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for three wild ungulates; wild yak ( Bos mutus) , kiang ( Equus kiang) , and Tibetan antelope ( Pantholops hodgsoni) . This
nature reserve is important for conserving these three wild endemic ungulates and their habitats. Over decades of
conservation, the populations of these three ungulates have increased rapidly. However, the administrators of AMNNR
considered that the kiang might have become overpopulated, which would result in habitat degradation. Thus, it is vital
implement wildlife management planning based on the quantification of ecological carrying capacity for sustainable nature
reserve management. In this study, vehicular transects were conducted to survey the distribution data and record the
populations of wild yak, kiang, and Tibetan antelope from May to June, 2012, and June to July, 2013, in the AMNNR.
We integrated remote sensing data analysis with on-the-ground plot surveys to identify suitable habitats ( alpine steppe,
alpine desert steppe, alpine desert, and alpine meadow) for all three ungulates, and we estimated habitat production. A
dietary analysis of wild yak, kiang, and Tibetan antelope was completed to estimate the amount of edible grasses required
for the three wild ungulates in suitable habitats. Using the empirical formula ( calculation of the proper carrying capacity of
rangelands) provided by the PRC Ministry of Agriculture, we quantified the carrying capacity for all three species in
suitable habitats and in the whole natural reserve. The results showed that areas of suitable habitat for wild yak, kiang, and
Tibetan antelope were 31866.07 km®, 24035.51 km®, and 24035.51 km’, respectively. There were big overlaps in the
suitable habitats for all three wild ungulates, which shared almost the same suitable habitats. Within the suitable habitats,
alpine steppe, alpine desert steppe, alpine desert, and alpine meadow could potentially provide 3944.91x10* kg, 3126.32x
10* kg, 138.19x10* kg, and 564.49x10" kg edible grasses, respectively for these three species. Considering the overlaps of
suitable habitats and the different requirements of the three species, the maximum ecological carrying capacities of the whole
nature reserve were estimated to be 7951 heads/year for wild yak, 6907 heads/year for kiang, and 24959 heads/year for
Tibetan antelope. The ecological carrying capacity ranges under different probabilities of food availability were 3976—7156
heads/year for wild yak, 3454—6216 heads/year for kiang, and 13547-24385 heads/year for Tibetan antelope. Comparison
of the actual population size and that which could be supported by the ecological carrying capacity of suitable habitats within
the AMNNR, indicated that kiang are overpopulated, wild yak are close to the maximum ecological carrying capacity, and
Tibetan antelope are underpopulated. Therefore, the best management practice should be applied to control the kiang
population and to promote the Tibetan antelope population. Such action would balance the different wildlife species that
share the same habitats and would maintain habitat health to sustain the AMNNR. Conservation efforts should focus on the
long-term ecological monitoring of habitats in the reserve to avoid grassland degradation caused by the overpopulation of

animals.
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Fig.1 Grassland types and sampling sites in Aerjin Mountain Nature Reserve
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Table 1 Utilization rate of grazing pastures in different seasons

5 2K S GRS F RO IR KEDICLIIEES SARTHOM R
TR Utilization rate of grazing Utilization rate of grazing Utilization rate of grazing Utilization rate of grazing
Grassland types . . . - .

in summer in spring and autumn in winter in whole year round
FZERE Alpine steppe 40%—45% 25%—30% 50%—60% 40%—45%
R R
" LR 35%—40% 25%—30% 45%—55% 35%—40%
Alpine desert steppe
B FETEEL Alpine desert 0—5% 0 0 0—5%
EFERAZE Alpine meadow 55%—65% 40%—A45% 60%—10% 50%—55%

N TET G5, = RA BT A sh Wy IR AR E 3 590 3 3L (— MR 40kg B REFEAT — LG
F) o ARIESCERGORL, BPFE A AR EE 295 800—1000 kg, i ET I i /R HE £ 2y 300—400 kg, B F HUIATE 290
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40—50 kg, ARIECRIRFH G INARF BT ) FRIE(NY/T 635—2002) , BF4E4- 0] IS 8 A F AN i
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Fig.3 Suitable habitats for three wild ungulatesin Aerjin Mountain Nature Reserve
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Table 2 Proportions of edible grasses for three wild ungulates in different habitats

e [EE L [ZESSIRE N [EESSiRl 5 FE T )
FLHB IS A Grassland types g " . '
Alpine steppe Alpine desert steppe Alpine desert Alpine meadow

SR Total areas/km? 14290.14 16788.9 9923.2 1897.2
E/ W=
mHENE . 4 10477.53 11031.48 7430 1196.16
Plant production/ (10" kg)

T A P B l
ELF{:FT@%E% H:.{ﬂ 63.63% 91.72% 14.59% 67.52%
Edible grasses for wild yak
S Y i
H@EQT@FT@{TH#’/} Hﬁﬂ 47.83% 98.60% 16.63% 69.77%
Edible grasses for kiang
R EN] £ i
R P R AL ) 47.42% 91.56% 14.59% 67.50%

Edible grasses for Tibetan antelope

R3 BEBBHMHTRENENE

Table 3 Productions of edible grasses for three wild ungulates in different habitats

PR B [HES L gt e
e e e HESSR HES
B Grassland types Alpine ELJR Alpine ! JA Frede IAJ i
Alpine desert  Alpine meadow
steppe desert steppe
TR Area/km? 12658.04 4228.23 5358.33 1160.13
g L P2 L) Number ratio betwee:
ET#EfF/ﬁEﬂP/ﬁ)‘vittfﬂ umber ratio between 2:3:12 6:13:48 7:16:56 1218
PHFELE FRITLY wild yak, kiang and Tibetan antelope
AR &R Edible grasses/ (10* kg) 3944.63 1042.65 100.29 438.36
Overlapping habitats E
for wild yak, kiang ~ PPTEA AT LAY Edible grasses for wild yak/ (10" kg) 1577.85 337.90 31.91 146.12
and Tibetan antelope JEET LA A B Edible grasses for kiang/ (10* kg) 1183.39 366.85 36.47 146.12
Filk ¥ SE ] B MY & Edible grasses for wild Tibet:
P AT ECHAPRE Edible grasses for wild Tibetan 1183.39 337.90 31.91 146.12

antelope (10* kg)
ML Area/(km?) — — 2024.43 332.82
I /56054 2F EL ) Number ratio between kiang

A - — 8:27 1:4
FEFY G FHES  and Tibetan antelope
X3 Overlappi )
*‘ v ap.plng Al AR Edible grasses /(10* kg) — — 37.90 126.14
habitats for kiang
and Tibetan antelope P A A )i Edible grasses for kiang /( 10* kg) — — 20.21 63.07
ﬁ%imﬁ*ﬁf%ﬁ Edible grasses for Tibetan - B 17.69 63.07
antelope /(10" kg)
. 2 o _
BPAE A g eIy B Area (km®) 1.66 8459.68
I—?abi‘tat for wild BHEL ] Y Edible grasses for wild yak/ 0.51 208447 B B
yak alone (10* kg)

AR = 2R A S B R AT A R M (R ) AOABL R S A i AR T DR DX A5 2 B b ) T
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YY) R A5 R (3R 3) A TORT X A, o T€ R i |y 98 S V65 R Ji | ey 9 T V6 D iy 9 o i) 3 ) 2 1
3944.91x10* 3126.32x10* | 138.19x10* 564.49x10" kg Al i &t ; 76 = 2RE LS ES M A IX , PR R &
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FERTHEA BRI 30 X o FERL | o FETE B 4 3R AL T 0.51x10% 2984.47x10* kg AT EEAH P i .
23 EREAIYNESERE
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PR BRI 5 R AT 0 B RE A R 3P R S A B S A AT DX AR LUy B TR R 2 13 112 1
FETTIR B 6:13:48 | R FETTIE 7:16:56 , iR FE W) 1:2:8( 38 3) ; T P RIRE oA B8 /0 A0 X (R B0 L 51
H R FESE 8:27 , R FE LA 104, FEAS IS Hh T A ) R VG Sl S DX IR A Sl R R A L T A
IR T R A 8 i - =R A S e K AE S F MR KR KA SRR (£ 4) .

R4 2RPRAZLFEIVHNEXRESEE

Table 4 Maximum carrying capacity of nature reserve for three wild ungulates

2 BPREA/ (SR/4F) AT/ (Sk/4FE) W/ (R4
Grassland types Wild yak (heads/a) Kiang (heads/a) Tibetan Antelope (heads/a)
i FEHLJE Alpine steppe 3003 4503 18011
FIFLEL R 4609 1393 5143
Alpine desert steppe
IR 61 215 755
Alpine desert
A 278 796 3185
Alpine meadow

FIX
A i 7951 6907 27094

Total in the natural reserve

RISz e R E W AR Y e AT R R BT IR I A R A B R L
REVRA X R KRS B B ER 5A RAE AR KT (50% K& LA ) B P47 X N B R 2R 0T 9 A
A A BT BIR 3976 Sk/4F 3454 S/4F 13547 H/AF S Wi 5 A A TBUR K (60%) B
SHNEB R NN 4471 3/4E 4144 3/4F 16256 H/AE YW IR A R T rh &K (70%) I, =
FHI SRR 5566 k/4F 4835 Sk/4F 18966 H/AF M E W W IR A AL T E KK (80%) i, =&
M AES T 00 6361 Sk/4F,5526 Sk/4F 21675 H/AF MW oI 5 A R A T = /K7 (90% K& L) 1) i
= HESE R BIHR 7156 /45,6216 /4 ,24385 H/4F,

3 it

BT 7R <6 L1 AR DR DA S 7 e D sy T B DX ) = B R % F AR AR X 22— (53 SN D JE I )
ATPYEL FARORIX)  FECR I EPRE A R B R RORS S 2 T e D TR AR AN R G R R A Wl S S T T
ALE) T EEAME R BTIR4 LL EAROR G X ST ORI 20 2247 0], B2 98 4 48 R AS TR Jon A0 3 il 152
T A2 2 B | DR XA LR O 4P BE T RISCR AR T 3271, A ARIRSE BP A= sh Wi Aa 21 1A R 3, IR 3
B AR S EAT AE) T RGE ], AR X IR INEOE , B AR Sh AR Bl a2
S, TN EF A S (AN SRR Y ) B T Al 2 GRS DR B R TR TR AL R, B S BT UR 4
L SRR DX P B A Bl 0 A A T Sy s R 2L

— R R A S RGN AR EEI YT B AR SRR AR S R O B REE L WE R AE
S A A R B R Yo 3 A IR ) B SR R Y R R B
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23 4 AR A5 BURG L AR ORI X TP A GRCEP D R I E L ) AR A AR A 9

A0S M 14 EAE g RGBT R TR MBI ST, A 1A A A 3 R G S
AT ASHFEHE T B A BT 43 L1 A SRR DAL S A RARL A 22 R 2 R I LA A AR 9
FELTR A BT R AL R PR DX 10 e i BT A S A A T 0 A A5 AL AR R R A 2R A T BR gl A AR
PR DX = KA B S B A s 0 0 AT B M B A Al IO I AR X A = KA I 2 B A sl ) g A
PRP—TE K

x5 FERMBARSHEERT=XHFEINESEE

Table 5 The carrying capacity of nature reserve for three wild ungulates under different probability of food availability

R A 2 BPREA (Sk/a) PG (K/a) P (H/a)
Probability of food availability Wild yak Kiang Tibetan Antelope
50% (1A%, Extremely low) 3976 3454 13547
60% (%I, Relatively low) 4771 4144 16256
70% (', Medium) 5566 4835 18966
80% (#%5, Relatively high) 6361 5526 21675
90% (#% % , Extremely high) 7156 6216 24385

H AR sh P R E SRR R & Ik BT R IR Bahfe hE2Jrm' ™, (HE3A 1
BRI B DAL HEEFAE A GECET I R SE R AR A ORI A0 (A FR o2 T e T A iAo (B
OIAT FPREER R AR B LA BRI KN D A g T DR AR Y L R o = S AR S B B
SOOI JE b T AR A Wy AT T R TE R ORAP DX P = 2B A Bl 1) AT R 0 A A e A A A 1Y)
ATRE, TRl b T IR o8 BORHBR = | AT ST SR FH IR S X 1 5 it %) 28k B A v o A 0 [X PN = 2R 5 4= 5h i)
PIAS AN AT TR AL, 200 T K& AR SR 8 TH AL BB G /5 K 55 0 T 9 22 S5, Xl 8 486 R ok
T—EMwZE, BRI, ARG RS DXORNE B S b Y = 2 AR Sl i A S A i — N ez B A
A,

RGN IE , AR T 25 R R4 X N BT A S ) T e S48 B A — 2 48 AR, AT Lo = KA B 2R
7 LE S A FR RO P R B LM . Bleisch 25 FE 2001 4 i B 2k 92 e oA Ty 32 56 AT JR 4 LU AR 379 X A
PR BB A TR A 25 SR B SR 204 5500 H, 2R AR 2003 4F FHRELZR 35 A8 BT /R 4 111 433 7500
kem? 8 X 38l N FEA T 1 B8 3 435 SR R W, 3% X de 9 PR 4F 24 O 985 Sk, BT I AU B 24 Tl 8309 Sk A E A
1603 H ., Buzzard %5 * T 2008 44 Z 78 Bl R 4 LR 3 X AR JU 0 A9 BF 48 2F 5 A 8 b kA7 D A | LA 2 2
T Y24 1700 HEFEEAR | 2848 5 256 15 7E 2011—2012 4E TR A AT, BTJR 4 LR35 DX A 14 Y 4 2 B0 7
Y1k 8842 (95% ‘B A5 IX[A] N U ZZ AL T Bl 4733—16520) sk JEF 3 SF- 14 25334 (28 ALFE RN 16906—37963 )
Sk TR TR S 32796 (ARGl 25753—42988) H o ASHIF ST IH A 45 L W, B AE AR 00
14840 Sk | FEUEF 3P B~ 38808 Oy 11030 Sk, 0% F I F B 0R 27 16667 H ., BARHTIG JLIKIH A 45 5 K A
(FELRE (BRERTE) (R ] (AN [FAE G SRR AL (PR AR ER DR A7 DXV ) AN ] T 7 AR 3R
2550 AH AR WIS 9P AR AR O R T R AP X 3 BV B Y e K AR RS i RO SE R AR AR T
PR X P G S M A A S 0 PR AR AR R SO 2 R K N B RAE S A B, AR SE ARG L A9 F
FELE SRR JCET DPORM B 3 A 15 B S b e B S DRI 4 ] BT R 4 LL R DX P A s B P R R S
U E ARG A A T AR B A S A R OC R o A SRR 9P R R %) o B AT B S
T AR A XU, 5 5 X A S (b ) O TR AT B I RN A B By LR AR R (R R ) e AR R T AR AR A Y
ML,
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