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Introduction

Stress has been shown to have negative affects on many aspects of fish physiology. The magnitude and severity of the stress response varies greatly between species (Barton 2002), as does its impact on reproduction (Schreck et al., 2001).  Stress has been shown to cause a decrease in circulating plasma androgen levels in a number of fish species, which may deleteriously affect male reproduction. The effect of selecting for stress responsiveness is still unclear. Rainbow trout selected for high cortisol responsiveness had significantly higher weights, lengths, and coefficient of condition when exposed to an acute stressor on a monthly basis (Pottinger and Carrick, 1999). There is not a significant amount of data examining the divergence of stress responsiveness in any perciform species.  Our lab has recently demonstrated that significant heterogeneity exists in the cortisol response to stress in male striped bass (Wang et al., in press). Understanding the repercussions of selecting broodfish for cortisol responsiveness could aid in determining if cortisol responsiveness should be used as a selection marker.  Such selection could not only aid in the domestication of striped bass, but could also enhance the hybrid striped bass industry by identifying superior striped bass males to be crossed with white bass females (Morone chrysops). The aim of the present study was to examine male striped bass broodstock, selected for high and low cortisol stress responsiveness, for potential differences in their reproductive function. 

Methods

An experimental population (n=67) of mature, domestic male striped bass were individually tagged and exposed to two minute, net challenges monthly (n=4) to identify fish with a consistently high (HCR) or low (LCR) cortisol stress response. One-hour post challenge, fish were anesthetized and bled to obtain plasma cortisol levels. Means were ranked, and the top or bottom ten fish of the population were selected for treatments.  Fish were weighed on all sample dates and their specific growth rates (SGR=[(ln W2 – ln W1)/(t2 – t1)]100) were calculated.  Stress challenges continued to be administered to the population (n =67) monthly from November through March.  As plasma T and 11-KT play important roles in the endocrine regulation of spermatogenesis, they were also measured. Starting in December fish were also checked to confirm spermiation. During the spawning season (five weeks beginning April 2003), each fish was individually held in a net out-of-water for thirty seconds to  expose all fish to significant stressors during the spawning season. Additionally, each Monday: all fish had blood samples drawn; each Wednesday: all fish had sperm samples (≈.5ml) collected; and on Friday: they were weighed and blood collected again. All plasma samples were measured using ELISA procedures validated for striped bass by our lab (Wang et al. in press). Sperm samples were analyzed for motility (percent and duration) using a phase contrast microscope linked to a video camera and monitor. Spermatocrit was also obtained. Repeated measures ANOVA analyses were used to assess differences between high and low cortisol responsive fish.  Spermiation data was analyzed using a mixed model for binomial data.  All data was analyzed using SASv8, mixed model procedures.

Results

HCR striped bass had significantly higher (p<0.05) growth rates than LCR striped bass. Mean plasma T and 11-KT levels (Fig.1) of HCRs were significantly higher than LCRs on all sample dates (p<0.05).  In addition to being significantly lower than HCRs, mean plasma T levels of LCRs were also significantly lower than the population means as well. No significant differences (p>0.05) were detected in the percentage motile sperm, duration of sperm motility, or spermatocrit between HCR and LCR striped bass. However, HCR individuals spermiated earlier and continued spermiation longer (p<0.05) than LCR fish (Fig.2). 
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            Figure 1.
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Figure 2.

Discussion
This study demonstrates that domestic male striped bass broodstock selected for high cortisol responsiveness had increased androgen production and a longer period of spermiation, compared to low cortisol responsive fish when repetitively stressed. Some scientists hypothesize that not all of these stress reactions are deleterious, but that glucocorticoids may aid in the down regulation of other stress responses (Sapolski et al. 2000). It is highly unlikely that the differences in androgen production and spermiation were a direct effect of cortisol per se as there was no significant difference in cortisol level between the treatment groups, either during the spawning season or in the four months preceding the spawning season. One possible explanation for the increase in androgen production, increased duration of spermiation, and greater mean specific growth rate of striped bass selected for high cortisol responsiveness compared to those selected for low responsiveness is the existence of co-factor(s) with selection for cortisol responsiveness.  This theory is reinforced by the lack of difference in mean plasma cortisol concentration in the time leading up to, and during the spawning season, when divergence in other measurable factors was found. This study suggests that with further research, striped bass that have higher cortisol stress responsiveness may be more desirable than fish with low cortisol responsiveness for aquaculture.
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