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Abstract. Currently, there lacks a safe and effective sample preservation method with which to conduct non-
invasive physiological research of wild giant panda (Ailuropoda melanoleuca). We evaluated the effectiveness 
and preservation time of three kinds of fecal sample preservation methods. We collected fresh feces from 10 
captive giant pandas (5 female, 5 male) in the Rare Wildlife Rescuing and Breeding Research Center in 
Shaanxi Province in May 2011. The effectiveness of the three kinds of feces storage methods at room 
temperature was evaluated: 95 % ethanol, 0.9 % antibiotics, and no additional reagents. Enzyme-linked 
immunosorbent assay (ELISA) was used to determine the change trend of fecal steroid hormone metabolites 
over time, and the preservation time of steroid hormones in the feces. The samples were analyzed at 11 post-
preservation times: 0 hr 6 hr, 12 hr, 18 hr, 24 hr, 36 hr, 2 d, 4 d, 6 d, 10 d, 15 d, and 30 d. The salient results 
were: (1) for the ethanol-preserved samples, male testosterone and its metabolites remained stable for 15 d, 
and female estradiol and cortisol metabolites remained stable for 30 d; (2) for the antibiotic-preserved 
samples, there was a significant decline in male testosterone metabolites at 4 d, and there was a significant 
increase of cortisol metabolites at 15 d; and the female estradiol remained stable for 15 d; (3) for the untreated 
samples, male testosterone metabolites remained stable for only 36 hr, and there were significant increases for 
other hormone metabolites within 24 hr. Hence, at room temperature, in wild giant pandas ethanol is the 
most suitable method for storing feces and preserving hormones in fecal samples. 
 

 

Key words: Ailuropoda melanoleuca, feces, steroid hormone metabolites, preservation method. 
 

 
Introduction 
 
The Giant panda (Ailuropoda melanoleuca) is a rare 
and endangered species and a global biodiversity 
conservation flagship species. The conservation of 
giant panda has received much attention from the 
international community. Success or failure of gi-
ant panda conservation will affect conservation ef-
forts for other species (Ellis et al. 2006).However, 
their breeding biology and physiological stress 
characteristics have been monitored only in cap-
tive populations. Monitoring methods have 
mainly involved the use of blood, urine, and fecal 
samples to extract and determine levels of testos-
terone, estradiol, progesterone, cortisol, and other 
steroid hormones (or metabolites, herein referred 
to as hormones). Hormone level evaluation has 
been used to address a variety of issues, including 
estrus (Bonney et al.1982, Lindburg et al. 2001, 
Zhang & Wang 2003, MacDonald et al. 2006), ovu-
lation, pregnancy cycle, false pregnancy (Chaud-
huri et al. 1988, He & Guo 2002, Yu et al. 2003, 
Teresa et al. 2010), artificial insemination, birth 
(Bonney et al. 1982, Yu et al. 2003), field adapta-

tion, and human interference (Kersey et al. 2003, 
Kersey et al. 2010a, 2010b, Yu et al. 2011). The 
above work has been and continues to be indis-
pensable for the scientific management and pro-
tection of captive giant pandas. 

Non-invasive sampling methods, such as col-
lection and analysis of feces and urine, have been 
used to evaluate the physiological parameters of 
the captive giant panda, but have not been used to 
monitor giant pandas in the wild. In the wild, it is 
difficult to collect urine samples. Deciding to util-
ize the feces to study the reproductive and adrenal 
physiology of the giant panda was an obvious 
choice. Fecal hormone monitoring would be an 
invaluable tool for tracking gonadial and adrenal 
activity in wild giant pandas (Kersey 2008). Fur-
thermore, the effectiveness of steroid hormone 
preservation in a variety of animal feces is not 
consistent. Fecal samples from certain species can 
be maintained for a few hours (Wasser et al. 1988, 
Yamauchi et al. 1999), some for a few days (Terio 
et al. 2002, Lynch 2003), and others for up to sev-
eral months (Khan et al. 2002, Galama et al. 2000). 
This is mainly because of differences in species, 



Research on methods of preserving fecal steroid hormones in giant panda 
 

211

hormone levels, and preservation methods. Hence, 
to obtain physiological data from free-living wild-
life fecal samples, we must determine how to ef-
fectively preserve the samples, and we must un-
derstand the impact of preservation time on hor-
mone levels in the samples. 

Pandas in the wild typically reside in remote 
and inaccessible mountain and forest regions. As a 
result, another key issue that must be addressed is 
how to both preserve and safely transport fresh fe-
ces to the laboratory. Previous studies have shown 
that freezing (Khan et al. 2002, Terio et al. 2002, 
Hunt & Wasser 2003,Galama et al. 2004) and dry-
ing (Brockman et al. 1998, Terio et al. 2002) are 
generally suitable methods, but the inaccessibility 
of Panda habitat make them unsuitable for our 
purposes. Ethanol can inhibit microbial activity 
and can prevent the degradation of a variety of 
steroid hormones; so it can also be used to pre-
serve steroid metabolites (Wasser et al. 1988, Terio 
et al. 2002, Hunt & Wasser 2003). 

Therefore, this study attempts to explore effec-
tive ways to save steroid hormones in giant panda 
feces; it also seeks to ascertain the timelines for 
which these methods remain useful. Finally, the 
study aims to evaluate the wider applicability of 
these methods for wild giant pandas. 

 
 

Materials and methods 
 
Experimental animals  
Ten captive giant pandas were used, 5 females and 5 
males (Table 1, Photo 1). They were reared in the Rare 
Wildlife Rescuing and Breeding Research Center in 
Louguantai, Zhouzhi County of Xi'an City, Shaanxi Prov-
ince (E 108° 19', N 33° 03') in the north slope of Qinling 
Mountains. It is a subtropical climate zone, a suitable gi-
ant panda habitat. Throughout the experiment, all test in-
dividuals were fed fresh bamboo as main food, and a 
small amount of apples, tortillas, and eggs. During the 
experiment, all sampled individuals were feeding nor-
mally and remained healthy. 

 
Experimental Design 
Fresh feces were collected between May 12 and May 20, 
2011, from 8:00h to 9:00h four times from each individual. 
The samples were put into plastic automatic sealing bags, 
and stored the samples at -20 °C. A short thawing period 
of frozen samples has little effect on hormone levels (Pa-
pano et al. 2010).After all sampling collection ended, all 
male fecal samples fully mixed in order to eliminate the 
sampling time and individual differences, and then be 
evenly divided into 340 copies of 5 g each. Set 10 repeti-
tive operations. All female fecal samples use the same 
method. The remainder was saved at -20 °C. Steroid hor-
mone metabolites were immediately extracted (0 hr) from  

Table 1.  Basic information for giant panda  
individuals in this experiment. 

 

No. Name* Sex Age 
1 Liuliu Female 15 
2 Zhuzhu Female 11 
3 Sansan Male 14 
4 Niuniu Female 13 
5 Qingqing Female 19 
6 Lanbao Male 8 
7 Pingping Male 17 
8 Dingding Male 14 
9 Qiaoqiao Male 8 
10 Yangyang Female 9 

 

* The lineage name of giant panda in the Rare Wildlife Res-
cuing and Breeding Research Center of Shaanxi Province. 

 
 

 
 
 

Photo 1.  One of the researched giant panda (Niuniu). 
 
 
ten of these samples. The remaining 330 subsamples were 
then equally divided into three treatment groups: (1) un-
treated group, stored with no additives; (2) ethanol-
preserved group, stored with 95 % ethanol (1 g fecal sam-
ples: 4 ml ethanol); and (3) antibiotic-preserved group, 
stored with 0.9 % antibiotics (ciprofloxacin hydrochlo-
ride) (1 g fecal sample: 4 ml antibiotics). All samples were 
put into an Intelligence Artificial Climate Box (RXZ-280) 
with ventilation, at 20 ± 1 °C. Samples were tested for 
hormones at 6 hr, 12 hr, 18 hr, 24 hr, 36 hr, 2 d, 4 d, 6 d, 10 
d, 15 d, and 30 d.  

 
Fecal hormone extraction  
After each above-stated retention time, the samples were 
freeze-dried (TH-85D-4, -60 °C, 24 hr) and the desired 
hormones were exacted. The fecal hormone extraction 
process was conducted according to the methods of Cui 
(2009), Khan (2002), and Terio (2002). The dried samples 
were fully ground into powder, and 0.50 g dry feces were 
placed in a 16 × 125 mm glass test tube. Then, 10 ml 90 % 
ethanol was added to the test tube; the tube was shaken 
for 20 min, and centrifuged at 416 g for 20 min in order to 
obtain the supernatant liquid. Add 5 ml 90 % ethanol into 
the remainder precipitate then shake for 5 min. The sam-
ple was again centrifuged under the same conditions at 
416 g for 15 min. Following this, the two supernatants 
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were merged and evaporated at 60 °C to dry. Finally, 1.5 
ml ethanol was added to oscillation recycling, and the 
samples were stored at -20 °C. 

 
Determination of hormone content 
Enzyme immunoassays (EIA) have emerged as the ideal 
technique to monitor endocrinological parameters in 
wildlife (Kersey 2008). ELISA was used to determine 
sample hormone levels (Thermo MK3, Shanghai Thermo 
Fisher Instrument Co., Ltd. Shanghai, China). Progester-
one, testosterone, estradiol, and cortisol that were meas-
ured using an enzyme-linked immunosorbent diagnostic 
kit (Shanghai Yueyan biotechnology Institute, Shanghai, 
China) were: 

(1) cortisol: sensitivity ≤ 1.0 ng/ml, intra-assay coeffi-
cient of variation < 9 %, inter-assay coefficient of variation 
< 11 %, with no cross reaction. 

(2) estradiol: sensitivity ≤ 25 pg/ml, intra-assay coef-
ficient of variation < 9 %, inter-assay coefficient of varia-
tion < 11 %, with no cross reactions with progesterone 
and estriol.  

(3) testosterone: sensitivity ≤ 0.05 ng/ml, intra-assay 
coefficient of variation < 9 %, and inter-assay coefficient 
of < 15 %, with no cross reactions with estradiol, proges-
terone, dihydrotestosterone, and so on.  

(4) progesterone: sensitivity ≤ 0.2 ng/ml, intra-assay 
coefficient of variation < 9 %, inter-assay coefficient of 
variation < 15 %, cross reaction rate with pregnenolone, 
androstenedione is 0.2 %. 

The test results of estradiol were expressed as pg/g 
dry feces as a unit, and the results of testosterone, proges-
terone, and cortisol were measured as ng/g dry feces. 

 
Statistics and analysis 
Microsoft Excel 2003 software was used. Results were ex-
pressed as means and s.d.’s. Levene 's tests were used to 
test for homogeneity of variance. The Dunnett 'sT3 multi-
ple comparison were used to determine significant differ-
ence time gradient point.  

 
 

Results 
 
Progesterone content 
We set the content of 0 hr as the standard (8.69 ± 
0.36 ng/g). For the untreated group, a significant 
change in fecal progesterone content was observed 
within 12 hr (12.48 ± 54 ng/g, F = 214.073, P < 
0.05). For the antibiotic-preserved group, fecal 
progesterone content displayed significant de-
creased at 36 hr (2.45 ± 0.17 ng/g, F= 184.501, P < 
0.05). For the ethanol-preserved group, fecal pro-
gesterone content showed a significant decreased 
at 4 d (6.17 ± 0.48 ng/g, F= 196.927, P < 0.05) (Fig. 
1). 

 
Estradiol content 
We set the content of 0 hr as the standard (2,411 ±  

124.6 pg/g). In the untreated group, significant 
changes were observed in estradiol content from 
18 hr (2,904 ± 214.5 pg/g, F = 147.325, P < 0.05). 
For the antibiotic-preserved fecal samples, signifi-
cant changes in estradiol content were observed at 
the first 15 d (2,015 ± 172.4 pg/g, F = 28.564, P < 
0.05). For the ethanol- preserved fecal samples, no 
significant change in estradiol content was ob-
served within the 30 d time period (F = 3.684, P > 
0.05) (Fig. 2). 

 
Testosterone content 
We set the content of 0 hr as the standard (12.01 ± 
1.27 ng/g). For untreated samples, fecal testoster-
one content showed a significant increased at 48 hr 
(16.42 ± 2.13 ng/g, F = 2.527, P < 0.05); the value 
reached a maximum at 4 d (21.8 ± 1.98 ng/g). In 
antibiotic-preserved fecal samples, the testoster-
one content showed a significant decreased at 4 d 
(9.6 ± 1.38 ng/g, F = 4.786, P < 0.05). In ethanol-
preserved fecal samples, the testosterone content 
showed significant decreased at 15 d (9.7 ± 1.53 
ng/g, F = 16.326, P < 0.05) (Fig 3). 

 
Cortisol content 
We set the content at 0 hr as the standard (109.42 ± 
7.65 ng/g) to the male group. For the untreated fe-
cal samples, a significant increased in cortisol con-
tent was observed at 24 hr (128.24 ± 9.26 ng/g, F = 
186.428, P < 0.05). For the antibiotic-preserved fe-
cal sample, the cortisol content demonstrated a 
significant increased at 15 d (131.63 ± 7.92 ng/g, F 
= 38.861, P < 0.05). The ethanol-preserved fecal 
sample showed a significant increased in cortisol 
content at 30 d (139.3 ± 8.28 ng/g, F = 21.922, P < 
0.05) (Fig. 4a). 

We set the content at 0 hr as the standard 
(80.14 ± 5.36 ng/g) to the female group. For the 
untreated fecal samples, a significant increased in 
cortisol content was observed at 24 hr (92.37 ± 4.89 
ng/g, F = 149.428, P < 0.05). For the antibiotic-
preserved fecal sample, cortisol content exhibited 
a significant increased at 10 d (87.52 ± 4.13 ng/g, F 
= 127.632, P < 0.05). The ethanol-preserved fecal 
sample cortisol content did not show significant 
change within the 30 d time period (82.15 ± 4.37 
ng/g, F = 7.861, P > 0.05) (Fig. 4b). 

 
 

Discussion 
 
Preservation in ethanol  
Our study showed that for the ethanol-preserved  
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Figure 1.  Change in female fecal progesterone content with the three preservation methods. 
 
 

 
 

Figure 2.  Change of female fecal estradiol content with the three preservation methods. 
 
 

 
 

Figure 3.  Change of male fecal testosterone content with the three preservation methods. 
 
 

 
 

Figure 4a.  Change in male fecal cortisol content with the three preservation methods. 
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Figure 4b.  Change in female fecal cortisol content with the three preservation methods. 
 
 
giant panda feces at room temperature, male tes-
tosterone levels remained stable for 10 d, but not 
for more than 15 d. Also, male cortisol levels could 
not remain stable for more than 30 d (and thus 
preservation for a greater amount of time should 
not be attempted). Female cortisol levels could 
remain stable for 30 d; and female estradiol levels 
also remained stable for 30 d; both results are simi-
lar to those of former studies (Terio et al. 2002). 
Progesterone levels, however, exhibited significant 
differences from the standard value at only 4 d. 
Thus, further exploration of effective preservation 
methods for progesterone is warranted. Kersey 
(2010b) demonstrated that a substantial propor-
tion of estrogen and progesterone metabolites in 
giant panda feces were excreted as steroidal con-
jugates. Conjugates break up with time, resulting 
in significant changes in hormone levels (Ziegler & 
Wittwer 2005). 

 Ethanol can inhibit microbial activity and can 
prevent the degradation of a variety of steroid 
hormones, so it can also be used to preserve ster-
oid metabolites (Wasser et al., 1988; Terio et al., 
2002; Hunt and Wasser, 2003）The addition of 95 
% ethanol to fecal samples at room temperature 
does increase preservation time for androgen and 
progesterone in yellow baboon fecal samples 
(Khan et al., 2002; Lynch et al., 2003). However, 
that research indicated that the preservation time 
for both hormones should not exceed 16 days, and 
the preservation time for cortisol and estrogen 
should be no more than 30 days. Ethanol (95%) 
used to preserve cheetah (Acinonyx jubatus) fecal 
samples at room temperature (22 °C), kept four 
steroid hormones (androgen, estrogen, progester-
one, and corticosteroids) stable for up to 14 d (Te-
rio et al. 2002). 

So, for different species, methods differ in 
their efficacy. In fact, even for different steroid 
hormones in the same species, the preservation 

times of different methods are not entirely consis-
tent. 

 
Preservation using Antibiotics  
Sika deer (Cervus nippon) fecal samples stored at 
20℃ increased significantly in progesterone 
within 24 hr (Yamauchi et al. 1999). Adding etha-
nol or antibiotics (streptomycin, oxytetracycline) 
to the samples could significantly eliminate mi-
crobial degradation of progesterone. In forest 
musk deer (Moschus berezovskii), the addition of 
antibiotics to fecal samples significantly prolonged 
the preservation time as compared to the un-
treated samples. However, antibiotic preservation 
was slightly inferior to methanol preservation 
(Lang et al. 2011). Our study shows that antibiotic-
preserved fecal samples had preservation time-
lines that were significantly better than the preser-
vation timelines for the untreated fecal samples. 
Antibiotics can inhibit or kill bacteria and other 
microbes in the antibiotic-preserved fecal samples; 
after a period of time, however, antibiotic effec-
tiveness may be weakened. So, antibiotic preserva-
tion is not as effective as was ethanol preservation. 

 
Steroid level preservation method  
Steroid hormones in blood and fecal samples are 
highly correlated (Ishikawa et al. 2002, Capezzuto 
et al. 2008). Therefore, fecal steroid testing is an 
ideal research method for obtaining information 
about the physiological states of rare wild animals 
(Palme 2005, Shimizu 2005, Ziegler & Wittwer 
2005, Andrabi 2007, Schwarzenberger 2007a,b). So 
far, three effective methods for fecal steroid pres-
ervation have been used: cryopreservation, or-
ganic solvent preservation, and dry preservation. 
Of these, cryopreservation is recognized as the 
best storage method; it can maintain long-term 
stability of the steroid hormone in feces (Hunt & 
Wasser 2003, Herring & Gawlik 2009). 



Research on methods of preserving fecal steroid hormones in giant panda 
 

215

However, for studies with other species, the 
type of storage would depend on the situation. For 
the giant panda (Ailuropoda melanoleuca), which is 
distributed in the remote subtropical bamboo for-
ests of Sichuan, Shaanxi and Gansu Province, sev-
eral otherwise useful methods are not suitable. 
First, transportation limited, so transporting fresh 
samples back to the lab promptly is not possible. 
Second, a reliable power supply is not available, 
so the method of frozen preservation is not suit-
able. Finally, the area is humid, so it is not possible 
to use the silica gel drying method. This study 
demonstrated that ethanol preservation is effective 
for a longer amount of time, and ethanol is rela-
tively easy to carry and thus suitable for field use. 
Additionally, ethanol is an ideal way to preserve 
fecal DNA (Zhan et al. 2006, Zhang et al. 2006), so 
ethanol preserved fecal samples could be used for 
both endocrinology and genetic studies of the gi-
ant panda.  
 
 
 
Acknowledgements. This study was supported by the 
ministry of science and technology forestry public welfare 
projects (201004054), the giant panda international 
cooperation projects (No. WH0628) and Shaanxi Province 
"13115" science and technology innovation engineering 
major technology special project (No. 2008 ZDKG77). This 
research was done with the help of Ma Qingyi, Hou Jia, 
and Li Genxin in the Rare Wildlife Rescuing and Breeding 
Research Center of Shaanxi Province; I am thankful for 
their support. 
 
 
 
References 
 
Abaigar, T., Domene, M., Palomares, F. (2010): Effects of fecal age 

and seasonality on steroid hormone concentration as a 
reproductive parameter in field studies. European Journal of 
Wildlife Research 56:781-787. 

Andrabi, S., Maxwell, W. (2007): A review on reproductive 
biotechnologies for conservation of endangered mammalian 
species. Animal Reproduction Science 99:223-243. 

Bonney, R., Wood D., Kleiman D. (1982): Endocrine correlates of 
behavioural oestrus in the female giant panda (Ailuropoda 
melaneleuca) and associated hormonal changes in the male. 
Journal of Reproduction Fertility 64:209-215. 

Brockman, D., Whitten, P., Richard, A., Schneider, A. (1998): 
Reproduction in free-ranging male Propithecus verreauxi: the 
hormonal correlates of mating and aggression. American 
Journal of Physical Anthropology 105:137-151. 

Capezzuto, A., Chelini, M., Felippe, E., Oliveira, C. (2008): 
Correlation between serum and fecal concentrations of 
reproductive steroids throughout gestation in goats. Animal 
Reproduction Science 103:78-86. 

Chaudhuri, M., Kleiman, D., Wildt, D., Bush, M., Frank, E.S., Thau, 
R.B. (1988): Urinary steroid concentrations during natural and 
gonadotrophin-induced oestrus and pregnancy in the giant 

panda (Ailuropoda melanoleuca). Journal of Reproduction Fertility 
84:23-28. 

Cui, Y., Hu, D., Zhang, J., Li, B., Lan, T (2009): Fecal steroids assay 
for tourist disturbance on captive giant pandas during May Day 
golden week. Sichuan Journal of Zoology 28: 647-651. [in 
Chinese, English summary] 

Ellis, S., Pan, W., Xie, Z., Wildt, D. (2006): The giant panda as a 
social, biological and conservation phenomenon. In: Wildt, D.E., 
Zhang, A., Zhang, H., Janssen, D.L., Ellis, S. (eds.), Giant 
pandas: biology, veterinary medicine and management. 
Cambridge University Press, Cambridge, U.K. 

Galama, W., Graham, L., Savage, A. (2004): Comparison of fecal 
storage methods for steroid analysis in black rhinoceroses 
(Diceros bicornis). Zoo Biology 23: 291-300. 

He, T., Guo, D., Zhang, H. (2002): The changes of the progesterone 
concentration in female Giant pandas (Ailuropoda melanoleuca) 
urine after the mating. Journal of Sichuan Agriculture 
University 20:138-140. [in Chinese, English summary] 

Herring, G., Gawlik, D. (2009): Stability of avian fecal corticosterone 
metabolite levels in frozen avian feces. Journal of Wildlife 
Manage 73: 1010-1013. 

Hunt, K., Wasser, S. (2003): Effect of long-term preservation 
methods on fecal glucocorticoid concentrations of grizzly bear 
and African elephant. Physiological and Biochemical Zoology 
76: 918-928. 

Ishikawa, A., Kikuchi, S., Katagiri, S., Sakamoto, H. Takahashi, Y. 
(2002): Efficiency of fecal steroid hormone measurement for 
assessing reproductive function in the Hokkaido brown bear 
(Ursus arctos yesoensis). Japanese Journal of Veterinary Research 
50: 17-27. 

Kersey, D. (2008): Reproductive and Adrenal Endocrinology of the 
Giant Panda (Ailuropoda melanoleuca). Monograph of George 
Mason University.  

Kersey, D., Wildt, D., Brown, J., Snyder, R.J., Huang, Y, Monfort, 
S.L. (2010a): Endocrine milieu of perioestrus in the giant panda 
(Ailuropoda melanoleuca), as determined by non-invasive 
hormone measures. Reproduction Fertility Development 22: 
901-912. 

Kersey, D., Wildt, D., Brown, J., Snyder, R.J., Huang, Y., Monfort, 
S.L. (2010b): Unique biphasic progestagen profile in parturient 
and non-parturient giant pandas (Ailuropoda melanoleuca) as 
determined by faecal hormone monitoring. Reproduction 140: 
183-193. 

Kersey, D., Brown, J., Czekala, N., Monfort, S. (2003): Fecal steroid 
monitoring to study the reproductive biology of endangered 
giant panda (Ailuropoda melanoleuca). Biology Reproduction 681: 
125-126. 

Khan, M., Altmann, J., Isani, S., Yu, J. (2002): A matter of time: 
evaluating the storage of fecal samples for steroid analysis. 
General and Comparative Endocrinology 128: 57-64. 

Komers, P., Messier, F., Flood, P., Gates, C. (1994): Reproductive-
behavior of male wood bison in relation to progesterone level in 
females. Journal of Mammal 75: 757-765. 

Lang, D., Liu, W., Hu, D., Wang, Y., Ge, X. (2011): Evaluation of the 
storage of fecal samples of captive forest Musk Deer for 
analysis. Sichuan Journal of Zoology 30: 357-361. [in Chinese, 
English summary] 

Lindburg, D., Czekala, N., Swaisgood, R. (2001): Hormonal and 
Behavioral relationships during estrus in the giant panda. Zoo 
Biology 20: 537-543. 

Lynch, J., Khan, M., Altmann, J., Njahira, M., Rubenstein, N. (2003): 
Concentrations of four fecal steroids in wild baboons: short-term 
storage conditions and consequences for data interpretation. 
General and Comparative Endocrinology 132: 264-271. 

MacDonald, E., Czekala, N., Wang, P., Fernando, G., Tatsuko, N. 
(2006): Urinary testosterone and cortisol metabolites in male 
giant pandas (Ailuropoda melanoleuca) in relation to breeding, 
housing, and season. Acta Zoologica Sinica 52: 242-249. 

Pappano, D., Roberts, E., Beehner, A. (2010): Testing extraction and 
storage parameters for a fecal hormone method. American 
Journal of Primatology 72: 934-941. 



H. Deng 
 

216

Plame, R. (2005): Measuring fecal steroids guidelines for practical 
application. Annals of the New York Academy of Sciences 
1046:75-80. 

Schoenecker, K., Lyda, R., Kirkpatrick, J. (2004): Comparison of 
three fecal steroid metabolites for pregnancy detection used 
with single sampling in bighorn sheep (Ovis canadensis). Journal 
of Wildlife Diseases 40: 273-281. 

Schwarzenberger, F. (2007a): The many uses of non-invasive fecal 
steroid monitoring in zoo and wildlife species. International Zoo 
Yearbook 41: 52-74. 

Schwarzenberger, F. (2007b): Non-invasive endocrine monitoring 
using fecal steroid analysis: opportunities and challenges. 
Animal Ecology and Behavior 36: 43-51. 

Terio, K., Brown, J., Moreland, R., Munson, L. (2002): Comparison 
of different drying and storage methods on quantifiable 
concentrations of fecal steroids in the cheetah. Zoo Biology 21: 
215-222. 

Teresa, A., Domené, M, Francisco, P. (2010): Effects of fecal age and 
seasonality on steroid hormone concentration as a reproductive 
parameter in field studies. Europe Journal of Wildlife Research 
56: 781-787. 

Wasser, S., Risler, L., Steiner, R. (1988): Excreted steroids in primate 
feces over the menstrual cycle and pregnancy. Biology of 
Reproduction 39: 862-872. 

Yamauchi, K., Hamasaki, S., Takeuchi, Y. (1999): Application of 
enzyme immunoassay to fecal steroid analysis in sika deer 

(Cervus nippon). Journal of Reproduction Development 45:429-
434. 

Yu, S., Zhang, Z., Yu J., Li, G.H., Zhang, A.J., He, G.Z., Huang, 
X.M., Hou, R. (2003): Research on the changes of sex hormones 
in female Giant Pandas' urine during estrus and gestation. Acta 
Veterinaria et Zootechnica Sinica 34: 452-456. [in Chinese, 
English summary]. 

Yu, X., Hu, D., Jin, X., Ge, X.F., Yang, L.L., Zhao, P.P., Zhang, Q.. 
(2011): Non-invasive determination of fecal steroid hormones 
relating to conservation practice in giant panda (Ailuropoda 
melanoleuca). Animal Biology 61: 335-347. 

Zhan, X., Li, M., Zhang, Z., Goossens, B, Chen, Y., Wang,H., 
Bruford, M.W., Wei, F. (2006): Molecular censusing doubles 
giant panda population estimate in a key nature reserve. 
Current Biology 16: 451-452. 

Zhang, B., Li, M., Ma, L., Wei, F. (2006): A widely applicable 
protocol for DNA isolation from fecal samples. Biochemical 
Genetics 44: 503-512. 

Zhang, H., Wang, P. (2003): The breeding research of Giant Panda. 
China Forestry Press, Beijing. [in Chinese] 

Ziegler, T., Wittwer, D. (2005): Fecal steroid research in the field 
and laboratory: improved methods for storage, transport, 
processing, and analysis. American Journal of Primatology 67: 
159-174. 

 
 

 
 
 
 
 
 
 
 
 




