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Behavior is a sensitive response of animals to contaminants. Behavioral responses may be due to underlying changes in biochemistry of neurotransmitters or other neurotoxicological or endocrine responses. Changes in important behaviors such as prey capture ability may also demonstrate links to ecological effects, such as population or community changes. We have found that killifish, or mummichogs, Fundulus heteroclitus, from a contaminated area in northern New Jersey, Piles Creek (PC) have reduced condition, growth, and longevity, compared with fish from less polluted sites.  This may be due to abnormal behavior. PC fish have a lower level of spontaneous activity, and a reduced rate of prey capture. Laboratory studies demonstrated them to be poor predators on grass shrimp, Palaemonetes pugio, compared to fish from the reference site in southern New Jersey, Tuckerton (TK) (Smith and Weis, 1997). Analysis of videotapes showed that the poor prey capture of the PC fish was primarily due to fewer attempts to capture prey, rather than to poor coordination. PC fish generally did not persist and frequently gave up after chasing a shrimp for a brief period of time. When TK fish were maintained in an aquarium with PC sediments and water and fed PC grass shrimp for a month, their prey capture ability declined to that of PC fish (Figure 1) and their level of brain mercury increased to that of the PC fish. When PC fish were maintained in the laboratory in clean water for two months, there was only a slight improvement in their prey capture ability, and their brain mercury levels did not decrease (Smith and Weis, 1997). Analysis of field-collected mummichogs’ gut contents indicated that PC fish were eating primarily detritus and much less live food, including less Palaemonetes, than TK fish (Smith and Weis, 1997). This can be considered a field validation of the prey capture experiments performed in the laboratory, and can partially explain the poor growth seen in this population, since detritus is not nutritious for mummichogs. PC fish, being generally "slow," were also more vulnerable to predation by blue crabs (Callinectes sapidus) than TK fish (Smith and Weis, 1997). Increased vulnerability to predation can contribute to the previously noted observation that PC mummichogs do not live as long as fish from the reference sites.
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Figure 1. Prey capture by fish from Tuckerton TK, from Piles Creek PK, Tuckerton fish maintained in PC conditions TK(PC), and Piles Creek fish maintained in clean water, PC(d).

The poor prey capture ability and reduced general activity level of PC fish were correlated with lowered brain levels of the neurotransmitter 5-HT, or serotonin (Smith et al., 1995). While this was only a correlation, further work involving experimental manipulation of serotonin levels indicated that the levels of brain serotonin were indeed directly related to the activity level of the fish. Recently hatched larval mummichogs from PC, which were not behaviorally impaired, had levels of serotonin that were comparable to those of TK larvae, although they did have higher levels of dopamine and its metabolites (Zhou et al., 1999a). 

The sluggish behavior in the PC fish prompted an investigation of the thyroid gland, an endocrine gland that is often associated with general activity levels in vertebrates. Endocrine disruption is an issue that is receiving much attention in environmental toxicology, because it is a very sensitive indicator of contaminant effects. PC fish had irregularly shaped and greatly expanded thyroid follicle size compared to TK fish (Zhou et al., 1999b), which can be interpreted as a type of goiter (Fig. 2). In addition to abnormal thyroid histology, PC fish had significantly elevated T4 (thyroxine) levels, and a trend of reduced levels of T3 (tri-iodothyronine), which did not reach statistical significance. The thyroid abnormality in PC fish was found to develop when they are larvae about 15 mm long. Altering the thyroid hormone levels experimentally by dosing the water with T3 or phenylthiourea (PTU, a thyroid hormone antagonist) altered both spontaneous activity and prey capture rates in juvenile fish from both populations (Carletta et al., 2002).

Grass shrimp, Palaemonetes pugio, a major prey species, are not impaired behaviorally at the polluted site, but instead are larger in size and also more numerous than at the reference site, while their mummichog predators are less numerous and smaller (Bass et al. 2001). The larger body size and larger population size of the shrimp is probably due to reduced predation by mummichogs.  In this way, behavioral changes can demonstrate linkages of contaminant effects from the biochemical and cellular levels to the organism, population, and community levels.
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Figure 2. Representative thyroid tissue from TK on left and PC on right.   Compare sizes of thyroid follicles (t) with the branchial afferent artery (ba).
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