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Abstract: Demand for traditional Chinese medicines has given rise to the practice of maintaining Asiatic 24 
black bears (Ursus thibetanus) in captivity to harvest bile. We evaluated hypothalamic-pituitaryadrenal 25 
(HPA) activity in Asiatic black bears on a bile farm in China by measuring cortisol in hair. We 26 
also monitored hair and fecal glucocorticoid metabolites as bears acclimated to improved husbandry at 27 
the Animals Asia Foundation China Bear Rescue Center (CBRC) after removal from other bile farms. 28 
Fecal samples were collected twice weekly for ~1 year, and hair was obtained from bears upon arrival 29 
at the CBRC and again >163 days later. Paired hair samples showed declines in cortisol concentrations 30 
of 12-88% in 38 of 45 (84%, P < 0.001) bears after arrival and acclimation at the rehabilitation facility. 31 
Concentrations of cortisol in hair from bears on the bile farm were similar to initial concentrations 32 
upon arrival at the CBRC but were higher than those collected after bears had been at the CBRC for 33 
>163 days. Fecal glucocorticoid concentrations varied across months and were highest in April and 34 
declined through December, possibly reflecting seasonal patterns, responses to the arrival and 35 
socialization of new bears at the CBRC, and/or annual metabolic change. Data from segmental analysis 36 
of hair supports the first of these explanations. Our findings indicate that bears produced elevated 37 
concentrations of glucocorticoids on bile farms, and that activity of the HPA axis declined following 38 
relocation. Thus, hair cortisol analyses are particularly well suited to long-term, retrospective 39 
assessments of glucocorticoids in ursids. By contrast, fecal measures were not clearly associated with 40 
rehabilitation, but rather reflected more subtle endocrine changes, possibly related to seasonality. 41 
 42 
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1.  Introduction 45 

As of 2010 there were approximately 97 facilities in China that maintained Asiatic black 46 

bears (Ursus thibetanus) and other bears (Ursus spp.) for production of bile to be used in 47 

traditional medicines [14].  Because bile farming is a sensitive issue, access to bears on farms is 48 

strictly controlled, and data on the physiologic effects of bile collection practices are limited.  49 

However, it is often assumed that many bears on bile farms experience significant stress 50 

resulting from poor management and bile extraction that impacts their health and welfare [14].  51 

Documented evidence of compromised welfare in farmed bears includes a wide array of physical 52 

and mental ailments (e.g., growth retardation, ulcers, stereotypic behavior, self-mutilation, etc., 53 

[29]) consistent with chronic stress [39].  Most bears removed from bile farms seem to adjust 54 

well to conditions at rehabilitation facilities after relocation [2], although changes in adrenal 55 

hormone levels have not previously been quantified in these populations.  This study capitalized 56 

on a unique opportunity to evaluate short- and long-term changes in activity of the hypothalamic-57 

pituitary-adrenal (HPA) axis as an index of stress status and recovery in bears transitioning from 58 

prolonged captivity on bile farms to the Animals Asia Foundation China Bear Rescue Centre 59 

(CBRC).  60 

  Fluctuations in glucocorticoid concentrations are often associated with normal metabolic 61 

function, including the mobilization of stored energy [8], and serve to trigger physiological and 62 

behavioral changes that promote survival by allowing individuals to respond to stressors [45].  63 

However, long-term production of elevated glucocorticoids in response to chronic stress is 64 

counterproductive and associated with diverse health problems [42, 46].  Among the potential 65 

consequences of prolonged stimulation of the HPA axis is the failure to elicit a normal response 66 

to continued or subsequent stressful stimuli [33, 48].  In contrast to the general association 67 



  

between stress and increased HPA activity, these cases are characterized by low (i.e., at or below 68 

baseline) circulating levels of corticoids, which reflect the physiologic costs of protracted HPA 69 

stimulation.     70 

  Feces have long been used as a non-invasive tool for monitoring HPA activity in wildlife 71 

[6, 15, 34, 35, 37], and analyses of excreted glucocorticoid metabolites have helped identify 72 

environmental, management, and social variables that are potentially stressful [8, 27, 32, 40].  73 

However, the logistical limitations of accessing farmed bears for stress studies have, to date, 74 

prevented similar investigations from being conducted in farm settings.   75 

Contrasting feces, follicular cells of hair incorporate some fraction of circulating cortisol 76 

via diffusion as hairs grow [9].  Recent work in guinea pigs provides evidence of local corticoid 77 

synthesis in the hair follicles themselves [23].  Though much work remains to fully elucidate the 78 

pathways leading to the production and incorporation of glucocorticoids in hair, increases in 79 

circulating ACTH could theoretically lead to elevated hair cortisol via either or both mechanisms 80 

described above.  In both cases a growth rate-dependent delay between high circulating ACTH 81 

and elevated hair cortisol should also be expected.  Consequently hair is a medium uniquely 82 

appropriate for assessing HPA activity retrospectively [12].  Compared to other biological 83 

samples (e.g., blood, saliva, urine) that can vary within individuals over short time periods, hair 84 

cortisol concentrations reflect a pre-sampling timespan of weeks to months, depending on rates 85 

of hair growth and turnover [12, 26].  Achieving similar long-term assessments with other 86 

sample media, including feces, requires repeatedly sampling individuals [22], which is not 87 

always tenable in wildlife studies.  Hair cortisol analysis, as a potential indicator of longer-term 88 

stress, may therefore be a more practical approach for studying wildlife in situations where 89 

access to animals is limited.  Methods to quantify cortisol in hair have been developed for 90 



  

several species (e.g., [1, 12, 25]), and in humans prolonged exposure to a noxious stimulus 91 

(chronic pain) was related to elevations in hair cortisol concentrations [44].  Macbeth et al. [31] 92 

measured cortisol in hair samples from grizzly bears (Ursus arctos), comparing a number of hair 93 

characteristics (e.g., color, age of bear, sex of bear, hair from different body regions, various hair 94 

types, etc.) to cortisol concentrations.  More recently the technique has been applied to studies of 95 

polar bears (Ursus maritimus) in southern Hudson Bay and Greenland [4, 30].  However, no 96 

studies have tracked long-term patterns of hair cortisol in any bear species in relation to stressors 97 

stemming from their management.   98 

In our study, we aimed to identify a suitable enzyme immunoassay for monitoring 99 

adrenocortical activity of captive Asiatic black bears using samples of hair and feces. Once 100 

validated, we applied the assay to address the following objectives: (1) determine if bears on bile 101 

farms exhibited higher hair cortisol concentrations than those after relocation and rehabilitation 102 

or exhibited signs of adrenal exhaustion, (2) determine if individual bears tracked for months or 103 

years responded to being removed from bile farms as reflected by a long term decrease in hair 104 

cortisol concentrations, (3) compare concentrations of cortisol in segments of hair samples over 105 

time, (4) evaluate HPA activity in bears during acclimation in a rehabilitation facility via 106 

longitudinal fecal glucocorticoid analysis, and (5) track concentrations of fecal glucocorticoid 107 

metabolites across seasons.   108 

An understanding of how HPA activity is affected by bile farming practices could help 109 

guide captive bear management to improve welfare of captive bears.  Methods for assessing 110 

long-term glucocorticoid production also could be incorporated into field-based studies that 111 

involve hair sampling, for analysis of archived samples, or when real-time sampling is not 112 

possible. 113 



  

 114 

2.  Materials and methods 115 

2.1. Animals 116 

At the start of the study in March 2008, the Animals Asia Foundation China Bear Rescue 117 

Centre (CBRC), located outside Chengdu in Sichuan Province, People’s Republic of China, 118 

cared for 218 Asiatic black bears that were removed from bile farms starting in October 2000.  119 

An additional 52 Asiatic black bears were brought from bile farms to the CBRC during the study 120 

period, which continued through December 2010.  Of the 270 bears that had resided at CBRC, 121 

116 were included in our study based on survivorship, availability of historic samples, arrival to 122 

CBRC during the study period, and accessibility for sampling.  All bears included in the study 123 

were obtained as adults and no efforts were made to attain more precise estimates of age.  124 

Housing conditions at CBRC met or exceeded international standards for holding bears in 125 

captivity by providing extensive enrichment (e.g., simulated natural foraging on a balanced and 126 

diverse diet of fruits and vegetables dispersed throughout the enclosures), opportunities for 127 

nesting and hibernation, and veterinary care [3].  Diet constituents were generally consistent and 128 

included a combination of dry dog food, tomatoes, cabbage, pumpkin and sweet potato, with a 129 

varied selection of seasonal fresh and dried fruit and vegetables in smaller quantities for 130 

enrichment and training purposes.  Quantity fed per bear changed seasonally from as little as 131 

150g dog food and 300g of produce once a day for dormant bears during winter up to 2kg of dog 132 

food and 6-8kg of produce per day for active bears exhibiting late summer hyperphagia.  During 133 

the day, bears were housed communally in enclosures that ranged from 1,368 to 3,881 m2, while 134 

nights were spent in 144 m3 “den houses” that held up to 4 individuals.  Males were castrated 135 

shortly after arrival at CBRC; females remained reproductively intact.   136 



  

Another 20 adult bears (females: n = 9; males n = 11) were housed at a bile-producing 137 

facility in Dujiangyan, China where they were drained of bile twice every day.  Bile was 138 

reportedly drained using the “free-drip” method in which a permanent hole or fistula was made 139 

in each bear's abdomen and gall bladder allowing bile to drip out freely through a collection tube.  140 

Bile draining generally occurred while bears were distracted by food.  However, in some cases 141 

bears were restrained in holding cages (pressed to the floor) to facilitate bile collection.  No 142 

permanent catheters or other extraction devises were observed in these 20 individuals.  Bears on 143 

the bile farm were adults and reproductively intact, but exact ages were not known.  They were 144 

reportedly bred in captivity, however many of the bears obtained by the CBRC from assorted 145 

bile farms showed scars consistent with capture from the wild via snaring.  Forty-nine of the 247 146 

(19.8%) bears at CBRC for which data were available had ligature scars or missing limbs.  No 147 

such injuries were observed on any of the bears sampled at the bile farm.  Bears on the farm were 148 

housed in communal concrete holding pens or small (approximately 4.5 m3) cages where feeding 149 

and bile collection occurred with relatively little enrichment.  Their diet consisted chiefly of a 150 

semi-liquid, rice-based slurry.  Veterinary care was available on the bile farm; however, 4 of the 151 

20 bears were noted as being in poor physical or mental condition at the time of sampling based 152 

on visual inspection (e.g., emaciated, alopecic, exhibited stereotypic behavior).  153 

 154 

2.2. Fecal and hair sampling 155 

Forty-six bears (females: n = 29; males n = 17) were monitored using serial fecal 156 

glucocorticoid analyses and comprised four groups based on their dates of arrival at the CBRC: 157 

17 arrived on 31 March 2008 (females: n = 11; males n = 6); 12 arrived on 6 February 2009 158 

(females: n = 7; males n = 5); 6 arrived on 19 April 2010 (females: n = 4; males n = 2).  Eleven 159 



  

that had been in residence at the CBRC for a year or more served as controls (females: n = 7; 160 

males n = 4).  We collected fecal samples from bears as soon as possible after their arrival (range 161 

0 – 6 days) at the CBRC and twice weekly thereafter, for a period of at least 6 months and up to 162 

1 year.  Feces from control bears were collected twice a week from April 2008 through 163 

December 2010.  Due to the long-term sampling protocols, we obtained samples reflecting the 164 

entire calendar year (all seasons) for both groups.  Long-term sampling was necessary to 165 

evaluate the effects of season on adrenocortical activity. 166 

To aid in the identification of fecal samples from individual bears in group enclosures, a 167 

subset were fed colored MicroGrits (Micro Tracers, Inc., San Francisco, CA, USA), which were 168 

added to a fruit-based liquid meal and acted as a fecal marker.  Fecal samples were collected 169 

from enclosures on the day of defecation and were stored frozen (-20°C) in plastic bags until 170 

processing and analysis. 171 

Hair samples were collected from the abdomens of 7 bears (females: n = 5; males n = 2);  172 

that were euthanized at the CBRC due to their poor physical condition.  They were severely 173 

malnourished, suffering from untreatable injury, and / or diagnosed with an advanced, terminal 174 

disease.  Euthanized bears were included in the study to provide a biological validation of the 175 

hair immunoassay, with the validation based on the comparison of bears suffering from extreme 176 

illness (and therefore likely experiencing chronic stress) and their counterparts in the other 177 

groups described here.  Abdominal hair samples were also collected from 45 bears (females: n = 178 

31; males n = 14, including eight of those monitored via fecal glucocorticoids) during general 179 

health evaluations within 14 days of arrival at the CBRC.  During subsequent health checks, 180 

ranging from 163 days to 8 years later (average sample interval = 4.4 years, 40 of 45 resampled 181 

less than 6 years after initial sampling), follow-up hair samples were collected from the same 182 



  

individuals.  The follow-up (acclimation) samples collected from these 45 bears were used for 183 

the primary biological validation of our assay based on comparisons to the 7 euthanized bears.   184 

Bears were anesthetized with tiletamine-zolazepam 100 mg diluted with 5 mg of 185 

medetomidine (1.25 ml/100 kg body weight), and hair was collected by trimming as close to the 186 

skin as possible using electric clippers.  Nine bears (females: n = 6; males n = 3, including three 187 

sampled for feces) were used to calculate the growth rate of new hair by trimming a 25 cm2 area 188 

on the abdomen and measuring regrowth to the nearest millimeter at subsequent handling 189 

opportunities ranging from 15 to 394 days later.  Those nine bears and an additional 11 (females: 190 

n = 4, males n = 7) were used to determine the average length of untrimmed hair based on a 191 

single measurement per bear.  Thirty nine bears (females: n = 22; males n = 17, including 8 192 

sampled longitudinally for feces) were used for segmental hair cortisol analysis, which was done 193 

by cutting samples into proximal and distal halves.  All bears included in the segmental analysis 194 

had been at the CBRC for at least 19 months prior to sampling.  Individuals were sampled 195 

opportunistically for hair length, growth rate and segmental analyses while anesthetised for other 196 

veterinary purposes.  Hair samples from bears on the bile farm were collected in December 2009 197 

by trimming with scissors as close to the skin as possible through the bottom of holding cages 198 

while bears were distracted during feeding.  All hair samples were stored in dry envelopes at 199 

room temperature in the dark [13]. 200 

 201 

2.3. Hair preparation and steroid extraction 202 

The undercoat was manually removed from stored hair samples and the guard hairs were 203 

washed to remove surface contaminants similar to the approach described by Davenport et al. 204 

[12].  Hair was washed three times in polypropylene tubes with 10 ml of isopropanol shaken by 205 



  

hand for 3 minutes per wash, then dried under directed air and pulverized using a Retsch ball 206 

mill (mixer mill MM 200; 10-ml stainless steel grinding jars; 2, 12-mm stainless steel grinding 207 

balls) for 8-15 minutes at 30 Hz.  Milling was sufficient to reduce hair to a fine powder that was 208 

grossly uniform across samples.  Powdered hair from each sample (28 - 300 mg) was weighed 209 

into 16x125mm glass tubes and 6 ml of 100% ethanol was added.  Samples that produced less 210 

than 28 mg of hair powder were excluded from the analysis based on patterns of proportionally 211 

higher glucocorticoid concentrations extracted from very small samples (< 20 mg) of feces in 212 

other studies [21, 34].  In further effort to account for any effect of small samples on hair cortisol 213 

concentration we ran a regression analysis comparing hair cortisol to sample mass after our 214 

assays were completed.  The results of the analysis indicated that hair cortisol was not related to 215 

the amount of sample tested R2 < 0.01, F(1, 127) = 1.18, p = 0.28.  Tubes containing the ethanol 216 

and hair powder were vortexed briefly and placed in a hot water bath near the boiling point for 217 

ethanol (~78°C) for 20 minutes.  Every 5 minutes samples were removed from the water bath 218 

and vortexed.  After 20 minutes samples were centrifuged (2000 X g, 5 minutes) and the 219 

supernatant poured off into a separate tube.  We repeated these steps and dried the combined 220 

supernatants from the three rounds of extraction for each sample under directed air.  Dried 221 

extracts were stored frozen at -20°C until analysis.  222 

 223 

2.4. Extraction from feces 224 

Frozen fecal samples were thawed, dried using a conventional oven at 100°C for 12 225 

hours, pulverized into a fine powder and sifted through a wire mesh to remove large particles (>2 226 

mm).  Hormones were extracted from fecal powder using established methods for adrenocortical 227 

steroids [19].  Briefly, 0.18 to 0.22 g of well-mixed fecal powder were weighed into a 12 mm 228 



  

glass tube to which 4 ml of 90% ethanol was added.  The fecal powder and ethanol were then 229 

vortexed briefly and boiled 85-90°C for 15 minutes with additional ethanol added as necessary to 230 

compensate for evaporation and retain an approximately consistent volume.  Samples were 231 

centrifuged (2000 X g, 15 minutes) and the supernatant poured off into a new tube.  The pellet 232 

was re-suspended in an additional 4 ml of 90% ethanol, vortexed for 1 minute, boiled, and 233 

centrifuged again.  Combined ethanol supernatants were dried down under directed air and stored 234 

frozen at – 20°C until analysis.  As with the hair cortisol data, a regression analysis was run 235 

comparing fecal glucocorticoid metabolite concentrations to dried fecal sample mass to ensure 236 

that the data were not influenced by variation in sample size.  The results of the analysis 237 

indicated that sample mass had no effect on the concentration of hormone metabolites detected in 238 

samples, R2 < 0.01, F(1, 2094) = 1.98, p = 0.16.   239 

 240 

2.5. Cortisol enzymeimmunoassay 241 

A cortisol enzymeimmunoassay (EIA) was used to analyze hair cortisol and fecal 242 

glucocorticoid metabolites following Munro and Lasley [36].  The cross-reactivities for the 243 

polyclonal antiserum (R4866; C. Munro, University of California, Davis, CA) were: cortisol 244 

(100%), prednisolone (9.9%), prednisone (6.3%), cortisone (5%), and less than 1% with 245 

corticosterone, desoxycorticosterone, 21-desoxycortisone, testosterone, and rostenedione, 246 

androsterone, and 11-desoxycortisol.  The cortisol EIA was physiologically validated for feces 247 

from Asiatic black bears in the previous work by Young et al. [49], which included monitoring 248 

fecal glucocorticoid concentrations in response to an ACTH challenge.  Extracts were initially 249 

run at a 1:8 concentration based on trials with pooled samples, which bound near 50% at that 250 

dilution.  Samples that bound at < 20% or > 80% were re-assayed after adjusting dilutions 251 



  

targeting the middle of the curve.  All samples were run in duplicate, and were re-assayed if 252 

coefficients of variation for paired aliquots exceeded 10%.  High and low concentration control 253 

samples (n = 1 high, 1 low) were included in every assay for fecal and hair extracts, as were two 254 

standard curves.  The inter-assay variations for assays of fecal extracts were 9.72% and 4.67% (n 255 

= 116 assays) at 30% (high control) and 68% (low control) binding, respectively.  Inter-assay 256 

variations for hair samples were 6.13% and 3.33% (n = 21 assays) at 30% and 68% binding.  257 

Assay plates contained random assortments of samples collected from bears in all treatment 258 

groups and various time points.  Assays were, in part, validated for feces and hair based on the 259 

parallelism of serial dilutions of extracts from both media relative to the cortisol standard curve 260 

(feces: R2 = 0.96, F(1, 4) = 131.70, p < 0.01, hair: R2 < 0.99, F(1, 5) = 727.40, p < 0.01).  Slopes 261 

for the linear portions of the curve for dilutions of standards, fecal, and hair samples were -262 

13.67%, -14.33%, and -11.29%, respectively.  Standards were produced using hydrocortisone 263 

>98% (HPLC) supplied by Sigma Aldrich (catalog # H4001-1G, lot # 061M1142V).  To ensure 264 

that our assay was accurate at high and low doses across dilutions, we plotted concentrations (as 265 

determined by EIA analysis) of known standards against their actual values.  This plot was 266 

highly linear (R2 = 0.97), and the formula for the line of best fit included a slope close to 1 (0.94) 267 

indicating consistency across variable concentrations of hormones and metabolites.   268 

Bears from which hair samples were collected following euthanasia yielded elevated 269 

concentrations of hair corticoids relative to their conspecifics, providing a biological validation 270 

of our EIA (see Results).  Matrix interference tested at the concentration of 1:8 (the same 271 

dilution at which our samples were initially run) was minimal as indicated by >90% recovery of 272 

cortisol standard (0.156–20 ng/ml) added to samples before extraction and analysis.  The 273 

biological validity of the cortisol EIA for feces was demonstrated further in short-term (~20 day) 274 



  

preliminary trials (n = 4 individuals) where fecal glucocorticoid concentrations were increased 275 

about 4-fold within a day after a known stressor (e.g., relocation to a new enclosure, introduction 276 

of new bears, an aggressive interaction).  Glucocorticoid concentrations in hair and feces are 277 

expressed as nanograms per gram of dry, powdered sample material (ng/g). 278 

 279 

2.6. Data analysis 280 

The length of abdominal hair between male and female bears was compared using a t test, 281 

and the relationship between hair growth and time (growth rate) was evaluated using a 282 

generalized Michaelis-Menten equation [28].  To evaluate the biological validity of our EIA we 283 

compared hair cortisol in euthanized bears to bears acclimated to the CBRC using a t test.  284 

Subsequently, hair cortisol among bears on bile farms, bears euthanized due to their poor 285 

physical condition, newly arrived bears at the CBRC, and bears acclimated to the CBRC was 286 

compared using one-way ANOVA, with post hoc analysis by Tukey’s Honestly Significant 287 

Difference (HSD) test.  Hair cortisol concentrations were log-transformed to meet assumptions 288 

of normality.   289 

Fecal samples collected within 24 hours of transport to and arrival at the CBRC were 290 

compared to overall means for each of the 20 bears (females: n = 14; males n = 6) sampled 291 

immediately at arrival to determine if the HPA axes of farmed bears remained responsive after 292 

farming and during shipment or suffered from adrenal exhaustion.   Bears not sampled within 293 

24 hours of arrival to the CBRC were excluded from this analysis because fecal glucocorticoid 294 

concentrations returned to baseline two days after ACTH stimulation in a previous study of this 295 

species [49].  ANOVA and t tests were completed using R version 2.12.1 [38].  For longitudinal 296 

profiles of fecal glucocorticoids, the following was calculated for each bear: (1) the overall 297 



  

mean of all samples for the collection period; and (2) a mean baseline that included only values 298 

less than the overall mean plus 1.5 standard deviations.  Concentrations of fecal glucocorticoids 299 

were considered significantly elevated when they exceeded the mean baseline plus 3 standard 300 

deviations [18, 49].   301 

Mixed effects linear regression (also completed using R version 2.12.1 [38]) was used to 302 

determine the effects of sex, arrival group, month, and acclimation time on concentrations of 303 

fecal glucocorticoids in newly acquired bears.  The random effects structure for the linear mixed 304 

effects models was determined by fitting and comparing differing saturated models using 305 

restricted maximum likelihood (REML [50]).  Candidate random effects structures included or 306 

omitted individual bear (BearID) and / or year (Year) as random effects, and tested an AR1 307 

autocorrelation term because samples were collected serially from known individuals.  The 308 

optimal random effects structure included Year and the AR1 term.  We compared models with 309 

varying fixed effects structures using maximum likelihood (ML) and Akaike information 310 

criterion (AIC) values to determine what explanatory variables had the strongest relationships to 311 

concentrations of fecal glucocorticoids [7].  The dependent variable, fecal glucocorticoid 312 

concentration, was log-transformed to meet assumptions of normality.   313 

Based on results from mixed effects linear modeling, concentrations of fecal 314 

glucocorticoids as a function of month were compared using a one-way ANOVA and the post 315 

hoc Tukey HSD test.  Hair cortisol concentrations in samples that were divided into halves for 316 

segmental analysis were compared using a paired t test.  In all tests, significance was 317 

determined at the p < 0.05 level.  Data are expressed as the mean ± standard error of the mean 318 

(SEM). 319 

 320 



  

3. Results 321 

3.1. Hair length and growth rate 322 

The length of abdominal hair ranged from 49 to 88 mm and did not differ between sexes 323 

(females: 67.5 ± 4.37 mm vs. males: 72.50 ± 4.17 mm; t18 = 2.10, p = 0.42).  After periods of 324 

regrowth between 15 and 394 days, hair on previously trimmed patches grew 10 - 70 mm.  The 325 

optimal Michaelis-Menten equation that described hair growth as a function of time took the 326 

form L = (90.63t) / (77.49 mm + t) where L is the length of hair at time t, 90.63 is the Michaelis 327 

constant, and 77.49 mm is the estimated maximum hair length.  The coefficient of determination 328 

for the Michaelis-Menten equation was 0.85 (Fig. 1).  The minimum length of mature abdominal 329 

hair that we observed (49 mm) reflected a growth period of 155 days based on this equation.  330 

Therefore it took an estimated minimum of approximately 155 days for a hair follicle to reach 331 

full length, assuming constant, steady growth.   332 

 333 

3.2. Hair cortisol concentrations 334 

Given the estimated rate of hair growth, bears were included in the arrival / acclimation 335 

groups if they had >155 days of residence at the CBRC between arrival and follow-up 336 

(acclimation) hair sampling.  This effort to ensure that adequate hair growth occurred between 337 

paired samples resulted in 45 bears being selected, with a range of 163-3,112 days elapsed 338 

between samples.   339 

Comparisons of hair cortisol between bears that were sufficiently ill to warrant euthanasia 340 

and those acclimated to the CBRC indicated that our EIA approach was appropriate for detecting 341 

biologically meaningful differences in HPA activity.  Hair from euthanized bears contained more 342 

than three times higher concentrations of corticoids (35.42 + 9.18 ng/g) on average than hair 343 



  

from acclimated bears (10.60 + 1.21 ng/g) at the CBRC (t49 = -5.43, p < 0.001), even after 344 

excluding data from an outlier euthanized bear whose hair contained nearly an order of 345 

magnitude higher concentration of corticoids than any other hair sample in the study (425.78 346 

ng/g).  Data from the remaining 6 euthanized bears of both sexes were pooled because means did 347 

not differ (t4 = 0.09, p = 0.93).  Hair cortisol also did not differ between non-euthanized males 348 

and females at arrival or after acclimation (t43 = 0.12, p = 0.90), therefore data from both sexes 349 

were pooled in those groups as well.  In both sexes and at both points of measure (i.e., at arrival 350 

and after acclimation), hair cortisol concentrations were highly variable among these 45 351 

individuals.  For the 31 female bears in the analysis, hair cortisol concentrations at arrival ranged 352 

from 5.11 - 37.84 ng/g (18.87 + 1.62 ng/g) compared to the range of 6.50 - 58.24 ng/g (19.32 + 353 

4.08 ng/g) for the 14 male bears.  Samples collected from acclimated females contained cortisol 354 

concentrations of 2.66 - 28.19 ng/g (10.70 + 1.37 ng/g), while hair cortisol in acclimated male 355 

bears, which had been castrated after arrival, ranged from 4.32 - 41.66 ng/g (10.38 + 2.50 ng/g).  356 

Although less prominent than the variance within groups, mean hair cortisol concentrations were 357 

lower in samples collected from bears that had been at the CBRC for ≥163 days compared to 358 

matched samples from the same individuals collected within 14 days of arrival (arrival: 19.01 + 359 

1.66 ng/g vs. acclimated: 10.60 + 1.21 ng/g; t44 = 2.01, p < 0.01).  Thirty-eight of the 45 bears in 360 

the analysis (27 female, 11 male, 84%) exhibited declines of 12-88% in hair cortisol 361 

concentration between arrival and acclimation, while the other seven bears (4 female, 3 male, 362 

16%) had 24-208% increases in hair cortisol between arrival and acclimation.  Declines 363 

averaging 58% were noted in the three bears from which acclimated samples were collected less 364 

than 1 year after arrival, indicating that measurable reductions in circulating glucocorticoids 365 

occurred shortly after arrival in those individuals.  366 



  

Cortisol concentrations in hair collected from bears housed at a bile farm in Dujiangyan, 367 

China were also highly variable among individuals, ranging from 10.28 to 23.44 ng/g (16.74 + 368 

1.36 ng/g) in females, and from 6.78 to 63.71 ng/g (17.73 + 5.11 ng/g) in males.  The sexes did 369 

not differ (t18 = -0.17, p = 0.87); therefore, data were pooled for further analysis.  Hair cortisol 370 

concentration differed among the four study groups: euthanized, bile farm, newly arrived at the 371 

CBRC, and acclimated to the CBRC (F3, 113 = 16.79, p < 0.001, Fig. 2).  Post-hoc comparisons 372 

using the Tukey HSD test indicated that the mean hair cortisol concentration in bears that had 373 

been at the CBRC for ≥163 days (10.60 + 1.21 ng/g) were significantly lower than in those that 374 

had recently arrived from bile farms (19.01 + 1.66 ng/g, p < 0.001), those that were sampled on 375 

the bile farm (17.29 + 2.82 ng/g, p = 0.01), and those that were euthanized (35.42 + 9.18 ng/g, p 376 

< 0.001).  Hair cortisol in newly arrived bears at CBRC did not differ from bears housed on the 377 

bile farm (p = 0.92) nor from bears that were euthanized due to their poor physical condition (p = 378 

0.10), and bears that were on the bile farm were also not different from those that were 379 

euthanized, although the comparison approached significance (p = 0.06).    380 

 381 

3.3. Segmental analysis of hair cortisol content 382 

Differences in cortisol content were detectable between matched halves of hair samples 383 

(paired samples t test, t38 = -3.10, p < 0.01), with proximal sections (7.40 + 1.13 ng/g) containing 384 

less cortisol than distal sections on average (9.15 + 1.43 ng/g).  Proximal sections contained 385 

lower concentrations of cortisol that distal sections in 28 of the 39 (72%) bears sampled, with 386 

differences ranging from 3-58%.  In the divided samples from the remaining 11 bears, proximal 387 

sections contained more cortisol than distal, with differences ranging from 7-56%.  Matched, 388 

whole samples collected concurrently contained intermediate concentrations of hair cortisol 389 



  

(7.80 + 1.43 ng/g); hair cortisol in female (n = 22) and male (n = 17) bears did not differ 390 

significantly at the time they were sampled (t test, t37 = 1.56, p = 0.13).  All 39 samples divided 391 

into proximal and distal halves were collected during September-December, when fecal 392 

corticoids in captive bears at the CBRC were in decline (Fig. 3).   393 

 394 

3.4. Longitudinal fecal glucocorticoid analysis  395 

  Overall mean fecal glucocorticoid concentrations in control bears averaged 38.84 ± 1.64 396 

ng/g (range, 0.17 to 819.53 ng/g) and in newly acquired bears were 38.57 ± 1.40 ng/g (range, 397 

0.70 to 1194.14 ng/g).  After removal of values above 1.5 SD, baseline fecal glucocorticoid 398 

concentrations in control bears averaged 33.75 ± 0.72 ng/g (range, 0.17 to 108.50 ng/g) and in 399 

newly acquired bears were 32.63 ± 0.52 ng/g (range, 0.70 to 112.22 ng/g).  Neither overall mean 400 

nor baseline fecal glucocorticoids varied between control and newly acquired bears (p = 0.90, p 401 

= 0.16, respectively).   402 

  Glucocorticoid concentrations in fecal samples collected immediately upon arrival at the 403 

CBRC were higher than overall averages in 16 of the 20 bears analyzed, with elevations ranging 404 

from 10 – 338% above mean values.  Figure 4 depicts longitudinal profiles fecal glucocorticoids 405 

from two female bears, one representative of newly-acquired bears relocated from various bile 406 

farms to the CBRC and one representative control.  Seven of 35 newly acquired bears whose 407 

fecal glucocorticoids were monitored exhibited at least one significant elevation (i.e., values 408 

exceeded mean baseline + 3SD) during the first 3 weeks after arrival. 409 

  Elevations in glucocorticoid metabolites noted shortly after arrival were not maintained 410 

for extended periods of time.  In only one instance were consecutive significant elevations 411 

recorded.  In that case the consecutive samples were collected on day 1 and day 8 after arrival at 412 



  

the CBRC and subsequent samples were near baseline for that bear.  Control bears that were 413 

long-term residents also exhibited occasional spikes in circulating glucocorticoids which, in 414 

some cases, coincided with events that were noted in veterinary records (e.g., relocation to a new 415 

enclosure, introduction of new bears, an aggressive interaction, etc.).  Overall, significant 416 

elevations in glucocorticoid metabolites were recorded in profiles of 29 of the 46 bears included 417 

in the analysis.  Thirteen were observed in nine (81%) of the 11 control bears, while 25 were 418 

recorded among 20 (57%) of the 35 newly-arrived bears.  These peak concentrations averaged 419 

220.45 ± 43.64 ng/g (range, 50.35 to 682.25 ng/g) across all individuals.   420 

 Median monthly fecal glucocorticoid metabolite concentrations appeared to have an 421 

annual pattern for the newly acquired and control groups of bears (Fig. 5).  Concentrations of 422 

fecal glucocorticoids tended to be higher during the months of February through April than 423 

during the summer and fall months.  This seasonal pattern was reflected in results from mixed 424 

effects linear modeling that indicated fecal glucocorticoid concentrations were related most 425 

strongly to Month.  Models that did not include Month as a covariate lacked support, with delta 426 

AIC values >33.15 (Table 1).  Mean fecal glucocorticoid concentrations increased steadily 427 

between December and April, then decreased from April through December (Fig. 3).  An 428 

ANOVA comparing glucocorticoids as a function of Month indicated that the mean 429 

concentration of fecal glucocorticoids was lower in December than during all other months and 430 

higher in April than all months except March, (p < 0.05, Fig. 3).   431 

 432 



  

4. Discussion 

Access to bears on bile farms is generally limited, so assessing their endocrine status in 

situ has historically not been feasible.  Thus, many assertions regarding the health and welfare of 

farmed bears have been based on anecdotes (e.g., observation of poor physical condition of bears 

removed from farms) and are difficult to quantify.  Our comparisons of hair cortisol between 

bears that were presumed to be physically distressed (i.e., sufficiently malnourished, injured, 

diseased, or otherwise ill to require euthanasia) and their relatively healthy counterparts at the 

CBRC indicate that the EIA we used for detecting alterations in adrenocortical activity via hair 

was biologically meaningful.  Although the euthanized bear group was limited to only 7 

individuals (including an outlier), the samples they yielded contained some of the highest 

concentrations and the highest overall mean of hair cortisol recorded in our study (even after 

removal of the outlier).  Mean hair cortisol in euthanized bears did not differ from bears at arrival 

to CBRC, or to those on the bile farm, but all of these groups were elevated relative to the 

acclimated bears that were re-measured after > 163 days of acclimation (Fig. 2).  The lack of a 

difference between euthanized bears and the other two groups (Arrival and Bile Farm) suggests 

that HPA activity is similar among bears that are extremely ill and those on bile farms.  It is 

important to point out, however, that the euthanized bear group consisted of a relatively small 

sample size with a high variance in hair cortisol.  Thus, differences may have emerged if more 

samples had been available from euthanized bears.  Nevertheless, the patterns we detected 

indicate significantly elevated HPA activity in bears housed on bile production farms.  Similar 

concentrations of cortisol in hair collected from bears shortly after removal from farms and those 

sampled while still on farms suggest that bears sampled after arrival at the CBRC yielded 

accurate data representing their historic HPA activity.   



  

Comparisons between glucocorticoid concentrations in fecal samples collected at arrival 

and overall mean concentrations showed that many bears arrived at the CBRC with higher HPA 

activity, which subsequently declined.  Regardless of the underlying stimulus (transport, 

handling, relocation, an artifact of response to farm conditions, etc., [20, 41]), these elevations 

indicate that responsiveness of the HPA axis was generally maintained during farming and 

throughout the process of relocation.  Sporadic increases in fecal glucocorticoid concentration in 

over half of the bears studied are further evidence that bears generally had not suffered from a 

state of adrenal exhaustion or shutdown.  Therefore, this appears to be a case in which chronic 

stress resulted in a consistent, long-term elevation of circulating corticoids, rather than a decline, 

and points to the resilience of the HPA axis in Asiatic black bears faced with protracted HPA 

stimulation.      

We documented a decrease in hair cortisol concentrations of 12-88% in matched samples 

from 38 of 45 bears that had >163 days of acclimation to improved husbandry and environmental 

conditions.  Changes of this scale in a sample medium that reflects coarse, long-term adrenal 

activity suggest that the HPA axes of bears housed on the bile farm we studied were stimulated 

over an extended period of time prior to sample collection.  Elevations in hair corticoids may 

have resulted from prolonged, chronic stimulation by a constant stressor (e.g., poor nutrition, 

confinement, sleep deprivation, etc.) or by sporadic, acute stimuli (e.g., pain associated with bile 

extraction).  Regardless of the finer scale temporal patterns underlying the coarse hair corticoid 

measurements we obtained, these findings could have important management implications.  

Housing conditions, diets, or bile collection procedures coincident with regular stimulation of the 

HPA axis could be sources of concern for the overall welfare of bears on bile farms.  Because 

prolonged stress on farms could impair reproductive fitness and hinder captive breeding efforts, 



  

these considerations may also pertain to long-term sustainability of some captive bear 

populations [42].   

Differences in hair cortisol among individuals from the same groups were even more 

dramatic than overall differences among Euthanized, Bile Farm, Arrival, and Acclimation 

groups.  The high degree of individual variation made matched samples particularly valuable for 

tracking changes in hair cortisol before and after acclimation to the CBRC.  Although the clear 

pattern of long-term decline was detected in most of the bears we studied, a substantial number 

(7 of 45) exhibited increases in hair cortisol between arrival and acclimation to CBRC.    

Differences among bears whose hair cortisol declined and those whose increased may have 

resulted from variation in their ability to adapt to their new surroundings, inconsistent social 

settings relative to other members of their cohort, underlying disease or injury not detected or 

accounted for in our analysis, or variation in the conditions they experienced on the farms where 

they had previously been housed.  Based on the high degree of variation we found among 

individual bears we caution against comparisons of hair cortisol that rely on small sample sizes 

or fail otherwise to account for this potentially important factor.   

Fecal glucocorticoid concentrations were higher during the spring months and declined 

steadily into winter for all newly arrived and control bears.  Three non-mutually exclusive 

explanations could relate to this temporal pattern.  Disturbances associated with arrival of newly 

acquired bears may have played a role in elevating stress hormone levels across all bears in the 

spring, including those that were already acclimated to the CBRC.  The arrival of new bears 

(most of which were eventually incorporated into shared enclosures) occurred between February 

and April during the three years of our study, and declines in excretion of fecal glucocorticoid 

metabolites in subsequent months could reflect bears at the facility adjusting either to their new 



  

environments, to the new residents, or both.  Considering the difference in mean fecal 

glucocorticoid concentrations between December and January, when no new bears were added to 

enclosures, this explanation fails to account for all of the variation observed.  The social 

repercussions of adding unfamiliar bears to shared enclosures compromised, to an extent, our 

ability to maintain true controls for this portion of the study.  We encourage future long-term 

studies of HPA seasonality in this species that include controls experiencing no social change. 

An alternative explanation is that the trend in fecal glucocorticoids represents a true 

seasonal pattern of stress hormone production based on the natural history of Asiatic black bears.  

For example, increases in fecal glucocorticoids could have been related to the impending onset 

of the breeding season, which occurs during June and July [16].  Elevated glucocorticoids have 

been documented in other mammals during periods of territoriality, direct competition among 

males, dominance interactions, courtship, and breeding [10, 11, 24, 40].  Because the males in 

our study were castrated, our measures may have underrepresented the seasonal changes in 

glucocorticoids that naturally occur in reproductively intact male bears.  Although they did not 

hibernate, bears at the CBRC transitioned from periods of relative dormancy (e.g., decreased 

food intake, extended periods of inactivity, etc.) during the winter months to higher activity 

during the spring.  These changes reflect the natural seasonality of the species, driven by day 

length and food availability.  In the wild, at least some Asiatic black bears hibernate during 

winter months [43].  Changes in metabolic rate over the season could be a key factor underlying 

patterns in glucocorticoid concentrations observed in this study, and are consistent with findings 

that the closely related American black bear produces increased metabolic hormones (e.g., 

growth hormone) during late-denning [5].  These hormones could play an important role in 

recovery following prolonged fasting.  In Asiatic black bears, that recovery would occur during 



  

the spring months, when we detected steady increases and our highest concentrations (in April) 

of fecal glucocorticoid metabolites.   

Annual changes in metabolism also relate to the third possible explanation for the 

fluctuations we detected in concentrations of fecal glucocorticoid metabolites.  Seasonal 

metabolic cycles can alter hormone metabolite concentrations in feces, irrespective of bioactive 

hormone levels [17], thus the trends we observed could have been shaped by metabolic change 

rather than trends in HPA activity.  However, we were fortunate to have concurrent data from 

hair samples which were not dependent upon metabolic fluctuations.  Divided hair samples 

collected during the fall corroborated the finding that HPA activity was in decline during the 

months leading up to sampling, providing additional evidence of true seasonality of 

glucocorticoid production in Asiatic black bears.  Based on our estimated hair growth rate, 

samples collected for segmental analysis during September-December were growing, at least in 

part, during months when circulating glucocorticoids appeared to be in decline, based on fecal 

data.  The pattern of decreasing fecal glucocorticoid concentrations leading up to hair sampling 

corresponded to higher concentrations of cortisol in distal than proximal sections of the divided 

samples we analyzed.  Aside from supporting the hypothesis that season influences HPA activity 

in this species, these data demonstrate the potential for detecting changes in stress hormones over 

a coarse timescale using single hair samples.  By contrast, Yang et al. [47], Davenport et al. [12], 

and Macbeth et al. [31] did not find differences in cortisol concentrations across hair segments in 

humans, macaques, and grizzly bears, respectively.  A likely explanation for the difference in the 

present study is the aforementioned pattern of the hair samples we analyzed growing during a 

period of major, long-term (several months) change in circulation glucocorticoid levels.   



  

We used a rather crude technique for establishing an estimate of hair growth rate in 

Asiatic black bears, recognizing that hair growth patterns are likely influenced by season, body 

region, sex, climate, and a host of other factors we did not account for in this study, and 

acknowledging that fluctuations in hair growth rate can influence concentrations of hair 

corticoids [12, 26].  Differences between proximal and distal portions of divided samples could 

theoretically have been attributable, in whole or part, to changing growth rates during the 

summer and fall months.  Faster hair growth should result in lower (relatively diffuse) 

concentrations of corticoids in hair shafts, which were detected in proximal sections of samples 

collected late in the year.  An increased hair growth rate during the fall could be advantageous 

for bears preparing for winter and correspond to our findings.  While fluctuating hair growth 

rates may have played some role in eliciting the hair corticoid patterns we observed, the 

combined fecal and hair datasets provide overall support for seasonality in HPA activity in this 

species.   

  These findings underscore the potential value of applying a mixed sampling approach to 

concurrently examine coarse, long-term endocrine patterns and those occurring at relatively fine 

temporal scales.  The long-term retrospective information gleaned from hair samples made it 

possible to evaluate adrenal function in a way that could not have been achieved by collecting 

single fecal samples after bears were removed from farms.  Furthermore, evaluating hair cortisol 

in bears immediately upon arrival at the CBRC made it possible to determine prior stress 

hormone levels, and to discern how overall adrenal activity changed during acclimation with 

only two samples collected per bear.  Dividing hair samples into halves for segmental analysis 

supported, in concert with data from fecal samples, our conclusion that HPA activity changes 

seasonally in Asiatic black bears. Comparisons of divided samples also demonstrated that 



  

cortisol concentrations can vary detectibly across hair segments, a potentially important step 

towards more fine scale, temporal analyses using hair, which could have applicability in a host of 

wild and domestic species.  By contrast, fecal glucocorticoid analyses clearly identified trends in 

adrenal activity that occurred at finer resolution.  These characteristics render hair a preferable 

sample medium to feces when only isolated samples are available.  The application of a 

combined, complementary sampling approach made it possible for us to track the endocrine 

responses of Asiatic black bears to bile farming and, subsequently, to improved environmental 

conditions.  Ultimately these findings quantify the marked physiologic response that bile farming 

practices elicit in Asiatic black bears.   
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Figure Captions: 

Fig. 1. Scatter plot and Michaelis-Menten growth curve illustrating the relationship between the 

length of regrown abdominal hair and days of regrowth among individual Asiatic black bears 

(Ursus thibetanus, n = 9) sampled at the Animals Asia Foundation China Bear Rescue Centre in 

Sichuan, China (2009-2010).   

 

Fig. 2. Hair corticoid concentrations in samples collected from Asiatic black bears (Ursus 

thibetanus) that were sufficiently diseased, malnourished, or otherwise ill to warrant euthanasia 

(n = 6), those sampled on a bile farm (n = 20), those sampled immediately upon arrival at the 

Animals Asia Foundation China Bear Rescue Centre (CBRC, n = 45), and those resampled after 

>163 days of acclimation at CBRC (n = 45, same individuals as Arrival group).  Different letters 

denote significance (p < 0.05).    

 

Fig. 3. Seasonal pattern (medians) of fecal glucocorticoid metabolite concentrations in Asiatic 

black bears (Ursus thibetanus) sampled between 2008 and 2010 at the Animals Asia Foundation 

China Bear Rescue Centre in Sichuan, China.  On average, fecal glucocorticoid metabolites were 

lower in December than all other months and higher in April than all months with the exception 

of March (p < 0.05).   

 

Fig. 4. Longitudinal profiles of fecal glucocorticoid metabolites for a representative female 

Asiatic black bear (Ursus thibetanus) immediately after transport from a bile farm to the Animals 

Asia Foundation China Bear Rescue Centre in Sichuan, China (A) and a representative control 



  

female (B).  Enlarged points indicate that concentrations of fecal glucocorticoids exceeded the 

mean baseline plus three standard deviations for that individual and were thus deemed significant 

elevations.  Dashed line indicates mean baseline concentrations of glucocorticoid metabolites.    

 

Fig. 5. Monthly median concentrations of fecal glucocorticoid metabolites in Asiatic black bears 

(Ursus thibetanus) sampled between 2008 and 2010 at the Animals Asia Foundation China Bear 

Rescue Centre in Sichuan, China.  Bears arrived in March 2008 (n = 17), February 2009 (n = 12), 

and April 2010 (n = 6), or were residents for at least one year prior to the start of the study and acted 

as controls (n = 11).  Dashed line indicates mean baseline concentrations of glucocorticoid 

metabolites.    

 

 



  

Model Name Rank Covariates AIC
 

Par ΔAIC L AIC Wt
Cumulative 

Wt
Sex & Month 1 β1 + β2(Sex ) + β3(Month ) + � | Year 2567.86 4 0.00 1.00 0.33 0.33

Month 2 β1 + β2(Month ) + � | Year 2568.21 3 0.35 0.84 0.27 0.60

Acclimation Period & 
Sex & Month

3 β1 + β2(Acclimation Period ) + β3(Sex ) + 
β4(Month ) +  � | Year

2569.20 5 1.34 0.51 0.17 0.77

Acclimation Period & 
Month

4 β1 + β2(Acclimation Period ) + β3(Month ) +  � | 
Year

2569.68 4 1.83 0.40 0.13 0.90

Group & Sex & Month 5 β1 + β2(Arrival Group ) + β3(Sex ) + β4(Month ) 
+ � | Year

2572.02 5 4.16 0.12 0.04 0.94

Group & Month 6 β1 + β2(Arrival Group ) + β3(Month ) + � | Year 2572.52 4 4.66 0.10 0.03 0.97

Saturated 7 β1 + β2(Acclimation Period ) + β3(Arrival 
Group ) + β4(Month ) + β5(Sex ) +  � | Year

2573.99 6 6.14 0.05 0.02 0.99

Acclimation Period & 
Group & Month

8 β1 + β2(Acclimation Period ) + β3(Arrival 
Group ) + β4(Month ) +  � | Year

2574.49 5 6.63 0.04 0.01 1.00

Acclimation Period & 
Group & Sex

9 β1 + β2(Acclimation Period) + β3(Arrival Group) 
+ β4(Sex) +  � | Year

2601.00 5 33.15 0.00 0.00 1.00

Acclimation Period & 
Group

10 β1 + β2(Acclimation Period) + β3(Arrival Group) 
+  � | Year

2602.63 4 34.77 0.00 0.00 1.00

Acclimation Period & 
Sex

11 β1 + β2(Acclimation Period ) + β3(Sex ) +  � | 
Year

2652.08 4 84.22 0.00 0.00 1.00

Acclimation Period 12 β1 + β2(Acclimation Period ) +  � | Year 2652.29 3 84.43 0.00 0.00 1.00

Sex 13 β1 + β2(Sex ) + � | Year 2662.59 3 94.73 0.00 0.00 1.00

Null 14 β1 + � | Year 2663.41 2 95.55 0.00 0.00 1.00

Group & Sex 15 β1 + β2(Arrival Group ) + β3(Sex ) + � | Year 2663.88 4 96.02 0.00 0.00 1.00

Group 16 β1 + β2(Arrival Group ) + � | Year 2664.14 3 96.28 0.00 0.00 1.00

 

Table 1. Models of fecal glucocorticoid concentration in Asiatic black bears at the Animals Asia 

Foundation China Bear Rescue Centre in Sichuan, China (2008-2010) relative to month, arrival 

group, sex, and acclimation period.  

 

 
 
 

 

 




