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EXTENDED ABSTRACT ONLY – DO NOT CITE

Social hierarchies develop among groups of stream dwelling salmonid fish and add stability to fish populations. Physiological consequences have been associated with social status, especially in laboratory based experiments. In particular, subordinate fish often display elevated plasma cortisol concentrations, reduced growth rates and decreased resistance to disease (Øverli et al., 1999). Subordinance is also commonly associated with changes in brain serotonin synthesis and metabolism (Winberg et al., 1991). The social behaviour of fish is, like many other behaviours, susceptible to disturbance from aquatic contaminants. 

Initial studies investigating the effects of trace metal exposure on agonistic encounters in juvenile rainbow trout demonstrated that of the five metals, copper, nickel, cadmium, lead and zinc, cadmium had the most pronounced effects on behaviour (Figure 1; Sloman et al., 2003). 
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Figure 1: Taken from Sloman et al. (2003). Number of attacks attempted between pairs of fish during dominance contests of fish exposed to cadmium, copper, nickel, zinc or lead for 24 h (n=8 for each treatment). Number of aggressive attacks between fish held in control water are also shown. Chasing, lunging, nipping and biting were counted as attacking behaviours. Data are presented as means ± SEM. The asterisk denotes a significant difference from control (ANOVA: F5,42 = 9.332, p < 0.001).

In a following suite of studies the effect of the neurotoxic metal cadmium (Cd), on social interaction between pairs and among groups of fish was investigated and alterations in physiological parameters such as brain monoamines were considered. 

To examine the behaviour of fish in the presence of cadmium, rainbow trout were confined in either pairs of fish in small tanks, or groups of ten fish in stream tanks designed to simulate the natural environment of the fish. These social groups could then be exposed to waterborne cadmium before social interaction to investigate the effect of Cd on the formation of hierarchies, or once dominance was established to consider the effects of Cd on the maintenance of social structures. Tissue Cd was measured by acid digestion followed by graphite furnace atomic absorption spectrophotometry. Brain monoamines were measured by HPLC. Tissue distribution of Cd was analysed by whole body autoradiography following exposure to 109Cd.

Pre-exposure to 3 (g l-1 Cd for 24 h, followed by a 24 h depuration period in clean water significantly affected the ability of exposed rainbow trout to become dominant over non-exposed rainbow trout. This effect persisted when the depuration period was increased to 2 and then 3 days, but was eliminated if the fish were allowed 5 days to recover in clean water before social encounters. Whole body autoradiography demonstrated that Cd accumulated in the olfactory rosette following a 24 h exposure period, and only after 5 days depuration in clean water was this Cd accumulation significantly reduced. It is therefore possible that Cd alters the determination of social status between pairs of fish, in part, by olfactory disruption.

In a subsequent experiment, pairs of rainbow trout were exposed to 4(g l-1 or 7(g l-1 Cd for 48 h, following establishment of dominance hierarchies. In this instance, no effect of Cd on behaviour was seen; dominant fish remained dominant during exposure and no obvious changes in social behaviour were detected. Significant Cd accumulation occurred in the brain following exposure to 7 (g l-1 for 48 h (Table 1). 

Table 1: Brain Cd concentrations of rainbow trout exposed to waterborne Cd. The asterisk denotes a significant difference from control levels (ANOVA followed by Bonferroni post-hoc comparisons: F2,27 = 35.519, p < 0.001). Data are given as means ± SEM. (n=10).

	Exposure
	Control
	4 (g l-1 Cd
	7 (g l-1 Cd

	Brain Cd Concentration

((g g-1)
	4.17 ± 0.77
	3.04 ± 0.26
	13.09 ± 0.90*


As expected, control subordinate fish had higher levels of circulating plasma cortisol compared with dominant fish and higher 5-hydroxyindoleacetic acid/serotonin (5-HIAA/5-HT) ratios in the telencephalon. However, the effect of social status on 5-HIAA/5-HT was abolished following exposure to Cd, and indeed there was a trend towards higher serotonergic activity in dominant fish in the 7 (g l-1treatment. Dominant fish exposed to 7 (g l-1 Cd also had higher 5-HIAA/5-HT ratios in the hypothalamus. A positive correlation existed between plasma cortisol and 5-HIAA/5-HT ratios in the control fish but was lost in the Cd exposed fish, suggesting a disruption of the link between monoaminergic activity and the HPI axis. 

In conclusion, Cd has obvious effects on the social behaviour of rainbow trout. However, these effects may not be seen during all aspects of social behaviour, as an effect was seen here only during establishment of hierarchies. Maintenance of hierarchies was not affected. Behavioural effects may be mediated in part by olfactory disruption. Cd also has the potential to interfere with physiological correlates associated with social status. Physiological differences that exist between control animals may be eliminated in exposed fish, even in the absence of behavioural effects. 
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