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ABSTRACT

F re e - l iv in g  nematodes, w hether m arine, f re sh w a te r , or t e r r e s t r i a l ,  have 
a  l i f e  c y c le  t h a t  i s  n o rm a lly  v e ry  e n t r a in e d  to  t h e i r  e n v iro n m e n ts . T h e ir  
feed in g  mechanisms a re  such th a t  they  tak e  in  both  th e  liq u id -p h a se  and the  
p a r t i c u l a t e s  in  t h e i r  e n v iro n m e n t, and a r e  r e a d i l y  in f lu e n c e d  by th e s e  
fa c to r s .  The p a t te rn  o f grow th o f e i th e r  n a tu ra l  or la b o ra to ry  popu la tions 
o f  nematodes i s  a  very good in d ic a to r  o f  th e  presence o f  to x ic  m a te r ia ls  in  
th e  environm ent.

T here  a r e  tw o d i s t i n c t  s t r a t e g i e s  f o r  th e  u se  o f  nem atodes as 
i n d i c a t o r s  o f  m arin e  e c o to x ic o lo g y  : th e  f i r s t  a p p ro ach  in v o lv e s  th e  
m o n ito r in g  o f  nem atode p o p u la t io n s  _in s i t u . Two d i s t i n c t  p o p u la t io n s  
re s p o n s e s  o f  m arin e  nem atodes to  f i e l d  e x p o su re  to  c o n ta m in a n ts  a re  
o b se rv e d . M ost su rv e y s  r e p o r t  t h a t  th e  t o t a l  num bers o f  b o th  in d iv id u a l  
nematodes and th e  number o f nematode sp ec ie s  in c re a se  in  contam inated marine 
ecosystem s, r e l a t iv e  to  o th e r  b en th ic  sp e c ie s . This i s  due to  th e  f a c t  th a t  
th e  o v e ra ll  s u rv iv a l , growth and rep ro d u c tio n  o f nematodes i s  more r e s i s ta n t  
to  m ost t o x i c  a g e n ts  th a n  in  o th e r  i n v e r t e b r a t e s .  The LC50s f o r  nem atodes 
a re  much h ig h er th an  IC50s fo r  most o th e r in v e r te b ra te s . On th e  o th e r hand, 
th e  p o p u la tio n s s t ru c tu re  o f  nematodes in  contam inated  ecosystem s i s  q u ite  
d i f f e r e n t  from th e  s t ru c tu re  in  u n co n tam in a ted  e c o sy s te m s . The in d iv id u a l
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g ro w th  r a t e s  and l i f e s p a n s  a r e  d e c re a se d  in  c o n ta m in a te d  e c o sy s te m s , 
r e s u l t in g  in  p o p u la tio n s w ith  a  much h ig h er p ro p o rtio n  o f  ju v e n ile  s tag es .

The second approach to  m arine e c o to x ic ity  in v o lv es  th e  u t i l i z a t i o n  of 
n em ato d es a s  l a b o r a to r y  i n d i c a t o r s  o f  n e t  t o x i c i t y  and a s  a  b i o lo g ic a l  
m on ito ring  system  in  th e  p ro cess  o f id e n tify in g  th e  to x ic  components in  a  
c o n ta m in a te d  e co sy s tem . N em atode b io a s s a y s  can  be p e rfo rm e d  on w a te r  o r 
sedim ent f r a c t io n s  from  th e  r e a l  ecosystem s to  determ ine  n e t to x ic i ty ,  on 
known d i l u t i o n s  o f  s p e c i f i c  com pounds to  d e te rm in e  th e  p a t t e r n  o f  to x ic  
e f f e c t  to  th e  chem ical, or on f r a c t io n s  o f sam ples from m arine environm ents 
t o  d e te rm in e  th e  c l a s s  o f  c h e m ic a l c o n t r ib u t in g  to  th e  to x ic  e f f e c t .  
L a b o ra to ry -b a s e d  nem atode b io a s s a y s  can d e te rm in e  l e t h a l ,  s e m i l e th a l ,  
developm ental and genotoxic e f f e c ts .
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Nematodes have no t been e x te n s iv e ly  used as e i th e r  la b o ra to ry  or f ie ld  
i n d i c a t o r s  o f  to x ic  e f f e c t s .  T h is  i s  s u r p r i s i n g ,  s in c e  i t  h as  been a rg u ed  
t h a t  n em ato d es a r e  th e  m ost ab u n d an t m etazo an s in  m arin e  ( l i t t o r a l ,  
e s t u a r i n e ,  c o a s t a l ,  and o c e a n ic )  s e d im e n ts  (N ic h o la s , 19-75.)* u s u a l ly  
c o m p r is in g  m ore th a n  90 % o f  t h e  m etazoan  fa u n a  (M c In ty re , 1 969)• B oth  in  
te rm s  o f  th e  num bers o f  i n d i v i d u a l s  and th e  num ber o f  s p e c ie s  p r e s e n t ,  
nematodes re p re se n t one o f  th e  m ajo r groups p re se n t in  m arine environm ents. 
N em atodes have a l s o  becom e w id e ly  u sed  e x p e r im e n ta l  o rg a n is m s , u sed  in  
l a b o r a to r y  s tu d i e s  a s  in  s im p le  model b i o l o g i c a l  s y s te m s . S in c e  th e  
p u b l i c a t i o n  in  1974 o f B r e n n e r 's  p ap e r on th e  g e n e t i c s  o f  C a e n o rh a b d it is  
e le g a n s  (B re n n e r , 1974), f r e e - l i v i n g  nem atodes have becom e w id e ly  u sed  
e x p e r i m e n t a l  o r g a n i s m s  (Z u ck e rm an , 1980) in  d e v e lo p m e n ta l b io lo g y , 
neurobio logy , and g e n e tic s , g r e a t ly  adding to  th e  u n d erstan d in g  o f th e  b a s ic  
b io lo g y  o f  t h i s  g ro u p  o f  o rg a n is m s . T here  i s  a  tre m e n d o u s  p o t e n t i a l  f o r  
u t i l i z a t i o n  o f nematodes a s  in d ic a to r s  in  marine to x ico lo g y . We w i l l  examine 
some o f t h i s  p o te n t ia l  in  t h i s  rev iew .
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T o x ic o lo g ic a l  s t u d i e s  u s in g  n em ato d es f a l l  i n to  tw o b ro ad  c l a s s e s .  
F i r s t  because th ey  a re  im portan t components o f  m arine ecosystem s, th ey  can 
be used  a s  i n d i c a t o r  s p e c ie s  f o r  d e te rm in in g  damage to  th e  s p e c i f i c  
eco sy stem  ; nem atodes can be u sed  to  o b ta in  e c o lo g ic a l ly  r e l e v a n t  
in fo rm ation . Secondly, because th e re  a re  w e ll-e s ta b lis h e d  la b o ra to ry  s to ck s  
o f  n em atodes, nem atodes can be u sed  a s  l a b o r a to r y  " y a r d s t ic k "  t e s t -  
organism s, o f  u se  in  de te rm in in g  th e  r e l a t iv e  to x ic  p o te n t ia l  o f  s p e c i f ic  
c o n ta m in a n ts , o r  in  th e  e v a lu a t io n  and p r i o r i z a t i o n  o f  sa m p le s  from  a 
contam inated ecosystem .

We w i l l  f i r s t  review  th e  " l i f e - s t r a te g y "  o f nem atodes, p re se n tin g  both  
s e n s it iv e  and in s e n s i t iv e  param eters o f  i n t e r e s t  in  m a rin e  e c o to x ic o lo g y , 
t h e n  r e v ie w  t h e  u s e  o f  n e m a to d e s  i n  b o th  l a b o r a t o r y  an d  f i e l d  
e c o to x ic o lo g ic a l s tu d ie s .

HHIATODE LIÎR-STRATHîrES 

AHÄTCMT OF SEffllFTCAIICE IF  BTOTCIXICQLOGY

The a n a to m ic a l  o r g a n iz a t io n  o f  nem atodes c o n s i s t s  o f  tw o c o n c e n t r ic  
c y l in d e r s .  The in n e rm o s t c y l in d e r  i s  th e  d ig e s t i v e  sy s te m , w h i le  th e  
o u te rm o s t c y l in d e r ,  c o n s i s t  o f  an  i n t e r n a l  l a y e r  o f  m u sc le  t i s s u e  and an 
e x te rn a l la y e r  o f  hypodermal t i s s u e .  The hypodermis s e c re te s  a  co llagenous 
c u t i c l e ,  p r o v id in g  a  s i g n i f i c a n t  b a r r i e r  to  t r a n s p o r t  o f  d i s s o lv e d  
substances betw een environm ent and hypodermis. The d ig e s t iv e  tube c o n s is ts  
o f  th ree  d i s t i n c t  reg io n s. The a n te r io r  p o rtio n  o f  th e  d ig e s tiv e  tu b e , th e  
esophagus, has a  c u t ic le - l in e d  lumen. At th e  p o s te r io r  end o f  th e  esophagus 
i s  a  v a lv ed  m u sc u la r  p h a ry n x , n o rm a lly  f u n c t io n in g  a s  a pump, b r in g in g  
m a te r ia l in  through th e  mouth, draw ing m a te r ia l  through th e  esophagus, and 
p a s s in g  th e  m a t e r i a l  th ro u g h  th e  pharynx  to  th e  i n t e s t i n e ,  th e  p o s t e r i o r  
p o r t io n  o f  th e  d i g e s t i v e  tu b e . A b so rp tio n  o f  m a te r i a l  o n ly  o c c u rs  in  th e  
in te s t in e .  Under adverse c o n d itio n s , th e  pharynx ceases pumping, p re v e n tin g  
th e  p assag e  o f  m a te r i a l s  to  th e  i n t e s t i n e ,  th e re b y  b lo c k in g  th e  e n t r y  o f  
m a te r ia ls  and exposure o f t i s s u e  to  m a te r ia ls  from th e  environm ent (Popham 
and W ebster, 1979a).
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DEVELOPMENT AND DEVELOPMENTAL STRATEGIES

N em atodes t y p i c a l l y  have s i g n i f i c a n t  b a r r ie r s  between them selves and 
th e i r  environm ent d u rin g  a l l  s ta g e s  o f  development. The developing embryo i s  
n o rm a lly  e n c lo se d  w i th in  a  h ig h ly  im p erm eab le  eg g sh e ll, and th e  ju v e n ile  
t h a t  em erges from  th e  e g g s h e l l  h a s  i t s  own f u l ly - d e v e lo p e d  c u t i c l e .  
P o s tem b ry o n ic  d ev e lo p m en t in v o lv e s  g ro w th  th ro u g h  fo u r  ju v e n i l e s  s ta g e s  
through to  th e  a d u lt  s ta g e . The ju v e n ile  s ta g e s  a re  u su a lly  designed as L1, 
12, and L3. In  some sp e c ie s  th e  L1 emerges from th e  e g g sh e ll, w h ile  in  o th e r 
sp e c ie s  th e  L2 emerges from th e  eg g sh e ll. The t r a n s i t io n  from  one s ta g e  to  
th e  n e x t  i s  a s s o c ia te d  w ith  m o l t in g ,  c o n s i s t i n g  o f  tw o d i s t i n c t  p h a se s  : 
c u t i c l e  fo rm a tio n  in  w h ich  a  new c u t i c l e  i s  d e p o s i te d  b e n e a th  th e  o ld  
c u t i c l e ,  and e c d y s is ,  in  w hich  th e  o ld  c u t i c l e  i s  c a s t  o f f .  T here  i s ,  
th e re fo re , no p o in t in  th e  l i f e  c y c le  d u rin g  which th e  t i s s u e s  o f th e  anim al 
a r e  in  d i r e c t  c o n ta c t  w ith  th e  e n v iro n m e n t. T h e re fo re ,  th e r e  i s  no h ig h ly  
s e n s i t iv e  phase o f th e  l i f e  cycle .

The l a t e r  s t a g e s  o f  p o s te m b ry o n ic  dev e lo p m en t u s u a l ly  have t h i c k e r  
c u t i c l e s ,  and th e r e  i s  a  g e n e r a l  in c r e a s e  in  r e s i s t a n c e  to  t o x i c a n t s  in  
o ld e r  s t a g e s  o f  a  p o p u la t io n s .  H a ig h t e t  a l .  (1982) d e m o n s tra te d  t h a t  th e  
LC50 f o r  c o p p e r, cadm ium , z in c ,  chrom ium , and n ic k e l  was s i g n i f i c a n t l y  
g r e a t e r  f o r  a d u l t s  th a n  f o r  second  s t a g e  j u v e n i l e s  o f  th e  f r e e - l i v i n g  
P an ag re llu s  s i l u s i a e . No such d if fe re n c e  was observed w ith  mercury or lead , 
however.

Animals th a t  have com pleted c u t ic le  fo rm atio n , bu t have no t y e t  begun 
e c d y s is  r e p r e s e n t  th e  m ost r e s i s t a n t  s ta g e  in  th e  l i f e  c y c le ,  and many 
p a r a s i t i c  nematodes a r r e s t  t h e i r  developm ent j u s t  p r io r  to  th e  ecd y sis  o f  a 
s p e c i f i c  m o lt , to  e n t e r  a  r e s i s t e n t  i n f e c t i v e  s ta g e . Some f r e e - l i v i n g  
nem atodes u t i l i z e  a  s i m i l a r  s t r a t e g y  and a r r e s t  t h e i r  p o s te m b ry o n ic  
d ev e lo p m en t j u s t  p r i o r  t o  e c d y s is  when e n v iro n m e n ta l c o n d i t io n s  a re  
suboptim al. Such an a r r e s t  fu n c tio n s  to  e n tra in  postem bryonic development to  
environm ental c o n d itio n s , a r r e s t in g  d eve lopm en t un d er a d v e rs e  c o n d i t io n s ,  
and co n tin u in g  developm ent under improved co n d itio n s.

Some nem atode s p e c ie s  can e n te r  a  h ig h ly  r e s i s t a n t  "d au er"  s ta g e  
(Cassada and R u sse ll, 1975 ; Popham and W ebster, 1979b). In  t h i s  s ta g e , th e  
anim al reduces i t s  a c t i v i t y ,  low ers i t s  w ater co n ten t, c lo se s  i t s  esophagus
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and ceases feed in g , and form s an ex trem ely  impermeable c u t ic le  (Popham and 
W eb ste r, 1979b). The "d au er"  la r v a e  w i l l  resum e d ev e lo p m en t to  th e  a d u l t  
s ta g e  under more fav o rab le  co n d itio n s .

The above b r i e f  d iscu ss io n  o f th e  g en e ra l anatomy o f nematodes p o in ts  
o u t th e  s t r u c t u r a l  f e a t u r e s  o f  n em ato d es t h a t  c o n fe r  on t h i s  g roup  an 
ex trem ely  h igh re s is ta n c e  to  env ironm ental con tam inan ts. As a  gen era l r u le ,  
th e  nematodes a re  th e  h a rd ie s t  group in  a  s p e c i f ic  ecosystem . This i s  one of 
t h e  r e a s o n s  t h a t  t h e s e  o r g a n is m s  h a v e  n o t  b e e n  w id e ly  u s e d  in  
ec o to x ic o lo g ic a l s tu d ie s . Under f i e ld  c o n d itio n s , nematode p o p u la tio n s , as a 
w ho le , a r e  u s u a l ly  th e  l a s t  g ro u p s  to  d e c l in e ,  in  te rm s  o f  th e  num ber o f  
in d iv id u a l s  in  th e  p o p u la t io n s ,  as  a  co n seq u en ce  o f  c o n ta m in a tio n . Under 
la b o r a to r y  c o n d i t io n s ,  n em ato d es w ould a p p e a r to  be v e ry  i n s e n s i t i v e  
b ioassay  organism s. However, as we w i l l  show, nematodes provide ex trem ely  
e f f i c i e n t  l a b o r a to r y  and f i e l d  i n d i c a t i o n s  o f  to x i c  e f f e c t s .  We w i l l  now 
review  th e  la b o ra to ry  and f i e l d  u t i l i z a t i o n  o f  nematodes in  e c o to x ic o lo g ic a l 
s tu d ie s .

THE USE OP NEMATODES IN  TOXICOLOGICAL STUDIES 

HEMATODES AS IABORATCKT INDICATORS OP ECJOTCKICITY

The most e x te n s iv e ly  s tu d ie d  f r e e - l iv in g  nematodes a re  C aenorhabd itis  
e le g a n s  and P a n a g r e l lu s  r e d iv iv u s . B oth  s p e c ie s  a r e  good l a b o r a to r y  
o rg a n ism s , w ith  a  s h o r t  (a p p ro x im a te ly  4 days) l i f e  c y c le ,  and f o r  w hich  
s tan d ard ized  g e n e tic a l ly  homogeneous s to ck s  have been e s ta b lish e d . However, 
th e re  a re  s ig n i f ic a n t  d if fe re n c e s  between th e se  two sp e c ie s . C aeno rh ab d itis  
i s  a  s e l f - f e r t i l i z i n g  h e rm a p h ro d ite , t h a t  h a s  been  e x tre m e ly  w e l l  
c h a r a c te r i z e d  g e n e t i c a l l y .  Under a d v e rs e  c o n d i t io n s  C. e le g a n s  e n t e r s  a  
"d au er"  s t a g e ,  and can s u r v iv e  un d er c o n d i t io n s  o f  s e v e re  e n v iro n m e n ta l 
s t r e s s  (C assad a  and R u s s e l l ,  1975)- T h is  s p e c ie s  h as  n o t  been w id e ly  u sed  
f o r  t o x i c o l o g i c a l  s t u d i e s .  P a n a g r e l lu s , i s  d io e c io u s  and does n o t have a  
" d a u e r "  s t a g e ,  b u t  d o e s  e n t r a i n  i t s  p o s te m b r y o n ic  d e v e lo p m e n t t o  
e n v iro n m e n ta l  c o n d i t io n s .  D evelopm ent o f  P. r e d iv iv u s  th ro u g h  each  m o lt, 
th e re fo re ,  i s  an in d ic a to r  o f  th e  o v e ra l l  q u a l i ty  o f th e  environm ent. Both 
sp e c ie s  a re  norm ally  grown on agar, feed in g  on b a c te r ia  or y e a s t, bu t both 
can  be grown in  l i q u i d  medium. B oth  x e n ic  and a x e n ic  c u l tu r e s  can be 
m ain ta in ed .
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There a re  th re e  p o te n t ia l  u se s  o f f r e e - l iv in g  nematodes fo r  la b o ra to ry  
to x ic o lo g ic a l  s tu d ie s  ; 1 ) as b io lo g ic a l  models to  examine th e  b io lo g ic a l 
re s p o n s e s  to  s p e c i f i c  com pounds, 2 ) a s  i n d i c a t o r s  o f  s p e c i f i c  b io lo g ic a l  
e f f e c ts  rang ing  from acu te  l e t h a l i t y  to  m utagenesis, and 3 ) as in d ic a to rs  o f  
ne t to x ic  e f f e c t s  o f m ix tures o f environm ental sam ples.

Popham and W ebster (1979a) used C aenorhabd itis  to  examine th e  e f f e c ts  
o f  cadm ium , and showed t h a t  th e  p r im a ry  re s p o n s e  was a  consequence  o f  a 
c e s s a t io n  o f  f e e d in g  ; th e  cadmium was n o t e n t e r i n g  th e  a n im a ls  b u t was 
prom oting s ta rv a tio n . The c e s sa tio n  o f feed in g  in  response to  heavy m eta ls  
was a ls o  shown by Mudry e t  a l . (1982) u s in g  P. s i l u s i a e . T h is  c e s s a t io n  o f  
feed in g  i s  a  s p e c ia liz e d  response, re p re se n tin g  an a sp ec t o f  th e  nematode 
su rv iv a l s t r a te g y  in  a  d e le te r io u s  environm ent.

B io a s sa y s  u s in g  a c u te  l e t h a l i t y  o f  n em ato d es a s  an e n d p o in t a re  n o t 
s e n s i t iv e  in d ic a to r s  o f th e  p o t e n t i a l  r i s k  o f  e n v iro n m e n ta l  c o n ta m in a n ts  
(S am oilo ff, 1980). H aight e t  a í .  (1982) p o in t out th a t  P. re d iv iv u s  i s  400, 
600, and 900 t im e s  more r e s i s t a n t  th a n  th e  f r e s h w a te r  c la d o c e ra n  D aphnia  
magna to  cadm ium , m ercu ry , and n ic k e l ,  r e s p e c t i v e l y ,  in  te rm s  o f  th e  
r e la t iv e  acu te  l e th a l  le v e ls . However, because nematodes a re  so r e s i s t a n t ,  
any environm ental contam inant t h a t  produces l e t h a l i t y  in  nematodes should 
probably  be considered  a  very  h ig h - r is k  m a te r ia l.

Because th e re  a re  numerous g e n e t ic a l ly  c h a ra c te r iz e d  s to ck s  o f both  C. 
elegans and P. re d iv iv u s , w ith  a  la rg e  number o f  s p e c i f ic  g en e tic  m arkers, 
th e s e  s p e c ie s  can  be u sed  to  d e t e c t  th e  m u ta g e n ic  p o t e n t i a l  o f  s p e c i f i c  
compounds o r  o f  e n v iro n m e n ta l s a m p le s . Lew _et a l .  (1983) have d ev e lo p ed  a 
C a e n o rh a b d i t is  m u ta g e n e s is  b io a s s a y  u s in g  th e  frequency  o f rev e rs io n  o f  a 
m u ta tion  p roducing  sm all an im als a s  an in d ic a to r . Sm all an im als w i l l  pass 
through a  f i l t e r  system , w h ile  r e v e r ta n ts  r e s u l t in g  from  mutagenic events 
w i l l  be o f  norm al s iz e  and no t p a ss  through th e  f i l t e r .  The re v e r ta n ts  w i l l  
be e x p re s se d  a t  a  f re q u e n c y  e q u a l  to  th e  r e v e r s io n  fre q u e n c y . T h is  C. 
elegans m utagenesis b io assay s has y ie ld e d  r e s u l t s  s im i la r  to  those  produced 
by th e  Ames t e s t  w ith  S a lm o n e l la  ty p h im u riu m  (Ames e t  a l . ,  1973)» and "the 
nematode appears to  have th e  m e tab o lic  components, la ck in g  in  th e  b a c te r ia , 
t h a t  c o n v e r t  p ro m u tag en s  to  m u tag en s. A m u ta g e n e s is  b io a s s a y  u s in g  P. 
r e d iv iv u s  h as  a l s o  been  r e p o r te d  by S a m o ilo f f  e t  a l .  (1980). T h is  a ssa y  
d e te c ts  th e  frequency  o f re c e s s iv e  X -linked l e th a l  m u ta tions to  determ ine 
th e  induced m u ta tio n  ra te .
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T hese m u ta g e n e s is  b io a s s a y s  u s in g  n em ato d es a r e  r a p id ,  r e l a t i v e l y  
in e x p e n s iv e ,  and a r e  o f  u se  in  d e te c t in g  m u ta g e n e s is  in  m u l t i c e l l u l a r  
a n im a ls ,  b r id g in g  th e  gap b e tw een  th e  b a c t e r i a l  Ames t e s t  and e x p e n s iv e , 
lon g -te rm  mammalian s tu d ie s . However, w h ile  th e  te c h n o lo g ie s  f o r  d e te c tin g  
m utagenesis a re  among th e  more so p h is t ic a te d  b io assay  methods, m utagenesis 
i s  much more a  human h e a lth  problem th an  i t  i s  an e c o to x ic o lo g ic a l problem , 
in  t h a t  th e  co n seq u en ces  o f  m u ta g e n e s is  a r e  o f  l i t t l e  s i g n i f i c a n c e  t o  th e  
s u rv iv a l  o f  a  pop u la tio n  as  a  whole.

S a m o ilo f f  and c o -w o rk e rs  have d ev e lo p ed  and u t i l i z e d  a  s e n s i t i v e  
g en e ra l t o x ic i ty  assay  u s in g  P an ag re llu s  re d iv iv u s . This assay  e x p lo i ts  the  
f a c t  th a t  P. re d iv iv u s  e n tra in s  i t s  development to  env ironm ental c o n d itio n s . 
Under adverse co n d itio n s , th e re  w i l l  be an increased  number o f  an im als  th a t  
a r r e s t  t h e i r  d e v e lo p m e n t  a t  a  s p e c i f i c  m o l t .  The b i o a s s a y  u s e s  a  
synchronously growing p o p u la tio n  o f  nematodes, s ta r te d  as a  p o p u la tio n  o f  L2 
a n im a ls . The p o p u la t io n  i s  grow n in  th e  p re s e n c e  o f  t e s t e d  m a t e r i a l  u n d e r 
s ta n d a rd  c o n d i t io n s  u n t i l  a p p ro x im a te ly  50 $ o f  a  p a r a l l e l  c o n t r o l  
p o p u la tio n  reaches th e  a d u lt  s ta g e , u su a lly  a f t e r  a  p e rio d  o f  app rox im ate ly  
96 h. At th e  end o f  th e  g ro w th  p e r io d ,  th e  t o t a l  num ber o f  a n im a ls  and th e  
number o f an im als  a t  each postem bryonic developm ental s ta g e  i s  recorded  fo r  
bo th  th e  exposed and c o n tro l p o p u la tio n s . S ince th e  numbers o f  in d iv id u a ls  
in  each  p o p u la t io n  i s  known a t  th e  s t a r t  o f  th e  g ro w th  p e r io d ,  th e  
p ercen tage  su rv iv a l  o f t e s t  and c o n tro l  popu la tio n s can be determ ined . Three 
p a ra m e te rs  o f  g ro w th  a r e  a l s o  d e te rm in e d  f o r  each  p o p u la t io n .  T hese 
param eters  a re  : 1 ) P1, th e  frequency  a t  which second s ta g e  ju v e n i le s  o f  th e  
i n i t i a l  p o p u la tio n  m olted to  th e  t h i r d  ju v e n ile  s ta g e , 2) L2, th e  frequency  
a t  w hich  th o s e  a n im a ls  t h a t  r e a c h  th e  t h i r d  j u v e n i l e  s ta g e  m o lt to  th e  
fo u r th  s ta g e , and 5) P3, th e  frequency  a t  which th o se  an im als  th a t  reach  th e  
fo u r th  ju v e n ile  s ta g e  com plete th e  m olt to  th e  a d u lt  s tag e .

These t h r e e  p a ra m e te r s  have p ro v e n  to  be s e n s i t i v e  i n d i c a t o r s  o f  th e  
o v e r a l l  to x ic  e f f e c t  o f  th e  t e s t e d  sam p le . R e d u c tio n  o f  P1 and P2 o f  t e s t  
p o p u la t io n s ,  r e l a t i v e  to  th e  v a lu e s  in  th e  c o n t r o l  p o p u la t io n s ,  r e f l e c t s  
t o x i c  e f f e c t s  t h a t  i n h i b i t  th e  o v e r a l l  m e ta b o lism  o f  th e  a n im a ls ,  w h ile  
r e d u c t io n  o f  P3 in  t e s t  p o p u la t io n s ,  r e l a t i v e  to  th e  c o n t r o l  v a lu e  o f  P3, 
w ith  no red u c tio n  o f P1 and P2, in d ic a te s  an in h ib i t io n  o f  th e  u t i l i z a t i o n  
o f  g e n e tic  in fo rm a tio n , by e i th e r  m utagenesis, in h ib i t io n  o f  t r a n s c r ip t io n ,  
or in h ib i t io n  o f  t r a n s la t io n .  T his d i s t in c t io n  can be made due to  th e  f a c t  
th a t  i t  i s  p r im a r i ly  a t  th e  f i n a l  m olt th a t  ex ten s iv e  gene a c t i v i t y  occurs
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(Sam oiloff, 1980). The s e le c t iv e  in h ib i t io n  o f  P3 produces an e f f e c t  term ed 
p h en o to x ic ity  r e f le c t in g  th e  f a c t  t h a t  t h i s  to x ic  e f f e c t  in te r f e r e s  w ith  th e  
norm al flow  o f  g e n e tic  in fo rm ation .

The P. re d iv iv u s  b ioassay  can th e re fo re  d is c r im in a te  th re e  c la s s e s  o f  
e f f e c t s  : l e t h a l i t y ,  i n h i b i t i o n  o f  n o rm al p h y s io lo g ic a l  f u n c t io n ,  and 
p h en o to x ic ity . Each o f th e se  e f f e c t s  can be q u a n t i ta t iv e ly  measured, and th e  
combined e f f e c t s  can be expressed a s  a  s in g le  value , term ed " f itn e s s " .

The P. re d iv iv u s  b ioassay  was i n i t i a l l y  used to  determ ine th e  to x ic i ty  
o f numerous o rgan ic  compounds and heavy m eta ls  (S am oiloff e t  a l . , 1980). The 
t e s t  i s  ra p id , s im p le , and c o s t - e f f e c t iv e ,  producing r e s u l t s  com parable to  
th o s e  o b ta in e d  by more e x p e n s iv e , more tim e -c o n su m in g  b io a s s a y s .  The P. 
red iv iv u s  b io assay  has i t s  g r e a te s t  a p p l ic a b i l i ty ,  however, fo r  exam ining 
th e  to x ic  e f f e c ts  o f  complex m ix tu re s  ob tained  from environm ental sam ples.

p ro v id in g  q u a n t i ta t iv e  d a ta , covering  a  wide range o f to x ic  e f f e c ts ,  
th e  P. r e d iv iv u s  b io a s s a y  h as  b e e n  u sed  to  d e te rm in e  th e  r e l a t i v e  to x i c  
e f f e c t s  o f  s e d im e n ts  in  a  h ig h ly  c o n ta m in a te d  r i v e r  sy s tem  (S a m o ilo f f  _et 
a l . ,  1983a). The se d im e n ts  w ere e x t r a c t e d  and e ig h t  f r a c t i o n s  p re p a re d  by 
d i f f e r e n t i a l  s o l u b i l i t y .  Each f r a c t i o n  was t e s t e d  u s in g  th e  P. r e d iv iv u s  
b ioassay , and th e  e f f e c t s  o f  each f r a c t io n  ranked on th e  b a s is  o f observed 
to x ic  e f f e c t .  Those f r a c t i o n s  p ro d u c in g  s i g n i f i c a n t  l e t h a l i t y  in  th e  P. 
re d iv iv u s  b io assay  a re  h ig h e r  p r i o r i t y  c o n ta m in a n ts  th a n  th o s e  p ro d u c in g  
i n h i b i t i o n  (seco n d  p r i o r i t y ) ,  o r  p h e n o to x ic ity  ( th ird  p r io r i ty ) .  The m ajor 
com ponents o f  each  f r a c t i o n  w ere  th a n  t e s t e d  and p r i o r i z e d  u s in g  th e  P. 
re d iv iv u s  b io assay . T his has p e rm itte d  th e  p r io r iz a t io n  o f con tam inan ts, on 
th e  b a s is  o f  th e  im portance o f  th e  b io lo g ic a l  e f f e c ts ,  in  t h i s  ecosystem . As 
w e l l ,  th e  t o x i c i t y  o f  th e  f r a c t i o n s  o b ta in e d  o v er a  s e r i e s  o f  s i t e s  was 
determ ined, to  e s ta b l is h  th e  s p a t i a l  d i s t r ib u t io n  o f  contam inants and to  a id  
in  e s ta b l is h in g  th e  p o in t so u rces  o f  th e  contam inants.

The P. r e d iv iv u s  b io a s s a y  h a s  a l s o  been  u sed  to  l o c a l i z e  t o x i c i t y  in  
f i s h  t i s s u e s  r e s u l t i n g  from  b o th  heavy m e ta l and o rg a n ic  c o n ta m in a n ts  
(S a m o ilo f f  e t  a l ., 1983b). The lo n g - te r m  e f f e c t s  o f  m ercu ry  c o n ta m in a t io n  
and subsequent c lean -up  e f f o r t s  was observed by exam ining th e  to x ic i ty  o f 
e x t r a c t s  o f  n e rv o u s  t i s s u e  p r e d a to r y  f i s h  o f  v a ry in g  age from  th e  
contam inated  r iv e r  system , and th e  e f f e c ts  o f  a  s p i l l  o f  a  nonpolar o rg an ic
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c o n ta m in a n t co u ld  be o b se rv e d  in  f a t t y  t i s s u e  o f  b o t to m - fe e d in g  f i s h  
downstream o f th e  s p i l l ,  compared to  th e  same t i s s u e s  from f i s h  upstream  o f 
th e  s p i l l .

Bogaert e t  a l .  (1984) developed b io assay s  p a r a l l e l  to  th e  P. re d iv iv u s  
b ioassay , u s in g  th e  m arine nematode s p e c ie s  M o n h y ste ra  m ic ro p h th a lm a  and 
D ip lo la im e l lo id e s  b r u c i e i . T hese s p e c ie s  a ls o  e n tra in  t h e i r  postem bryonic 
dev e lo p m en t to  t h e i r  e n v iro n m e n ta l  c o n d i t io n s ,  and have p ro v en  to  be 
r e l a t iv e ly  s e n s i t iv e  b io assay  organism s, y ie ld in g  r e s u l t s  com parable to  th e  
P. r e d iv iv u s  b io a s s a y . H ow ever, a s  th e s e  s p e c ie s  have a  s l i g h t l y  lo n g e r  
g ro w th  p e r io d ,  (7 days) com pared to  P. r e d iv iv u s  (4 d a y s ) , some sp eed  o f  
b ioassay  i s  lo s t .  These s tu d ie s  dem onstrate , however, th a t  m arine nematodes 
can be used fo r  la b o ra to ry  b io assay s.

T h e se  l a b o r a t o r y  b i o a s s a y s  u s i n g  n e m a to d e s  show  p r o m is e  f o r  
e c o to x ic o lo g ic a l s tu d ie s , s in c e  they  do focus on complex m ix tu res from  th e  
environm ent, and measure a  range o f  b io lo g ic a l ly  s ig n i f ic a n t  to x ic  e f f e c t s .  
However, ca re  m ust be ex ce rc ised  in  e x tra p o la t in g  th e se  r e s u l t s  to  a c tu a l  
f i e l d  c o n d i t io n s ,  w here c o n d i t io n s  su ch  a s  b i o a v a i l a b i l i t y ,  m ic r o b ia l  
c o n v e rs io n , and o x id iz in g  c o n d i t io n s  may be q u i t e  d i f f e r e n t  from  th e  
c o n t r o l l e d  l a b o r a to r y  g ro w th  c o n d i t io n s .  The l a b o r a to r y  a s s a y s  u s in g  
nem atodes m ust be c o n s id e re d  to  be " y a r d s t ic k s "  upon w hich  e c o lo g ic a l  
s tu d ie s  can be based.

THE USE OP MBÏATÖDES IN  PEBLD EÏÏMMTQH1EG

Nematodes o f fe r  se v e ra l m ajor advantages, and se v e ra l d isadvan tages fo r  
u se  in  f i e l d  s t u d i e s .  One f e a t u r e ,  t h a t  i s  b o th  an a d v a n ta g e  and a  
d is a d v a n ta g e  i s  th e  h ig h  s p e c ie s  d i v e r s i t y  o f  nem atodes in  a  p a r t i c u l a r  
ec o sy s te m . The num ber o f  s p e c ie s  p r e s e n t  in  any one h a b i t a t  i s  u s u a l l y  an 
o rd e r  o f  m ag n itu d e  g r e a t e r  th a n  f o r  any o th e r  ta x o n  ( P l a t t  and W arw ick, 
1980), and th e r e  a r e  a b o u t 4 000 s p e c ie s  in  450 g e n e ra  d e sc r ib e d (H e ip  e t  
a l . ,  1982). T h is  makes i d e n t i f i c a t i o n  v e ry  d i f f i c u l t  f o r  a  n o n s p e c i a l i s t ,  
and th e re  i s  on ly  a  l im ite d  number o f  nematode taxonom ists s p e c ia l iz in g  in  
f r e e - l iv in g  nematodes. The d iv e r s i ty  o f  nematodes i s  compounded by th e  very  
complex and confusing  g y s tem a tic s  o f  nem atodes. However r a r e ly  w i l l  surveys 
f o r  b iom on ito ring  re q u ire  th e  id e n t i f ic a t io n  o f  nematodes in  th e  f i e l d  to  
th e  sp ec ies  le v e l .
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The d iv e r s i ty  o f  nematodes w ith in  an ecosystem  i s  due, in  p a r t ,  to  th e  
f a c t  th e se  an im als occupy a  range o f d i f f e r e n t  tro p h ic  le v e ls . F re e - l iv in g  
nematodes occupy many d i f f e r e n t  ro le s  in  a q u a tic  ecosystem s as consumers o f 
b a c te r ia ,  a s  g ra z e rs  o f prim ary producers, and as p re d a to rs  (Herman e t  a l . , 
1984). W ieser (1953) d iv ided  th e  m arine nematodes in to  fo u r feed in g  groups 
a c c o rd in g  to  th e  s t r u c t u r e  o f  th e  b u c c a l c a v i ty .  T hese g ro u p s a r e  : 1 ) 
s e l e c t i v e  d e p o s i t - f e e d e r s ,  2 ) n o n s e le c t iv e  d e p o s it- fe e d e rs , 3 ) ep ig row th- 
f e e d e r s ,  and 4) p r e d a to r s  and o m n iv o res . B ecause  o f t h i s  g r e a t  d i v e r s i t y  
w ith in  an ecosystem , nematodes o f f e r  prom ise as in d ic a to r  sp ec ies .

W ith in  t h i s  d iv e r s e  g roup  a r e  s p e c ie s  w i th  g e n e r a t io n  t im e s  ra n g in g  
from days to  one y ea r. O bviously, th e  consequences o f  contam ination  on th e  
s p e c ie s  c o m p o s itio n  w i l l  be d i f f e r e n t  b e tw een  th o s e  s p e c ie s  w ith  a  v e ry  
sh o rt l i f e - c y c le  and tho se  w ith  very  long l i f e  c y c le s , e s p e c ia l ly  in  view of 
th e  f a c t  th a t  th e  s e n s i t i v i t y  v a r ie s  through th e  l i f e  cycle .

Many p h y s ic a l p ro p e r t ie s  o f  th e  ecosystem w i l l  a f f e c t  th e  d iv e r s i ty  o f 
nem atode p o p u la t io n s  in  th e  f i e l d .  T here  i s  a  v e ry  s t r o n g  in f lu e n c e  o f  
s e d im e n t c h a r a c t e r i s t i c s  on p o p u la t io n  d e n s i ty ,  and th e  d i v e r s i t y  o f  
sp e c ie s , genera  and fa m il ie s  o f nematodes over s e v e ra l tro p h ic  le v e ls  (Heip 
e t  a l ., 1984 ; Herman e t  a l . ,  1984). F u th e rm o re , t h e r e  a re  s e a s o n a l  
f lu c tu a t io n s  in  th e  sp e c ie s  com position o f e s tu a r in e  nematode com m unities. 
T ie t jen  (1969) found v a r ia t io n  in  two New England e s tu a r ie s ,  w ith  ep ig row th- 
fe e d e rs  reach in g  maximum d e n s i t ie s  in  sp rin g  and summer, and d e p o s it- fe e d e rs  
and om nivores reach in g  t h e i r  maximum in  f a l l  and w in te r . Warwick and P ric e  
(1979) on th e  I s l e s  o f  S c i l l y ,  UK, and Skoolm un and G e rla c h  (1971) in  
Bremerhaven, West Germany, found a  f a i r l y  co n stan t sp e c ie s  com position over 
th e  y e a r .  The b io m ass  how ever was lo w e s t in  l a t e  autum n to  e a r ly  w in te r ,  
peaked  in  May and d e c l in e d  a g a in  to w a rd s  minimum. E a r l i e r  W arwick (1977) 
found  in  a  l i t t o r a l  p h y ta l  nem atode a s s o c i a t i o n  d e t r i v i v o r e s ,  o m n iv o re s , 
d e p o s it- fe e d e rs  more abundant in  sp rin g , and e p ig ro w th -feed ers  predom inant 
l a t e r  in  th e  y e a r . T h ere  i s  a l s o  a  s i g n i f i c a n t  in f lu e n c e  o f  bo tto m  
te m p e ra tu re  on s p e c ie s  c o m p o s itio n  ( T ie t j e n ,  1976). T h is  v a r i a b i l i t y ,  
co u p led  to  th e  p a tc h y  d i s t r i b u t i o n  in  n a tu r e  ( V i t i e l l o ,  1968 ; G e rla c h , 
1977) m ight in te r f e r e  w ith  sam pling.

T i e t je n  (1977) r e p o r t s  t h a t  two b a s a l  f a u n a l  u n i t s  have been found 
r e p e a te d ly  f o r  nem atodes in  sh a llo w  s u b t i d a l  sy s te m s . In  th e  "mud u n i t "  
t h e r e  i s  a  h ig h  s p e c ie s  d o m in an ce , low s p e c ie s  d i v e r s i t y ,  and low s p e c ie s  
endem ism , w h ile  in  th e  "san d  u n i t "  th e r e  i s  low  s p e c ie s  dom inance, h ig h
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s p e c ie s  d i v e r s i t y ,  and h ig h  s p e c ie s  endem ism . T i e t j e n  g iv e s  h a b i t a t  
p re fe ren ces  on th e  fam ily  le v e l  th a t  can be extended to  n e a rly  a l l  c o a s ta l  
reg io n s examined.

S e v e ra l  g e n e r a l i z a t i o n s  ab o u t th e  re s p o n s e s  o f  n a t u r a l  nem atode 
co m m u n itie s  to  p o l l u t i o n  can be made (V a n d e rh o rs t and W olfe , 1980). The 
i n t e r t i d a l  nem atode fa u n a  i s  more e a s i l y  a f f e c te d  than  s u b t id a l  nematode 
fa u n a . F o llo w in g  c o n ta m in a tio n  nem atodes a r e  o f te n  th e  o n ly  s u r v iv in g  
m e tazo an s , and o f te n  th e r e  i s  an in c r e a s e  in  p o p u la t io n s  o f  t o l e r a n t  
nem atode s p e c ie s .  In  c o n ta m in a te d  e c o sy s te m s , th e  nem atode co m m u n itie s  
c o n ta in  fe w e r  s p e c ie s ,  g e n e ra , and f a m i l i e s .  T here  may be an in v a s io n  o f  
f in e -se d im e n t sp e c ie s  in to  th e  p o llu te d  la rg e i^ g ra in  sedim ent.

The nematode abundance and d iv e r s i ty  in  th e  i n t e r t i d a l  zone was s t i l l  
decreased  7 months a f t e r  th e  Amoco Cadiz s p i l l  (Boucher, 1980). However no 
d e c re a s e  was a  2 to  4- f o l d  in c r e a s e  in  p o p u la t io n  d e n s i ty  o f  th e  t o l e r a n t  
s p e c ie s .  Renaud-M o rn a n t and G o u rb a u lt (1980) found  a  s i m i l a r  in c r e a s e  in  
nematode p o p u la tio n  d e n s ity , w ith  l i t t l e  damage to  th e  m eiofauna in  g en era l. 
E lm gren  e t  a l . (1980) found t h a t  a f t e r  th e  T s e s i s  s p i l l  a l l  m e io fau n a  was 
reduced except th e  nematodes.

Van Damme and He ip  (1977) rep o rted  th a t  in  an a re a  w ith  a  mixed type o f 
p o llu t io n  in  th e  Southern B ight o f  th e  North sea , nematodes were o f te n  th e  
o n ly  meiobenthos p re se n t in  th e  sam ples. An a n a ly s is  o f  th e  m eiofauna o f th e  
B e lg ia n  w a te r s  p re s e n te d  in  H e rm a net a l .  (1984), d e m o n s tra te s  t h a t  th e  
d is t r ib u t io n  o f  th e  v a rio u s nematode feed in g  typ es and th e  sp e c ie s  d iv e r s i ty  
a re  h igh ly  c o r re la te d  to  th e  sedim ent com position. Based on c lu s te r  ana ly ses  
u s in g  a l l  f a m il ie s  o f  nematodes found in  th e  sam ples th e  Southern B ight was 
d iv id e d  in to  s i x  zones w h ich  show a  s t r o n g  c o r r e l a t i o n  to  th e  s e d im e n t 
c o m p o s itio n . I n  th e s e  w a te r s  th e  nem atodes c o m p rise  95-7 $  o f  th e  t o t a l  
fauna, w ith  th e  h a rp a c tic o id s  bein g  th e  second most abundant group (2.5 #). 
The B elgian c o a s ta l  a re a  i s  c h a ra c te r iz e d  by a  la rg e  amount o f  n o n -se le c tiv e  
d e p o s it- fe e d e rs . The l a t t e r  re p re se n t over 95 & o f th e  nematode p o pu la tion  
in  th e  v e ry  p o l lu te d  c o a s t a l  a r e a  n o r th e a s t  o f  O stend  ( s i l t y  sa n d ) . In  th e  
l e s s  p o llu te d  sou thw est reg io n  o f  Ostend ( s i l t y  sand) e p ig ro w th -feed ers  and 
omnivores gain  some im portance. In  th e  open se a  ( f in e  sand as  w e ll as  coarse  
sand) th e  fo u r feed in g  typ es a re  more eq u a lly  d is t r ib u te d ,  w ith  ep igrow th- 
f e e d e r s  b e in g  th e  m ost num erous. The num ber o f  nem atode s p e c ie s  i s  much 
lo w er in  th e  r e g io n  n o r th e a s t  o f  O stend (x = 5.4 + 1 .5 )  th a n  in  th e  r e g io n  
so u th w e s t o f  O stend  (x  = 14.3 + 1-9). The number o f  f a m i l i e s  i s  a l s o
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s ig n i f ic a n t ly  h igher southw est o f  Ostend. Only th re e  to  seven f a m il ie s  were 
found in  th e  s t r o n g ly  p o l lu te d  a r e a  n o r th e a s t  o f  O stend  com pared to  11.9 
f a m ilie s  (+ 3.1 ) in  th e  southw est a rea .

Lorenzen (1974) found only  sh o r t- te rm  e f f e c t s  o f  i n d u s t r i a l  w astes 
(10 % H2SO4 and 14 $  FeSO^) on th e  nematode community. T ie t je n  (1977, 1980) 
found  t h a t  nem atode s p e c ie s  t h a t  n o rm a lly  a r e  c h a r a c t e r i s t i c  o f  s i l t y  
bottom s ( f in e  sedim ents) e s t a b l i s h  th e m s e lv e s  in  medium sa n d s  w i th  heavy 
c o n ta m in a tio n  o f  heav y  m e ta ls  a n d /o r  o rg a n ic  m a t te r .  S e v e r a l  g e n e ra  
d is a p p e a r  from  th e  medium san d s  t o  th e  a d v a n ta g e  o f  th e  s p e c ie s  u s u a l ly  
in h a b itin g  th e  f in e  sed im ents.

H ow ell (1982, 1983) s tu d ie d  th e  in c id e n c e  o f  c o p p e r , l e a d ,  z in c ,  
cadmium, and m ercu ry  in  sp e c im e n s  o f  tw o E n o p lu s  s p e c ie s  c o l l e c t e d  from  
th re e  s i t e s  on th e  n o r th e a s t co as t o f  England (Budle Bay, th e  B ly th  e s tu a ry , 
and th e  Tees e s tu a ry ). He concluded th a t  th e  m eta l c o n c e n tra tio n s  measured 
in  th e  nematodes f e l l  c lo se  to  v a lu e s  rep o rted  fo r  o th e r organism s c o lle c te d  
in  th e  same a rea , and were h igher in  th e  B lyth  e s tu a ry  and th e  Tees e s tu a ry , 
two p o llu te d  s i t e s ,  than  in  th e  u n p o llu ted  Budle Bay.

R ecognizing th e  need to  in c lu d e  m eio fau n a  in  b io m o n i to r in g  p ro g ra m s, 
b u t r e a l i z i n g  th e  h ig h  d e g re e  o f  tax o n o m ic  e x p e r t i s e  r e q u i r e d  f o r  th e  
i d e n t i f i c a t i o n  o f  p o l l u t i o n - s e n s i t i v e  g e n e ra  o r  s p e c ie s  a t  t h i s  g ro u p , 
R a f f a e l l i  and Mason (1981) examined th e  response o f  nematodes and copepods 
in  th e  m e io b en th o s  t o  sew age p o l l u t i o n  and c o n c lu d ed  t h a t  th e  r a t i o  o f  
nematodes to  copepodes in  th e  sed im ent could be a  u s e fu l  b io m o n ito rin g  to o l.  
There was a  n eg a tiv e  c o r re la t io n  betw een th e  r a t io n  o f nematodes to  copepods 
and th e  m edian  p a r t i c l e  s i z e  o f  th e  san d . R a t io s  from  c le a n  sa m p lin g  
s t a t i o n s  w e re , how ever, a lw a y s  l e s s  th a n  100, w h ile  th o s e  from  p o l lu te d  
s a m p lin g  s t a t i o n s  w ere  a lw ay s  m ore th a n  100. S e a s o n a l v a r i a t i o n  in  th e  
r a t i o s  w ere  s m a ll .  B e tw e e n -c o re  d i f f e r e n c e s  how ever c o u ld  be m arked. The 
observed h igh  r a t i o  on p o llu te d  beaches can be exp lained  by an in c re a se  o f 
d e p o s it- fe e d in g  nematodes growing on th e  la rg e  amount o f  added o rg an ics  and 
a  d e c re a s e  o f  th e  m ore s e n s i t i v e  copepods. The u se  o f  th e  r a t i o  f o r  
b iom on ito ring  m ight no t be u sab le  f o r  such events as o i l  p o llu t io n , a lthough 
d a ta  from  th e  l i t e r a t u r e  show a  h ig h  r a t i o  a f t e r  o i l  p o l l u t i o n  and a  
su b se q u e n t d e c re a s e  to  p r e - p o l l u t i o n  v a lu e s  (B oucher, 1980). H ow ever, 
copepods may be ab sen t from u n p o llu ted  very f in e  sed im ents and beaches which 
a re  h ig h ly  o rg a n ic a lly  en riched .
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I f  m eiofauna a re  to  be used in  b io m o n ito rin g  program s th en  th ey  should 
respond to  p o llu t io n  b e fo re  p o llu t io n  i s  obvious through v is u a l  d e te c t io n  or 
th rough d e te c tio n  o f  an e f f e c t  on th e  macrofauna. Warwick (1981 ) proposed a  
re f in e d  nematode/copepod r a t i o  fo r  b io m o n ito rin g  u s in g  m eiofauna, whereby a  
p r e d ic te d  n em a to d e /co p ep o d  r a t i o  i s  com pared to  an  o b se rv e d  r a t i o .  To 
compensate f o r  th e  v a rio u s  e f f e c ts  o f  th e  granulom etry  o f  th e  sed im ent on 
th e  d is t r ib u t io n  o f body s iz e  o f  copepods and nem atodes, a  weighed mean s iz e  
o f  an a v e ra g e  copepod and an a v e ra g e  nem atode f o r  each  s i t e  h a s  t o  be 
determ ined. From th e  l a t t e r  th e  r e s p i r a t io n  r a te  i s  c a lc u la te d  o f  nem atodes 
and copepods on each  s i t e .  A ssum ing t h a t  th e  p o p u la t io n  r e s p i r a t i o n  i s  
p r o p o r t io n a l  t o  th e  a d u l t  r e s p i r a t i o n ,  t h a t  th e  e n e rg y  f lo w  th ro u g h  b o th  
groups i s  equal, and th a t  bo th  groups a re  eq u a lly  e f f i c i e n t  in  u t i l i z i n g  th e  
v a rio u s  k in d s o f  food p re se n t, a  p re d ic te d  nematode/copepod r a t i o  fo r  each 
s i t e  i s  c a lc u la te d . Warwick ta k e s  only  th e  ep ig ro w th -feed in g  nematodes in to  
account f o r  th e  c a lc u la t io n  o f  h is  r a t i o  s in c e  copepods compete f o r  food in  
th e  sed im ents m ainly w ith  2A nematodes.

W a rw ic k 's  p r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  h i s  r a t i o  o f  2A 
(n o n se lec tiv e  d e p o s it- fe e d in g )  n e m a to d e s /c o p e p o d s  i s  more s e n s i t i v e  th a n  
R a f f a e l i 's  r a t io .  W arwick's r a t i o  su g g ests  th a t  an in d ic a tio n  o f  p o l lu t io n  
m ig h t be g iv e n  by r a t i o s  o f  a p p ro x im a te ly  40 f o r  f i n e  s e d im e n ts ,  and 
a p p ro x im a te ly  10 f o r  s a n d s , w h ile  R a f f a e l i 's  r a t i o  i d e n t i f i e s  a  s i t e  a s  
p o llu te d  only i f  th e  r a t i o  i s  la rg e r  than  100. The a p p lic a t io n  o f  W arwick's 
methodology, however, a ls o  in v o lv es  more work and re q u ire s  a  f a i r  amount o f
taxonomic e x p e r tis e  by th e  surveyer.

#

C oull e t  a l .  (1981) c o n te s t th e  v a l id i ty  o f  th e  use  o f  R a f f a e l i 's  r a t i o  
a s  a  b io m o n ito r in g  t o o l  s in c e  e r r o r s  can  be in tro d u c e d  due to  th e  p a tc h y  
d i s t r i b u t i o n  o f  th e  m e io fa u n a  in  th e  s e d im e n ts  ( V i t i e l l o ,  1 9 68 ), d a i l y ,  
t i d a l ,  and s e a s o n a l  v a r i a t i o n s  in  m e io fa u n a  d i s t r i b u t i o n  o r  d e n s i ty ,  
s e l e c t i v e  s e a s o n a l  p r e d a t io n  o f  co p ep o d s, and a  n o n u n ifo rm  r e a c t i o n  o f  
copepods to  e n v iro n m e n ta l  s t r e s s .  C o u ll  e t  a l .  (1981) s t a t e  t h a t  th e  
a s su m p tio n  t h a t  a l l  s p e c ie s  o f  su ch  a  v a r ie d  g roup  a s  th e  copepods have  a  
s in g l e  ty p e  o f  re s p o n s e  i s  m is le a d in g  (a s  i t  w ould be f o r  n e m a to d e s ) , 
e s p e c i a l l y  when c o n s id e r in g  th e  d iv e r s e  n a tu r e  o f  t h e i r  l i f e - h i s t o r y  
c h a r a c te r i s t ic s  and p h y s io lo g ic a l a d a p ta tio n s . With th e  p re se n t knowledge o f  
m eiofauna th e se  au th o rs  doubt th a t  a  method th a t  reduces th e  very  complex 
s e t  o f in te r a c t io n s  to  a  s in g le  r a t i o  i s  m eaningful.
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The m ajo r d raw backs o f  th e  u se  o f  th e  n em a to d e /co p ep o d s  r a t i o  f o r  
b io m o n ito r in g  a re  th e  f o l lo w in g  : 1 ) th e  d i s t r i b u t i o n  o f  nem atodes and 
copepods in  th e  sedim ent i s  very patchy, 2 ) sam pling procedures w i l l  a f f e c t  
th e  observed r a t io s ,  3) m eiofaunal d e n s ity  r a t io s  vary  w ith  season, and 4) 
seaso n a l p red a tio n  on copepods w i l l  in flu e n c e  th e  observed r a t io s .  R a f f a e l l i  
(1981 ) em phasizes h is  e a r l i e r  conclusion  (R a f fa e ll i  and Mason, 1981) th a t  i t  
i s  u n lik e ly  th a t  th e  nematode/copepod r a t i o  in  i t s  o r ig in a l  form , could be 
u sed  by any b u t th e  m ost n a iv e  s t a t u t o r y  m o n ito r in g  body. He b e l i e v e s ,  
how ever, t h a t  th e  p o t e n t i a l  o f  t h i s  i n d i c a t o r  sh o u ld  be f u r t h e r  e x p lo re d . 
R a f f a e l i  (1 9 8 1 ) c a l c u l a t e d  W a rw ic k 's  (1 9 8 1 ) im p ro v e d  r a t i o  o f  2A 
nem atodes/copepods fo r  th e  s i t e s  s tu d ie d  in  R a f fa e li  and Mason (1981), and 
concluded th a t  th e  observed r a t i o  ranks th e  s i t e s ,  except fo r  some d e ta i l s ,  
in  a  s i m i l a r  o rd e r .  W hile W arw ick 's  w ork ad d s a  t h e o r e t i c a l  b a se  to  th e  
r a t io  i t  i s  q u es tio n ab le  w hether th e  l im ite d  p re c is io n  gained j u s t i f i e s  the  
increased  c o s t and e f f o r t  req u ired  to  determ ine th e  more re fin e d  r a t io .

Am jad  and Gray (1983) te s te d  th e  v a l id i ty  o f th e  nematode/copepod r a t io  
along a  known g ra d ie n t o f o rgan ic  p o llu t io n  in  th e  O slo fjo rd  (Norway). The 
r e s u l t s  i n d i c a t e  t h a t  th e  p o l l u t i o n  g r a d ie n t  in  th e  O s lo f jo rd  can be 
e x p re sse d  a s  a  t r e n d  in  in c re a s e d  num bers o f  nem atodes o r ,  c o n v e rs e ly , in  
d e c re a se d  num bers o f  copepods, and t h a t  th e  r a t i o  m ere ly  a m p l i f i e s  t h i s  
t r e n d .  No c o r r e l a t i o n  was found  b e tw een  th e  r a t i o  and any se d im e n t 
p a ra m e te r . The l a t t e r  i s  in  a c c o rd a n c e  w ith  th e  f in d in g s  o f  C o u ll e t  a l . 
(1981). The nematode/copepod r a t i o  in  th e  O slo fjo rd  shows th e  same tre n d s  as 
m acrofaunal da ta . The d e te rm in a tio n  o f th e  nematode/copepod r a t io  i s  more 
c o m p lic a te d  and la b o r io u s  th a n  u s in g  m ac ro fau n a  a s  i n d i c a to r s .  Amjad and 
Gray (1983) con sid er th e  nematode/copepod r a t i o  a  p o ss ib le  u se fu l a d d it io n a l  
t o o l  to  th o s e  a l r e a d y  a v a i l a b l e .  They a r e  much in  s u p p o r t  o f  th e  u se  o f  
ta x o n  d i v e r s i t y  a s  a  b io m o n ito r in g  t o o l  a s  p ro p o sed  by Van Damme and H eip  
(1977), m ain ly  because o f th e  s im p lic i ty  o f  th e  method.

F ie ld  s t u d i e s  have exam ined  e i t h e r  th e  s p e c ie s  d i s t r i b u t i o n ,  o r th e  
p o p u la t io n  s i z e s ,  and have n o t  fo c u se d  on th e  s ta g e  d i s t r i b u t i o n  o f  th e  
nem atodes w i th in  a  p o p u la t io n .  E xpo su re  t o  c o n ta m in a n ts  h a s , how ever, 
d i s t i n c t  e f f e c t s  on th e  s ta g e  d i s t r i b u t i o n  o f  n a t u r a l  p o p u la t io n s .  On one 
hand, in  th o s e  s p e c ie s  t h a t  e n t r a i n  to  t h e i r  e n v iro n m e n t, th e r e  w i l l  be a 
c e ssa tio n  o f  th e  postem bryonic developm ent, r e s u l t in g  in  a  h igher p ro p o rtio n  
of ju v e n ile s  r e la t iv e  to  a d u lts .  On th e  o th e r hand, because th e  a d u lt  s ta g e  
i s  more r e s i s t a n t  th a n  th e  j u v e n i l e s ,  th e  more s e n s i t i v e  ju v e n i le  s ta g e s  
w i l l  d ie  o f f  more ra p id ly  under l e th a l  c o n d itio n s  than th e  a d u lts , r e s u l t in g
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in  an in c r e a s e d  number o f  a d u l t s  r e l a t i v e  t o  j u v e n i l e s ,  b u t  an o v e r a l l  
d e c re a se d  p o p u la t io n  s i z e .  A d e c re a s e  in  th e  num ber o f  a d u l t s  r e l a t i v e  to  
ju v e n i l e s  in  an  i n d i c a to r  o f  s u b le th a l  e f f e c t s ,  w h ile  a  d e c re a s e  in  th e  
number o f  ju v e n ile s  r e la t iv e  to  a d u lts  i s  an in d ic a to r  o f  l e th a l  e f fe c ts .

COHCLUSICHS

T h is  re v ie w  h a s  exam ined th e  u s e s  o f  n em ato d es a s  i n d i c a t o r s  in  
e c o to x ic o lo g ic a l re sea rch . The m ajor o p e ra tio n a l c o n s id e ra tio n  must be th e  
f a c t  t h a t  nem atodes a r e  e x tre m e ly  r e s i s t a n t  o rg a n ism s . They a r e  n o t ,  
however, unresponsive to  t h e i r  environm ent, and th e  u t i l i t y  o f  t h i s  group in  
e c o to x ic o lo g y  w i l l  v e ry  much depend on our a b i l i t y  to  d e te c t  th e s e  
responses. The P. re d iv iv u s  b io assay , as a  y a rd s t ic k  in d ic a to r  o f  to x ic i ty  
in  complex sam ples, p rov ides an example o f  th e  e x p lo i ta t io n  o f a  nematode 
re sp o n se  to  t o x ic  m a te r i a l s  t h a t  h as  w id e sp re a d  p o t e n t i a l  a p p l i c a t i o n  in  
eco tox ico logy  fo r  lo c a liz in g , id e n tify in g , and p r io r iz in g  contam inants and 
contam inated s i t e s .

In  b io m o n ito rin g  s tu d ie s ,  nem atodes, as  r e s i s t a n t  p o p u la tio n s , can be 
c o m p ared  t o  m ore  s e n s i t i v e  g r o u p s  o f  o r g a n i s m s ,  a s  e .g .  i n  t h e  
nem ato d e /co p ep o d  r a t i o .  W hile t h i s  f e a t u r e  h a s  n o t y e t  been  e x p lo re d , th e  
changes in  s ta g e  d i s t r ib u t io n  in  n a tu ra l  p o p u la tio n s , m ight be much b e t te r  
c o n ta m in a tio n  i n d i c a t o r s  th a n  th e  r e d u c t io n  in  e i t h e r  th e  num ber o f  
in d iv id u a ls  in  a  p o pu la tion  o f  th e  number o f  sp e c ie s  in  a  community.

We hope th i s  sh o r t overview  w i l l  s t im u la te  f u r th e r  in t e r e s t  in  th e  use 
o f  n e m a to d e s  a s  b o th  f i e l d  and l a b o r a t o r y  i n d i c a t o r - s p e c i e s  in  
eco tox ico logy .
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