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Cadmium has long been recognized as a highly toxic and dangerous 
environmental pollutant. Like most heavy metals, the 
concentration of cadmium in unpolluted fresh waters is generally 
less than 1 ~g/L (Babich and Stotzky 1978). The main sources of 
cadmium in the aquatic environment are industrial wastes and mine 
drainage. As a result of industrial activities such as 
electroplating and battery manufacture, there has been an 
alarming increase in the concentration of cadmium in the Hong 
Kong waters during recent decades (Chan et al. 1974). Of many 
organisms in freshwater enviror~ents, crustacean zooplankton 
appears to be the most sensitive to cadmium. Anderson (1950) 
reported 64-h acute cadmium toxicity to Daphnia maana at 
concentrations < 1.6 ~g/L. Reproduction of DaDhnia is generally 
reduced by cadmium at concentrations less than 1 ~g/L (Bertram 
and Hart 1979; Biesinger and Christensen 1972; Marshall 1978). 
In spite of the importance of zooplankton in freshwater 
communities and the sensitivity of zooplankters to cadmium 
toxicity, little information on the effects of cadmium on 
zooplankton species other than Da Dhnia is available. 

The freshwater cladoceran Moina macrocopa Straus is widely 
distributed (Edmondson 1959). In Hong Kong it is cc~mon in small 
ponds and rice paddies and is mass cultured by local fish farmers 
as a fish food. Its small size and high reproductive rate in the 
laboratory make it an ideal test organism for aquatic 
toxicologists. The purpose of this paper is to use the life 
table method to study the effect of cadmium on the survival and 
reproductive capacity of this c(m~nercially important zooplankter. 

MATERIALS ~ METHODS 

Moina macrocoDa were from laboratory cultures raised from a 
single parthenogenetic female. Bioassays were carried out with a 
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cohort of newborn (+ 24 h) neonates obtained by isolating egg- 
bearing females frcm stock cultures. Stock and experimental 
animals were maintained in uncontaminated water (pli 6.5) frcm 
Kowloon Reservoir, Hong Kong. TWenty or 30 neonates, 10 in each 
150 mL beaker containing 100 mL of filtered (0.125 mm mesh) 
reservoir water at 28 + 2~ were used for each test condition. 
Cadmium concentrations used were 0 (control), 0.001, 0.005, 0.01, 
0.i, I, 5, and 10 mg/L. Test solutions were prepared by adding 
aliquots of CdCI 2 from a stock solution to each beaker and were 
changed every 24-h. During each change, the number of surviving 
animals was counted and newborn young were discarded. Chlorella 
sp. in log growth phase was added to the beakers to feed the 
animals after each change. Algal concentrations were not 
determined, but equal volumes of algal suspension were added to 
all beakers. Surplus algal cells were always observed still in 
suspension when the test solution was changed. To minimize 
uptake of cadmium by ~ (Carney et al. 1986), the beakers 
were only weakly illuminated during the day time by light ccming 
in through a window. By means of atomic absorption spectro- 
photcmetry it was determined that the loss of cadmium from test 
media of 1 and 5 mg/L was 0% after 24 h and 6% after 48 h. The 
entire cohort of animals was observed through its life-span. 

Life table parameters for each population were calculated 
according to Ricklefs (1973) i. , the survivorship at age x, was 
measured as the proportion or ~ " " percentage of zndzvzduals in the 
population that survived to age x. The fecundity at age x (my) 
represented the number of births per female of age x, during trie 
time interval x to x + i. The net reproductive rate, symbolized 
by R o, was the total expected number of births by a female during 
her lifetime. It was calculated frcm the equation : 

Ro = ~. lxmx 
The intrinsic rate of population increase, r, was calculated by 
solving the equation : 

~ . l x m x e  - r x  =1 
The mean generation time, T, was the duration required for a 
population to increase by the factor R o. It was derived fr(la the 
equation : 

In D T - ,,o 
r 

RESULTS AND DISCUSSION 

Survivorship of Moina macrocoDa in cadmium solutions was 
presented in Figure i. Survivorship among treatments were 
c~L[oaredusingtheWilcoEonpaired-sample test, withdayof death 
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Figure i. Survivorship curves for M. macrocopa in control and 
seven concentrations of cadmium. 

C 

0.001 

o.o0~ 

0.01 

o.1 

1 

58,1( 

�9 $ �9 

�9 �9 �9 

�9 $ �9 

�9 �9 �9 

i 

o 

I 
¤ o 

O "- 
c o~ oQ ~ ~-o ~ -  g 

Figure 2. C(mparison of survivorship curves for M_~ macrocoDa. 
C represents control. Concentrations are given in 
mg/L. Asterisks indicate a significant difference 
between treatments (P < 0.05). 
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Figure 3. LT50 values for M. macrocopa plotted against cadmium 
concentrations. C denotes value for control. 

as the ranked observation (Fig. 2). Survivorship at 0.001 and 
0.005 mg/L was hot significantly different from survivorship of 
control. Survivorship at 0.01 mg/L and all higher concentrations 
was significantly different frcm survivorship at 0.005 mg/L and 
all lower concentrations. There was a rapid decrease in L T50 at 
0.01 mg/L and higher concentrations (Fig. 3). LT~N at 0.01 fng/L 
was less than 50% that of control. At 5 and i0 -mg/L, the LT50 
was less than 24 h. 

Animals in control did not reproduce earlier than animals exposed 
to cadmium (Fig. 4). First reproduction for animals in cadmium 
solution of 0.01 mg/L and lower concentrations occurred between 
72 and 96 h. Animals at 0.i mg/L and higher concentrations did 
not survive to the onset of reproduction. Wilcoxon paired-sample 
tests ranking the number of young per female per day were used to 
test for significant differences in fecundity among treatments 
(Fig. 5). Fecundity at 0.001 mg/L was not significantly 
different frcm control. Fecundity at 0.005 and 0.01 mg/L was 
significantly different from control and 0.001 mg/L. Three 
separate peaks were observed in the fecundity curves for control, 
0.001, and 0.005 mg/L. Fecundity curve at 0.01 mg/L, on the 
other hand, showed only one peak. This suggested that while 
animals exposed to 0.005 mg/L and lower cadmium concentrations 
developed three broods, those at 0.01 mg/L managed only one. 
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Figure 4. Fecundity curves for M. macrocopa in control and 
three concentrations of cadmium. 
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Figure 5. Comparison of fecundity curves for M. macrocoDa. 
C represents control. Concentrations are given in 
mg/L. Asterisks indicate a significant difference 
between treatments (P < 0.05). 

The net reproductive rate, R o, defines the total number of eggs 
that a female may be expected to lay during her entire lifetime. 
Cadmium concentration at 0.001 mg/L had no obvious effect on the 
net reproductive rate (Table I). But the reproductive capability 
of the animals was markedly reduced as cadmium concentration 
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Table i. Life table information for M. macroc(~a at various 
cadmium concentrations. 

Cadmium 
concentration 

(mg/L) 

R o r T 
(days) 

0 16.39 
0.001 18.34 
0.005 7.28 
0.01 1.13 
0.I 0 
1 0 
5 0 

i0 0 

0.57 4.89 
0.57 5.07 
0.38 5.20 
0.02 5.16 

B 

reached 0.005 mg/L or higher. The net reproductive rate at 0.005 
mg/L was 44 % that of control. The net reproductive rate was 
just around 1 at 0.01 mg/L, indicating that reproduction has been 
reduced to the replacement level. 

The intrinsic rate of population increase, r, measures the grc~%_h 
performance of populations under different concentrations of 
cadmium (Table i). It showed little change at cadmium 
concentration of 0.001 mg/L. At 0.005 mg/L and higher 
concentrations, the intrinsic rate of population increase dropped 
drastically. At 0.i mg/L the r value was zero because all the 
females died before reproducing. The generation time, T, also 
increased with increasing concentration of cadmium. 

The results of this study show that athough the survivorship of 
M. macrocoDa was not affecte(] by cadmium at 0.005 mg/L or iower 
concentrations, fecundity and net replacement rate were clearly 
reduced as a result of exposure to cadmium concentrations at or 
in excess 0.005 mg/L. Thus the r value at 0.005 mg/L was only 
71% that in uncontaminated water. This is very close to the 
results of Marshall (1978) that the population carrying capacity 
of DaDhnia y mendotae was reduced by 50% at cadmium 
concentration of 0.0077 mg/L and the results of Bertram and Hart 
(1979) that the r value of Daphnia pulex was reduced by about 50% 
at cadmium concentration of 0.005 mg/L. The value of the 
intrinsic rate of population increase indicates that exposure to 
cadmium at concentrations of 0.001 mg/L or iower would probably 
not have a deleterious effect on the ix~ulation dynamics of M. 
macrocoDa. Factors that have not been considered in this study 
includœ the ability of cadmium-stressed animals to avoid 
predation and respond to other physical and chemical variables in 
the environment. It is clear that freshwater cladocerans are 
very sensitive to cadmium pollution. Because of their role as 
the most important grazers of the phytoplankton in ponds, lakes, 
and reservoirs, cladocerans may be crucial in determining the 
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overall i~pact of cadmium pollution on the food web of these 
ecosystems. 
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