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ABSTRACT 
 

As a stress biomarker, glucocorticoids (GCs) concentration in wild animals shows how well a 
species copes with confinement. In captivity, the animal may suffer from many health problems 
such as weight loss, irreversible glucocorticoid changes, immune system abnormalities, and 
reproductive suppression. The review mainly focuses on the effect of transferring wild-caught 
animals to captivity on stress-related physiological systems such as weight changes, glucocorticoid 
modulation, adrenomedullary control, and effects on immune and reproductive systems. The GCs 
concentration pattern on species-wise variation is recorded, and the detection technique and 
alleviation process is also discussed. 
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I. Introduction  
Stress is a condition that endangers or appears to endanger the homeostasis of an individual, and in 
response to stress, an individual adapts a series of mechanisms aimed at protecting and restoring 
homeostasis (Möstl and Palme, 2002; Sapolsky, 2000). Stress responses play a crucial role in allowing 
animals to cope with change and challenges to face both environmental certainty and uncertainty 
(Sheriff et al., 2011). The goal of keeping wild animals in captivity is for conservation, research, 
agriculture, the exotic pet trade, and entertainment (Morgan and Tromborg, 2007). Animals kept in 
captivity have a comfortable home and plenty of food. Although the basic needs of animals are met in 
captivity, the conditions of confinement can result in physiological stress, especially in newly captured 
animals (Fischer and Romero, 2019). Human presence, an unfamiliar environment, artificial light 
conditions, confinement, dietary changes, and handling of animals are all unpredictable and 
uncontrollable inputs that may activate the stress response (Morgan and Tromborg, 2007). The 
behaviour and adrenal activity of animals are also influenced by visitors (Pifarre et al., 2012).  
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The stress response is mediated by several hormones, including ACTH, glucocorticoids, 
catecholamines, prolactin, and others (Moberg, 2000). In stress conditions, glucocorticoid hormones, 
mainly cortisol, are secreted by the adrenal glands and regulate energy and maintain homeostasis 
(Sapolsky et al., 2000). Increased plasma levels of glucocorticoid hormones like corticosterone are 
critical physiological reactions to stressful events in vertebrates (Moore and Jessop, 2003; Romero, 
2004). Most taxa, including birds (Cockrem and Silverin, 2002), reptiles (Cash et al., 1997), mammals 
(Lopez-Olvera et al., 2007), and amphibians (Mosconi et al., 2006), exhibit this response. Cortisol 
levels that are too high can impact the behaviour of animals (O'Connor et al., 2000). In wild animals, 
short-term captivity is known to cause a hormonal stress response (Mosconi et al., 2006). In long term 
captivity, the increased level of cortisol may influence behaviour (more aggression, moving, and 
grooming activities) and physiological functions such as depression, hypertension, loss of body weight, 
reproductive failure, immunosuppression, and a shorter life span (Birke, 2002; Breazile, 1987; Palme, 
1997).  
 
To keep the animals healthy, stress symptoms should be decreased or eliminated. In mammals, the 
relationship between stress hormones and leukocytes has been extensively established (Dhabhar et 
al., 1994). Ornithologists are increasingly using the neutrophil/heterophil ratio to demonstrate the 
consequences of various stressful conditions, such as transit stress (Groombridge et al., 2004) and 
reproductive output (Moreno et al., 2002). The success of modern zoos and safaris is dependent on 
achieving and maintaining high animal care standards. Therefore, stress levels should be eliminated, 
and better management should be provided to ensure animal welfare.  The review documented the 
effects of stress on captive animals, especially the patterns of change in baseline and integrated GCs. 
Finally, some mitigation process is discussed to improve the condition of captive animals. 
 
 

II. Materials and Methodology  
Published literature on glucocorticoids as a stress indicator was collected from PubMed, Scientific 
Gate, Google Scholar, and E-Journals of ISI (Institute for Scientific Information). The following 
keywords were used to search the literature: "glucocorticoids," "captivity," "stress," "physiology," or 
"endocrinology," and related words. The searched items or publications were thoroughly checked, 
downloaded in detail, and reviewed. Only the original research data containing publications written in 
English were included for our review. The abstracts of the research articles that had data regarding 
our interests were selected for review of the full content. The research work was thoroughly revised 
and sorted out to meet the field of interest. The full articles were managed in PDF format using 
Mendeley, a reference management software. We, therefore, devised the following criteria to 
determine whether papers should be included: (a) GCs elevated in captivity (b) GCs increase at 
capture then decrease (c) GCs lower in captivity (d) High initial GCs decrease after the captivity (e) No 
effect of GCs (f) Impact of stress on captive animal 
 
Publications  
Primarily, we found 210 articles that could meet the area of interest. A total of 140 articles contained 
original research data, and the English language was used to write up to 125. Out of 125, we 
considered 56 reports for our study due to a lack of detailed information in the remaining papers 
(both quantitative and qualitative) on glucocorticoid concentration in captive wild animals. 
 

                 
  
 
 
 
                                                                            
 
 
             
  

Initial search result (n=210) 

Article not research manuscript (n=80) 

Original article (n=140) 

Body of article not English (n=15) 

Article in English (n=125) 

Lack of details information (n=69) 

Article fully reviewed (n=56) 
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Species-wise analysis  
Among the surveyed species, the highest number of works, 15 (40.54%), were accomplished on 
mammals, followed by birds, 9 (24.32%); reptiles, 7 (18.91%) and amphibians, 6 (16.21%) (Table 01). 
It is observed that more research studies on glucocorticoid concentration were performed on 
mammalian species than on other animals (Figure 01). 
 

 
Figure 01. Research on GCs (Species-wise analysis) 

 
 

III. Glucocorticoids level in wild animals 
Under stress conditions, GCs are secreted from the adrenal glands and cause many health problems to 
the animal. So GCs can be a valuable source of knowing the stress level in animals. The review 
documented the data about the species, the duration of the study, the sample used for GC 
determination, ranges of GC concentration, as well as the GC concentration in different conditions to 
know the worldwide scenario of the stress level in animals. 
 
Table 01. Patterns of change in baseline and integrated GCs when wild animals are brought into 
captivity 

Mammals 

Species 
Study 
duration 

Sample used for 
GC 
determination 

Detection 
technique 

Detection  
ranges 

GC 
concentration 
pattern in 
captivity 

Normal 
level of 
cortisol 

Canada lynx (Lynx 
canadensis) (Fanson et 
al., 2012) 

Long term 
(unknown) 

Faecal 
Glucocorticoids 
Materials 
(FGMs) 

EIA 350 ng/ml 

Elevated  
 
 

25 
ng/ml 

Spider monkey (Ateles 
geoffroyi yucatanesis) 
(Rangel-Negrín et al., 
2009) 

Long term 
(unknown) 

FGMs RIA 
1925.4 
ng/g 

1224.2 
ng/g  

Grevy’s zebra (Equus 
grevyi) (Franceschini et 
al., 2008) 

6 weeks FGMs  RIA 25.1 ng/gm 
14.6 
ng/gm 

Black rhinos 
White rhinos 
(Ceratotherium simum) 
(Linklater et al., 2010; 
Yang et al., 2019) 

75 days FGMs RIA 

Black Rhino 
(Male 23.9 
ng/gm;  
Female 24.5 
ng/gm) 
White Rhino 
(Male 12.3 
ng/gm;  
Female 16.3 
ng/gm) 

9.34 
ng/gm 

Degu (Octodon degus) 
(Quispe et al., 2014) 

>1 year Plasma RIA 150 ng/ml 

No effect 

100ng/
ml 

Harbor seal (Phoca 
vitulina) (Trumble et al., 
2013) 

>4 weeks Plasma RIA 125 ng/ml 
148 
ng/ml 

Mammals, 
40.54%

Brids, 
24.32%

Reptiles, 
18.91%

Amphibians, 
16.21%
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Mammals 

Species 
Study 
duration 

Sample used for 
GC 
determination 

Detection 
technique 

Detection  
ranges 

GC 
concentration 
pattern in 
captivity 

Normal 
level of 
cortisol 

Tuco-tuco (Ctenomys 
talarum) (Vera et al., 
2011) 

30 days Plasma RIA 18.97ng/ml 
14.40 
ng/ml 

Chacma baboon (Papio 
ursinus) (Steyn, 1975) 

Peak: 4 
weeks 
approach 
long term 
captives by 
7 weeks 

Plasma RIA 
141 
mg/100 ml 

Increase at 
capture, then 
decrease to 
approach 
wild baseline 

99.90 
mg/100 
ml 

African green monkey 
(Cercopithecus aethiops) 
(Suleman et al., 2004) 

Peak: 1 day 
approach 
free-living 
by 2 days 

Plasma RIA 
530 
nmol/L 

391 
nmol/L 

Richardson’s ground 
squirrel (Urocitellus 
richardsoni) (Hare et al., 
2014) 

Peak: 3-5 
days 
approach 
free-living 
by 6 days 

FGMs RIA 
161.04 
ng/ml 

104.99 
ng/ml 

Harbor porpoise 
(Phocoena phocoena) 
(Siebert et al., 2011) 

Long term  Plasma  RIA 122 μg/L 

Lower 

338.6 
μg/L 

Gilbert’s potoroo 
(Potorous gilbertii) 
(Stead-Richardson et al., 
2010) 

Long term  FGMs  RIA 6 ng/ml 
10.5 
ng/ml 
 

Harbor seal (Phoca 
vitulina) (Gardiner and 
Hall, 1997) 

Long term  Plasma  ELISA 
444.2 
nmol/l 

829.5 
nmol/l 

Bushtail possums 
(Trichosurus volpecula) 
(female) (Baker et al., 
1998) 

Decreased 
from week 1 
to 20 

Plasma RIA 34 ng/ml 
Elevated at 
wild baseline 
decrease 
over capture 
period 

13 
ng/ml 

Meadow vole (Microtus 
pennsylvanicus) (Olsen 
and Seabloom, 1973) 

Decreased 
from day 1 
to day 70 

plasma 

Fluorometr
ic 
Determinat
ion 

Male 1397 
ng/ml 
 
Female 
1562 ng/ml 

Male 
300 
ng/ml 
Female 
590 
ng/ml 

 
Birds 

Species 
Study 
Duration 

Sample used 
for GC 
determination 

Detection 
technique 

Detection  
ranges 

GC 
concentration 
pattern in 
captivity 

Normal 
level of 
cortisol 

White crowned sparrow 
(Zonotrichia leucophrys) 
(Marra et al., 1995) 

35 days Plasma RIA 
16.45 
ng/ml 

Elevated 

13.25 
ng/ml 

Blackbirds (Turdus 
merula) (Adams et al., 
2011) 

22 days Plasma RIA 6.8 ng/ml 
2.2 
ng/ml 

House sparrow (Passer 
domesticus) (Fischer and 
Romero, 2016) 

7 days Plasma RIA 4.8 ng/ml 
1.2  
ng/ml 

Southern pied babblers 
(Turboides bicolor) 
(Jepsen et al., 2012) 

5 days FGMs EIA 
73.49 
ng/ml 

21.46 
ng/ml 

House sparrow (Passer 
domesticus) (Martin et 
al., 2011) 

Up to 4 
weeks 

Plasma  ELISA 20 ng/ml No effect 
1.2  
ng/ml 
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Birds 

Species 
Study 
Duration 

Sample used 
for GC 
determination 

Detection 
technique 

Detection  
ranges 

GC 
concentration 
pattern in 
captivity 

Normal 
level of 
cortisol 

House sparrow (Passer 
domesticus) (Kuhlman 
and Martin, 2010) 

Peak: Days 
1-2 
approach 
free-living 
by 1 month 

Plasma  EIA 20 ng/ml 
Increase at 
capture, then 
decrease to 
approach 
wild baseline  

1.2  
ng/ml 

White crowned sparrow 
(Zonotrichia leucophrys) 
(Wingfield et al., 1982) 

Peak: Days 
1-2 
approach 
free-living 
by day 14 

Plasma  RLA 
25.39 
ng/ml 

15.77 
ng/ml 

European starling 
(Stumus vulgaris) (Cyr 
and Romero, 2008) 

Unknown  FGMs RIA 7 ng/ml Lower  
55 
ng/ml 

Red knot (Calidris 
canutus) (Piersma and 
Ramenofsky, 1998; 
Piersma et al., 2000) 

Decreased 
from first 
sample to 2 
years  

Plasma  RIA 30 ng/ml 

Elevated at 
wild baseline 
decrease over 
capture 
period 

40ng/
ml 

 
Reptiles 

Species 
Study 
Duration 

Sample used 
for GC 
determination 

Detection 
technique 

Detection  
ranges 

GC 
concentration 
pattern in 
captivity 

Normal 
level of 
cortisol 

Tuatara (Sphenodon 
punctatus) (female) 
(Tyrrell and Cree, 
1994) 

Unknown  Plasma  RIA 

Captive juvenile 
female 4.21 
ng/ml 
Wild juvenile 
female 2.44 
ng/ml 

Elevated  

1.28-4.65 
ng/ml 

Tree lizard (Urosaurus 
ornatus) (Moore et al., 
1991) 

Up to 3 
weeks  

Plasma  RIA 20 ng/ml 10ng/ml 

Water snake (Nerodia 
sipedon) (Sykes and 
Klukowski, 2009) 

5-8 days Plasma  ELISA 310 ng/ml 
275 
ng/ml 

Brown tree snake 
(Boiga irregularis) 
(Mathies et al., 2001) 

3 days  Plasma  RIA 

Male 49.30 
ng/ml 
Female 56.87 
ng/ml 

Male 
4.41 
ng/ml 
Female 
8.71 
ng/ml 

Tuatara (Sphenodon 
punctatus) (male) 
(Tyrrell and Cree, 
1994) 

Unknown  Plasma  RIA 3.61 ng/ml 

No effect  

2.48 
ng/ml 

Kutum (Rutilus frisii 
kutum) (Nikoo et al., 
2010) 

3 days  Plasma  RIA 308 ng/ml 
378 
ng/ml 

Skink (Egernia whitii) 
(Jones and Bell, 2004) 

Peak: 1 day- 
1 week 
approach 
free-living 
by 4 weeks  

Plasma  RIA 24.8 ng/ml 

Increase at 
capture, then 
decrease to 
approach 
wild baseline  

5.3 
ng/ml 
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Amphibians 

Species Study Duration 
Sample used 
for GC 
determination 

Detection 
technique 

Detection  
ranges 

GC 
concentration 
pattern in 
captivity 

Normal 
level of 
cortisol 

Cururu toad (Rhinella 
icterica) (De Assis et al., 
2015) 

3 months  Plasma  EIA 65 ng/ml 

Elevated 

9 ng/ml 

Toad (Rhinella schneideri) 
(Titon et al., 2017; 
Narayan et al., 2012) 

60 days Plasma  EIA 
4.24 
ng/ml 

31.3 
pg/µg 

Cane toad (Rhinella 
marina) (Narayan and 
Hero. 2011) 

Peak: Day 5 
approach free-
living by Day 12 

Urine  RIA 
600 
pg/µg 

Increase at 
capture, then 
decrease to 
approach 
wild baseline  

200 
pg/µg 

Cane toad (Rhinella 
marina) (Narayan et al., 
2012) 

Peak: Day 4 
approach free-
living by Day 14 

Urine  EIA 
66.3 
pg/µg 

31.3 
pg/µg 

Fijian ground frog 
(Platymantis vitiana) 
(Narayan and Hero, 2011) 

Peak: Day 5 
approach free-
living by Day 25 

Urine  EIA 
113.93 
pg/µg 

34.74 
pg/µg 

Tod (Rhinella icterica) 
(Titon et al., 2018) 

Decreased from 
days 30 to 60 

Plasma  RIA 3ng/ml Lower  18 ng/ml 

 

IV. Glucocorticoids concentration pattern-wise analysis 
Most of the research findings have shown that elevated glucocorticoids concentrations at 14 (37.83%) 
in captivity, followed by increased glucocorticoids at capture, then decreased to approach wild 
baseline, 8 (21.62%), the same percentage of lower and no effect on glucocorticoid concentration in 
captivity, 6 (16.21%), and then elevated glucocorticoids concentrations at wild baseline decreased 
over the capture period, 3 (8.1%) (Figure 02). 
 

 
Figure 02. Patterns of change in baseline and integrated GCs when wild animals are brought 
into captivity 
 

V. Detection technique 
GCs concentrations are one of the most commonly utilized measures to assess captivity stress. Acute 
stress causes a brief increase in GCs. Long-term stressor exposure, on the other hand, typically causes 
alterations in GC regulation that vary depending on the species and conditions (Dickens and Romero, 
2013). Thus monitoring glucocorticoid levels can be a valuable tool to provide information on the 
stress level experienced by the animals. Glucocorticoid levels can be found in blood, faeces, hair, etc. 
(Cockrem, 2005; Goymann et al., 1999). The most frequent method for measuring GCs is quantifying 
them in circulating plasma (Sheriff et al., 2011). Nowadays, the assessment of hormone matrix using 
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faeces is a widely accepted approach. The benefit of faeces collection is, easy to collect, animals are 
usually not disturbed during sample collection, and sampling is feedback-free due to the absence of 
capture and handling (Ganswindt et al., 2012).  
 
Enzyme-Linked ImmunoSorbent Assay (ELISA), Chemiluminescent Immuno Assays (CLIA), Radio 
Immuno Assays, mass spectrometry (MS), and other immunoassays are the most commonly used for 
detection and quantification of cortisol.  
 
In immunoassays, antibodies are used to produce a signal and subsequently determine the 
concentration of the target compound (i.e., the analyte); in an ELISA, one of the employed antibodies is 
modified (enzyme-conjugated) to be able to produce an optical signal after administration of the 
substrate;  in a competitive CLIA, the target compound (e.g., cortisol or cortisone) is labeled by 
chemiluminescent tracer substance (Hogenelst et al., 2019). When a specific antibody is added to the 
labelled antigen, they will bind to each other. Another immunoassay method (LFIA) is the Lateral Flow 
Immuno Assay, typically employed for qualitative evaluations (Posthuma-Trumpie et al., 2009). In 
particular, a liquid is placed on a strip and moved over a test strip through several compartments as it 
passes over a liquid (such as urine or saliva). As a result, a coloured strip will appear if the analyte is 
present.  
 
Mass-spectrometry (MS) is a technique that separates compounds based on their polarity and detects 
them based on their mass and charge. Because of its great specificity and sensitivity, it is regarded as 
the gold standard for cortisol measurement (Miller et al., 2013; Perogamvros et al., 2010; Baid et al., 
2007).  
 
The Radio Immune Assay (RIA) and High-Performance Liquid Chromatography are the common 
detection techniques to measure faeces' GCs levels (Ganswindt et al., 2012). 
 
VI. Impact of elevated glucocorticoid concentration on animals 
GC concentrations were one of the most common approaches to quantifying captivity stress. GC 
hormones (mostly cortisol in fish and most mammals; primary corticosterone in reptiles, birds, 
amphibians, and rodents) are produced by the adrenal cortex and have a variety of actions throughout 
the body (Fischer and Romero, 2019).  Acute stresses cause a spike in GCs that is quickly controlled by 
negative feedback. Changes in GC regulation are common after long-term stressor exposure. But 
depending on the species and the environment, different parts of the GCs response (baseline 
concentrations, stress-induced concentrations, or negative feedback) and the direction of change are 
impacted (Dickens and Romero, 2013). The GCs of different animals are not affected by captivity. In 
16.21% (6 of 37) of the studies, there was no recorded difference in GCs during or after captivity 
compared to free-living levels. However, in most studies, captivity caused a change in baseline or 
integrated GCs. In 37.83% of studies (14 of 37), wild animals had increased GCs at the end of the 
capture period compared to concentrations in free-living animals (3 days to several years). 
Traditionally, elevated GCs have been considered a sign that animals are persistently stressed. This 
stress state can have serious consequences for animals, some of which are discussed in this article. 
 
Weight loss 
When wild animals are brought into captivity, they frequently lose weight for a time. According to a 
study of wild animals taken into captivity, 64 % of the animals examined exhibited a decrease in bulk 
as a result of being imprisoned at least during the first catch phase (Fischer and Romero, 2019). In 
captivity, chronic stress is most likely to blame for weight loss. Weight loss has been observed in 
mammals (Flügge, 1996), birds (Rich and Romero, 2005) and fish (Rich and Romero, 2005). Weight 
loss is the most prevalent symptom of persistent stress (Dickens and Romero, 2013). Weight loss was 
not the only trend observed in captivity. Fischer and Romero, 2019 found that 17% of the studied 
animals acquired weight beyond their initial condition during their investigation (Fischer and Romero, 
2019). Because of the greater food available in confinement, certain animals may maintain their 
weight. On the other hand, other animals may grow obese due to unrestricted availability to food and 
exercise limits and suffer the negative consequences of having a big body mass or body fat content 
(West and York, 1998). In a study with domesticated budgerigars, birds were fed ad libitum and 
housed in cages with limited movement, and high body mass at the end of 28 days was linked to 
greater DNA damage (Larcombe et al., 2015). 
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Immune consequences 
Stress has some effects on the immune system. Increased GCs have a temporary or long-term impact 
on leukocyte populations, accounting for these changes. Lymphocytes moving from the bloodstream to 
the skin, spleen, and lymph nodes, where they will be ready in the event of a wound, can occur as a 
result of GCs (Dhabhar and McEwen, 1997). Neutrophils (most vertebrates) and heterophils (birds and 
some reptiles) can both multiply and mobilize in response to GCs (Dale et al., 1975; Gross and Siegel, 
1983). As a result of these effects on leukocyte populations, the neutrophil or heterophil to 
lymphocyte ratio (N or H: L ratio) alters (Dhabhar and McEwen, 1997). A change in the N or H:L ratio 
does not always mean that the immune system of an animal is underactive or overactive. Instead, it 
serves as a supplementary indicator, similar to GC secretion. Davis et al. (2008) found that a long-term 
increase in the N or H:L ratio, equal to a long-term increase in circulating GCs, can suggest that an 
animal is stressed. Overall, it appears that confinement has no distinct immune regulatory pattern. 
Although it has been shown that captivity reduces immune activity in some animals (e.g., red knots 
and toads), it has also increased immune function in others. Gene expression for pro-inflammatory 
cytokines was higher in imprisoned house sparrows (2 and 4-week captives) than in recently acquired 
animals in house sparrows, indicating that captive birds are more prone to inflammation (Martin et al., 
2011). CGs release is most likely linked to changes in the immune system's response to prolonged 
stress. The impact of GCs on the immune system, on the other hand, can be complicated. GCs often 
induce an immunological response in the short term, but they may be immunosuppressive in the long 
run (Dhabhar and McEwen, 1997; Martin, 2009). It is impossible to predict whether captivity 
conditions will result in appropriate or inappropriate immune activity because the interaction 
between GCs and immunity is complex and context-specific. 
 
Reproductive function 
The adverse effects of captivity on reproductive biology have been well documented. High GC levels 
are likely linked to a reduced ability to reproduce. GCs may help reduce the negative effects of 
reproductive hormones (Sapolsky et al., 2000). Long-term GC exposure can influence gonad growth, 
egg maturation, sperm production, and behaviour by lowering testosterone and estradiol levels. A 
drop in sex hormones was followed by increased GCs in green tree frogs. (Zerani  et al., 1991). Despite 
GC levels being below free-living values for most of the confined period, males had suppressed faecal 
testosterone, and females had suppressed faecal progestins in black rhinos (Linklater et al., 2010). 
 
VII. Alleviation of stress in captivity  
One of the simplest methods to minimize chronic stress symptoms is to change the physical conditions 
of captivity. In European starlings (long term captivity) (Dickens and Bentley, 2014), transferring from 
outdoor to indoor cages resulted in lower reproductive hormones and behaviours, as well as weight 
loss and immunological function (Dickens and Bentley, 2014). The size and density of the cage play a 
role in the development of chronic stress. During the initial captivity period high-density housing 
resulted in elevated GCs compared to low-density housing (Bolasina, 2011). Adding a female to a cage 
of male brown-headed cowbirds (who had previously been housed alone) resulted in lower plasma 
GCs and higher testicular regeneration. For visual species, lighting conditions could be critical. Under 
low flicker rate fluorescent lights, European starlings display more behavioural symptoms of chronic 
stress than under high flicker rate fluorescent lights (Evans et al., 2012), but low flicker rate 
fluorescent lights do not elicit a GC response (Greenwood et al., 2004). Particularly for poikilotherms, 
temperature conditions should be carefully considered. During the first transfer to captivity, warm 
conditions resulted in significant mortality in sardines (Marçalo et al., 2008) and increased GCs in cane 
toads (Narayan et al., 2012). 
 
 

VIII. Conclusion 
Captivity, a new site, travel, social tension and hostility, human disturbances, and predator exposure 
have all been used to identify adrenocortical activity using GCs. Captivity has been proven to raise 
baseline GCs and impair adrenal sensitivity in the literature. Even if the animal's basic needs are 
supplied, high GCs in many species can persist for months or years after capture, resulting in chronic 
stress. As a result, stress may impact the physical, psychological, and reproductive behaviour of zoo 
animals. Individual animal factors (such as species traits, genetics, temperament, and previous 
experience) play a role in how well an animal copes with environmental conditions (e.g., social 
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grouping, enclosure design, and sensory environment). The most noteworthy finding of this study is 
that GCs are generally higher in captivity and have a deleterious influence on captive animals. 
 
 
IX. References 

[1]. Adams, N. J., Farnworth, M. J., Rickett, J., Parker, K. A. and Cockrem, J. F. (2011). Behavioural 
and corticosterone responses to capture and confinement of wild blackbirds (Turdus 
merula). Applied Animal Behaviour Science, 134(3-4), 246-255. 
https://doi.org/10.1016/j.applanim.2011.07.001 

[2]. Baid, S. K., Sinaii, N., Wade, M., Rubino, D. and Nieman, L. K. (2007). Radioimmunoassay and 
tandem mass spectrometry measurement of bedtime salivary cortisol levels: a comparison of 
assays to establish hypercortisolism. The Journal of Clinical Endocrinology and 
Metabolism, 92(8), 3102-3107. . https://doi.org/10.1210/jc.2006-2861 

[3]. Baker, M. L., Gemmell, E. and Gemmell, R. T. (1998). Physiological changes in brushtail 
possums, Trichosurus vulpecula, transferred from the wild to captivity. Journal of 
Experimental Zoology, 280(3), 203-212. https://doi.org/10.1002/(SICI)1097-
010X(19980215)280:3<203::AID-JEZ1>3.0.CO;2-R 

[4]. Birke, L. (2002). Effects of browse, human visitors and noise on the behaviour of captive orang 
utans. Animal Welfare Potters Bar, 11(2), 189-202. 

[5]. Bolasina, S. N. (2011). Stress response of juvenile flounder (Paralichthys orbignyanus, 
Valenciennes 1839) to acute and chronic stressors. Aquaculture, 313(1-4), 140-143. 
https://doi.org/10.1016/j.aquaculture.2011.01.011  

[6]. Breazile, J. E. (1987). Physiological basis and consequences of distress in animals. Journal of 
The American Veterinary Medical Association, 191, 1212-1215. 

[7]. Cash, W. B., Holberton, R. L. and Knight, S. S. (1997). Corticosterone secretion in response to 
capture and handling in free-living red-eared slider turtles. General and comparative 
endocrinology, 108(3), 427-433. https://doi.org/10.1006/gcen.1997.6999  

[8]. Cockrem, J. F. (2005). Conservation and behavioral neuroendocrinology. Hormones and 
Behavior, 48(4), 492-501. https://doi.org/10.1016/j.yhbeh.2005.03.008  

[9]. Cockrem, J. F., and Silverin, B. (2002). Sight of a predator can stimulate a corticosterone 
response in the great tit (Parus major). General and comparative endocrinology, 125(2), 248-
255. https://doi.org/10.1006/gcen.2001.7749  https://doi.org/10.1006/gcen.2001.7750  

[10]. Cyr, N. E. and Romero, L. M. (2008). Fecal glucocorticoid metabolites of experimentally 
stressed captive and free-living starlings: implications for conservation research. General and 
Comparative Endocrinology, 158(1), 20-28. https://doi.org/10.1016/j.ygcen.2008.05.001  

[11]. Dale, D. C., Fauci, A. S. and Wolff, S. M. (1975). Comparison of agents producing a neutrophilic 
leukocytosis in man. Hydrocortisone, prednisone, endotoxin, and etiocholanolone. The Journal 
of clinical investigation, 56(4), 808-813. https://doi.org/10.1172/JCI108159  

[12]. Davis, A. K., Maney, D. L., and Maerz, J. C. (2008). The use of leukocyte profiles to measure 
stress in vertebrates: a review for ecologists. Functional Ecology, 22(5), 760-772. 
https://doi.org/10.1111/j.1365-2435.2008.01467.x  

[13]. De Assis, V. R., Titon, S. C. M., Barsotti, A. M. G., Titon Jr, B., and Gomes, F. R. (2015). Effects of 
acute restraint stress, prolonged captivity stress and transdermal corticosterone application 
on immunocompetence and plasma levels of corticosterone on the cururu toad (Rhinella 
icterica). The Public Library of Science, 10(4), e0121005. 
https://doi.org/10.1371/journal.pone.0121005  

[14]. Dhabhar, F. S. and Mcewen, B. S. (1997). Acute stress enhances while chronic stress suppresses 
cell-mediated immunityin vivo: A potential role for leukocyte trafficking. Brain, behavior, and 
immunity, 11(4), 286-306. https://doi.org/10.1006/brbi.1997.0508  

[15]. Dhabhar, F. S., Miller, A. H., Stein, M., McEwen, B. S. and Spencer, R. L. (1994). Diurnal and acute 
stress-induced changes in distribution of peripheral blood leukocyte subpopulations. Brain, 
behavior, and immunity, 8(1), 66-79. https://doi.org/10.1006/brbi.1994.1006  

[16]. Dickens, M. J. and Bentley, G. E. (2014). Stress, captivity, and reproduction in a wild bird 
species. Hormones and Behavior, 66(4), 685-693. 
https://doi.org/10.1016/j.yhbeh.2014.09.011  

[17]. Dickens, M. J. and Romero, L. M. (2013). A consensus endocrine profile for chronically stressed 
wild animals does not exist. General and comparative endocrinology, 191, 177-189. 
https://doi.org/10.1016/j.ygcen.2013.06.014  

https://doi.org/10.18801/jflvs.020222.10
http://www.journalbinet.com/
https://doi.org/10.1016/j.applanim.2011.07.001
https://doi.org/10.1210/jc.2006-2861
https://doi.org/10.1002/(SICI)1097-010X(19980215)280:3%3c203::AID-JEZ1%3e3.0.CO;2-R
https://doi.org/10.1002/(SICI)1097-010X(19980215)280:3%3c203::AID-JEZ1%3e3.0.CO;2-R
https://doi.org/10.1016/j.aquaculture.2011.01.011
https://doi.org/10.1006/gcen.1997.6999
https://doi.org/10.1016/j.yhbeh.2005.03.008
https://doi.org/10.1006/gcen.2001.7749
https://doi.org/10.1006/gcen.2001.7750
https://doi.org/10.1016/j.ygcen.2008.05.001
https://doi.org/10.1172/JCI108159
https://doi.org/10.1111/j.1365-2435.2008.01467.x
https://doi.org/10.1371/journal.pone.0121005
https://doi.org/10.1006/brbi.1997.0508
https://doi.org/10.1006/brbi.1994.1006
https://doi.org/10.1016/j.yhbeh.2014.09.011
https://doi.org/10.1016/j.ygcen.2013.06.014


Islam et al., 2022                                                DOI: 10.18801/jflvs.020222.10 

97 
Published with open access at journalbinet.com. 
EISSN 2709-8516© 2022 The Authors, Research paper. 

[18]. Evans, J. E., Smith, E. L., Bennett, A. T., Cuthill, I. C., and Buchanan, K. L. (2012). Short-term 
physiological and behavioural effects of high-versus low-frequency fluorescent light on captive 
birds. Animal Behaviour, 83(1), 25-33.  https://doi.org/10.1016/j.anbehav.2011.10.002 

[19]. Fanson, K. V., Wielebnowski, N. C., Shenk, T. M. and Lucas, J. R. (2012). Comparative patterns of 
adrenal activity in captive and wild Canada lynx (Lynx canadensis). Journal of Comparative 
Physiology B, 182(1), 157-165. https://doi.org/10.1007/s00360-011-0597-8 

[20]. Fischer, C. P. and Romero, L. M. (2016). The use of α-or β-blockers to ameliorate the chronic 
stress of captivity in the house sparrow (Passer domesticus). Conservation Physiology, 4(1). 
https://doi.org/10.1093/conphys/cow049 

[21]. Fischer, C. P. and Romero, L. M. (2019). Chronic captivity stress in wild animals is highly 
species-specific. Conservation physiology, 7(1), coz093. 
https://doi.org/10.1093/conphys/coz093 

[22]. Flügge, G. (1996). Alterations in the central nervous α2-adrenoceptor system under chronic 
psychosocial stress. Neuroscience, 75(1), 187-196. https://doi.org/10.1016/0306-
4522(96)00292-8 

[23]. Franceschini, M. D., Rubenstein, D. I., Low, B. and Romero, L. M. (2008). Fecal glucocorticoid 
metabolite analysis as an indicator of stress during translocation and acclimation in an 
endangered large mammal, the Grevy's zebra. Animal Conservation, 11(4), 263-269. 
https://doi.org/10.1111/j.1469-1795.2008.00175.x 

[24]. Ganswindt, A., Brown, J. L., Freeman, E. W., Kouba, A. J., Penfold, L. M., Santymire, R. M. and 
Milnes, M. R. (2012). International Society for Wildlife Endocrinology: the future of endocrine 
measures for reproductive science, animal welfare and conservation biology. 
https://doi.org/10.1098/rsbl.2011.1181 

[25]. Gardiner, K. J. and Hall, A. J. (1997). Diel and annual variation in plasma cortisol concentrations 
among wild and captive harbor seals (Phoca vitulina). Canadian Journal of Zoology, 75(11), 
1773-1780. https://doi.org/10.1139/z97-806 

[26]. Goymann, W., Möstl, E., Van't Hof, T., East, M. L. and Hofer, H. (1999). Noninvasive fecal 
monitoring of glucocorticoids in spotted hyenas, Crocuta crocuta. General and Comparative 
Endocrinology, 114(3), 340-348. https://doi.org/10.1006/gcen.1999.7268 

[27]. Greenwood, V. J., Smith, E. L., Goldsmith, A. R., Cuthill, I. C., Crisp, L. H., Walter-Swan, M. B. and 
Bennett, A. T. (2004). Does the flicker frequency of fluorescent lighting affect the welfare of 
captive European starlings? Applied Animal Behaviour Science, 86(1-2), 145-159. 
https://doi.org/10.1016/j.applanim.2003.11.008 

[28]. Groombridge, J. J., Massey, J. G., Bruch, J. C., Malcolm, T. R., Brosius, C. N., Okada, M. M. and 
Sparklin, B. (2004). Evaluating stress in a Hawaiian honeycreeper, Paroreomyza montana, 
following translocation. Journal of Field Ornithology, 75(2), 183-187.  
https://doi.org/10.1648/0273-8570-75.2.183  

[29]. Gross, W. B. and Siegel, H. S. (1983). Evaluation of the heterophil/lymphocyte ratio as a 
measure of stress in chickens. Avian diseases, 972-979. https://doi.org/10.2307/1590198  

[30]. Hare, J. F., Ryan, C. P., Enright, C., Gardiner, L. E., Skyner, L. J., Berkvens, C. N. and Anderson, W. 
G. (2014). Validation of a radioimmunoassay-based fecal corticosteroid assay for Richardson’s 
ground squirrels Urocitellus richard-sonii and behavioural correlates of stress. Current 
Zoology, 60(5), 591-601. https://doi.org/10.1093/czoolo/60.5.591  

[31]. Hogenelst, K., Soeter, M. and Kallen, V. (2019). Ambulatory measurement of cortisol: Where do 
we stand, and which way to follow? Sensing and Bio-Sensing Research, 22, 100249. 

[32]. Jepsen, S. M., Molotch, N. P., Williams, M. W., Rittger, K. E. and Sickman, J. O. (2012), Interannual 
variability of snowmelt in the Sierra Nevada and Rocky Mountains, United States: Examples 
from two alpine watersheds, Water Resource Research, 48, W02529, 
https://doi.org/10.1029/2011WR011006  

[33]. Jones, S. M. and Bell, K. (2004). Plasma corticosterone concentrations in males of the skink 
Egernia whitii during acute and chronic confinement and over a diel period. Comparative 
Biochemistry and Physiology Part A: Molecular and Integrative Physiology, 137(1), 105-113. 
https://doi.org/10.1007/s00360-012-0656-9  

[34]. Kuhlman, J. R., and Martin, L. B. (2010). Captivity affects immune redistribution to skin in a 
wild bird. Functional Ecology, 24(4), 830-837. https://doi.org/10.1111/j.1365-
2435.2010.01710.x  

https://doi.org/10.18801/jflvs.020222.10
http://www.journalbinet.com/
https://doi.org/10.1016/j.anbehav.2011.10.002
https://doi.org/10.1007/s00360-011-0597-8
https://doi.org/10.1093/conphys/cow049
https://doi.org/10.1093/conphys/coz093
https://doi.org/10.1016/0306-4522(96)00292-8
https://doi.org/10.1016/0306-4522(96)00292-8
https://doi.org/10.1111/j.1469-1795.2008.00175.x
https://doi.org/10.1098/rsbl.2011.1181
https://doi.org/10.1139/z97-806
https://doi.org/10.1006/gcen.1999.7268
https://doi.org/10.1016/j.applanim.2003.11.008
https://doi.org/10.1648/0273-8570-75.2.183
https://doi.org/10.2307/1590198
https://doi.org/10.1093/czoolo/60.5.591
https://doi.org/10.1029/2011WR011006
https://doi.org/10.1007/s00360-012-0656-9
https://doi.org/10.1111/j.1365-2435.2010.01710.x
https://doi.org/10.1111/j.1365-2435.2010.01710.x


Islam et al., 2022                                                DOI: 10.18801/jflvs.020222.10 

98 
Published with open access at journalbinet.com. 
EISSN 2709-8516© 2022 The Authors, Research paper. 

[35]. Larcombe, S. D., Tregaskes, C. A., Coffey, J., Stevenson, A. E., Alexander, L. G. and Arnold, K. E. 
(2015). Oxidative stress, activity behaviour and body mass in captive parrots. Conservation 
Physiology, 3(1). https://doi.org/10.1093/conphys/cov045  

[36]. Linklater, W. L., MacDonald, E. A., Flamand, J. R. B. and Czekala, N. M. (2010). Declining and low 
fecal corticoids are associated with distress, not acclimation to stress, during the translocation 
of African rhinoceros. Animal Conservation, 13(1), 104-111. https://doi.org/10.1111/j.1469-
1795.2009.00308.x  

[37]. López-Olvera, J. R., Marco, I., Montané, J., Casas-Díaz, E. and Lavín, S. (2007). Effects of 
acepromazine on the stress response in Southern chamois (Rupicapra pyrenaica) captured by 
means of drive-nets. Canadian Journal of Veterinary Research, 71(1), 41.  

[38]. Marçalo, A., Pousão‐Ferreira, P., Mateus, L., Duarte Correia, J. H. and Stratoudakis, Y. (2008). 
Sardine early survival, physical condition and stress after introduction to captivity. Journal of 
Fish Biology, 72(1), 103-120. 

[39]. Marra, P. P., Lampe, K. T. and Tedford, B. L. (1995). Plasma corticosterone levels in two species 
of Zonotrichia sparrows under captive and free-living conditions. The Wilson Bulletin, 296-
305. 

[40]. Martin, L. B. (2009). Stress and immunity in wild vertebrates: timing is everything. General and 
comparative endocrinology, 163(1-2), 70-76. https://doi.org/10.1016/j.ygcen.2009.03.008  

[41]. Martin, L. B., Kidd, L., Liebl, A. L. and Coon, C. A. (2011). Captivity induces hyper-inflammation 
in the house sparrow (Passer domesticus). Journal of Experimental Biology, 214(15), 2579-
2585. https://doi.org/10.1242/jeb.057216  

[42]. Mathies, T., Felix, T. A. and Lance, V. A. (2001). Effects of trapping and subsequent short-term 
confinement stress on plasma corticosterone in the brown treesnake (Boiga irregularis) on 
Guam. General and Comparative Endocrinology, 124(1), 106-114. 

[43]. Miller, R., Plessow, F., Kirschbaum, C. and Stalder, T. (2013). Classification criteria for 
distinguishing cortisol responders from nonresponders to psychosocial stress: evaluation of 
salivary cortisol pulse detection in panel designs. Psychosomatic Medicine, 75(9), 832-840. 
https://doi.org/10.1097/PSY.0000000000000002  

[44]. Moberg, G. P. and Mench, J. A. (Eds.) (2000). The biology of animal stress: basic principles and 
implications for animal welfare. CABI. https://doi.org/10.1079/9780851993591.0000  

[45]. Moore, I. T. and Jessop, T. S. (2003). Stress, reproduction, and adrenocortical modulation in 
amphibians and reptiles. Hormones and Behavior, 43(1), 39-47. 
https://doi.org/10.1016/S0018-506X(02)00038-7  

[46]. Moore, M. C., Thompson, C. W. and Marler, C. A. (1991). Reciprocal changes in corticosterone 
and testosterone levels following acute and chronic handling stress in the tree lizard, 
Urosaurus ornatus. General and comparative endocrinology, 81(2), 217-226. 
https://doi.org/10.1016/0016-6480(91)90006-R  

[47]. Moreno, J., Yorio, P., Garcia-Borboroglu, P., Potti, J. and Villar, S. (2002). Health state and 
reproductive output in Magellanic penguins (Spheniscus magellanicus). Ethology Ecology and 
Evolution, 14(1), 19-28. https://doi.org/10.1080/08927014.2002.9522758  

[48]. Morgan, K. N. and Tromborg, C. T. (2007). Sources of stress in captivity. Applied animal 
behaviour science, 102(3-4), 262-302. https://doi.org/10.1016/j.applanim.2006.05.032  

[49]. Mosconi, G., Yamamoto, K., Kikuyama, S., Carotti, M., Palermo, F. and Polzonetti-Magni, A. 
(2006). Neuroendocrine modulation of stress response in the anuran, Rana 
esculenta. Amphibia-Reptilia, 27(3), 401-408.  

[50]. Möstl, E. and Palme, R. (2002). Hormones as indicators of stress. Domestic animal 
endocrinology, 23(1-2), 67-74. https://doi.org/10.1016/S0739-7240(02)00146-7  

[51]. Narayan, E. J., Cockrem, J. F. and Hero, J. M. (2012). Effects of temperature on urinary 
corticosterone metabolite responses to short-term capture and handling stress in the cane 
toad (Rhinella marina). General and Comparative Endocrinology, 178(2), 301-305. 
https://doi.org/10.1016/j.ygcen.2012.06.014  

[52]. Narayan, E. and Hero, J. M. (2011). Urinary corticosterone responses and haematological stress 
indicators in the endangered Fijian ground frog (Platymantis vitiana) during transportation 
and captivity. Australian Journal of Zoology, 59(2), 79-85. https://doi.org/10.1071/ZO11030  

[53]. Nikoo, M., Falahatkar, B., Alekhorshid, M., Nematdost Haghi, B., Asadollahpour, A., Zarei 
Dangsareki, M. and Faghani, H. (2010). Physiological stress responses in kutum Rutilus frisii 
kutum subjected to captivity. International Aquatic Research, 2(1), 55-60. 

https://doi.org/10.18801/jflvs.020222.10
http://www.journalbinet.com/
https://doi.org/10.1093/conphys/cov045
https://doi.org/10.1111/j.1469-1795.2009.00308.x
https://doi.org/10.1111/j.1469-1795.2009.00308.x
https://doi.org/10.1016/j.ygcen.2009.03.008
https://doi.org/10.1242/jeb.057216
https://doi.org/10.1097/PSY.0000000000000002
https://doi.org/10.1079/9780851993591.0000
https://doi.org/10.1016/S0018-506X(02)00038-7
https://doi.org/10.1016/0016-6480(91)90006-R
https://doi.org/10.1080/08927014.2002.9522758
https://doi.org/10.1016/j.applanim.2006.05.032
https://doi.org/10.1016/S0739-7240(02)00146-7
https://doi.org/10.1016/j.ygcen.2012.06.014
https://doi.org/10.1071/ZO11030


Islam et al., 2022                                                DOI: 10.18801/jflvs.020222.10 

99 
Published with open access at journalbinet.com. 
EISSN 2709-8516© 2022 The Authors, Research paper. 

[54]. O'connor, T. M., O'halloran, D. J. and Shanahan, F. (2000). The stress response and the 
hypothalamic‐pituitary‐adrenal axis: from molecule to melancholia. The Quarterly Journal of 
Medicine, 93(6), 323-333. https://doi.org/10.1093/qjmed/93.6.323  

[55]. Olsen, D. E. and Seabloom, R. W. (1973). Adrenocortical response to captivity in Microtus 
pennsylvanicus. Journal of Mammalogy, 54(3), 779-781. https://doi.org/10.2307/1378983  

[56]. Palme, R. (1997). Measurement of cortisol metabolites in faeces of sheep as a parameter of 
cortisol concentration in blood. Mammal Biology, 62, 192-197. 

[57]. Perogamvros, I., Keevil, B. G., Ray, D. W. and Trainer, P. J. (2010). Salivary cortisone is a 
potential biomarker for serum free cortisol. The Journal of Clinical Endocrinology and 
Metabolism, 95(11), 4951-4958. https://doi.org/10.1210/jc.2010-1215  

[58]. Piersma, T. and Ramenofsky, M. (1998). Long-term decreases of corticosterone in captive 
migrant shorebirds that maintain seasonal mass and moult cycles. Journal of Avian Biology, 97-
104. https://doi.org/10.2307/3677186  

[59]. Piersma, T., Reneerkens, J. and Ramenofsky, M. (2000). Baseline corticosterone peaks in 
shorebirds with maximal energy stores for migration: a general preparatory mechanism for 
rapid behavioral and metabolic transitions? General and comparative endocrinology, 120(1), 
118-126. https://doi.org/10.1006/gcen.2000.7543  

[60]. Pifarré, M., Valdez, R., González-Rebeles, C., Vázquez, C., Romano, M. and Galindo, F. (2012). The 
effect of zoo visitors on the behaviour and faecal cortisol of the Mexican wolf (Canis lupus 
baileyi). Applied Animal Behaviour Science, 136(1), 57-62. 
https://doi.org/10.1016/j.applanim.2011.11.015  

[61]. Posthuma-Trumpie, G. A., Korf, J. and van Amerongen, A. (2009). Lateral flow (immuno) assay: 
its strengths, weaknesses, opportunities and threats. A literature survey. Analytical and 
bioanalytical chemistry, 393(2), 569-582. https://doi.org/10.1007/s00216-008-2287-2  

[62]. Quispe, R., Villavicencio, C. P., Addis, E., Wingfield, J. C. and Vasquez, R. A. (2014). Seasonal 
variations of basal cortisol and high stress response to captivity in Octodon degus, a 
mammalian model species. General and Comparative Endocrinology, 197, 65-72. 
https://doi.org/10.1016/j.ygcen.2013.12.007  

[63]. Rangel‐Negrín, A., Alfaro, J. L., Valdez, R. A., Romano, M. C. and Serio‐Silva, J. C. (2009). Stress in 
Yucatan spider monkeys: effects of environmental conditions on fecal cortisol levels in wild 
and captive populations. Animal Conservation, 12(5), 496-502. 
https://doi.org/10.1111/j.1469-1795.2009.00280.x  

[64]. Rich, E. L. and Romero, L. M. (2005). Exposure to chronic stress downregulates corticosterone 
responses to acute stressors. American Journal of Physiology-Regulatory, Integrative and 
Comparative Physiology, 288(6), R1628-R1636. https://doi.org/10.1152/ajpregu.00484.2004  

[65]. Romero, L. M. (2004). Physiological stress in ecology: lessons from biomedical 
research. Trends in ecology and evolution, 19(5), 249-255. 
https://doi.org/10.1016/j.tree.2004.03.008  

[66]. Sapolsky, R. M., Romero, L. M. and Munck, A. U. (2000). How do glucocorticoids influence stress 
responses? Integrating permissive, suppressive, stimulatory, and preparative 
actions. Endocrine reviews, 21(1), 55-89. https://doi.org/10.1210/er.21.1.55  

[67]. Sheriff, M. J., Dantzer, B., Delehanty, B., Palme, R. and Boonstra, R. (2011). Measuring stress in 
wildlife: techniques for quantifying glucocorticoids. Oecologia, 166(4), 869-887. 
https://doi.org/10.1007/s00442-011-1943-y  

[68]. Siebert, U., Pozniak, B., Hansen, K. A., Nordstrom, G., Teilmann, J., Van Elk, N. and Dietz, R. 
(2011). Investigations of Thyroid and Stress Hormones in Free-Ranging and Captive Harbor 
Porpoises (Phocoena phocoena): A Pilot Study. Aquatic mammals, 37(4). 
https://doi.org/10.1578/AM.37.4.2011.443  

[69]. Stead-Richardson, E., Bradshaw, D., Friend, T. and Fletcher, T. (2010). Monitoring reproduction 
in the critically endangered marsupial, Gilbert’s potoroo (Potorous gilbertii): preliminary 
analysis of faecal oestradiol-17β, cortisol and progestagens. General and Comparative 
Endocrinology, 165(1), 155-162. https://doi.org/10.1016/j.ygcen.2009.06.009  

[70]. Steyn, D. G. (1975). The effects of captivity stress on the blood chemical values of the chacma 
baboon (Papio ursinus). Laboratory Animals, 9(2), 111-120. 
https://doi.org/10.1258/002367775780994637  

[71]. Suleman, M. A., Wango, E., Sapolsky, R. M., Odongo, H. and Hau, J. (2004). Physiologic 
manifestations of stress from capture and restraint of free-ranging male African green 
monkeys (Cercopithecus aethiops). Journal of Zoo and Wildlife Medicine, 35(1), 20-24. 
https://doi.org/10.1638/01-025  

https://doi.org/10.18801/jflvs.020222.10
http://www.journalbinet.com/
https://doi.org/10.1093/qjmed/93.6.323
https://doi.org/10.2307/1378983
https://doi.org/10.1210/jc.2010-1215
https://doi.org/10.2307/3677186
https://doi.org/10.1006/gcen.2000.7543
https://doi.org/10.1016/j.applanim.2011.11.015
https://doi.org/10.1007/s00216-008-2287-2
https://doi.org/10.1016/j.ygcen.2013.12.007
https://doi.org/10.1111/j.1469-1795.2009.00280.x
https://doi.org/10.1152/ajpregu.00484.2004
https://doi.org/10.1016/j.tree.2004.03.008
https://doi.org/10.1210/er.21.1.55
https://doi.org/10.1007/s00442-011-1943-y
https://doi.org/10.1578/AM.37.4.2011.443
https://doi.org/10.1016/j.ygcen.2009.06.009
https://doi.org/10.1258/002367775780994637
https://doi.org/10.1638/01-025


Islam et al., 2022                                                DOI: 10.18801/jflvs.020222.10 

100 
Published with open access at journalbinet.com. 
EISSN 2709-8516© 2022 The Authors, Research paper. 

[72]. Sykes, K. L. and Klukowski, M. (2009). Effects of acute temperature change, confinement and 
housing on plasma corticosterone in water snakes, Nerodia sipedon (Colubridae: 
Natricinae). Journal of Experimental Zoology Part A: Ecological Genetics and 
Physiology, 311(3), 172-181. https://doi.org/10.1002/jez.515  

[73]. Titon, S. C. M., Assis, V. R., Titon Junior, B., Cassettari, B. D. O., Fernandes, P. A. C. M. and Gomes, 
F. R. (2017). Captivity effects on immune response and steroid plasma levels of a Brazilian toad 
(Rhinella schneideri). Journal of Experimental Zoology Part A: Ecological and Integrative 
Physiology, 327(2-3), 127-138. https://doi.org/10.1002/jez.2078  

[74]. Titon, S. C. M., Junior, B. T., Assis, V. R., Kinker, G. S., Fernandes, P. A. C. M. and Gomes, F. R. 
(2018). Interplay among steroids, body condition and immunity in response to long-term 
captivity in toads. Scientific reports, 8(1), 1-13. https://doi.org/10.1038/s41598-018-35495-0  

[75]. Trumble, S. J., O'Neil, D., Cornick, L. A., Gulland, F. M., Castellini, M. A. and Atkinson, S. (2013). 
Endocrine Changes in Harbor Seal (P hoca vitulina) Pups Undergoing Rehabilitation. Zoo 
Biology, 32(2), 134-141. https://doi.org/10.1002/zoo.21036  

[76]. Tyrrell, C. and Cree, A. (1994). Plasma corticosterone concentrations in wild and captive 
juvenile tuatara (Sphenodon punctatus). New Zealand journal of zoology, 21(4), 407-416. 
https://doi.org/10.1080/03014223.1994.9518010  

[77]. Vera, F., Antenucci, C. D. and Zenuto, R. R. (2011). Cortisol and corticosterone exhibit different 
seasonal variation and responses to acute stress and captivity in tuco-tucos (Ctenomys 
talarum). General and comparative endocrinology, 170(3), 550-557. 
https://doi.org/10.1016/j.ygcen.2010.11.012  

[78]. West, D. B. and York, B. (1998). Dietary fat, genetic predisposition, and obesity: lessons from 
animal models. The American Journal of clinical nutrition, 67(3), 505S-512S. 
https://doi.org/10.1093/ajcn/67.3.505S  

[79]. Wingfield, J. C., Smith, J. P. and Farner, D. S. (1982). Endocrine responses of white-crowned 
sparrows to environmental stress. The Condor, 84(4), 399-409. 
https://doi.org/10.2307/1367443  

[80]. Yang, L., Wang, W., Huang, S., Wang, Y., Wronski, T., Deng, H. and Lu, J. (2019). Individual stress 
responses of white rhinoceros (Ceratotherium simum) to transport: implication for a 
differential management. Global Ecology and Conservation, 17, e00588. 
https://doi.org/10.1016/j.gecco.2019.e00588  

[81]. Zerani, M., Amabili, F., Mosconi, G. and Gobbetti, A. (1991). Effects of captivity stress on plasma 
steroid levels in the green frog, Rana esculenta, during the annual reproductive 
cycle. Comparative Biochemistry and Physiology Part A: Physiology, 98(3-4), 491-496. 
https://doi.org/10.1016/0300-9629(91)90436-G  

 
HOW TO CITE THIS ARTICLE? 

 
MLA 
Islam, P. et al. “Stress Biomarker: A Review on Glucocorticoids Concentration Pattern & its Impact on Captive Animals”. 
Journal of Fisheries, Livestock and Veterinary Science 02(02) (2022): 88-100. 
 
APA 
Islam, P., Saha, P., Khatun, P., Hossain, M. I., Islam, A. and Sachi, S. (2022). Stress Biomarker: A Review on 
Glucocorticoids Concentration Pattern & its Impact on Captive Animals. Journal of Fisheries, Livestock and Veterinary 
Science, 02(02), 88-100. 
 
Chicago 
Islam, P., Saha, P., Khatun, P., Hossain, M. I., Islam, A. and Sachi, S. “Stress Biomarker: A Review on Glucocorticoids 
Concentration Pattern & its Impact on Captive Animals”. Journal of Fisheries, Livestock and Veterinary Science 02(02) 
(2022): 88-100. 
 
Harvard 
Islam, P., Saha, P., Khatun, P., Hossain, M. I., Islam, A. and Sachi, S. 2022. Stress Biomarker: A Review on Glucocorticoids 
Concentration Pattern & its Impact on Captive Animals. Journal of Fisheries, Livestock and Veterinary Science, 02(02), 
pp. 88-100. 
 
Vancouver 
Islam, P, Saha, P, Khatun, P, Hossain, MI, Islam, A and Sachi, S. Stress Biomarker: A Review on Glucocorticoids 
Concentration Pattern & its Impact on Captive Animals. Journal of Fisheries, Livestock and Veterinary Science. 2022 
August 02(02):88-100. 

https://doi.org/10.18801/jflvs.020222.10
http://www.journalbinet.com/
https://doi.org/10.1002/jez.515
https://doi.org/10.1002/jez.2078
https://doi.org/10.1038/s41598-018-35495-0
https://doi.org/10.1002/zoo.21036
https://doi.org/10.1080/03014223.1994.9518010
https://doi.org/10.1016/j.ygcen.2010.11.012
https://doi.org/10.1093/ajcn/67.3.505S
https://doi.org/10.2307/1367443
https://doi.org/10.1016/j.gecco.2019.e00588
https://doi.org/10.1016/0300-9629(91)90436-G

