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EXTENDED ABSTRACT ONLY – DO NOT CITE

It is known from ecotoxicological studies that freshwater fish, even with the same life history, show a species specific resistance against pollutants. However, the mechanisms underlying these differences are not well understood. We examined effects of sublethal waterborne copper exposure on three freshwater fish: rainbow trout, Oncorhynchus mykiss, common carp, Cyprinus carpio, and gibel carp, Carassius auratus gibelio. Besides disturbance of ion regulation, one of the primary actions of copper is disruption of gas exchange causing impairment of oxygen uptake. Therefore, species were selected because of their differences in hypoxia tolerance. Indeed, the hypoxia sensitive rainbow trout was most sensitive to copper (96h LC50: 3.3 µM), while copper tolerance of the hypoxia tolerant common carp was 3 times higher (96h LC50: 10.4 µM) and of the anoxia resistant gibel carp almost 7 times higher (96h LC50: 22.0 µM) (De Boeck et al., 2004). To unravel the physiological mechanisms that bring about these differences, we examined a broad range of physiological parameters, including effects on whole organism respiration and blood gases, anaerobic metabolism, swimming capacity, ion regulation, protein synthesis, induction of metal binding proteins, tissue damage etc. The differences in copper tolerance did not relate to the hypoxia sensitivity per se, although rainbow trout clearly differed from the cyprinids by showing hyperventilation, high blood oxygen levels and increased energy consumption, compared to a transient reduction in blood oxygen levels accompanied by a temporary peak in blood carbon dioxide levels suggesting hypoventilation in the cyprinids. Both carp species switched to anaerobic metabolism when this occurred. Disturbance of ion regulation, measured as plasma sodium and chloride was similar for all species. Gill damage showed different patterns in all species, showing more severe damage in carps. Copper accumulation rates differed between species, and whereas common carp mainly showed accumulation in the liver, gibel carp showed a peak accumulation in plasma and kidney followed by recovery to control levels or lower suggesting excretion through the kidney. Also, only gibel carp seemed capable to respond to copper exposure with the synthesis of metal binding protein in a dose dependent way in all tissues, protecting cells from heavy metal damage (De Boeck et al. 2003). In common carp, and even more in rainbow trout, dose response curves of metallothionein were limited. 

The aim of the presented experiment is threefold. First, clarify the differences in uptake, accumulation and excretion of copper between the three species. Using the 67Cu isotope, we assessed uptake, internal distribution and excretion of the ‘newly accumulated’ copper over a period of three weeks. Adding a short-term experiment with 64Cu isotopes at regular time intervals, allowed taking into account possible effects of acclimation on copper uptake rates. Secondly, 22Na uptake was tracked in these short-term experiments in order to take a closer look at the disturbance, and possibly acclimation, of ion regulation. Indeed, it was stated by Grosell and co-workers (2002) that sodium turnover rate determines sensitivity to acute copper and silver exposure in freshwater animals. Although the disturbance of absolute plasma sodium concentrations was similar in all species, sodium turnover rates might differ. Possibly the difference in sodium turnover explains the difference in copper sensitivity of our fish. Besides 22Na uptake, the activity of the most important ion-transporting enzyme, namely Na+/K+-ATPase activity was measured. Copper is known to block the activity of this enzyme, and differences in this event again could help explain differences in sensitivity. Finally, plasma and muscle ammonia and ammonia excretion rates were assessed since increased ammonia production, in combination with impaired ammonia excretion is thought to be the cause of the reduced swimming capacity under copper exposure (Beaumont et al, 1995).
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