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ABSTRACT

The e c o to x ic o lo g ic a l  t e s t s  a v a i la b le  a t  p re s e n t t h a t  employ m arine 
co e len tera tes are reviewed. Those considered p rim arily  involve hydroids and 
co rals , although we a lso  describe one t e s t  w ith a  scyphozoan and some work 
w ith anemones. While hydroids a re  good experim ental organisms and c o ra ls  are 
b e s t  s u i te d  to  in  s i t u  f i e l d  s tu d ie s ,  th e  p rim ary  problem  i s  to  adop t an 
approach th a t  com bines th e  r ig o u r  o f th e  la b o ra to ry  experim en t w ith  th e  
environmental relevance of f ie ld  s tu d ies , using an organism appropria te  to  
one's c r i t e r i a  fo r w ater q u a lity .
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Im p lic it  in  the t i t l e  of th i s  meeting "Ecotoxicological Testing fo r the 
M arine Environm ent" i s  a  d i f f i c u l t  problem . By " te s tin g "  we u s u a l ly  mean 
experim ental procedures conducted in  the labo ra to ry  which are con tro lled  in  
a  way th a t  makes i t  p o s s ib le  t o  i d e n t i f y  th e  consequences o f v a ry in g  a 
s in g le  fa c to r a t  a  tim e -  ty p ic a lly  lev e ls  of a  tox ican t. On the o ther hand, 
we are  u ltim a te ly  concerned w ith  safeguarding communities of organisms in  
the environment. However, i t  i s  no t p o ssib le  to  conduct experiments in  the 
f ie ld  w ith ind iv idual contam inants a t  co n tro lled  concentrations, making i t  
im possible to  determine concentration-response curves and threshold  lev e ls  
fo r d iffe re n t responses. Large enc losures (mesocosms) or bags o f the  CEPEX 
type (D avies and Gamble, 1979 ; S te e le ,  1979) p ro v id e  a  means o f exposing  
organism s in  th e  f i e l d  to  known le v e ls  o f a  to x ic a n t  where u n c o n tro lle d  
fa c to rs  besides the tox ican t may impinge upon organisms and influence th e ir  
re sp o n ses . We need th e re fo re  to  m axim ise th e  en v iro n m en ta l re le v a n c e  of 
la b o ra to ry  ex p e rim en ts  so t h a t  e x t r a p o la t io n s  from th e  la b o ra to ry  to  th e  
f ie ld  can be made w ith  confidence.

In  re c e n t y e a rs  one ap p ro ach  has been to  a tte m p t to  e s t im a te  th e  
b io lo g ica l q u a lity  of environm ental water samples in  laboratory  experiments 
using the responses of s e n s itiv e  organism s to  those samples (Woelke, 1968 ; 
Kobayashi e t  a l., 1972 ; Stebbing, 1979 ; Stebbing e t a l., 1983 ; see review 
o f some a v a ila b le  and p o t e n t i a l  te ch n iq u e s  by S teb b in g  e t  a l . ,  1980). 
However, w hile th is  may provide some b io t ic  index of water q u a lity , there  
rem ains th e  d i f f i c u l t y  o f i d e n t i f y i n g  th e  co n tam in an ts  re s p o n s ib le  fo r  
d e p re ss in g  i t .  The crux  o f th e  p ro b lem  i s  to  combine th e  r ig o u r  o f th e  
labora to ry  experiment w ith  the ec o lo g ic a l relevance of f ie ld  observations in  
an approach th a t  no t on ly  a llo w s  u s  to  m easure sm a ll v a r ia t io n s  in  w a te r 
q u ality , but a lso  to  id e n tify  t h e i r  causes.

A review of the use of c o e le n te ra te s  fo r eco toxico logical te s t in g  needs 
f i r s t  to  consider the b asic  d if fe re n c e s  between the c lasses , because th e ir  
m ajor f e a tu r e s  a ls o  d e te rm in e  som e advan tages and d isad v an tag es  fo r  
experim ental purposes. The c o e le n te ra te s  are now considered to  include two 
p h y la  -  th e  C n id a ria  and th e  C ten o p h o ra . The ctenophores a re  d e l ic a te  
pelag ic organisms th a t a re  d i f f i c u l t ;  to  m aintain in  the labora to ry  and do 
n o t appear to  have been used in  - to x ic o lo g ic a l  work. They w i l l  no t be 
considered fu r th e r.
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W ith in  th e  C n id a ria  th e re  a re  th r e e  c la s s e s  : th e  Hydrozoa, th e  
Scyphozoa and th e  Anthozoa. The Hydrozoa ( c i r c a  3 000 sp e c ie s )  a re  
c n id a r ia n s  whose e x is te n c e  as c o lo n ie s  o f po lyps p red o m in a tes  over t h e i r  
existence as medusae. They are most e a s ily  cu ltu red  as s e s s i le  colonies of 
hy d ro id s and a t  l e a s t  40 s p e c ie s  have been used in  s tu d ie s  o f grow th and 
development since methods were developed fo r  th e i r  c u lt iv a tio n  using Artemia 
s a l in a  n a u p l i i  as food (see  fo r  example C ro w e ll, 1957 ; K inne, 1965 ; 
Braverman, 1974 ; Brock, 1975). the medusae of hydroids are  more d i f f ic u l t  
to  rear and, as planktonic organisms, are le s s  convenient fo r experim ental 
work.

S im ila rly  in  the Scyphozoa (c irc a  250 species) where the medusoid stage 
i s  dominant, i t  i s  the subordinate s e s s i le  polyp or scyphistoma stage which 
i s  more s u i t a b le .  The medusae a re  d e l i c a te ,  o f te n  dam aging th em se lv es  
a g a in s t  th e  w a lls  o f tan k s , and t h e i r  la rg e  s iz e  makes them d i f f i c u l t  to  
hand le. The scyph istom ae on th e  o th e r hand have s im i la r  advan tages to  th e  
hyd ro id s and a re  som etim es used fo r  e x p e rim en ta l work ; in  re c e n t y e a rs  
p a r tic u la r ly  by Spangenberg (1968).

The Anthozoa, to  which the anemones and co ra ls  belong, is  the la rg e s t 
c lass  of cn idarians w ith  about 6 000 species. The anemones (order A ctineria) 
are polyps and unlike the hydrozoans the polyp are  la rg e  and s o li ta ry , but 
l ik e  a l l  o th e r  an thozoans th ey  lack  a medusoid s ta g e . They a re  among th e  
ea s ie s t marine organisms to  m aintain in  labora to ry  cu ltu re , although l i t t l e  
to x ico lo g ica l work has been done w ith  them. The co ra ls  are another major 
anthozoan group and belong  to  th e  o rd e r S c le r a c t in ia .  They a re  u s u a l ly  
c o lo n ia l  and have a c a lc a re o u s  ex o sk e le to n . A u s e fu l  non-taxonom ic 
d is t in c tio n  which needs to  be made is  between the hermatypic and ahermatypic 
c o r a l s .  The h e rm a ty p ic  fo rm s  a r e  th e  r e e f  b u i l d e r s ,  th e y  c o n ta in  
z o o x a n th e lla e  and l i v e  in  sh a llo w  t r o p i c a l  w a te rs  o f 18.5°C or more. The 
ahermatypic co ra ls  which do not bu ild  ree fs , do not possess zooxanthellae, 
l iv e  p red o m in an tly  in  tem p e ra te  w a te rs , b u t a re  found in  a l l  sea s  a t  a l l  
depths.

C orals are d i f f ic u l t  to  keep fo r long periods in  the laborato ry  and so 
th ey  a re  no t good ex p e rim en ta l s u b je c ts ,  b u t t h e i r  s iz e  and s e s s i l e  h a b i t  
a re  advan tages fo r  in  s i t u  s tu d ie s .  In  view o f t h e i r  g re a t  im portance as 
re e f  b u i ld e r s ,  and th e  com m unities o f organism s th a t  depend d i r e c t ly  or
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i n d i r e c t ly  upon them , th e re  i s  a  req u irem en t f o r  s u i t a b l e  te ch n iq u e s  to  
p r e d ic t  th e  s u s c e p t i b i l i t y  o f c o r a ls  to  m arine  co n tam in an ts , so th a t  
appropriate  measures can be taken to  safeguard co ra l re e f  ecosystems.

The most obvious reason  f o r  choosing  to  u se  a  c o e le n te ra te  fo r  
to x ic o lo g ic a l  t e s t s  i s  because th e  p o p u la tio n s  o f  o rgan ism s o f concern  
belong to  th i s  group. Where th is  ra tio n a le  does not apply, co e len te ra te s  may 
be chosen fo r  p ra c t ic a l  reasons, perhaps because o f the  ease w ith  which some 
co e len te ra te s  can be cu ltured  in  la rg e  numbers fo r in d e f in ite  periods in  the 
laboratory , or because they reproduce asexually  and can th e re fo re  be cloned. 
I t  may be im p o rta n t th a t  th e  o rgan ism s a re  sm a ll or t h a t  th e  response is  
rap id , fe a tu re s  th a t  make a  t e s t  more co s t-e ffe c tiv e .

There are considerable d i f f i c u l t i e s  in  a t te m p tin g  to  e x tr a p o la te  th e  
r e s u l t s  o f ex p e rim en ts  w ith  o rg an ism s from  one tax o n  to  p r e d ic t  th e  
s e n s i t i v i t y  o f th o se  from a n o th e r ,  d i f f i c u l t i e s  f o r  w hich s a t i s f a c to r y  
s o lu t io n s  have no t been found w i th in  th e  mammals, l e t  a lo n e  betw een 
in v e r te b r a te  phy la . However, one may adopt th e  p r in c ip le  o f th e  m in er 's  
canary where i t  i s  the g rea te r s e n s i t iv i ty  o f the  in d ica to r organism th a t 
makes i t  po ssib le  to  an tic ip a te  and take p reven ta tive  ac tio n s  to  safeguard 
the organisms of concern, ra th e r th a n  th e ir  taxonomic a f f in i ty .

Our o b jec tiv e  i s  to  review th e  use of co e len te ra te s  in  laborato ry  and 
f i e l d  ex p e rim en ts  on th e  e f f e c ts  o f  a c tu a l ly  or p o t e n t i a l l y  to x ic  m arine 
contaminants. The t i t l e  in d ica tes  t h a t  we are concerned w ith  experim ental 
procedures which have been developed as te s ts ,  im plying th a t  they could be 
learned and applied by o thers in  a  ro u tin e  way w ith  a  p red ic tab le  degree of 
s e n s i t iv ity  and p rec is io n . There a re  few such techniques w ith  co e len tera tes 
th a t  have been used by anyone other th a n  th e ir  o r ig in a to r, and these w il l  be 
co n sid ered  in  some d e t a i l .  N e v e r th e le s s ,  th e re  i s  a  c o n s id e ra b le  body of 
l i te r a tu r e  on which we s h a ll  draw to  in d ica te  l ik e ly  fu tu re  developments and 
p o s s ib i l i t ie s .  The l i te r a tu r e  r e l a t e s  p rim arily  to  the  hydroids and co rals , 
th e r e  b e in g  very  l i t t l e  t o x i c o l o g ic a l  work on j e l l y f i s h  and anemones. 
Furthermore, th ere  i s  a  tendency fo r  th e  hydroid work to  be experim ental as 
th e y  a re  n o t on ly  good e x p e r im e n ta l  s u b je c ts ,  b u t th ey  a re  r e l a t iv e ly  
ephem eral in  th e  env ironm ent. C o r a l s ,  on th e  o th e r  hand, a re  poor 
e x p e rim en ta l s u b je c ts ,  b u t a re  i d e a l  fo r  in  s i t u  s tu d ie s  because th ey  are  
la rg e , s e s s i le  and long-lived .
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SCYPHOZOA

Work by Spangenberg (1964, 1967, 1968) has led  to  what ap p ears  to  be 
the only to x ico lo g ica l t e s t  system w ith a  scyphozoan. The metamorphosis t e s t  
system using A urelia  a u r i ta , and some of the background work th a t  preceded 
i t ,  w ill  th e re fo re  be considered in  some d e ta il .  Spangenberg's o b jec tiv e  was 
to  provide a  method fo r the rapid determ ination of the e f fe c ts  of p o llu ta n ts  
on la rv a l  m arine o rgan ism s undergo ing  m etam orphosis (Spangenberg e t  a l ., 
1980 ; Spangenberg, 1984). The system  draws on e x p e r t is e  g a th e red  over 20 
y e a rs  c u l tu r in g  A u re lia  in  th e  la b o ra to ry  from  po lyps or scy p h isto m ae to  
sexually  mature medusae (Spangenberg, 1964). Of p a r tic u la r  im portance i s  the 
a b i l i t y  to  i n i t i a t e  s t r o b i l a t i o n  a t  w i l l ,  by p re c o n d itio n in g  a t  low 
tem perature (one month a t  19 °C fo r  the  Texas s tra in )  and by induction  with 
low concentrations o f iodine a f te r  increasing  the  tem perature (27 °C fo r the 
Texas s t r a in ) .  As C ustance (1966) has d em o n stra ted , European s t r a i n s  
s tro b ila te  a t  much lower tem peratures (< 8 °C) and he has shown th a t  l ig h t  
o f high in t e n s i ty  i n h i b i t s  s t r o b i l a t i o n  (C ustance, 1964). O ther f a c to r s  
reviewed by Spangenberg (1968) may also  be im portant. As i t  appears th a t  the 
tech n iq u es  invo lved  a re  no t too  d i f f i c u l t  to  le a rn  and have been a p p lie d  
e f fe c tiv e ly  by o thers (Coyne, 1973), i t  seems l ik e ly  th a t  the technique w il l  
become more widely used.

The t e s t  employs the polyp or scyphistoma stage which i s  induced by the 
appropriate precondition ing  described above to  segment a t  i t s  o ra l end to  
produce ephyra larvae. By th is  asexual process of s t ro b ila t io n , the larvae 
develop and d e tach  s e q u e n t ia l ly  to  jo in  th e  p lan k to n  and grow in to  th e  
c h a r a c te r i s t i c  medusoid form  o f th e  j e l l y f i s h .  T e s ts  a re  conducted w ith  
polyps th a t  a re  i s o la te d  in  5 ml o f  a r t i f i c i a l  sea w a te r to g e th e r  w ith  th e  
t e s t  compound. They are induced to  metamorphose by the ad d itio n  of 1 x 10~^M 
io d in e . T e s ts  in c o rp o ra te  te n  c o n tro l  organism s and te n  r e p l i c a t e s  per 
treatm ent which are a l l  m aintained a t  30 °C. The organisms are kept fo r 14 
days and examined a t 2 day in te rv a ls . The responses found to  be s e n s it iv e  to  
hydrocarbons a re  d e lay s  in  th e  o n se t  o f m etam orphosis, t e r a t o lo g i c a l  and 
other abnorm alities in  the d if fe re n tia t io n  of the ephyrae, and th e i r  pulsing  
and swimming behaviour. These may be re la ted  to  abnorm alities in  s t a to l i th  
d if fe re n tia tio n .
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In a recent s e t  of experiments a l l  12 hydrocarbons and crude petroleum 
o i l  re tarded  the onset of s tro b ila tio n  a t  the h ighest concentration te s ted  
(Table I ) ,  and in  th e  case o f phenol and a n i l in e  th e re  was a lso  a  r e v e r s a l  
in  development from s tro b i la  to  polyp. This may be a  generalised  response to  
s t r e s s  in  t h a t  i t  can a ls o  be i n i t i a t e d  by en v iro n m en ta l f a c to r s  such as 
tem perature change.

Observations on the behaviour of ephyrae showed th a t those exposed to  
some hydrocarbons could e ith e r  not swim, or pu lsing  was uncoordinated. More 
obvious were the te ra to lo g ic a l m alformations which occurred with a  frequency 
2 to  4 tim es g rea te r in  the organisms exposed to  hydrocarbon compounds than 
th e  c o n tro ls .  The most common d e fe c ts  were d ecreased  numbers o f arm s or 
la p p e ts ,  or sh o rten ed  la p p e ts .  R eductions in  s t a t o l i t h  s iz e  and freq u en cy  
were a lso  common. B izarre m alformations were found in  tre a te d  cu ltu re s  th a t 
included  m u ltip le  heads and s t a lk s ,  fused  p a r t s ,  branched s t a lk s ,  and in  
extreme cases a large  clumped co lon ia l appearance.

Spangenberg (1984). l i s t s  a number of advantages fo r her t e s t  system, 
some of which have already  been mentioned, or a re  evident from the account 
we have g iven . O thers in c lu d e  th e  f a c t  th a t  sm a ll organism s c u ltu re d  in  
sm all volumes of water make i t  possib le  to  keep costs  low while p erm ittin g  
adequate re p lic a tio n . The fa c t  th a t  A urelia  can be cultured  in d e f in ite ly  in  
a r t i f i c i a l  seawater as a  clone i s  another obvious advantage.

Prom the experiments conducted so fa r  w ith  the A urelia metamorphosis 
t e s t  system , i t  ap p ears  th a t  ex p e rim en ts  in v o lv in g  a  range o f  f ix e d  
concentrations are necessary to  e s ta b l i s h  c o n c e n tra t io n  -  response cu rv es  
and th re s h o ld s  of s e n s i t i v i t y  f o r  in d iv id u a l  to x ic a n ts .  Only then  can th e  
s e n s i t i v i t y  o f  th e  sy s te m  be e s t a b l i s h e d  by co m p arin g  t h r e s h o ld  
concentrations fo r t e s t  compounds w ith  those fo r  o ther systems. Furtherm ore, 
morphological and te ra to lo g ic a l changes need to  be determined q u an tita tiv e ly  
as frequencies fo r a  range of concentrations.

HYDROZOA

Hydrozoans have been used fo r  ex p e rim e n ta l s tu d ie s  of g row th and 
m orphogenesis fo r  many y e a rs  and th e  f i r s t  work on th e  e f f e c ts  o f to x ic  
ag en ts  on hyd ro id s may have been th a t  o f  Huxley and de Beer (1923). They 
s tu d ie d  th e  e f f e c t  o f  p o tassiu m  cyan ide and m ercu ric  c h lo r id e  on th e



A . R .  D. STEBBING a n d  B .E .  BROWN

d ed iffe re n tia tio n  and reso rp tion  of O belia and Campanularia, and found the 
r a te s  to  be dose-dependent. A lthough te c h n iq u e s  fo r  c u l tu r in g  m arine 
hydrozoa fo r  long  p e rio d s  were developed some tim e  ago (Rees and R u s s e ll ,  
1937), i t  was not u n t i l  the in tro d u ctio n  of Artemia s a lin a  n au p lii as food 
t h a t  h y d ro id s  could become w id e ly  used f o r  e x p e rim e n ta l work (C row ell, 
1957)- As a  re s u lt  i t  i s  only in  the  la s t  10 years th a t  much to x ico lo g ica l 
work w ith hydroids has been published.

Dr. B. Werner in  1969 p roposed  th a t  h y d ro id s  m ight be good t e s t  
o rgan ism s fo r  in v e s t ig a t in g  m arin e  co n tam in an ts , and a t  t h i s  su g g es tio n  
Karbe (1972) developed a  t e s t  w i th  E ire n e  v i r i d u l a  in  w hich he id e n t i f ie d  
s ta g e s  in  th e  d e d i f f e r e n t i a t io n  and re o rg a n is a t io n  o f t i s s u e s  -  th e  same 
process described by Huxley and de Beer (1923). Threshold concentrations are 
g iven  fo r  a  number o f  m e ta ls  t e s t e d ,  bo th  f o r  m o rp h o lo g ica l changes and 
t i s s u e  r e o rg a n is a t io n ,  and a n o th e r  s e t  o f th re s h o ld  fo r  "acu te" or s h o r t ­
term  e f fe c ts  which are  generally  low er (Table I I ) .  Karbe's data are derived 
p r im a r i ly  from  h is  i d e n t i f i c a t i o n  o f s ix  s ta g e s  in  th e  d eg e n era tio n  of 
a ffec ted  hydranths. At stage I  the ten tac le  t ip s  a re  swollen, while a t 
s tage I I  the  te n ta c le s  are th ic k e r  and sh o rte r . At s tage I I I  the ten tac le s  
have co m p le te ly  deg en era ted  and -the polyp i t s e l f  b eg in s  to  change 
shape. At s ta g e  IV th e  po lyps have e i t h e r  f a l l e n  o f f  or re g ressed  
co m p le te ly  and a t  s ta g e  VI even t h e  s to lo n  t i s s u e  i s  b reak in g  up. C le a r ly  
th e  c r u c ia l  change in  d e te rm in in g  th resh o ld  concentrations are  changes in 
th e  form  o f te n ta c le s ,  as th ey  a r e  alw ays th e  f i r s t  component to  be 
a f fe c te d .

S im ila r  c r i t e r i a  fo r  t o x i c o l o g ic a l  e f f e c t s  have been used by F ish e r 
(1978) in  h is  ex p e rim en ts  on th e  e f f e c t s  o f  te m p e ra tu re  and s a l i n i t y  on 
cadmium to x ic ity . He used Karbe's c r i t e r i a  as a  su b le th a l index (Table I I ), 
which was m arginally  more se n s itiv e  -fchan h is  so -ca lled  le th a l  response, i_.e. 
the  in a b i l i ty  o f polyps to  catch and sw allow  Artemia n au p lii.

Theede e t  a l .  (1979) i n v e s t i g a t e d  th e  e f f e c t  o f te m p e ra tu re  and 
s a l in i ty  changes on the  to x ic i ty  of cadmium to  laomedea loven i. They found 
i r r e v e r s i b l e  r e t r a c t i o n  o f th e  h y d ra n th s  to  be a  s e n s i t iv e  ac u te  index o f 
e f f e c t ,  and from  t h e i r  d a ta  d e r iv e d  a  resp o n se  s u r fa c e  which shows the  
in flu en c e  o f  bo th  te m p e ra tu re  and s a l i n i t y  (F ig . 1). These d a ta  were a lso  
■elated to  cadmium ac cu m u la tio n  i n  th e  hydro id  t i s s u e s .  T h e ir  r e s u l t s  
lemonstrate c le a r ly  th a t the  su sce p ta b i l i t y  of laomedea loveni to  cadmium is
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increased by suboptimal tem perature and s a l in i ty ,  and th a t organisms a t  the 
ex trem ities  of th e ir  normal d is tr ib u tio n  are l ik e ly  to  be more vu lnerable to  
the e ffe c ts  of p o llu tio n .

A method has a ls o  been developed w ith  Laomedea (C am panularia) 
f le x u o sa  fo r  e c o to x ic o lo g ic a l  t e s t  pu rposes which invo lved  s c a l in g  up 
previously used cu ltu re  techniques, f i r s t  to  increase re p lic a tio n  ( ty p ic a lly  
7 re p lic a te  colonies per treatm ent) in  order to  improve the p rec isio n  o f the 
response data, and second to  in c rease  the  area  av a ilab le  to  each colony fo r 
growth to  a llo w  fo r  la rg e r  c o lo n ie s  and lo n g er ex p e rim en ts  (P ig . 2) 
(S tebb ing , 1976).

I n i t i a l l y  some experim ents w ith m etals were conducted (Pig. 3) as a 
necessary s tep  toward the  development of a laborato ry  technique w ith which 
to  estim ate  the  b io lo g ic a l q u a li ty  of po llu ted  samples using  the responses 
of cultured hydroids. The occurrance of morphological abnorm alities did not 
seem to  be s u f f i c i e n t l y  o b je c t iv e  or e a s i ly  q u a n t i f ia b le ,  so i n i t i a l l y  
e f f o r t  was devoted to  th e  use o f c o lo n ia l  grow th as an index o f response . 
This led  to  a  s tu d y  o f how g ro w th  i s  c o n tro l le d  an th e  c o u n te ra c tio n  of 
to x ic  in h ib i t io n  by h o m e o s ta tic  mechanisms (S tebb ing  and Hiby, 1979 ; 
S tebb ing , 1981a). H orm esis may r e s u l t  from th e  tendency  o f such c o n tro l  
mechanisms to  o v e rc o rre c t  in  re sp o n se  to  low le v e ls  o f in h ib i to r y  load  
(Stebbing, 1981b, 1982).

100

80
cadmium 60 
[jug.r1] 40 

20

25

20

sa l i ni t y  
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P ig . 1. T hresho ld  c o n c e n t r a t io n s  o f cadmium fo r  th e  i r r e v e r s i b l e  
r e t r a c t i o n  o f  50 o f  th e  polyps of Laomedea lo v e n i a t  
d i f f e r e n t  c o m b in a tio n s  o f te m p e ra tu re  and s a l i n i t y  ( a f t e r  
Theede e t  a l . ,  1979).
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Pig. 2 . Diagram summarizing the  subcu ltu ring  of a  bydroid (laomedea 
f le x u o s a ) f o r  an ex p erim en t. E s ta b lis h e d  p a re n t co lony  i s  
peeled o f f  i t s  g lass  p la te  and h ea lty  uprigh ts of th ree  or more 
hydranths a re  se lec ted  fo r subculturing. These are attached  to  
new p la te s  by m onofilam ent nylon th re a d s  u n t i l  th ey  a re  
es tab lish ed .

More im portant from the po in t of view of developing a water q u a lity  
bioassay technique w ith hydroids was the  need to  find  more sen s itiv e  ind ices 
th an  th e  in h ib i t io n  o f c o lo n ia l  g row th , as l e v e l s  o f  m e ta ls  and o th e r  
to x ican ts  in  seawater ra re ly  exceeded the growth thresholds (Table I I ,  Pig. 
3). A ttem pts to  use o f cy to ch em ica l tech n iq u e  th a t  measured in c re a s e s  in  
a c tiv i ty  o f a lysosomal enzyme were successfu l in  th a t in  experim ents w ith 
m e ta ls , th re s h o ld s  f o r  enhanced enzyme a c t i v i t y  were about an o rd e r  o f 
magnitude lower than th resho lds fo r th e  in h ib itio n  of co lon ial growth ra te  
(Table I I )  (Moore and Stebbing, 1976). However, the responses of hydroids to  
samples from contaminated w aters were too d i f f ic u l t  to  in te rp re t , and so we 
looked fo r  other se n s it iv e  but generalised  responses of Laomedea flexuosa to  
to x ico lo g ica l s t r e s s .
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P ig . 3* C o n c e n tra tio n -re sp o n se  cu rv es  f o r  th e  e f f e c t s  of v a r io u s  
m etals on the mean s p e c if ic  co lo n ia l growth ra te s  of Laomedea 
f le x u o s a  ex p ressed  a s  p e rc e n ta g e s  o f th o se  o f th e  c o n tro l  
c o lo n ie s  (R $) f o r  11 day ex p e rim en ts . D ata p o in ts  a re  means 
fo r  seven c o lo n ie s  and a re  g iven  as s o l id  sq u a res , and
th re s h o ld  c o n c e n tra t io n s  as open sq u a res . V e r t ic a l  b a rs
in d ica te  two standard e rro rs  o f the means.

This we found in  th e i r  tendency to  d iv e rt resources when s tressed  to  
produce gonozooids ra th e r than hydranths (Stebbing, 1980, 1981b). Enhanced 
gonozooid production is. apparen tly  an adaptive response th a t increases the 
l ik e l ih o o d  o f th e  s u rv iv a l  o f  th e  genotype when th e  p a re n t colony i s  
s tressed  by re le a s in g  a g re a te r  number of the planktonic phase. I t  may also  
be o f s ig n i f ic a n c e  th a t  g e n e tic  h e te ro g e n e i ty  i s  l i k e ly  to  be in c re a sed  
since th is  mode o f reproduction i s  sexual and leads to  m eiosis. Here though 
we simply use gonozooid frequency as a  se n s itiv e  response to  s tre s s  which 
can be e a s ily  determined from l iv in g  colonies (Pig. 4). Threshold le v e ls  in 
T able I I  a re  g iven  as ranges r a t h e r  th an  s p e c i f ic  c o n c e n tra tio n s  p a r t ly
because the le v e ls  a re  lower in  some cases than can a t  p resent be confirmed
by chemical ana lysis .
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Pig. 4. C oncentration-response curves fo r the e f fe c ts  of cyanide on 
th e  mean s p e c i f ic  c o lo n ia l  grow th r a te s  as p e rcen tag e s  (R i>) 
and gonozooid freq u en cy  o f Laomedea f le x u o s a . Gonozooid 
freq u en cy  i s  th e  number of gonozooids as a  p ro p o r tio n  o f th e  
to ta l  number of colony members expressed as a percentage of the 
frequency in  co n tro l colonies.

We have used gonozooid freq u en cy  r e g u la r ly  fo r  some y e a rs  as a 
sen s itiv e  index of water q u a lity  in  bioassay experiments (Stebbing, 1979 ; 
Stebbing jet a l ., 1983, 1984). In  recent experim ents in  the  R. Tamar estuary  
in  S.W. England, we have found an a re a  o f w a te r th a t  e l i c i t s  th e  hydroid  
gonozooid response repeated ly  in  d iffe re n t experiments between s ta tio n s  12 
to  18 (S teb b in g  e t  a l . ,  1983). We have s in c e  conducted ex p e rim en ts  on 
samples from v e r tic a l  p ro f ile s  a t  the s ta tio n s  th a t  e l i c i t  the more marke 1 
re sp o n ses  (P ig. 5 ). There i s  n o th in g  to  be gained  from  c o n s id e r in g  th ese
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d a ta  in  d e t a i l ,  o th e r  than  to  say th a t  th e  re sp o n se s  a re  c le a r  and 
s ig n if ic a n t, they are sometimes repeated in  d iffe re n t experiments and can on 
occasion by re la ted  to  elevated le v e ls  of contaminants.

Such bioassay responses have th e  advantage th a t the organism in teg ra te s  
the e f fe c ts  of a l l  contaminants th a t  have an in fluence upon i t .  However, i t  
i s  obviously necessary -  i f  one expects to  such an approach in  a  regu la to ry  
c o n te x t  -  to  i d e n t i f y  th e  c o n ta m in a n ts  t h a t  occu r a t  b io lo g ic a l ly  
s ig n if ic a n t le v e ls  or in  b io lo g ic a lly  ac tiv e  forms. In  p r in c ip le  th i s  can be 
done by ch e m ic a lly  m an ip u la tin g  th e  w a te r sam ples b e fo re  b io a ssay . Thus 
se lec tiv e  removal of the d iva len t m etals using an ion exchange re s in  and the 
subsequan t rem oval or re d u c tio n  o f th e  hydroid s t r e s s  response p o s itiv e ly  
d em o n stra te s  th e  im portance o f m e ta ls  in  th e  o r ig in a l  sam ple (S tebb ing , 
1979)* While th is  approach shows some promise i t  has not been developed fa r  
y e t.
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P ig . 5* The r e s u l t s  o f ex p e rim e n ts  in  which th e  b io lo g ic a l  w a te r 
q u a lity  of samples from  an estuary  are estim ated  by cu ltu rin g  
c o lo n ie s  o f Laom edea f le x u o sa  in  th e  sam ples. Sam ples were 
tak en  on p r o f i l e s  a t  th re e  s t a t io n s  from which n e a r -s u r fa c e  
water samples had been  found previously to  s tim u la te  gonozooid 
production. R esu lts  from  two experiments in  September 1982 (a) 
and A p ril  1982 (b) a r e  g iven .
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Since h y d ro id s  as such a re  n o t o f p a r t i c u la r  e c o lo g ic a l  or economic 
im portance , t h e i r  m ajor advantage i s  th e  ease  w ith  w hich th ey  can be 
c u ltu re d  as a c lo n e . T h e ir s e n s i t i v i t y  and th e  f a c t  t h a t  th ey  can be 
c u ltu re d  on a sm a ll s c a le  i s  an economic advan tage, b u t ex p e rim en ts  and 
th e ir  cu ltu re  tend to  be labour-in tensive . Por these kinds of reasons they 
were not recommended fo r inclusion  in  marine p o llu tio n  m onitoring programmes 
(S tebb ing  e t  a l . ,  1980), a lth o u g h  hydro id  t e s t s  have been recommended fo r  
general use in  the Federal Republic of Germany (Karbe, pers. commun.).

Laomedea (Campanularia) flexuosa has been used by Wermuth and coworkers 
on the e f fe c ts  of rad ia tio n  on various co lon ia l growth functions (Wermuth 
and B arnes, 1975). They have e s ta b l is h e d  dose-response curves which show 
how grow th -  w hatever way i t  i s  a s se sse d  -  d ec rea ses  w ith  dose, in  a  way 
th a t  i t  i s  a ls o  shown to  be tem p era tu re -d ep en d en t (P ig . 6 ). I t  i s  a ls o  
demonstrated th a t hydranth longevity  increases w ith dose (Wermuth, 1980).

ANHJDZOA

As th e  bu lk  o f th e  work c a r r ie d  out on an thozoans has been c e n tre d  on 
h e rm a ty p ic  c o r a l s ,  t h i s  s e c t i o n  o f  th e  re v ie w  w i l l  d e a l  (a ) w ith  
s c l e r a c t in ia n  c o ra ls ,  and (b) o th e r  an thozoa ( in c o rp o ra t in g  th e  l im i te d  
l i te r a tu r e  on anemones and octoco rals).

SCLffiACTHflAN CORALS

A wide v a rie ty  of t e s t s  have been carried  out on sc le ra c tin ia n  co ra ls  
exposed to  p o llu ta n ts  in  the laborato ry . Parameters q u a n tita tiv e ly  measured 
in c lu d e  sk e le to n  grow th r a te  ( J o k ie l  and C oles, 1977 ; N eff and A nderson, 
1981 ; Dodge 1982), m etabolism  (C oles and J o k ie l ,  1977 ; Krone and B iggs, 
1980 ; Szm ant-Froelich e t  a l . , 1982), lo ss  o f zooxanthellae (Howard e t  a l ., 
in  p re s s ) ,  sed im en t shedd ing  (Bak and E lg e rsh u iz en , 1976 ; Thompson and 
B rig h t, 1980 ; Thompson, in  Dodge and S zm an t-P ro e lich , in  p re s s ) ,  
re p ro d u c tiv e  b io lo g y  (R inkev ich  and lo y a , 1979), and s u rv iv o rs h ip  and 
s e t t le m e n t o f c o r a l  la rv a e  or p la n u la e  (R inkevich and Loya, 1977). Many 
other responses such as m esen teria l f i la m e n t e x tru s io n , mucus p ro d u c tio n , 
polyp r e t r a c t i o n ,  and h i s to p a th o lo g ic a l  e f f e c t s  have been d e sc rib ed  by 
w orkers d u rin g  la b o ra to ry  ex p e rim en ts  b u t th e se  e f f e c t s  have no t been 
q u a n tif ie d  and th e r e fo r e  w i l l  n o t be co n sid ered  f u r th e r  in  th e  p re s e n t 
review.
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Skeleton growth of co ra ls  may he monitored in  a v a rie ty  of ways. These 
include X-radiography of seasonal growth bands deposited by massive co ra ls , 
re fe re n c e  m arking by a l i z a r i n  red  S s t a in  and subsequen t m easurem ent o f 
g row th beyond th e  m arker l i n e ,  m easurem ent o f an in c re a se  in  s k e l e t a l  
weight, and f in a l ly  recording 45Ca deposition  ra te s  in  the skeleton.

Using an increase in  weight o f  skeleton  produced over tim e, Jo k ie l and 
Coles (1977) demonstrated a  reduction  of growth in  a se lec tio n  o f Hawaiian 
co ra ls  exposed to  a  therm al increase  of approxim ately 4°C. Measurement of 
s k e le ta l  extension beyond an a l iz a r in  re ference band in  the Caribbean co ral 
M ontastrea annu laris exposed to  100 ppm d r i l l in g  mud revealed a s ig n if ic a n t 
d ec rea se  in  s k e l e t a l  e x te n s io n  com pared w ith  c o n tro l  specim ens (Dodge, 
1982), while ra th e r v ariab le  r e s u l ts  were obtained fo r 45ç;a incorporation 
in to  s k e le to n s  o f s e le c te d  C aribbean  c o r a ls  exposed to  w a te r s o lu b le  
fra c tio n s  of fu e l o i l  and L ouisiana crude o i l  (Neff and Anderson, 1981).
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Pig . 6. Dose-response curves f o r  i r r a d ia t e d  c o lo n ie s  o f C am panularia 
flexuosa (= Laomedea flex u o sa ). The average number of hydranths 
added to  th e  c o lo n ie s  in  th e  8 days fo llo w in g  i r r a d ia t io n  on 
day 11 are p lo tte d  a g a in s t  the gamma rad ia tio n  dose. The broken 
l in e  in d ic a te s  c o lo n ie s  k ep t a t  9 °C and th e  con tinuous l in e  
those kept a t  18 °C, ( a f t e r  Wermuth and Barnes, 1975).

Although no attem pts have been made to  standard ise  methods employed in 
m onitoring co ral growth, i t  would seem th a t  th is  is  a  very usefu l parameter 
in  a s s e s s in g  th e  e f f e c t s  o f  p o l l u t a n t s  on c o r a ls ,  s in c e  i t  n o t only 
i n te g r a te s  a  v a r ie ty  o f p h y s io lo g ic a l  p ro c e sse s  bu t i t  may be a p p lied  in
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both  th e  f i e l d  and la b o ra to ry  to  b ran ch in g  and m assive c o ra ls .  Indeed , 
several workers have assessed the impact of environm ental d isturbances on 
co ra ls  in the  f ie ld  by using con tro lled  growth ra te  experim ents. Examples 
in c lu d e  th e  e s ta b lis h m e n t of e x p e rim en ta l e n c lo su re s  (R ogers, 1979), th e  
m o n i to r in g  o f  e x p e r im e n ts  q u a d r a t s  (Bak and O r ie n s ,  1982 , and 
tran sp lan ta tio n  of co ra ls  between d i f f e r e n t  lo c a t io n s  (Hudson and Robbin, 
1980 ; Hudson, 1982). S ince m assive c o ra ls  a c t  as  ch ronom eters o f
environmental change, producing h igh-density  sk e le ta l  deposits or 's t r e s s -  
bands' (P ig . 7) d u rin g  p e r io d s  o f ra p id  c h i l l i n g  and m ixing o f sh a llo w  
in sh o re  w a te rs  (Hudson e t  a l . ,  1976 ; Hudon 1977, 1981), th ey  o f f e r
p o te n tia l in  recording e ffec ts  o f  p o llu ta n ts  in  the f ie ld .  X-radiography may 
be used on such specimens to  produce a  growth h is to ry  of the coral (Pig. 8). 
Such measurements on M ontastrea an n u laris  in  the F lo rid a  Keys (Hudson, 1981 ) 
suggest a decline in  co ral growth from 1953 -  1968 and a  s l ig h t improvement 
in  grow th from 1973 -  1981. The au th o r s p e c u la te s  t h a t  th e s e  e f f e c t s  may 
coincide w ith  increased dredge and f i l l  operations in  the  area  between 1953- 
1968, and the ban on these operations from 1973 onwards.

P ig . 7. X-radiagraph of a  se c tio n  o f M o n tas trae a  a n n u la r is  showing 
the annual w in ter growth check bands from which growth data  can 
be derived (see Pig. 8). Note p a r tic u la r ly  the  dark s tre s s  band 
la id  down in  the w in te r  of 1941-2 (a f te r  Hudson, 1981).



324 A .R.D. STEBBING and B. E. BROWN

L ab o ra to ry  m easurem ents of v a r io u s  m e tab o lic  p a ram e te rs  in  c o ra ls  
exposed to  p o l lu ta n ts  in c lu d e  th e  m o n ito rin g  o f  c a l c i f i c a t i o n  r a te ,  
r e s p i r a t io n  r a te ,  p h o to sy n th e s is  r a t e  and ammonium and n i t r a t e  uptake. 
Disadvantages of these  experiments could be described as the re la t iv e ly  high 
le v e ls  of p o llu ta n t required to  produce an e f fe c t  (often  u n re a l is t ic  with 
re s p e c t to  en v iro n m en ta l c o n c e n tra t io n s ) ,  t h a p a r i  a b i l i ty  in  response of 
ind iv idual heads o f the same spec ies, and the possib le  in s e n s i t iv i ty  of the 
assay methods used. For instance, in  experim ents where a l l  f iv e  param eters 
c i te d  above were m easured, S zm an t-F ro e lich  e t  a l .  (1982) dem onstra ted  
c o n s id e ra b le  m o r ta l i ty  and p a r t i a l  m o r ta l i ty  in  c o lo n ie s  o f Mo n ta s t r e a  
annu laris  a f te r  6 weeks exposure to  100 ppm d r i l l in g  mud, but s ig n if ic a n t 
changes in  m etabolic param eters could only be monitored a f t e r 'a  period o f 4 
weeks exposure.

Fig. 8. Growth h is to ry  graphs o f  M ontastraea  a n n u la r is  d e riv ed  from 
annual bands (see  F ig . 7 ). Mean grow th r a te s  a re  p lo t te d  a t  5- 
year in te rv a ls  w ith maximum-minimum growth ra te s  a t  the  95 $ 
confidence lev e l in d ica ted . Graphs A, D and G a re  derived from 
co ra ls  l iv in g  in  an in shore  re e f environment, w hile B, H and J 
a re  from  c o r a ls  l i v i n g  in  a sh a llo w  m idshore env ironm ent, 
(a f te r  Hudson, 1 981).

Not su rp ris in g ly , data  from o th e r  workers (Kendall e t  a l ., 1983) using 
more to x ic  d r i l l i n g  muds, e x p o su re s  in  f i e l d  e n c lo su re s , and a b ranch ing  
c o ra l  A cropora c e r v ic o r n i s , r e v e a le d  r a th e r  d i f f e r e n t  r e s u l t s .  In  th e se  
ex p e rim en ts , o f th e  th re e  p a ra m e te rs  measured (s o lu b le  t i s s u e - p r o te in .
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c o n c e n tra tio n , t o t a l  n in h y d r in -p o s i t iv e  substance (NPS) concentration , 
and c a lc i f i c a t i o n  r a te ) ,  c a l c i f i c a t i o n  r a t e  was th e  most s e n s i t i v e ,  th e  
dose-response curve showing a  s ig n if ic a n t reduction in  c a lc if ic a t io n  ra te  a t  
25 ppm d r i l l i n g  mud, th e  lo w e s t c o n c e n tra t io n  used (P ig . 9). Pig* 12 
i l lu s t r a te s  the re la tiv e  s e n s i t iv i ty  of the param eters used in  th is  study. 
Pew researchers working w ith co ra ls  have attem pted to  produce dose-response 
curves fo r p o llu ta n ts  studied or rank the re la t iv e  s e n s i t iv i ty  of t e s t s  used 
in  a s s e s s in g  to x ic i ty .  S tu d ie s  such a s  th o se  o f S zm an t-P ro e lich  e t  a l . 
(1982) and K endall _et a l .  (1983) h ig h l ig h t  some o f th e  p rob lem s of 
to x ico lo g ica l te s tin g , namely the  v a r ia b i l i ty  in  to x ic i ty  of the p o llu tio n  
source, the re la t iv e  s e n s i t iv i ty  of the  species used and the  t e s t  applied . 
N evertheless co ra l ree fs  are composed o f many species of co ra l which can be 
broadly divided in to  branching and massive v a r ia t ie s ,  and th e re  i s  a growing 
amount of evidence (see Brown and Howard, 1984, fo r review) to  suggest th a t  
branching co ra ls  may be more su scep tib le  to  c e rta in  p o llu ta n ts  than massive 
species.

M etab o lic  s tu d ie s  may a ls o  have co n s id e ra b le  p o t e n t i a l  in  _in s i t u  
m easurem ents o f  th e  energy  re q u ire m e n ts  o f r e e f  c o r a ls  in  th e  fu tu r e  
(S pencer-D av ies, p e rs . commun.). By co n stru c tin g  energy budgets fo r  co ra ls  
by in s i tu  m onitoring of re sp ira tio n  and photosynthesis, i t  may u ltim a te ly  
be p o s s ib le  to  d e te rm in e  th e  o v e r a l l  "h ea lth "  o f c o r a ls  in  p o l lu te d  
environments.

A nother re c e n t developm ent in  m etabolism  s tu d ie s  in v o lv e s  th e  
measurement of p ro d u c tiv ity  and c a lc if ic a t io n  of an e n tire  re e f  zone such as 
th e  re e f  f l a t .  Work by B arnes (1983), in  w hich he f lo a te d  a  buoy equipped 
with pH and oxygen e lec trodes p lus a  s e n s itiv e  th erm isto r across a  re e f  f l a t  
to  obtain values fo r re e f  p ro d u c tiv ity  and c a lc if ic a t io n , could be applied  
to  po llu ted  re e f environments. Barnes c i te s  Kinsey (1979) who suggests th a t  
re e f f l a t s  operate w ith in  narrow m etabolic l im i ts ,  any departures from these  
l im its  possib ly  re f le c t in g  pertu rb a tio n . Once the re sp ira to ry  and m etabolic 
c h a ra c te r is t ic s  of re e f  communities are b e t te r  understood methods such as 
those described above may have an estab lished  place in  p o llu tio n  s tu d ie s  on 
re e fs .
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d if fe re n t co ncen tra tions on the  c a lc if ic a t io n  ra te  of Acropora 
c e rv ic o rn is  t i p s  d u r in g  24 h exposure ( a f t e r  K endall e t  a l . ,  
1983).
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P ig. 10. D iffe re n c e s  in  th e  r e l e a s e  o f p la n u la e  by S ty lo p h o ra  
p i s t i l l a t a  on r e e f s  n e a r  an o i l  p o r t  compared w ith  th o se  
released by a  co n tro l p o p u la tio n . Data are given as the number 
of planulae re leased  per c o ra l  head (a f te r  Rinkevich and Loya, 
1977). The s o lid  bars i n d ic a te  the con tro l population and the 
s t r ip e d  b a rs  th e  e x p e r im e n ta l  p o p u la tio n  from  th e  o i l  p o r t  
re e f.
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Pig. 12. Response of Acropora ce rv ico rn is  to  v a r io u s  c o n c e n tra tio n s  
of d r i l l in g  mud (a f te r  Kendall e t  a l ., 1983)-
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A tech n iq u e  of some p o te n t i a l ,  though l im i te d  in  i t s  use  to  d a te ,  i s  
the experim ental m anipulation of co ra l planulae in  to x ico lo g ica l work. Loya 
(1976) was th e  f i r s t  to  re co g n ise  t h a t  o i l  was p o t e n t i a l l y  dam aging, no t 
only to  th e  re p ro d u c tiv e  system  o f s e x u a lly  m ature c o r a ls  b u t a ls o  to  th e  
s u rv iv o rs h ip  and s e t t le m e n t  o f t h e i r  p lanu lae . A fter observing poor co ral 
re c ru itm e n t on o i l  p o l lu te d  r e e f s  n ea r E i l a t  he c a r r ie d  o u t f i e l d  and 
laboratory  experiments on the  planulae of Stylophora p i s t i l l a t a , one o f the 
most abundant coral species in the  shallow waters of the Gulf of E ila t .

Table IV. Settlem ent of Stylophora p i s t i l l a t a  planulae on p e t r i  p la te s  
in d iffe re n t concentrations of crude o i l  ( a f te r  Rinkevich and 
Loya, 1977)

Factor measured Oil concentration (m l.l ^)

10 5 1 0.1 0.01 con tro l

Number o f planulae 0 0 4 7 7 11

Percent settlem ent 0 0 20 35 35 55

In th e  f i e l d  60 p l a s t i c  p e t r i  p la te s  were a tta c h e d  to  ro ck s a t  two 
s t a t io n s ,  th e  o i l  p o r t  and th e  c o n tro l  a rea . A fte r  one y e a r  50 p la te s  
rem ained on th e  o i l  p o llu te d  r e e f  b u t on ly  14 a t  th e  c o n tro l  s i t e ,  th e  
remainder having been removed by vandals. The re s u lts ,  however, (Table I I I ) ,  
c le a rly  ind icated  th a t the  co lo n isa tio n  ra te  of new colonies was h igher a t  
the con tro l than a t  the po llu ted  s i te .  Rinkevich and Loya (1977) suggested 
th a t  th e  low s e t t le m e n t  could be th e  r e s u l t  o f a  low number o f p o t e n t i a l  
p lan u lae  (F ig . 10) a n d /o r d ec reased  p la n u la e  v i a b i l i t y .  S u rv iv o rsh ip  o f 
planulae in  varying concentrations o f crude o i l  ind icated  th a t a f te r  144 h 
more than 50 $ of the planulae in  1.5 and 10 ppb o i l  concentrations had died 
(F ig . 11). In  a d d it io n  s e t t le m e n t  o f p lan u lae  in  la b o ra to ry  ex p e rim en ts  
(Table IV) in d ic a te d  a s ig n i f i c a n t  low er r a te  of s e t t le m e n t  over 120 h in  
1.5 and 10 ppb o i l  c o n c e n tra t io n s  th an  in  th e  c o n tro ls .  S u b seq u en tly  
R inkevich  and Loya (1979) c a r r ie d  ou t lo n g -te rm  (2 to  6 months d u ra tio n )  
la b o ra to ry  m easurem ents on th e  e f f e c t  o f crude o i l  on th e  re p ro d u c tiv e  
b io lo g y  o f S ty lo p h o ra  p i s t i l l a t a . By s p l i t t i n g  each c o ra l  colony in to  two 
parts  and studying each h a lf  in p o llu ted  and clean tanks, Rinkevich and Loya
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were able to  te s t  e f fe c ts  on the same colony, thus avoiding the v a r ia b i l i ty  
in  response  d iscu ssed  e a r l i e r .  E xposure to  3 ppb o i l  fo r  24 h once a  week 
re su lted  in  a  s ig n if ic a n t decrease in  the  number of female gonads produced 
by 75 % of the colonies in  the p o llu ted  tanks. Poor co lon isation  a t  the o i l  
port could there fo re  be explained by a sm aller number of breeding co lonies, 
a  d ec rea se  in  th e  number of eggs per po lyp , a sm a lle r  number o f p la n u la e  
produced per coral head and a lower se ttlem en t ra te  of planulae.

Since 1979 no other workers have followed th e  example of Rinkevich and 
Loya, b u t th e se  methods a p p lie d  to  o th e r  p o l lu ta n ts  would g iv e  v a lu a b le  
inform ation. Not only are p lanulae a s e n s itiv e  stage in the l i f e  h is to ry  of 
th e  c o ra l  bu t th ey  a re  sm a ll and a v a ila b le  in  numbers w hich make them 
extrem ely su itab le  fo r labo ra to ry  experim ents. In addition  the relevance of 
laborato ry  observations may be te s te d  in  the f ie ld  since param eters such as 
planulae se ttlem en t and growth on a r t i f i c i a l  su b s tra te s  may be monitored in  
s i t u , w ith  th e  c o n d itio n  th a t  c o n t r o l  and p o llu te d  s i t e s  a re  s u b je c t  to  
s im i la r  n a tu r a l  en v iro n m en ta l in f lu e n c e s .  One d isad v an tag e  of th e  u se  o f 
planulae i s  th a t  they cannot be obtained from a l l  co ra ls  since many species 
produce sperm and eggs which a re  b ro a d c a s t in to  th e  sea , th e re  b e in g  no 
brooding of planulae w ith in  the body cavity . N evertheless fu r th e r work on 
planulae se ttlem en t would prove a  valuable to o l in  fu tu re  p o llu tio n  research  
on many re e f  corals.

OTHHi ANTHOZOA

R eferen ces  to  th e  use  o f A nthozoa, a p a r t  from S c le r a c t in ia ,  in  
to x ico lo g ica l work are very l im ite d . They include t e s t s  with the sea anemone 
A ctin ia  equina (Ormond and C aldw ell, 1982) and the alcyonarian Heteroxemia 
fu sc e scen s  (Cohen e t  a l . ,  1977) to  e s t a b l i s h  th e  e f f e c t s  o f o i l  p o l lu ta n ts  
on these species, and the suggested  use of the Caribbean gorgonid Gorgonia 
v en ta lin a  as an in d ica to r o f environm ental s t re s s  (Morse e t a l., 1977).

In the former s tu d ies  s im ila r  responses were e l ic i te d  on exposure to  
o i l ,  th e se  were th e  ex p u ls io n  o f  p rem atu re  and m ature p lan u lae  a t  
concentrations of 10 ppb crude o i l  a f t e r  72 h (for the alcyonarian), and 2.5 
ppb crude o i l  a f t e r  1 to  7 weeks ( f o r  th e  see anemone). In a d d it io n  Ormond 
and C aldw ell (1982) no ted  a  r e d u c t io n  in  th e  s iz e  o f ova and th e  e l i c i t i n g  
o f a feeding response in  anemones exposed to  o i l ,  w hile Cohen e t  a l. (1977) 
o b se rv e d  a  r e d u c t io n  in  p u l s a t i o n  r a t e  o f th e  s o f t  c o r a l  in  o i l  
concentrations of 1 ppb to  le s s  th an  50 # of the ra te  of un treated  colonies-
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Morse e t  a l .  (1981) d e sc r ib e  tu m o u r- lik e  grow ths in  th e  gorgon ie  
G orgonia v e n ta l in a  from B onaire and in f e r  th a t  th e s e  may be formed in  
response  to  h igh  le v e ls  o f ch ro n ic  or i n t e r m i t t e n t  hydrocarbon p o l lu t io n  
from nearby  petro leum  ta n k e r  lan es  and lo a d in g  d ep o ts . However no cau se- 
e f fe c t re la tio n sh ip  has been estab lished  to  explain  the evidence of tumours 
in  th is  species and the authors' conclusions must remain ten ta tiv e .

OCHdöDIHG TRENDS

There are  re la t iv e ly  few e c o to x ic o lo g ic a l t e s t s  u s in g  c o e le n te ra te s .  
Tests w ith co ra ls  are  needed because of the  importance o f co ra l species to  
re e f ecosystems and some techniques, such as backp lo tting  growth curves from 
annual grow th l i n e s ,  or th e  s u rv iv a l  and s e t t le m e n t  o f p la n u la  la rv a e  o f 
co ra ls , a re  good ways o f assessing  contaminant e f fe c ts . Hydroids are b e tte r  
experim ental organisms as they are le s s  d i f f i c u l t  to  cu ltu re , but as a  group 
th ey  a re  n o t e c o lo g ic a l ly  im p o rtan t. N e v e r th e le s s , where th e re  a re  no 
taxonom ic c o n s t r a in t s ,  th ey  have many p r a c t i c a l  f e a tu r e s  th a t  a re  id e a l .  
They can be e a s i ly  c u ltu re d  on a  sm a ll s c a le  f o r  i n d e f in i t e  p e r io d s  in  
g e n e tic a lly  homogenous populations, and have responses th a t are as s e n s itiv e  
as any to  some to x ic  contaminants (Table I I ) .  Their s e n s i t iv ity  makes them 
id ea l fo r  the kind o f bioassay experim ents where organisms are exposed in  
th e  la b o ra to ry  to  w a te r sam ples from th e  f i e l d .  U sing t h i s  approach i t  i s  
p o s s ib le  to  d e te c t  and d e f in e  a re a s  o f poor b io lo g ic a l  w a te r q u a l i ty  th a t  
cannot be shown by o th e r  m ethods, p a r t i c u l a r l y  when th e  co n tam in an ts  
involved are  unknown.

Our review h ig h lig h ts  a  number of fe a tu re s  o f ex is tin g  te s t s  th a t  look 
promising, and o thers th a t  might b est be avoided fo r eco tox ico log ical te s ts .  
I t  i s  obvious th a t  t e s t s  should be se n s itiv e  enough to  de tec t the le v e ls  of 
to x ic  contam inants th a t  occur in po llu ted  waters. The choice of response or 
e f fe c t i s  im portant in  achieving s e n s i t iv i ty ,  as the th resho lds fo r a range 
of responses in  a  co ral (Pig. 12) and a  hydroid (Pig. 13) ind icate . However, 
in  choosing  such a  re sp o n se , i t  i s  im p o rta n t t h a t  i t  can be r e a d i ly  
q u a n t i f ie d .  Q u a l i ta t iv e  changes such as th e  o ccu rran ce  o f m orpho log ical 
abnorm alities or te ra to lo g ic a l e f fe c ts  are d i f f i c u l t  to  use in  t e s t s  unless 
they can be measured, or occur commonly enough to  handle as frequencies. The 
use of s ta g e s  in  d e d i f f e r e n t i a t i o n  under to x ic o lo g ic a l  s t r e s s  re q u ire  
experience in  in te rp re ta tio n  th a t i s  not easy to  convey to  o thers who might



332 A .R.D. STEBBING and B.E. BROWN

w ish to  le a rn  th e  t e s t  by way o f th e  p r in te d  word. F u rth erm o re , any t e s t  
must incorporate adequate re p lic a tio n  which can be used to  assess i t s  own 
precision  by dem onstrating s a tis fa c to ry  "signal to  noise ra tio s" .

copper [ p g . r 1]    ——

0.1  1.0  10 1 0 0
I I I

/  /
increase in increase in inhib it ion of colony death

gonozooid ac t iv i ty  o f  colon ial  a f te r  2 days

product ion au to ly t ic  enzyme growth ra te

Fig. 13- Response of Laomedea flexuosa to  various concentrations of 
copper (a f te r  Stebbing, 1981c).

We can id en tify  some t e s t s  th a t  s a t is fy  the usual c r i t e r i a  of the kind 
co n sid ered  above, w h ile  a t  th e  same tim e h av ing  a  d i r e c t  b e a rin g  on th e  
su rv iv a l of populations in  the f ie ld .  Growth i s  an obvious response th a t , as 
an in te g r a t io n  o f numerous p h y s io lo g ic a l  p ro c e s s e s , i s  a  good index . In  
experim ental s tu d ie s  f a s t  growing spec ies are required  i f  the t e s t  i s  not to  
be too long, but backp lo tting  growth curves o f co ra ls  i s  c le a r ly  a good way 
o f d e tec tin g  the e f fe c ts  of p o llu tio n  events re tro sp ec tiv e ly . Tests based on 
a d a p tiv e  re sp o n ses  to  to x ic o lo g ic a l  s t r e s s ,  such as enhanced gonozooid 
p ro d u c tio n  in  h y d ro id s , make i t  p o s s ib le  to  d e te c t  a change in  b io lo g ic a l  
water q u a lity  before i t  becomes harm ful to  the b iota- S im ilarly , much more 
cou ld  be done w ith  p la n u la  and ephyra l a r v a l  s ta g e s ,  which a re  more 
se n s itiv e  to  to x ic  contam inants th an  th e ir  ad u lts .
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