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ABSTRACT

T his review  focuses on th e  ta x a  w ith in  th e  c la s s  C rustacea  which have 
been h i s to r i c a l l y  used in  e c o to x ic o lo g ic a l te s t in g .  The ta x a  a re  evaluated  
f o r  t h e i r  r e l a t i v e  s e n s i t i v i t y  t o  a  v a r i e t y  o f  t o x i c a n t s  in c lu d in g  heavy 
m e ta ls , p e s t ic id e s ,  and petro leum  hydrocarbons. Included  in  t h i s  ev a lu a tio n  
a re  th e  types o f  t e s t  m ethodologies, th e  b io lo g ic a l  endpo in ts measured and 
th e  l i f e - h i s t o r y  s ta g e s  a t  w hich th e  t e s t s  were conducted. The s ig n if ic a n c e  
o f  th e  c ru s ta c e a n s  in  e c o to x ic o lo g ic a l  t e s t i n g  and h a z a rd  a s s e s s m e n t 
s t r a te g ie s  i s  d iscussed .

The need f o r  t e s t  m ethod s t a n d a r d i z a t io n  i s  p r e s e n te d  w i th in  th e  
c o n te x t  o f  e n v iro n m e n ta l  r e g u l a t i o n  and p r e d i c t i v e  e c o to x ic o lo g ic a l  
a s s e s s m e n t .  In  th e  A m erican  S o c ie ty  f o r  T e s t in g  and M a te r ia l s  (ASTM) 
s ta n d a r d  p r a c t i c e s  f o r  a c u te  and c h ro n ic  t e s t i n g  a r e  re v ie w e d  f o r  t h e i r  
a p p l i c a b i l i t y  t o  c r u s ta c e a n s .  F i n a l l y ,  t h e  p e rfo rm a n c e  and c o s t  o f  tw o 
in te r la b o ra to ry  c a l ib r a t io n  s tu d ie s  app ly ing  th e se  s tan d a rd s  a re  p resen ted  
and ev a lu a ted .
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INTRODÜCTICW

The ap p ro ach  ta k e n  in  t h i s  p a p e r  i s  to  e v a lu a te  th e  p o t e n t i a l  p r e d i c t i v e  
v a lu e  o f  c r u s ta c e a n  t o x i c o lo g ic a l  d a t a  r a t h e r  th a n  rev iew  th e  v a r i e t y  o f 
m ethods t h a t  have been  d ev e lo p ed  f o r  c o n d u c tin g  t o x i c i t y  t e s t s  w ith  
c r u s ta c e a n s .  I f  we a c c e p t  th e  b a s ic  p re m is e  o f  e c o to x ic o lo g y , t h a t  we can 
u se  s i n g l e - s p e c i e s  t o x i c i t y  t e s t s  t o  p r e d i c t  e c o lo g ic a l  im p a c ts  o f  
p o l l u t a n t s ,  a t  some p o in t  we a r e  o b l ig e d  to  d e v e lo p  a p p r o p r ia te  t e s t a b l e  
hypotheses. The s tra te g y  to  which e c o to x ic o lo g ic a l t e s t in g  i s  most re le v a n t 
i s  th a t  o f  hazard assessm ent.

The hazard assessm ent s t r a te g y  has as i t s  foundation  a  t ie r e d  te s t in g  
c o n c e p t w here a  h ie r a r c h y  o f  t e s t s  r e f l e c t i n g  in c re a s e d  c o m p le x ity  o f  
b io lo g ic a l  o rg an iza tio n  + e s tim a tio n s  o f  environm ental exposure a re  used to  
p r e d ic t  th e  p o te n t ia l  environm enta l im pact. The e f fe c ts -a s s e s s m e n t p o rtio n  
o f  t h i s  s t r a t e g y  le a d s  one to  ex am in e  th e  i n t e r r e l a t i o n s h i p s  b e tw een  
b i o l o g i c a l  re s p o n s e s  m easured o v e r s h o r t  p e r io d s  o f  t im e  w ith  th o s e  t h a t  
r e f l e c t  ch ro n ic  long-term  exposure. The assum ption in  t h i s  approach i s  th a t  
t h e r e  a r e  d e f in a b le  and m e a su ra b le  b i o l o g i c a l  f u n c t io n s  t h a t  a llo w  th e  
i n t e g r a t i o n ,  and th u s  p r e d i c t i o n  fro m  one l e v e l  o f  th e  b io lo g i c a l  
o rg a n iz a tio n  to  th e  o th e r. Adoption o f  such an approach fo r  t h i s  review  w i l l  
l i m i t  d is c u ss io n  to  only  tho se  d a ta  bases th a t  a llow  f o r  such com parisons. 
C onsequently, th e  focus o f  t h i s  rev iew  w i l l  be on tho se  sp e c ie s  which have 
been  t e s t e d  f r e q u e n t ly ,  w ith  a  v a r i e t y  o f  p o l l u t a n t s ,  and f o r  w hich  a 
m u lt ip le  o f b io lo g ic a l  responses have been measured w ith in  th e  same t e s t .  I t  
i s  im p o rtan t to  remember th a t  i t  i s  o f te n  d i f f i c u l t  to  r e tro s p e c tiv e ly  f i t  
e x i s t i n g  d a ta  to  a  h y p o th e s is  in  much th e  sam e way a s  i t  i s  to  con d u ct a 
s t a t i s t i c a l  a n a ly s is  o f d a ta  which w ere c o lle c te d  w ith o u t an experim en ta l 
d e s ig n . I t  i s  im p e ra t iv e  th e n  to  s t a r t  such  a  p ro c e s s  w i th  a  c o n c e p tu a l 
framework (e.g. t ie r e d  hazard assessm en t) from which a re  developed a  s e r ie s  
o f  t e s t a b l e  h y p o th e se s  and th e n  d e v e lo p , s ta n d a r d iz e ,  and v a l i d a t e  th e  
a p p r o p r ia te  e c o to x ic o lo g ic a l  t e s t  m ethod from which we gen era te  our d a ta  
b a se s .
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T his review  w i l l  examine th o se  t a x a  w ith in  th e  c la s s  C rustacea  which 
have been  u se d  in  to x i c o lo g ic a l  t e s t i n g .  R e la t io n s h ip s  w i l l  be exam ined 
b e tw e e n  th e  v a r io u s  ty p e s  o f  b i o l o g i c a l  r e s p o n s e s  m easured  w i th  th e  same 
sp e c ie s  and a  wide v a r ie ty  o f  p o l lu ta n ts ,  and between d i f f e r e n t  sp ec ie s  fo r  
th e  sam e p o l l u t a n t .  The s t a n d a r d i z a t i o n  o f  c r u s ta c e a n  e c o to x ic o lo g ic a l  
m ethods w i l l  be re v ie w e d  w ith  an a n a l y s i s  o f  t e s t i n g  c o s t s  w i th in  th e  
c o n te x t o f  a  t i e r e d  and p re d ic tiv e  h aza rd -assessm en t re se a rc h  s tra te g y .

DATA BASE CCMPOSITICfi

Our p r im a ry  s o u rc e s  o f  d a ta  in c lu d e  l i t e r a t u r e  re v ie w s , c u r r e n t  
l i t e r a t u r e ,  and c o m p i la t io n s  o f  t o x i c o l o g i c a l  d a ta  u sed  to  su p p o rt 
r e g u la to r y  p o l i c y  in  th e  USA. A t o x i c o l o g i c a l  d a ta  b a se  com piled  f o r  
d o cu m en ts , su ch  a s  W ater Q u a l i ty  C r i t e r i a  (USEPA, 1980) a r e  d e sig n ed  to  
sup p o rt re g u la to ry  req u irem en ts , th e se  so u rces  o f  in fo rm a tio n  prov ide one o f 
th e  b e s t  c o m p i la t io n s  o f  q u a l i t y  a s s u r e d  d a ta  b a s e s  on to x i c o lo g ic a l  and 
e c o to x ic o lo g ic a l t e s t in g  w ith  c ru s ta c e an s .

From th e s e  d a ta  sou rces, 486 to x i c i t y  m easurem ents were id e n t i f ie d  fo r  
m a rin e  c r u s ta c e a n s  exposed to  heavy  m e ta ls ,  p e s t i c i d e s ,  c h lo r in a te d  
h y d ro c a rb o n s , and p e tro le u m  h y d ro c a rb o n s , e tc .  In c lu d e d  w ere  53 s p e c ie s  
r e p r e s e n t in g  17 f a m i l i e s ,  and 6 o r d e r s .  O f th e  486 t o x i c i t y  m easu rem en ts , 
358 (74 %) a r e  a s s o c ia te d  w ith  19 o f  53 s p e c ie s  (T ab le  I ) .  F u r th e rm o re , o f  
th e s e  19 sp e c ie s , only  7 had 20 or more en d p o in ts  recorded. T h is p a tte rn  o f  
s p e c ie s  use  i s  p robably  due to  s e v e ra l f a c to r s .  F i r s t ,  th e  in h e re n t b ia s  o f 
th e  d a t a  b a se  i s  in  f a v o r  o f  d a ta  t h a t  have s i g n i f i c a n t  r e g u la to r y  
re lev an ce . Secondly, re se a rc h e rs  have fa v o re d  th o s e  few  s p e c ie s  t h a t  have 
s ta g e s  th a t  a re  e i th e r  e a s i ly  o b ta in a b le  from th e  f i e l d  (_i.e. Palaem onetes 
p u g io , C an cer i r r o r a t u s ) ,  w hich  can be s u c c e s s f u l ly  c u l tu r e d  in  th e  
l a b o r a to r y  (_i._e. M y s id o p s is  b a h ia ) ,  o r  w h ich  a r e  e c o n o m ic a lly  im p o r ta n t  
(ji.e . H om arus a m e r ic a n u s , C a l l i n e c t e s  s a p id u s , P enaeus duodarum ). The 
g r e a te s t  number o f  reco rd s i s  f o r  th e  m ysid, M ysidopsis b a h ia , which i s  one 
o f  th e  e a s i e s t  m a rin e  c r u s ta c e a n s  to  m a in ta in  in  l a b o r a to r y  c u l tu r e  f o r  
prolonged p e r io d s  o f  tim e (Nimmo e t  a l . ,  1980).

W e lls  (1984) h a s  p re s e n te d  a  c l e a r ,  c o n c is e  re v ie w  o f  th e  t o x i c i t y  
t e s t  m ethods u se d  w ith  th e  e a r l y  l i f e - h i s t o r y  s t a g e s  o f  m a c ro c ru s ta c e a n s  
which w i l l  no t be rep ea ted  he re .
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Table I .  Summary o f  th e  m arine m acrocrustacean  ta x a  most f re q u e n tly  u t i l i z e d  
in  e c o to x ic o lo g ic a l te s t in g

Family S pecies Frequency

Mysidae M ysidopsis a lm yra 1
M. b ah ia 85
M. bigelow i 7
Neomysis am ericana 8
N. aw a tsch en sis 1

Palaemonidae Palaemon ad sp e rsu s 3
P. m acrodacty lus 13
Palaem onetes pug io 54
P. v u lg a r is 24

Penaeidae Penaeus a z te c u s 6
P. duodarum 32
P. s e t i f e r u s 3
P. s t y l i r o s t r i s 7

C anceridae Cancer i r r o r a t u s 23
C. m agister 19
C. p roductus 1

P ortun idae C a ll in e c te s  sap id u s 24
C arcinus maenas 14

Nephropsidae Homarus am ericanus 23

T o ta ls  : 6 (35) $ 19 (36) % 358 (74) %

W ith in  th e  m a c ro c ru s ta c e a n s , t h e r e  a re  s e v e r a l  developm ental s tag es  
commonly used f o r  to x ic o lo g ic a l  te s t in g .  In  g en e ra l, th e  c ru s tacean  l i f e -  
h i s t o r y  f o l lo w s  a  p a t t e r n  fro m  egg and em bryon ic  s t a g e s  th ro u g h  l a r v a l ,  
( u s u a l ly  p la n k to n ic )  t o  j u v e n i l e  and f i n a l l y  a d u l t  s t a g e s .  B etw een  th e  
l a r v a l  and ju v e n ile  s ta g e s , many c ru s ta c e a n s  undergo a  m etam orphosis th a t  in  
some sp e c ie s  ( i .e .  brachyuran crabs) i s  q u i te  pronounced. Prom th e  range of 
p o ss ib le  l i f e  s ta g e s , on ly  la rv a e , ju v e n i le s  and a d u lts  were used w ith  some 
fre q u e n c y  (T a b le  I I ) .  The ju v e n i l e  s t a g e  a ls o  in c lu d e s  e a r l y  p o s t -  
m etamorphic s ta g e s  and embryonic s ta g e s  f o r  tho se  f a m il ie s  ( i .e .  Mysidae) 
w here th e  l a r v a l  s t a g e s  a r e  brooded  u n t i l  r e l e a s e .  In  t h i s  c a se , th e  
ju v e n ile  s ta g e , l i k e  th e  l a r v a l  s ta g e s  in  many o ther c ru s tacean s  sp e c ie s , i s
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th e  f i r s t  l i f e  s ta g e  t o  be f r e e  o f  p a r e n t a l  c a r e  and p r o t e c t io n .  The tr e n d  
in  m arine c ru s tacean  to x ico lo g y  i s  to  em phasize t e s t i n g  th e  l a r v a l  s ta g e s  
( j u v e n i l e  s ta g e s  in  M ysidae) and to  t e s t  th e  e n t i r e  l i f e  c y c le  w ith  th o s e  
s p e c ie s  t h a t  can  be m a in ta in e d  in  th e  l a b o r a t o r y  (L a u g h lin  e t  a l . ,  1978 ; 
G e n t i le  je t a l . ,  1982). E x c e p tio n s  to  t h i s  t r e n d  a r e  th o s e  s t u d i e s  u s in g  
b e n th ic  i n f a u n a l  s p e c ie s  in  w h ich  i t  i s  n o t p r a c t i c a l  to  w ork w ith  l i f e  
s ta g e s  o th e r th an  l a t e  ju v e n ile s  and a d u l t s  (Sw artz, 1976).

Table I I .  L i f e - h is to r y  s ta g e s  and freq u en cy  o f  use  in  e c o to x ic o lo g ic a l 
t e s t in g

L ife  s ta g e Frequency

Larvae 88
Megalops 11
Ju v e n ile s 96
A dults 248

Table I I I .  B i o l o g i c a l  r e s p o n s e s  and  f r e q u e n c y  o f  u s e  in  
e c o to x ic o lo g ic a l t e s t i n g  w ith  c ru s tacean s

Response Frequency

M o rta lity 344
P h y s io lo g ic a l p ro cesses 61
B ioaccum ulation 44
Behavior 24
R eproduction 23
H istopa tho logy 7
P opula tion 6
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F i n a l l y ,  th e  t o x i c o l o g i c a l  e n d p o in ts  o b se rv ed  w itn  c r u s ta c e a n s  w ere 
num erous. T ab le  I I I  p ro v id e s  a  l i s t i n g  o f  th e  b road  c a t e g o r i e s  and t h e i r  
f re q u e n c y  o f  a p p e a ra n c e  in  th e  exam ined  d a ta  b a s e s .  As m ig h t be e x p e c te d , 
m o r ta l i ty  (both  acu te  and chronic) was th e  most o f te n  observed to x ic o lo g ic a l 
e f f e c t .  The p h y s io lo g ic a l ca teg o ry  c o n s is ts  o f such endpo in ts as  development 
r a t e ,  m o lt in g  s u c c e s s ,  g ro w th , r e s p i r a t i o n  r a t e ,  f e e d in g  r a t e ,  and 
b io lo g ic a l  e n e rg e tic s .

B io e n e r g e t ic  a n a ly s e s  (Jo h n s  and  P e c h e n ik , 1980 ; Capuzzo and 
L an caste r, 1981 ; McKenney, 1982ab ; Johns__and M ille r , 1982) and popu la tion  

r e s p o n s e s  ( G e n t i l e  _et a l . ,  1 9 8 2 ) h a v e  b e e n  e m p h a s iz e d  in  r e c e n t  
ec o to x ic o lo g ic a l t e s t in g  s t r a te g ie s  s in c e  both a re  in te g ra t iv e  p re d ic to rs  o f 
p o p u la tio n  e f f e c ts .  B io e n e rg e tic s  i s  a  p h y s io lo g ic a l approach to  a s se s s  an 
organism 's h e a lth  m easuring th e  p h y s io lo g ic a l and b iochem ical in te g ra t io n  o f 
energy up take and u t i l i z a t i o n  by th a t  organism . T his endpoint i s  u se fu l as 
an i n d i r e c t  p r e d i c t o r  o f  p o p u la t io n  e f f e c t s  s in c e  changes in  e f f i c i e n t  
e n e rg y  u p ta k e  and u t i l i z a t i o n  w i l l  im p a c t  p o p u la t io n  s t r u c t u r e  th ro u g h  
a l t e r a t i o n s  o f  g ro w th , m a tu r a t io n ,  and r e p r o d u c t io n  r a t e s  ( G i l f i l l a n  and 
Vandermeulen, 1978). P o p u la tio n  en d p o in ts , and in t r i n s i c  r a te  o f  popu la tion  
grow th in  p a r t ic u la r ,  a re  p re d ic t iv e  m easures o f th e  im pact o f  p o l lu ta n ts  to  
p o p u la tio n  h e a lth .

SHORT-TERM FHH)ICTCRS OF CHRCHIC RESPONSE

The m y s id  s h r im p ,  M y s id o p s i s  b a h i a , w as i d e n t i f i e d  f ro m  th e  
t o x i c o l o g i c a l  d a ta  b a s e s  a s  th e  m ost f r e q u e n t l y  u t i l i z e d  c r u s ta c e a n  in  
m arine to x ic i ty  t e s t in g  (Table I I ) .  I t  i s  easy to  c u l tu re  and handle , and i s  
s e n s i t iv e  to  a  wide range o f  to x ic a n ts . I t s  sh o r t  l i f e  cy c le  (25 days a t  15 
°C) which makes i t  id e a l ly  s u i te d  fo r  ch ro n ic  te s t in g .  These a t t r i b u t e s  have 
le d  t o  th e  w id e sp re a d  u s e  o f  t h i s  s p e c i e s  in  e c o to x ic o lo g ic a l  t e s t i n g  
program s s p e c i f ic a l ly  designed to  a d d re s s  th e  r e l a t i o n s h i p  b e tw een  s h o r t -  
and long -te rm  e f f e c ts .

We have chosen  to  ex am in e  th e  r e l a t i o n s h i p  b e tw een  th e  a c u te  and 
ch ron ic  to x ic i ty  f o r  M. b a h ia  o f 23 o rg an ic  and in o rgan ic  compounds (LC50s 
range from 0.015 fo 1 500 p g .l -  ̂ ) to  m ysids to  determ ine i f  d a ta  from acu te  
l e t h a l i t y  t e s t s  can be used to  p r e d ic t  ch ro n ic  to x ic i ty .  D ata analyzed from 
each 28-day l i f e - c y c le  to x i c i t y  t e s t  in c lu d ed  acu te  m o r ta l i ty  (96 h LC50), 
c h ro n ic  m o r t a l i t y  d e te rm in e d  a s  th e  lo w e s t  c o n c e n t r a t io n  p ro d u c in g  a
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s t a t i s t i c a l l y  (P = 0.05) s ig n i f ic a n t  in c re a se  in  m o r ta l i ty  compared to  th e  
c o n t r o l  a f t e r  2 8 -d a y s  e x p o su re , and c h r o n ic  r e p ro d u c t io n  d e f in e d  a s  th e  
lo w est co n cen tra tio n  causing  a  s t a t i s t i c a l l y  (P = 0.05) s ig n i f ic a n t  decrease 
in  r e p r o d u c t io n  com pared to  th e  c o n t r o l  a f t e r  2 8 -d a y s  ex p o su re  to  th e  
t o x i c a n t .  U sin g  th e  n a tu r a l  lo g a r i th m s  o f  th e s e  d a ta ,  l i n e a r  r e g r e s s io n  
m odels w ere f i t  by th e  l e a s t  s q u a re s  m ethod to  d e f in e  th e  r e l a t i o n s h i p  
betw een acu te  m o r ta l i ty  (Ali), defined  as  th e  dependent v a r ia b le , and ch ron ic  
m o r ta l i ty  (CM) and chronic  rep ro d u c tio n  (CR), as dependent v a r ia b le  (S uter 
e t  a l . ,  1985). A th i r d  r e l a t i o n s h i p ,  c h ro n ic  m o r t a l i t y  (CM), a s  th e  
in d e p e n d e n t v a r i a b l e ,  was com pared to  c h ro n ic  r e p ro d u c t io n  (CR) a s  th e  
d ep en d en t v a r ia b le .

Although we have chosen a  ch ron ic  e f f e c t  co n cen tra tio n  as  our dependent 
v a r ia b le  in  th e  a n a ly s is  o f  th e s e  r e la t io n s h ip s ,  we can p re d ic t  a  n o -e f fe c t  
c o n c e n t r a t io n  (d ep en d en t v a r i a b l e )  s im p ly  by d iv id in g  by a  f a c t o r  o f  2 .0 . 
G en era lly , th e  n o -e f fe c t  c o n c e n tra tio n  f o r  ch ron ic  m o rta li ty  + rep roduction  
occurs a t  0 .5  of th e  e f f e c t  c o n c e n tra tio n .

The r e l a t i o n s h i p  b e tw een  a c u te  m o r t a l i t y  and c h ro n ic  m o r t a l i t y  i s  
p resen ted  in  P ig . 1. The equation  fo r  t h i s  r e la t io n s h ip  i s  In  (CM) = 0.889 + 
0.985 In  (AM), which has a  c o e f f ic ie n t  o f  d e te rm in a tio n  ( r2 ) o f 0.938. Prom 
t h i s  r e g r e s s io n  one can c a l c u l a t e  th e  u p p e r and lo w e r  95 % c o n f id e n c e  
i n t e r v a l  e s t im a te s  f o r  th e  mean p r e d ic te d  v a lu e s .  U sin g  t h i s  m odel, th e  
p re d ic te d  mean chronic  m o r ta l i ty  v a lu es  were w ith in  a  f a c to r  o f  2.0 o f  th e  
a c tu a l  ch ron ic  m o rta li ty  v a lu es  f o r  19 o f 23 compounds compared. The extrem e 
was a  f a c t o r  4 .8  f o r  th e  p e s t i c i d e  E th o p ro p . S u b s t i t u t i n g  a c u te  m o r t a l i t y  
v a lu e s  i s  t h i s  e q u a tio n  r e s u l t s  in  mean p r e d ic te d  c h ro n ic  v a lu e s  t h a t  a r e  
0 .38 t im e s  th e  a c u te  v a lu e ,  o r  in  a  r a t i o n  b e tw een  a c u te  m o r t a l i t y  and 
p r e d ic te d  c h ro n ic  m o r t a l i t y  f o r  M. b a h ia  o f 2 .6 . th e  c o n f id e n c e  i n t e r v a l  
around th i s  p re d ic tio n  w i l l  be a  fu n c tio n  o f  th e  a c u te  m o r ta l i ty  va lue  and 
i t s  p o s i t io n  a long  th e  curve s in c e  th e  confidence in te r v a ls  a re  narrow est 
around th e  median acu te  to x ic i ty  v a lu es  and w id es t a t  e i th e r  extrem e.

S im i la r  a n a ly s i s  was co n d u c te d  to  com pare th e  r e l a t i o n s h i p  b e tw een  
acu te  m o r ta l i ty  and ch ron ic  rep ro d u c tio n  (P ig . 2). The equation  d e sc r ib in g  
t h i s  r e l a t i o n s h i p  i s  In  (CR) = 1.386 + 0.965 In  (AM) w i th  a  c o e f f i c i e n t  o f  
d e te rm in a tio n  ( r2 ) o f 0.873* T h is  model accoun ts f o r  87 % o f th e  v a r ia b i l i ty  
o f  th e  d a ta  s e t s  and p re d ic ts  th e  mean ch ron ic  rep ro d u c tiv e  value  w ith in  a  
f a c t o r  o f  2.0 o f  th e  a c t u a l  m easured  v a lu e  f o r  16 o f  th e  23 compounds 
s tu d ie d . On th e  rem ain ing  s ix  compounds, fou r p re d ic te d  chronic  rep ro d u ctiv e
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F ig . 1 . L in ea r re g re ss io n  model o f  th e  acu te  m o r ta l i ty  (96 h LC50) and 
2 8 -d ay  c h ro n ic  m o r t a l i t y  o f  M y sid o p s is  b a h ia  exposed  to  23 
o rgan ic  and in o rg an ic  compounds described  by th e  equation  
ln(CM ) = - 0 .8 8 9  + 0 .9 8 5  ln(AM ) w i th  a  c o e f f i c i e n t  o f  
d e te r m in a t io n  (r^ ) o f  0.938.

5 -2

_)-6
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L N C H O N I C  M O R T A L I T Y  ( / / g . l ’1)

F ig . 2 . L in ea r re g re ss io n  model o f  th e  acu te  m o r ta l i ty  (96 h LC50) and 
th e  28 -d ay  c h ro n ic  e f f e c t  on th e  r e p r o d u c t io n  o f  M y sid o p s is  
b a h ia  exposed to  23 o rganic  and in o rg an ic  compounds described  
by  t h e  e q u a t i o n  ln (C R ) = -1 .3 8 6  + 0 .965  ln(AM ) w i th  a
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L N  A C U T E  M O R T A L I T Y  ( > / g . l ' 1)

P ig . 3* L in ear re g re s s io n  model o f  th e  ch ron ic  m o r ta l i ty  and th e  
ch ro n ic  e f f e c t  on th e  re d u c tio n  o f M ysidopsis b a h ia  exposed to  
23 o rg a n ic  and in o rg a n ic  com pounds d e s c r ib e d  by th e  e q u a tio n  
ln (C R ) = -0 .3 8 7  + 0 .9 4 3  ln(C M ) w i t h  a  c o e f f i c i e n t  o f  
d e te rm in a tio n  o f 0.965«

v a lu e s  a r e  w i th in  a  f a c t o r  o f  5 .0 , th e  p e s t i c i d e ,  D im il in  was 6 .7 , and th e  
m ost e x tre m e  v a lu e  was 1 5*2 f o r  th e  h eav y  m e ta l le a d . S u b s t i t u t i n g  a c u te  
m o r t a l i t y  v a lu e s  i n  t h i s  m odel g iv e s  mean p re d ic te d  ch ro n ic  rep ro d u c tiv e  
v a lu e s  t h a t  a r e  0.21 t im e s  th e  a c u te  m o r t a l i t y  v a lu e . T h is  g iv e s  an a c u te  
m o r ta l i ty  to  ch ro n ic  rep ro d u c tiv e  e f f e c t  r a t i o  o f  4.7 fo r  which a p p ro p ria te  
confidence l i m i t s  can be c a lc u la ted .

The re la t io n s h ip  betw een ch ron ic  m o r ta l i ty  and ch ro n ic  rep roduction  i s  
i l l u s t r a t e d  in  P ig . 3. The equation  d e s c r ib in g  t h i s  r e la t io n s h ip  i s  
I n  (CR) = -0 -387  + 0.943 In  (CM) w ith  a  c o e f f i c i e n t  o f  d e te r m in a t io n  ( r 2 ) 
o f  0.965. T his model s a t i s f a c t o r i l y  accoun ts fo r  96 # o f th e  v a r i a b i l i t y  in  
th e  d a t a  s e t s ,  and p r e d i c t s  a  mean v a lu e  f o r  c h ro n ic  r e p r o d u c t io n  t h a t  i s  
w ith in  a  f a c to r  o f 2.0 o f  th e  a c tu a l  measured ch ro n ic  re p ro d u c tiv e  value fo r  
16 o f  th e  23 compounds com pared . P o u r o f  th e  re m a in in g  s i x  p r e d ic te d  
re p ro d u c tiv e  v a lu e s  a re  w ith in  a  f a c to r  o f  3*0 w h ile  th e  p e s t ic id e ,  D im ilin , 
a t  11.1 and th e  heavy m eta l le ad , a t  20.6 re p re se n t th e  ex trem es. This model 
a lso  p re d ic ts  t h a t  on th e  average, re p ro d u c tiv e  e f f e c t s  w i l l  be expected to
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occur a t  c o n c e n tra tio n s  o n e -h a lf  o f th o se  r e s u l t in g  in  long-term  le th a l i t y ,  
in d ic a t in g  ch ro n ic  rep ro d u c tio n  i s  a  m ore s e n s i t i v e  re sp o n se  th a n  c h ro n ic  
m o r t a l i t y  by a  f a c t o r  o f  2.0. As w ith  t h e  o th e r  c o m p a riso n s , t h i s  model 
a llo w s th e  c a lc u la t io n  o f  a p p ro p ria te  co n fid en ce  in te r v a ls  fo r  th e  p red ic ted  
re p ro d u c tiv e  value.

A p r in c ip a l  assum ption in  r i s k  and h aza rd  assessm ent s t r a te g ie s  i s  th a t  
th e re  i s  fu n c tio n a l r e la t io n s h ip  between v a rio u s  measures o f to x ic o lo g ic a l 
re sp o n se  w h ich  i s  b o th  p r e d i c t a b l e  and q u a n t i f i a b l e .  The a n a ly s i s  o f  th e  
to x i c o l o g i c a l  d a ta  b a s e s  f o r  M. b a h ia  u s in g  th e  m odels d ev e lo p ed  above 
dem onstra te  th a t  we can o fte n  p re d ic t  c h ro n ic  e f f e c t s  from acu te  l e th a l i t y  
d a ta  f o r  u n te s te d  c h e m ic a ls  w ith  an a c c e p ta b le  l e v e l  o f  c o n f id e n c e . The 
p r e d ic te d  c h ro n ic  v a lu e s  when cou p led  w i th  th e  p r e d ic te d  e n v iro n m e n ta l 
c o n c e n tra tio n s  o f  th e  p o llu ta n t  p erm it an  i n i t i a l  assessm ent o f  r is k . While 
th e  a p p lic a t io n  o f  th e se  models in  th e  i n i t i a l  s ta g e  o f  hazard assessm ent 
can l i m i t  th e  need f o r  t e s t i n g ,  th e  m odel m ust n o t to  be c o n s tru e d  a s  a  
rep lacem ent fo r  ch ro n ic  t e s t in g  n e c e ssa ry  in  th e  d e f in i t iv e  s ta g e s  o f r is k  
a n a ly se s .

COMPARATIVE SPECIES AND RESPONSE SHJSIT1VITY

There a re  two concepts which r e la te  d i r e c t ly  to  th e  in te r p r e t iv e  and 
p re d ic t iv e  value  o f  e c o to x ic o lo g ic a l t e s t s .  F i r s t ,  i t  i s  necessary  to  d e fin e  
and ev a lu a te  w ith in  th e  same sp e c ie s  th e  value o f su b le th a l p h y s io lo g ic a l 
and b e h a v io r a l  p a ra m e te r s  t h a t  p r e d i c t  a l t e r a t i o n s  in  e n d p o in ts  such  as 
s u r v iv a l ,  g ro w th , and r e p r o d u c t io n  w h ic h  h a v e  i n d i r e c t  p o p u l a t i o n  
s i g n i f i c a n c e .  S econd , we need  to  ex am in e  th e s e  r e l a t i o n s h i p s  f o r  s e v e r a l  
s p e c ie s  and c la s s e s  o f  compounds to  q u a n t i ta t iv e ly  determ ine th e  e x te n t o f 
a p p l ic a b i l i ty  o f  th e  d a ta  a c ro ss  s p e c ie s  + compounds. To accom plish th i s  
re q u ire s  an a p p ro p r ia te  d a ta  base where m u lt ip le  responses a re  measured in  
th e  same experim ent on th e  same sp ec ie s  and w ith  th e  same to x ic a n t . S tu d ies  
t h a t  m eet th e s e  c r i t e r i a  a r e  l i m i t e d ,  p a r t l y  b e c a u se  t h e r e  a r e  so  few  
c ru s tacean s  fo r  which l i f e - c y c le  exposure c a p a b i l i t i e s  have been developed, 
and c o s t o f  conducting  lo n g -te rm  m u ltip a ram e te r  t e s t s  i s  o ften  p ro h ib itiv e . 
For th e  p u rp o se s  o f  t h i s  re v ie w , we h av e  chosen  d a ta  s e t s  on th e  m ysid 
shrim p, M. b a h ia , and th e  g ra ss  shrim p, P. pugio, exposed to  th e  p e s t ic id e s  
Endrin and Carbophenothion.
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Table IV. Comparison o f endpo in t and s p e c i e s  s e n s i t i v i t y  f o r  M y sid o p sis  
b a h ia  and P a la e m o n e te s  p u g io  c h r o n ic a l ly  exposed  to  E n d rin  
co n cen tra tio n s  a r e  ;u g .l .

Response M. b ah ia”'
1 '  ^ S i o 2

S u rv iv a l .1 2 0 f
.060

• 380®- 
.110b

R eproduction
Spawning delay — .030
Number o f ju v e n ile s  p er fem ale .060 —
t o t a l  number o f  ju v e n ile s .030 .030
P ercen tage o f  ovigerous fa n a le s .015 .050

P h y s io lo g ic a l p ro cesses
R e sp ira tio n .108 —
Net growth e f f ic ie n c y .030 —
E x cre tio n .030 —
0:N r a t io .030 —

Growth
Lenght — .100
Dry weight .060 .050
Growth ra te .060 —

MATC >7.0<15 >15<30

f9 6  h LC50
^Chronic (> 28 day) m o r ta l i ty  s ig n i f i c a n t ly  d i f f e r e n t  (P = 0 .05) 
^McKenney (1982a)

T yler-S chroeder (1979)

McKenney (1982a) measured th e  p h y s io lo g ic a l, rep ro d u c tiv e , grow th, and 
s u rv iv a l  p a t te rn s  o f  M. b a h ia  c h ro n ic a lly  exposed throughout an e n t i r e  l i f e  
c y c le  to  E n d r in , w h ile  T y le r -S c h ro e d e r  (1979) a n a ly z e d  a  s i m i l a r  s u i t e  o f  
responses w ith  P. pugio a ls o  exposed to  Endrin . R e su lts  from th e se  s tu d ie s , 
(T a b le  IV ), i n d i c a t e  a  g r e a t  d e a l  o f  s i m i l a r i t y  b o th  in  th e  a b s o lu te  
s e n s i t i v i t y  o f th e  two sp e c ie s  to  E ndrin and in  th e  r e la t iv e  s e n s i t iv i ty  o f 
th e  b i o l o g i c a l  p a ra m e te r s  m easu red . The c o n c e n t r a t io n s  c a u s in g  a c u te  and 
ch ron ic  m o r ta l i t ie s  o f th e  M. b a h ia  and P. pugio were w ith in  a  fa c to r  o f two 
'and th re e  re sp e c tiv e ly . S u b le th a l p h y s io lo g ic a l responses o f M. bah ia  such 
as n e t  g ro w th  e f f i c i e n c y ,  e x c r e t io n ,  and 0:N r a t i o  w ere  co m p arab le  in
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s e n s i t i v i t y  to  rep ro d u c tio n , w h ile  r e s p i r a t io n  was o f  s im ila r  in  s e n s i t iv i ty  
to  m easures o f acu te  m o r ta l i ty . The m ost s e n s i t iv e  in te g ra t iv e  response o f 
M. b a h ia  was r e p r o d u c t io n  ( s p e c i f i c a l l y ,  th e  p e rc e n ta g e  o f  o v ig e ro u s  
f e m a ls ) .  R e p ro d u c tio n  w as a l s o  th e  m o s t s e n s i t i v e  re sp o n se  o f  P. p ug io  
exposed  t o  E n d rin . In  b o th  s p e c ie s ,  c o n c e n t r a t io n s  a f f e c t i n g  g ro w th  w ere  
s i m i l a r  t o  th e s e  a f f e c t i n g  c h ro n ic  s u r v i v a l .  The c h ro n ic  v a lu e  ( th e  
g e o m e tr ic  mean o f  th e  h ig h e s t  n o - e f f e c t  c o n c e n t r a t io n ,  7 .0  pig. I “ ”' and th e  
lo w est e f f e c t  co n c e n tra tio n , 15 .pg.l-1 ) f o r  E ndrin  w ith  M. bah ia  was 10.2 
pLg.l-  ̂ F o r P. p u g io , th e  c h ro n ic  l i m i t s  o f  15 and 30 p ig .l-  ̂ r e s u l t  in  a  
ch ro n ic  va lu e  o f 21.2 ptg.l- ”'.  The d a ta  in d ic a te  t h a t  th e  ch ron ic  s e n s i t i v i t y  
o f  M. b a h ia  to  E n d rin  i s  tw ic e  t h a t  o f  P . p u g io . The r e l a t i o n s h i p  b e tw een  
a c u te  and c h ro n ic  t o x i c i t y  ( a c u te  : c h r o n ic  r a t i o )  i s  11.8 and 17-9 f o r  M. 
b a h ia  and P. p u g io  r e s p e c t i v e l y .  When one c o n s id e r s  th e  i n t e r l a b o r a t o r y  
v a r i a b i l i t y  in  a c u te  and c h ro n ic  t e s t  m ethods, th e s e  d i f f e r e n c e s  a re  
p robably  n e ith e r  s t a t i s t i c a l l y  nor b io lo g ic a l ly  s ig n i f ic a n t .

Table Y. Comparison o f  endpoin t and s p e c ie s  s e n s i t i v i t y  f o r  M ysidopsis b a h ia  
and P a la e m o n e te s  p u g io  c h r o n ic a l ly  exposed  to  C a rb o p h en o th io n  
(USEPA, 1981) (C o n cen tra tio n s  a re  p g .l  )

Response M. b a h ia P . pugio

S u rv iv a l 3 «Of 2 .9 f
3-0b 2.9

Reproduction N .S .C 0.36
Number o f  ju v e n ile s  p e r  fem ale 4.1 N.S.
T o ta l number o f  ju v e n ile s 4.1 N.S.
P ercen tage o f ovigerous fem ales N.S. 0.36

Behavior 1.9 —

Growth
Lenght 1.2 —
Dry w eight — N.S.

MATC >0.48<1 .2 >0.22<0.36

h LC50
bC h ro n ic  (> 28 day) m o r t a l i t y  s i g n i f i c a n t l y  d i f f e r e n t  fro m  c o n t r o l s  
°Not s ig n i f ic a n t
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I n  an a n a lo g o u s  s tu d y  (USEPA, 1981) a  v a r i e t y  o f  re s p o n s e s  w ere 
m easu red  in  M. b a h ia  and P. p u g io  c h r o n i c a l l y  exposed  to  th e  p e s t i c i d e  
Carbophenothion (Table V). There w ere  no q u a n t i t a t i v e  d i f f e r e n c e s  betw een  
th e  a c u te  m o r t a l i t y  and c h ro n ic  m o r t a l i t y  v a lu e s  (3*0 p g . l “  ̂ ) f o r  e i t h e r  
s p e c ie s .  The m ost s e n s i t i v e  re sp o n se  m easu red  f o r  M. b a h ia  was g row th  
( le n g th )  and f o r  P. p u g io , r e p r o d u c t io n .  C o n v e rse ly , r e p ro d u c t io n  in  M. 
b a h ia  w as n o t a f f e c t e d  by C a rb o p h e n o th io n  a t  e x p o su te  c o n c e n tr a t io n s  
p ro d u c in g  c h ro n ic  m o r t a l i t y .  B e h a v io r , m easu red  o n ly  w i th  M. b a h ia , was 
a f f e c t e d  a t  1 .9 ;u g .l_ ’' w hich  i s  s i m i l a r  t o  th e  c o n c e n t r a t io n  ( l .2 ¿ i g . l - 1 ) 
th a t  im paired  growth. U nlike M. b a h ia , g row th  (dry  w eight) o f  P. pugio , did 
n o t  v a ry  s i g n i f i c a n t l y  a t  th e  c o n c e n t r a t io n s  t e s t e d .  T h is  em p h asizes  th e  
h ig h ly  s p e c i f ic  and u n p re d ic ta b le  n a tu re  o f  th e  responses betw een th e  two 
s p e c ie s  to  t h i s  chem ical. Prom th e se  d a ta , ch ro n ic  Carbophenothion values 
o f  0.75 Mg*l-  ̂ w ere c a lc u l a t e d  f o r  M. b a h i a  and 0.28 pig-1-  ̂ f o r  P* p u g io . 
The a c u te  : c h ro n ic  r a t i o  f o r  M. b a h ia  and P. p u g io  a r e  4 .0  and 10.4 
r e s p e c t i v e l y .  The r e s u l t s  o f  t h i s  s tu d y  s u g g e s t  t h a t  P. p u g io  i s  2.5 t im e s  
m ore s e n s i t i v e  t o  C a rb o p h en o th io n  th a n  M. b a h ia  b u t  th e  b i o l o g i c a l  and 
s t a t i s t i c a l  s ig n if ic a n c e  o f  t h i s  d if f e re n c e  i s  d i f f i c u l t  to  a s se s s  s in ce  no 
v a r ia n c e  e s tim a te s  fo r  th e  t e s t s  a re  a v a ila b le .

In  summary, s tu d ie s  on th e se  ch em ica ls  lead  to  th e  fo llo w in g  te n ta t iv e
c o n c lu s io n s .  P o r M. b a h ia  and P. p u g io , t h e  d i f f e r e n c e s  in  a c u te  + c h ro n ic

•
s e n s i t i v i t y  o f  th e s e  s p e c ie s  to  th e  sam e compound i s  w i th in  a  f a c t o r  o f  3 
even  th o u g h  th e  m ost s e n s i t i v e  e n d p o in t  d i f f e r e d  (_e._g. r e p ro d u c t io n  and 
grow th). The d if fe re n c e s  in  s e n s i t i v i t y  betw een sp e c ie s  i s  co n sid e rab ly  le s s  
th an  th a t  betw een compounds. W hile i t  may be d i f f i c u l t  to  a  p r io r i  p re d ic t 
w h ich  b i o l o g i c a l  r e s p o n s e  (e .g . p h y s io lo g ic a l ,  g ro w th , e tc . )  w i l l  be th e  
m ost s e n s i t i v e  to  a  g iv e n  t o x i c a n t ,  r e p r o d u c t io n ,  s u r v i v a l ,  and g row th  
c o n s i s t e n t l y  d e te rm in e  th e  c h ro n ic  v a lu e .  F i n a l l y ,  th e  d i f f e r e n c e s  in  
s e n s i t i v i t y  b e tw een  m easu res  o f  s u r v i v a l ,  g ro w th , and r e p ro d u c t io n  a re  
g e n e r a l l y  w i th in  a  f a c t o r  o f  2 -  3 w i th in  a  s p e c ie s .  P r e v io u s ly  d is c u s s e d  
com parisons o f  ch ron ic  rep ro d u c tio n  and ch ro n ic  m o r ta l i ty  f o r  23 compounds 
w i th  M. b a h ia  in d ic a te d  t h a t  c h ro n ic  r e p r o d u c t io n  was 2.0 t im e s  more 
s e n s i t iv e  a  response th an  m o r ta l i ty . Thus, e c o to x ic o lo g ic a l t e s t in g  should 
co n tin u e  to  focus on s u rv iv a l , grow th and rep ro d u c tio n  fo r  b a se lin e  chronic  
d a ta  and c o n t in u e  to  t e s t  th e  a p p l i c a b i l i t y  o f  n o n le th a l ,  s h o r t - te r m  
resp o n ses  as  p re d ic to rs  o f  ch ro n ic  e f f e c ts .
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Another approach to  determ in ing  th e  in te r p r e t iv e  and p re d ic t iv e  v a lu e , 
o f  a  b io lo g ic a l  endpoint i s  th e  tim e needed fo llo w in g  i n i t i a l  exposure fo r  
d e t e c t io n  o f  a  s i g n i f i c a n t  change in  t h e  e n d p o in t  r e l a t i v e  to  c o n t r o l  
le v e ls .  The e a r l i e r  a  change, th e  b e t te r  an  endpoint may be in  p re d ic t in g  an 
e f f e c t ,  p r o v id in g  th e  e n d p o in t b e in g  m o n ito re d  h a s  some c o r r e l a t i o n  to  
o v e r a l l  o rg a n is m ic  h e a l th .  In  a  s tu d y  w ith  th e  l a r v a e  o f  th e  ro ck  c ra b  
C an cer i r r o r a t u s , Jo h n s  and M i l le r  (1982) i n v e s t i g a t e d  th e  changes in  
v a r io u s  p h y s io lo g ic a l  p a ra m e te rs  d u r in g  ex p o su re  t o  c h ro n ic  l e v e l s  o f 
c o p p e r (P ig . 4 ) . The p h y s io lo g ic a l  p a r a m e te r s  in c lu d e d  r a t e s  o f  f e e d in g ,

COMPARISON OF E N D P O IN T  SENSITIVITY FOR 
C A N C E R  I R R O R A T U S
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P ig . 4 . Comparison o f  th e  s e n s i t i v i t y  o f  m u ltip le  b io lo g ic a l  responses 
o f  l a r v a l  C ancer i r r o r a t u s  exposed to  co p p er and th e  w a te r -  
accommodated f r a c t io n  o f pe tro leum  hydrocarbons (from Johns and 
M ille r , 1982).
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r e s p i r a t io n ,  ammonia e x c re tio n , grow th, and developm ent. The p h y sio lo g ica l 
endpo in t to  f i r s t  show a  s ig n i f ic a n t  change r e la t iv e  to  c o n tro l va lues was 
ammonia- e x c r e t io n  r a t e .  O th e r p h y s io lo g ic a l  e n d p o in ts  (e .g . r e s p i r a t i o n  
r a t e ,  d ev e lo p m en t, and g row th) e x h ib i t e d  s i g n i f i c a n t  changes com pared to  
c o n tro l.  However, fo o d -in g e s tio n  r a te  w as u n a ffec ted  .exposure to  copper.

In  a  s im i la r  s tu d y  w ith  th e  w ater-accom m odated f r a c t io n  o f No 2 fu e l  
o i l  (Jo h n s  and P e c h e n ik , 1980), th e  o r d e r  in  w hich  th e  p h y s io lo g ic a l  
en d p o in ts  o f ro ck -c rab  la rv a e  were a f f e c te d  was d if f e r e n t .  R e sp ira tio n  ra te  
was th e  f i r s t  r e s p o n s e  t o  e x h ib i t  a  s i g n i f i c a n t  change r e l a t i v e  to  th e  
c o n tro l ,  o cc u rrin g  a t  7 days fo llo w in g  i n i t i a l  exposure. T h e rea fte r , food- 
in g e s t io n  r a t e  w as a f f e c t e d  a t  day 12, and g ro w th  a t  day 16. D evelopm ent 
r a te  was no t a f fe c te d  by exposure to  No. 2 fu e l  o i l .

D ata from th e se  s tu d ie s  dem onstrate  two im p o rtan t f a c t s  about th e  use 
o f  p h y s io lo g ic a l  e n d p o in ts  a s  m easu re s  o f  c h ro n ic  e f f e c t s .  One, n o t a l l  
p h y s io lo g ic a l  p a ra m e te r s  w i l l  be a f f e c t e d  by a  g iv e n  to x i c a n t .  F o o d - 
in g e s tio n  ra te ,  f o r  example, was no t a f fe c te d  by exposure to  copper w hile  i t  
was a f fe c te d  by th e  water-accommodated f r a c t io n  o f  No. 2 fu e l  o il.S eco n d ly , 
th e  o rd er in  which p h y s io lo g ic a l changes w i l l  occur and th e  tim e course of 
th e se  changes may be to x ic a n t s p e c if ic . The p h y s io lo g ic a l component a f fe c te d  
w i l l  l a r g e l y  depend upon th e  s p e c i f i c  a c t i v i t y  o f  th e  t o x ic a n t  and i t s  
g e n e r a l  e f f e c t  (_i._e. n eu ro to x ic , e tc ) .

F in a lly , one would be rem iss in  any review  o f  c ru stacean  tox ico logy  not 
to  in c lu d e  th e  c l a s s i c a l  s tu d ie s  on c rab  la rv a e  conducted by J.D. Costlow, 
J r . ,  C. G. B ookhout and t h e i r  c o -w o rk e rs  (C o stlo w  and B ookhout, 1962 ; 
C o s t lo w  e t  a l . ,  1 9 6 6 ) . H i s t o r i c a l l y  t h e i r  e a r l y  w ork  f o c u s e d  on 
developm ental b io lo g y , n u t r i t io n ,  and c u l tu re  requ irem en ts o f crab  la rv ae . 
T h is  r e s e a r c h  le d  t o  t h e  u s e  o f  v a r i o u s  d e v e lo p m e n ta l  p a r a m e te r s  
(d ev e lo p m en t r a t e ,  t im e ,  s u r v iv a l ) ,  a s  e n d p o in ts  f o r  b io a s s a y s .  I t  i s  n o t 
p o s s ib l e  in  t h i s  p a p e r  t o  re v ie w  th e  e x te n s iv e  l i t e r a t u r e  r e s u l t i n g  from  
th e s e  r e s e a r c h  e f f o r t s .  R a th e r ,  we have chosen  to  i l l u s t r a t e  th e  o v e r a l l  
theme o f  t h e i r  work by comparing la r v a l  s u rv iv a l  and developm ent r a te s  o f 
mud c ra b  (R h ith ro p a n o p e u s  h a r r i s i i ) l a r v a e  exposed  to  a  s e l e c t  g roup  o f 
chem icals (Table VI). R e su lts  o f th e se  s tu d ie s  in d ic a te  th a t  mud crab  la rv ae  
a r e  s e n s i t i v e  t o  a  w ide  ran g e  o f  p o l l u t a n t s .  M o r ta l i ty  due to  t o x ic a n t  
e x p o su re  a p p e a rs  to  o ccu r p r im a r i l y  d u r in g  th e  z o e a l s t a g e s ,  r a t h e r  th a n  
b e tw een  th e  m eg a lo p a  and c ra b  s t a g e .  T h is  i s  h ig h l ig h te d  by th e  f a c t  t h a t  
th e  EG50 f o r  m o r t a l i t y  t o  from  h a tc h in g  to  1 s t  c ra b  i s  n o t a p p re c ia b ly
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Table VI. Com parative s e n s i t i v i t y  o f  developm ental s ta g e s  f o r  the  
mud crab , R hithropanopeus h a r r i s i i  to  s e le c te d  chem icals.

Kepone^ D im ilin^ P araquat^ M ercuryi M ethocychlor^

S u rv iv a l8-
Hatch to  megalopa 72 2 .4 - 14.5 4 .2
Hatch to  crab 68 1.9 0 .9 18.0 5-8

Development tim e13
Hatch to  crab A+2.5 No change A +5.8 A +5.0 A +2.5

^Bookhout e t  a l . (1980)
^ C h ris tian se n  e t  a l .  (1978)
- 'B en ijts -C lau s  aridfPersoone (1975)
^McKenney and Costlow (1981 )
^Bookhout e t  a l . (1976)

f-Estimated I£50 v a lu es  ( u g . l - "' )
^Change r e la t iv e  to  c o n tro l (days)

d i f f e r e n t  from  th e  EC50 value  from  h a tc h in g  to  th e  megalopa s ta g e . In  f a c t ,  
a  review  o f th e  s ta g e  t o  s ta g e  m o r ta l i ty  d a ta  fo r  la rv a e  exposed to  th e  f iv e  
chem icals l i s t e d  in  Table VI in d ic a te  t h a t  most o f  th e  l a r v a l  dea th s  occur 
e a r ly  in  th e  developm ental sequence ( f i r s t  tw o z o e a l  s t a g e s ) .  D evelopm ent 
t im e  (from  h a tc h  to  1 s t  c ra b  s ta g e )  f o r  t h i s  s p e c ie s  may a l s o  be a  u s e f u l  
response param eter s in c e  l a r v a l  developm ent tim es  lengthened  w ith  in c re a se s  
in  to x ic a n t c o n c e n tra tio n  f o r  fo u r  o f  th e  f iv e  chem icals t e s te d .  The use o f 
c r a b  l a r v a e  i n  e c o l o g i c a l  t e s t i n g  w h i l e  t e c h n i c a l l y  f e a s i b l e  and  
e c o lo g ic a l ly  r e l e v a n t  i s  c u r r e n t l y  l i m i t e d  by th e  la c k  o f  t e s t  method 
s ta n d a rd iz a tio n  and sea so n a l a v a i l a b i l i t y  o f  t e s t  m a te r ia l.

TEST METHOD STARDARDIZATIdí AMD INTtííCALIffiATICií

The s ta n d a r d iz e d  and i n t e r c a l i b r a t i o n  o f  t o x i c o l o g i c a l  t e s t  m ethods 
w ith in  th e  U nited  S ta te s  has rece iv ed  grow ing a t te n t io n  as  th e  r e s u l t  o f th e  
Toxic Substances C on tro l Act (1976). The E n v iro n m e n ta l P r o t e c t io n  A gency 's 
O ffice  o f P e s t ic id e s  and Toxic S ubstances i s  req u ire d  by law to  recommend to  
chem ical m anufactures t e s t  g u id e l in e s  f o r  e v a lu a t in g  th e  t o x i c i t y  o f new 
c h e m ic a l p r o d u c ts .  T h ed a ta  fro m  th e s e  t e s t s  a r e  u sed  in  c o n ju n c t io n  w i th
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environm ental exposure in fo rm atio n  to  p r e d i c t  th e  p o t e n t i a l  e n v iro n m e n ta l 
r i s k  a s so c ia te d  w ith  th e  m anufacture, d i s t r ib u t io n ,  and use o f  th e  chem ical. 
The c o n f id e n c e  o f  th e s e  p r e d i c t i o n s  i s  b ased  on an u n d e r s ta n d in g  o f  th e  
p re c is io n  and v a r i a b i l i t y  o f  th e  d a ta  from  th e  t e s t  methods when conducted 
by p r iv a te  t e s t in g  la b o ra to r ie s .  To e v a lu a te  th e  p o t e n t i a l  r e l i a b i l i t y  o f  
such  a  t e s t i n g  s t r a t e g y ,  a  s e r i e s  o f  i n t e r l a b o r a t o r y  c o m p a riso n s  w ere 
co n d u c ted  on t e s t  m e th o d o lo g ie s  f o r  p h y to p la n k to n , copepods, m o llu sc a n  
la rv a e , mysid shrim p, and f is h e s .  This s e c tio n  w i l l  summarize th e  r e s u l t s  o f 
c ru s tacean  in te r  la b o ra to ry  c o m p a riso n s  f o r  an a c u te  t e s t  m ethod w ith  th e  
copepod , A c a r t i a  t o n s a , and b o th  a c u te  and c h ro n ic  t e s t  m ethods f o r  th e  
mysid shrim p, M ysidopsis bahia .

The m ethods em ployed by  th e  USEPA f o r  i n t e r l a b o r a t o r y  c a l i b r a t i o n  
s t u d i e s  p r e s c r ib e d  a  t e s t  m ethod in  t h e  fo rm  o f  a  s ta n d a rd  p r o to c o l ,  
u t i l i z i n g  th e  sam e s p e c ie s  and t o x i c a n t s .  P a r t ic ip a n ts  g e n e ra lly  included 
fo u r  p r iv a te  t e s t in g  la b o ra to r ie s  and two USEPA re se a rc h  la b o ra to r ie s . Each 
in te r c a l ib r a t io n  was m onitored f o r  com pliance w ith  good la b o ra to ry  p ra c t ic e  
(ASTM, 1980, 1983) and in  some s t u d i e s  random c h e m ic a l a n a ly s e s  w ere 
co n d u c ted  f o r  q u a l i t y  a s s u ra n c e .  The f o l lo w in g  i s  a  b r i e f  summary o f  th e  
r e s u l t s  o f  in te r c a l ib r a t io n  s tu d ie s  w ith  m arine cru stacean s .

A s t a t i c  a c u te  t o x i c i t y  i n t e r c a l i b r a t i o n  s tu d y  was co n d u c ted  a t  s i x  
la b o ra to r ie s  u s in g  a  m arine ca lan o id  copepod, A. to n sa , and th e  heavy m etal 
s i l v e r ,  and th e  p e s t ic id e ,  E ndosulfan (Schimmel, 1981). The r e s u l t s  (Table 
V II)  i n d i c a t e  t h a t  th e  d e g re e  o f  c o n c u rra n c e  b e tw een  th e  LC50 v a lu e s  from  
th e  p a r t i c i p a t i n g  l a b o r a t o r i e s  was a  f u n c t io n  o f  th e  p r o p e r t i e s  o f  th e  
c h e m ic a l t e s t e d ,  th e  a n a l y t i c a l  c a p a b i l i t i e s  o f  t h e  p a r t i c i p a t i n g  
l a b o r a t o r i e s  and th e  d e g re e  t o  w hich  th e  l a b o r a t o r i e s  ad h ered  to  th e  t e s t  
methods. For example, th e  in te r la b o ra to ry  v a r ia b i l i ty ,  as  r e f le c te d  in  the  
h ig h  : low  r a t i o  f o r  th e  ran g e  o f  LC50 v a lu e s  f o r  s t a t i c  t e s t s  was 2.8 f o r  
s i l v e r ,  and 15.0 fo r  Endosulfan. The v a r i a b i l i t y  observed w ith  E ndosulfan i s  
p robably  a t t r ib u ta b le  to  th e  use o f d i f f e r e n t  so lv e n ts  as  c a r r i e r s ,  and the  
u n p r e d i c t a b i l i t y  o f  s u r f a c e - s o r p t i o n  phenom enon u n d er s t a t i c  ex p o su re  
c o n d i t io n s .  The l a t t e r  c r e a te d  a  d is c re p a n c y  b e tw een  th e  t r u e  ex p o su re  
c o n c e n t r a t io n s  and th e  n o m in a l v a lu e s  u sed  in  th e  c a l c u l a t i o n  o f  th e  LC50 
v a lu e s . S i lv e r ,  on th e  o th e r  hand, i s  so lu b le  and s ta b le  in  seaw ater a t  the  
c o n c e n t r a t io n s  t e s t e d ,  r e s u l t i n g  in  a  c lo s e  c o rre sp o n d e n c e  b e tw een  th e  
n o m in a l and a c t u a l  e x p o su re  c o n c e n t r a t io n s ,  and c o n s e q u e n tly  g r e a t e r  
p re c is io n  in  th e  c a lc u la te d  IC50 values.
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Table V II. R e s u l ts  o f  th e  i n t e r l a b o r a t o r y  (N=6) co m p ariso n  o f  a c u te  
to x ic i ty  methods (Schimmel, 1981) ( ta b u la r  va lu es  a re  96 h 1/150 
M ë - 1 )

Compounds T est co n d itio n s

S ta t i c
Nominal

Flow -through
Nominal

Flow -through
Measured

M ysidopsis b ah ia

Endosulfan 
Mean I/C 50 
S.D.
Range
High/low r a t io

0.84 
0 .54 

0 .24 -  1.47 
6.1

1 .02  0.94 
0 .53 0.36

0 .36  -  1.77 0 .38  -  1.29
5 .2  3-4

S ilv e r  
Mean I/O 50 
S.D.
Range
High/low r a t io

210
56

117-264
2 .2

251
56

168-325
1 .9

A c a r t ia  to n sa

192
111

65-300
4 .8

E ndosulfan 
Mean LC50 
S.D.
Range
High/low  r a t io

o
o

o
in1K\OÓ

S i lv e r  
Mean I/C 50 
S.D.
Range.
High/low  r a t io

3 8 .5  
16.2 

23 .5  -  66 .0  
2 .8

A s i m i l a r  a c u te  t o x i c i t y  co m p ariso n  (S chim m el, 1981 ) was co n d u cted  
w i th  th e  m ysid  sh r im p , M. b a h ia , u s in g  th e  same s i x  l a b o r a t o r i e s  and 
t o x i c a n t s  (T ab le  V I I ). Two t e s t  c o n d i t io n s  w ere  com pared in  t h i s  s tu d y  to  
id e n t i f y  and a sse s s  th e  c o n t r ib u t io n  o f  p o t e n t i a l  s o u rc e s  o f  v a r i a b i l i t y .  
The v a r i a b i l i t y  in  t e s t  r e s u l t s  was a  fu n c tio n  o f t e s t  co n d itio n s  and has a 
d i r e c t  b ea rin g  on th e  p re d ic t iv e  confidence o f  th e  method. Comparison o f th e  
s t a t i c  and f lo w - th ro u g h  e x p o su re  t e s t i n g  modes f o r  each  o f  th e  compounds 
rev ea led  no apparen t d if fe re n c e s  in  th e  h igh : low r a t i o  (th e  range o f I/C50
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values) when based on nom inal c o n c e n tra tio n s . However, th e  use o f measured 
c o n c e n tra tio n s  increased  th e  v a r i a b i l i t y  f o r  th e  t e s t s  conducted w ith  s i lv e r  
bu t decreased  th e  v a r i a b i l i ty  w ith  E ndosulfan , r e f l e c t iv e  o f  th e  accuracy 
and p re c is io n  o f  a n a ly t ic a l  techn iques. The r e s u l t s  o f  t h i s  in te r c a l ib r a t io n  
s u g g e s t  t h a t  th e  a c u te  t e s t  m ethod u s in g  M. b a h ia  i s  r e l i a b l e ,  h as  
a c c e p tab le  p re c is io n , and should be conducted under measured, flow -through 
c o n d itio n s .

The f i n a l  c r u s ta c e a n  i n t e r c a l i b r a t i o n  study , a  whole l i f e - c y c le  t e s t  
w ith  M. b a h ia , was designed to  ev a lu a te  th e  p re c is io n  and re p ro d u c ib il i ty  o f 
c h r o n ic  r e s p o n s e s  ( s u r v iv a l  and r e p r o d u c t io n ) .  The fo rm a t was s i m i l a r  to  
t h a t  d is c u s s e d  f o r  th e  a c u te  s t u d i e s  and em ployed f lo w - th ro u g h  ex p o su re  
c o n d itio n s  w ith  measured exposure c o n c e n tra tio n s . Por s i l v e r  th e  range o f  
ch ro n ic  MATC v a lu es  was 15 to  85 p g .l-  ̂ r e s u l t in g  in  a  h igh : low ra t io n  of
5.7  (T a b le  V I I I ). S u r p r i s in g ly  t h i s  v a lu e  i s  n o t  t h a t  much h ig h e r  th a n  th e
4.8 re p o rte d  fo r  th e  acu te  t e s t .  When one c o n s id e rs  th e  in c reased  com plexity  
in  th e  b io lo g ic a l  response and th e  d u ra tio n  o f  exposure t h a t  c h a ra c te r iz e s  
th e  c h ro n ic  t e s t ,  such concurrance i s  re a ssu rin g . The frequency  o f m o r ta lity  
and rep ro d u c tio n  as response c r i t e r i a  was e q u a lly  d iv ided  f o r  s i lv e r  arnont 
th e  s ix  la b o ra to r ie s .

Table V I I I . R e s u l t s  o f  th e  i n t e r l a b o r a t o r y  (N = 6) co m p ariso n  o f  th e  
ch ron ic  to x ic i ty  methods f o r  M ysidopsis b a h ia  u s in g  s i lv e r  and 
Endosulfan (from USEPA, 1982)

S i lv e r Endosulfan

Mean 40 0.42
S.D. 31 0.22
Range 1 5 - 5 0.21 -  0.76
H igh/low  r a t i o 5 .7 3-6

The ran g e  o f  c h ro n ic  MATC v a lu e s  o f  0 .2 1 -0 .7 6  p g . l -  ̂ f o r  M. b a h ia  
exposed to  Endosulfan (Table V III), r e s u l t s  in  a  h igh  : low r a t i o  of 3-6. As 
w ith  th e  s i l v e r  t e s t ,  t h i s  r a t i o  i s  s im i la r  to  th e  3.4 r a t i o  observed in  the  
acu te  t o x ic i ty  t e s t s .  In  c o n tra s t ,  th e  predom inant response c r i t e r i a  used to  
d e r iv e  MATC v a lu e s  f o r  E n d o su lfa n  was c h ro n ic  m o r t a l i t y  w h ich  i s  no t 
unexpected fo r  t h i s  very  to x ic  p e s t ic id e .
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The in te r c a l ib r a t io n  t e s t s  w ith  m arin e  c ru s tacean s  have been su ccessfu l 
in  p ro v id in g  s c i e n t i s t s  and re g u la to rs  w i th  an e s t im a te  o f th e  v a r ia b i l i ty  
fo r  th e s e  ty p es  o f  e c o to x ic o lo g ic a l t e s t s .  This in fo rm a tio n  i s  necessary  fo r 
d e te r m in in g  th e  q u a l i t y  o f  d a ta  and f o r  p r o v id in g  and e s t im a te  o f  t h i s  
source o f  e r ro r .

Table IX. C om parison  o f  c o s t  e s t im a te  f o r  e c o to x ic o lo g ic a l  t e s t s  w ith  
c ru s tacean s

T est co n d itio n s

S t a t i c Plow-through
Nominal Measured

Acute 0 .8  -  1 .0  K 1 . 5 -  2 .0  K
Chronic ---- 10 -  15 K*
B ioaccum ulation ----- 10 -  20 K

*K = $ 1 000, 1983

The c o s t  o f  p e r fo rm in g  e c o to x ic o lo g ic a l  t e s t s  w ith  c r u s ta c e a n s  i s  a  
fu n c tio n  o f  th e  com plexity , d u ra tio n , and th e  chem ical support req u ired  fo r  
th e  t e s t  (Table IX). P low -through m easured t e s t  co n d itio n s  a re  req u ired  fo r  
a l l  c h ro n ic  and b io a c c u m u la tio n  t e s t s  and  a r e  g e n e r a l ly  recommended f o r  
a c u te  t e s t s .  Because o f  th e  expense o f  e c o to x ic o lo g ic a l t e s t in g ,  s c i e n t i s t s  
and re g u la to r s  m ust m u tua lly  develop a  t e s t i n g  s t r a te g y  th a t  maximizes th e  
p r e d ic t iv e  and e c o lo g ic a l va lue  o f th e  t e s t s  w h ile  m inim izing t h e i r  expense. 
C u r r e n t ly ,  th e  t i e r e d  t e s t i n g  a p p ro a c h  d ev e lo p ed  f o r  a q u a t ic  h aza rd  
a s s e s s m e n t  o f f e r s  a  r a t i o n a l  and p r e d i c t i v e  s t r a t e g y .  S e l e c t in g  and 
i n t e r c a l i b r a t i n g  e c o to x ic o lo g ic a l  t e s t s  c o n s i s t e n t  w i th  t h i s  fram ew ork  
o f f e r s  th e  m ost s c i e n t i f i c a l l y  sound and e c o n o m ic a lly  c o s t - e f f e c t i v e  
approach a v a i la b le  a t  t h i s  tim e.

(XMClusiupjs

M acrocrustaceans have been w idely  u sed  in  e c o to x ic o lo g ic a l t e s t in g  w ith  
heavy m e ta ls , p e s t ic id e s ,  c h lo r in a te d  and  petroleum -hydrocarbon p o llu ta n ts . 
The m a jo r ity  o f  t e s t s  employ e a r ly  developm ental s ta g e s  ty p ic a l ly  ev a lu a tin g
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m o rta l i ty , developm ent r a te s ,  p h y s io lo g ic a l and b e h a v io ra l e f f e c ts .  Recent 
t e s t s  in v e s t ig a t in g  re p ro d u c tio n  and p o p u la t io n  p a ra m e te r s  a r e  u s e f u l  in  
e v a lu a tin g  th e  s ig n if ic a n c e  o f subacute responses and develop ing  p re d ic t iv e  
r e la t io n s h ip s  f o r  hazard assessm ent.

S h o rt-te rm  p re d ic to rs  o f ch ron ic  resp o n ses  were modeled fo r  23 organ ic  
and in o r g a n ic  com pounds fro m  l i f e - c y c l e  s tu d ie s  w i th  M̂  b a h ia . L in e a r  
r e g r e s s io n  m odels w ere  f i t  to  lo g - t r a n s f o r m e d  acu te  and ch ron ic  to x ic i ty  
d a ta  by th e  l e a s t  s q u a re s  m ethod. T hese m odels d e m o n s tra te  t h a t  c h ro n ic  
e f f e c t s  can be p re d ic te d  from acu te  l e t h a l i t y  d a ta  w ith  an accep tab le  le v e l  
o f  co n fid en ce .

C om parison  o f  th e  s e n s i t i v i t y  o f  a  s u i t e  o f  c h ro n ic  r e s p o n s e s  f o r  M. 
b a h ia  and P. p u g io  to  E n d rin  and C a rb o p h en o th io n  re v e a le d  t h a t  w h ile  th e  
ab so lu te  ch ro n ic  value  fo r  th e se  two s p e c ie s  v a ried  on ly  w ith in  a  f a c to r  o f 
t h r e e ,  th e  m ost s e n s i t i v e  o f  th e  c h ro n ic  re s p o n s e s  d i f f e r e d  b e tw een  th e  
sp e c ie s . R e su lts  o f  a n a ly s is  conducted f o r  a  number o f  s u b le th a l responses 
f o r  th e  ro c k  c r a b , Cb_ i r r o r a t u s , ex p o sed  to  p e tro le u m  h y d ro c a rb o n s  and 
c o p p e r i n d ic a te d  t h a t  p h y s io lo g ic a l  r e s p o n s e s  c o rre sp o n d e d  w e l l  w ith  
m easures o f grow th and ch ron ic  su rv iv a l. T h is l im ite d  d a ta  base su g g ests  a  
fo c u s  o f  f u t u r e  e c o to x ic o lo g ic a l  t e s t i n g  on s u r v i v a l ,  g ro w th , and 
rep ro d u c tio n , w h ile  c o n tin u in g  to  t e s t  th e  a p p l ic a b i l i ty  o f p h y s io lo g ic a l, 
and o th e r s u b le th a l  responses as p re d ic to r s  o f  ch ro n ic  e f f e c ts .

T o x ic i ty  te s t - m e th o d s  f o r  some c r u s ta c e a n s  have been  s ta n d a r d iz e d  
th ro u g h  th e  u se  o f  i n t e r  l a b o r a to r y  ro u n d -ro b in  te s t in g .  R e su lts  o f  in te r 
c a l i b r a t i o n  t o x i c i t y  t e s t s  w i th  A. to n s a  and M. b a h ia  have been  u s e f u l  in  
e s t i m a t i n g  t e s t  v a r i a b i l i t y  and d e te r m in in g  th e i r  sou rces and e s tim a tin g  
v a r i a b i l i t y  fo r  th e se  types o f t e s t s .
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