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ABSTRACT: The long-term effects of different cadmium (0.2 and 0.4 ppm} and salinity levels (30, 
25, and 20 %0 S} on growth and egg-mass production of Ophryotrocha labronica (La Greca & Bacci} 
were investigated over three generations. Low salinity levels and the presence of cadmium resulted 
in reduced growth rates, prolonged times to reach sexual maturity, and reduced size at maturity. 
Three-way analysis of variance showed significant interaction effects of generation and cadmium 
for the different growth processes tested. Using response-surface methods, 0.2 ppm cadmium was 
shown to have a greater effect on growth rate at the third generation than the first and second 
generations at the three salinities tested. Increased effects were observed from first to second 
generation at 0.4 ppm cadmium and 30 and 25 ~ S, whereas effects decreased from second to third 
generation. At 0.4 ppm cadmium and salinity of 20 ~ the first generation was not able to produce 
viable larvae. 

INTRODUCTION 

The effect of different heavy  metals  on mar ine  life has b e e n  extensively  s tudied in  
recent  years (cf. Waldichuk,  1974). Elevated concentrat ions of heavy metals  are usual ly  
restricted to confined localities, largely associated with industr ia l  deve lopment  (Preston, 
1973), par t icular ly in  estuaries. One  of the chief characteristics of estuaries is the large 
n u m b e r  and  range  of seasonal  env i ronmenta l  variables.  It is of great importance to know 
how these normal  env i ronmenta l  f luctuations interact  with pol lutants  in  their  effects on 
organisms.  

Information on the effect of toxic heavy metals  in estuaries has mostly b e e n  directed 
towards assessing le thal  levels of s ingle  pol lutants  but  comparably  little is k n o w n  of the 
interact ion of pol lu tant  and  env i ronmenta l  fluctuations. However,  Perkins (1974) has 
stressed that mortal i ty of organisms in  s tandard tests is a poor toxicity criterion. There-  
fore, suble tha l  concentrat ions must  also be examined.  In their  study of pol lu t ion effects 
on micro- and  meiofauna  of sand, Gray & Vent i l la  (1971) poin ted  out that growth-rate 
studies are more re l iable  bioassays than  LC50-tests. Accordingly,  the present  study was 
u n d e r t a k e n  to evaluate  the effects of in teract ing suble thal  concentrat ions of sal ini ty and  
cadmium on growth and  reproduct ion of the polychaete  Ophryotrocha labronica, which 
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Akesson (1970) has suggested as a possible test an imal  for pol lutant  studies. The 
mul t ivar ia te  exper iments  were u n d e r t a k e n  over three genera t ions  and  interactions were 

examined  at each generat ion.  

MATERIAL AND METHODS 

The Ophryotrocha labronica used  was from the Naples  strain and  had b e e n  cul tured 
in  the laboratory at 30 %0 and  20 ___ 2 ~ for several  years (]~kesson, 1970). The size of the 
adults is about  3-3.5 mm and, at ordinary room temperature,  its life cycle is completed in  
less than  one month. The species is gonochoric and  a single female produces a new egg 
mass with 100-150 eggs every fortnight dur ing  a per iod of at least three months. 

In the 48-h LC50-test a tempera ture  of 20 __ 2 ~ was ma in t a ined  in  glass bowls 
conta in ing  50 ml of seawater  (salinity of 30 %0) which was aged, filtered and steril ized 
by hea t ing  to 80 ~ for 24 h. To these bowls 2, 3, 3.5, 4, 4.5, 5, 6, and  7 ppm cadmium 
(CdC12) were added. Five males  and  five females were used  in  each bowl and  were fed 
spinach (~kesson, 1970) ini t ia l ly  in  excess. After 48 h the surviving indiv iduals  were 
counted. Paralyzed indiv iduals  were transferred to c lean  seawater  and  those which did 
not recover after 24 h were considered dead. Each exper iment  was duplicated.  The m e a n  
percent  mortali t ies of the 48-h LC50-tests were transformed from a sigmoid dosage 
mortali ty curve to a straight l ine us ing  probits (Fisher & Yates, 1963). 

In order to obta in  a sufficient n u m b e r  of newly  re leased larvae of the same age 
(necessary for long- term experiments),  synchronized spawings  were obta ined  by isolat- 
ing sexual ly mature  males  a n d  females for about  a week. W h e n  the sexes were reunited,  
most females spawned  overnight.  

The exper imenta l  des ign  for the long- term exper iment  was 3 • 3 (cadmium X sa- 
linity) factorial design. The concentrat ions used were 5 % and  10 % of the LC50-va]ue at 
sal ini t ies  30, 25, and  20 %0. Newly re leased larvae (20-30 individuals)  were transferred 
to each of the n ine  100-ml bowls (first generation).  At intervals  of 3-4 days the n u m b e r  of 
segments  with parapodia  was de te rmined  on four individuals  selected at random. After 
15-20 days, w h e n  it was possible to d is t inguish  the gender,  five males and  five females 
were picked out for further deve lopmenta l  studies. Segments  with parapodia  were 
thereafter counted  on two males  and  two females selected at random. The fate of the 
twelve first egg masses was recorded dur ing  subsequent  observations and the percent  
egg masses which hatched and  gave vital  larvae were calculated. 

Larvae of the same age (second generat ion) were transferred from each concentra-  
t ion to new  bowls with ident ica l  concentrat ions of cadmium and  sal ini ty to that used  in  
the first generat ion.  Measurements  and  counts were made  following the same procedure 
used with the first genera t ion  for this and  the third generat ion.  However,  at sal inity of 
20 %0 and  0.4 ppm cadmium (the extreme condition), the egg masses from the first 
genera t ion  did not hatch or the larvae died soon after hatching;  no results were obta ined  
unde r  these condit ions for the second and  third generat ion.  The exper iments  were 
dupl icated and carried out at ordinary room tempera ture  (20 ___ 2 ~ the organisms 
were fed spinach and  the exper imenta l  waters were changed  every 10-12 days. Chemi-  
cal analysis  in  a pre l iminary  test showed that cadmium concentrat ion,  in 0.4 and  0.2 ppm 
solutions kept  at room temperature,  did not change  signif icant ly (less than  10 ~ after a 
period of 10 to 12 days. 
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Fig. 1. Schematic illustration of idealized growth curve of Ophryotrocha labronica showing the 
three growth phases; time (y) and size (x) at maturity are extrapolated 

The  n u m b e r  of segments  wi th  p a r a p o d i a  was  p lo t t ed  aga ins t  t ime and  the curves 
o b t a i n e d  were  d iv ided  into th ree  phase s  (see the  schemat ic  i l lus t ra t ion in Fig. 1). In the  
first phase  (" lag"  phase)  there  is no or l i t t le  inc rease  in the  n u m b e r  of pa rapod ia .  The  
second  phase  (growth proper)  shows an  app ro x ima te ly  l inea r  increase  in  the  n u m b e r  of 
s egmen t s  wi th  p a r a p o d i a  and  the s lope of this  l ine  was  used  as an  express ion  for the  
i nd iv idua l  g rowth  rate.  The  th i rd  phase  also shows a l inea r  t rend  bu t  wi th  a sha l lower  
slope, and  the po in t  at wh ich  this ex t r apo la t ed  s t ra ight  l ine cuts the  l ine r ep re sen t ing  
growth  ra te  is de f ined  as the  t ime w h e n  the organisms  r e a c he d  matur i ty .  This t ime 
in te rva l  and  the size (as n u m b e r  of s egmen t s  wi th  pa rapod ia )  at matur i ty  are  ex t rapo-  
l a t ed  in F igure  1. 

Ana lys i s  of va r i ance  was  done fo l lowing the methods  of Davies  (1963). Because  no 
resul ts  were  ob t a ined  from the second  and  th i rd  genera t ions  at  sa l in i ty  of 20 900 with  the  
h ighes t  c a d m i u m  concentra t ion,  the ana lys i s  of va r i ance  was  spl i t  into 3 • 3 x 2 and  
3 • 2 x 3 (genera t ion  • c admium x sal ini ty)  factor ia l  design.  

The growth- ra te  da ta  at the  th ree  genera t ions  were  a n a l y s e d  by  response-sur face  
m e t h o d o l o g y  us ing  a second  d e g r e e  po lynomia l  equa t ion  of the  form. 

Y = b 0 + b lS  + b2Cd + b u S  2 + b22Cd 2 -b b12SCd 

where  Y = the e s t ima ted  i nd iv idua l  g rowth  rate,  S = sal ini ty,  and  Cd = cadmium.  The 
va lues  of sa l in i ty  and  c a d m i u m  were  r e p l a c e d  by  po lynomia l  mul t ip l i e r s  ( -  1, 0, + 1) 
and  the  equa t ions  shown are  in terms of mul t ip l ie r s  and  not  the  va lues  of sa l in i ty  and  
cadmium.  Such t ransformat ion g rea t ly  s impl i f ies  s ta t is t ical  calculat ions.  In ca lcu la t ing  
the  equa t ions  for the second  and  th i rd  genera t ions  where  no resul ts  were  ob ta ined  at 
20 %o S wi th  the  h ighes t  c a d m i u m  concentra t ion,  the  growth  rate  was  set at zero. 

R E S U L T S  

Ef fec t s  o n  g r o w t h  r a t e  

The toxic i ty  of c a d m i u m  to Ophryotrocha labronica was found to give a 48-h LCs0- 
va lue  of 4 p p m  (Fig. 2). Thus, 0.2 and 0.4 p p m  c a d m i u m  concentra t ions  r e p r e se n t i ng  5 % 
and  10 0/0 of the  LCs0-value were  used  in the  long- te rm exper iment .  
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Fig. 3. Effects  of r e d u c e d  sa l in i ty  a n d  0.4 p p m  c a d m i u m  on  t he  i n d i v i d u a l  g r o w t h  cu rve  of 
Ophryotrocha labronica. In e a c h  case  cu rve s  f rom the  two rep l i ca t e s  are  g i v e n  ( ind ica t ed  by  

d i f fe rent  symbols )  
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F i g u r e  3 i l l u s t r a t e s  t h e  g r o w t h  curve  of t h e  f i rs t  g e n e r a t i o n  in  four  of t h e  n i n e  

c o m b i n a t i o n s  t e s t ed .  It s h o w s  r e d u c e d  g r o w t h  r a t e  ( c h a n g e  i n  s lope)  b o t h  a t  r e d u c e d  

s a l i n i t y  (20 %0) a n d  at  0.4 p p m  c a d m i u m  c o n c e n t r a t i o n .  T h e  i n d i v i d u a l  g r o w t h  r a t e s  for 

al l  t h r e e  g e n e r a t i o n s  o v e r  fac to r ia l  d e s i g n  a re  g i v e n  in  T a b l e  1. T a b l e  2 s h o w s  t h e  t h r e e -  

w a y  a n a l y s i s  of v a r i a n c e  of t h e s e  da ta .  T h e  d i f f e r e n c e s  b e t w e e n  t h e  m a i n  e f fec t s  w e r e  

s t a t i s t i ca l ly  s i gn i f i c an t .  T h e  e f fec t s  of g e n e r a t i o n  a n d  sa l in i ty  w e r e  on ly  s i g n i f i c a n t  w h e n  

t h e  v a l u e s  of al l  t h e  t h r e e  s a l i n i t i e s  a n d  c a d m i u m  c o n c e n t r a t i o n s  of 0.0 a n d  0.2 p p m  

Table 1. Relative growth rate (increase in number  of parapodia versus time) at various combinations 
of cadmium and salinity at three generations of Ophryotrocha labronica (means of two replicates) 

Cadmium (ppm) 
Generation 0 0.2 0.4 

Salinity (%o) 

1 st 1.09 1.00 0.86 1.00 0.97 0.80 0.72 0.79 
2 nd 1.06 1.07 0.91 1.00 1.02 0.74 0.52 0.51 
3 rd 1.03 0.96 0.84 0.92 0.70 0.48 0.79 0.73 

0.66 

Table 2. Three-way analysis of variance of data of the different growth processes and percent  
ha tched egg masses of Ophryotrocha labronica. A = 3 • 3 • 2 and B = 3 • 2 • 3 (generation 
[G] X cadmium [Cd] • salinity [S]) factorial design. L = linear, Q -- quadratic. Significant (p ~< 

0.05) effects marked 

Factors Growth rate Time Size Hatched egg masses 
A B A B A B A B 

G L 3.376 11,656" 9.582* 15.027" 0.953 0.330 1,468 0,846 
GQ 0.669 5.629* 66.156" 7,055* 9.080* 1.761 15.274' 13.928" 
Cd L 81.659" 18,011" 115.341" 33.388* 23,510" 35.177" 81.452" 20.650* 
CdQ 5.038* 25,519" 12,795" 3.924 
S L 1.589 40,880* 0,149 17,449" 1,351 44.202* 4.476* 46.309* 
S O 3,269 1.653 9.488" 6.005" 
CdLS L 0.366 1,941 0.782 8,347* 0,549 7.927* 1.141 0.469 
CdQS L 0.648 0,075 0,122 0,164 
CdLS Q 0.102 3.780 2.910 0,020 
GLS L 1.672 1.192 0.016 7.073* 0,409 0.427 1,288 0.069 
GQS L 1,007 0.477 2.023 3.912 0,412 0.614 0,058 0.003 
GLS Q 0.204 0.011 0.001 0,696 
GQSQ 1.567 3,993 5.984" 0.230 
GLCd L 0.293 5,618" 0.273 18.543" 3.000 2.432 0.304 1,752 
G LCdQ 3.084 4.550 * 0.444 0,365 
GQCd L 11,822" 0.670 145.742" 1.174 45.082* 1.294 0.776 0.866 
GQCdQ 8,540 53.556 * 9.481 * 0.107 
GLSLCd L 0,721 2.304 0.827 4.878* 0.680 0.063 0.310 2.156 
GLSLCd Q 0,659 3.074 1.907 0.057 
GLSQCd L 0,193 0.024 1.557 0,032 
GQSLCd L 0.366 0.000 1,428 2.124 0.444 0,526 0.001 1.315 
GQSLCd Q 0,606 3.969 3.599 0.302 
GQSQCd L 0.193 0,457 2,028 1.673 
Error (M.S.) 0.0096 0.0088 1.6704 1.2304 0.3675 0.2474 102.2169 72.2136 
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Fig. 4. Response surface contours of individual growth rate of three generations of Ophryotrocha 
labronica when exposed to various concentrations of salinity and cadmium 

{Column B in  Table  2) were t aken  into account. There was also a s ignif icant  quadrat ic  
effect of genera t ion  {Column B), i.e. the t ransmiss ion of the growth-reducing effects over 
the generat ions  at any  level  of sal ini ty and  cadmium (0.0 and  0.2 ppm) tested has a 
quadrat ic  effect. 

Of the three sets of two-way interactions,  only genera t ion  x cadmium was statisti- 
cally s ignif icant  {Table 2). Signif icant  interact ion means  either greater  than addi t ive 
(synergistic) or less than  addit ive {antagonistic) effects. The interact ion of genera t ion  x 
cadmium on growth-rate reduct ion shows a quadrat ic  t rend in  the t ransmiss ion a long the 
three generat ions  on both the l inear  and  quadrat ic  components  of cadmium. These 
s ignif icant  interact ion effects appear  to be due to two trends (Table 1): (1) A relat ively 
high synergist ic effect at 0.4 ppm cadmium in  the second genera t ion  over the two 
sal ini t ies 30 and  25 %o, whereas  the first and third generat ions  show similar  t rends but  
are less affected. (2) The synergistic effect at 0.2 ppm in  the third genera t ion  is larger 
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Table 3. Time to maturity (days) of Ophryotrocha labronica at various combinations of cadmium and 
salinity of three generations (means of two replicates) 

Generation 
Cadmium (ppm) 

0 0.2 0.4 
Salinity (%0) 

30 25 20 30 25 20 30 25 20 

I st 15 16 16 15 15 17 16 17 17 
2 nd 15 15 16 17 15 18 30 30 - 
3 rd 16 17 17 17 26 24 $9 17 - 

w h e n  compared  with those of the first and  second generat ions  over the two sal ini t ies  30 
and  25 ~ The signif icant  l inear  X l inear  effect in  Co lumn B (Table 2) is due to a 
synergist ic  growth suppress ion in  the third genera t ion  at 0.2 ppm cadmium over the 
three sal ini t ies  tested. The three-factor interact ions were not statistically significant.  

Response-surface diagrams were plotted at the three successive genera t ions  (Fig. 4). 
A comparison be tween  the var iance of the exper imenta l  error and  the total m e a n  square 
(Snedecor & Cochran, 1967) showed that the contours in  Figure 4 exp la ined  more than  
99 % of the var iance  at first and  second genera t ion  and  97.4 % at the third generat ion,  
ind ica t ing  that the regression equat ions  gave relat ively good fit to the results even  w h e n  
the growth-rate va lue  at 20 %0 and 0.4 ppm cadmium was set at zero for the second and  
third generat ions.  

Effects  o n  t i m e  to r e a c h  m a t u r i t y  

Table  3 gives the periods needed  to reach matur i ty  for the three genera t ions  over the 
factorial design. One should be cautious in  drawing  detai led conclusions due to the 
relat ively few observat ions made  in  the area where  the organisms seemed to at ta in  
matur i ty  (see Fig. 3). However,  Table  3 i l lustrates that the t ime to matur i ty  in  the first 
genera t ion  does not seem to be h ighly  affected by cadmium concentra t ion or salinity. 
None of the three genera t ions  showed dramatic change  in  the t ime to maturi ty  w h e n  no 
cadmium was added  to the water. However,  the t ime to matur i ty  at 0.2 ppm cadmium 
was pro longed  in  the third genera t ion  and  greatly pro longed at 0.4 ppm cadmium in  the 
second generat ion,  i.e. much  the same t endency  as that for the growth rate. This is 
further i l lustrated in  Table  2 which shows much  the same signif icant  effects as for the 
growth rate with the genera t ion  • cadmium hav ing  the greatest  in terac t ing  effect. 

The fact that O. labronica showed roughly  the same signif icant  sources of var iance  
in  both the growth rate and  the t ime to reach matur i ty  indicates  that the organisms 
respond to reduced growth rate, wi th in  the concentrat ions tested, by  pro longing  the t ime 
t aken  to reach maturity.  

Effects on size at maturity 

Figure 3 illustrates the decrease in size at maturity of the first generation of O. 
labronica both when the organisms were exposed to lowered salinity (20 %0) and to the 
highest cadmium concentration (0.4 ppm). However, the size at maturity (Table 4) is 
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Table 4. Size at maturity (mean number of segments) of Ophryotrocha labronica at various 
combinations of cadmium and salinity over three generations (means of two replicates) 

Generation 
Cadmium (ppm) 

0 0.2 0.4 
Salinity (%) 

30 25 20 30 25 20 30 25 20 

i st 14.1 14.2 11.8 12.2 12 .2  11.4 11.3 11.2 
2 nd 13.4 13 .2  11.9 12.7 11 .6  12.0 14.5 14.5 
3 rd 13.9 13 .6  12.0 12.4 13 .0  11.7 12.6 11.2 

10.2 

reduced  from 13-14 segments  w h e n  no cadmium was added  to the water  (salinities of 30 
and 25 %0), to 12-13 segments  when  the organisms were exposed to 0.2 ppm cadmium. 
This appeared  at all the three generat ions  tested. 

The three-way analysis  of var iance (Table 2) shows similar  m a i n  tendenc ies  for the 
growth rate and  for the t ime to reach maturity. The quadrat ic  t rend on the l inear  
components  of cadmium in  the t ransmiss ion of the effects over generat ions  is clearly the 
most important  in teract ing factor. This in teract ing factor can be seen in Table  4 as an  
increase in  size at the second genera t ion  compared with the first and  third generat ions  at 
a cadmium level  of 0.4 ppm. This increase is most probably  the result  of the extremely 
long per iod this genera t ion  n e e d e d  to reach matur i ty  w h e n  exposed to 0.4 ppm cadmium 

(Table 3). However,  the overall  t endency  in  add ing  cadmium and  varying  the sal ini ty 
was a reduced  size at maturity. The fact that both the growth rate and  the age and  size at 
maturi ty  showed roughly the same signif icant  effects (Table 2) indicates  that the 
prolongat ion of the t ime to reach maturi ty  when  the growth rate became reduced is not 
great enough  to compensate  for the effect of the reduct ion in  growth rate. 

Effects  o n  r e p r o d u c t i o n  

Table  5 gives the percent  of hatched egg masses for the three generat ions  over the 
factorial design. The three-way analysis  of var iance of these data (Table 2) shows that 
both cadmium and  salinity affected reproduct ion by a decrease in the percentage  of egg 
masses hatched,  The m a i n  quadrat ic  effect of genera t ion  found in  the two analyses  (A 
and  B in Table  2) was due to a t endency  to more successful reproduct ion in  the second 

Table 5. Percent hatched egg masses of O. labronica at various combinations of cadmium and 
salinity at the three generations (means of two replicates) 

Generation 
Cadmium (ppm) 

o 0.2 0.4 
Salinity (%) 

30 25 20 30 25 20 30 25 20 

1 st 

2 nd 

3 rd 

86.1 83.9 56.8 75.0 73.5 59.1 45.0 39.8 
100.0 95.8 84.7 87.5 87 .1  56.1 72.5 59.1 
91.3 86.7 72.2 82.6 68.9 51.9 61.4 42.5 

0.0 
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gene ra t ion  than  in the  first and  third genera t ions .  None of the  two- or three-fac tor  
in terac t ions  were  s ignif icant .  However ,  the  m e a n  square  error  te rm of the  ana lyses  (see 
Table  2) was  a factor 50-100 t imes  g rea te r  than  for the other  ana lyses  and  i l lus t ra tes  the  
diff icul t ies  in measu r ing  this parameter .  

DISCUSSION 

This work,  t oge the r  wi th  that  of others  (/~kesson, 1970, 19751 Je rn lov  et  at., 1972; 
Sa l iba  & Ahsanu l l ah ,  1973), has '  shown that  ana lys is  of effects of chemica l s  on growth  
processes  of Ophryotrocha labronica is a sens i t ive  t echn ique  for a s sessment  of po l lu tan t  
effects on this organism.  The  re la t ive ly  smal l  error terms in the  da ta  from the growth  
processes  in this  work  ref lect  that  the  va lues  a re  fair ly reproduc ib le .  However ,  for the  
pe rcen t  egg  masses  ha tched ,  one should  be  caut ious  in d r a w ing  conclusions  due  to the  
la rge  var ia t ion  b e t w e e n  the repl ica tes .  This  work  has  also shown the impor t ance  of 
runn ing  the long- te rm expe r imen t s  over  severa l  genera t ions  and  e x a m i n i n g  the effects 
of the  po l lu tan t  on more  than  one growth  pa ramete r .  

The  toxici ty  of c a d m i u m  to O. labronica with  a 48-h LC50-value of 4 p p m  was  s imi lar  
to that  m e a s u r e d  by  Brown & A h s a n u l l a h  (1971) in  the  same species ,  and  also to that  
r epo r t ed  by  Reish & Carr  (1978) for the r e l a t ed  spec ies  O. diadema. However ,  the  former 
s tudies  were  on s ingle  var iables .  As the  p resen t  s tudy shows that  the  toxici ty  of c a d m i u m  
inc reased  (addi t ive  effect) wi th  dec rea s ing  sa l in i ty  and  was  fatal  at 0.4 p p m  and  20 %0 S 
w h e r e  the  o rgan isms  were  not  ab le  to r ep roduce  successfully,  it  is c lear  that  the 
c o m b i n e d  effects of sa l in i ty  and  c a d m i u m  must  be  considered.  The fact that  O. labronica 
is af fec ted  at 20 %0 S, w h e n  no c a d m i u m  is a d d e d  to the wa te r  (e.g. r e d u c e d  growth  rate,  
Fig. 3), ind ica tes  that  the  o rgan i sm is u n d e r  phys io log ica l  stress in a t t empt ing  to 
r egu la t e  its body  f luid in a hyposmot ic  envi ronment .  Add i t iona l  ex te rna l  stress in the  
form of c a d m i u m  [0.4 ppm) then  becomes  fatal.  Similar ly,  Jones  (1975) in expe r imen t s  
wi th  c a d m i u m  found that  a dec rease  in sa l in i ty  caused  an  increase  in mor ta l i ty  of some 
es tuar ine  isopods,  and  in expe r imen t s  wi th  he r r ing  embryos  (Clupea harengus), yon 
W e s t e m h a g e n  et al. (1974) found that  the  de le te r ious  affects of c a d m i u m - c o n t a m i n a t e d  
wa te r  were  more  p ronounced  at  low sal ini ty.  Accumula t i on  of c a d m i u m  via  w a t e r  b y  the  
f idd le r  crab Uca pugilator has  also b e e n  shown to be  h ighe r  at r e d u c e d  sa l in i t ies  than  in  
normal  s eawa te r  (O'Hara,  1973). 

C a d m i u m  has  b e e n  shown to inh ib i t  or depress  the  act ivi ty  of a la rge  n u m b e r  of 
enzymes  and  other  phys io log ica l  p rocesses  (see rev iew by  Va l lee  & Ulmer,  1972), The 
fact that  smal l  c a d m i u m  concent ra t ions  have  a g rowth- suppress ion  effect and  increase  
the  t ime  to matur i ty  of O, labronica ind ica tes  that  d e v e l o p m e n t a l  processes  a re  affected.  
S imi la r ly  g rowth- ra te  suppress ion  on O. labronica has also b e e n  r epor t ed  w h e n  e xpose d  
to other  pol lu tants .  Thus, Brown & A h s a n u l l a h  (1971) found s igni f icant  suppress ion  of 
g rowth  ra te  at 0.1 and  0.05 p p m  copper .  The depress ion  of the growth  processes  in O. 
labronica w h e n  exposed  to c a d m i u m  seems  to be  only par t ly  c o m p e n s a t e d  by  a pro-  
l o n g e d  t ime n e e d e d  to r each  matur i ty  and  resul ts  show that  the  size at matur i ty  is also 
affected. 

C a d m i u m  concentra t ions  of 0.2 p p m  at 30 and 25 ~ S affected ne i the r  g rowth  ra te  
nor the  t ime to matur i ty  in the  first and  second  genera t ions .  However ,  the  size at  matur i ty  
decreased .  This ind ica tes  an  effect of 0.2 p p m  c a d m i u m  on the  " l ag"  phase  (first phase  in 
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Fig. 1) which  therefore  seems  more  sensi t ive  to smal l  c a d m i u m  concentra t ions  than  both  
the  growth  rate  (second phase)  and  the t ime to matur i ty .  The  effect on this " l ag"  phase  
could  be  due  to e i ther  a longer  " l ag"  pe r iod  before  the  second  phase  (growth proper} 
starts, or a dec rease  of p re sumpt ive  growth  in this " l ag"  phase ,  or a combina t ion  of these  
effects. Rosenberg  & Cost low {1976) r epor t ed  that  c a d m i u m  induc e d  a s igni f icant ly  
longer  dura t ion  of la rva l  d e v e l o p m e n t  in the  m u d  crab Rhithropanopeus harris11. How- 
ever, the  re la t ive ly  few observat ions  m a d e  b e t w e e n  the t ime w h e n  the egg  masses  ha tch  
to w h e n  the second  phase  starts m a k e s  it difficult  to assess  w he the r  the same occurs in 
O. labronica. The fact that  the  an imals  are  most sensi t ive  to smal l  c a d m i u m  concent ra-  
t ions when  in the  " l ag"  phase  is fur ther  suppor t ed  by  the resul ts  at  0.4 p p m  c a d m i u m  at 
20 %0 S where  the  second  genera t ion  d id  not  ha tch  or d i ed  soon after  ha tching.  

The toxic i ty  of c admium c h a n g e d  s igni f icant ly  over  the  three  genera t ions  examined .  
The  fact that  i nc reased  toxic i ty  of c admium was  obse rved  at the  th i rd  gene ra t ion  w h e n  
exposed  to 0.2 p p m  and  at  the  second  gene ra t ion  w h e n  exposed  to 0.4 p p m  c a d m i u m  
seems  to be  due  to an  inc reased  effect of the  toxici ty  of c a d m i u m  th rough  t ime 
(generation}. At smal l  concentra t ions  (0.2 ppm} it t akes  longer  (third genera t ion)  before  
the  inc reased  effects become  s ignif icant  t han  w h e n  the organisms  are exposed  to h ighe r  
concentra t ions  (0.4 ppm}. Here  the  inc reased  effects become  s ignif icant  ea r l i e r  (second 
generat ion) .  K15ckner (1979} repor ted  that  c a dmium content  of adu l t  Ophryotrocha 
diadema i nd iv idua l s  of three  consecut ive  genera t ions  sub jec ted  to p e r m a n e n t  contami-  
na t ion  d id  not inc rease  from the first to the  th i rd  genera t ion .  This ind ica tes  that  the  
inc reased  effects of c a d m i u m  over the  genera t ions  obse rved  in this  s tudy is due  to 
dec rea sed  to le rance  to c admium levels  ra ther  than  inc reased  accumula t ion .  Similar ly,  
Sa l iba  & Ahsanu l l ah  (1973) r epor t ed  that  the  b r ine  shr imp Artemia salina acqu i r ed  an  
inc reased  to le rance  to copper  after exposure  to low concentra t ions  for two to three  
weeks ,  bu t  this to le rance  was  less for the  second  and  th i rd  genera t ions  than  for the  first 
genera t ion .  

However ,  O. labronica showed  inc reased  growth  at  0.4 p p m  c a d m i u m  from the 
second  to the  th i rd  genera t ion .  This is aga ins t  the  t rend  of r e d u c e d  growth  over  
genera t ions  for the  three  other  da ta  sets, n a m e l y  0.2 p p m  c a dmium at al l  the  th ree  
sal ini t ies .  Inc reased  growth  from the  second  to th i rd  gene ra t ion  at 0.4 p p m  for both  
sa l in i t ies  30 and  25 %o m a y  ind ica te  adap ta t i on  to the c a d m i u m - c o n t a m i n a t e d  water .  

It is poss ib le  that  there  is a th reshold  for toxic effects (combinat ion  of c a d m i u m  and  
sal ini ty)  which  must  be  r eached  before  adap ta t ion  mechan i sms  are  in i t ia ted.  At  0.4 p p m  
the th resho ld  is reached ,  adap t a t i on  processes  b e g i n  and  growth rate  r ises  aga in  from 
the second  to th i rd  genera t ion .  Accord ing  to this  hypothes is  at 0.2 p p m  the th resho ld  was  
not  ye t  reached;  g rowth  ra te  wi l l  r ise only dur ing  fo l lowing genera t ions  when  the 
th resho ld  is a t t a ined  and  the adap t ive  mechan i sms  are  operat ive.  

However ,  it is poss ib le  that  the  phys io log ica l  stress exe r t ed  on the o rgan isms  at  
20 %o S is so grea t  that  such adap ta t i on  to 0.2 p p m  c a dmium is not  e m p l o y e d  and  in 
fo l lowing genera t ions  the  toxic i ty  wi l l  cont inue  to inc rease  to a fatal  level .  

Change  in the ab i l i ty  to a d a p t  to toxic meta ls  has  also b e e n  repor ted  in exper imen t s  
wi th  the  a rch ianne l id  Dinophilus gyrociliatu s exposed  to different  concentra t ions  of 
c a d m i u m  and  mercury  (Roed, 1979). At  30 %0 S adap ta t ion  to c a dmium and  mercury  
ac t ing  toge the r  was  observed,  but  at  r e d u c e d  sa l in i ty  (25 ~ the  adap ta t i on  mechan i sms  
s e e m e d  to be  neut ra l ized .  
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B r y a n  & H u m m e r s t o n e  (1971) r e p o r t e d  a d a p t a t i o n  to i n c r e a s e d  c o n c e n t r a t i o n  of 

h e a v y  m e t a l s  i n  Nereis  diversicolor f r o m  a n  e s t u a r y  i n  s o u t h w e s t  E n g l a n d  c o n t a m i n a t e d  

w i t h  m i n i n g  w a s t e s ,  a n d  B r y a n  (1974) c o n c l u d e d  t h a t  t h i s  a d a p t a t i o n  w a s  m o s t  l i k e l y  

g e n e t i c a l l y  c o n t r o l l e d .  T h e  work  h e r e  o n  O. labronica h a s  p r o b a b l y  n o t  c o v e r e d  suff i -  

c i e n t  g e n e r a t i o n s  to  a l l o w  t h e  e s t a b l i s h m e n t  of a n y  g e n e t i c  a d a p t a t i o n  a n d  t h e  a d a p t i v e  

t r e n d s  s h o w n  a r e  p r o b a b l y  p h y s i o l o g i c a l l y  c o n t r o l l e d .  
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