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Przewalski’s Gazelle (Procapra przewalskii), a rare and endangered species endemic to China, has long been
affected by habitat fragmentation and human activities. It holds significant research value for exploring the
physiological response mechanisms of endangered species to environmental stress. This study aims to
compare seasonal fluctuations in fecal cortisol levels between wild and semi-captive populations and
investigate sex differences in stress responses. [Methods] Fecal samples were collected from wild gazelles in
the eastern region of Qinghai Lake and semi-captive individuals at the South Bank Rescue Center across three
seasons: summer (June—July), autumn (September—October), and winter (January). Cortisol concentrations
were quantified by radioimmunoassay (RIA). Prior to analysis, Shapiro-Wilk tests and Levene’s test were
performed to assess data normality and homogeneity of variance. Multivariate analysis of variance
(MANOVA) was performed to examine the effects of habitat, season, and sex on cortisol levels, followed by
Mann-Whitney U tests for pairwise comparisons. [Results] Cortisol levels varied significantly across seasons
(F2,155 = 48.222, P < 0.001) and between habitats (F1, 155 = 5.244, P = 0.023), with wild individuals exhibiting
higher cortisol levels than semi-captive ones, particularly in autumn and winter. Seasonal fluctuations
followed a distinct pattern, with peak cortisol levels observed in summer and the lowest levels in winter. A
significant interaction effect between sex and season was detected (F2, 155 = 4.962, P = 0.008). In summer,
females exhibited higher cortisol levels than males (U = 25.0, P = 0.013), whereas this trend became opposite
in winter (U = 102.0, P = 0.023). The results are illustrated in Figs. 2 and 3. [Conclusion] This study provides
the first quantitative comparison of stress hormone levels between wild and semi-captive Przewalski’s
Gazelles, revealing distinct seasonal and sex-related variations. Elevated cortisol levels in wild populations
during autumn and winter likely reflect heightened environmental stressors, such as food scarcity and harsh
climatic conditions. Seasonal peaks in cortisol correspond to key biological events, with higher summer levels
in females potentially associated with reproductive demands and heightened vigilance, while increased winter
cortisol levels in males may be linked to mating competition. These findings improve our understanding of the
physiological adaptation of this endangered species to environmental stresses and offer critical insights for
formulating conservation strategies.
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F AL (Creel et al. 2002).
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Fig.1 Distribution of wild and semi-captive Procapra przewalskii and sampling points in the Qinghai Lake region

1 HESHEFERERIEEREARESE
(MR ST
Table 1 Number of fecal samples collected from wild
and semi-captive Przewalski’s Gazelles (classified by

sex and season)

KFEZEAT Sampling season

P T — — —
Sex Population HzE k== A%
Summer  Autumn Winter
B B4 wild 7 18 18
Female 2
* ?% . 10 16 9
Semi-captive
JHY Total 17 34 27
Tt 74 Wild 33 3 20
Male Sy 2
* # . 13 15 5
Semi-captive
S Total 46 18 25

ATy RS, HERRMBY, #
FEAEAN 50 ml B0, FHLRM S KEH
SRR o M B A BR A I o T o o BT I 7T
T RIR R, HEM R 240 °C

UKME A TR o BH T BF AR IOV AT AN R
T E 8 H R RI AT R A 1 A0 kST
FEAR.

1.3 HH%eE

1.3.1 DNA #REl ¥4-40 °CAVRIRAZHIFEE
fiftiss, HKHE DNA $F2HUA & (MP Biomedicals
SPINeasy DNA Kit for Feces) i3t H] 41T DNA
PEHL

132 H3X PCR #i  FIH RGN
(polymerase chain reaction, PCR) X Y 4yt
& E) SRY FERHEATY 4 (Yamazaki et al.
2011). F 3 [ B4R £ (50 pD 46 19 pl ddH,0.
25 ul 2 x Rapid Tag Master Mix. 2 pl (10 wmol/L)
51 %(SRY-F: 5'-CGA AGA CGA AAG KTG
GCT CT-3', Hr, K ANfEiFFmIE G 8l T, 2wl
(10 pmol/L) Fii514 (SRY-R: 5-TGT GCC
TCC TCAAAG AAT GG -3") K 2l (50 mg/L)
it DNA. PCR ¥ H4FE/F R LA 95 °CiEAT
3 min IV, BEJS DL 94 °CEHE 30 s, 60 °C
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B K 30 s, 72 °CZEfH 1 min 5 1F#E4T 35 M
W, G 72 °CHEMH 5 min. ¥~ YIEE T
4°C,
1.3.3 HEAEW H 5 ul PCR 7=¥), 4
GelRed -t 2%BE IR E&E I b AT FLvk,
J£ 220 V. HLIK [H] 20 min.
1.3.4  PERRIMT @B S R G K
BIG, MR F Ik A P A SHEPEAATE T
T INE] SRY BRI 38 2% 17, T A 14 A 4 R A
F IR0 SRY R K. & RIS E
167 fyFE{ERE SR, A Er: 78 fr, M
P 89 117,
1.4 FEEH R R BEEER R E K

FEAFRE S P TR PR S KA
45 (2021) $EHUBERE (Elaphurus davidianus)
FPE R R R AT B, AR
FHFFESLTE 4 °C N RR, FREXZY 0.3 g 1B 35 B T
15 ml B0, AN S ml #EEGH CHEE 5K 4K
MUk 911 MIRAWD, ff HiEikRE G #
(MIX-VS, FigyLBEHARARD B
5 min. fffE, fHFH&EEAHEOHL (Sigma
3K15, Sigma Laborzentrifugen GmbH A &) LA
2500 r/min 250> 15 min, Y58 1 ml EEWR, 3F
Ir) 2500 B A UCUE A P N TR B ) B B
5 ml, HE FRPE, HHIKERIN RIS
HHE, W mBARE THEOE T, I
F—20 °CRERAFAFI . Al S8 RE S 48 F AT,
KT (DHG-9145A, i 1ERFEANESA
FRAT]D fE 40 °CTFHF 12 h B FIEHERE.
FE A IE B AT AEAR A F TR . S
DR FH AG B A7 A= B AR 58 BT T R 11 5 o
(R REO S R 2 & b ElN
0.313 ~ 50 pg/L; REEN 0.16 pg/L; K55
LN EE R E (CV) /NF 10%, HiEAAE ST &
e (CV) NT 15%; SEBGA AR VT 22 AN AR
1) XH6080 ZY U St v 14 s
1.5 it

FRAE FEAE SR EAVERIRE (ng/L) HIAS
MEER, THEA TR RERE (ng/g),

R T IRS M. S B o ek At
1T 1 Shapiro-Wilk IEZS AL LS AT Levene 77 255
YRGS, DAPPAG R SR 2 R T Z 0 M an
A BEJE, KA Z KT 2708 (multivariate
analysis of variance, MANOVA), LU EIEE
(EPA 5 7). = (A2, KE &5
A CHEVESEENE) D9l ERE, PG A
RS EAR S B R L R . FLR,
T RABEREEER LS EER, R
Mann-Whitney U 30T LA, 456
Bonferroni 7754 2 E AR S RFATRIE. /£
ANRIZE AT AN [E ] 0 B AL, U 2R AR
ZE 2 J TR AR A DL S & ZR 1 BT AR AR
Ko FHCZHMEAR (FFEMKEI MR &
ZERF IR AIRE ) DR s Lo ) iy el At
NS 5) TARPINGHT. I geit b i
FH SPSS 24.0 %A 58 it

2 gR

21 ZBHEREBRFESNER

ZRFE T Z W KR, =0 B
WL BAT B3 00 (Fa, 155 = 48.222, P < 0.001),
BIARIE R R, AFRICHES. Wl
SRS FE R Bk B I Re A IR R, B AR AMA
1) Bz TR VR P S 2 v TR BB 7R M (F, 1ss =
5244, P = 0.023), RN} R BRI B R N
B (F1155=2.091, P=0.150), HET 51k
AAE B ARREIE B B Z KT (Fy, 155 = 4.962,
P =0.008), FE7~M:HIXT 7 o7 B P 14 52 M A4k st
FENA . AN, WIEMRESZFET (Fy 155 =
0.880, P =0.417). WEIAREEEMER (F1 s
0.788, P=0.376) ()3 BRI AIL I 2 1k
Ko = Z AR BN FIRFEA T (Fa, 155
=0.547, P=0.580) (% 2).
2.2 FREKFRZT R

Mann-Whitney U f 5645 R 27w, 7884 Fh
W, XFMEARKRESEZSR (U=133.0,
P<0.001) FIfkZE (U=161.0, P<0.001) ¥
IEREES, AFENEREREEERTE
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FE5MKE, HEFEKFZELEEER (U=
311.0, P = 0.098). {EJ-[EFFEEF, =AFF
IR B R R R AR R E R e, Ho, &
FHERERELEERTESE (U=10, P <
0.001) Ffk= (U=51.0, P<0.001), [Fi,

KRR R R EK T ESE (U=101.0,

P<0.001). SRS, PAASFPHER R0 B
i’ﬂﬁﬁﬂéiﬁuﬂéﬁ, KEIF L TR, AFRE
PR (B 2).

R2 WBHEE. FWHEMEHNERERERE R

(MANOVA &8)

Table 2 Effects of habitat, season, and sex on cortisol

concentration (MANOVA results)

[X| % Factor F P
92 2F 45 Habitats 5.244 0.023
Z=71 Season 48222 <0.001
PE5I Sex 2.091 0.150
PER x W EIREE Sex x habitat 0.788 0.376
5] x ZEF7 Sex x season 4.962 0.008
Wi EFFEE x Z=15 Habitat x season 0.880 0.417

PERI x WEEREE x 0

Sex x habitat x season
F HFRRANTREGHNTF AR, FEBK, BEHHNZER
AHX T A ZE AR R o P B T I B MKF, @ P < 0.05
RRERBA G PR L.

The F value represents the ratio of between-group variance to

0.547 0.580

within-group variance. A larger F value indicates that the
between-group differences are more pronounced relative to
within-group differences. The P value is used to determine the
significance level, where P < 0.05 generally indicates statistical

significance.

2.3 AEAEIRET I PR R B R R P R

Mann-Whitney U fa 645 &0, B4
el 5 P 110 12 Joi Bk X AE AR SR (U= 183.0, P =
0.008) FI4ZE (U=166.0, P=0.039) HI{ELE
WERES, HEPAEMRER R R K B T
FREFEAMME (E2). RMTERES, A5
FERBER R R ER T 2R (U= 414.0,
P=0.511).
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Fig.2 Seasonal variations in cortisol concentrations

of wild and semi-captive Przewalski’s Gazelles

* P <0.05, ** P<0.01, *** P<0.001

2.4 FH 5451838 BAE X B R EEKFR
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ﬁ_‘iﬁﬁk@xﬁﬁfﬁ@%ﬂ(%ﬁwﬁﬁﬂm (Fy, 155 =
4962, P=0.008). Mann-Whitney U #f—#
L RToR, HRMEVEAARN BRI B
mTHEE (U=25.0, P=0.013), M&ZHEME
AN (R B o R B N 2 v TMEYE (U= 10200,
P=0.023; B 3). FKFMEMEA PRI B2 R R TR
FEERALZE (U=113.0, P=0.782).
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Gazelles across different seasons and between sexes

* P <0.05
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SRR AT Z AR RE . 8T
Pas M A ST HUAE 22 B DR 2R R T R AR D
#j) (Goymann 2012, Donini et al. 2022). A<
FRI, EEZE, T REA AR S B TR
TR PR S ol B /KT 2 3 2 S, TAERK A=Y,
S A P ) R o KT S v T B R
XGRS B SR I 2= AR A B DA
Ko HEHIEYRBAEN L, rEHE,
BRSSP G BN IX P TE KRS
M2 E, DALMY A R0 > P FR AR I B T 7K T
ZRANEE IR, FEARKETNE, RA%
%A, BT AN YRR BRI R, (R,
KB K & B &R, (28 RIE )
TEHIX AR, SFEE AR ARG R
Mg 7R (IR TR ER] 2002). A2
s CPEREFRFREE RN TR AR R K AR R,
RERERR R4S = L I B FIKIE, fE— B
FE 2R T ARAARIR DT, XA e I R T
TR RE 2 I T B A o B 190 B S A

BTN FUR I, SEAEMREAREL, BEFRA
A4 (1) A g o A 5 ] e IR 2 1) 52 PR S N 2R
PO, TS 2047 B A P A e = A 47 T 5
W o 540, WK, BEES (Crocuta crocuta)
(Goymann et al. 2001, Benhaiem et al. 2012)+
$%3 (Acinonyx jubatus) (Terio et al. 2004). #f
& (Dama dama) (Konjevi¢ et al. 2010, 2016)
FINEE KK (Lynx canadensis) (Fanson et al.
2012) 78 Bl FR I8 Hh 1 Bz s B K P36 BT - v o
AW REY], MBS, i
MWK, Fiftiae KKIEAREHIL R, 78
R 2 A 22 I 2249 vl Re A B T 22 o Ik
71, RS A B R — E B AR AR
(Karaer et al. 2023).

e PR R (10 2 Jo A i 2 A 3 35 1 2 1 1k
A, X —IRAE S [ (Cervus elaphus) (Huber
etal. 2003). 4 (Bos taurus)(Ogino et al. 2014)+
Y52E (Ovis aries) (Snoj et al. 2014) Flili2
(Capra aegagrus hircus) (Chergui et al. 2017)

GHAR AT INERIE. AHFRKIN, &
PG I Je o B FE AR 2Rk B e v, KSR
N RE, AR BFAAE IR L)
ARG AR B B R TBOZ T e fivi-
FEAR-"E L IRHL Chypothalamic-pituitary-adrenal
axis, HPA i) #J1f#% (Charmandari et al. 2005,
Johnstone et al. 2012), & Z=5 & 1IN H 1
N T eI w1 = 3 A
(adrenocorticotropic hormone, ACTH) {734,
SV B o B ERVRE TG, A4S R o B K P T

(Chergui et al. 2017). FKA&Z=TT, FEE A
WO R BRI UL IR AR B
ik, ACTH 53l n] G/, 31 5 350 R o e
ACEFEAG IX AR S il 187 [ S A X I B i
IR AEFARFAE (Li et al. 2012)

TEE ZERIAZE,  MERFEAN A B B R BTk BE A7
EREER B, MMM R R KT 2
i THENE, AR, AN B 5
Pt 7K P S 3 v T MEME o BRI AA 2 8] 1) 52
AR PR EZ R, X—IR R 58 KR
PAEARIZEAT AR AR G . AR 6 AR
%2 8 AW IRER =G, CAAR
B, BBV G ORI RS R i (fecal
glucocorticoid metabolites, FGMs) ¥ & 21
B (Caslini et al. 2016, Ventrella et al. 2020
A PG5 P R o A 55 %) T v mT e e i T A
IRTEF= A A B S K B I RE R I AE B 7R 5 5K

NS 2023) 0 PR 50 7E 77 S BT
HEENERME R RS, X2 H K
PR T HEVER F R (Shietal. 2010).
FFER 12 HZIRE 1 AR KEA AR,
HEVE R ORI e 4, HAESCHL AR
et N, X 0] T B R R KT R
F =T MM (Creel 2005, Fichtel et al. 2007,
Girard-Buttoz et al. 2009, Shi et al. 2010).

AHIE T T B AL R 5 o 2 S (A i
KREE, RGN T H X B A4 5
R FRARTS T 2L A TR 4 1) e o B 7K
P, B T AR RIS AT KT
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