rom the food energy consumed (C) 
and the energy l o s t  through r e s p i r a t i o n  (R) and ex c re t io n  (E) .  The 
energy l o s t  v i a  exc r e t io n  was r e l a t i v e l y  low (<1.1 J g- l  h~ l ;  data
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F ig .  3.  E f f e c t  o f  abrupt  increase in s a l i n i t y  f rom 15 to 
30 ° /o o  on the blood osmoconcentrat ion o f  M y t i l u s  edul i s 
(c losed c i r c l e s ) .  Mean ± S . E . ;  n=6. Redrawn from 
L iv in gs to ne  ej: a]_. , 1979.
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f rom L iv in gs t on e  e t  _a]_., 1979),  a maximum o f  15%, but  u s u a l l y  on ly  
7% o f  the metabo l i c  energy expend i tu re  (R) .  Scope f o r  growth was 
nega t i ve  f o r  6 days a f t e r  an abrup t  decrease in s a l i n i t y  and then 
r a p i d l y  increased to  a p o s i t i v e  s te a d y- s ta t e  value (4 . 2  J g-1 h_l  ± 
0.5 S.E. )  by 8 days, in comparison t o  a value o f  8.3 ± 0.4 J g-1 h-1 
in  the con t r o l  mussels.

2) Responses to  an abrupt  increase in s a l i n i t y  (15 to  30 ° / o o ) . In 
response t o  a r i s e  in s a l i n i t y  f rom l 5 ° / o o  (acc l imated)  to' 3 0 ° /oo 
the s he l l  va lves remained p a r t i a l l y  open, consequent l y the blood 
osmoconcentrat ion r a p i d l y  increased and was in e q u i l i b r i u m  w i t h  the 
ex te rn a l  medium w i t h i n  2 t o  5 hours ( F i g .  3 ) .  The r e s p i r a t i o n  r a t e  
i n i t i a l l y  decl ined due to  the reduced va lve  gape and c learance r a t e ,  
bu t  w i t h in  12 to  24 hours the ra t e  o f  oxygen consumption had 
re turned  to  a s teady s ta t e  ( F i g .  4 ) .  Clearance r a t e  dec l ined  t o  an 
unde tec table leve l  ( i . e .  <0.15 1 g- l  h_l )  immediately f o l l o w i n g  an 
abrupt  increase in s a l i n i t y  and w i t h i n  12 hours i t  had s ta r te d  to  
re co ve r ,  but  a s teady s ta t e  was not  es tab l i shed  u n t i l  4 days at 
30°/oo (F i g .  4 ) .  D ig es t ion  and faeca l  p roduc t ion  was resumed between 
12 and 24 hours and food absorp t ion  e f f i c i e n c y  was 80% a f t e r  24
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F ig .  4. E f f e c t  o f  abrupt  increase in s a l i n i t y  f rom 15 to  
30 ° /o o  on the r a t e  o f  oxygen consumption (R, closed 
c i r c l e s )  and c learance  r a t e  (C, open t r i a n g l e s )  by M y t i 1 us 
e d u l i s .  Scope f o r  growth (shaded area) represents the 
d i f f e r e n c e  between energy absorbed (A) f rom the food energy 
consumed (C) and the energy l o s t  through r e s p i r a t i o n  (R) 
and e x c re t io n  (E ) .  Mean - S .E . ;  n=8.
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F ig .  5. E f f e c t  o f  f l u c t u a t i n g  s a l i n i t y  (open c i r c l e s )  
between 30 and 15 ° /oo  on the blood osmoconcentrat ion o f  
My t i l us  e d u l i s  (c losed c i r c l e s ) .  Redrawn from L iv ings tone  
e t  aí." (1979) .
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F ig .  6. E f f e c t  o f  f l u c t u a t i n g  s a l i n i t y  (broken l i n e )  
between 30 and 15 ° /oo  on the c learance ra t e  o f  My t i l us  
e d u l i s  (c losed  c i r c l e s )  a f t e r  21 days o f  exposure to  the 
c y c l i  c regime. Mean -  S .E . ;  n=8.
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hours (Table 1 ) .  Scope f o r  growth was o n l y  nega t i ve dur i ng  the f i r s t  
12 hours and a f t e r  24 hours i t  was p o s i t i v e ,  reaching a steady s ta te  
(8 .3 J g-1 h-1 ±0.4 S.E.)  a f t e r  4 days.

3) Responses t o  a f l u c t u a t i n g  s a l i n i t y  cyc le  ( 3 0 * 1 5  ° / o o ) . Mussels 
accl imated t o  30 ° /oo  and then subjected to  12 hour s i nuso ida l  
cyc les  between 30 and 15 ° /oo were unable to  main ta in  t h e i r  blood 
osmoconcent rat ion in  e q u i l i b r iu m  w i th  the ex te rn a l  medium. At higher 
s a l i n i t i e s  there  was a s l i g h t  t ime l a g ,  thus the blood was in near 
e q u i l i b r i u m  w i t h  the ex te rna l  medium. But at  the lower s a l i n i t i e s  
the t i m e - la g  inc reased,  r e s u l t i n g  in a g re a te r  d i f f e r e n c e  between 
the osmoconcent rat ion o f  the blood and the ex te r na l  medium. 
Consequent ly,  the ampl i tude o f  changes in  blood osmoconcentrat ion 
was lower than the ampl i tude o f  f l u c t u a t i o n s  in ex te rna l  medium 
( F i g .  5 ) .  The increased t im e- la g  between the osmoconcent rat ion o f  
the blood and ex te r na l  medium at  the lower s a l i n i t i e s  (<22 ° /oo)  was 
due t o  the reduced valve gape and p a r t i a l  c l osu re  which reduced 
exchange between the externa l  medium and the mant le c a v i t y  water .
The response to  the i n i t i a l  cyc le  was the same as t h a t  observed 
a f t e r  21 days o f  exposure t o  the f l u c t u a t i n g  s a l i n i t y  regime.

—B flaaL .—
30 S a lin ity  %o 
12 Hours

F ig .  7. E f f e c t  o f  f l u c t u a t i n g  s a l i n i t y  between 30 and 15 
° /o o  on the r a t e  o f  oxygen consumption by M y t i l u s  e d u l i s .  
Mean tS .E .  n=8.
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TABLE 2. E f f e c t  o f  exposure to  a f l u c t u a t i n g  s a l i n i t y  
cyc le  (between 30 ° /oo and 15 ° /o o )  on the food absorpt ion 
e f f i c i e n c y  by My t i l u s  e d u l i s .  Mean ± S.E. (n=6) .

30 ° /oo Aec i imated 
0

Time in days 
2 4 8 14 21

% Absorp t ion  
e f f i c i e n c y ±1.5

64 77 78 78 78.5 78
±7.5 ±1 .5  ±2.0 ±1 .5 ±1.5 ±1.4

Clearance r a t e  o f  My t i l us  was ma in ta ined  a t  ^ 2 . 4  1 g~l  h " l  
between 30 ° /oo  and 20 ° /oo in th e  c y c l e .  Below ^19 ° /oo  clearance 
r a t e  dec l ined  markedly and ceased below 17 ° /oo  (F i g .  6 ) .  Clearance 
r a t e  then increased again when s a l i n i t i e s  rose above 18 ° /oo  and 
re tu rned  t o  a steady s ta t e  above 20 ° /o o .  There fo re 8 hours o f  the 
12 hour cyc l e  were spent a c t i v e l y  f i l t e r i n g  suspended p a r t i c l e s  from 
the water .  There was no s i g n i f i c a n t  d i f f e r e n c e  between the response 
o f  c lea rance  r a t e  to  the f l u c t u a t i n g  s a l i n i t y  regime on day 1 and 
day 21.

The r a t e  o f  oxygen consumption by M y t i 1 us was mainta ined between 
30 and ^20 ° / o o .  Below t h i s  s a l i n i t y  there  was a marked reduc t ion  in 
oxygen uptake t o  M0% o f  the r o u t i n e  r a t e  at  30 ° / o o ,  due to  the 
cessa t ion  o f  c learance ra t e  and a reduced va lve  gape. There was no 
s i g n i f i c a n t  change in the r e l a t i o n s h i p  between the r a t e  o f  oxygen 
consumption and s a l i n i t y  a f t e r  1 and 21 days o f  exposure 
to  the c y c l i c  regime (F i g .  7).
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F ig .  8.  E f f e c t  o f  f l u c t u a t i n g  s a l i n i t y  between 30 and 
15 ° /o o  on the food energy consumed (C, open t r i a n g l e s ) ,  
energy absorbed (A, c losed  t r i a n g l e s ) ,  energy resp i red  (R, 
c losed c i r c l e s )  and the energy excreted (E, diamonds) by 
M y t i l u s  e d u l i s .  Scope f o r  growth (A-(R+E)) i s  represented 
by the sh a d e d a re a .
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Fig .  9. E f f e c t  o f  f l u c t u a t i n g  s a l i n i t y  between 15 and 
30 ° /oo  (broken l i n e )  on the c learance r a t e  o f  15 °/oo 
accl imated M y t i l u s  e d u l i s  dur ing cyc l e  1 (c losed c i r c l e s )  
and c yc l e  10 (c losed  t r i a n g l e s ) .  Mean ± S.E . ;  n=8.

The d a i l y  mean food absorpt ion  e f f i c i e n c y  decl ined from 84 to 64% 
in response to  the f i r s t  two s a l i n i t y  cycles and there  was co ns i der ­
able i n d iv i d u a l  v a r i a t i o n .  However, a f t e r  2 days the absorp t ion  
e f f i c i e n c y  was mainta ined a t  78% (Table 2) .

Changes in scope f o r  growth dur ing the s a l i n i t y  cyc le  are 
i l l u s t r a t e d  in  F ig .  8. The energy absorbed from the food (A ) ,  the
energy re sp i r e d  (R) and t h e r e f o r e  the scope f o r  growth A-(R+U) was
held r e l a t i v e l y  cons tant  ( 5 . 5  J g~l  h-1 ± 0 .5  S.E. )  between 30 and 
20 ° /o o  o f  the descending and ascending pa r t s  o f  the c y c l e .
Cessat ion o f  feed ing  and the maintenance o f  r e s p i r a t i o n  a t  low
s a l i n i t i e s  r e s u l te d  in a nega t i ve scope f o r  growth f o r  a per iod  o f  4
hours dur ing  each 12 hour c y c l e .  The scope f o r  growth in t eg ra t ed  
over one 12 h c yc l e  was 41J . There was no evidence o f  a gradual  
acc l imat ion  o f  the  p h y s i o lo g i c a l  responses over the 21 days of  
exposure to  the c y c l i c  s a l i n i t y  regime.

In  c o n t r a s t ,  mussels accl imated to 15 ° /oo  and then exposed to  a 
f l u c t u a t i n g  s a l i n i t y  regime between 15 and 30 ° / o o ,  showed a marked 
d e c l in e  in c learance r a t e  a t  s a l i n i t i e s  above 25 ° /oo dur i ng  the 
i n i t i a l  cyc l e  (F i g .  9 ) .  However, a f t e r  f i v e  days the c learance ra te 
was ma in ta ined a t  a r e l a t i v e l y  constant  leve l  throughout  the 
s a l i n i t y  c y c l e .

DISCUSSION

The r e s u l t s  o f  t h i s  s tudy  demonstrate t h a t  the r a t e  o f  adap ta t ion  by
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M y t i lu s  e d u l i s  to  an abrupt  r i s e  in s a l i n i t y  f rom 15 to 30 ° /oo  i s 
more rap id  than the ra t e  o f  adaptat ion to  a de c l ine  in s a l i n i t y  from 
30 t o  15 ° /o o .  Each phy s i o lo g i c a l  response has a d i f f e r e n t  ra t e  of  
adap ta t ion  to  an abrupt  s a l i n i t y  change, but  the sequence o f  events 
i s  s i m i l a r  f o l l o w i n g  both a s a l i n i t y  increase and a s a l i n i t y  
decrease.  A s te ady- s t a t e  i s  achieved f i r s t  i n  the blood osmocon­
c e n t r a t i o n ,  fo l l owed by the r a t e  o f  oxygen consumpt ion,  c learance 
r a t e ,  food d i g e s t i o n / a b s o r p t io n  and f i n a l l y  scope f o r  growth.

Marked d i f f e r e n c e s  in the t ime-course  o f  c e l l u l a r  responses o f  
M y t i l u s  to  abrupt  increases and decreases in  s a l i n i t y  have also 
been observed by L iv ings tone  e t  _al_. (1979) and Moore e t  a l .
(1980) .  I n t r a c e l l u l a r  amino acids were found to  increase- r a p i d l y  
f o l l o w i n g  an increase in s a l i n i t y  and d e c l in e  more s l ow l y  in 
response to  a decrease in s a l i n i t y  (L iv in gs t on e  et_ _al_., 1979).  The 
t ime-course o f  recovery  in the s t a b i l i t y  o f  the lysosomal enzyme 
N-acety l -ß-hexosaminidase and the a c t i v i t y  o f  aminopept idase I in 
the d i g e s t i v e  c e l l s  o f  M_. edul i s was ^ 6  hours and 3 to  5 days 
f o l l o w i n g  an increase and a decrease in s a l i n i t y ,  r e s p e c t i v e l y ,  
between 33 and 15 ° /oo  (Moore e t  _al_., 1980). Th is  i s  in  good 
agreement w i t h  the  r a t e  o f  adap ta t ion  o f  the  food d i g e s t i o n  and 
absorpt ion  processes recorded in t h i s  present  s tudy (a l lo w in g  f o r  a 
t im e- la g  due to  gut  c learance  and c o l l e c t i o n  o f  faeca l  m a t e r i a l ) .

In s p i t e  o f  the marked d i f f e r e n c e  in the r a t e  o f  adap ta t ion  by 
M y t i l u s  to  abrupt  increases and decreases in s a l i n i t y  the re  was no 
major d i f f e r e n c e  in the response o f  M y t i l u s  (30 ° /oo  accl imated)  to 
ascending and descending s a l i n i t i e s  in a 12h s inuso ida l  cyc le  
between 30 and 15 ° /o o .

Clearance r a t e  dec l ined  s ha rp ly  at s a l i n i t i e s  below 20 ° /oo in 
the cyc le  between 30 and 15 ° /o o .  This i s  in agreement w i th  e a r l i e r  
observa t ions o f  the behavioura l  response o f  M. e d u l i s  to  c y c l i c  
changes in s a l i n i t y  between 33 and 0 ° /oo  (Shumway, 1977a, b; 
Davenport and F l e t c h e r ,  1978).  They recorded valve c lo su re  at  
s a l i n i t i e s  below 20 ° / o o ,  but  Davenport (1979) l a t e r  noted tha t  
below 20 ° /oo  the exhalen t  siphon closed and there  was on ly  p a r t i a l  
valve c l o s u re .  This behaviour  would account f o r  the cessa t ion  o f  
feeding a c t i v i t y  wh i le  enab l ing oxygen uptake to  be ma inta ined ,  
a l b e i t  at  a reduced r a t e ,  as recorded in t h i s  study.

The conversion o f  these p h y s i o lo g i c a l  responses i n to  ene rge t i c  
equ iv a len ts  provides an assessment o f  the growth p o t e n t i a l  and 
performance o f  M y t i 1 us under d i f f e r e n t  envi ronmental  c o n d i t i o n s .  The 
r e s u l t s  i n d ic a t e  t h a t  mussels (30 ° /oo  accl imated)  when exposed to  a 
f l u c t u a t i n g  s a l i n i t y  cyc le  between 30 and 15 ° /oo are capable of  
ma in ta in ing  scope f o r  growth r e l a t i v e l y  independent o f  s a l i n i t y  
between 30 and 20 ° /oo  ( F i g .  8 ) ,  bu t  cessat ion o f  f i l t e r i n g  a c t i v i t y  
below 20 ° /o o  then r e s u l t s  in a negat i ve  scope f o r  growth.  These 
f i n d i n g s  suggest t h a t  when e s tu a r in e  mussels,  which norma l l y  
exper ience r e l a t i v e l y  s t ab le  high s a l i n i t i e s  (<30 ° / o o ) ,  are exposed 
to  a reduced and t i d a l  1 y f l u c t u a t i n g  s a l i n i t y ,  growth w i l l  be 
p ro p o r t i on a l  to  the leng th  o f  t ime spent above 20 ° /oo .

P re l im i n a ry  data presented in t h i s  paper suggest t h a t  there  i s  a 
major d i f f e r e n c e  in the response o f  low (15 ° /oo)  and high (30 ° /oo)  
s a l i n i t y  adapted M y t i l u s  to  f l u c t u a t i n g  s a l i n i t i e s  between 30 and 
15 ° /o o .  Mussels acc l imated  to  30 ° /o o  show no acc l ima t i on  over a 
per iod o f  21 days to  low s a l i n i t i e s  (<20 ° /o o )  in  the c y c l i c
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regime. In c o n t r a s t ,  mussels accl imated to 15 ° /oo  show a marked 
r e d uc t io n  in feed ing  r a t e  a t  the upper s a l i n i t i e s  (>25 o /o o ) ,  but 
a f t e r  5 days the c learance r a t e  i s  held r e l a t i v e l y  independent of  
changing s a l i n i t i e s  between 15 and 30 o/oo ( F i g .  9 ) .  This gradual  
adap ta t ion  to  h igher  s a l i n i t i e s  in a f l u c t u a t i n g  s a l i n i t y  regime may 
be exp la ined ,  at  l ea s t  i n p a r t ,  by the more rap id  r a t e  o f  adaptat ion 
t o  abrupt  increases in s a l i n i t y  compared w i t h  decreases in 
s a l i n i t y .  However, the r a t e  o f  adap ta t ion  does not  appear to  be 
s u f f i c i e n t l y  r a p i d ,  i . e .  f a s t e r  than the ra t e  o f  s a l i n i t y  change, to 
enable c learance r a t e  t o  be maintained independent o f  s a l i n i t y  
changes dur i ng  the  i n i t i a l  c y c l e .  But ,  w i t h i n  5 days (<10 cyc les )  
the c lea rance r a t e  o f  M y t i 1 us i s held at  a cons tan t  leve l  du r ing a 
complete s a l i n i t y  cyc le .  Measurements d id  not  con t inue  beyond 5 
days, due to  equipment f a i l u r e ,  th e r e fo r e  i t  i s  unknown whether 
f u r t h e r  changes in c learance r a t e  occur w i th  c o n t i nu i ng  exposure to 
a c y c l i c  regime.

The mechanism de te rmin ing  the r a t e  and degree o f  s a l i n i t y  
adap ta t ion  to  a changing s a l i n i t y  regime may be the  r e g u l a t i o n  o f  
i n t r a c e l l u l a r  amino ac ids .  The concen t ra t i on  o f  these osmot ic 
e f f e c t o r s  has been shown to  adapt more r a p i d l y  to  a s a l i n i t y  
increase than t o  a s a l i n i t y  decrease (L iv in gs to ne  e t  a l . ,  1979).

Rates o f  oxygen uptake by M y t i l us  e d u l i s  e i t h e r  accTimated to 
30 ° / o o  o r  10 ° /oo  and then exposed t o  a s i n g le  30-10-30 ° /oo  or 
10-30-10 ° /oo  cyc l e  have been compared by S t i c k l e  and Sabourin 
(1979) .  The i r  data also show some evidence o f  a gradual  change from 
an inverse r e l a t i o n s h i p  between s a l i n i t y  and the r a t e  o f  oxygen 
uptake by 10 ° /oo  accl imated mussels dur ing one 10-30-10 ° /oo 
c y c l e .  Whereas the oxygen consumption by 30 ° /oo  accl imated mussels 
du r ing  a 30-10-30 ° /oo  cyc l e  remained symmetr ical  and s a l i n i t y  
dependent.  C l e a r l y ,  f u r t h e r  work i s  requ i red  to examine the ra t e  and 
e x t e n t  o f  phy s i o lo g i c a l  adap ta t ion  o f  low s a l i n i t y  accl imated 
mussels to  s a l i n i t y  cyc les above the acc l imat ion  s a l i n i t y .
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