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Figure 5 

Mean (± SEM) plasma cortisol (ng mL-1; a,c,e,g) and glucose (mM; b,d,f,h) values at 0, 1 and 3 

hours post stressor at the conclusion of the 14 week trial.  Different letters denote significant 

differences within strains and across treatments (ANOVA and Tukey’s, p<0.05)    
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Figure 6 

Mean (± SEM) plasma cortisol (ng mL-1) across three measurements (monthly) in strains from 

the repeated cortisol measurement study. Different letters denote significant differences among 

strains (ANOVA and Tukey’s, p<0.05) 
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Discussion 

The results of this study demonstrated that the repeated acute stressor applied was 

sufficient to elicit a physiological stress response that reduced SGR, K, and igf1 expression, 

elevated FCR and suppressed WBCs, but had variable effects among striped bass strains.  Stress 

elicited differential responses among strains across all stages of the GAS that may prove useful 

in broodstock development, but a single biomarker was insufficient for evaluating stress 

sensitivity among groups or individuals. No single strain displayed a clear difference across all 

measured parameters when exposed to the repeated acute stressor.  Instead, complex associations 

across parameters observed suggest that a suite of robustness traits should be examined during 

broodstock development, as has been undertaken with terrestrial livestock breeding programs 

(Gamborg and Sandoe 2005; Knap 2005; Ellen et al. 2014; Sadoul et al. 2015). 

Feed intake was similar between stressed and undisturbed fish on all days except those 

when the (net chase) stressor was applied, at which times stressed fish consumed less than 

controls. Although strain-specific measurements could not be attained because of the communal 

rearing experimental design, qualitative feeding behavior, post-stressor, could be observed 

because of morphological differences (i.e. stripe patterns, K, head size) present among strains 

(Kenter et al. 2018).  These observations indicated that the CAN strain maintained normal 

feeding behavior, post-stressor, while the others crowded towards the back of tanks and were 

hesitant to pursue pellets. The poor feeding response, post-stressor, in all strains except CAN, 

was likely responsible for the depressed SGRs observed, and is consistent with results obtained 

in other marine species, such as Atlantic salmon (McCormick et al. 1998) and European sea bass 

(Dicentrarchus labrax)(Leal et al. 2011).   
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With the exception of CAN, fish in this study appear to have become habituated to the bi-

weekly stressor over the course of the trial, as evidenced by the stable cortisol levels prior to and 

following the stressor in the stressed treatment group. In the repeated cortisol sampling study, 

habituation to the reduced frequency (monthly) stressor was not evident and elevated cortisol 

measurements from all three events were comparable to the control group in the first experiment.  

CAN fish did not demonstrate cortisol responsiveness but at least three fish from the other strains 

could be categorized as high or low responders based on previously described criteria.  

Habituation to stressors has been shown previously in striped bass (Wang et al. 2004) and 

salmonids (Barton et al. 1987; Schreck et al. 1995).  Further research on the correlations between 

cortisol and performance traits is warranted and may prove useful in striped bass selective 

breeding protocols (Pottinger and Carrick 1999; Fevolden et al. 2002).  Elevated glucose levels 1 

hour post-stressor may have been induced by catecholamines, rather than cortisol, (Van Raaij et 

al. 1995, 1996; Wang et al. 2004), but were not measured in this study.  Irrespective of their 

origin, glucose elevation in the VA, FL, DOM strains may have contributed to the diminished 

SGRs observed, as elevated plasma glucose has been shown to inhibit food intake through 

hypothalamic glucosensing and modulation of appetite-regulating genes (Riley et al. 2009; 

Madison et al. 2015).   

Conclusions 

Overall, no single wild or domesticated strain displayed superior robustness during 

exposure to a bi-weekly net chase stressor.  CAN fish had a highly unique stress response across 

most stages of GAS, but their slow growth in culture has been demonstrated previously (Woods 

2001; Kenter et al. 2018, present study) and may limit their aquaculture potential.  The DOM 

strain, mass selected for growth and general morphology did not exhibit better maintenance of 
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growth rate or K than first generation striped bass cultured from the Gulf of Mexico (FL) or 

Atlantic coast (VA).   

Although variable among individuals, peak cortisol response was correlated with growth 

performance only in the control fish prior to stressor habituation.  This further demonstrates that 

cortisol is only a single component in the complex GAS and its selection as a sole phenotype in 

broodstock development, is questionable.  Future stress studies should continue to focus on 

correlations between measures of the GAS across all stages and aquaculture performance traits 

that may be useful in domestication efforts.  The growing literature base on strain specific 

performance of striped bass under different conditions represents an opportunity to create or 

select robust lines of fish for specific culture environments.   
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CHAPTER 6 

CONCLUSIONS 

Collectively, the research in this dissertation demonstrated differences in performance 

traits among strains of striped bass and their hybrids in multiple environments, developed 

protocols for managing stress in the production of the species and advanced our current 

understanding of stress responsiveness in fishes.  

 Wild striped bass strains from different river systems displayed differences in growth and 

body conformation that may be attributed to genetic background or local adaptations to their 

natural environment, and these traits were heritable in hybrid offspring.  The ability of the 

species to perform similarly in fresh, brackish and marine salinities demonstrated opportunities 

for culture in a variety of environments.  Results agreed with previous strain comparisons 

(Jacobs et al. 1999; Woods 2001) at identifying consistently slow growing populations (CAN, 

NC, SC) that have limited potential in farming compared to most central Atlantic (DE, VA) or 

Gulf coast populations (FL, TX).  The domestic line was compared alongside wild strains for the 

first time since its founding, and was found to have growth and feed conversion advantages 

during their first year of life that were not maintained during longer growth trajectories.  Trends 

in growth and body shape among hybrid offspring were similar to those of strains used to spawn 

them suggesting a paternal strain effect on both phenotypes that outweighed individual parental 

effects.  These studies demonstrated the responsiveness of DOM hybrid striped bass to selection 

pressure from the breeding program for rapid early growth in outdoor culture environments. 

Impressive growth performance and less variation in final weights was shown in wild strains 

when grown indoors demonstrating the importance of comparisons in multiple environments to 

establish effective breeding programs.  
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 The aquaculture potential documented among wild strains establishes the foundation for 

region-specific broodstock programs dependent on the production systems of interest for culture.  

A hypothetical US mariculture industry could now utilize fast growing, native stocks to the 

Atlantic (DE, VA) or Gulf coast (FL,TX), that avoid the risk of genetic contamination during 

escapes, a common concern in open ocean farming.  Future research should continue to 

investigate strain-specific performance across environments and begin to apply modern genetic 

techniques like marker assisted selection to better understand domestication for Morone culture. 

 The results from stress studies further demonstrated that the stress response is a complex, 

adaptive mechanism and a single measure cannot be used to estimate its effects on aquaculture 

performance.  Cortisol levels naturally fluctuate during normal biological processes and are a 

common biomarker to quantify stress (Barton and Iwama 1991) with known maladaptive 

consequences.  During prolonged or severe stress, it promotes hyperglycemia and suppresses 

performance but it is more often a single component of the primary response with minimal 

negative effects.  The transportation trial showed substantial differences in cortisol among 

treatments and methods to reduce its elevation, but they did not result in observed health or 

feeding benefits.  The 14-week net chase study found individual cortisol levels to be correlated 

with growth rate in the control fish, but the relationship was absent after repeated exposure in the 

stressed treatment.  Hematological parameters such as blood cell counts were the most consistent 

indicators of distress among and within strains and required less expertise to measure. 

Hematological analyses should continue to be studied in fish so that it may be used as a routine, 

practical diagnostic tool for stress and health assessments (Hrubec et al. 2001).  No single wild or 

domesticated strain displayed measurable performance advantages during the routine aquaculture 

stressors (transportation, netting) in these studies which suggests inadvertent co-selection for 
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such specific tolerances may not be present in the breeding program.  Stress and aquaculture 

research will benefit from inclusion of more parameters across stages of the GAS as has been 

done with terrestrial agriculture for future selection of “robust” animals (Sadoul et al. 2015).  

Overall, the results in the present studies advance the current status of Morone culture and 

contribute to a foundation of information to be used in broodstock development programs.  
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