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ABSTRACT

M ost o f te n  in  p e r tu r b e d  b io to p e s ,  th e  m arin e  fa u n a  i s  n o t only- 
s u b m itte d  to  a  s in g le  ty p e  o f  s t r e s s  b u t a l s o  to  a  m ix tu re  o f  d e l e t e r i o u s  
f a c t o r s  a c t i n g  s y n e r g i s t i c a l l y .  The e x p e r im e n ts  , d e s c r ib e d  i n t h i s  p a p e r 
w ere t h e r e f o r e  con d u c ted  in  p e r f e c t l y  c o n t r o l le d  co n d itio n s a llo w in g  th e  
s im u la tio n  o f  th e  p r in c ip a l  ty p es o f is o la te d  or combined s t r e s s e s  ex e rted  
in  a  p e r tu rb e d  e n v iro n m e n t on d iv e r s e  b e n th ic  i n v e r t e b r a t e s .  T hese 
experim ents were based on com parative s h o r t-  and medium-term s tu d ie s  o f th e  
s e n s i t i v i t y  o f  th e  o rg a n ism s  s u b m itte d  to  a  s in g l e  ty p e  o f  s t r e s s  a s  a  
r e f e r e n c e ,  o r  to  a  g r a d ie n t  o f  a d d i t i o n a l  s t r e s s .  T h is  s e n s i t i v i t y  was 
d e te rm in e d  by a s s e s s in g  o f  th e  l e t h a l  c o n c e n t r a t io n  o r  l e t h a l  t im e .  For 
chosen  s p e c ie s  th e  e v o lu t io n  o f  th e  s e n s i t i v i t y  was d e te rm in e d  by 
" s e n s i t i v i t y  in d ic e s " .  T hese in d ic e s  w ere com puted a s  th e  r a t i o  o f  th e  
c o n c e n t r a t i o n  o r  t h e  l e t h a l  t im e  o b ta in e d  f o r  t h e  d i v e r s e  s t r e s s  
com binations, to  th a t  o f  th e  s t r e s s  used as a  re fe re n ce  p o in t. The n e c e s s ity  
to  o b ta in  a  maximum o f  d i r e c t l y  co m p arab le  r e s u l t s  in  each e x p e r im e n ta l  
s e r ie s ,  led  to  th e  development o f  s p e c if ic  exp erim en ta l procedures.

S e v e ra l  f a c t o r s  w ere  s tu d ie d  w ith  re g a rd  to  t h e i r  e f f e c t  on v a r io u s  
b e n th ic  i n v e r t e b r a t e s  r e p r e s e n t a t i v e  f o r  th e  l i t t o r a l  b io to p e ,  _i.e. th e  
e f f e c t  o f  a  l e th a l  p o llu ta n t  in  d i f f e r e n t  com binations o f  tem pera tu re  and /o r
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s a l i n i t y  and a t  d i f f e r e n t  co n cen tra tio n s  o f  d isso lv e d  oxygen, th e  m ixture o f 
c h e m i c a l l y  d i f f e r i n g  p o l l u t a n t s ,  and  t h e  e f f e c t  o f  i n c r e a s i n g  
c o n cen tra tio n s  o f  p o llu ta n ts  on p h y s io lo g ic a lly  weakened organism s.

The know ledge o f  th e  in  s i t u  and in  v i t r o  d ynam ics o f  a  s p e c ie s  w ith  
r e g a rd  to  s i m i l a r  a g r e s s iv e  c o n s t r a i n t s ,  p e r m i ts  by c o m p ariso n , th e  
dem onstra tion  o f  th e  p o s s ib i l i ty  and th e  r e l i a b i l i t y  o f  an e x tra p o la tio n  to  
the  n a tu ra l  environm ent o f  ex p e rim en ta lly  o b ta ined  r e s u l t s .
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In  a  p e r tu rb e d  e c o sy s te m , th e  c o m p o s itio n  and th e  dynam ics o f  a  
p o pu la tion  e s s e n t ia l ly  depend on th e  a p ti tu d e  o f  th e  sp e c ie s  to  r e s i s t  th e  
s t r e s s  p rovoked  by th e  t o t a l i t y  o f  d e l e t e r i o u s  f a c t o r s  p r e s e n t  in  th e  
e n v iro n m e n t. E c o to x ic o lo g ic a l  s t u d i e s  p e r m i t ,  in  p e r f e c t l y  c o n t r o l l e d  
co n d itio n s , to  determ ine th e  a c tio n  o f  d i f f e r e n t  s t r e s s e s  and to  recognize 
(a c c o rd in g  to  t h e i r  n a tu re )  th e  i s o l a t e d  o r  com bined f a c t o r s  c a p a b le  o f  
inducing th e  s p e c i f ic  mechanisms o f  fau n a l d eg rad a tio n  and ad ap ta tio n .

The o b je c t iv e s  o f  th e  in  v i t r o  s t u d i e s  and th e  in  s i t u  r e s e a r c h  
co n d u c ted  in  th e  G u lf  o f  Eos and  th e  B e r re  lag o o n  ( S to ra ,  1982) w ere 
tw o fo ld . F i r s t l y ,  to  a s s e s s  th e  a c t i o n  o f  th e  d i f f e r e n t  c o m b in a tio n s  o f  
d e le te r io u s  f a c to r s  v i t r o  on th e  sp ec ie s  re p re s e n ta t iv e  fo r  th e  ecosystem 
s tu d ie d .  S e c o n d ly , to  d e m o n s tra te  th e  f e a s i b i l i t y  o f  th e  e x tra p o la tio n  o f 
th e  experim en ta l r e s u l t s ,  by a  com parative study  o f  th e  in  v i t r o  and jLn s i t u  
s p e c ie s ' d y n am ics, to  th e  n a t u r a l  e n v iro n m e n t, a  c r u c i a l  p rob lem  in  
e c o to x ic o lo g ic a l s tu d ie s .

The s i t u  re sea rch  conducted in  th e  G ulf o f  Fos and th e  B erre lagoon 
showed t h a t  p o p u la t io n  dy n am ics w ere h e a v i ly  in f lu e n c e d  by th e  r a p id  
m o rta li ty  o f  th e  sp e c ie s . C onsequently , s h o r t-  and medium-term le th a l  t e s t s
r\y\ +  o n o m ' m o n n  t . t ö v * o  T * i m  fP V > e » c « ö  I  m rr\c i 4 - 4  o n n  t m t t i i t i  -i -+-Vies n o n o o o m ú n t '
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o f  th e  e v o lu t io n  o f  th e  s e n s i t i v i t y  e v o lu t io n  o f  th e  s p e c ie s  to  v a r io u s  
s t r e s s  com binations. This re se a rc h  allow ed S to ra  (1978) and S to ra  and Romano 
(1982) to  e v a lu a te  th e  p o s s i b i l i t y  o f  e s t a b l i s h i n g  a  r e l a t i o n  b e tw een  in  
v i t r o  and in  s i t u  data.

Research on th e  ev o lu tio n  o f  th e  s e n s i t i v i t y  was based e s s e n t i a l ly  on 
th e  a n a ly s is  o f  th e  s e n s i t i v i t y  o f  th e  sp e c ie s  subm itted  to  d i f f e r e n t  types 
o f  com bined s t r e s s e s  w i th  in c r e a s in g  i n t e n s i t y ,  a s  com pared to  t h e i r  
s e n s i t i v i t y  to  a  s in g l e  ty p e  o f  s t r e s s  u sed  a s  a  r e f e r e n c e .  The p rob lem  
posed  by t h i s  ty p e  o f  s tu d y  e s s e n t i a l l y  c o n c e rn s  th e  p o s s i b i l i t y  o f  
comparing w ith  c e r ta in ty ,  th e  r e s u l t s  as a  whole and th u s  to  dem onstra te  th e  
s p e c if ic  a c t io n  o f th e  re fe re n ce  s t r e s s  and o f th e  v a rio u s  com binations of 
s t r e s s e s .  T h is  c e r t a i n t y  can o n ly  be a c q u ire d  by f o l lo w in g  a  r ig o r o u s ly  
i d e n t i c a l  m e th o d o lo g y  and by i d e n t i f y i n g  a l l  f a c t o r s ,  o th e r  th a n  th e  
s t r e s s e s  ap p lied , which could induce a  v a r ia t io n  in  th e  s e n s i t i v i t y  o f  the  
organism s.

MATERIAE AND METHODS 

MATHILAIS

The experim ents were c a r r ie d  out in  a  co n tin u o u s-flo w  system  (F ig . 1 ). 
The p o llu ta n t  was dosed w ith  a  Technicon dosage pump w ith  c a l ib ra te d  tubes 
and th e  s e a w a te r  w ith  M a s te r f le x  p e r i s t a l t i c  pumps w i th  a  v a r i a b l e  f lo w  
ra te .  The s to c k  s o lu tio n  o f th e  p o l lu ta n ts  was pumped in to  g la s s  c o n ta in e rs  
w ith  a  2 1 c a p a c ity  and seaw ater o f  th e  chosen s a l i n i t y  was s to re d  in to  60 1 
po lyethy lene  v e s se ls . To ensure  homogenous m ixing o f  th e  t e s t  s o lu tio n s , the  
tubes c o n ta in in g  th e  p o l lu ta n t  em ptied  in to  th e  seaw ate r tubes p r io r  to  the 
in f lo w  o f  th e  t e s t  medium in to  t h e  e x p e r im e n ta l  a q u a r ia .  The p o ly s ty r e n e  
a q u aria  ( len g th  35 cm, w id th  19 cm, h e ig h t 16 cm) con ta ined  8 1 o f  so lu tio n . 
T h is  t e s t  volum e was s u f f i c i e n t  f o r  a l l  t e s t  s p e c ie s .  Each aq u a riu m  cou ld  
hold th re e  c i r c u la r  p o lye thy lene  b ask e ts  (d iam eter 12 cm) w ith  a  N y tre l ne t 
bo tto m  w ith  a  mesh s i z e  o f  0.5 mm. The pum ping sy s te m  was a d ju s te d  to  
p ro v id e  a  re n e w a l o f  th e  e x p e r im e n ta l  m edia e v e ry  16 h. The e x p e r im e n ta l  
s o lu tio n  was p a r t i a l l y  d ra ined  by an overflow  p ipe  and a ls o  by an unprimed 
siphon system  a llo w in g , th e  d ra in in g  o f the  s o lu tio n  from  th e  bottom  o f  the  
aquarium.
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F ig . 1 . Scheme o f  th e  e x p e r im e n ta l  f lo w  sy s te m . 1 = s e a w a te r  ; 2 =
p o l l u t a n t  s to c k  ; 3 = s e a w a te r  pump ; 4 = p o l l u t a n t  pump ; 5 =
e x p e r im e n ta l  a q u a r ia  ; 6 = b a s k e ts  ; 7 = o v e rf lo w  tu b e  ; 8 =
siphon ; 9 = th e rm o s ta t o r c ry o s ta t ; 10 = w ater bath .

The exp erim en ta l tem p era tu res  were ob tained  by p lac in g  th e  a q u a r ia  in  a 
th e rm o s ta t ic a l ly  c o n tro lle d  room. To o b ta in  tem p era tu res  h ig h er and low er 
than th e  am bient one a  w a te r-b a th  system  heated  or cooled by th e rm o s ta ts  or 
c r y o s t a t s  w ere  u sed . A m u l t i - c o i l e d  tu b e  p la c e d  in  th e  w a te r  b a th  and th e  
a q u a r ia  e n su re d  th e  d e s i r e d  te m p e r a tu r e  in  each  e x p e r im e n ta l  s e tu p .  The 
i l l u m in a t io n  reg im e  room was f ix e d  a t  a  p h o to p e r io d  o f  1 2 h o f  l i g h t  and
1 9  In A 'P  A T i l m  A A  A
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EXPHEMSNTAL TfflPffiATQRES

The e x p e r im e n ta l  t e m p e r a tu r e s  w ere  12, 17, and 22 °C. A lth o u g h  f o r  
t e c h n ic a l  re a s o n s  th e  p o s s ib le  ra n g e  o f  th e  t e s t  te m p e ra tu re s  was very- 
l im i t e d  th e  chosen  te m p e ra tu re s  w ere r e p r e s e n ta t i v e  f o r  th e  n a t u r a l  
environm ent. I t  was considered  a  fav o u rab le  co incidence th a t  th e  in te r v a ls  
between th e  t e s t  tem p era tu res  equaled + 5 or + 10 °C.

EXPERIMENTAL SAUHITIES

The experim en ta l s a l i n i t i e s  v a ried  accord ing  to  th e  sp e c ie s  employed. 
For the  sp ec ie s  o f  e u ry h a lin e  eurytherm  b iocenoses, sampled from th e  B erre 
la g o o n , th e  s a l i n i t i e s  chosen  w ere 5 , 15, and 25 F or s p e c ie s  from  th e  
b io cen o sis  in  muddy sands in  s h e lte re d  a re a s  th e  t e s t  s a l i n i t i e s  were 25, 
50 , and 55 T h is  ra n g e  o f  n o n le th a l  s a l i n i t i e s  p e r m it te d  to  e s t a b l i s h  
s a l i n i t y  s t r e s s e s  e q u iv a le n t  to  + 5 o r  10 $>•. To m a in ta in  an io n ic  
eq u ilib riu m  c lo se  to  th a t  found in  th e  n a tu ra l  environm ent, th e  d i f f e r e n t  
s a l i n i t i e s  w ere o b ta in e d  by m ix in g  s e a w a te r  o f  57 w ith  ta p  w a te r .  To 
e lim in a te  any t r a c e  o f  r e s id u a l  c h lo r in e , th e  fre sh w a te r  was passed through 
an a c tiv a te d  ch arco a l f i l t e r .

QXïEHtAÏIŒ!

A change in  th e  s e n s i t i v i t y  o f  th e  o rg a n ism s  can be in d u c e d  by 
v a r ia t io n s  in  th e  d isso lv ed  oxygen c o n cen tra tio n  in  th e  medium depending on 
th e  t e s t  s p e c ie s  and th e  s t r e s s  a p p l ie d  (R e ish  1966, 1970 ; J o n e s ,  1974 ; 
T h u rb erg  e t  a l . ,  1974 ; R i t z ,  1980). In  o rd e r  to  m a in ta in  i d e n t i c a l  oxygen 
c o n d i t io n s  c lo s e  to  100 $  s a t u r a t i o n  a e r a to r s  w ere p la c e d  in  each  
experim en ta l aquarium. In  th e  experim ents te s t in g  th e  in flu e n c e  o f  d isso lv e d  
oxygen co n cen tra tio n s  v ary ing  betw een 40 and 100 %, th e  s a tu ra t io n  le v e l  was 
obtained by m ixing a i r  and azo te  in  v a rio u s  p ropo rtio n s.

EkliicrwTiMftl EACTCH3

A re fe ren ce  s t r e s s  was induced by exposing th e  t e s t  sp e c ie s  to  l e th a l  
co n cen tra tio n s  o f  a  s e r ie s  o f  p o l lu ta n ts ,  _i.j3. m ercuric c h lo rid e  and th re e  
nonionic d e te rg e n ts , Cem ulsol 870, Syntopon C, and P lu ra fac  RA45. Syntopon 
i s  an a k y l a r y l  o x y e th y le n e  d e te r g e n t .  The two o th e r  d e te r g e n t s  c o n ta in  a 
l in e a r  oxyethylene chain  in  (P lu ra fac  RA45), and a  ram ified  a lco h o l w ith  15 
carbon oxvethvlene cro o n s In (dsmnl s o l  8701.
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The choice o f  th e  t e s t  c o n c e n tra tio n s  o f  th e  v a rio u s  p o llu ta n ts  w i l l  be 
d iscussed  elsew here.

TEST SPECIES

As p o in te d  o u t by B e lla n  (1981) th e  t e s t  s p e c ie s  m ust be chosen  
accord ing  to  th e  o b je c tiv e s  and m ust tak e  in to  account c e r ta in  c r i t e r i a  in to  
a c c o u n t  w h ic h  d ep en d  on t h e  e x p e r i m e n t a l  c o n d i t i o n s  and  on th e  
c h a r a c te r i s t ic s  o f  th e  t e s t  organism s.

Among th e s e  c r i t e r i a  p a r t i c u l a r  a t t e n t i o n  sh o u ld  be p a id  to  th e  
fo llo w in g  :

-  th e  p o s s i b i l i t y  to  o b ta in  a  l a r g e  num ber o f  a n im a ls  w i th in  a  s h o r t  
lap se  o f  tim e, w h ile  av o id ing  sam pling s t r e s s  ;

-  th e i r  high degree o f  re s is ta n c e  to  la b o ra to ry  co n d itio n s ;
-  t h e i r  s i z e  in  r e l a t i o n  to  e x p e r im e n ta l  c o n d i t io n s  and e a se  o f  

m an ipu la tion  ;
-  th e i r  s e n s i t iv i ty  to  th e  d e le te r io u s  f a c to r s  s tu d ied  ;
-  th e  degree o f  re p re se n ta tiv e n e s s  o f th e  ecosystem  stu d ied .

Many p re lim in a ry  experim ents have been conducted w ith  th e  c ru s tacean s  
B alanus eburneus, Echinogammarus s t o c k i , th e  p e le c y p o d s  V e n e ru p is  a u r e a , 
C e ra s to d e rm a  g lau cu m , M y ti lu s  g a l l o p r o v i n c i a l i s , th e  p o ly c h a e te  N e re is  
succinea . F in a l ly  th re e  sp e c ie s  Echinogammarus s to c k i , V enerupis a u re a , and 
N ere is  succ inea  belonging  to  d i f f e r e n t  taxonom ic groups were chosen based on 
th e  c r i t e r i a  mentioned above.

D u rin g  th e  e x p e r im e n ta l  p e r io d  th e  am phipod E. s to c k i  was by f a r  th e  
m ostabundant sp ec ie s  in  th e  environm ent and a ls o  th e  most p r a c t ic a l  one to  
m anipulate . T herefore most experim ents were conducted w ith  th i s  c ru stacean . 
The o th e r  s p e c ie s  w ere u sed  to  c o n f irm  o r r e j e c t  th e  e v o lu t io n  o f  th e  
s e n s i t i v i t y  observed.

CONDITIONS OP ACdJMATICIf

In  a d d itio n  to  th e  s p e c i f ic  a c c lim a tio n  lin k ed  to  ex perim en ta tion  which 
w i l l  be d iscussed  l a t e r ,  th e  t e s t  sp e c ie s  were m aintained under r ig o ro u s ly  
c o n tro lle d  a c c lim a tio n  c o n d itio n s . A fte r c o l le c t io n ,  th e  d i f f e r e n t  sp e c ie s  
were p laced  in  50 1 a q u a ria  in  seaw ater o f 17 + 0.5 °C w ith  a  s a l i n i t y  o f 
15 fo r  th e  sp e c ie s  sam pled from eu ry h a lin e  and eurytherm  b io c e n o s is , and
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o f  30  $<> f o r  th o s e  s p e c ie s  from  th e  muddy san d  b io c e n o s is  in  s h e l t e r e d  
a r e a s .  D u rin g  th e  f i r s t  week th e  w a te r  in  th e  a q u a r ia  was changed d a i ly .  
L a te r  i t  was rep laced  once every 3 days. U sually  th e  organism s were used in  
th e  15 days fo llo w in g  th e i r  c o lle c t io n .

The e x p e r im e n ts  w ere in v a r i a b ly  s t a r t e d  b e tw een  16.00 and 18.00 h in  
o rd er to  avoid  a l l  problem s o f s e n s i t i v i t y  v a r ia t io n  lin k ed  to  th e  c irc a d ia n  
cycle  o f th e  sp e c ie s  (B e llan -S an tin i e t  a l ., 1979).

EVALOATKJÏ AND HÜESHTTATICif QP THE RESORTS

In  s h o r t -  and medium-term t e s t s ,  th e  num erica l te rm s c u r re n tly  used to  
ev a lu a te  th e  s e n s i t iv i ty  o f  organism s to  th e  v a rio u s  d e le te r io u s  f a c to r s  a re  
th e  l e t h a l  c o n c e n t r a t io n ,  c a u s in g  m o r t a l i t y  in  50 $  o f  th e  o rg a n ism s  in  a  
g iv e n  t im e ,  g e n e r a l ly  48 and 96 h (LC50), o r  th e  l e t h a l  t im e  n e c e s s a ry  to  
k i l l  50 % o f  th e  organism s a t  a  s p e c if ic  c o n c e n tra tio n  (LT50).

The assessm ent o f  th e  ev o lu tio n  in  th e  s e n s i t i v i t y  o f th e  t e s t  sp ec ie s  
s u b m it te d  to  a  s e r i e s  o f  s t r e s s e s  may be d i f f i c u l t  to  a c c o m p lish  by u s in g  
l e t h a l  c o n c e n t r a t io n s .  In d e e d , th e  r e s e a r c h  on th e  e v o lu t io n  o f  l e t h a l  
c o n c e n tra tio n s  n e c e s s i ta te s  th e  running o f  p re lim in a ry  experim ents to  define  
th e  c o n c e n tra tio n  in te r v a ls  fo r  which a  in c re a se  in  th e  m o r ta l i ty  r a te  a t  48 
and 96 h may be e x p e c te d  ( S to r a ,  1972). T hese i n t e r v a l s  v a ry  d ep en d in g  on 
th e  s y n e r g i s t i c  e f f e c t s  o f  th e  v a r io u s  d e l e t e r i o u s  f a c t o r s  and t h e i r  
d e te rm in a tio n  re q u ire s  numerous experim en ts. T herefo re  p re fe ren ce  was given 
to  use th e  l e t h a l  tim e  as  th e  c r i t e r io n  a llo w in g  a  g re a te r  number o f  s t r e s s  
com binations to  be te s te d  out s im u ltaneously .

In d e p e n d e n t from  th e  v a lu e  o f  th e  l e t h a l  c o n c e n t r a t io n  o r  th e  l e t h a l  
tim e , th e  com putation and cho ice  o f  e i th e r  th e  LC50 or LT50 poses problem s 
in  a l l  e c o to x ic o lo g ic a l  s t u d i e s  p e r t a i n i n g  to  th e  e v a lu a t io n  o f  th e  
e v o lu tio n  o f  th e  sp e c ie s ' s e n s i t i v i t y  to  d e le te r io u s  p aram eters  (S to ra  and 
B e llan , 1977).
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CCHPDTATICW CP THE EEÜHAL TIME

The l e th a l  tim e  was computed accord ing  to  th e  method o f B l is s  (1938) 
ad ap tin g  an e a r l i e r  method (B lis s , 1935) fo r  ex p erim en ta l work w ith  a  sm all 
number o f  t e s t  an im als. This s t a t i s t i c a l  tre a tm e n t o f d a ta  i s  c u r re n t ly  used 
in  to x ic o lo g y  and e c o to x ic o lo g y  (APHA, AWWA, WPCP, 1976 ; Ramade, 1977 ; 
M ö lle r , 1979).

Along w ith  th e  LT50, the  l e t h a l  tim e  n ecessa ry  to  k i l l  10 % and 90 $  of 
th e  a n im a ls  ( r e s p e c t i v e l y  LT10 and LT90) w ere  c a l c u l a t e d  f o r  each  s t r e s s  
type. In  a d d itio n  to  th e  h ig h er p re c is io n  derived  from  de te rm in in g  th e  LT10 
and LT90 a long  w ith  th e  LT50 w ith  regard  to  th e  s e n s i t i v i t y  o f  th e  an im als 
and th e  "m arg in  o f  a c t io n "  o f  th e  c o m b in a tio n s  s tu d ie d  ( S to r a ,  1975), 
i t  co u ld  be c o n s id e re d  t h a t  d e a th  o f  10, 50, and 90 % o f  th e  a n im a ls  
correspond to  a  sp e c ie s  response a t  a  weak medium o r s tro n g  s t r e s s .

ASSESSMHW QP THE EVQEOTICIÍ IN SEHSITIVITY

The s y n e r g i s t i c  e f f e c t s  c a u se d  by a  m ix tu re  o f  v a r io u s  d e l e t e r i o u s  
f a c to r s  may be more or le s s  to x ic  th a n  the  e f f e c t  o f  each d e le te r io u s  fa c to r  
s e p a r a te ly .  The w o rk in g  p a r ty  on t o x i c i t y - t e s t i n g  p ro c e d u re s  o f  th e  
"C om m ission eu ro p éen n e  c o n s u l t a t i v e  p o u r  l e s  P ê c h e s  d a n s  l e s  E aux  
in t é r i e u r e s "  (CECPI, 1983) re c o g n iz e d  th e  f o l lo w in g  th r e e  ty p e s  o f  
in te r a c t io n s :

-  when th e  to x ic  e f f e c t  o f  a  m ix tu re  i s  equal to  th e  sum o f  th e  to x ic  
e f f e c t s  o f  th e  d i f f e r e n t  d e le te r io u s  f a c to r s  considered , th e  m ixture 
causes an "ad d itiv e"  t o x ic i ty  ;

-  when th e  to x i c  e f f e c t  o f  a  m ix tu re  i s  h ig h e r  th a n  th e  sum o f  th e  
to x ic  e f f e c t s  o f th e  d i f f e r e n t  d e le te r io u s  f a c to r s  considered , the  
m ix tu re  h a s  a  " m o re - th a n -a d d i t iv e "  t o x i c i t y ,  and a  s y n e r g i s t i c  
a c tio n  among th e  v a rio u s  d e le te r io u s  f a c to r s  e x is ts  ;

-  when th e  t o x i c  e f f e c t  o f  a  m ix tu re  i s  lo w e r th a n  th e  sum o f  th e  
to x ic  e f f e c ts  o f  th e  d i f f e r e n t  d e l e t e r io u s  f a c t o r s  c o n s id e re d , th e  
m ix tu re  h a s  a  " l e s s - t h a n - a d d i t i v e "  t o x i c i t y ,  and an a n ta g o n is tic  
a c tio n  among th e  d i f f e r e n t  d e le te r io u s  f a c to r s  occurs.

D epending on th e s e  s y n e r g i s t i c  e f f e c t s ,  th e  s e n s i t i v i t y  o f  th e  t e s t  
s p e c ie s  w i l l  be d e c re a s e d  o r  in c r e a s e d  by an a d d i t i o n a l  s t r e s s .  The 
assessm ent o f th e  ev o lu tio n  in  s e n s i t i v i t y  o f  th e  organism s i s  f a c i l i t a t e d  
by th e  u se  o f  th e  " s e n s i t i v i t y  in d ic e s "  com puted a s  th e  r a t i o  o f  th e
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l e t h a l  tim e  f o r  a  c o m b in a tio n  o f  s t r e s s e s  and l e t h a l  tim e  o b ta in e d  f o r  a  
s in g le  s t r e s s  (re fe ren c e  s t r e s s )  (S to ra , 1978) :

IS  =
l t 2

-----r-
LTi

in  which:
IS i s  th e  index o f  s e n s i t iv i ty  ;
LTi i s  th e  l e th a l  tim e fo r  a  p o llu ta n t  x ;
LT2 i s  th e  l e t h a l  t im e  f o r  t h e  sam e p o l l u t a n t  a s s o c i a t e d  

w ith  ano ther d e le te r io u s  f a c to r  y  ;
IS = 1 w hen t h e r e  i s  no e v o l u t i o n  ; th e  a d d i t i o n a l  s t r e s s

does n o t m odify  th e  s e n s i t i v i t y  o f  th e  t e s t  s p e c ie s  to
p o llu ta n t  x ;

IS < 1 th e re  i s  a  p o s i t iv e  ev o lu tio n  in  s e n s i t i v i t y  ; th e  a d d i t io n a l  
s t r e s s  provokes an increased  s e n s i t i v i t y  o f  th e  t e s t  sp e c ie s  to  
p o llu ta n t  x ;

IS > 1 th e re  i s  a  n eg a tiv e  ev o lu tio n  in  s e n s i t iv i ty  ; th e  a d d i t io n a l  
s t r e s s  d ecreases  th e  s e n s i t iv i ty  o f  th e  sp e c ie s  to  p o l lu ta n t  x.

STUJJÏ CF M E 'B K SSJISB  I I  îM R IW rrTY  OP M E
S F œ œ  SJfflO TSD  TO A GROWING GRADIENT OF STRESS

In  p re lim in a ry  s tu d ie s  w ith  Echinogammarus s to c k i and V enerupis a u rea  
th e  co n cen tra tio n  o f each p o llu ta n t  causing a  len g th en in g  o f th e  l e th a l  tim e  
in  1 or 2 w eeks, in  th e  a b sen ce  o f  an a d d i t i o n a l  s t r e s s ,  was d e te rm in e d . 
A lthough  th e  e x p e r im e n ta l  t im e  depended upon th e  e v o lu t io n  o f  th e  t e s t  
s p e c ie s ' s e n s i t i v i t y  i t s e l f  d ep en d in g  upon th e  c o m b in a tio n  o f  s t r e s s e s  
ap p lied , th e  experim ents could u su a lly  be te rm in a ted  a f t e r  3 weeks.

The m a jo rity  o f  th e  experim ents were c a r r ie d  out w ith  b a tch es o f  16 to  
20 an im als and in  one to  th re e  re p l ic a te s .  I r r e s p e c t iv e  o f  th e  t e s t  sp e c ie s , 
t h i s  p ra c tic e  y ie ld e d  rep ro d u c ib le  r e s u l ts  w ith  re sp e c t to  th e  l e th a l  tim e  
fo r  an im als sampled on th e  same day and acc lim ated  to  id e n t ic a l  la b o ra to ry  
co n d itio n s .

On th e  o th e r hand, a  c e r ta in  v a r ia t io n  occurred in  th e  r e s u l t s  o b ta ined  
fo r  th e  same type o f s t r e s s  fo r  d i f f e r e n t  a cc lim a tio n  p e rio d s  or d i f f e r e n t  
c o l l e c t i o n  d a te s .  T h is  v a r i a t i o n  was l in k e d  to  th e  p h y s io lo g ic a l  s t a t e  o f  
the  anim als. Even i f  th e  in flu en ce  o f  a c c lim a tio n  can be c o n tro lle d  by u sin g
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th e  t e s t  a n im a ls  o n ly  a  c e r t a i n  t im e  a f t e r  c o l l e c t i o n  (S to ra ,  1972), th e  
p h y s io lo g ic a l s t a t e  o f th e  an im als a t  th e  sam pling moment rem ains unknown 
e s p e c ia l ly  in  more or le s s  s tro n g ly  p e rtu rb ed  ecosystem s such as th e  B erre  
lag o o n  and th e  G u lf  o f  Pos. B ecau se  th e  e x p e r im e n ts  d id  n o t aim  a t  
d e te rm in in g  th e  s e n s i t i v i t y  o f  th e  a n im a ls  f o r  a  p a r t i c u l a r  s t r e s s ,  th e  
v a r i a b i l i t y  due to  v a ry in g  p h y s io lo g ic a l co n d itio n  was no problem.

The s tu d y  o f  th e  s e n s i t i v i t y  e v o lu t io n ,  h ow ever, depends on th e  
co m p ariso n  o f  th e  s e n s i t i v i t i e s  o f  th e  a n im a ls  to  d i f f e r e n t  ty p e s  o f  
s t r e s s e s .  The n e c e s s i t y  o f  o b ta in in g  a  maximum number o f  d i r e c t l y  
co m p arab le  r e s u l t s  w hich  a r e  in d e p e n d e n t o f  th e  v a r i a t i o n  in  s p e c ie s ' 
s e n s i t iv i ty  due to  experim en ta l c o n s t r a in ts ,  such as th e  a c c lim a tio n  perio d  
or th e  p h y s io lo g ic a l s t a t e  o f  th e  an im als a t  th e  moment o f c o l le c t io n , led  
to  th e  p e r fe c tin g  o f c e r ta in  s p e c i f ic  exp erim en ta l procedures.

CCMEHöS) POLLUTANT -  SALINITY -  TEMPERATURE SEEKS

The e x p e r im e n ts  w ere co n d u c te d  w ith  E. s to c k i  and V. a u r e a . The 
s e n s i t i v i t y  e v o l u t i o n  o f  E. s t o c k i , s u b j e c t e d  e i t h e r  to  a  l e t h a l  
c o n c e n t r a t io n  o f  0.4  m g.I-1 o f  m e rc u r ic  c h lo r id e  (S to r a ,  1980a) o r  to  a  10 
mg.I- '* c o n c e n t r a t io n  o f  th e  d e te r g e n t  Syntopon C (S to ra ,  1980b), w ere 
s tu d ie d  in  r e l a t i o n  to  i n c r e a s in g  s a l i n i t y  and te m p e ra tu re  s t r e s s e s .  
S im ila r  t e s t s  were run w ith  V. a u re a  exposed to  a  l e th a l  co n c e n tra tio n  of 
0.4 mg.l- '' m ercuric  c h lo rid e .

Experim ental procedure

The an im als o f  each sp e c ie s  c o l le c te d  on th e  same day were d iv ided  in to  
th re e  groups k ep t a t  th re e  d i f f e r e n t  a c c lim a tio n  tem pera tu res (AT), _i.e. 12, 
17, and 22 °C. For each  te m p e r a tu r e  th r e e  su b g ro u p s w ere r e s p e c t i v e l y  
acclim ated  to  th e  a c c lim a tio n  s a l i n i t i e s  (AS) of 5, 15, and 25 $■> (25, 30,
and 35 %° f o r  V. a u r e a ). A f te r  one week o f  a c c l im a t io n ,  each  su b g ro u p  was 
d iv ided  in to  s ix  l o t s  o f 20 an im a ls . The f i r s t  th re e  l o t s  were su b je c te d  to  
the same co n c e n tra tio n  o f  th e  p o l lu ta n t  a t  experim en ta l tem p era tu res  (ET) o f 
r e sp e c tiv e ly  12, 17, and 22 °C and a  s in g le  experim enta l s a l i n i t y  (ES) of 
15 (30 f o r  V. a u r e a ).The o th e r  th r e e  w ere used  a s  c o n t r o l s  and k e p t
under th e  same c o n d itio n s  w ith o u t being  exposed to  a  p o llu ta n t.
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S tr e sse s  ap p lied  to  each t e s t  sp ec ie s

The methodology allow ed th e  s tu d y  o f  th e  e v o lu tio n  o f  s e n s i t i v i t y  in  E. 
s to c k i  and V. a u re a  exposed  to  d i f f e r e n t  ty p e s  o f  s in g l e  o r com bined 
s t r e s s e s ,  a p p l ie d  s u c c e s s iv e ly  o r  s im u l ta n e o u s ly .  For a  p a r t i c u l a r  
exp erim en ta l tem p era tu re , th e  sp ec ie s  were exposed to  :

-  the  a c t io n  o f  th e  p o llu ta n t  a lone = 1ype 1 s t r e s s  ( S t r i ) ;
-  t h e  c o m b in a t io n  o f  a  p o l l u t a n t  + s a l i n i t y  s h o c k  c a u s e d  by 

t r a n s f e r r i n g  th e  a n im a ls  from  th e  a c c l im a t io n  s a l i n i t y  AS to  th e  
exp erim en ta l s a l i n i t y  ES = type 2 s t r e s s  (S tr2  S) ;

-  th e  c o m b in a tio n  o f  a  p o l l u t a n t  + te m p e r a tu r e  shock  cau sed  by 
t r a n s f e r r in g  th e  an im als from th e  a c c lim a tio n  tem pera tu re  AT to  the  
ex p erim en ta l tem p era tu re  ET = type 2 s t r e s s  (S tr2  T) ;

-  th e  com bination o f  a  p o llu ta n t  + tem p era tu re  + s a l i n i t y  shock = type 
3 s t r e s s  (S tr3 ) .

For each experim en ta l tem p era tu re , th e  an im als  were subm itted  to  the  
same s a l i n i t y  f lu c tu a tio n s  correspond ing  e i th e r  to  an in c rea se  (S tr2  S+) or 
d e c re a s e  (S tr2  S -) in  a  s a l i n i t y  o f  5 o r 10 ^  d ep en d in g  on th e  s p e c ie s  
t e s t e d .  F o r each  e x p e r im e n ta l  te m p e ra tu re ,  how ever, th e  te m p e ra tu re  
f l u c t u a t i o n s  to  w hich  th e  a n im a ls  w ere  s u b m it te d  depended upon th e  
ac c lim a tio n  co n d itio n s  and th e  exp erim en ta l tem p era tu res , and were o f  th e  
o rd e r  o f  + 5  'C  (S tr2  T + 5 °C), o r  -  5 °C to  -  10 °C (S tr2  T -  5 "C, 
S tr2  T -  10 °C) o r  + 5 °C to  10 °C (S tr2  + 5 °C, S tr2  + 10 °C). These 
com binations o f  experim en ta l s t r e s s e s  a re  p resen ted  in  Table I .

The c o n t r o l s  w ere n o t s u b je c te d  to  a  t o x i c i t y  s t r e s s  b u t o n ly  to  a 
tem pera tu re  or s a l i n i t y  s t r e s s  or to  a  com bination o f  the  two.

G radients o f  s tr e s s  stu d ied

The methodology u t i l i z e d  led  in  each experim en ta l s e r ie s ,  to  d i r e c t ly  
co m p arab le  r e s u l t s  a s  a  w ho le . From th e  r e s u l t s  f o r  th e  d i f f e r e n t  
c o m b in a tio n s  em ployed , i t  was p o s s ib le  to  f o l lo w  th e  e v o lu t io n  in  
s e n s i t i v i t y  o f  th e  t e s t  sp e c ie s  subm itted  to  a  in c re a s in g  s t r e s s  g ra d ie n t. 
This in c re a s in g  g ra d ie n t fo r  each experim en ta l tem p era tu re  as compared to  
th e  se tu p s su b jec ted  only to  a  re fe re n ce  s t r e s s  S t r i , may have been due to  
te m p e ra tu re  sh o ck s o f  + 5 °C o r + 10 °C o r s a l i n i t y  sh o ck s o f  + 5 o r 
+ 10 or a  com bination o f  bo th . The d i f f e r e n t  g ra d ie n ts  a re  shown in  
Table TT.
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Table I I .  I n c r e a s i n g  g r a d i e n t  o f  s t r e s s  o b t a i n e d  in  t h e  d i f f e r e n t  
com binations o f  s a l in i ty - te m p e ra tu re -p o l lu ta n t  c o n c e n tra tio n  (S+ = 
+ 5 or 10 ; S - = -  5 or 10 #•)

In c re a s in g  g ra d ie n t o f  s t r e s s

S tr i   > S tr2  T + 5 °C  * S tr2  T + 10 °C
S tr i   » S tr2  T -  5 °C  >• S tr2  T -  10 °C
S tr i  -----» S tr2  S + --------------- » S tr3  + 5 °C
S tr i  ► S tr2  S + --------------- )• S tr3  -  5 °C
S tr i ----- > S tr2  S -  --------------- » S tr3  + 5 °C
S tr i ----- ► S tr2  S -   S tr3  -  5 °C

S tr3  + 10 °C
S tr3  - 10 °C
S tr3  + 10 °c
S tr3  - 10 °c

Combined p o llu ta n t -  p o llu ta n t s tr e s s

The b e n th ic  p o p u la t io n  o f  th e  p o l lu te d  e n v iro n m e n t i s  m ost o f te n  
exposed  n o t to  a  s in g l e  p o l l u t a n t  b u t to  a  g roup  o f  p o l l u t a n t s .  An 
experim en ta l s e r ie s  was th e re fo re  perform ed on E. s to c k i , N. su c c in e a , and 
V. a u re a  in  o rd e r  to  s tu d y  th e  e v o lu t io n  in  s e n s i t i v i t y  o f  th e  s p e c ie s  
exposed to  a  m ix tu re  o f  p o l lu ta n ts .

The experim ents were a t  a  tem p era tu re  o f 17 °C. The p o l lu ta n t  m ix ture  
was p re p a re d  by a d d i t i o n  o f  m e rc u r ic  c h lo r id e  to  d i f f e r e n t  d e te r g e n t s  
(Syntopon C, RA43, CemuLsol 870). Depending on th e  sp e c ie s , th e  an im als  were 
s u b je c te d  to  a  s in g l e  c o n c e n t r a t io n  o f  m e rc u r ic  c h lo r id e  o r  d e t e r g e n t ,  
s e rv in g  as a  re fe re n ce  base , and to  a  in c re a s in g  c o n c e n tra tio n  o f  th e  o th e r 
p o llu ta n t , form ing th e  in c re a s in g  g ra d ie n t o f a d d it io n a l  s t r e s s  (Table I I I ) .

Ccmibined p o llu ta n t -  d isso lv ed  oxygen s tr e s s

The p e r tu r b a t io n  o f  a  p o l lu t e d  eco sy s tem  i s  o f te n  c h a r a c t e r i z e d  by a  
d e p le t io n  o f  d is s o lv e d  oxygen l e v e l s ,  w hich  may have an a d v e rs e  e f f e c t  on 
the marine b en th ic  p o p u la tio n  (S to ra , 1982). The in flu e n c e  o f  th e  d isso lv ed  
oxygen le v e l  on th e  to x ic i ty  o f tw o p o llu ta n ts  was s tu d ie d  w ith  E. s to c k i .
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Table I I I .  In c re a s in g  g ra d ie n t o f s t r e s s  ob ta ined  by m ix tu re  o f  d i f f e r e n t  
co n c e n tra tio n s  o f  two p o l lu ta n ts  (Dgt = d e te rg en t)

In c re a s in g  g ra d ie n t o f  s t r e s s  
 ^

Type o f s t r e s s S tr i S tr2 S tr3 S tr4

P o llu ta n t 
co n cen tra tio n s  
(mg. I -1 )

Dgt Dgt + HgCl2 Dgt + HgCl2 Dgt + HgCLj

0.1 0.1  + 0.004 0.1 + 0 .04 0.1 + 0 .4

P o llu ta n t 
co n cen tra tio n s  
(mg.I-1 )

HgCl2 HgCl2 + Dgt HgCl2 + Dgt HgCl2 + Dgt

0 .4 0 .4  + 0.1 0 .4  + 1 0 .4  + 10

The e x p e r im e n ts  w ere c o n d u c te d  a t  17 °C. E. s to c k i  was exposed  to  a 
s in g l e  c o n c e n t r a t io n  o f  0.3  m g.l-  ̂ m e rc u ric  c h lo r id e  o r  to  10.5 mg.I -1 o f  
th e  d e te rg e n t Syntopon C a t  d i f f e r e n t  le v e ls  o f  d isso lv ed  oxygen, fo rm ing  an 
in c re a s in g  s t r e s s  g ra d ie n t (Table IV).

Combined p o llu ta n t -  p h y sio lo g ic a l s tr e s s

In  t h i s  s e r i e s  o f  e x p e r im e n ts  p h y s io lo g ic a l ly  weakened an im als  were 
u sed  as  a  r e f e r e n c e  s t r e s s  in  c o m b in a tio n  w ith  a  s t r e s s  cau se d  by a 
t o x ic a n t .  T h is  ty p e  o f  e x p e r im e n ts  d e m o n s tra te d  th e  r e a c t io n  o f  a n im a ls  
a l r e a d y  s u b je c te d  to  g e n e r a l  s t r e s s  c o n d i t io n s  in  a d d i t io n  to  a  c r i t i c a l  
a t ta c k .

To c r e a t e  a  r e f e r e n c e  g e n e r a l  s t r e s s ,  th e  w a te r  in  th e  a c c l im a t io n  
a q u a ria  was not changed and th e  a e ra tio n  shu t o f f  2 weeks b e fo re  th e  
an im als were used. These c o n d itio n s  le d  to  a  p ro g re ss iv e  a u to p o llu tio n  o f 
th e  medium. The experim en ts were c a r r ie d  out a t  15 and 22 °C w ith  E. s to c k i . 
An a d d i t i o n a l  g r a d i e n t  w as in d u c e d  by e x p o s u r e  t o  an  i n c r e a s i n g
r'nnr'pntirp'hi nn of* mprmirír» r»VOnrir]o fmahlp V) .
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Table V. In cr e a s in g  grad ien t o f  s t r e s s  ob ta ined  by th e  exposure o f  p h y s io lo g ic a lly  
weakened an im als (GS = G eneral s t r e s s )  to  in c r e a s in g  co n cen tra tio n s o f  a 
pollutant

Increasing gradient o f s tr e s s
 »

c o n cen tra tio n  GS 0.38 + GS 0.79 + GS 1.45 + GS 2.6 + GS 3.8 + GS 7.9 + GS
HgCl2 (mg.I- ' )

Type o f  s t r e s s  S tr i S tr2  3tr3 Str4 Str5 Str6 Str7

RESULTS

The sco p e  o f  t h i s  sym posium  e s s e n t i a l l y  b e in g  d i r e c te d  to w a rd s  
m eth o d o lo g y , o n ly  a  p a r t  o f  th e  re c o rd e d  r e s u l t s  a r e  g iv e n  in  t h i s  p a p e r 
w hich  a r e ,  how ever, r e p r e s e n t a t i v e  f o r  th e  e x p e r im e n ts  co n d u c ted  and may 
se rv e  as a  b a s is  fo r  d iscu ss io n .

In  t a b l e  VI an o v e rv iew  i s  g iv e n  o f  th e  re c o rd e d  l e t h a l  t im e s  f o r  V. 
au rea  exposed to  d i f f e r e n t  com binations o f  d e le te r io u s  f a c to r s  (p o l lu ta n t  -  
s a l i n i t y  -  tem pera tu re). In  F ig . 2 the  ev o lu tio n  o f  th e  s e n s i t iv i ty  in d ic e s  
computed fo r  th e  d i f f e r e n t  s t r e s s  g ra d ie n ts  i s  shown.

In  T ab le  V II th e  l e t h a l  t im e s  re c o rd e d  a t  17 °C f o r  E. s to c k i  exposed 
to  a  g e n e r a l  s t r e s s  and to  m e rc u r ic  c h lo r id e  a r e  g iv e n . In  F ig . 3 th e  
r e s u l t i n g  e v o lu t io n  o f  th e  s e n s i t i v i t y  in d ic e s  a re  shown. C onsidering  th e  
t o t a l i t y  o f  th e  e x p e r im e n ts  i t  i s  n o te d  t h a t  s y n e r g i s t i c  e f f e c t s  a r e  
r e s p o n s a b le  f o r  a  h y p e r s e n s i t i v i t y  o r  a  h y p o s e n s i t i v i t y  to  th e  l e t h a l  
d e l e t e r i o u s  f a c t o r  d e p en d in g  upon th e  s e n s i t i v i t y  o f  th e  a n im a ls  to  th e  
c o n s id e re d  f a c t o r  and upon th e  i n t e n s i t y  o f  th e  a d d i t i o n a l  s t r e s s .  In  
g en e ra l, th e  r e s u l t s  o b ta in ed  show th a t  independen tly  o f th e  t e s t  sp ec ie s  
and o f th e  n a tu re  o f th e  com binations o f  d e le te r io u s  f a c to r s ,  th e  ev o lu tio n  
in  s e n s i t i v i t y  o f  th e  a n im a ls  a lo n g  an in c r e a s in g  s t r e s s  g r a d ie n t  a lw ay s

T   -L I-   --------------------  T  T . . O . J --(  "CK r ,  A  ^



S y n e r g i s t i c  t e s t s  on m a r in e  i n v e r t e b r a t e s 481

i »

1 -  tn <D
&Í3
§ gP

°  I
m  P

O C 
•h  O  
P  *H

S I■H S  rû 'H 
S  rH

8 §
P  II C
0) EH 
U < 
#®

c  . s

a> 03 r0̂ dO <§
S i
Cti *H 
CD U

2 ^  CÖ X  
CD

> 1  II

I»
C

S'S  S « 
s c•H O 

rH  .h

i !

's 5
S " 323 ^ 
^  . e

(D

8 S 3a ra p
•H ö

rH  -H  .H  
CO C  t ,  

X2 *H 0  
P r j  ¡ i

S  S S 

P

■a
EH

>R >R
R

■es.
R R

>R.
iCï

■çs-
R

S S

p CM KN ON
NO NO CM
T -  O

CM D -  
*— ^d-

OJ
CsJ

+ I + I + I +  I  +  I  +  I +  I +  I  +  I
KNCO « -  
C M ^ £ © 8 3 & "çj" NO *sh 

CM LO KN

O
CNJ UN KN 
KN CM LO

O ^ - d -

1 1 1 +  I +  I +  I + I + I + I
t — ^  <çj- 
KN <r- 

CM

LO» LO CM 
C ON CM

O
o

O  NO LO 
LO "'d" ON LO KN ON r- T- KN

CNJ 1 1 1 +  I +  I +  I + I + I + I

t R S
*— CNJ r j -

K N Q  -d- 
LO  ÖN LO

O ©  ©  o ñ
LO ON g O  CO CO

CNJ
CNJ

+ I + I + I + I  +  I + I + I + I + I
0 3 - ^ 1 0

° ° 2 R

LO r -  K \  
H " KN KN

00 LO 00

« ° +  I +  I +  I + I + I + I + I + I + I
t > O  O N O  

•*- ON NO
T -  T -  KN KN

£ © ©

O
C N J O b

^ 0 0
-3- CM NO
* -  *r- fO 2 0 0 1

CNJ
+ I + I + I +  I  +  I  +  I + 1+1+1
t— LO CNJ

° ° 2 R
k n n o  QN 
LO C O

2 2 ©
O 1 1 1 + I + I + I + I + I + I

S i

î * R Ç

^  fO N O  
LO 00 CM

ON IO  Q>̂

O0 1 1 1 + I + I + I + I + I + I
C -

» » K
NO ON ON
NO o  c~-

p 13 11 29

CNJ
1 1 1 + I + I + I + I + I + I

8 * 8 £ : r s

2 £ &
Ö 0 Ö

R R R R R R

p
O

o
0

CM C " CM
CM



Table V II. L e th a l tim es  (TL + confidence l im i ts )  in  h fo r  E. s to c k i  a t  17 °C 
exposed to  a  "general s t r e s s "  (GS) and v a rio u s  c o n c e n tra tio n s  of 
m ercuric  c h lo r id e

TL10 TL50 TL90

GS 24
GS + 0 .38  mg.I -1 HgClp 31
GS + 0 .79  mg.I -  HgClp 24
GS + 1.43 m g.I" HgClp 33
GS + 2.6 mg. I - ] HgClp 24
GS + 3-8 mg.I-1 HgClp 32
GS + 7 .9  mg.I - ' HgCl2 21

140 282
+ 13 101 + 18 331 + 126
+ 9 48 + 8 95 + 25
+ 10 68 + 9 142 + 34

260 283
+ 16 52 + 9 82 + 22
+ 6 48 + 7 91 + 18

( I S)(IS)

stress  g ra d i se t
s t  r 2 -5  s t  r  2-10 •  s t

o  s t

P ig . 2 . E v o lu t io n  o f  th e  s e n s i t i v i t y  in d ic e s  (IS ) com puted from  th e  
LT50 va lu es  f o r  V enerup is  au rea  exposed to  a  in c re a s in g  s t r e s s  
g ra d ie n t .
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SENSITIVITY INDEX 
I I S)

CONCENTRAT I 0 N OF HiCIj  [■ * .  I ’ ]0 .3 0 .7 3

 L T 9 0L T 1 0 --------------------- L T 5 0

P ig . J>. E v o l u t i o n  o f  t h e  s e n s i t i v i t y  i n d i c e s  o b t a i n e d  f o r  
Echinogammarus s to c k i exposed to  in c re a s in g  co n c e n tra tio n s  o f  a  
d e te rg e n t.

I N C R E A S I N G  G R A D I E N T  OF  S T R E S S

A

a d d i t i o n a l  s t r e s s

P ig . 4 . G eneral p a t te rn  o f  th e  ev o lu tio n  in  s e n s i t iv i ty .
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DISCUSSION AND CCHCLUSICWS

Considered from a  p u re ly  m ethodological p o in t o f  view, th e  experim ents 
d e m o n s tra te d  t h a t  th e  v a r i a b i l i t y  o f  th e  r e s u l t s  depend m a in ly  on th e  
p h y s io lo g ic a l  s t a t e  o f  th e  a n im a ls .  T h is  i s  p a r t i c u l a r l y  c l e a r  f o r  th e  
e x p e r im e n ts  t e s t i n g  th e  com bined e f f e c t s  o f  " p o l lu t a n t  -  te m p e ra tu re  -  
s a l in i ty "  where the  an im als su b jec ted  to  a  d i f f e r e n t  p re -ex p e rim en ta l phase 
a re  subsequen tly  placed in  id e n t ic a l  e x p e r im e n ta l  c o n d i t io n s  a t  each  t e s t  
tem p era tu re . Por example a t  12 °C (Table V II), depending on th e  a c c lim a tio n  
co n d itio n s , th e  same co n c e n tra tio n  o f  p o llu ta n t  can e i th e r  provoke th e  death  
o f  50 fo o f th e  an im als a t  th e  end o f  78 h o r no t be l e th a l  a t  a l l  w ith in  th e  
e x p e r im e n ta l  p e r io d . T h is  v a r i a b i l i t y ,  w hich  i s  a  f u n c t io n  o f  th e  
p h y s io lo g ic a l  s t a t e  o f  th e  a n im a ls ,  d e m o n s tra te s  th e  i m p o s s i b i l i t y  o f  
a s se s s in g  a  d i r e c t  r e la t io n  between exp erim en ta l d a ta  on the  s e n s i t i v i t y  o f 
one s p e c ie s  to  s p e c i f i c  d e l e t e r i o u s  f a c t o r s  and th e  d a ta  re c o rd e d  in  th e  
n a tu ra l  environm ent. However, numerous co n cu rren t p o in ts  e x is t  between th e  
sp ec ie s  dynamics recorded in  v i t r o  and th e  sp e c ie s  dynamics s tu d ie d  _in s i t u  
in  th e  B e r re  lag o o n  and in  th e  G u lf  o f  P os. S im i la r  e v o lu t io n s  in  
s e n s i t i v i t y  o f  d i f f e r e n t  sp e c ie s , independent o f t h e i r  taxonomic group and 
th e  n a tu r e  o f  th e  s t r e s s  a p p l ie d ,  have been  re c o rd e d  _in v i t r o  w hich  
c o rre sp o n d  to  in  s i t u  o b s e r v a t io n s  made in  th e  s t u d i e s  o f  th e  dynam ics o f  
b e n th ic  p o p u la t io n s  o f  th e  c o a s t a l  f r i n g e  o f  th e  B e rre  lag o o n . In  t h i s  
lag o o n  th e  b e n th ic  p o p u la t io n s  a r e  exposed to  e r r a t i c  s a l i n i t y  v a r ia t io n s  
w ith a  h ig h  a m p li tu d e , to  se d im e n t d is c h a r g e s ,  and to  d iv e r s e  fo rm s o f 
p o llu t io n  lin k ed  to  th e  d isch arg e  o f  dom estic and in d u s t r ia l  e f f lu e n ts .  The 
predom inant in flu en ce  o f each o f  th e se  d e le te r io u s  f a c to r s  i s  no t m an ifested  
by th e  m o r t a l i t y  o f  p a r t i c u l a r  s p e c ie s ,  b u t a f f e c t s  a l l  tax o n o m ic  g ro u p s 
w h ich  a l l  r e a c t  in  a  s i m i l a r  m anner. The f a u n a l  dynam ics a r e  much more 
in flu en ced  by the  in te n s i ty  o f  each type o f  s t r e s s  than  by i t s  q u a lity . This 
f in d in g  confirm s the  ex p erim en ta l r e s u l ts .

The o b se rv ed  e v o lu t io n a r y  p a t t e r n  in  s e n s i t i v i t y  d e m o n s tra te s  t h a t  
changes in  th e  l iv in g  c o n d itio n s  and m o r ta l i ty  o f a  sp ec ies  no t n e c e s s a r ily  
a r i s e  from exposure to  p o l lu ta n t  co n c e n tra tio n s . In  th e  sou thern  zone, where 
th e  B e rre  lag o o n  p r e s e n t s  th e  h ig h e s t  l e v e l s  o f  p o l l u t a n t s ,  th e  n a t u r a l  
p o p u la tio n  i s  most abundant and th e  predom inant e f f e c ts  o f th e  p o llu ta n ts  
a r e  l e s s  m a n ife s te d  ( S to r a  and A rnoux, 1983). In  th e  n o r th e rn  zone on th e  
c o n tra ry , th e  p o p u la tio n , m ain tained  in  a  perm anently  u n stab le  s t a t e  by the  
in f lu x  o f  f re s h  w ater and sed im en ts, i s  proven to  be h y p e rse n s itiv e  to  much
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lo w e r  p o l l u t a n t  c o n c e n t r a t io n s .  The a d d i t io n  o f  s t r e s s in g  agen ts  provokes 
s i g n i f i c a n t  m o r t a l i t i e s  and a  s t a t e  o f  p e rm an en t im p o v e rish m e n t o f  th e  
p o p u la tio n .

In  g e n e r a l ,  i t  may be  t r u e  t h a t  t h i s  p h enom enon  o f  s p e c i e s  
h y p e r s e n s i t i v i t y ,  a s  a  r e s u l t  o f  t h e  e x p o s u r e  t o  low  p o l l u t a n t  
c o n c e n t r a t io n s  in  c o m b in a tio n  w ith  s t r e s s i n g  e n v iro n m e n ta l  f a c t o r s  
( s a l in i ty ,  tem p era tu re , o th e r p o llu ta n ts  e tc .) ,  i s  re sp o n s ib le  fo r  th e  rap id  
and marked d eg rada tion  p ro cesses  which a re  o f te n  m erely  a t t r ib u te d  to  th e  
presence o f  p a r t ic u la r  p o llu ta n ts  in  th e  n a tu ra l  environm ent.

One o f  th e  p r in c ip a l  c r i t i c i s m s  o f sh o r t- te rm  ex p erim en ta tio n s i s  based 
on th e  u t i l i s a t i o n  o f  v e ry  h ig h  c o n c e n t r a t io n s  o f  a  p o l l u t a n t  w h ich  a re  
never observed in  s i t u . I t  must be no ted , however, th a t  even i f  t h i s  i s  very 
o f te n  th e  case, th e  c o n cen tra tio n s  measured in  th e  sed im en ta l phase o f  the  
ecosystem , a re  o f te n  c lo se  th e  exp erim en ta l c o n c e n tra tio n s . In  f a c t  th e  use 
o f  th e se  h igh sh o rt- te rm  t e s t  c o n cen tra tio n s  prove th a t  th e  sp e c ie s  may be 
a b le  to  r e s i s t  in  th e  ab sen ce  o f  s p e c i f i c  p e r tu r b a t i o n s  h ig h  l e v e l s  o f  
p o l l u t i o n  p r e s e n t  in  t h e i r  e n v iro n m e n t o r  in  t h e i r  own o rg a n s  due to  
to x i c a n t  a c c u m u la tio n  (B ryan and H ym m erstone, 1973 ; C a t s i k i ,  1980). 
Vernberg and V ernberg (1972) were ab le  to  m a in ta in  th e  crab  Uca p u g i la to r , 
exposed  to  a  c o n c e n t r a t io n  o f  0.18 m g.l-  ̂ o f  m e rc u r ic  c h lo r id e ,  a l i v e  f o r  
about 2 months. S im ila ry  Kaïm-Malka (1981) u t i l i s e d  a  co n c e n tra tio n  o f 30 
mg.l-1 o f an a lk y l  a ry l  oxyethylene d e te rg en t in  lon g -te rm  experim ents. The 
co n cen tra tio n  o f  each p o llu ta n t  found in  th e  n a tu ra l  environm ent m ight not 
be l i m i t i n g  b u t  th e  o rg a n ism s , by b e in g  s u b je c te d  to  an a c c u m u la tio n  o f  
s t r e s s e s ,  m ight t e m p o r a r i ly  be in  a  c r i t i c a l  p h y s io lo g ic a l  s t a t e  w hich 
renders them s e n s i t iv e  to  weak c o n c e n tra tio n s , provoking m assive m o rta li ty .

The r e s u l t s  o f  th e  _in v i t r o  t e s t s  show th a t  th e  com bination o f  v a rio u s 
d e le te r io u s  f a c to r s  might in c re a se  th e  re s is ta n c e  o f th e  t e s t  sp e c ie s  to  the  
l e th a l  d e le te r io u s  f a c to r . This favourab le  a sp e c t o f a  s t r e s s f u l  s i tu a t io n  
was dem onstrated  in  th e  s tu d y  on th e  d i s t r ib u t io n  o f  p o llu t io n  in d ic a to r -  
sp e c ie s  in  th e  channel o f  C aronte. The p e c u l ia r i ty  of th e  channel o f  C aronte 
c o n n e c tin g  th e  G u lf  o f  Pos to  th e  B e rre  lag o o n  i s  th e  p re s e n c e  o f  a  d o u b le  
p o llu t io n  g ra d ie n t. The f i r s t  g ra d ie n t i s  lin k ed  to  th e  augm entation  o f  the  
am ount o f  o rg a n ic  m a t te r  a s s o c ia te d  w ith  s a l i n i t y  v a r i a t i o n s .  The second  
g r a d ie n t  i s  s t r i c t l y  due to  an in c r e a s e  o f  p o l l u t a n t  c o n c e n t r a t io n s .  The 
e v o lu t io n  o f  th e  p o p u la t io n s  o f  s p e c ie s  such  a s  V. a u r e a , M ediom astus c f  
c a l i f o r n ie n s i s . C a p i te l la  c a p i ta ta ,  L um brineris l a t r e i l l i ,  a long th e se  two
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d i f f e r e n t  g r a d i e n t s  p a s s e s  th ro u g h  a  maximum p h a se . In  o th e r  w o rd s, i t  
co u ld  be deduced  from  th e  in  v i t r o  s tu d i e s  and th e  p re v io u s  o b s e r v a t io n s  
th a t  fo r  th e se  sp e c ie s , a  c e r ta in  " s t re s s  in te n s i ty "  corresponds to  one of 
t h e i r  e c o lo g ic a l  r e q u ire m e n ts  p r o v id in g  o p t im a l  l i v i n g  c o n d i t io n s .  In  
g en era l, t h i s  re a c tio n  o f p a r t ic u la r  sp e c ie s  to  th e  s t r e s s  in te n s i ty  might 
be  a  way o f  e x p l a i n i n g  t h e  f o r m a t i o n  o f  t h e  f a c i e s  o f  a  p o l l u t e d  
environm ent.

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  e v o lu t io n a r y  te n d e n c ie s  in  th e  
re a c tio n  o f  a  sp e c ie s  as a  fu n c tio n  o f an _in v i t r o  s t r e s s  g ra d ie n t a re  very 
s im ila r  to  th e  ev o lu tio n  in  th e  s p e c i f ic  r ic h n e ss  and th e  t o t a l  abundance of 
a  p o p u la t io n  exposed  to  in c r e a s in g  g r a d ie n t  o f  p e r tu r b a t io n  (P ig . 5) 
(P ea rso n  and R o sen b erg , 1978 ; S to r a ,  1982). T h is  s i m i l a r i t y  b e tw een  th e

I N C R E A S I N G  D E G RE E  O F  P E R T U R B A T I O N  
 S>

1

a b u n d a n c e

F ig . 5 . Comparison between th e  ev o lu tio n  o f  th e  _in v i t r o  s e n s i t iv i ty  
in d ic e s  and th e  s p e c i e s  r i c h n e s s  and th e  abundance  o f  a  
p o pu la tion  in  fu n c tio n  o f an in c re a s in g  degree o f  p e r tu rb a tio n .
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responses o f  th e  _in s i t u  p o p u la tio n  and th e  _in v i t r o  sp e c ie s , w hich a re  th e  
b a s ic  e le m e n ts  o f  t h i s  p o p u la t io n ,  le a d s  to  th e  h y p o th e s is  t h a t  th e  
e v o lu tio n ary  p a t te rn  dem onstrated  m ight be a  b a s ic  p a r t  o f  a  d e s c r ip t iv e  
and preconceived model o f  th e  dynamics o f a  l i t t o r a l  ecosystem  exposed to  
p e r tu r b a t io n .  The p h ase  o f  i r r e m e d ia b le  h y p e r s e n s i t i v i t y ,  w here  a l l  
a d d itio n a l s t r e s s  r e s u l t s  in  an a c c e le ra te d  d eg rad a tio n  o f  th e  p o p u la tio n , 
re p re se n ts  th e  most s e r io u s  danger fo r  an ecosystem .
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