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Abstract: [Objectives] The characteristics of resource utilization, niche differentiation and coexistence
mechanism of sympatric species were considered the research focuses in the field of ecology, and those
studies have the guiding significance for the conservation of endangered species and biodiversity protection.
[Methods] From July to August 2018, the line-transect methods and quadrat sampling method were adopted
to investigate the habitat characteristic of sympatric species including Tetraogallus himalayensis, Pseudois
nayaur, Marmota bobak, and Capra hircus in Dongdashan Nature Reserve, Gansu Province. A total of 6
ecological factors were measured to explore the differences in habitat use among the four species. We also
adopted the niche breadth and overlapping index of habitats’ ecological factors to measure the degree of niche
overlap among four species. Some statistical testing methods were used for data analysis: one-sample
Kolmogorov-Smirnov Z test for normality test of data; one-way analysis of variance (ANOVA) was used
when data satisfied normal assumption for comparison among multiple independent samples, and
Kruskal-Wallis test was used when data not satisfied normal assumption; independent sample 7-test was used
when data were satisfied normal assumption for comparing with two independent samples, and instead,
Mann-Whitney U test was used when data were not satisfied normal assumption; principal component
analysis (PCA) and kernel density estimation were used for presenting niche differentiation degree among the
four species. [Results] We found 108, 56, 110 and 42 locations respectively for 7. himalayensis, P. nayaur, M.
bobak and C. hircus in Dongdashan Nature Reserve (Fig. 1). The results of statistical analysis showed that the
ecological factors were significantly different among the four species (Table 1), and the scatter plots of the
principal component score of habitat ecological factors for different species indicated there were obvious
niche differentiations, but there were still niche overlaps (Fig. 2). The niche breadth and overlapping index of
6 ecological factors among different species showed that 7. himalayensis held two eurytopic factors that the
value of trophic niche breadth bigger than 0.8, while P. nayaur held five eurytopic factors, M. bobak held three
factors and C. hircus with two. The overlapping index of altitude, slope, aspect, and distance to the road
between T. himalayensis and C. hircusare were higher than the indexes between other animals, which showed
that the effect of grazing. The number of eurytopic ecological factors of P. nayaur and M. bobak was greater

than 7. himalayensis, and frequently appeared in the territory of 7. himalayensis, which showed that similarity
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of habitat selection (Table 2, 3). In particular, the niche breadth and overlapping indexes of ecological factors

among four species can be directly reflected by the kernel density functions, and we also found significant

overlap between T. himalayensis and other animals in some specific intervals of ecological variables (Fig. 3).

[Conclusion] With regard to the particular resources preference and narrow niche selected, as well as the last

surviving core distribution area of 7. himalayensis in Dongdashan Nature Reserve, although other three

animals had more or less different habitat preferences, due to their wider niche and probabilistic co-occurrence

in same locations, the potential mutually competition among different species was probably remains.
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Fig. 1 Location map of Tetraogallus himalayensis and other three mammal speciesin

Dongdashan Nature Reserve, Gansu Province



* 700 *

B4 Chinese Journal of Zoology

59 %

(Z=-1.149, P> 0.05), HUCHRIEESHE
H5REMIEEEER (Z=-0982, P> 0.05),
SRR /N 1 P S Bl HL R N T E AL
o CRWvs. 5 Z=-3.691, P<0.001; 5
Mt vs. 12 Z=-4.560, P<0.001) (% 1.

6 MNAASFEFIIZI T /T 3 AN F S
# BTk RIS R 72.35%, HA s — a5t
W2 A 36.68%, 3 E A TTHREEN 20.76%,
5= FE R TTHREEN 14.92% . A AR F R
FHI T EIER R R, 4 MOFE 3 A E
B MEZ M E R BE (R D). AR
B EW P LR, AR S R
F RS EER H M e R EZE R (1=-
0.23, df=164, P>0.05); BEEEWE5L2EM

F G o BN HPR P Rh R G 2.2 2 5 (Z =
- 1.71, P>0.05) (£ 1. 5 FmotbiE
B, WEMERS TEBERKE SR FE LR EE
S (r=-0291, df=96, P>0.05), HEEK

T HARPIY R (L 2E vs G ESE RS Z=- 0.781,

P>0.05; (L vs. 2 0: ¢=- 6.342, df=150,
P <0.001), B85 ASAIE 2410 3 L 8
FEFER (Z=-0.51, P>0.05), TR
I B /N B N T HARA A CR v GRS
. Z=-6.028, P<0.001; FWivs HF: t=
6.577, df=164, P<0.001; Wi vs.LifE: =
- 6.342, df=150, P<0.001). FH=Ft
R, BEIEE AN 0 3 R R H
PRI R 2R (Z=-0.66, P>0.05);
SR BB 3 sy o B RIS B A ) G
FHER (Z=-0.76, P>0.05) (F 1. KiEE
B AE B B, IR S X HAh A M A
SHEBMESR (BF2).
22 ABMEEBESESMEEM T

4 FRENIILE AT XA R AR S R 5 B
AR WAR 20 AEASALE BRI A AL T B4y
Mre SRR, fEAEBAEERT 0.8 MKEFH,
BRSSP M BA TR B 2 AN HEH
R M. ARG . BROKIRER BAEE /N B

K1 FRUERRPXBEENS 3 MER0 S AESE T L

Tablel Comparison of ecological factorsin habitats of Tetraogallus himalayensis and other

three mammalsin Dongdashan Natur e Reserve, Gansu Province

PFh Species
e B 2 Kruskal-
A SRR 2 Ry o — B
; ECEF) s ey Wallis H
Ecological factor and factor FoES LS ITES P,
o Tetraogallus . . . (oA v SR
of principal component himalavensis Pseudois nayaur Marmota himalayana Capra hircus 2 val
Hay (n=56) (n=110) (n=42) ¥ value
(n=108)
MR Altitude (m) 2 889.94 + 23.53° 3085.14 +31.90° 3 043.06 + 25.87° 2799.04 + 4.76" 52.185™
1A Aspect (°) 194.57 + 8.33" 144.66 + 14.66 162.34 = 11.71% 193.95 + 16.72% 10.031°
Wi J¥ Slope (°) 49.89 +1.51° 36.48 +1.39° 30.52 +0.93° 37.95+2.37% 98.000™
HIA 5 ¥ Herb coverage (%) 0.40 £ 0.02° 0.55+0.03° 0.66 % 0.02° 0.38 +0.02° 69.293"
P 7K I B 832.58 + 76.39" 1166.52 + 119.06° 1062.18 + 70.83" 648.14 + 64.82° 13.906™
Distance to water (m)
P /N TR 192.76 + 24.52° 296.00 +39.51° 117.06 + 13.28° 366.51 + 46.86° 7.540”
Distance to road (m)
B—F W E -0.48+0.10° 0.42+0.12° 0.45 £ 0.08° - 0.50 +0.06" 85.920™
First principal component
B ERSME 0.21+0.10° 0.33+£0.14™ - 0.52+0.06° 0.39+0.17° 50.910™
Second principal component
H=F WA E 0.24+0.08" -0.29+0.14° -0.15+0.11° 0.14+0.15 12.040™

Third principal component

* KRR EKFE P<0.05,

** KR WE KT P<0.01.

ARSI ANS SRR EF AR E (P>005).

* stands for P < 0.05; ** stands for P < 0.01; same lowercases in the same row indicated no significant differences (P > 0.05).
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o W5 M ERY Tetraogallus himalayensis a5 Marmota himalayana o 53F Pseudois nayaur  olli£ Capra hircus
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Fig. 2 Scatter plotsof principal component score of ecological factorsin habitats of four species
K2 AMPHPEARESHEHFER P HRKME
Table2 Occurrencefrequency of four speciesin different ecological factor ranks
HPIIZE Occurrence frequency
H¥ R 724 T e ¥ ) e
Ecological factor Rank Range Tetraogallus Pseudois Marmota Capra
himalayensis nayaur himalayana hircus
374 1 2574 -2832 0.69 0.21 0.26 0.86
Altitude (m) 2 2833 -3 090 0.13 0.30 0.31 0.14
3 3091 - 3347 0.10 0.38 0.36 0.00
4 3348 - 3 605 0.07 0.12 0.08 0.00
1) B4 Shady slope 1 - 45,316 - 360 0.15 0.32 0.43 0.26
Aspect () 14t Half-shady slope 46 - 90, 271 - 315 0.19 0.36 036 0.26
£ FHH Half-sunny slope 91 - 135, 226 - 270 0.29 0.13 0.08 0.33
PH% Sunny sloope 136 - 180, 181 - 225 0.37 0.20 0.14 0.14
e 1 0.0-228 0.02 0.09 0.21 0.17
Slope (%) 2 22.9 - 45.6 0.44 0.77 0.72 0.64
3 45.7 - 68.4 0.44 0.14 0.07 0.12
4 68.5-91.2 0.10 0.00 0.00 0.07
LN 1 0.05 - 0.29 0.43 0.21 0.11 0.26
Herb (C;‘;erage 2 0.29 - 0.53 027 021 0.12 0.57
0
3 0.53 - 0.76 0.20 0.34 0.40 0.16
4 0.76 - 1.00 0.10 0.23 0.37 0.00
PE /KR 2E B9 1 72 - 1004 0.74 0.50 0.52 0.93
Distance to 2 1005 - 1936 0.16 0.30 0.35 0.07
water (m)
3 1937 - 2868 0.06 0.14 0.13 0.00
4 2869 - 3 800 0.04 0.06 0.00 0.00
PE/NER PR B 1 0 - 240 0.73 0.55 0.85 0.48
Distance to 2 241 - 480 0.07 0.13 0.13 0.10
road (m)
3 481 - 720 0.15 0.20 0.03 0.29
4 721 - 960 0.05 0.13 0.00 0.14
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PR 5 AT BRI SR A AR 5
3AE T A AN EREEES 2 T
FEAESALTE RN TEEET 0.4 IR0, S0
A BE/NERERES 1 AN CRAESES 1 D5 1
EAMHRAER KRB 2 N (YRS
P, BEEEXAEFNRA (R2, 3D,

FEPIFPEN ) ) AL S AL B B F R B T 8055 T
0.5, HX B AEZSAL 58 FEAE /N T 0.6 FIR 51,
EIREXS RS RN SRR S %k AT
A BEZK IR PR RS FIEE /NBRBE B 2 MR B F
Al SR R A S 1A
T RS AN 2 A
To HUERT I, KU s BB B /)N B
X 4 T AE SR E] SE G I R BB (3R 3D
T34, R R 5 1L A SRR R KR B A
A EBIRBIIEOR, Bl ik 5 K
VBRI A S AL TE R AR A, PRk, XA
ERLp SR NIE S LRI OE PSS
(%£3),
2.3 EEAGTHLE

IR P R B T AR R A AL, W]
AL B W b 22 1) ) 26 2567 98 JEE AT E B A
B MEZEFERBERGATUE . AFRYFIE
FEEEANFRENAESMES. K, BHES
W5 R R R R R AR BRK

JER B B UK, WEIE XG5 B /N BR B
HESEAR. BN IS AR R
ek BIBNEHE ZIETEE, HEBESNS
HAh PPl 18], LLL &N AN EFh 2 18]35 5
KMAESMES (K 3.
3 Wik
31 ABFMHIMMEES

[ AT A R R AR AR R 7R SRk B
. WESHMTERKE, BRSNS
3 MEBAAEERRREE AN, XE
B T AN [F A b ) 22 S5 5 3507 BE YRR
FAFTEAFAIE s (HAE, DA ST 3 73 43 BT
AR ESIRH U SR EEATER, ae
4 FEIIE A S, R RE S = AR A
MRAESHET L, FEAFRRERESAME
o R ATYIMRI RS, DIRAEAE
RSP AR AU 3 1T e A= BEUR
K554 (MacArthur et al. 1967, Bryce et al.
2002, Ricklefs 2007). WITEFE 7K Y5 BR 2 FIEE /)N
HERES AT FREIRE NS 3 MR AR K E
2, HWEIEHGX A ASH TS %
BN MECT A EAE, RIS 5110EE
WA EAAEERKNES, HEHM., 5
AT BRK R ER B AR N R B S A

K3 AWMU BHNESAEEESESRE
Table3 Niche breadth and overlapping index of ecological factorsin habitats of four species

I 5 3
Tetraogallus himalayensis

e e o
Pseudois nayaur Marmota himalayana ap
hircus

AEFHT N N o R A TR A o
Ecological factor /Ij‘f‘u A E SR ij‘f‘u G VA= 1F 4 d:j‘f‘u %c;‘:\c/)\%ri- %E'ifi ijf\{i
i3 Niche overlapping index 5P Niche overlapping index T8/ ind PPIng g
Niche Niche Niche Index Niche
breadth ¢ g ;2 breadth i 2t breadth [ITES breadth
#F4R Altitude (m) 0.68 0.52 0.56 0.82 0.94 0.95 0.36 0.93 0.40 0.30
W IA) Aspect (°) 0.96 0.66 0.56 0.77 0.95 0.89 0.79 0.87 0.74 0.97
i J¥ Slope (°) 0.74 0.60 0.53 0.64 0.50 0.88 0.85 0.55 0.88 0.74
WA 0.92 0.73 0.53 0.70 0.99 0.80 0.60 0.88 0.40 0.70
Herb coverage (%)
B K Y A B 0.59 0.76 0.74 0.81 0.82 0.94 0.57 0.73 0.59 0.19
Distance to water (m)
NS 0.60 0.82 0.83 0.75 0.84 0.71 0.89 0.36 0.60 0.88

Distance to road (m)
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Fig. 3 Plotsof kernel density functions of ecological factorsin habitats of four species
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B, A e S A o R, A
S5 2 [ GG AR AL 7% B T4

Wb 2 [ A7 AE A BEUR A A itk oR F 77 =X
PLFE ARSI e CGRER%E 1997, Zfh%
2006), 15 FH T A R Fh A 2L 58 BE /AN ]
DK G IR A F AN S8 531, Wi B 7E AR A AL
Jy 0 IXC 18] ¥ [ N W] e AT AE SR E A
(MacArthur et al. 1967, Creel et al. 1996, =¥
%% 1997, Bryce et al. 2002, Hull et al. 2014,
Zhang et al. 2017) . 7 £ F1 525 B AR E b TR DR 1
EEREEEGESERA R, (HHTXHME
RAEHEPAIL R 1 LSO ERR, £
BeR A b5 IE S0 A R AR SR A X . B
SMEE RN, BT RS ) A A A
TRMEIEES 2, EREIESE S H AR X P LR
I A AL e R B s SR AAEAE
Tl ) 2 5 5 4 1) 0] R o SRR /B AE 2 500
~ 3300 m XAMEIRBEEE B AECAI S, 1ERG
5 5 X G S AT A BRI 5 Ak A R B A T 7 5
FEHFR B ILIX, W5 I S5 35 B A7 kBT
RERIE F I, MBI RIMK FE RS
A B R AR Y F . 7R RS IR S XS 1
LR mIX GENAKIL, H5 =R RE AR
FIFH EEES, HTUHEL NG, X
GoALTEZS (B AT BV AR, fETEIETE
ITEF AT e MR AT R B B T U B
MHE Y, 5 R0 S i 4R AN 3 v DR
AT B R T IR SN, e R T
b, BIREEIE XS AT R, 5 3 Fh
BREBMESEA R, (HELERTXIE
TEHE A CIO3E 22.9° ~ 45.6°1X30), 4 Fhzh
TG RSL R LM R B s, EWE R A
SeR IR . BFAMAE TR R, T e
IS ALk REL AP 05 6 114 I O A 22 30 2 1 L TR B~ 2%
B, B RE R IG5 0 5 A B R IE 3
(A=
32 REYATS/KIEFR RAAAEE

KT 4 FhEhWp et HARR A
A7 5 AN S AR HnT DAIA) 422 S i R % 4)

VEUR TR MIFEE . AT IRF ZE B, A
WA KPR A2 B B 12 25 XS P e 3 K 1) B 2 A
# (Liu 1994, E/KIESE 2009). HTHEES
M5 R B ) A 55 B R T I AR AL
RSN, I EHMRIE TS5 A E. B L
3 PR ESRASE R NES, T
M8 E XS B S R LS. B AN
W, BATR BTG R AE T = 1 BH 3 e EE AR
X3 A A F B AL TR R X, ¥R R EI
GRS A IS B AL A, 1 IS B e U (e AR
o XU TR B ARAE T L Til b
(R R SIS I 25 S TG SRS, I G X
WM R IR R E R aAT, B4 M3
FEFEI L TOURL I AL ()38 2 JR e 90 2 [R] i tH
ALEAE R R L E SN B E T
B, LT R 4 R R BB ER B
Wi

EE R, WIS S IS AR B Y 75 e
HHIRPE MR IBAG 45 P8 I 00 0 B 33 B B 35 11
R IX, HEDI S A 550 AT REA B A IR V5 3l T 4R
EHIXANL TR 2 6] 3XKE, 4 FPEhPe L T
FI El TR R RIS 2 R R X T B A7 A
EHEEVRERHEMES. R ERI, B
JEE XM G, SR LT RIBEYE K,
W T HONBEUS L . AT HARRE TSR I,
T XA N E T B R X A, R
MR b X TSR (LR 22 R BEOH R AR B, 1A
AT REEECR (EIKIESE 2009). [
W, X i B e R 3 TR IR X A )
THA MRERCE, HSBWmEs . Hiih
Y AR ZN ) ) T R BUOR U R R

EIEE NG 3 S S AE R KR R AR )
RER S LA EERRKAESMES, KT /KIE
SR 4 FPENPIE G 2, GnrE i A
AR I T — AR B S Ll SR KR A, R AT
BEFRBYOK: RNV RAMAKIER, B30
TEBEYE R a2 Ay, FE B s IR 5 XS 135 Bh AL
HARKMES., HRTREESET2EST
AEAEIRES, XK AT RE AR 2 I Bh 9%
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33 HEHEREHRYP

FHAELT HARHESS PR, MRS LA
FEARE RS A MKW ER R —. It
RTHIRFFE 228, E M 20 tH4D 90 4R R K1 H
IRERA X FFAREER LK, 4 & A9 A ORGP X
B e RIS, RIESEEREEE K
BB, 2 5 XA T BRI L2 I7%,
Iz ARAERIRF, B0 T I I S RS R
B (EKIESE 2008). AV BARTE (R
XEIE-FE BB Z5 UM AR I T 55 3y
RO NE S XS IR BiE BN AL, AEANAE 5 B A
RIVABAZ WG, FARYE 5O TR
WRAZ IS, FIT R KL PR R 5 0 ol B ASE A A
BN TEEANAEMFARE. ARMBCTH
(20 4 90 FAREEM LISkA D BUK R i AR IE
HO VARSI DL 5 AR T Al B P21
T[] 5 5 475 R P RR g ] 280 JHL o B 4 K AN 3
FEIE .

AT AT — o 5 Y5 SR AP S b A B AR
R B Pl YA X T AR S A AT
FIH M2 M N JE /> (MacArthur et al. 1967,
Ricklefs 2007). 57 [HFIH . &5 IR AKIE
FHOC B A A5 DR 7 25 8 P2 P T D B S T H I
TG 3 PR IR A ARG Ll 2E B
XIE R T, G U AL T I 1 S5 XS B A% O AT
X, FSHEESESMAESMESRA, Bk
T-HE SRS 51 I 1 25 X P K ) B R 3R
Z—. RTHIWFTEERA, K& B R X
EIEEIMKE, D T ESKTFE (Liu
1994, [EKIEZ 2009). FATERE S LI,
N BRI ERE LI EEY, Ry
X HE N D1 BE ORI R S B GEE I 40 234 1L

s AH RO SRR AE LU 4 . 220 i X
G B LE ORA IX N () /D B RORHAE S I Y, 3K
TEEREAE B IA R RIORY, sl xT 50 5Wi 6
AT BT HARE A SR
AERTZ TS, fEAESKTFHRETX
() P X e 55 L R A A A o B B RN A 5 S ]
e (HIZRHAE AT P B> A AR 55 o 5 1) e
%, EEWMHREEAFEENHELT, HEAR
YRz AR E SN ES, YR eT g
A7 (Abrams 1980).
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