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Simple Summary: Red pandas are a threatened species and zoos worldwide are working to conserve the species through 

international captive breeding programs. However, information on the physiology of captive red pandas is lacking, 

which is hampering efforts to increase reproductive success and meet captive breeding goals. This study evaluated ad-

renal and reproductive hormones in relation to environment and biological factors to identify predictors of adrenal stress 

and gonadal hormones among male and female red pandas housed in three Indian zoos. Data reveal that fecal glucocor-

ticoid metabolite concentrations in red pandas were influenced by sex, visitor numbers, frequency of feedings, and en-

closure area. Concomitantly, fecal androgen metabolites in males and fecal progestagen metabolites in females were 

influenced by age, tree density in the enclosure, visitor numbers, and frequency of feedings. This study suggests housing 

animals in larger enclosures with more trees, employing more frequent feeding schedules, and controlling the number of 

visitors all can have positive effects on welfare of red pandas. 

Abstract: Animals in human care are affected by stressors that can ultimately reduce fitness. When reproduction is 

affected, endangered species’ conservation programmes can be severely compromised. Thus, understanding factors 

related to stress and reproduction, and measures of related hormones, are important to ensure captive breeding success. 

Red pandas are endangered and populations in the wild are threatened with extinction. A global captive breeding 

programme has been launched to conserve the species with the goal of reintroduction. However there is little 

informaiton on how stressors impact reproductive aspects of the species. This study measured fecal glucocorticoid 

(fGCM), fecal progestagen (fPM) and fecal androgen (fAM) metabolite concentrations in 12 female and 8 male red 

pandas (Ailurus fulgens fulgens) at three zoos in northeastern India to determine predictors of adrenal and gonadal 

steroid activity and the influence of fGCM on reproduction. Results indicated that fGCM concentrations were higher in 

males than females, and positively correlated with number of visitors, while negatively related to frequency of feedings 

and enclosure area. Sex, visitor number, frequency of feeding, and enclosure area explained 67% of the variations in 

fGCM concentrations in the study population. Concentrations of fPM were positively associated with tree density in the 

enclosure, explaining 47% of the variation among females. For fAM, positive associations were found with frequency of 

feeding, but concentrations were negatively related to age and number of visitors; these three covariates explained 45% 

of the variation in fAM concentration among males. Comparison of fGCM with fPM showed a negative trend, indicating 
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increasing adrenal hormones may decrease reproductive function among female red pandas. The study thus suggests 

that zoo management should consider increasing feeding frequency, providing larger enclosures with more trees, and 

regulating visitor numbers to reduce stress and increase reproductive fitness among red pandas. 

Keywords: Captive breeding; endangered, red panda, reproductive hormone; stress hormone, welfare 

 

1. Introduction 

The red panda (Ailurus fulgens) is an endemic species to the eastern Himalayas from Nepal, India, 

Bhutan, China extending up to Myanmar, and lives at altitudes of 1500 – 4000 m [1–3]. The species is 

habitually nocturnal and belongs to a monophyletic family – Ailuridae, which consists of two sub-species, 

Ailurus fulgens fulgens and Ailurus fulgens styani [1]. Red pandas currently are threatened throughout much 

of their ranges[2] due to poaching and destruction of bamboo forests [1,4]. The wild population is on a 

declining trend with less than 10,000 mature individuals remaining [2]. Worldwide efforts to protect the 

species include global captive breeding programmes with the goal of reintroduction [2,5,6]. Nevertheless, 

populations are not stable in captivity either [3,7], owing to low reproductive success and poor infant 

survival [7].  

Worldwide there are 92 institutions that house more than 300 red pandas [2], with a total of 36 

individuals in India. Studbook data suggests that the breeding success of red pandas across institutions 

varies considerably [8]. Environmental factors and general husbandry practices can exert stress in captive 

animals [9], although responses often are species-specific [10]. Environmental and biological factors such as 

presence of visitors, enclosure size, diet, enrichment, age, sex can affect stress responses in numerous species 

[9,11–13]. In red pandas, it has been shown that high ambient temperatures, small enclosures, improper 

enclosure substrates, lack of hiding places, next boxes and climbing structures, and exposure to visitors all 

may contribute to maternal stress and reduced reproductive success in captivity [5,8,14]. Climate factors, in 

particular, maybe be a factor as behaviour is compromised by warmer weather in places where many 

captive populations are kept [2,5,8]. Offspring survival is higher in younger as compared to older pandas 

[15], indicating age may also influence breeding success.  

A few studies have evaluated glucocorticoids and/or progestagens in captive red pandas [7,16–18], 

but overall the reproductive physiology of this species is poorly understood, especially with regards to the 

effects of management factors. This study investigated how environmental and biological factors were 

related to stress and reproductive hormones in Ailurus fulgens fulgens, and how those in turn were related to 

reproduction. Fecal glucocorticoid (fGCM), androgen (fAM) and progestogen (fPM) metabolite 

concentrations were assessed in male and female pandas at three zoos in northeastern India. Our 

hypotheses were that i) variations in environmental and biological factors influence fGCM, fAM and fPM 

concentrations, and ii) fGCM concentrations are negatively related to fAM and fPM concentrations. Because 

captivity is known to influence the fitness of individuals, understanding factors related to stress and 

reproduction, and measures of related hormones, is important to ensure captive breeding success. 

 

2. Materials and Methods 

Study Sites 

This study was carried out in three zoological facilities in India: Padmaja Naidu Himalayan Zoological 
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Park (PNHZP), Darjeeling; 2) Sikkim Himalayan Zoological Park (SHZP), Gangtok; and 3) G. B. Pant High 

Altitude Zoo (GBPHAZ), Nainital. All zoos participate in the Red Panda Global Species Management Plan. 

The first captive breeding center in the country for the species was established at PNHZP in 1957. The 

enclosures mimick a wet temperate forest climate with temperature variation from sub-zero in winter to 

25oC during the summer. Animals in this study were maintained in semi natural open enclosures with large 

trees and nests. Bamboo was fed in the evening with supplementary diet items (honey, milk, egg, and fruits) 

in the morning. SHZP housed individuals in large open enclosures with only a few trees and nests. The diet 

consisted of bamboo in the evening and supplementary foods (honey, milk, egg, fruits, and breads) in the 

morning. The temperature varies between 4-22oC. GBPHAZ kept individuals in small netted enclosures 

with a nest box, but no trees. Bamboo and supplementary diet items (honey, milk, egg, and fruits) were fed 

together in the morning. The temperature at GBPHAZ fluctuates from 3 to 25oC. All three zoos were at a 

similar altitude. Breeding records for each female were obtained by the registar at each zoo. Pandas were 

managed either as solitary or in male-female pairs during the breeding season (January – March). Females 

with young cubs were also housed together at zoos (see Supplementary Table 1). The four biological and 

nine environmental covariates assessed in the study are defined in Table 1. 
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Table 1: Details of biological and environmental covariates collected during study.  2 

Name Description 

Biological covariates 
 

Sex Male/Female 

Age Cub (0–2 years), adult (>2 years) 

Sociality Managed alone (single), or in a pair during at least part of the study (paired) 

Duration of sociality Length of time paired individuals were housed together (short: <1month; long: >1month) 

Environmental covariates 
 

Number of visitors Low (0–100/h), High (>100/h), obtained from each zoo 

Ambient temperature Low (0–15°C), High (>15°C), measured using a digital thermometer every half hour during behavioural 

observations and when fecal samples were collected 

Enclosure area (m2) Measured as the two-dimensional area of the enclosure 

Tree height (m) Mean height of living trees available to the pandas measured using a digital range finder 

Log density(m2) Number of logs (dead wood) placed on the ground or made into climbing structure within the enclosure as 

an enrichment for animal activity were counted and divided by the total the area of each enclosure.  

Tree density(m2) Number of mature live trees (≥20 cm girth at breast height) were counted and dividedby the total area of the 

enclosure 

Frequency of feeding Number of times animals were fed per day 

Quantity of bamboo Bamboo offered/day obtained from zoo records and categorized as low: 1–3 kg; or high: ≥3 kg 

Number of nests Number of nests/dens within eachenclosure 

Zoo Padmaja Naidu Himalayan Zoological Park; Sikkim Himalayan Zoological Park;G. B. Pant High Altitude 

Zoo 
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Fecal sample collection 

A total of 40 fecal samples were collected from 20 red pandas (12 females and 8 males) (Supplementary 

Table 1), with two samples from each individual at a 2-week interval between December 2017 and February 

2018. Entire fresh fecal samples (excluding the outer shiny layer) were collected in the morning [18]. 

Individual red pandas defecate at the same place in the enclosure, which aided individual identification. 

Immediately after collection, the samples were dried at 70oC for 24 hours in a hot air oven [19]. The dried 

samples were packed in sterile zip-lock bags and stored at room temperature in a moisture-controlled room. 

Samples were transferred within 2 weeks to the Laboratory for the Conservation of Endangered Species 

(LaCONES), CCMB Hyderabad, India, for processing and hormonal analyses.  

 

Extraction of fecal steroid metabolites 

Fecal steroid metabolites were extracted using protocols described earlier [18,20,21]. Approximately, 

0.2 g of dried fecal powder was boiled in 5 ml of 90% ethanol for 20 min. The samples were centrifuged at 

500 g for 20 min and supernatant transferred to a fresh tube. The pellets were re-suspended in 5 ml of 90% 

ethanol, vortexed for 1 min, recentrifuged and both supernatants combined. The supernatants were dried at 

40 C in an oven, re-suspended in 1 ml of absolute methanol and vortexed for 1 min. Fecal extracts were kept 

at -20 until analyzed by enzymeimmunoassay (EIA). 

 

Enzyme immunoassays 

fGCM were quantified using a polyclonal cortisol antibody (R4866, Coralie Munro, University of 

California, Davis), which had been validated for use in red panda feces [18,22]. The sensitivity of the assay 

was 1.95 pg/well. The inter and intra-assay coefficients of variation (CV) were 7.9% and 5.5%, respectively.  

fPM concentrations were quantified using a 5α-pregnan-3α-ol-20-one EIA (polyclonal antibody) 

validated for red panda feces [18,21,23]. The inter and intra-assay coefficients of variation were 9.4% and 

7.3%, respectively.  

fAM concentrations were quantified using a polyclonal testosterone antibody (R156/7; Coralie Munro, 

University of California, Davis), validated for measuring fecal androgens in red panda [18] following 

protocols described previously [18,22]. The inter and intra-assay coefficient of variation (CV) were 8.2% and 

6.1%, respectively.  

 

Statistical analyses 

Data on dependent factors (fGCM, fPM and fAM) were first tested for normality. The fGCM and fPM 

data were not normal and could not be normalized by any of four transformations, and so were tested using 

Mann-Whitney U tests. The fAM data were normally distributed (Kolmogorov-Smirnov test, p = 0.200 and 

Shapiro-Wilk test, p = 0.450) and were evaluated using analysis of variance (ANOVA). To determine 

potential predictors of stress and reproductive hormones, we used a Regression with Empirical Variable 

Selection (REVS) model in LEAPS package with all 14 covariates listed in Table 1. In REVS all-subset 

regression is run on data set using LEAPS, this quanitfy emperical support for each independent varaibles. 

Several models were created, first with most empirical support, second with the first variable and the 

second most empirical support and so on. The best model was determined by comparing R2 and delta AIC 

values; the model with the higher R2 and lower delta AIC was selected [24]. 
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To explore the effect of stress on reproduction, linear regression was used with fGCM as the 

independent and fPM and fAM as dependent variables. Further, to control for the interference/componding 

effects of potential covariates (ambient temperature, number of visitors, tree density, log density and 

number of nests) on the relationship between fGCM and fPM, analysis of co-variance (ANCOVA) was used. 

All analyses were conducted using SPSS (SPSS Inc., Version 16) and R (Version 13.4.1). 

3. Results 

Mean fGCM concentration was 44.00±5.16 ng/g (range: 2.84 to 198.91 ng/g; n = 40), with males having 

higher concentrations (49.19±11.12 ng/g, n = 16) than females (40.56±4.49 ng/g, n = 24; U = 185, p<0.05). Visitor 

number positively influenced fGCM concentrations (R2 = 0.60; F = 56.5, p = 4.972e-9; p<0.05) (Table 2, Fig. 1). 

By contrast, fGCM concentrations in red pandas housed in enclosures with taller trees were lower compared 

to those with shorter trees (p<0.05). Similarly, fGCM concentrations were higher among pandas manged in 

smaller than larger enclosures (p<0.05), and also with a low versus high frequency of feedings (p<0.05).  

 

Table 2: Mean (± SE) concentrations of adrenal and reproductive hormones in relation to independent 

biological and environmental factors among captive red pandas in India, U = Mann-Whitney U test, H = 

Kruskal Wallis test, F = analysis of variance, n = sample size in category. Stastical test results with significant 

levels are bolded.  

Covariate Category 
fGCM 

(ng/g) 

fPM 

(µg/g) 

fAM 

(ng/g) 

Biological  (n)  (n) (n) 

Age Adult 42.31±5.727 (17) 3.12±2.48 (10) 15.87±2.320 (7) 

 Cub 53.63±11.70 (3) - - 

 Test (p value) U = 68.5 (0.204) - - 

Sociality Paired 45.24±5.351 (19) 2.63±2.07 (10) 

- 

16.82±2.62 (6) 

 Solitary 20.67±8.955 (1) 10.22±0.76 (1) 

 Test (p value) U = 68 (0.204) - F = 4 (0.170) 

Duration of sociality Short 47.18±6.187 (16) 3.83±3.09 (7) 14.13±2.29 (5) 

Long 31.37±5.974 (4) 0.28±0.05 (3) 23.52±4.78(2) 

 Test (p value) U = 85.5 (0.150) U = 24 (0.449) F = 6 (0.030) 

Environmental     

Ambient temperature Low 40.38±3.637 (18) 3.45±2.75 (9) 17.33±2.39 (7) 

High 76.66±40.956 (2) 0.16±0.07 (1) 7.07±4.46 (1) 

 Test (p value) U = 58.5 (0.543) U = 7 (0.165) F = 0.927 (0.355) 

Number of visitors Low 35.90±3.020 (17) 3.60±2.91 (8) 18.46±2.32 (5) 

High 89.98±23.396 (2) 0.42±0.20 (2) 6.37±2.66 (2) 

 Test (p value) U = 21.5 (0.002) U = 20.5 (0.586) F = 4.95 (0.046) 

Tree height (m) Low 50.81±7.081 (13) 0.79±0.21 (7) 13.46±2.54 (4) 

High 29.90±4.023 (7) 8.57±8.29 (3) 19.08±4.128 (3) 

 Test (p value) U = 99 (0.027) U = 37 (0.680) F = 3 (0.108) 

Enclosure area (m2) Small 62.1±14.233 (6) 13.08±1.23 (2) 12.76±3.764 (2) 
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Large 36.28±3.495 (14) 0.63±0.16 (8) 17.11±2.898 (5) 

 Test (p value) U = 106.5 (0.050) U = 32 (0.037) F = 4.61 (0.053) 

Tree density Low 44.66±5.556 (18) 0.571±0.151 (9) 17.34±2.398 (6) 

 High 36±6.300 (2) 27.00±23.95 (1) 7.07±4.460 (1) 

 Test (p value) U = 49.5 (0.758) U = 1 (0.032) F = 2.04 (0.178) 

Log density Low 44.11±6.758 (15) 0.58±0.18 (6) 17.11±2.898 (5) 

High 43.75±6.382 (5) 9.05±8.21 (4) 12.77±3.764 (2) 

 Test (p value) U = 132.5 (0.413) U = 33 (0.458) F = 3.14 (0.101) 

Number of nests Low 44.41±7.024 (13) 0.49±0.18 (6) 17.04±2.779 (5) 

High 43.19±6.660 (7) 9.27±8.16 (4) 12.94±4.440 (2) 

 Test (p value) U = 160.5 (0.665) U = 11.5 (0.012) F = 0.38 (0.550) 

Frequency of feeding Low 54.56±9.002 (10) 0.90±0.29 (4) 11.40±2.308 (4) 

High 33.46±4.079 (10) 4.61±4.13 (6) 21.83±3.208 (3) 

 Test (p value) U = 129.5 (0.050) U = 34 (0.280) F = 7.35 (0.019) 

Quantity of bamboo  Low  65.83±20.034 (4) 0.57±0.25 (2) 7.07±4.460 (1) 

High 38.56±3.800 (16) 3.76±3.09 (8) 17.33±2.398 (6) 

 Test (p value) U = 86 (0.155) U = 30 (0.850) F = 2.71 (0.125) 

Zoo Zoo1 40.31±3.786 (17) 0.62±0.16 (8) 17.34±2.400 (6) 

Zoo2 41.53±17.160 (1) 26.10±2.38 (1) - 

Zoo3 76.77±40.956 (2) 0.16±0.071 (1) 7.07±4.460 (1) 

 Test (p value) H = 0.37 (0.831) H = 5.93 (0.052) H = 2.70 (0.100) 

 

 

Fig. 1: Relationship between number of visitors and fecal glucocorticoid metabolite concentrations in red 

pandas at three Indian zoos.  

 

Mean fPM concentration among adult females was 3.12±2.47 µg/g (n = 12). Adults managed in 

enclosures with a higher tree density had higher fPM concentrations compared to those with a lower tree 
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density (p<0.05) and similarly with number of nests (p<0.05) (Table 2). Conversely, adult females managed in 

smaller enclosures showed higher fPM than those in larger enclosures (p<0.05).       

The fAM concentrations in adult males averaged 15.87±2.32 ng/g (n = 8). Concentrations were higher 

among individuals exposed to a lower compared to a higher visitor number (p<0.05), and among individuals 

with a higher compared to a lower frequency of feedings (p<0.05). Similarly, individuals managed in social 

situations for longer periods had higher concentrations of fAM compared to those with shorter durations, 

and the trend was the same i.e., positive with regards to enclosure size, although the data only approached 

significance (p = 0.053). 

Among the 13 covariates tested against fGCM using the REVS model, concentrations decreased with 

increased frequency of feedings and enclosure area, but increased with number of visitors and males 

compared to females (Table 3). These four factors explained 67% of the variations in fGCM concentrations in 

captive red pandas. In the case of fPM, tree density with a positive trend was the only predictor, explaining 

47% of the variation among the females sampled (Table 3). Conversely, the REVS model for fAM predicted 

that concentrations were increased significantly by feeding frequency and decreased with number of visitors 

and age of the individuals. These three covariates explained 45% of the variations in fAM concentration 

among male red pandas (Table 3).  

 

Table 3: Regression with Empirical Variable Selection (REVS) model to explore the effect of biological and 

environmental covariates on physiology of captive red pandas at three Indian zoos. 

Dependent 

variable 

Predictor covariate Estimate± SE t Pr(>|t|) AIC 

(∆AIC) 

p Adj. R2 

fGCM (Intercept) 3.91±14.635 0.27 0.790 240 

(0.00) 

9.610e-9 

 

 

0.67 

Number of visitors 0.75±0.087 8.59 3.87e-10*** 

Frequency of feedings -19.85±7.287 -2.73 0.001** 

Sex 13.17±6.276 2.10 0.042* 

Enclosure area -0.007±0.002 -2.07 0.046* 

fPM (Intercept) -1559±1751 -0.89 0.382 429 

(0.00) 

0.126e-3 0.47 

Tree density 1080±232 4.63 0.125e-3*** 

fAM (Intercept) -0.17±6.240 -0.02 0.984 64.5 

(0.00) 

0.018 0.45 

Frequency of feedings 12.65±3.782 3.33 0.006** 

Age -0.97±0.334 -2.90 0.012* 

Number of visitors -0.10±0.050 2.17 0.049* 

Significance: ***0.001, **0.01, *0.05. 

 

Linear regressions with fPM as the dependent variable showed a decreasing trend with increasing 

fGCM concentrations, although it was not significant (β= -12.93, R2 = 0.001, p=0.895). However, when 

controlled for tree density using ANCOVA, the relationship was significant (β = -4286, t = -4.65, p= 1.56e-4; F 

(3, 20) = 217.6, p = 1.97e-15, ηp2 = 0.55). There was no relationship between fGCM and fAM in male pandas 

(β= -0.02, R2 = 0.005, p=0.768). 
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Based on breeding records at each facility (Supplementary Table 2), three out of eight pandas never gave 

birth, and the reproductive rate of all individuals was less than 50%, indicating poor breeding rates among 

the captive red panda in India.  

4. Discussion 

This study found a number of biological and environmental factors affected gonadal and adrenal 

hormones in zoo-housed red pandas in India. The frequency of feeding, enclosure area, visitor number, and 

sex were significant predictors explaining 67% of the variations in the fGCM concentrations in males and 

females, whereas tree density within the enclosure was a positive predictor of fPM concentrations among 

female pandas, explaining 47% variation. In males, the frequency of feeding was positive, and visitor 

number and age were negative drivers of fAM concentrations, explaining 45% variation. Thus, housing red 

pandas in more natural enclosures that are larger and have taller trees, including enrichment, like climbing 

structures and nest boxes for hiding, and feeding bamboo more frequently are important factors to 

supporting good reproduction and welfare in captive red pandas.   

Visitor intensity was a significant and positive predictor of fGCM concentration in this study, 

indicating an impact of high visitor numbers on physiological function. Visitors are known to have negative 

effects on animal welfare and are one of the potential stressors for animals in confinement [25]. The red 

panda is nocturnal by nature, so when continuously exposed to large numbers of visitors during the day, up 

to 162 per hour, it should not be surprising that increasing stress with visitor intensity is an outcome. 

Relationships between visitors and fGCM concentrations have been reported in a number of captive species 

[26], including Mexican wolves [27], Indian blackbuck [28], Royal Bengal tiger and Indian leopard [12].  

The frequency of feeding was one of the key predictors of decreasing trends in fGCM concentrations, 

indicating the importance of an adequate food supply on the welfare of captive red pandas. A nutritious 

and balanced diet is essential for the survival of all organisms, and for animals in captivity, unlike wild 

cohorts, it is dependent on humans. Therefore, captive animals with an adequate food supply are expected 

to have less nutritional stress, as observed in the present study; i.e., decreased fGCM concentrations with 

frequency of feeding. The red panda has a relatively inefficient digestive ability to process bamboo, their 

principal food component, being able to extract only one quarter of the energy, necessitating that they spend 

a large amount of time foraging [29]. Thus, frequent feeding appears to be an essential parameter to reduce 

frustration and stress in captive red panda, as reported in other species [9]. Similar to the present findings, 

incorporating frequent feeding regimens was better for the welfare of zoo elephants [30], and reduced 

stereotypic behaviours, a psychological indicator of stress, in captive Asian elephants [31]. In free ranging 

African elephants, the relationship between rainfall, a proxy for food availability, and fGCM concentrations 

was negative [32]. Similarly, a study on chimpanzees showed a negative association between monthly fruit 

abundance (food availability) and urinary cortisol concentration [33]. Our results further strengthen earlier 

findings that a more constant food supply through frequent feedings can potentially support good welfare 

in captive animals. 

This study identified sex as a significant predictor of fGCM, with male pandas having higher 

concentrations compared to females. The red panda is a species with a promiscuous polygynous mating 

system, where (i) males have larger body mass than females, (ii) males, unlike females, do not have equal 

chances of mating opportunities, as high quality males have higher reproductive success, (iii) males compete 

among themselves to mate with receptive females, and (iv) males range over a larger area compared to 
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females [34]. Therefore, males with a polygynous mating system are expected to have higher adrenal 

glucocorticoid activity than females, which agrees with earlier studies on chimpanzees [33], and captive 

jungle cats [11].  

The present study showed that enclosure size was associated negatively with fGCM concentrations, 

indicating an importance of adequate exhibit area on the welfare of this species. Enclosure size for any 

species in a zoo setting should take into consideration the home range size in the wild [35], which for red 

pandas is estimated to be 9.6 km2 [36,37]. However, providing adequate enclosure areas is not always 

possible in zoos, especially in India, as they are located in densely populated cities, where space is a major 

constraint. Restricted movement in captivity is known to induce physiological stress in animals and has a 

great impact on their ability to exhibit naturalistic behaviours [9,38,39]. Glucocorticoid concentrations have 

been shown to decrease with increased enclosure size in big cats [40] and cheetahs [41], which agrees with 

our finding that red pandas in larger enclosures had lower fGCM concentrations.  

Under natural conditions, the red panda is an arboreal species and well-known to use trees for 

day-to-day activities like feeding, resting, moving, including constructing nests for parturition and rearing 

offspring. The presence of trees could therefore be an important cue for normal physiological responses [42]. 

Free-ranging female elk during the summer and autumn, when habitat conditions are poor in terms of 

nutrition, exhibit lower progesterone concentrations that can potentially interrupt pregnancy [43]. Wild 

spider monkeys in disturbed habitats also exhibited higher cortisol concentrations than those in protected 

habitats [44]. Therefore, under free-ranging conditions the environment or habitat condition can alter 

reproductive fitness, while in captivity (i.e., zoos), enclosure characteristics and enrichments can play an 

important role in influencing female reproductive success [45]. In accordance with earlier studies from 

free-ranging animals, we found that under captive conditions, enclosures that contained larger numbers of 

trees promoted better physiological function among red pandas.  

Tree density was the only predictor explaining 47% of the variation in fPM concentration, again sug-

gesting a more natural habitat in captive conditions is more conducive to breeding activity. The study also 

showed that fPM concentrations decreased with fGCM concentrations, supporting a potential negative effect 

on reproduction as has been shown previously [46].  

The higher fAM concentrations with frequency of feeding and lower concentrations with higher visitor 

numbers, as well as among older individuals are in line with relationships between diet and reproductive 

hormones in captive animals shown by earlier studies. For example, in the giant panda, urinary testosterone 

was found to be sensitive to flavonoid content, with increasing flavonoids being associated with increased 

testosterone in males due to intake of phytoestrogens from bamboo [47]. Phytoestrogens are important 

component closely associated with giant panda reproduction [47]. Though flavonoids are present in minor 

amounts in bamboo, frequent consumption of bamboo may retain substantial amount in giant pandas to 

influence reproduction [48,49]. In Japan, a questionnaire survey study in multiple zoos indicated that fre-

quency of bamboo feeding affects reproductive success in captive red pandas [50]. Similarly, our study con-

firmed that more frequent feeding was associated with increased fAM concentrations and hence might be 

contributing to reproductive fitness in male red pandas. 

That fAM concentration decreased with age in captive male red pandas was not unexpected. Repro-

ductive fitness decreases with age in males and females of many species [51,52]. In giant pandas, fAM con-

centrations were shown to be age-dependent and increased from 3-7-years of age, most notably between 3-4 

years, and then decreased with increasing age [53]. The present study showed lower fAM concentrations 
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with increased visitor numbers, which also was not surprising. In a review by Davy [54], negative impacts 

of visitors on welfare have been observed in captive primates, such as chimpanzees, lion tailed macaques, 

tamarins, and lemurs. Hediger and Reade [55] in their book “Man and Animal in the Zoo” described how 

visitor behaviour, for example shouting, teasing, and vandalism can adversely affect captive animals, in-

cluding reproduction, especially if they cannot retreat from visitors. In spider monkeys, visitor presence in-

creased hypothalamic-pituitary-adrenal activity, which then was associated with reduced reproductive fit-

ness [25].  

5. Conclusions 

Although results are preliminary due to low sample numbers, our study is the first to demonstrate re-

lationships between adrenal and reproductive hormones and several environment and biological factors in 

pandas housed in a zoo setting. There were negative effects of fGCM on fPM concentration among female red 

panda in captivity, while fGCM concentrations increased with visitor number, and decreased with frequency 

of feeding and enclosure area. Female reproductive hormone (fPM) concentrations increased with tree den-

sity while male hormones (fAM) increased significantly with frequency of feedings, but decreased with vis-

itor numbers and animal age. The study also demonstrated an inverse relationship between fGCM and fPM, 

indicating a potential negative influence of stress on reproduction in captive red pandas. Although, a long-

er-term study is needed to better understand relationships between adrenal and reproductive hormones in 

captive red pandas, the study suggests that regulating visitors, increasing feeding frequency, and maintain-

ing larger enclosure areas are important factors in zoo management to reduce stress and support better re-

productive fitness in this species.  
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