
ABSTRACT 

TURNER, POEM MARIE. Effects of Light Intensity and Tank Background Color on Sex 

Determination in Southern Flounder (Paralichthys lethostigma). (Under the direction of Dr. 

Harry V. Daniels). 

 

Southern flounder (Paralichthys lethostigma) is a new cultivar for commercial production. 

Two characteristics of their biology present challenges to making them a commercially 

profitable species. 1) Southern flounder exhibit sexually dimorphic growth with slower 

growing males never achieving an acceptable market size. Production of a monosex 

population through the use of meiotic gynogenesis offers the promise of more uniform 

growth. 2) Southern flounder exhibit environmental sex determination (ESD), whereby 

certain environmental conditions influence genotypic females to develop as males. This 

masculinization can even affect all-female cohorts sired by neo-males (XX males), negating 

the potential of genotypically female larvae. Recent studies have shown that light intensity 

and tank background color can elevate cortisol levels in fish. An improved understanding of 

how light intensity and tank background color may interact with cortisol to affect sex 

determination in southern flounder is necessary to control the sex ratios of cultured 

populations. 

Three studies were conducted to determine the effect of light intensity and tank 

background color on sex determination and cortisol concentrations in southern flounder 

juveniles. The first study examined the effect of tank background color on sex ratios and 

cortisol concentrations in southern flounder. Southern flounder juveniles were reared in three 

different tank background colors (grey, black and blue) for 121 days. Each tank background 

color was characterized in CIELAB color space. Blue tanks resulted in a significantly higher 

percentage of males than the other two treatments (P < 0.001). Cortisol levels in the blue 



tanks were significantly higher than baseline at 34 days post stock (P < 0.001). Grey tanks 

resulted in significantly larger fish than blue or black tanks by the end of the study (P < 

0.05). Results indicate that blue tanks elevate cortisol levels as well as produce a higher 

percentage of male southern flounder than other treatments.  

 The second study looked at the effect of light intensity on sex ratios and cortisol 

concentrations in southern flounder. Southern flounder juveniles were reared in three 

different light intensities (5, 100, 1500 lux) for 144 days. The 5 lux treatment resulted in a 

significantly lower percentage of males than the other two treatments (P < 0.01). Cortisol 

levels in all treatments were significantly elevated at 94 days post stocking (P < 0.05) but 

were not significantly different from each other. Fish raised at 100 lux were significantly 

larger than 5 lux and 1500 lux treatments by the end of the study (P < 0.05). Results indicate 

that low light intensity (5 lux) results in a higher percentage of females but the light 

intensities we studied do not significantly affect cortisol levels in relation to each other. 

 A third study examined the feasibility of feeding cortisol treated feed to juvenile 

southern flounder. Southern flounder juveniles were fed cortisol treated feed with 0 mg/kg, 

100 mg/kg and 500 mg/kg for 48 hours. Cortisol levels in treatment fish remained 

significantly elevated over control fish from 30 minutes post treatment through the end of the 

study (P < 0.0001). Feeding juvenile southern flounder cortisol-treated feed has potential as a 

method of elevating cortisol levels in juvenile southern flounder to study its effects. 

 These studies demonstrate that certain environmental conditions can lead to elevated 

cortisol levels during critical periods of sexual development in southern flounder. These 

elevated cortisol levels are associated with a high percentage of males. Further studies are 

necessary to establish the specific role of cortisol in sex determination, but even these initial 



findings are beneficial to southern flounder producers in their efforts to avoid 

masculinization when rearing neo-male offspring. 
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CHAPTER I: 

Literature Review of Environmental Sex Determination in Southern Flounder 

(Paralichthys lethostigma) 

 

Introduction and significance 

Southern flounder (Paralichthys lethostigma) is a candidate for large scale commercial 

aquaculture in the United States. Commercial culture of flounder is well established in Asia 

(Seikai, 2002; Copeland et al., 1998) and is beginning in the United States (De Mongolfier et 

al., 2005; Carroll et al., 2005). The species currently produced, summer (P. dentatus), winter 

(Pleuronectes americanus) and Japanese flounder (hirame; Paralichthys  olivaceus), require 

seawater throughout their production cycle. Southern flounder is a euryhaline species that is 

distributed in a wide range of salinities (Reagan and Wingo, 1985) and grows equally well in 

brackish or even freshwater (Daniels and Borski, 1998; Smith et al., 1999a). Their ability to 

tolerate low salinity conditions as well as their pre-established presence in the market (Smith 

et al., 1999b) makes them a promising cultivar.  

 

All Paralichthid species exhibit sexually dimorphic growth, with females growing faster and 

achieving 2-3 times the body size of males (Morse, 1981; Matlock, 1991; Fitzhugh et al., 

1996). From a production standpoint, the ability to produce a monosex female population for 

growout is highly desirable. Such a scheme would reduce labor costs associated with 

grading, mortality due to cannibalism and any unwanted reproduction. 

 

Recent research on the effects of environmental factors on sex determination and  
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differentiation in aquacultured species is both sparse and fragmented. Thus, the goals of this 

chapter are to provide 1) an overview of our current knowledge of normal sex determination, 

2) an overview of sex differentiation in southern flounder, and 3) a review of the potential 

role of environmental factors in regulating sex differentiation.  

 

Sex determination in southern flounder 

Southern flounder have two distinct phases of sexual development; their genotypic sex 

determination and phenotypic sex differentiation, which is the physical development of sex 

specific gonads. Because previous attempts to achieve either dominantly female (>50% of 

the population) or monosex female populations of southern flounder at a commercial scale 

have been unsuccessful, improved understanding of the mechanisms that control sex 

determination in southern flounder is needed. 

 

Mechanisms for sex determination: Cytogenetics 

The karyotype of the southern flounder consists of 48 small chromosomes, all of which are 

telocentric (Le Grande, 1975). The absence of heteromorphic chromosome pairs such as 

those found in humans, indicates that southern flounder have no readily distinguishable sex 

chromosome as with the rest of the Paralichthys species (Winkler et al., 2004) and most 

teleosts (Devlin and Nagaham, 2002).  

 

Southern flounder are members of the family Paralichthyidae. The family has a chromosomal 

sexual determination mechanism of XX/XY with females being homogametic and males  
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heterogametic (Yamamoto, 1999 for P. olivaceus). Certain species within the family, 

however, such as southern flounder and its congener, hirame (P. olivaceus), have 

demonstrated a certain degree of sexual lability under specific physical and chemical 

environmental conditions (Luckenbach et al., 2003; Strussman and Nakamura, 2002; 

Yamamoto et al., 1999). Genotypic females can be manipulated during early development to 

undergo masculnization by exposure to high water temperature (Luckenbach et al., 2003; 

Godwin et al., 2003; Yamamoto, 1999), also known as temperature sex determination (TSD). 

Temperature sex determination has been documented in other vertebrates, namely reptiles 

(Robert and Thompson, 2001; Ciofi and Swingland, 1997) and amphibians (Eggert, 2004).  

 

Measurements of sex determination: DNA and protein markers 

Aromoatase cytochrome p450 is an enzyme that controls the androgen:estrogen ratio by 

converting testosterone into estradiol-17β. Recently, it has been cloned for use as a DNA 

marker for female differentiation in juvenile southern flounder (Luckenbach et al., 2005). 

Elevated aromatase in the gonads is associated with female sex differentiation in southern 

flounder (Luckenbach et al., 2005) and other flatfish species (Matsuoka et al., 2006; Kitano 

et al., 2000). Measurement of aromatase mRNA levels allow one to differentiate between 

males and females as early as 65mm total length (Luckenbach et al., 2005), and provides a 

useful tool for assessing impacts of environmental factors on sex determination. 

 

Another molecular approach to assessing fish sex is through the use of microsatellite 

markers. The majority of the current research utilizing microsatellites in paralichthid  
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flounders has been conducted on hirame. Recently, however, ten polymorphic loci have been 

identified in southern flounder (Shao et al, 2008). Although differences between males and 

females have not been determined by microsatellite markers, individual fish and their 

offspring can be identified in other flounder species (Kang et al., 2006; Asahida et al., 2004; 

Coimbra et al., 2000) allowing broodstock selection for a breeding program.  

 

Manipulating sex determination: Sex ratios 

The sex ratios of mature wild-caught southern flounder have been studied. Fishery data taken 

from North Carolina coastal waters and Texas gulf waters suggest an approximately 50% 

female population (Grist, 2004; GSMFC, 2000). In contrast, the sex ratios of cultured 

southern flounder have repeatedly been skewed in favor of males (78% and 93%) 

(Luckenbach, 2003). The same male-skewed pattern has been demonstrated in other fish such 

as sea bass (Dicentrarchus labrax) (Saillant et al., 2003; Gorshkov et al., 1999) (93% and 

78.6% respectively). This suggests that environmental conditions in hatcheries could be 

mediating or overriding the process of sex determination. 

 

Due to the homogametic nature (XX chromosomes) of the female southern flounder, it is 

possible to produce entirely XX offspring through gynogenesis, where they can then be sex 

reversed to produce functional XX males that can then be crossed with normal diploid 

females to produce nearly all female populations (Yamamoto 1999). The XX/XX crossing 

ensures that the male sex-linked Y chromosome cannot be inherited from either parent. This 

is a relatively common practice to achieve female populations for establishing isogenetic  
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lines for genetic studies (Lutz, 2001; Arai, 2001; Yamamoto, 1999). In southern flounder, 

induction of diploid meio-gynogenesis has been achieved (Luckenbach et al., 2004; Morgan 

et al., 2006). 

  

Overview of sex differentiation in southern flounder 

Under rearing temperatures of 18-23°C, juvenile southern flounder have a very brief sexually 

undifferentiated period up to 110 days post hatch. Primordial germ cells can be detected in 

pre-metamorphic larvae as early as 8 mm (<21days post hatch (dph)); paired, 

undifferentiated gonads are visible in post-metamorphic juveniles 15-80 mm (>30dph); and 

ovarian cavity development, an indicator of final female sex differentiation begins in 

juveniles at 86-100 mm total length (TL) (120 dph). Testicular development is observed 

beginning at approximately 100 mm TL and is an indicator of final sex differentiation as a 

male (Luckenbach et al., 2003). 

 

Gonadal development 

Sex differentiation in southern flounder is more dependent on length than age, occurring 

between 75 and 100 mm (Luckenbach et al., 2003). It is significantly delayed in comparison 

to hirame and barfin flounder (Verasper moseri) where sex determinations occurs at 27-37 

mm (Yamamoto, 1999) and 35 mm (Goto et al., 1999) respectively, but occurs at similar 

sizes to P. dentatus (King et al., 2001) and Winter flounder (Pseudopleuronectes 

americanus) (Fairchild et al., 2007). This variation in timing is a potentially interesting area  
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of research for understanding phylogenetic patterns of differentiation amongst  

Pleuronectiformes. 

 

Measurements of sex differentiation: Aromatase  

Aromatase cytochrome p450 was mentioned earlier as a protein marker of sexual 

development. As an enzyme that mediates the conversion of testosterone to estradiol-17β in 

vertebrates, it plays a significant role in initiating sexual differentiation (Gonzalez and 

Piferrer, 2002; D’Cotta et al., 2001). The gonadal form of aromatase (cyp19a) of southern 

flounder has been cloned (Luckenbach et al., 2005). The highest mRNA levels were found in 

the ovary and spleen and only weak expression was detected in the testes. Evidence of 

another form of aromatase, neural (cyp19b), has been obtained for a number of teleosts 

including the Atlantic halibut (Hippoglossus hippoglossus) with even earlier expression than 

the gonadal form (Matsuoka et al., 2006). The neural isoform also exhibits higher activity 

and mRNA levels in the brain than the ovary does of ovarian aromatase (Kishida et al., 

2001). Aromatase appears to operate on a positive feedback loop where estradiol (E2) 

stimulates its expression and subsequent conversion of testosterone (T) to E2 (Tanaka et al., 

1995). Utilizing an exogenous E2 source to amplify the reaction under appropriate social cues 

can induce a sex change from male to female in hermaphroditic fish (protandry) (Kroon et 

al., 2005; Devlin and Nagahama, 2002) or block a predicted female to male (protygyny) sex 

change (Kroon et al, 2005). Conversely, administration of an aromatase inhibitor can induce 

a sex change from female to male hermaphroditic fish (Kroon et al., 2005; Bhandari et al., 

2004; Kroon and Liley, 2000) or block an expected change from male to female (Kroon et  
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al., 2005). This demonstrates that the aromatase pathway can both induce female and inhibit  

male sexual differentiation in fish. In another study of hirame, application of E2 concurrently 

with an aromatase inhibitor on sexually undifferentiated females resulted in their continued 

development as females while application of T on undifferentiated females resulted in their 

development as males with suppressed P450 expression (Kitano et al., 2000). This study 

demonstrated that both E2 and T affect the regulation of the P450 aromatase gene.  

 

Measurements of sex differentiation: DMRT1  

The DMRT1 gene is the analogous biomarker to P450 aromatase that is responsible for 

normal testes development. Produced exclusively in the testis, DMRT1 has an inverse 

expression rate with P450 aromatase (Sakata et al., 2006). In studies with reptiles, DMRT1 

expression is suppressed by application of exogenous E2, a known P450 stimulator, 

indicating that E2 has the ability to down-regulate expression of this gene just as it can up-

regulate P450 expression (Murdock and Wibbels, 2006).  

 

Potential effects of cortisol on sex differentiation 

Stress is defined as the physiological cascade of events that occurs when an animal tries to 

reestablish internal homeostasis following a perceived threat (Schreck et al., 2001). The acute 

stress response is considered adaptive and allows the animal to change its behavior and 

physiology to deal with the stressor. Chronic stress, however, can have a negative impact on 

growth, behavior and reproduction due to reallocation of energy resources to other body 

systems (Schreck et al., 2001; Bonga, 1997). Cortisol (or corticosterone) is one of the  
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primary stress hormones produced by fish. Under conditions of physical stress, fish release  

the steroid hormone cortisol from their interrenal gland (the homologue of the mammalian 

adrenal cortex) implicating cortisol as a major factor mediating the effect of stress on 

reproduction and sexual development (Barton, 2002; Bonga, 1997). In a production setting, 

such stressors might include photoperiod, light intensity, temperature, stocking density and 

handling. Density and handling have been shown to affect cortisol levels in other flatfishes 

(Marcaccio and Specker, 2004; Barnett and Pankhurst, 1998; Waring et al., 1992), while light 

stimulates cortisol production in most vertebrates.  

 

It is suggested that glucocorticoids (GC), specifically cortisol in fish, may play a significant 

role in sexual development and reproduction by regulating steroid biosynthetic pathways, 

including aromatase P450 (Perry and Grober, 2003). Cortisol’s ability to control estrogen 

biosynthesis represents a unique opportunity for studying the environmental control of sex 

determination and differentiation in flounder, since the potential exists that environmental 

factors such as light and density might regulate cortisol and hence modulate sexual 

development.  

 

The exact mechanism by which cortisol mediates sex steroid biosynthesis is still unclear. 

Positive correlations between GC concentrations and estrogen indicate GC may act as a 

positive stimulus of aromatase (Gardner et al., 2005). Cortisol also interacts with 11-keto-

testosterone (11-KT), an androgen found in teleosts and responsible for protygyny in 

hermaphroditic species. Studies indicate that elevated cortisol levels competitively inhibit  
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biosynthesis of 11-KT (Perry and Grober, 2003). Testosterone is a precursor to 11-KT, and  

inhibition of 11-KT leads to accumulation of testosterone (Perry and Grober, 2003) which 

could block males from becoming females. Both studies examined hermaphroditic fish which 

had already sexually developed once, however, the results are conflicting. In one case 

elevated cortisol resulted in females, while in the other, elevated cortisol resulted in males 

that could not change to female despite social and environmental stimuli. Current production 

practices of southern flounder result in dominantly male sex ratios, indicating that females 

are sex reversing to males. The potential effect of cortisol on sex development and 

masculinization of genotypic females has important implications for the observed skewed 

male production of southern flounder. By identifying the effect of cortisol on sexually 

undeveloped, juvenile southern flounder, we can gain insight into how stress might regulate 

steroid biosynthesis and sex determination in fish. 

 

Environmental effects on sex determination and differentiation 

Phenotypic sex in several vertebrates including amphibians, reptiles and some fish is 

influenced through a combination of genetic, environmental or social factors (Devlin and 

Nagahama, 2002). The environmental factors are nearly too many to enumerate, but 

temperature (Luckenbach et al., 2003), and light intensity have been reported to affect 

gonadal development in many species of fish. A possible explanation for this effect is that 

certain variations of these environmental conditions are considered stressors to the fish, 

elevating their GC production and thereby influencing normal ratios of sex steroid 

biosynthesis. This interaction results in populations significantly skewed towards one gender. 
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Temperature 

For many species exhibiting environmental sex determination (ESD), ambient temperature 

during early development can significantly influence gonadal differentiation often resulting 

in a higher percentage of males (Baroiller and D’Cotta, 2001; Pieau et al., 1999; Chardard et 

al., 1995; van Ness and Anderson, 2006). Hirame, a congener of southern flounder, has 

shown tremendous differential plasticity in response to temperature during early 

development, where females are masculinized to males (Yamamoto, 1999). Similarly, in 

southern flounder, temperatures above (28°C) and below (18°C) normal rearing conditions 

(23°C) result in a significantly higher proportion of males than females indicating that the 

genotypic females are undergoing temperature induced masculinization (Morgan, 2006; 

Luckenbach et al., 2003). The window of thermo-sensitivity for southern flounder has been 

established to be between 40 and 100 mm (Luckenbach et al., 2003, 2005). Genotype-

temperature interactions are also possible and have been documented in other species 

(Baroiller et al., 1995; Saillant et al., 2002). 

 

Light Intensity 

The effects of light intensity on sex determination are largely unknown. Light intensity has 

been examined primarily for its effects on larval and juvenile survival, usually in relation to 

its role in the feeding response. Most juvenile fish require moderate light intensities for 

normal growth and development, but some species living in turbid conditions develop 

normally at lower than average light intensities and even develop abnormally at what would 

be considered a normal range of light intensity for many other fishes (Bouef and Le Bail,  
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1999). In P. lethostigma, mid-high range light intensities had no effects on growth or 

metamorphosis (Daniels et al., 1996), but pigmentation differences were found in post-

metamorphic larvae (Denson and Smith, 1997). While interactions between the color-

determining melanocyte stimulating hormone (MSH) and glucocorticoids are unclear, there 

is a strong interaction between the two, and therefore between MSH and sex determination 

(Bonga, 1997). Both adrenocorticotropin hormone (ACTH), the primary regulator of 

interrenal glucocorticoid production, and MSH are derived from differential splicing of the 

preopiomelanocorticotropin (POMC) gene (Gantz and Fong, 2003). 

 

Atlantic salmon smolts (Salmo salar) demonstrated an increase in plasma cortisol levels after 

exposure to high intensity blue light (Migaud, et al., 2007). However, the opposite response 

was seen in nile Tilapia (O. niloticus) with plasma cortisol levels increasing in every 

treatment except those exposed to high intensity blue light where plasma cortisol levels 

actually decreased in comparison to control values (Volpato and Barreto, 2001).  

 

Tank Color 

The background color of tanks used in production facilities has been shown to influence both 

fish growth and plasma cortisol levels in a number of fish species such as white sea bream 

(Diplodus sargus), carp (Cyprinus carpio) and Nile Tilapia (Oreochromis niloticus)  

(Karakatsouli et al., 2007; Merighe et al., 2004; Papoutsoglou et al., 2000; Rottlant et al., 

2003). Studies examining plasma cortisol levels of fish raised in different background colors 

have been inconsistent across species. White sea bream (D. sargus) and carp (C. carpio) have  
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exhibited optimal growth in white or light blue tanks in comparison to darker tank colors 

such as green and black (Karakatsouli et al., 2007; Papoutsoglou et al., 2000). In contrast, 

Nile Tilapia (O. niloticus), fish raised in black tanks had significantly lower plasma cortisol 

levels than those raised in white and blue tanks (Merighe et al., 2004), while in carp (C. 

carpio) and red porgy (Pagrus pagrus) black tanks resulted in higher levels of plasma 

cortisol (Papoutsoglou et al., 2000; Rottlant et al., 2003). 

 

Studies of fish vision have determined that fish see very similar spectra to humans (Levine 

and MacNichol, 1979; Bowmaker, 1995; Vanleeuwen, 2007). That knowledge allows for 

experimenting with different background colors while knowing the fish are experiencing the 

same level of difference that we perceive. A study of summer flounder (P. dentatus) response 

to varying light wavelengths enables direct comparison of what color flounder see when 

humans see a specific color (Levine and MacNichol, 1979). 

 

Conclusions 

Sex determination and differentiation in southern flounder and other fish is a complicated 

process. Aromatase P450 gene expression measurements provide a tool for evaluating early 

sex determination and analysis of the effects of culture variables on sex differentiation. From 

recent research, it is evident that temperature affects sex ratios in southern flounder and is 

able to directly influenc sex determination; however the exact mechanism is still unclear. 

Several other environmental stimuli (e.g. tank color, light intensity) may cause an elevation 

of cortisol, which could ultimately skew sex ratios in culture conditions. By comparing  
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cortisol concentrations and sex ratios of juveniles reared under different environmental 

stimuli we can improve on our understanding of ESD in southern flounder and make 

appropriate changes to culture methods.  

 

As mentioned earlier, studies directly linking environmental conditions to sex differentiation 

are almost non-existent. There is a growing body of literature examining environmental 

conditions and their effects on hormone levels (glucocorticoids and melanocyte stimulating 

hormones), but as yet none have discovered a relationship between environmental conditions 

and sex differentiation. The current body of literature suggests that environmental stimuli 

affect the hypothalamic-pituitary-interrenal axis and have possible downstream effects on sex 

steroid biosynthesis that can result in abnormal sex ratios, particularly under intensive culture 

conditions. The goal of this research project is to improve our understanding of how 

environmental conditions such as light intensity and tank background color affect sex 

determination in southern flounder and explore the role cortisol may play in this process.  
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CHAPTER II: 

Effects of Tank Background Color on Sex Determination and Whole Body Cortisol 

Concentration in Southern Flounder (Paralichthys lethostigma) 

 

Introduction 

Southern flounder (Paralichthys lethostigma) is a high value finfish that is emerging as a new 

cultivar for commercial production (Daniels and Borski, 1998). One of the challenges to the 

potential success of commercially raising southern flounder is the large differences in growth 

rate and body size between the sexes. Females achieve 2-3 times the size of males, and males 

rarely attain 500 g (Grist 2004). Because of this, research has centered on production of 

monosex population of female flounder using a combination of meiotic gynogenesis and 

temperature induced masculinization (Luckenbach et al., 2004; Morgan et al., 2006). Briefly, 

offspring with the entirely XX genotype are sex reversed to form phenotypic males.  These 

gynogenetic, sex reversed XX-males, are then spawned with normal females to produce 

offspring composed entirely of the XX genotype.   

Previous studies show that Southern flounder exhibit temperature sensitive sex 

determination, whereby fish reared at high (28°C) or low (18°C) temperatures show highly 

skewed sex ratios that are predominantly male, while those reared at 23°C show normal 

50:50 female:male sex ratios (Luckenbach et al., 2003).   Based on this work, production of 

all female populations of flounder should be possible by growing fish of the XX genotype at 

an optimal temperature of 23°C. However, in some trials, fish produced from spawns of neo-

males (gynogenetic XX males) and normal females (XX males x females) and grown at 

optimal temperatures can have up to 85% phenotypic males, suggesting other factors outside  
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of temperature may also be regulating flounder sex determination. Thus, to make the neo-

male broodstock a viable solution, a better understanding of the environmental variables that 

control sex determination and that lead to masculinized populations of southern flounder 

composed of the XX genotype is necessary. 

 

One proposed regulator to normal sex differentiation is cortisol (Perry and Grober, 2003). 

Cortisol is the primary glucocorticoid in fishes and affects steroid biosynthesis including the 

conversion of testosterone (T) into estradiol (E2) (Perry and Grober, 2003). This conversion 

is mediated by the enzyme aromatase p450 (P450arom). Previous studies show that aromatase 

is a key enzyme regulating sex differentiation (Kitano et al., 2000). We hypothesize that 

when cortisol levels are elevated, E2 synthesis is blocked by suppressing production of the 

P450arom, resulting in a primarily male population. During our investigation of the effects of 

environmental conditions on cortisol levels, we chose to examine the effect of background 

tank color on cortisol levels to determine if there was a relationship on subsequent sex ratios 

in southern flounder.  

 

Tank background color has been examined primarily for its effects on larval and juvenile 

survival, usually with respect to the feeding response (Batty, et al., 1990; Pankhurst and 

Hilder, 1998). Different tank colors have been shown to elevate cortisol levels in red porgy 

(Pagrus pagrus) (Rottlant et al., 2003), carp (Cyprinus carpio) (Papoutsoglou et al., 2000), 

and Tilapia (Oreochromis niloticus) (Merighe et al., 2004), and has been suggested as a 

stressor in white sea bream (Diplodus sargus) (Karakatsouli et al., 2007). The particular  
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colors that elevate cortisol levels in fishes seem to be species specific however. In red porgy, 

white tanks produced the highest levels of cortisol (Rottlant et al., 2003), while carp and sea 

bream responded with elevated cortisol levels in black tanks (Merighe et al., 2004), 

(Karakatsouli et al., 2007). Tilapia exhibited elevated cortisol levels in brown and blue tanks 

and lower levels in black, green and white tanks (Merighe et al., 2004). 

 

With the potential for raising all-female cohorts of southern flounder rapidly becoming a 

reality through gynogenesis breeding protocols, a better understanding of which 

environmental conditions and the mechanisms that cause genotypic female southern flounder 

to undergo masculinization and what mechanism is responsible for this masculinization is 

essential. The purpose of this study was to determine if tank background color affects chronic 

cortisol levels and the normal 50% male sex ratio of southern flounder. 

 

2. Materials and Methods 

2.1 Fingerlings 

 This experiment was conducted from December 2006-April 2007 using hatchery-reared P. 

lethostigma fingerlings. Fish were spawned at the University of North Carolina at 

Wilmington, Center for Marine Science (UNCW-CMS) in Wilmington, NC and reared at 

North Carolina State University (NCSU) in Raleigh, NC. Wild caught southern flounder 

were maintained at UNCW-CMS under normal photo-thermal conditions (Daniels and 

Watanabe, 2002). Eggs and sperm were collected by strip spawning from multiple 

broodstock and pooled for in vitro fertilization. Fertilized eggs were transported to NCSU  



 24 

and larvae were reared in a 3000 L recirculating artificial seawater system to 60 days post 

hatch according to Daniels and Watanabe (2002). Larvae were fed a diet of live feed (rotifers 

and Artemia) and gradually weaned onto a high protein dry feed (Otohime A, B1, B2, C1, 

C2, Reed Mariculture, Campbell, CA) through metamorphosis.  

 

2.2 Experimental Design 

At 60 days post hatch (dph), metamorphosed juveniles [(mean ± SEM) 14.22 mm total length 

(TL) ± 0.3 mm and 0.21 g ± 0.01 g] were transferred into nine, 100 L round fiberglass tanks 

and stocked at a density of 12.5 fish/L. Tanks were randomly assigned to one of the 

following treatment groups of different tank colors: Grey, black or blue. Each treatment was 

replicated in triplicate. Calcium chloride (CaCl2) and sodium bicarbonate (NaHCO3) were 

added to each system to maintain water hardness at 150 mg/l and alkalinity at 200 mg/l. 

Salinity was gradually decreased from 22 ppt to 0.7 ppt over the course of 135 days. 

Temperature was maintained at 18.8°C (± 0.2°C) for the first 50 days post stocking (dps), 

then increased to 23.0° C (± 0.2°C) for the remainder of the study (Figure 3B). The lower 

initial water temperature coincides with the presumed sex determination period, occurring 

prior to onset of sex differentiation as defined by Luckenbach et al. (2003). This should have 

caused a moderately male-skewed population (75% males:25% females). Thus, any affects of 

tank color beyond this should provide for a more robust determination of the effects of tank 

color on masculinization. Fish were fed a 50% protein diet (1.0-4.0 mm; Zeigler, Gardners, 

PA) to satiation 4-5 times daily. Fish were sampled at 0, 34, 65 and 93 (dps) for length (mm),  
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weight (g) and whole body cortisol to determine the effect of tank color on overall growth  

and whole body cortisol concentrations. 

 

2.3 Growout 

At 93 dps, (103.8 mm ± 1.0 mm; 10.6 g ± 0.4 g) fish were removed, counted and restocked 

into their original tanks at a lower stocking density of 2.8 fish/L to allow for continued 

optimum growth. Luckenbach et al. (2003) demonstrated that sexual determination is likely 

to occur prior to 75 mm TL in P. lethostigma and that onset of sex differentiation can be 

determined by microscopic observation of gonads at 120 mm TL. Therefore, altering 

stocking densities after the fish exceed 75 mm TL would not affect sex determination. At 121 

dps, (115.3 mm ± 0.7 mm; 14.3 g ± 0.3 g) twenty fish were removed from each tank (80 per 

treatment) and tagged by injection with an elastopolymer dye (Northwest Marine 

Technology, Shaw Island, WA) to identify their original treatment group, then transferred to 

a single black 4.3 meter diameter tank on a recirculating artificial saltwater system for the 

remainder of the experiment. The larger system was able to accommodate their increasing 

biomass. At 163 dps (144.2 mm ± 1.4 mm; 33.5 g ± 0.9), fish were euthanized with MS-222 

(Sigma-Aldrich). Gonads were removed and preserved in Bouin’s fixative for histological 

analysis and whole fish were immersed in liquid nitrogen and stored at -80°C for whole-body 

cortisol analysis. 

 

2.4 Histology 

Gonads were preserved in Bouin’s fixative for at least 48 hours and then dehydrated by  
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soaking in 50% ethanol for 24 hours and 70% ethanol for at least 24 hours before histological  

processing. The gonads were embedded in paraffin, then serially sectioned at 4-6 microns 

width. Sections were mounted on slides and stained with hematoxylin and counterstained 

with eosin. Sex-specific structures (oocytes and spermatids) were identified to determine the 

sex of each individual fish according to Luckenbach et al. (2003). Final sex ratios of fish 

reared in three different colored tanks were compared using methods determined by 

Luckenbach et al. (2003) to assess any effect tank background color may have on sex 

determination in southern flounder. 

 

2.5 Whole-body cortisol analysis 

Whole body cortisol analysis was conducted on a subsample of flounder from each sampling 

point during the study (0, 34, 65 and 93 dps) to determine if tank color may have had an 

effect on cortisol levels in southern flounder. Whole body cortisol analysis was determined 

from the modified procedure of King and Berlinsky (2006) as follows. Heads and guts were 

removed from frozen juvenile flounder. The bodies were weighed, chopped and 

homogenized in chilled phosphate buffered solution (PBS) at 4 times volume to body weight 

in a Waring benchtop blender (Waring blender base LBI0, Waring attachment MC1; Waring 

Laboratory, Torrington, CT). The homogenate was further diluted 1:1 v:v in PBS and 

centrifuged at 3000 x g for 10 minutes at 4°C. The supernatant was removed and stored at -

80°C until analysis. 100 µL and 50 µL of supernatant from each sample was incubated with 

recovery tracer equivalent to 5% of the total CPM, double extracted with ether and dried 

under nitrogen gas. The steroid extracts were reconstituted with 300 µL of PBS. 100 µL of  
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cortisol antibody (Stock # R4866, University of California at Davis, School of Veterinary  

Medicine, Department of Population Health and Reproduction, Clinical Endocrinology 

Laboratory, Dr George Stabenfeldt and Ms Coralie Munro; 1:40,000) and 5000 CPM of 

1,2,6,7-
3
H-cortisol (250 µCi, Amersham Biosciences) were added to each aliquot of 100 µL 

and 50 µL of reconstituted extract, vortexed and incubated 2 hours at room temperature and 

then overnight at 4°C. Tubes were placed in an ice bath and incubated for 15 minutes with 

500 µL of chilled charcoal/dextran solution (100 mL 0.1M PBS : 1.0 g dextran coated 

charcoal (Sigma-Aldrich, St. Louis, MO)). Tubes were centrifuged at 3000 x g for 15 

minutes at 4°C. The supernatant was poured off into 7 mL scintillation vials containing 4 mL 

scintillation fluid (BP458-4, Fisher BioReagents, Pittsburgh, PA) with 10% methanol and 

counted for 5 minutes in a scintillation counter (Beckmann-Coulter LS6500). Samples were 

adjusted for recoveries by calculating the value of the extracted recovery tracer for each 

sample. 

 

Assay sensitivity was 7.8 pg/tube with the 80% intercept = 15.6 pg/tube, 50% intercept = 

93.8 pg/tube and 20% intercept = 250 pg/tube. The interassay coefficient of variation was 

5.6%. Standards ranged from 1.95 to 8000 pg cortisol/tube. Spikes (100 pg/tube, 50 pg/tube 

and 25 pg/tube) were measured as positive controls with known amounts of cortisol added to 

stripped whole body samples. 

 

2.6 Assessment of Background Tank Color  

The CIE (Commission Internationale d'Eclairage: International Commission on  
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Illumination) is the authority on matters related to light and lighting, color and vision, as well  

as various aspects of color measurement. The CIELAB color space, officially termed the CIE 

1976 L* a* b* Color Space, has three mutually perpendicular opponent-color axes, L*, a*, 

and b* representing lightness, [redness (+a*) / greenness (-a*)] and [yellowness (+b*) / 

blueness (-b*)], respectively. The lightness attribute, L*, varies from zero for perfect black to 

100 for a perfect white. Black, white and grey colors are commonly regarded as achromatic 

colors since they are devoid of hue; their spectral reflectance curves are approximately flat 

across the visible spectrum and therefore mainly vary in lightness (L*).  

 

To measure the background color of tanks used in this study, a 552 X-rite portable 

spectrophotometer (X-rite Inc., Grand Rapids, MI, USA) was employed.  A large aperture 

was used to ensure the surfaces measured were representative of the entire tank.  The 

instrument employed a D65 (1500 lux) daylight simulator lamp, and UV light was excluded 

during the measurements. Diffuse illumination geometry was used and, due to the glossy 

nature of the surface colors, the specular component was excluded to minimize error. The 

colorimetric attributes of the background tank colors are shown in Table 1.  Figure 1 

demonstrates the location of the colors on the CIEa*b* plane as well as the L* scale.  The 

center point refers to completely neutral achromatic colors and as the color moves away from 

the center it becomes more chromatic. Figure 1 shows that in contrast to the blue tank, grey 

and black tank colors are chromatically neutral although the black tank exhibits slight 

chroma in the greenish blue region.  The lightness values (L*) of the samples show 

considerable differences between the colors. 
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The color difference formula is constructed to represent the overall color difference between 

two samples with a single number. The color difference between any two colors in the 

CIELAB space can be calculated based on the Euclidean distance between the colors with 

respect to the three attributes: L*, a*, and b*. The color difference, ΔE, can be expressed as:  

ΔE = [(ΔL*)
2
 + (Δa*)

2
 + (Δb*)

2
]
1/2  

 

where ΔL*, Δa* and Δb* refer to differences in the lightness, redness/greenness and 

yellowness/blueness, respectively.  Taking grey as the standard, the color difference between 

tanks can be expressed numerically as a measure of comparison. Percent reflectance data 

were also collected to allow us to determine the peak, if any, of the reflectance of each of the 

three color tanks across the visible spectrum.  

 

2.7 Statistics 

Sex ratios were analyzed by treatment using a chi-square goodness of fit test using the 

assumption that normal populations are 50% male regardless of tank color (Zar, 1996). The 

treatments were compared to each other using ANOVA and then a Student–Newman–Keuls 

post-hoc test. Cortisol concentrations were analyzed by ANOVA and then a Student–

Newman–Keuls post-hoc test. All statistical analyses were performed using SAS 9.1  

 

software (SAS Institute, Cary, NC, USA). Data are expressed as mean ± SE unless otherwise 

indicated. 
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Results and Discussion 

3.1 Sex Ratios 

All three treatments resulted in sex ratios biased towards males that were significantly 

different (P < 0.1) from 50% male (Figure 2). The blue tanks yielded sex ratios biased 

towards males (74%) that were significantly higher (P < 0.001) than the grey and black 

tanks. 

  

The fingerlings used in this study were offspring of normal male and female southern 

flounder broodstock. Under natural conditions and at rearing early on rearing temperatures of 

23°C, a population of these offspring should develop as 50% male and 50% female.  During 

early rearing at 18°C sex ratios should be slightly biased toward males (Luckenbach et al. 

2003).  In these experiments fish were raised at an average temperature of 18.8°C for the first 

50 days and then subsequently raised at 23.0°C during the period at which gonads are already 

differentiating (see Figure 3). As predicted, all three tank colors had yielded a percentage of 

males that was significantly different from 50% (P < 0.1; Figure 2). However, the blue tanks 

yielded sex ratios further biased towards males (74%) that were significantly higher (P < 

0.001) than the grey and black tanks.  This provides strong evidence that tank color overrides 

the effect of temperature on sex determination in southern flounder toward male populations. 
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3.3 Whole-body cortisol analysis 

At 34 dps, during the presumed period of sex determination, cortisol levels in the blue tanks  

 

(18.1 ± 1.69 ng/g) tanks were significantly higher than the baseline levels (13.36 ± 0.59 ng/g)  

taken before stocking (P < 0.001) (Figure 3a), while cortisol levels for the grey and black 

tanks did not differ from the initial baseline level. Cortisol levels at subsequent sampling 

points (65 and 93 dps) were not significantly different among the different tank colors from 

the baseline level. 

 

3.4 Color analysis 

Although ΔE is mainly used for the assessment of small color differences it can be used as a 

quantitative measure of comparison for significantly different colors. The color difference 

between tanks using the CIELAB color difference equation and based on grey as the standard 

was calculated as shown in Figure 4.  For our treatments, the ΔE between the grey standard 

and blue tank was 38.84 units and that between grey and black was 20.35 units (Figure 4). 

For each of the colors the individual variations in L*, a* and b* were also obtained as shown 

in Figure 4. It can be seen that the difference between grey and black tanks is mainly due to 

lightness with the black being darker than the grey tanks. However, for the blue tank the 

difference is due to all three attributes and blue tank is lighter than the grey tank. Both black 

and blue tanks are bluer than the grey tank. 
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Tank color is an easily manipulated variable in commercial aquaculture. By using the 

particular shades of black, blue and grey we chose, we attempted to span the range of  

 

wavelengths as well as lightness values visible to flounder. The relative response sensitivity 

curve of summer flounder (P. dentatus), and presumably southern flounder, is greatest in the 

range of 464-527 nm (Levine and Macnichol, 1979). As mentioned earlier, grey and black  

are achromatic colors and do not exhibit significant reflectance peaks in the visible part of 

the electromagnetic spectrum. However, blue tanks show reflectance with a peak 

measurement of 490 nm (Figure 5). This falls into the relative maximum sensitivities of that 

measured for Summer flounder (Figure 5) (Levine and Macnichol, 1979). This is significant 

as our study demonstrated that the use of blue tanks resulted in elevated cortisol levels at 34 

dps (Figure 3a) that may have contributed to male-biased sex ratios (Figure 2). Short 

wavelengths sharply contrast the light of an aquatic environment; other suggested functions 

of short wavelength sensitivity are orientation, navigation, and polarized light detection 

(Loew et al. 1996). The choice of a blue tank background color in a region of high sensitivity 

could potentially affect orientation, navigation, and polarized light detection and induce 

stress. The black and grey tanks, however, do not have significant reflectance maxima, and 

therefore should not affect the relative sensitivity of summer flounder across the visible 

spectrum. The black and grey tank background colors did not result in elevated cortisol levels 

to the degree the blue tanks did.  
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Based on these results, it would be of interest in future studies to evaluate tank colors that 

have a maximum relative sensitivity of 460 and 530 nm wavelengths, as well those colors in 

the low sensitivity regions such as 650 nm to help more closely identify additional tank 

background color that might affect cortisol and sex ratios of southern flounder. I would  

 

suggest testing additional tank colors in the blue range as well as of a shade of green or 

yellow from 530-550 nm with a range of L* values to determine whether lightness or chroma 

is affecting sex ratios. 

 

Tank color has been demonstrated to elevate cortisol levels in red porgy (Pagrus pagrus) 

(Rottlant et al., 2003), carp (Cyprinus carpio) (Papoutsoglou et al., 2000), and Tilapia 

(Oreochromis niloticus) (Merighe et al., 2004). This study examined whether chronic 

exposure to different tank colors would elevate cortisol levels in southern flounder. Cortisol 

levels were elevated in fish from blue tanks at 34 dps and returned to normal baseline levels 

at all subsequent sampling periods (Figure 3a). At 34 dps, the fish were 59.4 mm, which is 

just prior to the 65 mm size when juveniles preparing to differentiate as females begin to 

produce elevated levels of P450arom  mRNA (Luckenbach et al, 2005). Perry and Grober 

(2003) proposed that cortisol can inhibit conversion of testosterone into estrogens (and 

therefore inhibit normal female differentiation), possibly by suppression of the P450arom 

enzyme. This proposed interaction suggests that fish with higher levels of cortisol might 

show a greater level of masculinization. The present study has demonstrated that juvenile 

southern flounder exposed to a blue tank color have both elevated levels of cortisol  
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immediately prior to sexual differentiation and develop with a male-biased sex ratio. These 

findings support the hypothesis that cortisol might be interfering in the biosynthesis of 

estrogens. This should be tested in future studies that assess gonadal aromatase levels or 

activity concurrent with measurements in whole body cortisol. Additionally, increased 

sampling frequency of once per week from metamorphosis to 110 dph or prior to and during 

the period of gonadal differentiation will help determine when juvenile southern flounder are 

susceptible to masculinization from environmental conditions. 

 

3.5 Growth analyses 

Total Length:  There was no significant difference in mean TL (mean ± SE) between any of 

the treatments at 34 dps (grey: 62.2 ± 1.7 mm; black: 58.9 ± 1.5 mm; blue: 57.9 ± 1.3 mm) 

(Figure 6a). At 65 dps, fish in the grey tanks (92.6 ± 1.5 mm) were significantly longer (P < 

0.001) than the other two treatments (black: 82.9 ± 0.9 mm; blue: 82.1 ± 2.0 mm) (Figure 

6a). At 93 dps fish in the grey (122.0 ± 1.0 mm) and blue (115.5 ± 1.5 mm) tanks were 

significantly larger (P < 0.05) than fish in the black (108.5 ± 1.2 mm) tanks. At 163 dps, 

there was no significant difference in length between any of the treatments (grey: 144.2 ± 1.4 

mm; black: 143.3 ± 2.3 mm; blue: 143.0 ± 2.7 mm) (Figure 6a). 

 

Weight: There was no significant difference in average weight (mean ± SE) between 

any of the treatments at 34 dps (grey: 2.8 ± 0.2 g; black: 2.2 ± 0.2 g; blue: 2.0 ± 0.1 g) or at 

65 dps (grey: 7.8 ± 0.4 g; black: 5.9 ± 0.9 g; blue: 5.5 ± 0.4 g) (Figure 5b). At 93 dps fish in 

the grey tanks (16.4 ± 1.4 g) were significantly larger (P < 0.05) than fish in both the blue  
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(14.3 ± 0.4 g) and black (12.2 ± 0.6 g) tanks (Figure 6b). At 163 dps, fish from the grey tanks 

(36.2 ± 1.8g) remained significantly larger (P < 0.05) in weight than fish from both the other 

treatments (black: 33.2 ± 1.4 g; blue: 31.2 ± 1.6 g) (Figure 6b). 

 

The results from both total length and weight of fish reared in different color tanks indicate 

that grey tanks foster improved growth performance over black and blue tanks (Figures 6a 

and b). Fish in the grey tanks diverged early on from the other two treatments and were 

significantly larger by the end of the study in both length and weight. Based on these results  

juvenile southern flounder raised in grey tanks appears to lead to long-term gains in growth 

over juveniles raised in either black or blue tanks. At 93 days fish from all tank color 

treatments were pooled and reared in a common garden environment in black tanks, but the 

size differences between treatments remained significant. At 163 dps the fish had spent 70 

days in the common-garden environment, nearly equivalent to the time they had been raised 

in the different tank background colors. Despite this, the greater size advantage of fish reared 

initially in grey tanks was sustained during rearing in black tanks. The prolonged differences 

in length and weight could be due to a higher percentages of faster growing females in the 

grey tanks (34.8%) than in the blue tanks (25.5%) and conversely the higher percentage of 

males, which are smaller than females, in the populations from the blue tanks (74.5%) than 

those from the grey and black tanks (64.4% and 64.5% respectively). In populations of 50% 

male offspring, size difference between the genders is not significant until the fish are nearly 

one year old. However, in these skewed population cohorts, perhaps growth differences 

between the genders become more obvious prior to one year. The size differences may also  
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be linked to cortisol whereby elevations may inhibit growth (Peterson et al., 2008). Fish 

raised in the grey tanks were larger in size and weight than the other two treatments (Figure 

4a and 4b). Fish raised in the black tanks were significantly longer than those raised in blue 

tanks and also had lower cortisol concentrations than fish from the blue tanks. This trend of  

growth variation between tank background color treatments should be further examined to 

determine if elevated cortisol levels during the first 110 dph are causing developmental 

effects that lead to sustained reductions in growth. 

 

Summary 

Although the goal of producing a monosex female population sired by XX-males has been 

achieved, the genotypic (XX) female progeny must still be raised under environmental 

conditions that maintain the female phenotype. Temperature may masculinize genotypic 

females in southern flounder (Luckenbach et al., 2003) as has been shown in hirame 

(Yamamoto et al.,1999) as well as in reptiles and amphibians (Bull and Vogt, 1979; Ferguson 

and Joanen, 1983; Wibbels et al., 1994). Knowledge of other specific environmental factors 

that might influence sex determination, including conditions that elicit chronic stress, is 

important so producers can avoid them during the critical window prior to sex differentiation, 

which we suggest in this study as 60-110 dph. This study has demonstrated the relationship 

between tank color, sex ratios and cortisol levels in southern flounder and indicates that tank 

background color leads to an early elevation in cortisol that may in turn regulate sex 

determination in southern flounder. Further studies are required to determine the specific 

effects of cortisol on sex determination in southern flounder. Nevertheless, this study is the  
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first to report that tank color may regulate sex determination in any organism. These findings 

are clearly beneficial to southern flounder producers in their efforts to avoid masculinization 

when rearing genotypically female neo-male offspring. This work suggests that rearing 

southern flounder in grey tanks provides an early growth advantage with minimum effects on 

masculinization of genotypic female southern flounder. 
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Table 1. Colorimetric attributes of the fish tanks. 

                                                                                

Tank Color L*  a*  b* 

Black   23.55  -1.02  -3.48 

Grey  43.64  0.00  -0.37 

Blue  73.68  21.31  -12.71 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 42 

Black

Grey

Blue

-30

-20

-10

0

10

20

30

-30 -20 -10 0 10 20 30

b*

a*

 

 

0

10

20

30

40

50

60

70

80

90

100

L*
 

Figure 1. The location of colors on the CIEa*b* plane and the L* scale. 
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Figure 2. Effect of tank color on sex determination in southern flounder. Percentage of male 

southern flounder produced from replicate experiments of grey, black and blue tank colors 

(N= 45, 43, and 47, respectively); * P < 0.1 and * * P < 0.001 represent significant 

deviations from a 50% male sex ratio. Significant differences between treatments are 

indicated by different letters; P < 0.001. 
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Figure 3 (A) Effect of tank color on whole body cortisol concentrations in southern flounder. 

Cortisol concentrations of southern flounder produced from replicate experiments of grey, 

black and blue tank colors (N= 10); Significant differences between treatments are indicated 

by different letters; P < 0.001. 

 

(B) Temperature profile (°C) during tank background color experiment. The average 

temperature for 0-50 days post stocking (dps) is 18.8°C (± 0.2°C) and 23.0° C (± 0.2°C) for 

51-121. 

 

(C) Total length of southern flounder produced from replicate experiments of black, grey and 

blue tank colors (N= 10). 
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Figure 4. DL*, Da*, Db* and DE between grey (standard) and blue and black tanks.  
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Figure 5. Reflectance curves of background colors of fish tanks. 
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Figure 6. Effect of tank color on (A) total length and (B) Average weight in southern 

flounder. Averages produced from replicate experiments of black, grey and blue tank colors 

(N= 10). Significant differences between treatments are indicated by different letters; P < 

0.05. 
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CHAPTER III 

Effects of Light Intensity on Sex Determination and Whole-Body Cortisol 

Concentrations in Southern Flounder (Paralichthys lethostigma) 

 

Introduction 

One environmental factor that may affect cortisol levels in southern flounder is light 

intensity. Light intensity is easily controlled in culture situations, so we chose to investigate 

its effects on sex determination. In the wild, juveniles live in estuarine environments that are 

shallow and turbid (220-450 lux) (John Miller, personal communication; North Carolina 

State University) compared to the deeper, clearer water they inhabit later in life. Luckenbach 

et al. (2003) determined that there is a developmental period when southern flounder are 

subject to the influence of temperature (environmental sex determination ESD). This window 

coincides with the life stage when juveniles (75 mm total length) inhabit the more turbid 

conditions, (Luckenbach et al., 2003).  

 

The effect of light intensity on sex determination in fish has not been extensively studied. 

Light intensity has primarily been studied for its effects on larval and juvenile survival, and 

those studies largely focused on the interaction of light intensity with feeding behavior (Han 

et al., 2005; Pekcan-Hekim and Horppila J; 2007; MacIntosh and Duston, 2007). Most larval 

and juvenile fish require moderate light intensity (600-800 lux) for normal growth and 

development; however, certain species that live in more turbid conditions during these 

formative stages require lower than average light intensity (220 lux) and can even develop  
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abnormally (stunted growth, malpigmented) at what would be considered average light 

intensity (Bouef and Le Bail, 1999). In P. lethostigma, there was no difference in growth or 

survival in larvae exposed to low (340 and 457 lux) or high (1600 and 1362 lux) light 

intensities (Daniels et al., 1996; Denson and Smith, 1997). However, postmetamorphic larvae 

exposed to the lower light intensity prior to metamorphosis exhibited less pigmentation 

(Denson and Smith, 1997). In carp (Cyprinus carpio) it has been proposed that elevated 

melanocyte stimulating hormone (MSH) levels stimulate glucocorticoid release (Metz et al., 

2005). These findings suggest that P. lethostigma exposed to higher light intensities might 

have increased pigmentation as well as increased plasma cortisol levels.  

 

With the potential for raising all-female cohorts rapidly becoming a reality through 

gynogenesis, it is essential to gain a better understanding of which environmental factors 

regulate southern flounder sex determination and the mechanism responsible for 

masculinization of genotypic females. The purpose of this study was to determine the effect 

of light intensity on cortisol levels and sex ratios in southern flounder. 

 

2. Materials and Methods 

2.1 Fingerlings 

Experiments were conducted from December 2005-April 2006 at the University of North 

Carolina at Wilmington, Center for Marine Science (UNCW-CMS) in Wilmington, NC and 

North Carolina State University (NCSU) in Raleigh, NC. Wild caught southern flounder 

were maintained at UNCW-CMS under normal photo-thermal conditions (Daniels and  
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Watanabe, 2002). Eggs and sperm were collected from multiple broodstock and pooled for in 

vitro fertilization. Fertilized eggs were transported to NCSU and larvae were reared in a 

3000L recirculating artificial seawater system to 50 days post hatch according to Daniels and 

Watanabe (2002). Larvae were fed a diet of rotifers and Artemia nauplii and gradually 

weaned onto a high protein dry feed (Otohime A, B1, B2, C1, C2, Reed Mariculture, 

Campbell, CA) throughout metamorphosis. Juveniles were fed a 50% protein diet (1.0-4.0 

mm; Zeigler, Gardners, PA) to satiation 4-5 times daily.  

 

2.2 Experimental design 

At 50 days post hatch (dph), metamorphosed juveniles [(mean ± SEM) 16.2 mm total length 

(TL) ± 0.3 mm and 0.2 g ± 0.01 g] were transferred into 12, 60 L round fiberglass tanks at a 

density of 12.5 fish/L. Calcium chloride (CaCl2) and sodium bicarbonate (NaHCO3) were 

added to each system to maintain water hardness at 150 mg/l and alkalinity at 200 mg/l. 

Salinity was maintained 29.7 (± 0.4 ppt). Temperature was maintained at 23.0°C (± 0.2°C). 

Fish were sampled at 0, 31, 66 and 94 days post stocking (dps) for length (mm), weight (g) 

and whole body cortisol to determine the effect of light intensity on overall growth and 

whole body cortisol concentrations. 

 

Tanks were randomly assigned to one of the following treatment groups:  

1) Control (100 lux at  the surface) 

2) Low light (5 lux at the surface). 

3) High light (1500 lux at the surface).  
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Reflective light intensity values were measured using a LI-COR submersible light meter (LI 

1000-32, LI-COR, Lincoln, Nebraska). Light intensity was maintained by using 13 watt full 

spectrum compact fluorescent bulbs in metal shop lamps and adjusting the height of the lamp 

from the water surface. Tanks in the lower light intensity treatment were covered with 

closed-cell foam with a hole cut out for feeding and maintenance. Each treatment had four 

replicate tanks. Light intensity for the control treatment (100 lux) was similar to the level that 

has been used in previous studies in the NC State hatchery. The remaining values (5 lux, 

1500 lux) were based on previous studies of light intensity and growth of juvenile P. 

lethostigma (Daniels et al., 1996; Henne et al., 2001).  

 

2.3 Growout 

At 144 dph, (93 mm ± 1.4 mm; 8.4 g ± 0.4 g) fish were removed, counted and restocked into 

their original tanks at a density of 4.25 fish/L. Luckenbach et al. (2003) demonstrated that 

sexual determination is likely to occur prior to 75 mm TL in P. lethostigma and that gonadal 

differentiation as determined by microscopic observation occurs in gonads by 120 mm TL. 

Therefore, altering stocking densities at this developmental stage would not affect sex 

determination. At 172 dph, (102.5 mm ± 0.5 mm; 12.6 g ± 0.2 g) 20 fish were removed from 

each tank (80 per treatment) and injected with elastopolymer markers (Northwest Marine 

Technology, Shaw Island, WA) to identify their original treatment, then transferred to a 

single 4.3 meter diameter tank on a recirculating artificial saltwater system for the remainder 

of the experiment at100 lux. The transfer to a larger system effectively reduced stocking 

densities and allowed normal growth until final sampling at 269 dph.  
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2.4 Histology 

At 269 dph (189.2 mm ± 1.3 mm; 94.7 g ± 8.3), fish were euthanized with MS-222 (Sigma-

Aldrich). Gonads were removed and preserved in Bouin’s fixative for histological analysis 

Gonads were preserved in Bouin’s fixative for at least 48 hours and then dehydrated by 

soaking in 50% ethanol for 24 hours and 70% ethanol for at least 24 hours before histological 

processing. The gonads were embedded in paraffin, then serially sectioned at 4-6 microns 

width. Sections were mounted on slides and stained with hematoxylin and counterstained 

with eosin. Sex-specific structures (oocytes and spermatids) were identified to determine the 

sex of each sample according to Luckenbach et al. (2003). Final sex ratios of fish reared in 

three different light intensities were compared using methods determined by Luckenbach et 

al. (2003) to determine any effect light intensity may have on sex determination in southern 

flounder. 

 

2.5 Whole-body cortisol analysis 

Whole body cortisol analysis was conducted on a subsample (N=10) of flounder from each 

sampling point during the study (0, 31, 66 and 94 dps). At 269 dph (189.2 mm ± 1.3 mm; 

94.7 g ± 8.3) as previously described in chapter II, section 2.5. Fish were euthanized with 

MS-222 (Sigma-Aldrich; St. Louis, MO) and whole fish were immersed in liquid nitrogen 

and stored at -80°C for whole-body cortisol analysis.  

 

2.6 Statistics 

Sex ratios were analyzed per treatment using a chi-squared goodness of fit test using the  
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assumption that normal populations are 50% male regardless of light intensity (Zar, 1996). 

The treatments were compared to each other using ANOVA and then a Student–Newman–

Keuls post-hoc test. Cortisol concentrations were analyzed by ANOVA and then a Student–

Newman–Keuls post-hoc test. All statistical analyses were performed using SAS 9.1 

software (SAS Institute, Cary, NC, USA). Data are expressed as mean ± SE unless otherwise 

indicated. 

 

Results and Discussion 

3.1 Sex Ratios 

Sex ratios in the 5 lux treatment resulted in a significantly (P < 0.01) lower percentage of 

males (30%) (Figure 1). The 5 lux treatment also yielded sex ratios that had a significantly 

lower (P = 0.1) percentage of males (30.2%) than the 100 lux and 1500 lux (55.8% and 

39.2% respectively). The 100 and 1500 lux treatments did not have sex ratios that were 

significantly different from 50% male. 

 

The fingerlings used in this study were offspring of wild-caught male and female southern 

flounder broodstock. Under natural conditions these offspring should develop as 50% male 

and 50% female. Only the 5 lux treatment, however, resulted in a significantly lower 

percentage of males than the other two treatments (Figure 1). One explanation for this result 

is that one assumes 50% male:female sex ratio in progeny produced from all individual 

broodstock. However, individual broodstock and their progeny may show variability in 

response to ESD such that certain cohorts show skewed sex ratios (Saillant et al., 2003), e.g.  
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broodstock may have the ability to produce primarily male or female offspring. It is possible, 

one of the broodstock used to obtain fingerlings in this study may have been a fish that 

produces a higher percentage of females thereby skewing results from the typical 50:50 

female:male sex ratio (Grist, 2004). Comparing responsiveness to light intensity of progeny 

produced from different broodstock could help confirm this hypothesis. 

3.3 Whole-body cortisol  

Whole body cortisol levels increased in all three treatments over time with fish at 94 dps 

having significantly higher (P < 0.05) levels (5 lux = 16.73 ± 0.87 ng/g; 100 lux 15.86 = 

±1.68 ng/g; 1500 lux 15.98 = ± 0.71 ng/g) than seen at the initiation of the study at 0 dps 

(13.36 ± 0.59 ng/g). 

 

The effect of different light intensities on plasma cortisol levels in juvenile fish seems to vary 

by species. Atlantic salmon smolts (Salmo salar) did not show changes in plasma cortisol 

levels when exposed to of light intensities ranging from 135 to 1844 lux (Migaud et al., 

2007). However, Nile Tilapia (Oreochromis nilotica) plasma cortisol levels nearly doubled 

when exposed to a mid range light intensity of 590 lux (Volpato and Barreto, 2001). 

Although these two results seem contrary, consider that S. salar are acclimated to high light 

intensity, low turbidity conditions making their study parameters similar to their natural 

environment (Newcomb and Jensen, 1996). O. nilotica, on the other hand, are acclimated to 

low light intensity, high turbidity conditions, making exposure to even 590 lux outside their 

natural environmental parameters (de Smedt, et al., 2005). When taken in this context, the 

differing responses to light intensity are more easily explained. Southern flounder juveniles  
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are usually found in environments with 220-450 lux (John Miller, personal communication; 

North Carolina State University), yet in this study, all three treatments (5, 100, 1500 lux) 

resulted in elevated cortisol levels at 94 dps. This indicates that some factor other than light 

intensity might be responsible for the elevated cortisol levels. The elevated cortisol 

concentrations in fish exposed to different light intensities might reflect the accumulative 

effects of being stocked at relatively high densities necessary for cost-effective culture. 

However, the fish used in this study are the offspring of wild caught broodstock, and with 

domestication, it is possible that the effects of stocking density could be eliminated. 

 

 3.4 Growth analyses 

Total length:  There were no significant differences in average TL between any of the 

treatments at 31 dps (5 lux: 43.4 ± 1.1 mm; 100 lux: 44.0 ± 1.3 mm; 1500 lux: 43.1 ± 1.9 

mm)(Figure 3a). At 66 dps, fish in the 5 lux treatment (60.2 ± 1.4 mm) were significantly 

smaller (P < 0.05) in length than the other two treatments (100 lux: 68.5 ± 1.6 mm; 1500 lux: 

71.5 ± 1.6 mm) (Figure 3a). At 94 dps all three treatments were significantly different (P < 

0.05) in size with the 100 lux treatment fish (83.7 ± 1.6 mm) having the shortest and the 1500 

lux treatment fish (103.9 ± 2.3 mm) the largest length (5 lux treatment fish: 91.4 ± 1.7  mm) 

(Figure 3a).  At 122 dps, fish from the 5 lux treatment (97.2 ± 0.9 mm) were significantly 

smaller (P < 0.05) than fish in both the 100 (101.9 ± 0.86 mm) and 1500 lux (103.9 ± 2.3 

mm) treatments (Figure 3a). There was no significant difference in average length between 

any of the treatments at 219 dps (5 lux: 186.5 ± 2.2 mm; 100 lux: 191.3 ± 1.9 mm; 1500 lux: 

190.0 ± 2.5 mm) (Figure 3a). 
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Weight: There were no significant differences in weight in any of the treatments at 31 

dps (5 lux: 1.0 ± 0.1 g; 100 lux: 1.2 ± 0.1 g;1500 lux: 1.2 ± 0.1 g), 66 dps (5 lux: 2.7 ± 1.7 g; 

100 lux: 3.8 ± 0.8 g; 1500 lux: 4.2 ± 0.3 g), 94 dps (5 lux: 7.8 ± 0.4; 100 lux: 6.2 ± 0.4 g; 

11.4 ± 0.7 g) or 122 dps, (5 lux:11.1 ± 0.3 g; 100 lux: 12.7 ± 0.3 g; 1500 lux: 14.2 ± 0.4 g) 

(Figure 3b). Fish in the 100 lux treatment (89.4 ± 2.7 g) were significantly larger (P < 0.05) 

than the other two treatments at 219 dps (5 lux: 84.4 ± 2.6g; 1500 lux: 86.9 ± 2.9 g). 

 

The results from both total length and weight of fish reared in different light intensities 

indicate none of these treatments is significantly more favorable than another in promoting 

growth of juvenile southern flounder. There was some variation in growth performance 

earlier in the study when the juveniles were in the different treatments from 31-122 dps, but 

this disappeared when fish were raised under common garden conditions. It appears then that 

any potential difference in growth associated with altered light intensity can be reversed by 

acclimation to moderate light intensities (100 lux). 

 

Summary 

Although the goal of producing a monosex female population sired by neomales (XX males) 

has been achieved, it has been demonstrated that offspring must still be raised under 

environmental conditions that maintain the female phenotype. This study examined the 

relationship between light intensity, sex ratios and cortisol levels in southern flounder. The 

results indicate that low light intensity (5 lux) affects sex determination, resulting in a higher 

percentage of females than either 100 or 1500 lux. None of the light intensities we examined  
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resulted in elevated cortisol levels compared to each other. A better understanding of the 

environmental conditions responsible for inducing male determination in southern flounder 

would be helpful in developing hatchery protocols to control this process. 



 59 

REFERENCES 

Boeuf, G. and Le Bail, P-Y., 1999. Does light have an influence on fish growth? Aquaculture 

177, 129-152. 

Daniels, H.V., Berlinsky, D.L., Hodson, R.G., Sullivan, C.V., 1996. Effects of stocking 

density, salinity, and light intensity on growth and survival of southern flounder Paralichthys 

lethostigma larvae. Journal of the World Aquaculture Society 27, 153-159.  

 

Daniels, H.V., Borski, R.J., 1998. Effects of low salinity on growth and survival of 

southern flounder (Paralichthys lethostigma) larvae and juveniles. In "United 

States/Japan Natural Resources Aquaculture Symposium: Marine Finfish and Shellfish 

Aquaculture, Marine Stock Enhancement, and Open Ocean Engineering." Tech. Rep. 26, 

187-191. 

 

Daniels, H.V., Watanabe, W.O., 2002. A practical hatchery manual: production of 

southern flounder fingerlings. North Carolina Sea Grant publication UNC-SG-02-08, pgs. 

11-20. North Carolina State University, Raleigh, North Carolina. 

Denson, M.R., Smith, T.I.J., 1997. Diet and light intensity effects on survival, growth and 

pigmentation of southern flounder Paralichthys lethostigma. Journal of the World 

Aquaculture Society 28, 366-373.  

 

Grist, J. D. 2004. Stock Status for southern Flounder, Paralichthys lethostigma, in North  

Carolina. North Carolina Division of Marine Fisheries, PO Box 769, Morehead  City NC 

8557-0769: 65pp.  

Han, D., Xie, S.Q., Lei, W., Zhu, X.M., Yang, Y.X., 2005. Effect of light intensity on 

growth, survival and skin color of juvenile Chinese longsnout catfish (Leiocassis longirostris 

Gunther). Aquaculture 248, 299-306.  

Henne, J.P., Watanabe, W.O., 2003. Effects of light intensity and salinity on growth, 

survival, and whole-body osmolality of larval southern flounder Paralichthys lethostigma. 

Journal of the World Aquaculture Society 34, 450-465.  

King, W., Berlinsky, D.L., 2006. Whole-body corticosteroid and plasma cortisol 

concentrations in larval and juvenile Atlantic cod Gadus morhua L. following acute stress. 

Aquaculture Research 37, 1282-1289.  

Luckenbach, J.A., Godwin, J., Daniels, H.V., Borski, R.J., 2003. Gonadal differentiation and 

effects of temperature on sex determination in southern flounder (Paralichthys lethostigma). 

Aquaculture 216, 315-327.  

 



 60 

MacIntosh, K.E., Duston, J., 2007. Effect of light intensity and eye development on prey 

capture by larval striped bass Morone saxatilis. Journal of Fish Biology 71, 725-736.  

Metz, J.R., Geven, E.J.W., van den Burg, E.H., Flik, G., 2005. ACTH, alpha-MSH, and 

control of cortisol release: cloning, sequencing, and functional expression of the 

melanocortin-2 and melanocortin-5 receptor in Cyprinus carpio. American Journal of 

Physiology-Regulatory Integrative and Comparative Physiology 289, R814-R826.  

Migaud, H., Cowan, M., Taylor, J., Ferguson, H.W., 2007. The effect of spectral composition 

and light intensity on melatonin, stress and retinal damage in post-smolt Atlantic salmon, 

Salmo salar. Aquaculture 270, 390-404.  

Morgan, A.J., Murashige, R., Woolridge, C.A., Luckenbach, J.A., Watanabe, W.O., Borski, 

R.J., Godwin, J., Daniels, H.V., 2006. Effective UV dose and pressure shock for induction of 

meiotic gynogenesis in southern flounder (Paralichthys lethostigma) using black sea bass 

(Centropristis striata) sperm. Aquaculture 259, 290-299.  

Newcombe, C.P., Jensen, J.O.T., 1996. Channel suspended sediment and fisheries: A 

synthesis for quantitative assessment of risk and impact. North American Journal of Fisheries 

Management 16, 693-727.  

Pekcan-Hekim, Z., Horppila, J., 2007. Feeding efficiency of white bream at different 

inorganic turbidities and light climates. Journal of Fish Biology 70, 474-482.  

Perry, A.N., Grober, M.S., 2003. A model for social control of sex change: interactions of 

behavior, neuropeptides, glucocorticoids, and sex steroids. Hormones and Behavior 43, 31-

38.  

 

Rwetabula, J., F. De Smedt, M.Rebhun and F. Mwanuzi, 2005. Distribution of organic 

micropollutants, suspended sediments and phosphates in the Speke gulf (Lake Victoria), 

Tanzania. Submitted and presented at 6th International Conference of European Water 

Resources Association (EWRA), Menton, France. September 7-10th, 2005. 

 

Saillant, E., Fostier, A., Haffrey, P., Menu, B., Thimonier, J., and Chatain, B., 2003. Effects 

of rearing density, size gradient and parental factors on sex ratios of the sea bass 

(Dicentrarchus labrax) in intensive aquaculture. Aquaculture 221: 183-206. 

Volpato, G.L., Barreto, R.E., 2001. Environmental blue light prevents stress in the fish Nile 

Tilapia. Brazilian Journal of Medical and Biological Research 34, 1041-1045. 

 

Zar, J.H., 1996. Biostatistical Analysis. Prentice Hall Inc., Englewood Cliffs, NJ. 620 pp. 

 

 



 61 

0

10

20

30

40

50

60

5 lux 100 lux 1500 lux

%
 M

a
le

s

 
Figure 1. Effect of light intensity on sex determination in southern flounder. Percentage of 

male southern flounder produced from replicate experiments of 5, 250 and 1450 lux 

exposures (N= 53, 68, and 49, respectively); * P < 0.01 represent significant deviations from 

a 50% male sex ratio. Significant differences between treatments are indicated by different 

letters; P < 0.01. 
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Figure 2. Effect of light intensity on whole body cortisol concentrations in southern 

flounder. Cortisol concentrations of southern flounder produced from replicate experiments 

of 5, 250 and 1450 lux exposures (N= 10). Significant differences are indicated by different 

letters; P < 0.05. 
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Figure 3. Effect of light intensity on (A) total length and (B) average weight of southern 

flounder produced from replicate experiments of 5 lux, 250 lux and 1450 lux treatments (N= 

10); Significant differences are indicated by different letters; P < 0.05. 

 

  h     f 

    g 
     d 

    e 

    b 

  c 

     b 

   a 

   A 

   B 

          a 

   b 

  c 

  cd 
  cd 

de 
  e 

  e     e 

    i 



 64 

CHAPTER IV 

Preliminary Results of the Effect of Cortisol-treated Feed on Whole Body Cortisol 

Concentrations in Southern Flounder (Paralichthys lethostigma) 

 

Introduction 

Cortisol is one of the primary stress hormones produced by mammals and fish. Under 

conditions of stress, fishes release the steroid hormone cortisol from their interrenal gland 

(the homologue of the mammalian adrenal cortex). One factor that has been proposed as a 

mechanism for disrupting normal sex differentiation is elevated cortisol (Perry and Grober, 

2003). Cortisol is the primary glucocorticoid in fishes and affects steroid biosynthesis 

including the conversion of testosterone (T) into estradiol (E2) (Perry and Grober, 2003). 

This conversion is mediated by the enzyme aromatase p450. It is hypothesized that when 

cortisol levels are elevated, E2 synthesis is blocked by suppressing production of the 

aromatase p450 enzyme, resulting in a primarily male population.  

 

Administration of cortisol treated feed is a common method of administering relatively high 

doses of cortisol to fish. This method has been used successfully with channel catfish 

(Ictalurus punctatus) (Peterson and Small, 2005) and sunshine bass (Morone chrysops x 

saxatilis) (Davis and Peterson, 2006). The present study was conducted as a preliminary trial 

to determine if feeding cortisol treated feed to juvenile southern flounder would result in 

elevated cortisol concentrations. By feeding cortisol treated feed to genotypically female 

offspring sired by neo-males (XX males) and normal females, the effect of cortisol on sex 

determination could be tested in populations composed of the entirely XX genotype. In  
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theory, the neo-male offspring fed the treated feed would sex reverse and become primarily 

male, while a control group fed untreated feed would remain primarily female. Studies such 

as this will further our understanding of the potential role cortisol plays in sex determination 

in southern flounder. 

 

2. Materials and Methods 

This experiment was conducted during April 2007 using hatchery-reared P. lethostigma 

fingerlings. Fish were spawned at the University of North Carolina at Wilmington, Center for 

Marine Science (UNCW-CMS) in Wilmington, NC and reared at North Carolina State 

University (NCSU) in Raleigh, NC. 

 

2.1 Fingerling Source 

Wild caught female southern flounder and gynogen male flounder (XX males) produced as 

described by Morgan et al. (2006) were maintained at UNCW-CMS under normal photo-

thermal conditions (Daniels and Watanabe, 2002). Eggs and sperm were collected by strip 

spawning from multiple broodstock and pooled for in vitro fertilization. Fertilized eggs were 

transported to NCSU and larvae were reared in a 3000 L recirculating artificial seawater 

system to 40 days post hatch according to Daniels and Watanabe (2002). Larvae were fed a 

diet of live feed and gradually weaned onto a high protein dry feed (Otohime A, B1, B2, C1, 

C2, Reed Mariculture, Campbell, CA) throughout metamorphosis.  
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2.2 Feed Preparation 

Cortisol treated feed was prepared by dissolving appropriate amounts of cortisol (100 mg/kg, 

500 mg/kg) based on previous work by Davis and Peterson (2006) in 190 proof, non-

denatured ethyl alcohol and applying to Otohime C2 feed via an atomizer. The feed was 

mixed, spread and allowed to air dry 48 hrs before use. After treatment, the feed was stored 

in an airtight container in the dark at 4°C. 

 

2.3 Experimental Design 

At 40 dph, metamorphosed juveniles ([mean ± SEM 11.2 mm total length (TL) ± 0.3 mm and 

0.2 g ± 0.01 g] were transferred into three, 60 L round fiberglass tanks at a density of 11 

fish/L. Tanks were randomly assigned to one of the following treatment groups: 0 mg/kg, 

100 mg/kg, 500 mg/kg. 

 

Calcium chloride (CaCl2) and sodium bicarbonate (NaHCO3) were added to each system to 

maintain water hardness at 150 mg/l and alkalinity at 200 mg/l. Salinity was maintained at 22 

ppt. Temperature was maintained at 23.0°C (± 0.2° C) throughout the study. Fish were fed 

the treated feed by automated feeder 5 times daily. Fish were sampled prior to the beginning 

of the feeding regime to establish a baseline cortisol level and then at 15 min, 30 min, 60 

min, 1 hr, 2 hr, 6 hr, 1 d, and 2 d after initiating the feeding regime. Fish were not fed the day 

before starting the experiment to ensure robust feeding. Sampling at each timepoint was done 

rapidly to minimize the effect of disturbance stress. Fish (24-30) were immediately 

euthanized in MS-222 (Sigma-Aldrich) in less than 30 seconds. Pooled wet weights were 
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recorded and the fish were immersed in liquid nitrogen within 2 minutes of capture. Samples 

were stored at -80° C until ready to be analyzed. 

 

2.4 Whole-body cortisol analysis 

Whole body cortisol analysis was conducted as previously described in chapter II, section 

2.5. Fish were pooled to reach a workable weight of 1 g (N = 3). 

 

2.6 Statistics 

Treatment means were analyzed by ANOVA and then a Student–Newman–Keuls post-hoc 

test. All statistical analyses were performed using SAS 9.1 software (SAS Institute, Cary, 

NC, USA). Data are expressed as mean ± SE unless otherwise indicated. 

 

Results and Discussion 

In the control fish cortisol levels increased from levels prior to feeding (18 mg/g) and peaked 

at 73 mg/g after 24 hours. Whole body cortisol levels were significantly higher in control fish 

after 2 hours (Figure 1) and remained significantly higher (P < 0.0001) than levels just prior to 

feeding. The 100 mg/kg treatment was significantly higher (P < 0.0001) than prior to feeding 

after only 30 minutes. Cortisol levels in the 100 mg/kg treatment peaked at 85 mg/g after 2 

hours and began to decrease, though remained significantly higher than levels prior to 

feeding. Fish fed 500 mg/kg cortisol treated feed had significantly higher (P < 0.0001) whole 

body cortisol levels than the other treatments after the first 30 minutes. The 500 mg/kg 

treatment fish peaked at 171 mg/g 1 hour after initial feeding and remained extremely 
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elevated until 6 hours after initial feeding. Cortisol levels at 24 and 48 hours after initial 

feeding were still significantly higher (P < 0.0001) than levels at the initiation of feeding. 

 

The increase in cortisol in control fish indicates that the continued disturbance from sampling 

resulted in measurable stress in the fish. The decreasing trend in whole body cortisol 

concentration after 1 day is demonstrative of a normal downregulating and clearing 

mechanism (Mommsen et al, 1999). 

 

The treatment fish maintained elevated whole body cortisol levels which did not fall below 

47 ng/g and 54 ng/g in the 100 ng/kg and 500 ng/kg treatments respectively. These fish also 

displayed a decreasing trend in cortisol concentrations after the initial peak, suggesting 

steroid levels are being downregulated after 24 hours, possibly via increased clearance.  

 

The patterns of whole body cortisol concentrations seen in southern flounder after being fed 

cortisol treated feed are similar to those seen by Davis and Peterson (2006) in sunshine bass 

and Peterson and Small (2005) in channel catfish. Although their results were based on 

plasma cortisol levels, the acute timeframe and small size of the fish in this study made 

whole body analysis more feasible. Our results show that cortisol treatment produces dose-

dependent increases in whole body cortisol and that feed may be an effective mechanism to 

maintain increased cortisol concentrations. Unfortunately, within one week of maintained 

feeding, the majority of the fish in this study died. Since control fish fed feed where only 

ethanol was applied also died, it would appear that ethanol and some ingredient in the feed  
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may produce a byproduct that was deadly to the juvenile southern flounder. This finding is 

identical to the results of a study feeding juvenile southern flounder estrogen treated feed 

(Luckenbach, unpublished data), which strongly suggests an interaction between the ethanol 

and the feed itself. Although the method has potential, an alternate method of feed 

preparation must be developed before studies of any significant length can be carried out. 
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Figure 1. Whole body cortisol concentrations of southern flounder fed cortisol treated feed. 

(N= 3); * P < 0.0001 represent values significantly different from the baseline values. 
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