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Abstract 
Metals (Cd,Ag, and Hg) accumulated from phytoplankton food in marine copepods can significantly depress reproductive success at body 
concentrations that are only 2-fold (Cd), 3-fold (Ag), or 9-fold (Hg) higher than current metal concentrations in Ligurian Sea copepods. 
Sublethal toxicity is manifested in depressed egg production and hatching following dietary metal exposure. Metals accumulated from the 
dissolved phase have no effect at environmentally realistic concentrations. 
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Results and discussion 
Metals were taken up by the copepods from both dissolved and 

dietary pathways, but only the ingested metals consistently elicited a 
toxic response at body burden concentrations of metals close to envi­
ronmentally realistic levels. For example, lethal concentrations (LC5o 
values) of Cd, Ag, and Hg were 300,400, and 1000 nM, respectively 
following uptake from the dissolved phase. These concentrations are 
at least 2 orders of magnitude above surface seawater concentrations 
in the Ligurian Sea (7), suggesting that dissolved metals are unlikely 
to ever approach levels that are directly and acutely toxic to copepods. 
Concentration factors of these metals from the dissolved phase in the 
copepods following 12-h exposures were 1.0 x 1Q3 for Cd, 3.0 x 103 
for Ag, and 1.3 x 104 for Hg. These metals were bound principally to 
the exoskeleton (from 60% for Cd to 93% for Hg). 

Metals accumulated in copepods from ingested diatoms were prin­
cipally bound to internal tissues (ranging from 77% for Cd to 99% for 
Hg) and produced a sublethal toxic effect but had no acutely toxic 
effects at environmentally realistic concentrations. We found assimila­
tion efficiencies of 62% for Cd, 15% for Ag, and 14% for Hg, compa­
rable to previous studies (3). When the algal food was exposed to con­
centrations as low as 1 nM for Ag or Hg and as low as 5 nM for Cd, 
copepods feeding on this food produced significantly fewer eggs (p < 
0.05) and many of these eggs did not hatch, leading to a pronounced 
decline in reproductive success. Toxic metal concentrations in phyto­
plankton (nmol g-1 dry wt, determined by measuring metal radioiso­
tope uptake), which affected egg production were 64 for Cd, 39 for 
Ag, and 34 for Hg, or 1-2 orders of magnitude above background lev­
els in phytoplankton in the Ligurian Sea (7). Table 1 presents the sub­
lethal effects of the ingested metals as a function of the body burdens 
of these metals. The results suggest that concentrations of metals in 
Ligurian Sea copepods are within an order of magnitude, and general­
ly within a factor of 2-3, of levels which can interfere with egg pro­
duction and hatching. Toxicological studies clearly must consider sub­
lethal effects and dietary pathways as well as solute uptake in assess­
ing contaminant impacts on marine animal populations. 

Table 1. Effects of metal accumulated from ingested diatoms on reproductive 
success in marine copepods. Dissolved Cd and Ag had no effect on egg pro­
duction, whereas dissolved Hg significantly depressed egg production at 
body concentrations 11 times higher than those produced by ingestion of 
diatoms. 

Metal Lowest Reproductive Ratio of lethal to 
concentration in success relative to sublethal ambient 
copepods controls metal concentrations 
(nmom g-1 dry wt (considering egg (LC50 : EC50 values) 
whole body) that production and 
significantly affected hatching 
egg production. success rate). 
Values in 
parentheses are 
concentrations in 
Ligurian Sea 
copepods (7,12). 

Cd 42.0 (22.1) 28% 1000 nM:5 nM = 200 

Ag 4.3 (1.3) 57% 400 nM:1 nM = 400 

HG 2.7 (0.3) 37% 300 nM:1 nM = 300 
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