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ABSTRACT 

Captive bred and reared fish are often used for conservation and replenishment of natural stock, 

but it is assumed that these fish are fraught with danger and shows low survival in a natural 

env ironment, may be due to behavior deficiencies. Therefore this study was designed to screen 

the possibl e influences of captive rearing environment on the growth of brains, hypothalamic 

pituitary-interrena l (HPI) axis and aggression of mahseer Tor putitora. Eco-morphological and 

physio logica l approaches were used to investigate the possible impact. Adu lt hatchery reared Tor 

pulilora, average we ight 250-350 gm were purchased from Mahseer Hatchery Hattian, Attock 

whereas wi ld counterparts were captured from River Poonch and River Harro. They were kept 

for 15 days in ci rcu lar tank under flow through system for acclimatization. After acclimatization, 

both wi ld and hatchery reared fishes were captured with dip net, immediately anesthetized and 

blood samples were co llected from the caudal vein for the plasma cortisol and testosterone 

levels. After noting length, the brain of al l these fish was dissected out for ecomorphologica l 

study. The area of the who le brain and the dorsally visible substructures (olfactory bulbs, OB; 

telencephalon, TE; optic tectum, OT and cerebellum, CE) were measured on the digital images 

using Image J 1.41 . For comparing the stress response, both wi ld and captive reared mahseer 

wh ich were he ld in c ircu lar tanks under flow through system were subjected to stress by 

co ntinuous chasing for about 5 min. Experiment was conducted in replicate and water samples 

were co llected before exposure to stress and at different interval of post stress. The results 

indicated the significantly (P<O.OOO I) small brain to body size ratio and reduced optic tectum in 

captive reared mahseer as compared to their w ild counterpart. The cerebellum and telencephalon 

of captive reared mahseer were also comparatively reduced but statistically comparable to wild 

ll1ahseer. The plasma cort iso l leve l of wild mahseer after mild handling stress was also 

significantly (P<O.OOO 1) higher in comparison to the status 111 captive reared mahseer. 

Furthermore, both populations showed cons iderable differences 111 pre-stress and post-stress 

water borne cortiso l levels. The values were significantly higher in wild population as compared 

to captive reared ll1ahseer. Wild mahseer showed typical stress response with rapid increase in 

cO li iso l and quick recovery (within 4 hrs) after exposure to stress whereas captive reared 

ll1ahseer showed atyp ical stress response with gradual but continuous increase in cortisol even 

after the cessation of sampling (6 1m). However, significantly (P < 0.05) higher plasma 

testosterone levels was observed in captive reared mahseer compared to wild counterpart 
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INTRODUCTION 

Freshwater fish, the main group of vertebrates worldwide are threatened with extinction 

(Gray et at., 2011), thus creating an alarming situation that need urgent conservation measures. 

Multiple factors including habitat destruction, overexploitation and biological invasions are 

contributing in this menace (Gozlan et aI., 2005). Conservation of freshwater fish is a complex 

challenge that requires a combination of proactive strategies and supported on an ongoing basis 

(Dahanukar et at. , 2011; Dudgeon et a1., 2006) . To make conservation measures successful, the 

political will of national and regional authorities and the participation of local communities is 

required (Kottelat et al., 20 12). Despite of fact, many of Asian counties have the largest 

accumulation of endemic freshwater fish (de Silva et al., 2007), but many of these are threatened 

(Vishwanath et al., 20 11) and some probably are extinct (Raghavan and Ali, 2012 and 2013). 

The genus Tor of Mahseer is the endemic cyprinids of mainland Asia, icons of culture 

economic interest, recreation and conservation in their natural range (Siraj et aI. , 2007; Nguyen 

el al. , 2008). Accord ing to Stone (2007), Mahseer can accomplish a large size, therefore find a 

place among the 20 "mega fi sh" of the world and called the "tiger of the water" (Nautiyal, 2006) 

and considered as the hardest fi ghting fi sh in the world . There is no reliable estimate of the 

number of species of Tor but five (T khudri, T kulkarni, T malabaricus, T mussullah and T 

putitora) are considered as "endangered" and two (T tor and T progenius) are consider as 

"nearly theatened" in red List of Theatened Species (IDCN, 2012; Qureshi, 2011 ; Jha and 

Rayamajhi, 2009; Rehman et al., 2005). In 1976 National Commission on Agriculture (NCA) 

draw attention to the dilemma of the Mahseers and call for their conservation. A number of 

studies indicated that overhunting and change in habitat leads to ruthless decrease in population 

of different Tor species, as well as the golden Mahseer (T putitora) and the Tor Mahseer (Tor 

tOT) in the Himalayan Rivers (Bhatt et ai., 2000 and 2004). 

From last few years, the natural popUlation of Tor specie have shown a continuous 

declining trend due to multiple factors including change in natural environment due to natural 

disasters (prolong drought, floods, sedimentation and soil eros ion of mountainous estuaries) and 

artificial changes (building of dams, overflow and waste water system, indiscriminate use of 

pesticide and discarding of industrial and agriculture waste, overexploitation and illegal fishing 
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methods) . These factors resu lt in drastic changes in water regime and not only ruined the 

breeding landscape but also caused havoc to the accessibility of broodfish including hatchlings, 

fry and fingerlings (Hussain and Hossain, 1999). 

In recent years government of Pakistan has realized the economIC importance of 

Mahseer, game as well as food fish and taken step for their conservation. It established 

hatcheries in the Punjab and Kpk for the artificial propagation of this species. Moreover, for 

repleni shm ent of th e river and other natural bodies, restocking program was also initiated that 

involve the release of artificially propagated hatchery reared fish in natural bodies. In spite of 

am ple efforts, the results are not encouraging and captures of this species from natural reservoirs 

are continuously declining (personal observation and communication with Punjab Fisheries). It 

seems that hatchery reared fish in the natural environment underwent mortality. 

Animals including fish are bred and reared in captivity for various purposes including 

meat production, trade, laboratory use and replenishment of natural stock. Under captivity, fish 

are subj ected to va rious aquaculture practices including capturing, crowding, hand ling etc, 

therefore growing concern about their welfare in captivity has been developed successively 

(Huntingford et al., 2006) . Generally, if intentional selection practices are ignored then artificial . 

environments can be considered as 'extreme ' forms of the natural environment. Typically, in 

captivity (a t fa rm or hatcheries) stocki ng densities are comparatively very high while food is 

eas ily available (Siikavuopio et al. , 1996) the chance of predation is negligible whereas physical 

conditions are kept within the range that support high growth performance. Thus mass 

production of fish at farm or hatcheries involved the control or semi -control condition, therefore 

their environment is different from their natural habitat. Such sterile environments at hatcheries 

thus leave negative impact on the behavior or physiology of fish . Many scientists have reported 

the behavior (Jonsson et al. 2001), physiological (Zuberi et al., 2011; Jonsson et al. 2001; 

Fleming et al. 2002) morphological (Naslund et al., 2012; Vehanen and Huusko, 2011 ; Burns et 

al., 2009; Kihslinger et al. , 2006) and ecological tra its (Vehanen et al., 2009) differences 

between various captive reared fish and their wild counterparts. Previously, it was thought that 

such difference may be due to unintentional selection pressures in the aliificial environment 

(P rice, 1999) but later on it was confirmed that in captivity, the effect of artificial rearing 
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environment resu lted in altered phenotypic trait (Naslund et al., 201 2; Mayer et al. , 2011 ; Burns 

et at., 2009; Kihslinger et al., 2006) 

The natural or artificial selection over generation effect the structure and size of the 

animals brain (Kihslinger et al., 2006) . Many investigators 'observed variation in brain size 

among dom esticated and wild animals after many generation of artificial selection in captivity 

like Sheep (Ovis aries), Norwegian rats (Rattus norvegicus) , cats (Felis catus) and pigs (Sus 

serofa) generally have 8-33% smaller brains than their wild counterparts (McCarter, 201 2; 

Diamond, 2002). The forebrain usually appeared smaller in size (Kruska, 1988). It is confirmed 

that in the captive environment, the variation in the brain size occurred due to genetic changes 

that is the end product of selection over several generations (Kihslinger et al., 2006) . In captivity, 

inbreeding depression, the pleiotropic effects of artificial selection, increased levels of 

reproduction and relaxed selection pressure are the main factors for effect the genetic makeup of 

an organ ism over several generations (Kihslinger et al., 2006) . 

Fish is a vertebrate whose brain grow continuously thoughout their life (Kotrschal and 

Palzenberger, 1992) and show greater impact of rearing environment (Naslund et al., 2012; 

Kihslinger et at. , 2006; Michael et al., 2003; Marchetti and Nevitt, 2003). Although, 

developmental plasticity in fishes is considered as a possible contributing factor to neural 

phenotype, but the extent to which brain growth can be influenced by surrounding environment 

is mainly unidentified (Lema et al. , 2005; Hofman and Fernald, 2000). Majority of scientists 

reported the larger brain of wild fish as compared to their captive counterparts (e.g. Poecilia 

reticuiata, Burns et al., 2009; Michael et al. , 2003 ; Oncorhynchus tshawytscha, Kihslinger et al., 

2006). 

Generally, animals live in enrich environment have larger brain structures, higher neuron 

generation rates and learning capacity as compare to animal having un-enrich place (Van Praag 

et al. , 2000). Usually, what make environment enrich is a species specific term because every 

species is unique in its requirement for optimum performance but generally it is related to 

environment that is complex in term of structural variability, foraging opportunities and social 

interaction and provide an individual greater opportunity to learn, explore and interact with 

other inter-specific and intra-specific animals (Newberry, 1995). 
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In fish , brain morpho logy is plastic, therefore enrich environment effect the development 

of central nervous system not only in early stages when neural and body development take place 

but also show effect in the later stages of life (Kolb and Whishaw, 1998; Rosenzweig and 

Bennett, ] 996). These effects include neurogenesis i.e. , increase in number and size of neurons, 

dendrite branching, cortical thickness, increase in weight and volume of brain (Kolb and 

Whishaw, 1998). Thus, it is suggested that this environmental impact on brain development in 

teleost, greatly influence the behavior of fish and choice of an individual to find living place in 

adulthood (Zaunreiter et at. , 1991 ; Kotrschal and Palzenberger, ] 992). 

Majority of fish , as compare to most other vertebrates, shows indeterminate somatic 

growth that also appears in the central neural system (Kotrschal et al., 1998). Fish do not seem to 

have final morphology of the adult brain. The brain structures may be less limited and may be 

affected by spatial and temporal constraint (Kotrschal et aI., 1998). Moreover, cranium of fish 

generally allows larger brain volumes (except perhaps in younger individuals and smaller 

species) and significant portion of the available space is often filled with fat lymphatic tissue 

(Kotrschal et aI. , 1998). 

Generally, it is considered that cogn itive ability is related to the overall brain size of an 

animal (Bshary et al., 2002; Lefebvre and Sol, 2008; Ito et af. , 2007), but this hypothesis need 

validation (Healy and Rowe, 2007) . According to Shumway (2008), in fish although different 

substructures of brain are multifunctional to some extent, but their overall size normally related 

to its ecological niche. Hence, the sizes of a various substructures normally reflect the relative 

importance of the senses or behavioral traits that it regulates (Ito et al. 2007). Many investigators 

find a relationship between size of particular area of brain and their function within and between 

the species and suggested that a small change in size can show pronounced effect (Gonzalez 

Voyer and Kolm, 20] 0; Kohn et al., 2009) . Many interspecific studies showed how selection 

pressure effect the evo lution of brain with respect to fish size (Pollen et aI. , 2007; Gonzalez

Voyer et aI. , 2009) and observed positive correlation among the complexity of habitat and 

telencephalon size in sympatric Ectodine cichlids (Pollen et aI., 2007). Moreover, intraspecific 

studies reported the changes in brain size with respect to social and sexual behavior (Kolrn et al. , 

2009; Gonda et al. , 2009) . 
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The relationship between behavior and brain size is extensively studied in birds and 

mammals (Lefebvre and So l, 2008) as compared to fish. However, in some fish scientists find 

out the correlation between the size of different substructure of brain and behavior (Wilson and 

McLaughlin, 20]0; Park and Bell, 2010; Burns et at., 2008). Fish as compare to mammals and 

birds show continuous growth of body and the throughout adulthood (Zupanc 2006). This 

indeterminate growth in fish could allow plasticity in brain development that is not possible in 

taxa where determinate growth is prominent. Thus, environmental deprivation in early life stages 

in fish leads to smaller brain size and resulted in behavior deficiencies, but environmental 

enrichment can compensate these deficits. 

In captivity, environmental enrichment IS considered as a means to improve the 

biological functioning of animals (Brown and Day, 2002). It increases neurogenesis in rodents 

and less stereotypic behavior in a large number of vertebrates (Shyne, 2006; Van Praag et al., 

2000) . Whilst in fish, several researchers find relationship between neural, behavioral, and 

cognitive effects (Spence et at., 2011; Kihslinger et aI., 2006; Braithwaite and Salvanes, 2005). 

Co nversely, some scientist cou ld not observed these correlation and suggested that the 

enrichment effect may be vague or lacking (Brockmark et at., 2010; Brydges and Braithwaite, 

2009), while according to Fairhurst et at. (2011) certain enrich environment may cause distress. 

These discrepancies in results explain the species specific effect of environmental enrichment. 

Scientist used different species and range of enrichment in different studies . Moreover, when 

sample size is small and cognitive challenges are rare then enrichment effects cannot be detected. 

However, beside all these discrepancies, environmental eririchment in captivity is still a 

promising method for modulating more natural behavior offish (Rodewald et at., 2011; Roberts 

et al. , 2011; Salvanes and Braithwaite, 2005). 

In addition to brain size, many other phenotypic traits also differ among wild and captive 

reared individuals . These differences include change in feeding and sexual behaviors, growth 

rate, timing of sexual maturity and anti-predator behavior (Hard et ai., 2000; Flagg et ai., 2000; 

Gross, 1998; Fleming et al., 1997). According to Jonsson et al. (2003), these differences may 

possibly effect the survival of hatchery reared fish upon released into wild. Therefore, 

production of fishes in hatcheries for fisheries or conservation purpose is fraught with danger 
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(Daniels and Watanabe, 2010). They show low survival rates and present lower return to anglers 

than wi ld counterpart (EI Balaa and Blouin-demers, 2011 ; Ebner and Thiem, 2009) . 

Many researchers used the simple eco-morphological and physiological approach to 

screen for possible influence of hatchery rearing practice on the brain and hypothalamic 

pituitary-interrenal (HPJ) ax is (Zuberi et al., 2011 ; Breves and Specker, 2005 ; Marchetti and 

Nevitt, 2003) whereas some studies revealed that brain structure often reflect the manner in 

whi ch a species has adapted to particular environment or selection regime (Vargas et al ., 2000; 

Ishikawa et al. , 1999; Kotrschal et al., 1998; Huber et al. , 1997). Marchetti and Nevitt (2003) 

has reported that hatchery rearing practices influence the growth and development of brain sub 

structures i.e optic tectum and telencephalon, area that are often linked to aggression, feeding 

behavior , cognitive behavior and reproduction in fish (Vonderschen, 2002). 

Wild and hatchery-reared fish of the same stock may respond differently to artificial fish 

culture conditions. Norman (1987) showed that hatchery stocks of Atlantic salmon (Salrno salar) 

are less aggressive than wild stocks while Maisse et al. (1983) observed that hybrid brown trout 

of wild male and domestic female parents are more susceptible to costia (Costia necatrix) than 

wi ld fish of the female strain. Genetic differences between hatchery and w ild steelhead trout 

(Oncorhynchus mykiss) were demonstrated by Reissenbichler and McIntyre (1977) where 

hatchery fish had the highest survival and growth rates than their wild counterpart. Chilcote et al. 

(1986) furthermore, showed that the reproductive success rate of hatchery steelhead trout was 

only 28% that of wi ld fish. These stud ies suggest that differences may exist between hatchery 

and wi ld fish of the same stock. 

The natural habitat is generally very demanding and wild fish are persistently provoked 

to a number of latent stressors. The main apparent cause of stress is abrupt disclosure to 

predatory attack. Wild animals counter to such attack with the flight or fight response with the 

release of certain hormones directly in to the blood stream and effect many organs the body. One 

of the major components of this response is the release of the stress hormone cortisol (Barton, 

2002). Like wild fish , commerciall y important species of fish are also exposed to various 

stressors in their lives. In captivity, they underwent stressful aquaculture practices like seining, 

crowding, confinement; transportation etc while after release in wild environment faced other 

challenging conditions . Moreover, in contrast to natural environment hatchery-rearing tanks 
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provides safe and constant housing and provide excellent protection from predators, and have 

negative effect on fish behavior and physiology (Zuberi et al. , 2011) so it is unsurprising that a 

large proportion of post-release mortality occurs though predation (Brown and Day, 2002; alia 

et al. , 1998). 

One of the key components of physiological response to stress is the release of stress 

hormone cortisol (Barton, 2002). Cortisol level in the blood normally rise quickly following 

exposure to a stressor and then decay over a number of hours before returning to their basal level 

(Barton, 2000). Such a quick response is essential to ensure that the animal display the suitable 

avoidance behaviors such as escaping. Likewise, recovery period is also very important, because 

persistent levels of stress are harmful in term of excess of energy expenditure. In fish, 

neuroendocrine system with release of catecholamines and glucocorticoids play main role in 

controlling stress response by stimulating the hypothalamic-pituitary-interrenal axis (HPI) and 

sympathetic chomaffin which result in initiating cascade of physiological and metabolic changes 

(Perry and Bernier, 1999; Wendelaar-Bonga, 1997). 

According to Iwama et af. (2006) stress responses in fish occurs in three stages, primary, 

secondary and tertiary. The primary stress responses involve the activation of natural alarm 

system and trigger the releas of catecholamine, adrenaline / noradrenalin from med ulla of 

adrenal gland and corticostero id hormones from adrenal cortex. In stress, catecholamine helps 

the organism to show immediate physical reactions by accelerating breathing and heart rate 

whi le cortisol regulate the metabolism and increase blood glucose level though gluconegenesis 

and prov ide energy to every cell. The secondary stress response involves successful acclimation 

of an imal with the use of energy that often results in suppression of growth process . The tertiary 

response appears when stressful condition surpasses the acclimation tolerance limits and fish 

become exhausted. Tertiary responses involve mal -adaptation, suppression of digestive process, 

retardation of growth and impairment of immune system resulted in vulnerability to pathogen 

(Iwama et al., 2006). 

Generally, cortisol is the mam end product of the physiological response to stress 

(Barton, 2000; Fridell et al. , 2007) and consider as an indicator of fish welfare (North et al., 

2006; Turnbull et al., 2005 ; Varsamos et al., 2006) . Normally, the most common method of 

evaluating the status of cortisol in fish is though blood analysis (Balion et al., 2005; Haukenes 
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and Barton, 2004; Quigley and Hinch, 2006), but in small fishes, blood volume is not enough for 

assessing the status of hormone (Pottinger et al., 2002; Sink et al. , 2007). Therefore, whole-body 

cOltisol levels are in practice for evaluating the stress response of fry or small fish (Ramsay et 

al. , 2006; Zuberi et al. , 2014). Although both these techniques are extensively use but they are 

associated with problems like capturing or handling of fish for sample co llection makes it 

difficult to obtain baseline level of hormone. Thus to avoid these problems, non -invasive 

methodology, that involve extraction of hormone from mediu!11 in which fish are present have 

been introduced (Scott and E llis, 2007). Many scientists used the non -invasive methodology for 

meas uring the water-borne cortiso l levels from large and small enclosures having Melanoteania 

duboulayi (Zuberi et al., 2011), Cyprinus carpio and Oncorhynchus mykiss (Ellis et al., 2004; 

Ruane and Komen, 2003). 

Scott et al. (2001) was first who proposed a concept release of free cortisol measurement 

from the water, a non invasive indicator of stress. It is suggested that cortisol is released from 

anterior reg ion of the gills (a pass ive' leakage') due to concentration gradient among plasma and 

surrounding water. Measurement of cortiso l though non ' invasive method provides several 

advantages over plasma sample, such as water sample can easily collected without disturbing 

fish , repeated sampl ing over time from the same population become possible, thus reducing the 

number of animals and tanks required, and experiments related.to stress can be performed on fish 

that are too small to be bled (Scott and Ellis, 2007; Ellis et al., 2004; Scott et aI., 2001) . 

The magnitude of stress response in term of corticosteroid release is variable among 

different fish species and even in strains offish (Barton, 1997). Most fishes show typical stress 

response with the release of cortisol that reach to its peak value after 1 h and followed rapid 

recovery (Iwama et aI. , 2006). However variation exists in time of stress responses and recovery 

period. According to Scheck et al.(2000) physiological recovery period can be prolong and 

extend to 10 days to 2 weeks, if the stressor persist but are not lethal. In red drum cortisol level 

ri se rapidly during handling processes, but return to basal level after 48 hrs (Robertson et al., 

1988) while in Common dentex (Dentex dentex) cortisol and glucose level enhanced 

immediately and decrease to baseline level after 8 hs . Wild rainbow fish (Melanoteania 

duboulayi) also show typical elevation of cortisol after 0.5 h, p'eak after 2 Ius and return to basal 
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2005 ; non-human primates: Mu ller and Wrangham, 2004; Cristobal-Azkarate et aZ., 2006; birds: 

Wingfield et ai., 1990; fish: Oliveira et aZ., 1996) and revealed that testosterone level is 

associated with situational cues, mainly cues signaling intra-sexual competition and dominant 

behaviors (W ingfield et aZ., 1990) . 

In human as well as in fish, wilmer showed high level of testosterone as compared to 

looser after encounter (Einum & Fleming 2001) . Similarly in some cichlids like NeoZamproZogus 

spec ies subordinates frequently show submissive behaviors towards high-ranking group 

members, thus have low level of testosterone ( Galhardo and Oliveira, 2014.) 

In ve rtebrates, testosterone acts as a prohormone that can exert its effects either on estrogen 

receptors after aromatization to estradio l or on androgen receptors after conversion to 5 -alpha

dihydrotestosterone. Many scientists observed and reported that major effect of testosterone on 

aggression occur after aromatization (Huffman et aZ., 2013 ; review; Simpson, 2001 ; Schlinger et 

ai., 1990) . For example, in African cichlid fish , Astatotilapia burtoni subordinate males show 

increase level of aromatase express ion as compare to dominant males in the magnocellular and 

gigantocellular regions of the preoptic area. In other animals like quail and rat testosterone 

induced aggress ion is concomitant with increased level of aromatization and nuclear estrogen 

receptor activity in the hypothalamic/ preoptic area, whereas aromatase inhibitor block the 

aggress ive behavior and decrease the nuclear activated estrogen receptors (Naftoli et af., 1990) 

Testosterone can also act via genomic or non-genomic mechanisms by stimulating the 

synthesis of proteins or modulating neural activity respectively (review: Simpson, 2001). The 

non-genomic mechanisms involve the changes in electrical potential and permeability of nerve 

cell membrane probably though cyclic adenosine monophosphate activation that result in the 

release of neurotransm itters into the synapse (Szego, 1984). It reveals that androgen and estrogen 

receptors are also found along neurotransmitter pathways. Hence testosterone is playing role in 

modulating the levels of different neurotransmitters that involve in showing effects on aggressive 

behavior (Simpson, 2001) . 

It has been reported by many investigator that in vertebrates not only corticosteroids 

respond to stress but also sex steroids. For example in mammals (Huhman et aZ., 1991), birds 

(Wilson et aZ., 1979), reptiles (Moore et ai. , 1991) and amphibians (Licht et aZ. , 1983) stress 
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decrease the androgen level. Whilst an inverse relation has been found between cortisol and 

androgen leve ls during smo ltification and sexual maturation of salmonid fishes (Pickering et al. , 

1987). It was also reported that in teleost fish exogenous cortisol affects the reproductive 

function and gametes development (Barry et al., 1995; Foo and Lam, 1993; Carragher and 

Sumpter, 1990). 

Efforts have been made to elucidate the mechanisms though which stress influence 

reproductive role though cortisol action. Though in vitro cultures Carragher and Sumpter (1990) 

found that cortisol suppressed secretion of both estradiol and testosterone from female follicles 

of rainbow trout. Generally, cortisol show direct impact on gonadal steroid secreting tissues 

rather than the pituitary-gonadal axis thus either suppresses the steroids common precursor or 

slows down the mechanism of secretion of hormones (Carragher and Sumpter (1990). 

In te leost, the androgens, testosterone (T) , or II ketotestosterone (11KT) effect is studied 

mostly with respect to sex steroid and sexual behavior. However in some Cichlids role of 

and rogens is well explained in the context of social activities of male, both in terms of 

organization (Groothuis and Ros, 1993) and activation (WavIer-Leong and Reinboth, 1974; 

Ferna ld, 1976). Moreover, in certain species oftilapia (Oreochomis mossambicus) administration 

of androgen in early ontogeny can even cause sex reversal of the individual (Hunter and 

Donaldson, 1983). 

Some scientists reported the role of androgen in social activities like communications 

among conspecifics and parental care (Magee et al., 2006; Ros et aI. , 2004; Pall et al. , 2002a). 

Effect of communications on androgen levels among conspecifics reveals a type of two -way 

interaction among androgens and behavior (Villars, 1983). For example territorial males of 

s toplight parrotfi sh (Sparisoma viride) in a natural population have elevated level of androgen 

than non-territorial males, but androgen concentration in non territorial male increase from 

territorial males during territory acquisition. Moreover, in experiments, introduction of other 

male showing agonistic behavior can also affect the level of androgen in fish (Cardwell and 

Liley, 1991a) . S imilarly, many investigators reported the peak levels of circulating androgens 

like testosterone and 11 -ketotestosterone (11 KT) in large teleost fish , during the parade and 

territorial defense phases of parental care (Pall et al. , 2002a; Ros et al., 2004; Magee et al. , 

2006) . 
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each of the dup licate images, to the neares t 0.00 1 mm . The mean area from these measurements 

was analyzed. Du ring d issect ion, in some samples, a few substructures of brains were miss ing 

like one of the pa ired o lfactory bu lbs. In these cases the area of that sub -structure was calculated 

as tw ice the area.of the remaining one. 

Stress response 

Thi s pa rt of the study was conducted at Mahseer Hatchery Hattian, Attock. The fish of 

hatchery were used as captive reared mahseer while w ild fi sh were collected from the same sites 

Poonch River, Azad Kashmir and River Harro from Attock . W ild f ish were transported alive by 

using hauling tanks and kept in eal1hen pond s for 15-20 days in order to acclimat ize them . 

During acc limat izat ion period fis h were prov ided 40% prote in commercia l fi sh feed. 

Expel-imental design 

After acc limatizati on, both w ild and hatchery reared fish were stocked at a stocking 

density of 5 g/ L in c ircular tanks . Experiment was conducted in replicate i.e., three tank for w ild 

and 3 tanks for hatchery reared fish. They were housed in a c ircular tank under the flow through 

sys tem and acc I i matized up to six days. Flow through system was ma intained at a constant flow 

rate of I Llmin in a ll c ircu lar tanks w ith the he lp of stand pipes . The water was aerated w ith 

stone diffusers while fis h were remained at ambient temperature. C ircular tanks water was daily 

repl aced w ith fresh well water by means of the flow through system as well as with siphoning so 

that the fi sh were complete ly accustomed w ith dai ly handling. Water qua lity parameters like 

ammonia, pH and oxygen level have been regul arly monitored, while 12: 12 light / dark 

photoperi od was used throughout the experiment. Fish remained in a flow through system for 6 

days and get 40o/~ prote in cOl11m erc ial fish feed at the rate of 4% body we ight. 

Sample collectiQIl 

On the day of experiillent, fi sli were not prov ided feed and whole w ater was exchanged 

with we ll water. For obta ining pre-stress water borne cortisol level, 500 ml water was collected 

w ithout di sturbi ng the fi sh from each tank after 1 hr in a sterilized mineral water bottles through 

the outlet of flow through system, while fo r plasma basal level, one fish from each tank was 

quickly captured w ith hand net, anes thetized w ith c love o il (0.03 milL) and blood sample was 
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each of the dup li cate images , to the nearest 0.001 mm . The mean area from these measurements 

was ana lyzed. During di ssection, in some samp les, a few substructures of brains were missing 

like one of the paired olfacto ry bulbs. In these cases the area of that sub-structure was calculated 

as twice the area of the remaining one. 

Sh'ess I'espouse 

This part of the study was conducted at Mahseer Hatchery Hattian, Attock. The fish of 

hatchery were used as captive reared mahseer while wild fish were collected from the same sites 

Poonch River, Azad Kashmir and River Harro from Attock . Wild fish were transported alive by 

using haul ing tanks and kept in earthen ponds for 15 -20 days in order to acclimatize them. 

During acc l imatization period fish were provided 40% protein commercial fish feed. 

Experimental design 

After acc limatization, both wild and hatchery reared fish were stocked at a stocking 

density of 5 gl L in circular tanks. Experiment was conducted in replicate i.e. , three tank for wild 

and 3 tanks for hatchery reared fish. They were housed in a circu lar tank under the flow through 

system and acc l imat ized up to six days. Flow through system was maintained at a constant flow 

rate of 1 Llmin ;n all circular tanks with the help of stand pipes . The water was aerated with 

stone diffusers while fish were remained at ambient temperature. Circular tanks water was daily 

rep laced with fresh well water by means of the flow through system as well as with siphoning so 

that the fi sh were completely accustomed with daily handling. Water quality parameters like 

ammon ia, pH and oxygen level have been regu larly monitored, while 12: 12 light I dark 

photoperiod was used throughollt the experiment. Fish remained in a flow through system for 6 

days and get 40% protein commercial fish feed at the rate of 4% body weight. 

Sample collectiQIl 

On the day of experii11ent, fish were not provided feed and who le water was exchanged 

with wel l water. For obtaining pre-stress water borne cortisol level, 500 ml water was collected 

without di sturbing the fish from each tank after 1 hr in a steri lized mineral water bottles through 

the outlet of flow through system, whi le for plasma basal level, one fish from each tank was 

quickly captured with hand net, anesthetized with clove oil (0.03 mIlL) and blood sample was 
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co ll ected. The blood plas ma was separated and stored by fo llowing the same procedure as 

described above . 

After capturing one fis h fro m each tank, the physical stress was induced in other wild and 

captive reared fis h by continuo us chasing for about 5 min with hand net. Immediately after 

stress, 500 ml of water samp le was co llected from each tank through the outlet pipe. By using the 

same technique, further water samples were co llected at 1, 2, 4, 6 hr after chasing stress. Water 

samples were stored at _20DC until extraction. 

Water-Qorne cortisol analysl~ 

The method reported by Zuberi ef al. (20 11) was adopted for extraction of water-borne 

co rti so l. Briefly, befo re extraction water sampl es were removed from the freezer, thawed and 

maintained at room temperature . Then fi ltered by using Whatman filters to remove particulate 

mater ial, and pass through millipore filter 0.45 11m by using Millipore filtering unit. The 

LiChro lut® RP-18 so lid phase extracti on cartridge (500 mg, 3 ml, 40 - 63 11m, standard PP 

Merck) were use9 for the extraction of hormone from water sample. The cartridges were primly 

integrated to a 20-port vacuum manifold and after that activated by passing 4 ml HPLC grade 

methanol (CH30fI), subsequently pass 4 ml double disti lled water. The water samples were then 

passed through the cartridge. After passi ng water sample cartridges were washed with double 

distilled water a1)d free cortisol was extracted from the columns into 10 ml glass test tube by 

three repeated (2 ml) washes with ethy l acetate. The 6 ml of co ll ected so lvent was removed at 

45 D C using a nitrogen gas stream. The test tubes were sealed with parafilm and stored at 4 ·C 

until analys is. 

Cortisol Assay 

Co rti so l I ~ve l was analyzed by ELISA, using Amgenix MicroLISATM - Cortiso l kit USA. 

Principal of Test 

Corti so l is a so lid phase competitive ELISA which is based on a principle where 

compet ition for binding sites between sample cortisol and cortisol enzyme conjugate takes place. 

The sample and co njugate are loaded into the wells coated with antibody (anti -Cortisol 

monoclonal) . Washing buffe r is used to wash off unbind cortisol and conjugate. Then by adding 
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the substrate, co lor appears. The concentrat ion of co lor is inversely proportional to the sample 

concentration. A standard curve is prepared by concerning co lor intensity depend on the 

concentrat ion of cortiso l. 

Assay Procedul'e 

First of all , reagents and all plasma samples were removed from freezer and kept at room 

temperature. The plasma samp les were thawed, centrifuged and the supernatant was used for 

analys is while t\1e water-borne corti so l res idue was dissolved in ELISA buffer before use. 

Reagents were slightly shaken before use and then 25/-t1 of cortisol standards and samples were 

pipette out and pour in wells of Elisa plate. After that, 200 /-tl of cortisol enzyme conj ugate was 

loaded to each well and allow them to stand for 10 sec. and then incubated at room temperature 

for 60 min . 

After incubation, liquid from all wells was removed. Then well were washed by adding 

300 /-tl of IX washing buffer and repeated that process three times . The remaining water droplets 

were removed by tabbing the plate on absorbent paper. Then 100 /-tl TMB substrate was pipette 

out to each we ll and incubated at room temperature for 15 min . After that stop so lution of 50 /-tl 

was poured to each well in order to stop the reaction . The ELISA plate was gently shaken to mix 

the so lu tion. At tbe end , ELISA Reader was used to read the absorbance at 450 nm within 20 min 

after adding stop solution. 

Cortisol release rate 

The co rti ~o l release rate was calculated by following the eq uation described by Ellis et al. 

(2004). 

Corti so l release r~te = [(V (Cl - Coe·kl
) ktJI l_e·kt)J 1 w 

Where, 

v = Water vo lume 

Ct = Final hormone concentration 

Co = Initi al hormone concentrat ion 
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K = Rate of decrease due to dilution over time t 

W = the total weight of the fish in the sample. 

e = 2. 718 (expo nential constant) 

Testosterone As~ay 

Testosterone leve l was analyzed by using Amgenix MicroLISA ™ - Testosterone EIA 

kit, USA. 

Principle of Test 

The EIA for Testosterone is a competitive assay 111 which testosterone in a sample, 

standard , control <} nd Testosterone-HRP conjugate compete for a single antibody (rabbit anti

Testosterone). T~n f!l each of standard, contro l and sample are loaded in the wells for incubation, 

then I 00 ~Ll teslosterone-HRP conjugate reagents along with 50 fll rabbit anti -Testosterone 

reagent was also loaded in each well and a llowed it to incubate for 90 min at 3rC. The 

competition is between Testosterone HRP and testosterone in sample standard and control so that 

Tes tosterone HRP is res pons ib le for co loration. Therefore, greater the HRP conjugate, intensive 

wi ll be the co lor which is the indication of low level of testosterone in the sample, standard, 

contro l and vice versa . 

The washin g of wells removes the unbound testosterone peroxidase conjugate. Then 

TM B reagent is ~ldded in each well , allowed for 20 min incubation that result in blue color. The 

reaction is stopped by adding IN HCI stop so lution into each well. By plotting standard 

concentration verses absorbance ft standard curve is obtained . From that standard curve, we can 

ca lculate the con~entration oftestostel'one in the sample and control. 

Assay Procedure 

First of a ll reagents of EIA kit were removed from the refrigerator and kept at room 

temperature. A II sa mpl es were removed from th e freezer and thaw them at room temperature. 

Before usin g a ll samples were centrifuged and the supernatant was used for analysis. Samples 

and standard , 10 ~Ll each was dispensed into the wells of Elisa plate. After that 100 fll of 

testosterone-HRP Conjugate reagent was added into all wells. Then 50 fll of rabbit anti-
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Testosterone reagent was add ed into a ll we ll s. Then mixed for 30 sec and incubated at 37°C for 

90 min . 

After that the reagent from all well s were removed by washing and flicking a ll the wells 5 

times w ith dT-hO. Then 100 I-tl of TMB Reagent was added into all well and mixed for 10 sec. 

The ETA plate v.:as incubated at i'oom temperature (18 -25°C) for 20 min. In order to stop the 

reaction 100 III stop so lution was dispensed to each well and gently mixed for 30 sec. At the end, 

ELI SA Reader was used to read the absorbance at 450 nm within 20 min after mixing stop 

so lution. 

Statistical A nalys is 

Data obtained from the experim ent was expressed as mean ± SEM. The results were 

analyzed by us ing Statist ic Version 8.1. Res ul ts were analyzed by ANOVA and simple T test. 

Va lues of P < 0.05 were consid ered statistica lly significant. 
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RESULTS 

Brain size: 

Total brain area and different substructure of brain were measured in order to study the 

effects of rea ring environment on mahseer (T putitora) (Table 1). The telencephalon area of 

hatchery reared mahseer was 22.83 ± 1.28 mm 2 was slightly less but statistically comparable to 

w ild mahseer, 25.46 ± 2. 13 mm2
. Similarly, cerebellum size of hatchery reared (3l.81 ± 3. 15 

111111 2) and wild fish (29 .1 6 ± 4.14 111m2) also showed no significant difference. However, optic 

tectul11 size of wild mahseer was considerab ly (P < 0.01) larger (70.34 ± 2.69 mm2
) as compared 

to hatchery reared mahseer (56.33 ± 2.64 mm 2
) (F ig 1) 

The total body length and total brain area ratio showed that brain size of w ild fish was 

significantly (P < 0.0001 ) higher than hatchery reared mahseer (T putitora) (Table 2, Fig 2). The 

w ild mahseer showed 28 % larger brain as compared to hatchery reared mahseer. 

Wa ter-borne cortisol levels: 

Water borne cortiso l was cons iderably higher in wild fish as compared to hatchery reared 

fish (Ta bl e 3). The non significant interaction between Population and Treatment showed that 

response of both populations to the treatments is varied. It was observed that water borne cortisol 

was higher in the w ild fish than hatchery reared fish after acute stress and no difference was 

observed in the control treatment. The significant three-way interaction between ti l11 e, population 

and treatment is indicative of the different patterns displayed by fi sh from both populations in 

both treatments over time . 

The pre stress basa l levels of water-borne cortisol in hatchery reared and wild mahseer 

were 37.75 ± 1.75 ng/L and 60.50 ± 3.43 ng/L respectively (Table 3). The water borne cortisol 

immediate ly after 5 min acute stress (chasing with dip net) increased to 39.93 ± 2.28 ng/L and 

69 .1 5 ± 3.92 ng/L in hatchery reared and wild fish population respectively. Afterward, the post 

stress levels showed co ntinuous increas ing trend up to 6 hI' in captive reared mahseer and 4 hr in 

wild mahseer and reached to the ir peak levels (Captive, 63.04 ± 1.1 5 ng/L; wild, 9l.03 ± 1.38 

ng/L). Then decreasing trend was observed (Fig 3) . The pre stress and post stress water borne 

cortiso l levels were significantly (P < 0.0001) higher in wild mahseer as compared to hatchery 

rea red co unterpart (Table 4, Fig 4). 
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Cortisol release rate 

Water supplying to c ircular tanks (experimental tanks) contain no cortisol. Cortisol 

release rate was significantly higher in wild mahseer as compared to hatch ery reared fish after 

acute stress response (Table 5) . The signifi cant relationship was found between Population and 

treatment indi cated that the two populations show different responce to the treatments. The 

repeated measure was also signifi ca nt indicat ing that cOliiso l release rates changed over time. 

The s ignifi cant three-way interaction between time, population and treatment is indicative of the 

different patterns displayed by fi sh from both populations in both treatments over time. 

The pre stress cortisol re lease rate in hatchery and wild mahseer (T pulitora) were 0.003 

± 0.27 ng/g/h and 0.017 ± 0. 54 ng/g/h respectively (Table 5), increased immediately after stress 

and fo llowed the same trend as observed for water-borne cortisol level. In wild T pulitora, the 

post stress cortisol release rate reached to peak level (5 .22 ± 0.22 ng/g/h) after 4 hr of stress and 

then dec lined and reached to 1.96 ± 0.11 ng/g/h at 6 hr, while in captive reared, the highest 

level (4 .35 ± 0.1 ~ ng/g/h ) was attained after 6 hr of acute stress (Fig 6). The cortisol release 

rate levels were higher in wi ld as compared to captive reared fish (Tab le 6, Fig 7). 

Plasma cortisol levels: 

Plasma cortiso l levels after mild capturing stress, in hatchery reared and wi ld mahseer (T 

p ulilora) were 383 .33 ± 18.30 ng/mL and 460 .82 ± 38.24 ng/mL respectively (Table 7) . Mean 

plasma cortiso l co ncentration was significantly (P < 0.0001) higher in wild mahseer as compared 

to their captive counterpart (Fig 8) . 

Plasma testosterone levels: 

Plasma testosterone levels in hatchery and wild reared T putitora are shown in Table 8. 

A significantly (P < 0.05) higher mean plasma testosterone concentration was observed in 

hatchery reared mahseer as compared to wild (Fig 9) . 
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Table 1: Comparison of total area of telen cephalon, optic tectum, cerebellum with reference to whole brain of hatchery reared 

and wild mahseel' (T. putitora). 

Population Telencephalon 

Captive 22.83± 1.28 

Wild 25.46 ± 2.13 115 

Values are presented as mean ± SEM (n= is). 
*P< 0.05; **P< 0.01; ***p < 0.0001 
ns = non significant 

Total area (mm2
) 

Optic tectum Cerebellum 

56.33 ± 2.64 31.81±3.15 

70.34 ± 2.69" 29 .16 ± 4.14115 
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Table 2: Comparison of brain to body size ratio of wild and captive reared mahseer (T. putitora). 

Population Body length (cm) 

Captive 37.49 ± 0.21 

Wild 36.62 ± 0.39 

Values are presented as mean ± SEM (n=15) . 
*P< 0.05; **P< 0.01; ***P< 0.0001 

Total brain length (mm) Body size: Br"ain size 

18.50 ± 0.29 0.003 

18.45 ±0.40 0.005*** 

Results 
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Table 3: Comparison of pre-stress and post-s tress water-borne cortisol levels (ng/L) of 

hatcher"), reared and wild mahseer (Tor putitora) at different time periods after stress (n=3). 

Time (hI'S) Water-borne cortisol (ng/L) 

Captive Wild 

Basal 37.79 ± l.75h 60.50 ± 3.43ef 

o 39.93 ± 2. 88 h 69 .15 ± 3.92d 

1 5 1.1 7±3 .37g 85 .77 ± 3 .84b 

2 49.77 ± 1.79g 80.72 ± 1.70c 

4 57.06 ± 0.8J f 91.03 ± 1.38a 

6 63 .04 ± l.15 e 70 .95 ± 0 .70d 

Data are represented as Mean ± SEM. Means fo llowed by the different letter w ithin the columns 
are significantly diffe rent (P<0.05). (ANOVA followed by LSD test). 
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Table 4: Comparison of basal and peak cortisol levels of hatchery reared and wild mahseer 

(T. jJutitora) after acute stress. 

Water-borne cortisol (ng/L) 

Population Pre-stress 

Captive 37.79 ± 1.75 

Wild 63.04 ± l.l5*** 

Values are presented as mean ± SEM. 
*p < 0.05 ; ** P < 0.01 ; ***p < 0.0001 

Post-stress 

60.50 ± 3.43 

91.03 ± 1.38'" 
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Table 5: Comparison of pre-stress and post-stress cortisol release rate (ng/g/h) of hatchery 

reared and wild mahseer (Tor putitoraj at different time periods aftel' stress (n=3). 

Time (h I'S) Cortisol release rate (ng/g/h) 

Captive Wild 

Basal 0.03 ± 0.02 f 0.017 ± 0.03 f 

o 0.35 ± 0.29 f 1.39 ± 0.62e 

1 2. 17 ± 0.53d 4.06 ± 0.61 b 

2 1.95 ± 0.28d 3.28 ± 0.27c 

4 3.03 ± 0.12c 5.22 ± 0.22a 

6 4.35 ± 0. 18b 1.96 ±0. lld 

Data are represented as Mean ± SEM. Means followed by the different letter within the columns 
are significantly different (P<0.05) . (ANOVA followed by LSD test). 
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Table 6: Comparison of basal and peak levels of cortisol release I'ate (ng/g/h) of hatchery 

re~lI'ed and wild mahscci' (T. putitora) aftcr acute sh'ess 

Cortisol release rate Cng/g/h) 

Population Pre-stress 

Captive 0. 27 ± 0.01 

Wild 0.66 ± 0.08 ** 

Va lu es are presented as mean ± SEM. 
*P< 0.05 ; ** P< 0.0 1; *** P< 0.0001 

Post-stress 

4.22 ± 0.16 

5.37 ± 0.19** 
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Table 7: Comparison of plasma cortisol levels (ng/ml) of captive reared and wild mahseer 

(T. putitol'a) 

Population Cortisol levels (ng/ml) 

Captive 383 .33 ± 18.30 

Wild 460.82 ± 38.24* ** 

Va lues are expressed as mean ± SEM (n= lS). 
*P< 0.05; ** P< 0.01 ; *** P< 0.0001 captive vs wild 

Table 8: Comparison of plasma testosterone levels (ng/ml) of hatchery reared and wild 

mahseer (T. putitol'a) 

Population Testosterone levels (ng/ml) 

Captive 0.66 ± O.lS 

Wild 0.19 ± 0.O S* 

Values are presented as mean ± SEM (11= 15). 
*P< 0.05; **P< 0.01 ; *** P< 0.000 I . captive vs wild 

-
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Fig 1: Telencephalon(T .E), optic tectum (O.T) and cerebellum (Ceb) size (mm 2
) of hatchery 

reared and wild mahseer (Tor putitora)with refrence to whole brain area . Values al·e 

presented as mean ± SEM (n=15) . 
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Fig 2: Comparison of brain to body size ratio of wild and captive reared mahseer (T. 

putitora) . 
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Fig 3: Pre-stress and post stress water-borne cortisol (ng/L) from captive and wild mahseer 

(Tor putitora). Values are presented as mean ± SEM (n=3). 
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Fig 4: Comparison of peak levels of water-borne cortisol (ng/L) from captive and wild 

mahseer (Tor putitora) after acute stress. 
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Fig 7: Comparison of pre-stress and post-sh'ess (Peak level) cortisol release rate (ng/g/h) of 

captive and wild mahseer (Tor putitora). 
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Fig 8: Plasma cortisol levels (ng/ml) of captive and wild mahseer (Tor putitora). Values are 

presented as mean ± SEM (n=15). 
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Fig 12: Photograph of hatchery reared mahseer (T. putitora) brain (A) Dorsal view (B) 

Ventral view. TC, telencephalon; OT, optic tectum; CE, cerebellum. Scale bar = tmm. 

Fig 13: Photograph of wild mahseer (T. putitora) brain (A) Dorsal view (B) Ventral view. 

TC, telencephalon; OT, optic tectum; CE, cerebellum. Scale bar = tmm. 
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The results of present study indicated the effect of rearing environment on the 

deve lopment of brain and the ir sub -structure, physio logical stress response and testosterone level 

of Mahseer (T putitora) and support the view that due to developmental plasticity the rearing 

environment plays s igni f icant role in shaping the behavior, morphology and physiological offish 

(Nas lund el al. , 2012; Kihs linger et af. , 2006; Michael et af., 2003 ; Marchetti and Nevitt, 2003). 

In the present study, wild fish showed 28% larger brain as compared to hatchery reared 

Mahseer. Our res ults are in agreel11ent with many other reports (Naslund et al. , 2012; Burns et 

at. , 2009; Kihslinger el aI., 2006; Michael et al., 2003) where captive reared S. salar, P. 

I'eliculala, 0. mykiss and 0. lshawytscha showed smaller brain as compared to their wild 

counterparts . In addition to fi sh, many other domesticated animals like sheep (Ovis aries), 

Norwegian rats (Rattus nOl'vegicus) , cats (Felis calus) and pigs (Sus scro/a) also showed 8-33% 

smaller brains as compared to their w ild counterparts (McCarter, 2012; Diamond, 2002). 

Converse ly, Can et af. (20 I 2) observed larger brain of hatchery reared Atlantic salmon (Salmo 

salol') co mpareq to streal11-run Salmo salal' and suggested that different environmental 

cond itions play important ro le in the development of brain size of fi sh in addition to structural 

intr icacy. 

Accord in~ to l11any investigators variation in brain size of captive animals occurred due 

to inbreed ing d ~press ion , the pleiotropic effects of artificial selection, increased levels of 

reprod uct ion and re laxed se lection pressure over generation (Ebinger and Rohs , 1995; Kruska, 

1996; Kruska , 1988) w hile other sc ienti sts suggested that significant differences in the size of 

whole brain and different brain sub structure is the result of the developmental consequence of 

rearin g conditi ons (Kihs linger et aI. , 2006). 

Genera lly, it has been assumed that most fish in comparison to other vertebrates shows 

indeterm inate so matic growth that a lso become visible in the central neural system (Kotrschal et 

aI , 1998) . Thus brain structures in fish may be less limited and may be affected by spatial and 

temporal constraint (Kotrschal et a I. , 1998) and show greater impact of rearing environment 

(Nas lund el al. , 201 2; Kihs linger el aI., 2006; Michael et a1. , 2003; Marchetti and Nevitt, 2003) 

as compared to vertebrates that showed determinate growth. Several scientist reported the 
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plasticity of fi sh bra in (increase in number and size of neurons, dendrite branching, cortical 

thickness) and suggested that rear in g environm ent effect the development of central nervous 

sys tem both in early stages when neural and body deve lopment take place and at the later stages 

of life (Ko lb and Whi shaw, 1998; Rosenzwe ig and Bennett, 1996). Though, developmental 

plasticity in fis hes is suggested as a potential causative factor to neural phenotype, but the extent 

of influence of surrounding env ironm ent on brain growth still need further research (Lema et 01. , 

2005; Hofman and Ferna ld, 2000). 

In fi sh, different substructures of bra in are multifunctional to some extent but their 

overa ll size norn1ally related to its ecolog ica l ni che (Shumway, 2008) . The s izes of these various 

substructures usqa lly related to the particular behavioral traits, sense and phys iological response 

of an indi vidua l (Ito et al. 2007). Several scienti st suggested that smaller variation in size of 

th ese area can show pronounced effect on various traits of an organism (Gonzalez-Voyer and 

Ko lm 2010; Kolm et 01. 2009). In the present study the size of telencephalon and cerebellum of 

captive reared fis h was s lightly less but statistically comparable to their w ild counterpart 

However, the s ize of optic tectum of w ild Mahseer was considerab ly (P < 0.01) larger as 

compared to hatchery reared Mahseer. It seems that conventional hatchery rearing environment 

profound ly affect the development of different sub -structure of brain of Mahseer T putitora. 

Kihs linger e( of, (2006) also observed the influence of rearing environment on the development 

of different brain structure of C hinook sa lm on Oncorhynchus tshawytscha and reported the 

s ignificantly l a rg~ r volume of olfactory bulb and telencephalon relative to body size in wild fish 

compared to captive reared fish. Simi larly, Marchetti and N evitt (2003) also reported smaller 

olfactory bulbs and te lencephalons re lative to body size of captive reared rainbow trout 

(Oncorhynchus mykiss) as compared to wi ld fish. 

In add ition to fi sh, environmental stimuli also effect the development of brain in other 

taxa like in birds, the rate of experience changes in the vo lume of the hippocampus by inducing 

neurogenes is (Pate l et 01. , 1997). S imil arly in mammals cell proliferation and dendritic 

arborization in the brain increased when organism exposed to enriched environments as 

co mpared to anim als on ly exposed to conventiona l hatchery environment (Van Praag et 01. , 

2000; Faherty e/ 01. , 2003). In .- birds, the rate of experience- induced neurogenesis has been 
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lin ked to changes in the vo lume of the hippocampus (Pate l et al., 1997), suggesting that changes 

in neurogenes is can generate changes in bra in s ize. 

The op ti ~ tectum in fishes is the primary visua l center that is well developed in fi sh 

which have strong v isua l behavior (Ben-Tov et al .• 201 3) . The development of optic tectum in 

different fi sh spec ies depend upon its hab itat and shoot ing and feeding behavior. Go lden 

Mahseer T putitora is a major Tor that is dwelling in mid hills stretches of Himalayan region 

and inhab its the rapid streams with ro cky bottom, riverin e pools and lakes. It usually likes the 

so mewhat clear water where its visua l behavior is well developed. Hence, optic tectum is well 

deve loped in w ild population as compared to conventional hatchery reared fish Mahseer. 

It is we ll documented that in addition to habitat, other factors like social status and 

temperature are influencing the size or number of neuroendocrine cells in the forebrain of fish 

(Semsar and G09w in, 2003; Miranda el al., 2003 ;) and may also contribute in shaping neural 

phenotype. The sterile hatchery environment or stressful rearing condition like crowding can also 

hinder the growth of bra in, brain growth could be hindered by stressful cond itions (e.g. 

crowdin g) in captivity. For example Burgess and Coss (1982) observed depressed growth of 

dendrites and arbori zation in j ewe l fi sh under crowded rearing conditions. In other group of 

animals poor nutriti on and maternal d privation a lso play role in reducing the size of brain by 

affect ing the neurogensis (Mirescu et al., 2004). No such data is ava ilable for in literature related 

to fish . The results of our study reveal that capt ive rearing environment of Mahseer is somewhat 

steri Ie and d ifi,'el'ent from natural environm ent. therefore showed negative impact on 

development of Ql'ain. 

The resu lts of present study also indi ca ted that both captive reared and wi ld population 

showed difference in extent of stress response when exposed to acute stress (chasing with dip 

net) . In fish , cortisol is extensively used as an indicator of stress, it rapidly increase in stressful 

co ndition (Zuber i et a f. , 20 11 ; Barton, 2002; Wendelaar Bonga, 1997) like aquaculture practices 

nett ing, crowd ing, handling and li ve hau lin g (Vijayan et at. , 1997; Arends et al., 1999). Cortisol 

secreti on is the maj or end res ul t of phys iological stress response and it regulates energy 

metaboli sm (Wende laa r Bonga, 1997) and effect fitness of organism. 
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Our res ul ts demonstrated the considerable d ifference in pre-stress water-borne cortisol 

leve ls and re lease rate in w ild and captive reared Mahseer. Simi larly, significant (P< 0.0001) 

d ifference in post-stress water-bo rne corti so l levels and release rate in wi ld and hatchery reared 

fish were a lso observed . The w ild M ahseer showed typical stress response that is increased in 

water borne cortisol level after I h acute stress follow ed by rapid recovery (Zuberi et al., 2011 ; 

iwama el aI. , 2096 ; Barton , 2002) whil e captive reared M ahseer showed atypical response. The 

cortiso l level in captive population increase slowly and showed continuous increasing trend even 

afte r 6 hI's. The experiment was conducted in repli cate und er the s imilar environmental condition 

by using similar stress st imulus; therefore we a re certain that variation in response appeared due 

to phys io logica l diffe rence of both populati ons. 

The results of acute stress response of wild Mahseer were similar to those observed in 

other fis h spec ies w here the stress response normally appear between 30 min and 4 hr after 

exposure to a s tr~ssor (Zliberi el al ., 20 I I; Barton, 2002; Scott et al., 2008) . For example, wild 

caught rainbowfi sh (Melanofeania duboulayi) showed marked increase in c011isol re lease rate 

w ithi n 30 min af~er expos ing stress by chas ing w ith simulated predator (Zuberi et al., 2011) and 

showed recovery trend within 4 hI' similar to observed in case of wi ld Mahseel' population 

co mpared to captive reared Mahseer. Simi larly, in rainbow trout, Oncorhynchus mykiss 

Wa lbaum plasma co rtiso l levels peaked w ithin 30 min after the onset of mild confinement stress 

(Pottinger and Moran, i 993) whi le water cortisol level peaked at 2 hI' post mild handling stress 

fo ll owed by recovery (E llis et ai" 2004). Moreover, in carp, Cyprinus carpio L cortisol levels 

returned to basa l levels after 4 hI'S of exposure to stress by capturing and holding in nets 

(Pottinger, 1998) , 

In acute stress the release of cortisol is temporary and it provide energy to cope with 

env ironment, while prolong re lease of thi s hormone resulted in adverse effects. The present 

study showed th~t in captive reared Mahseer, water borne cortisol level remained high even after 

6 h of post stress . Thi s result is in accordance to the stress response of captive reared 

Melanofeania duboulayi (Zuberi et al. , 2011 ) where water-borne cortisol increased after 4 hr of 

stress exposure and remained at e levated level. Our results of gradual increased in water-borne 

co rtos l for an extend ed period in captive reared Mahseer further showed the odd physiological 

response of hatchery reared fi sh. 
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Captive reared T pulitora besides showing difference in pattern of cortisol release rate, 

also showed v it iati on in concentrat ion of pre-stress and post stress water-borne cortiso l. The wild 

fi sh showed signifi cant ly (P < 0.000 J) hi gher level of pre-stress water-borne cortisol 

co ncentration (60. 50 ± 3.43 ng/ml) and re lease rate (0.0J7±0.03 ng/g/h) as compared to the ir 

hatchery reared counterpart. The post stress cortiso l level also followed the same trend, 

quantitative ly low in captive reared fi sh compared to wild M ahseer. The peak water-borne 

cortisol concentl:ation iq the w ild Mahseer (9l.03 ± l. 38 ng/L) was about 45% higher as 

compared to observe in captive reared Mahseer (63.04 ± l.1 5 ng/L). W ild and captive reared 

population of Me lanoleania dubolllay i al so followed the same quantitative difference in cortisol 

re lease rate and concentration (Zuberi el al., 2011) . 

Acco rding to many scienti st variations in stress response and cortisol levels after 

experiencing a stressful event is heritable factor (Fevolden et af. , 1991 ; Fevolden et al., 1993; 

Pottinger and Mosuwe 1994; Fevolden et aI, 1999) while stress responses heritability (h2
) may 

vary noticeab ly ip population and species under consideration . M any scientist suggest that even a 

s ingle generati on under hatchery conditions can showed profound effect on the behav ior of fish 

(A lvarez and N i ieza, 2003; Salonen and Peuhkuri . 2006) while repeated stressors can increase 

the heritab ili ty of plasma cortisol (Fevolden et aI. , 1999) . In hatchery-reared Atlantic salmon and 

rainbow trout h~ritabili ty value of stress response were 0.05 and 0.27 respectively, while it 

increased to 0.5 6 in ra inbow trout after repeated stressors (Fevold en et al. , 1999). Moreover 

magnitud e of corti costero id response is different among species and depends upon the duration 

and severity of stressor, environm ental conditions and developmental stage of fish (Ellis, 2004; 

Barton, 2002) . 

In fi sh bile, urine and gills are three main ways though w hich free steroids are cleared 

from plasma and, re leased into the water (Vermeirssen and Scott, 1996; Sorensen et al., 2000) . 

Mostly cortisol is re leased from anterior regiol1 of the gills (a passive ' leakage' ) due to 

concentration gradient among pl asma and surrounding water (Scott et al., 2002). Many 

investigators ad opted both invasive (From blood) and non invasive (though water) techniques for 

examining the difference in co rticosteroids response to stressors in various fish species and 

showed variable res ults w ith respect to the cortiso l concentration and release rate. This is due to 

fact that magnitud e of corti costero id response in different fi sh species depends upon the duration 
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and severity of stresso r, env ironmental conditi ons and developmental stage of fi sh (E llis, 2004; 

Barton, 2002). 

In the present study we used both invas ive and non invasive approaches to screen the 

poss ible effect of rearing env ironment on the phys iology of fi sh . The plasm a level of cortisol in 

wil d Ma hseer was 460.82 ± 38.24 ng/111 I, signifi cantly (P < 0 .0001 ) hi gher than observed in 

captive reared Mahseer (383.33 ± 18 .3 0 ng/ml) . These findings support over non invasive results 

because it is we ll documented that in fish water-borne cortisol concentration and re lease rate is 

co rrelated with the plasma cortisol concentration (Ellis et al. , 2004) . Furthermore, the results 

furth er provide evidence to the negative impact of captive rearing environment on the behavior 

and stress response of fi sh. 

The concentrati on of plasma cortiso l observed in both population fall s within the range as 

observed in oth er fis h species. Blood sampling itself is a stressful event that involves capturing 

and handling of fi sh. Therefore the plasma cortisol level in both wild and captive reared fish 

were hi gher than observed in sea raven (Hemitripterus americanus) , 260 ng/ml at 4 hr after 

intense stress (Moon and Vijayan, 1994) . Sim ilarly, hatchery reared ra inbow trout (Salmo 

gail'dneri) also s.howed lower leve ls of plasma cortiso l (155 ng/L) during net confinement as 

co mpared to cap,t ive reared Mahseer. However, peak level of cortiso l 480 ng/ml during net 

co nfin ement in w ild ra inbow trollt was s imilar as we observed in wild Mahseer after mild 

handling stress . The increased in plasma corti sol depend on various factors including fish 

species, populatipn, strength , duration and environmental factor. Because of these fact different 

species and population showed variable stress response even against similar stressor (Zuberi et 

al., 20 II ; Woodward and Strange, 1987). So me fi sh species showed low leve l of stress response 

while in others like striped bass (Marone saxali!is), plasma cortisol leve ls even reached to 2000 

ng/ml (highes t leve ls documented) during transport (Mazik et al., 1991). Although variation in 

plasma level depends on various factors but in the present study the difference reveal the 
> 

population effect because we adopted the same blood coll ecting methodology for both wild and 

captive reared fi sh. 

Capti ve rea ring environment ca n cause morphological , physiological, behavioral and 

genetic differences that in turn influence the fitn ess of fish during restocking program (Kelley et 

al. , 2006; Heath el al. , 2003) . It may cause behavior deficiencies due to intentional or un 
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intentiona l processes that effect the surviva l of species in wild environment (Brown and Laland, 

2001 ; Snyder et ul. , 1996) . For exampl e in captivity intensive culture system is in practice for the 

enh anced prod uct ion by selecti ng different trait but this pract ice indirectly effect the other 

assoc iated tra it li ke hi gher growth rate re lated to aggress ion (Price, 1988). It is welllmown that 

captive bred fi sh di splay more aggress ive behavior than wild counterpart. In captivity fish are 

engaged in aggress ive interact ions as co mp ared to natura l environment where wild fish are 

preoccupied with searching for food (Kelly e/ al., 2006) . Majority of the scientist related the 

aggress ive behav ior of captive bred fi sh w ith stocking density, sex, habitat structure etc while 

so me suggest th ~ involvement of biological factor like testosterone in modulating aggressive 

behav ior (Carre <\ nQ McCormick. 2008; Simpson, 2001). 

In the present study. the mean plasma testosterone concentration in hatchery reared fish 

was significantly: (P < 0.05) higher as compared to wild fish . Many investigators showed the 

strong re lat ionship between tes tosterone leve l and aggress ion / dominant behaviors (Trainor and 

Ne lson, 2007;S impson, 200 I). In an imal aggress ion is considered as a response of some of 

stimuli whi ch co nveys de leter ious st imuli to other indiv idual. A lthough the animals can show 

var io Li s forms of aggress ion like fear-induced , predatory, irritab le, territorial, maternal and 

inter-male (Moyer, 1968) but androgens only showed association with territorial and inter-male 

aggress ion and ~o not show any Involvement with other type of aggression like predatory attack 

(Berm ond el a!. , 1982) . Later on many scientists working on different species of vertebrates and 

invertebrates a lsq provided the evidence and support of view that testosterone is associated with 

inter-male aggre.ss ion and territorial defense (insects: Trumbo, 2007; Scott, 2008; rodents : 

Oyegbile and fvJ.arler, 2005 ; non-human primates: Muller and Wrangham, 2004; Cristobal

Azkarate el at. , 2006; birds : W ingfie ld el at., 1990; fish: Oliveira et at., 1996) . According to 

them tes tosterone leve l is generally associated with situational cues, mainly cues signaling intra 

sexual competition and dominant behav iors (Wingfield et al. , 1990). 

Rearin g environm ent can promote aggress ive behavior in fishes (reviewed: Ruzzante, 

1994). For example, ra inbow trout (Oncorhynchus mykiss) showed increased aggressive and 

dominant behav ior, when fi sh provided structurally enriched hatchery tanks or stream 

environments (Berej ikian et at., 2001). According to Ruzzante (1994) in captivity selective 

processes can favor aggress ive behavior like if aggression favors the individual to gain more 
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food in feedi ng comp letion (e.g. feeding regime). It is also reported that in high density tank, fish 

become habituated to take food from particular part of tank/pond, thus dominant fish adopted to 

defend that part icular area for rece iving food. In this situation the appearance of aggression is the 

resu lt of un -intentional selection (Kelley el af., 2006) . However, intentional selection for fast 

growth in sa lm on id s, may affect the endocrine regulation systems which in turn could affect the 

appearance of other behav iors I ike risk-sensitive behaviors and aggress ion (Fleming et af., 2002). 

In the present study, we co ll ected the hatchery reared fish from Mahseer hatchery Hattain 

where semi-intensive culture system in earthen pond is in practice. It seems that at hatchery, the 

hab itat stru cture, water quality and other environment condition are different as compared to 

natu ra l environn)ent, therefore captive reared Mahseer showed difference in the phys iological 

stress respo nse apd testosterone levels, The difference between hatchery reared and wild fish can 

be decrease by qhanging the structure of hab itat (Mikheev et af ., 2005). In literature, scientist 

showed var iabl e effect of habitat complex ity on the behavior of fish results like male butterfly 

sp litfi ns showec! more aggressive behavior in the structured environment compared to 

unstructured one (Kelley et al., 20 II ) whil e zebrafish and brown trout showed a decrease in 

aggress ion w ith increas ing habitat complexity (Sundbaum and Naslund, 1998) . Moreover, 

M ikheev et al. (2005) reported increased aggression in perch (Perea fluviatilis) in the presence 

of a shelter. Fro m the studies it appears that stocking density, culture condition, feeding 

pract ices and habi tat complexity are the major contributing fact in modulating the aggression in 

fish but all these factors are directly related to fish species because every species is unique in its 

requirement. 

In our study, plasma testosterone levels (0.66 ± 0.1 5 ng/ml) in hatchery reared Mahseer 

(T putitora) wer~ comparable to those reported by Ismail et al. (2011) in captive Mahseer (Tor 

tG/nbroides) (0.83 ng/ml).Conversely, depending upon the fish species, plasma testosterone 

leve ls show remarkable variation as repo rted in various literatures. For example, the testosterone 

level was O. J 25-0. 11 7 ng/ml in rohu Labeo rohita (Sen et a f. , 2002) and 0.06 ng/ml in giant 

Mekong catfis h (P.g igas) (Manosro i et af., 2003). The variation may be due to species difference 

and the stage of co llect ion of sampl es because it is sex rel ated hormone and showed seasonal 

va riati on (Ismail et af. , 2011; Zuberi et at., 2002). Although in the present study both wild and 

capt ive reared fish were co ll ected in the same time of the year and showed variation in 
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testosterone level but still further extensive research is required to screen the possible role of this 

hormone in the aggression of fis h. 

We also observed inverse relationship between plasma testosterone and cortisol level in 

both wild and captive reared. In wild population plasma cortisol level was high but testosterone 

level was low as compared to captive reared counterpart where testosterone level was high and 

cortiso l level W~tS low . It seems that cortisol level suppress the level of testosterone. This 

suppress ive effect of cortisol was also observed in mature male brown trout Salmo trutta L 

(Pickering ef 01. , 1987) . Accord ing to Saez ef 01. (1977) the increase plasma corticosteroids in 

stress conditions can b lock the synthesis and re lease of androgens in plasma. There are many 

factors th at can e levate or suppress the secret ion of testosterone like social interaction, pH, toxin 

seaso nal variation etc (Truscott el at., 1983 ; Freeman et 01., 1983 ; Lee and Gerking., 1980). 

Freeman ef 01. (1983) observed higher plasma testosterone concentrations and 11 -

ketotestosterone leve ls in At lantic salmon (Sa111l0 solar) inhabited Medway River having pH 5.6 

as compared to dwelling in Westfield River where pH was 4.7. Testosterone, a sex steroid, is 

directly involved. in reproductive behavior. In view of the involvement of number of factors in 

the status of testosterone more comprehensive experiment are required to confirm the 

relationship of testosterone and &ggressive behav ior in Mahseer. 

The results of present study reveal the impact of rearing environment in shaping the 

behavior, development of brain and physio logica l stress response of fish. The smaller brain to 

body size ratio , red uced optic tectulll, atypical stress response and high level of testosterone in 

capt ive reared Mahseer as compared to wi ld counterpart indicated the difference in both 

populat ion and support the data that showed the negative impact of hatchery rearing environment 
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