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The position or rank of a fish within a social hierarchy can influence its behaviour and physiology. In view of the clear correlation of physiological variables and social rank in salmonids fish it has further been hypothesised that there may be rank-related differences in the sensitivity to environmental toxicants. As a dramatic example to demonstrate this principle, copper accumulation rate in the gills of rainbow trout was shown to be ~20-fold higher in subordinate fish than in dominant fish (Sloman et al., 2002). This may reflect the elevated metabolic rate of subordinates leading to greater 'functional' exposure of the uptake surface to the toxicant, coupled with higher uptake rates of Na+ which shares a similar pathway to copper uptake (Sloman et al., 2002). If metabolic rate is an important factor, then this explanation would presumably apply to many if not all contaminants that are absorbed across the gills. Thus one would predict similar rank-related differences in the uptake of, and subsequent sensitivity to, other toxicants. 

The first objective of the proposed study was to test this hypothesis using nonylphenol as an example organic toxicant, which is a known endocrine disrupting chemical (EDC). Once nonylphenol is absorbed into the blood stream, it acts upon oestrogen receptors in the liver of male fish, stimulating the production of vitellogenin which is normally only seen at significant levels in sexually maturing females (Tyler et al., 1998). Thus plasma concentrations of vitellogenin were used as a surrogate for estimating the effective uptake of the EDC nonylphenol. 

To allow individual recognition, mixed sex, diploid juvenile rainbow trout were anaesthetised (0.1 mg l-1 MS222) tagged with PIT tags. Blood samples were taken at the same time to quantify baseline vitellogenin levels (using a monoclonal antibody ELISA) and based on this the fish were separated according to gender (plasma vitellogenin levels typically <15 ng/ml in male, and > 200 ng/ml in female juvenile trout; Tyler et al., 2002).  

The male juvenile rainbow trout were then divided into size-matched pairs, each pair being held in a separate flow-through freshwater tank at 15(C. Pairs were then exposed to either 5 or 50 μg/L of nonylphenol for 1 week. Control fish were exposed to the solvent carrier alone (<0.02% ethanol). During the exposure fish were recorded on video to determine their social rank (dominant or subordinate) according to aggression scores and body colour (Hoglund et al., 2000). After this exposure, fish were anaesthetised and blood sampled to determine plasma vitellogenin, and returned to clean freshwater. Three weeks later, fish from all 3 treatments were transferred to a single tank of ~50% seawater to test their ability to osmoregulate when challenged with a hyper-osmotic environment. After 18 hours in this high salinity all fish were anaesthetised and blood sampled to assess plasma osmolality and chloride. 

Following exposure to nonylphenol plasma vitellogenin was elevated in a dose dependent manner (controls = <200 ng ml-1; Low Dose Nonylphenol = 200-2500 ng ml-1; High Dose Nonylphenol = 3-37 x 106 ng ml-1). Within pairs, subordination was associated with higher plasma vitellogenin in 6 out of 8 pairs across the two doses of nonylphenol. However, despite this trend there was no significant difference between dominant and subordinate fish with respect to the plasma vitellogenin concentration. It is suggested that further data is required before concluding whether or not social subordination is associated with elevated uptake and effect of nonylphenol.

When fish were transferred to 50% seawater, 3 weeks after their treatments had ceased, the fish which had been exposed to the 2 doses of nonylphenol had significantly higher plasma osmolality and chloride when compared with the solvent control group (Table 1).

Table 1 - Plasma osmolality and chloride (means ( SEM) in rainbow trout challenged with 50% seawater for 18 hours, 3 weeks after a 1 week exposure to either 0.02% ethanol (solvent control), 5 or 50 μg l-1 nonylphenol (NP). Asterisks represent significantly different from the solvent control value (P<0.05, one-way ANOVA).




Osmolality (mOsm kg-1)

Chloride (mM)
Solvent Control


328 ( 7


    140 ( 6

Low Dose NP


357 ( 7*


    156 ( 3*

High Dose NP


352 ( 7*


    149 ( 5*

Madsen et al. (1997) has previously shown that injection of nonylphenol can inhibit the smolting process in Atlantic salmon. However, Moore et al. (2003) showed no effect of 30-day exposure to nonylphenol on osmoregulatory performance after 24 h seawater challenge (although they also found no induction of vitellogenin). This therefore represents the first evidence that acute exposure to nonylphenol can cause long-lasting impairment of the ability to osmoregulate when challenged with a high salinity environment. This could have important consequences for the successful seaward migration of salmonids derived form EDC-contaminated rivers.
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