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INTRODUCTION 

Several recent studies have demonstrated the tox ic  ef fect  of cad- 
mium to speci f ic  l i f e  h is tory  stages of marine te leosts.  EISLER 
(1971), GARDNER and YEVICH (1969, 1970) and JACKIM et al.  (1970) 
conducted t o x i c i t y  tests with adult mummichogs, Fundulus hetero- 
c l i t us .  ROSENTHAL and SPERLING (1974) determined the s e n s i t i v i t y  
of eggs of the herring, ~ harengus L.,  to cadmium, and 
WESTERNHAGEN et al.  (1975) observed the tox ic  ef fect  of cadmium to 
eggs of the garpike, Belone belone L. 

The present study measured the s e n s i t i v i t y  of two common species 
of estuarine f i sh ,  the mummichog, Fundulus heteroc l i tus ,  and the 
A t lan t i c  s i l ve rs ide ,  Menidia menidia, to cadmium at speci f ic  
stages in the i r  l i f e  h is tor ies .  Developing eggs were tested be- 
cause of the proven s e n s i t i v i t y  of th is  l i f e  stage to cadmium 
t o x i c i t y  in marine f ish.  

Three age groups of larvae, I - ,  7- and 14-days old were tested to 
determine i f  changes in s e n s i t i v i t y  occur during the f i r s t  few 
weeks af ter  emergence. Bioassays were also conducted with adults 
for  comparison with data from egg and larval bioassays. 

The duration of tests was l imi ted to 48 hrs so that comparisons of 
s e n s i t i v i t y  to cadmium could be made for speci f ic  developmental 
stages (ages) of each species. 

MATERIALS AND METHODS 

Acquisi t ion of Eggs and Larvae 

Adult Fundulus used as spawning stock were collected from We Creek, 
Wadmalow Island, South Carolina during May, 1973. Fish were iso-  
lated according to sex in acry l ic  p las t ic  flow-through aquaria 
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(volume 18 I )  which received 40 I / h r  of unf i l te red seawater. Water 
temperature ranged from 19-23~ and s a l i n i t y  from 22-26 ppt. 
Fluorescent 'cool white' lamps remained on 24 hrs/day (1400 lux) .  
Fish were fed chopped shrimp, Peneaus set i fe rus ,  da i ly .  

Intramuscular in ject ions2of 50 I.U. of Haver Lockhart chorionic 
gonadotropin (code 0160) per f ish were administered anter ior  to 
the anal f ins for three consecutive days. Eggs were stripped into 
glass culture dishes (containing 20 and 30 ppt s a l i n i t y  water) 48 
hrs af ter  the th i rd  ( f i na l )  dose of hormone. Mi l t  was then stripped 
into the culture dishes. Af ter  5 minutes, the demersal eggs were 
placed in MPC hatchery jars (Midland Plast ics,  Inc . ) .  Sa l i n i t i es  
of 20 and 30 ppt and temperatures from 21-23~ were maintained for 
respective hatchery jars.  A Dyna-Flo R f i l t e r  system containing 
activated charcoal and glass wool was used to c i rcu late water 
through the hatchery ja r  and a 40 1 glass aquarium. 

A simultaneous hatch of Fundulus eggs was induced on the 15th day 
af ter  f e r t i l i z a t i o n  by siphoning 2 l i t e r s  of seawater from the 
hatchery ja r  and replacing i t  with unf i l tered seawater of ident ical  
temperature and s a l i n i t y .  The mechanism for  th is  response is un- 
known but i t  allowed us to acquire larvae of uniform age for use 
in bioassays. Fundulus larvae were fed Artemia naupl i i  each day 
beginning immediately a f ter  emergence. 

Sexually mature Menidia were collected from Botany Island, South 
Carolina from Apri l  through July 1973; water temperature 16 to 
25oc, s a l i n i t y  27 to 31 ppt. Eggs from ripe females were stripped 
into glass culture dishes containing 20 and 30 ppt s a l i n i t y  water. 
M i l t  was then stripped into the culture dishes. 

Fer t i l i zed Menidia eggs form gelatinous threads which bind them 
together. The gelatinous egg mass was attached to a 250 mm length 
of nylon twine and suspended in a 20 1 glass aquarium containing 
f i l t e red  aerated seawater at the f e r t i l i z e d  s a l i n i t y  and 21-23~ 

Menidia larvae emerged 6 to I0 days af ter  f e r t i l i z a t i o n .  They 
were fed Artemia naupl i i  da i ly .  For a detai led account of methods 
for spawning and rearing Menidia refer  to MIDDAUGH and LEMPESIS 
(1976). 

Bioassays 

Forty-eight hour acute t o x i c i t y  bioassays with developing eggs, 
larvae and adults were conducted by techniques outl ined in Standard 
Methods (APHA, 1971). A stock solut ion of 1.0 g/ l  of reagent grade 
(A.C.S.) cadmium as CDC12"2�89 H20 prepared in d i s t i l l e d  water was 
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used for  exposing experimental organisms. A minimum of 5 exposure 
concentrat ions were used in each bioassay. Checks of seawater- 
cadmium so lu t ions in bioassay containers were made wi th a Perkin- 
Elmer Model 403 Atomic Absorption Spectrophotometer. Less than 6 
percent er ror  was detected between nominal (32, 18, I0,  5.6, 3.2, 
1.0, 0.56, .032, 0 . I0  mg/ l ) ,  and measured cadmium concentrat ions 
at the beginning of exposure i n te r va l s .  There was no detectable 
loss of cadmium from the tes t  containers during the 48 hr exposures. 
Bioassays with a l l  three age classes (eggs, larvae and adults~ were 
conducted in f i l t e r e d  20 and 30 ppt s a l i n i t y  seawater at 20• C. 

Bioassays with developing Fundulus eggs were conducted in 500 ml 
glass jars  containing 300 ml of seawater. Th i r t y  newly f e r t i l i z e d  
eggs were placed in each tes t  conta iner .  No aerat ion was used. 
Dissolved oxygen leve ls  in tes t  containers remained above 5 mg/l.  
Af ter  48 hrs of exposure to cadmium, eggs were removed, t r i p l e  
r insed in clean seawater and placed in containers of  clean 20 and 
30 ppt s a l i n i t y  water. On the 15th day a f te r  f e r t i l i z a t i o n ,  I00 
ml a l iquots  of seawater were removed from each container and re- 
placed with an equal amount of un f i l t e red  seawater at the tes t  
temperature and s a l i n i t y .  This procedure st imulated larva l  emer- 
gence. Observations for  to ta l  percentage mor ta l i t y  (non-emergence) 
were made on the 16th day a f te r  f e r t i l i z a t i o n .  

Bioassays with developing Menidia eggs were conducted in 4 1 glass 
jars contain ing 3 1 of  seawater. Newly f e r t i l i z e d  eggs were sep- 
arated in to  groups of  40 to 80 eggs. Ind iv idua l  groups were 
attached to a length of nylon twine and suspended in tes t  containers.  
Gentle aerat ion maintained dissolved oxygen leve ls  above 5 mg/l in 
each container.  Af ter  48 hrs of cadmium exposure, eggs were t r i p l e  
r insed in clean seawater and resuspended in containers of clean 20 
and 30 ppt s a l i n i t y  seawater. 

Larval bioassays with Fundulus and Menidia were performed wi th 
three age groups, I - ,  7- and 14-days a f te r  hatching. Twenty larvae 
(two groups of I 0 ) ,  were exposed to cadmium in 500 ml glass ja rs  
containing 300 ml of seawater. The 48-hr LC50 and 95 percent 
confidence in te rva l s  for  each bioassay were calculated by the pro- 
b i t  analys is  method (LITCHFIELD and WILCOXON, 1949). 

Adult  Fundulus and Menidia were held in 80 1 a c r y l i c  p l as t i c  
aquaria at 20 and 30 ppt s a l i n i t y  and 21-23~ for  5 days p r io r  to 
use in bioassays. Fundulus were fed chopped shrimp, Peneaus 
se t i fe rus  and Menidia l i ve  Artemia da i l y .  Bioassays were conducted 
in 20 1 glass jars  containing 16 1 of seawater. Ten adul ts of each 
species (unfed for  24 hrs) were tested at each cadmium concentrat ion.  
Gentle aerat ion maintained dissolved oxygen leve ls  above 5 mg/l in 
each container.  Mor ta l i t y  data were subjected to p rob i t  ana lys is .  
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RESULTS 

Results of tests with developing Fundulus eggs indicate that they 
are not very sensi t ive to cadmium t o x i c i t y  during the f i r s t  48 hrs 
af ter  f e r t i l i z a t i o n .  In tests at both 20 and 30 ppt s a l i n i t y ,  the 
maximum morta l i ty  (non-emergence) was 54 percent for the highest 
exposure concentration of 32 mg/l cadmium (Table I ) .  A s imi lar  
resistance to cadmium was observed for  developing Menidia eggs. 
Mor ta l i ty  for eggs exposed to 32 mg/l cadmium was 66 percent at 20 
ppt s a l i n i t y  and 60 percent at 30 ppt s a l i n i t y  (Table I ) .  

Control mor ta l i t ies  in excess of I0 percent for each of the bio- 
assays with developing Fundulus and Menidia eggs prevented s ta t i s -  
t i ca l  treatment (probi t  analysis) of test  resul ts.  However, a 
trend of decreasing mor ta l i ty  with decreased cadmium concentrations 
was observed in each of the bioassays. 

TABLE 1 

PERCENTAGE MORTALITY (NON-EMERGENCE) OF LARVAE FROM FUNDULUS 
HETEROCLITUS AND MENIDIA MENIDIA EGGS EXPOSED TO CADMIUM FOR 

THE FIRST 48 HRS AFTER FERTILIZATION 

Percentage Mor ta l i t y  
Species Cadmium Concentration Sa l i n i t y  ppt 
Tested mg/ l i te r  20 30 

Fundulus 
heterocl i tus 

Menidia 
menidia 

32.0 54 54 
I0.0 40 54 
3.2 30 50 
1.0 27 47 
0.32 20 23 

control 17 33 

32.0 66 60 
I0.0 52 38 
3.2 58 40 
1.0 36 36 
0.32 50 38 

control 36 33 

Tox ic i ty  data for 3 age groups of Fundulus larvae indicates that 
s e n s i t i v i t y  to cadmium di f fered with age. In bioassays at 20 ppt 
s a l i n i t y ,  maximum larval s e n s i t i v i t y  occurred 7 days af ter  emer- 
gency. This trend was s t a t i s t i c a l l y  s ign i f i can t  (Table 2). For 
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tests conducted at 30 ppt s a l i n i t y  l -day o ldFundu lus  larvae were 
s i g n i f i c a n t l y  less sens i t i ve  to cadmium t o x i c i t y  than 7- or 14-day 
old larvae (Table 2). 

S a l i n i t y  ra re ly  had any s i g n i f i c a n t  e f fec t  on the t o x i c i t y  of  cad- 
mium to la rva l  Fundulus. Bioassay data for  each age class of 
larvae were s i g n i f i c a n t l y  d i f f e r e n t  between 20 and 30 ppt s a l i n i t y  
only for  14-day old larvae. 

TABLE 2 

RESULTS OF BIOASSAYS WITH LARVAL FUNDULUS HETEROCLITUS 
TESTED AT 20 AND 30 PPT SALINITY AND 20•176 

Larval Age S a l i n i t y  48-hr LC50 95% 
Days ppt mg/l Cd C . I .  

1 20 16.2 12.7-21.2 

7 9.0 6.4-12.5 

14 32.0 24.6-41.6 

1 30 23.0 19.2-27.6 

7 12.0 9.2-15.6 

14 7.8 5.6-10.3 

Menidia larvae were more sens i t i ve  to cadmium than were Fundulus 
larvae. Older Menidia larvae were more sens i t i ve  to cadmium 
t o x i c i t y  at both 20 and 30 ppt s a l i n i t y  than young larvae (Table 
3). At 20 ppt s a l i n i t y  there was no s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f ference in s e n s i t i v i t y  wi th increased age although t h i s  trend 
is obvious. In tests  at 30 ppt s a l i n i t y ,  14-day old larvae were 
s i g n i f i c a n t l y  more sens i t i ve  than l -day old larvae (Table 3). 

There was no s i g n i f i c a n t  d i f ference in the t o x i c i t y  of cadmiumfor 
each age class of Menidia tested at 20 and 30 ppt s a l i n i t y .  

Adult  Fundulus were apparent ly,  but not s t a t i s t i c a l l y ,  more sensi-  
t i ve  to cadmium-toxici ty at 30 ppt than at 20 ppt s a l i n i t y .  Adult  
Menidia which were more sens i t i ve  than adul t  Fundulus showed 
nearly ident ica l  responses to cadmium at 20 and 30 ppt s a l i n i t y  
(Table 4). 
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TABLE 3 

RESULTS OF BIOASSAYS WITH LARVAL MENIDIA MENIDIA 
TESTED AT 20 AND 30 PPT SALINITY AND 2 ~  

Larval Age S a l i n i t y  48-hr LC50 95% 
Days ppt mg/l Cd C . I .  

1 20 3.8 2.7-5.3 

7 3.2 1.9-4.7 

14 2.2 1.6-2.9 

1 30 5.6 4.0-7.8 

7 3.4 2.1-4.9 

14 1.6 1 . I -2 .4  

TABLE 4 

RESULTS OF BIOASSAYS WITH ADULT FUNDULUS HETEROCLITUS 
AND MENIDIA MENIDIA TESTED AT 20 AND 30 PPT SALINITY AND 20•176 

Species S a l i n i t y  48-hr LCSO 95% 
Tested ppt mg/l Cd C.I .  

Fundulus 20 60 40-90 
he te roc l i tus  

30 43 33-56 

Menidia 
menidia 

20 13 9-20 

30 12 8-16 

DISCUSSION 

Results of tests wi th developing Fundulus and Menidia eggs ind icate 
that  they are not very sens i t i ve  to cadmium t o x i c i t y .  The eggs of  
both Fundulus and Menidia are found in very r igorous environments 
(ABLE and CASTAGNA, 1975; HILDEBRAND, 1922). I t  is  possible that  
the developing embryos were shielded from cadmium t o x i c i t y  by the 
chor ion ic  membrane. 
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In tests  wi th developing eggs of other marine te leos ts ,  WESTERNHAGEN 
and DETHLEFSEN (1975) also assumed that  a major por t ion of the cad- 
mium accumulated by eggs of the Ba l t i c  f lounder ,  Pleuronectes f lesus ,  
was f ixed in the chorion. On a study with developing eggs of the 
her r ing,  Clupea harengus L. ,  ROSENTHAL and SPERLING (1974) found 
that  most of the cadmium was accumulated in the chor ion,  the embryo 
and newly emerged larvae showed only traces of cadmium. 

Larval Fundulus and Menidia were more sens i t i ve  to cadmium t o x i c i t y  
than were the eggs or adul ts.  Low s e n s i t i v i t y  of l -day old Fundulus 
larvae to cadmium in bioassays at each tes t  s a l i n i t y  may be re la ted 
to a lack of g i l l  funct ion in t h i s  age group. Armstrong and Chi ld 
(1965) found that  newly hatched Fundulus larvae showed no coord i -  
nat ion between mouth movements and the g i l l s  which remained immobile. 
Coordination of lower jaw and opercular movements was not observed 
u n t i l  about 4 days a f te r  la rva l  emergence. 

For 7-day old larvae tested at each s a l i n i t y ,  increased s e n s i t i v i t y  
may have resul ted from the s u s c e p t i b i l i t y  of the d i f f e ren t i a t ed  
and funct ional  g i l l  lamellae to cadmium t o x i c i t y .  GARDNER and 
YEVICH (1970) observed e p i t h e l i a l  t i ssue coagulat ion in the g i l l s  
of  adul t  Fundulus exposed to cadmium. 

A s i g n i f i c a n t  increase in the s e n s i t i v i t y  of  14-day old Fundulus 
larvae tested at 30 ppt s a l i n i t y  compared to those tested at 20 
ppt s a l i n i t y  was observed. This increased s e n s i t i v i t y  at the 
higher tes t  s a l i n i t y  fo l lows a trend observed by EISLER (1971) 
in which adul t  Fundulus were found to be more suscept ib le to cad- 
mium t o x i c i t y  at higher s a l i n i t i e s .  

The s e n s i t i v i t y  of Menidia larvae to cadmium increased wi th in -  
creasing age. In a study to determine optimal rear ing condi t ions 
for  Menidia (MIDDAUGH and LEMPESIS, 1976) we found that  larvae 
reared at 30 ppt s a l i n i t y  cons i s ten t l y  had bet ter  surv iva l  rates 
than those reared at 20 ppt s a l i n i t y .  In the present study a 
cons is tent  trend of greater resistance to cadmium t o x i c i t y  was 
also apparent for  larvae tested at 30 ppt s a l i n i t y  compared to 
those tested at 20 ppt s a l i n i t y .  

Data from bioassays with adul t  Fundulus general ly  agrees wi th that  
of  EISLER (1971), who determined that  t h i s  species is  s l i g h t l y  
more sens i t i ve  to cadmium at high s a l i n i t y  regimes than at i n t e r -  
mediate s a l i n i t i e s .  Data for  adul t  Menidia also ind icate only 
s l i g h t  d i f ferences in the response of  f i sh  tested at 20 and 30 ppt 
s a l i n i t y .  

These resu l ts  emphasize the need fo r  u t i l i z a t i o n  of d i f f e r i n g  
developmental stages of tes t  species when es tab l i sh ing  water q u a l i t y  
c r i t e r i a .  Values that  are based on experiments wi th adul ts only 
may lead to inadequate i n te rp re ta t i on  and genera l izat ions when 
considering the impact of a po l l u tan t .  
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