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Habitat Alternation of Rhinopithecus bieti in Milaka of Tibet, China

HUANG Yong'?, QUAN Rui-chang’, REN Guo-peng', XIAO Wen*, ZHU Jian-guo"”

(1. Kunming Institute of Zoology, the Chinese Academy of Sciences, Kunming Yunnan 650223,China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China;
3. Xishuangbanna Tropical Botanical Garden, the Chinese Academy of Sciences, Menla Yunnan 666303, China;
4. Department of Life Sciences and Chemistry, Dali College, Dali Yunnan 671000, China)

Abstract: Black-and-white snub-nosed monkeys (Rhinopithecus bieti) distribute in a restricted area of the
Trans-Himalayas between the Mekong and Yangtze River, at 26°14'N-29°20'N and 99°15'E—99°37'E. There are about 1
700 individuals in 15 groups remained in the habitat between 4200 (north) —2600 m (south) asl. The Milaka group is the
northernmost range of the species with about 50 individuals in Mangkang county of Tibet. Based on our field survey and
previous reports, we identified the fir forest and the mixed conifer forest as suitable habitat for the monkeys. Summer
grazing lands and farmlands, which were made by local people’s cutting and burning in the fir forest at the high and low
altitude belt, are replacing fir forest. To evaluate the status of the monkeys’ habitat, we employed GIS and RS to identify
the habitat types with Landsat TM satellite imagery in winter of 1986 and 2006 respectively. The work resulted in: 1) the
size of summer grazing lands, farmlands, and fir forest was 4900hm? 3300hm? and 13600 hm? in 2006 respectively; 2)
during the past 20 years (1986-2006), the size of fir forest decreased by 15.5% (2500hm?), summer grazing lands and
farmlands increased by 58.1% (1800 hm?) and 17.8% (500 hm?) respectively; 3) the habitat of the species was more
fragmented, the number of habitat patches increased by 75.6%, the mean size of forest patches decreased by 51.8% (from
15.3 to 7.4 hm?), the largest patch index decreased by 54.7%; the patch richness remained the same, but the Shannon's
diversity index and the Shannon's evenness index increased by 4.0%, respectively; and 4) the size of fir forest negatively
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correlated with villager population (r =—1.000), but the size of summer grazing lands and farmlands positively correlated
with villager population (r = 1.000). These indicate the habitat lost and fragmentation for the Milaka group increased
sharply during the past 20 years and it is the result of population growth and the most employment of traditional modes.

Key words: Rhinopithecus bieti; GIS and RS; Habitat lost and fragmentation; Tibet; Human population

AP (Rhinopithecus bieti) & & E A
At JE R KKz —, AIRE—H R 3, 1
IUCN (5 AR PRI 2007 SZ )i er j
T s B fE A AL T/ S AR
A (ENC2a) (IUCN, 2007); 7E 2002 4F 8 4 41 by {H:
Jt 25 MRS E I R KKz —, Ja MRt E,
2004 “EJE AR PR AIHEE 44 5% (Mittermei et al, 2007) .
e 2 400 4F, T ANEHK S MR E b
SEJE N, A EAR)E  (Rhinopithecus) 3447y i ] P4
B4, MR XOR 45 2 Sl gk X (Li et al,
20025 17 7 A SR H R REAS 2 A XA R R
J& 2600m (Xiao et al, 2003, X535 7E7E P4 1L Rk
ZR R b DX 4 0 VTR v 1 2 T8 f 2 0 1 o — Bk
INXERN (26° 14" N—29° 20’ N, 99° 15’ E—
99° 37" E), /A X AFEA VIR TR 2 BIEAK
YEPH. VL. 2ZIFAI A 6 AN E (Long et al, 1994).
AR PR AN B SR 15 B, HEY 1
700 H; Hrh, ZEEEENZA 12 B 1400 H (Xiao,
2004), PusE 2 BEELEE N 204G 3 8 300 H (Xiao, 2004;
Xiang, 2005).

A SO FT I R AN S A KR S B 4 A A 7 R
O A X T EEL MR, BEL) 50 Mo i AiIX
M5 2 A ARIEAR . OG- B A S o A 1)
LR T =N (Li et al, 1981; Bai et al,
19885 I J Xof DU i ol 5 119 4t L0031 850
I3 AT R XA B SR AR (Long et al, 1994;
Yang et al, 2005), Xiang (2005) X PGk FEF) /2N
B AR T AT A ST, LA R (PR
B ORBRED MW TAERIE, SHERA T
A3 AT DX ARG S b P o e o AT T S 4RO

B N AR R ORI RS Bl B ik
CLARHECEE D (P I RN 3% BRI ), AR
WP G RAAE PRI, i B EY 2Rk
KA IR (Jiang et al, 1997; Primack & Ji, 2000);
Bk EARZBANRES TH M R D, RE A
SRR X AB AN Ah (Dompka, 1996, seeing Liu et al,
1999). M 20 4L 50 FAUKF] 1997 4, B
A 25 (R L M5 2K 3% 31% (1887km?), 11 /] —

Xapy, HEHEHWINT 204% (1291km*); FRHk
PEH A TR 15.6km™ /N8 5.4km?; B (340
B 0 A DX v v AR A 1) v L B T R B v R
PARHE 7 247 38 DL S AR 3R A (0 B b AN W o) v i
MY 5K, CEBCABERE T e RS RSN
T (Xiao et al, 2003); #H4ab, HZEHO7RAHH
AR 30 5 2 i N VB S E AR O, A BR A
ST JE MR O RV AR A A2 1 A 4 A e T SR
N FERKILFEE 4R (Xiao et al, 2003; Zhao,
19960 X 78 AN St (1) R B A5 2540 23 AT 3R,
P Tt 5 R O o R A B ke B ™ ., ]
DUKS B A B2 AN s AR WA JEsiE
Pl B (northern range) H1 & M P4 R 15 AE VB
(central and southwest range)fll Zx F 1ot 1% I Ff #f
(southeast range); JH AbH AL WP Fh R A2 B P A0 &
oA it Ak, FH PGB R 3 AN FHARFIHE (A
G, NEFESFOKRRREE) 4Lk, Liste 2 AP LI
PN EAE AR, S FHFEE ELRY (Liu et al,
2007).

FEGERIE T IENT S PR S, R T
S e LR DX, A R i) P L SR A
B B FORG B Kb 1Y) B AR B AL E P (Wang et al,
2008), TR, BHF K (remote sensing, RS) Fl
b #E {5 B\ R4 (geographic information systems,
GIS) HARMAWIKRE, GIS f RS &N EF A5
WA R T R R 2T R R 52 2%
ANHITIF e KRR A0 25 42 (b IX, - 75 20 ) s 1
AR 73 M5 T RAT SR A (Wang, 2007). A
i, ASSCNT GIS Fil RS SR (A0 s g v ek 4y
Tt 25 20 4E (19862006 4E) [ )3 AR {h 45
0 S AR SR RTEAT B SURIERT, 15 AR 1K R
(SEOEY T NE SR Ak i Y N o T
J7i%:

1 RS FGFE

1.1 5
TIF 5T M A7 T e ] G i 1 9 DX e B 45
P (98° 37" E—98° 50’ E, 29° 02’ N—29° 30



6 3 T OHAR PEREOKEL R AR SRR S AR 1 655

" N), MHFRZ32300hm?. %M S TR K
BRI 2 W Al P e L bk, A P R S AR
IR (4% ST, S VS ek 1)

kB R EAR ALk FEE 214 AFEPE AL T
o (E D,

Pl pipas
Mengkong River

$4500m E1 tion 4500m

HELYD The location of Milaka group

Aoy
Heique River

; 1 Legend b
~ |+ 1iti214 National highway214
[ Ll Y The boundary of the study area

A . Residents

— 200m Elevation 3200m

1 WO R
Fig. 1 The location of study area

P CVH AL #% ) ( Comprehensive Scientific
Expedition to the Qinghai-Tibet Plateau, Academia
Sinica, 1988) [FIXI4, %M U T~ SV Aty A o ity
= ZR W A 2 ] o bR DX — s T LK g S bk
BRRNE N IX — E I — TR /N X AR 8
A UAARE 58 HRHEEAE A A BRI v 1L I o
PR BEI SRR AR VR RE AR BEARE 4 Fh

(Tibet Forestry Survey and Design Institute, 2000 ),
1.2 7 %
1.2.1 G038 50 1 A T SR IBOR JE M 7 s 2o

FIFRIEFRE  AIABAR DEZEG
1, J%E NASA il P& (Landsat) ff) TM/ETM+
AR TR ARN R . IR (B 16 RESH
W0 EMRBOERE b, Rt AR s WA B 1
BB MR (30mX30m) ADGHE >R GE
8 i R B 2 11X 53 AN (7] P 4 48 288 284 I 1 ) G AN [
IR A, PRI 32 Y P - 7 /- ) 6l
K (Domag, 2004; Zhao et al, 2003). AHFFLEFE T
5 (19862006 4F)XZ=[f] Landsat TM A%

(p133r040), Zeit EHFEFLIE )G, HE A1
A i b £ R AR A SR E B TR 3200m LA
AR I FE AR T R AR 1) AR Ty, R
AN HILAEIX S 7 s A G DX 3O A 22 L B
TEHFIR 4500m LUT, A T ORSEHAS VIR A S
ARk, FRATTEE LR 3200m AT 4500m K F, 4
SCDIsR” IL Ay, RS MRS .

48O B A S AT AV JEL b TR 1 B LA S Landsat
™ B EMGHIIRMEES (Reese et al, 2002), FA]
IRV > MR HURT R AR . SR PR AR IRIX 2
W EE AR CRLER JSUaR I B AR FR TR AC RO L T
i S i AR QL RER I S AR RRHBIX 43 2 B 2= 4K
Y. RHEWA,

EIGRRIE N TR R X AR AR A R
HERPEFIRR, RATLL 1968 FHLERE (1@
1000000 %427, KM T HWM B RFHE
BLAT2 AR 23 R B 320 IG5 & 7 I vF o
7t Landsat TM 2521 543 JEBLT, IEEF AR
B ERER A, AR B B B s A St e
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MRIGEAR s o t, 3 A AR B sl B 3 o4
BIX W, MR i R N S 2% . 28
AN A RIS, s AR R
B K JE I AR 0 B RO A . B, TR
AR 3200—4500m 2], FRA< AN #R LR
HE R RBEWAL TR RS L, BT IR
B, — M A TSR ARG LU X .

7t Erdas 9.0 " 56 Rl A SR AT B
I3, AR JE ORI 4 B R RE LR AR A0 TR SR 0T
MR B oy Rk — e
122 W E R FEEOT 5

h T E R R A S S AR A 1 L
FIH Fragstat 3.3 KA EAEFE I S HOIE 740
FRE ASCIEFEIRECH BRI | P B AA
ORISR E: SO FE BE484. Shannon ZAEME
FRHCH Shannon Y5 JEFR (3% 1) (McGarigal et al,

2002; Wu, 2000).
1.2.3 MR S5 2 B bR A S PE 2 BT

N T T A S AR A TS SRR, BRI
TR R AR S M AR AL 5 Y oA 25 2 BE AR AT
FIH K FR e FAEET 1986—2006 i 20 4F 0] 3L
5 ANMEAY (19864 1992, 1997, 2001 Al 2006 4F)
W EERB, 8T &4 B i AR AL AN
PEALTREL S5 5 MW RE B Giih JRigk g 1) 4 5 2 4
N BB A s s e B gt Eds, e
SPSS 13.0 N, f#iJH] Spearman A543 47 T %25kl
AL S PNIEE-§ v IE Ve =2 (1P W

2 &4 R

N T IIELEEL, BATRE 1986 £ 2006 4k 2
PHAE ISR S R (B 2) DAR TS as R - 22
.

R 1 AXFHEEHHIBIR. AXFER

Tab.1 Name, formula and function of landscape indices

FREL4FR Name 433\ Formula 45 % X Implication of parameter £ H Function
TP N 73 s B — BE DR (R R A5 RSOV 0 57 AN e e
Number of patches NP NP=N N is the total number of patches in the To describe the heterogeneity and the
landscape or of the corresponding patches extent of fragmentation of the landscape
type.
SR BES A FORSOMEHE —BEE R R, N % RRIRSOUL I AR
Mean patch area MPA T OB — PR (1 B RSAE To describe the extent of fragmentation
MPA=A/N A s the totél area in the 1and§cape or of the in the landscape
corresponding patch type; N is the total
number of patches in the landscape or of the
corresponding patch type.
R BEHFE an R B — BE B i KT AR, A SR SR AR A 1Y
Largest patch index LPI Lpl— s MBI — BRI (¥ S TR To describe dominance in the landscape
[Max (ay, a, - ay) /AJx a, is the largest patcl.l area in the lands‘cape
(100%) or of the corresponding patch type; A is the
total area in the landscape or of the
corresponding patch type.
SO FE m KR ST W PR RS IRy 5 KL Hik SO0 5y
Patch richness PR PR=m m is the number of different patch types To describe the landscape composition

Shannon £ IEFREL
Shannon's Diversity

within the landscape boundary

PR PER IS RIAL S LR s mk
SO AN RIGEHSE T

Py is the proportion of the landscape occupied
by patch type k; m is the number of different
patch types within the landscape

P R PERE AT S5OW i BRI AR s mak
IR AN T BESRZETR R
Py is the proportion of the landscape occupied

Index SHDI =
boundary
Shannon #4J] F§ 5 %1
Shannon's Evenness N
Index SHED 0o > Peln(Py)
E= - k=1
H max In(m)

by patch type k; m is the number of different
patch types within the landscape
boundary

FA LR BTE » R 0 0 b A
To describe the heterogeneity in the
landscape, especially more sensitive to
rare patch types

i SO B E
To describe the heterogeneity in the
landscape
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21 ERME2BAmE:KhFREmSHmARALE

Tk

2006 4 6 A SR SRR Bl DX IR AR
M TR E 24100hm®, o BEEFHAK 13600hm?, i
I 4 AR JZEAR 10500 hm?; bR HE AR &
Z2H% 4900hm®, A< H 3300hm’. 20 4E[A], kM
B> T 8.7%, Horpr B P4 A% 3= TA L R s i
MR T 15.5% (2500hm?), i - 43 il i bk
NREARTAIIN T 1.9% (200hm?);  JEbkHE A 18
T 39.0%, Hrh B ZHBUA AN N T 58.1% (1800
hm®), &R T 17.8% (500hm®) (% 2).
2.2 ERME2MRFE:K A FREH S i

(KD

ITHREGE  WFSTIX IR 20 4E )R BEBR A 1
T 38.4%; Horr, WA AR BESEEIE N T 75.6%,
- gt ] PR B E AR BERR AR N T 11.1%, 5
FHIHPERBCRIE N T 57.1%, AR HBEELECR >
T 20%o

FIBIHREAN WA AR XY BB R e >
T 51.8% (M 1986 £/ 15.3 hm? b 2] 2006 4E 1)
7.4hm?); A S R PR B RE A (1 8 Bk A

W T 8.3%, H AN BE S A T
1.8%, A I FBEH AN T 46.6%.

BRABERIEEL BT AR KB R sk b
T 54.7%, R S AR AGRE AR B K D B H
T 15.1%, ZEHEE KBEPSRESE N T 43.0%,
A& H s RPEPHREIE N T 32.8%.

Shannon % #1435 E(FN Shannon 5 E 5%
BRSO T E IR (i8R 4 ANJEAD,
{H Shannon 2 #4541 Shannon 35)4) FE 454043 71
T 4.0%.

23 ERMEBRAREKNEFREBIMSHSE

TR FRBIFE R S A

MR 5 AE M, SRR R B T AR S X A
FUEC LRI B AR HOIAT T ARG T, &5 (R 3D
WR: 1D WEEFHAR AR 23 0 5 N 1 s & A
PR B DG 20 B S i) kAR R ER T
B 5 N D BE R S ARG 3) B
g AL 5N B R AR A R B R
G 4) ARG 05 N ECRE A & A A2 4L
BERFIEMG S AN ESHEEAEERE
IEARE

19864F

fﬁaiﬁTiI- ﬁ?iﬂliif

Mekong River

Heiqu River

12 km

% WY Summer grazing lands
___ £ Farmlands

0 4
E%l Legend —
[ R bk Firry forest
ST W SR A
Hard leaf evergreen broad-leaved forest and shrubs

— [#jii214 National highway214
A Ji[L4 Residents
* BEEF LA The location of Milaka group

Bl 2 R AR PR B LR A S AT X 1986 4FAN 2006 4 1L FAR R PE
Fig. 2 The classification of Landsat TM satellite imagery in 1986 and 2006 of the distribution area of the Milaka group, Tibet
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Tab.2 Results and change in percent of total area, number of patches, mean patch area and largest patch
index of each habitat type in 1986 and 2006 in the distribution area of Milaka group, Tibet

T Total area (hm?)

K
Number of patches

PABEYE R KPR
Mean patch area (hm?) Largest patch index

1986 2006 B 1986 2006

24k, 1986 2006 75tk 1986 2006 A2

4E iF (%) PF F (%) iF P (%) F F (%)
Year Year Change Year Year Change Year Year Change Year Year Change
I Bt I 16100 13600  -155 1054 1851 75.6 153 74 518 146 66 -54.7
Firry forest
A T3 2t 10300 10500 1.9 2539 2821 11.1 4.0 3.7 -8.3 3.4 39 15.1
AR B HEA
Hard leaf
evergreen
broad-leaved
forest and
shrubs
HEN 3100 4900 58.1 1758 2762 57.1 1.7 1.8 1.8 0.7 1.1 43.0
Summer
grazing lands
A% 1 Farmlands 2800 3300 17.8 45 36 -0.2 623 914 46.6 2.2 3.0 32.8

3 it i

3.1 AERCRAFEEMSGREMFEERISHMER

TR IEEmE

7 1986—2006 H-1X 20 4EH, G E b T AR AR
R FRBO 45 R (3% 2) wl L, KPR
T 2 TR (00 A5 S v B T e b R R e Ak
S, B0 R BEHEE R KB R
AN, PR mAVE AR, X ERAE
B ZWIAHAAE 1) DY SRR K, [FIRELEA
W= A B IO . AR IR THAR P YR AR R f;
KBEHARECASAER N, (HBEHBCR AR D, X fE
e TR A ARG R R BT R, AR
Ir] e R R T 5K T A A AR B Fr () &5 3. R
ZEC I RN AR FH T AR 388 0 32 2202 DL A B 2 e s e
MARM I, e 2 P BT ET AR PR TR P8
HUAUR S K BEHRAREA AT ook, 1 B HR i = B0 7
#4910, Shannon £ AFEFREUAT Shannon 345 F 544
FEXEIN, RIS T E B AN & TR
FEXEINITE, RN R B LR TR b3y 5 4
I, RS-SRS T AR g 11 22 e 1
PN, X R B O AR 5K T S
MRIARE D AH G o

PR NN SECIEY T IY S E f p
PRI (3R 4, Kby 1= DO B 2 H T AR d > 34

1 7 LR S 2 g T ARG 0 4 40 7 7 BB A )
2, WOERKREL T 2w (HARR R Bk
T AR k2> S 45 77 7 B v, U W R R AL R R
T XS m B AR OB KRB R, N
KA RN FHG IR A AN =07 T AR
RN, BLK 2 R A X R RO AR 3\ 1
JRIEAHIOKS , TEW] 73X —JEWT S 2 (R 3).
(L HT KA R 0 A X AR 2 B 0 A5 X AT 2 b AR
It MU AR Y AR AR A bR H
SRAARHTIRT, 3K BRI E s R 7 P T s 4475 20 ) A
TR
32 ANREBREHEIBEEMZREFER

SRMEHBREMNEERRE

BRI AR R 247 AR AN AR T AR R A2
W N/ PR REBR W E VIR (R 3). NET
AN E SR DUR T, I BT AR IR A 7 L
PERARA R DAt i RS 48 o - S0P 3
Se. ERHURMIM S5 (0 75 SR M8 0 o8 4 T b R
M, IXE I ERAR D R I T2 2R
R MO R RIS, A R R
L MAEAE SRR AL T ) R H T 2, H
Jai R S B i bR T B g 2D AR AL AN W
Jilo DAL, FEAEGE LR )y ARG DL R, A
B BT ok A9 NS B 5 L AR 8 n % i 2B
A SR (R 3G B A B MK R B . 1K SR N 1 R
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* 3 ARKRFHRESHXAELENMRESNERS ADQKEMEEFIZHEY Spearman BRAEXFRE (n=5)
Tab.3 Correlation analyses of the total area of every habitat type and human population and livestock inventories
of the distribution area of the Milaka group, Tibet, Spearman’s rho (n=5)

BT I ARTH AR AR S R - AR R AR THI AR R TN AR H I UNEE 5
Fir forest Hard leaf evergreen broad- Summer grazing lands ~ Farmland Human population
leaved forest and shrubs
PNEE§ s
—1.000%* 0.100 1.000%* 1.000%*
Human population
PR AR
—1.000%* 0.100 1.000%* 1.000%* 1.000%*

Livestock inventories

*k 7E 0= 0.01 K FEEMKL (B . Correlation is significant at the 0.01 level (two-tailed).

* 4 PAMSKRABKAFLGXNEELHXAQRSDERRFHESTHILR
Tab.4 A comparisons of annual change percent of some indices between the distribution area of the Milaka group,
Tibet and Yunnan

Hb o N (%)

&S TR (%) MR (%) B bR ST 2 B DI (%)

Study area i) Time Human population Suitable habitat Summer grazing Mean patcharea of firry
lands forest
Pﬁmﬂdﬁh -0.4(8.7/20 4% - -
oA 1986—2006 0.3 ears) 3.0(55.6/20 4} years) —-2.6(51.8/20 f: years)
Milaka group y
ZHAX 24
Yunnan (I H4EPE R B only
1958—1997 -0.8(31/39 5.2(204/39 -1.7(65.4/39
groups Weixi and Deqin ( - years) ( - years) ( - years)
county)

ZM AT EHEG]I B Xiao et al, 2003, MEA/EH AR OIS — LR 50 T 2 M IITA R BER 2 AR M BN S P DO, 6 e
YR AR > (R A B A o
The data of Yunnan was cited from Xiao et al, 2003, its number was adjusted in the same measure with Milaka by the agreement of the author. In Yunnan,

pine forest had not been classified from the suitable habitat, so the estimated value of suitable habitat in decrease was even lower.

1AV S8 A Lt 110 92 B A P IR S — 3
(Xiao et al, 2003). X 5 AR 3 477 T~ H A By
AEh, GnKEER (Liu et al, 1999). g K F
¥ (Zhang, 2008). S fMEMEAIKAN SN E (Li et al,
2002) %%,

EnmBEEN, BOMEEREIEHR T 4 M
LGB X (Xiao, 2004). 7ETERR X, WA
BCUT IR A0, fE 214 EREEE LAAT, SKhr R
N B ERHEAR T B [ — A, BRI PN A
ATLAEM b 2 A H A3, fE 214 [HiE 1973 &
HSERUG, FECKR BRI/ B A 584 BRI
K hr RS I 2 e 4 A A B 5 PN 1 B S B S
Br EARAL TAH R B IRARES (B Do KR REEEEA
AR A NS B AR Z PR a2 AT
B A A BB P A0 o 5 K TR AR ) B AR R B A
RECRUEAAT, W JE A R RO B RE AL A08, DA A A %

L NPIREIIZET 2 BT, e BN (1) /N R
FEAE ] X K4t (Diamond, 1975; seeing Jiang et
al, 1997). HITH)— R AN ESGRTRER A 0],
“HEABANA 5 A BRI R e S A k%
T, HARAEMEPREE NG T 4 ASER ISR, AN
OISR R AR (Cui, 2003), X4
FEIATT, mTIE 20 AEROK SRR 18 B B
THAR S PRSI AR AN Wi D WY R BBt 7
ANEEEE N U 25 R AR N B CERE
16 BT A RS AT R R A, XA T A
HRILE, T BN KRR XA 1) IR
o

Bigt: mAREEERLE. BRTELAS Y
BERAHREFR., TERELAIT A LR Y
TR X, E—IT R
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