5541 B 3 W) *E &~ 2 Eild Vol.41,No.3
2021 4F 2 H ACTA ECOLOGICA SINICA Feb.,2021

DOI; 10.5846/stxb202004261001
IR AR AN A R, Y 2R A S A VR EL O L - S A L A 2 X R R b s (] ST A R AR A2, 2021 ,41(3) 1912-923.
Gao J, LiJ, FuJ, Bao YN, MaST, Li WY, Guo X.Spatial patterns of ecoregions and protected areas in the Karakoram-Himalayan region. Acta Ecologica

Sinica,2021,41(3) :912-923.

ERECL-ESRELKESKER S RIPMHZE
SR

2 MU EOARDYT A DR B ERE R OA&
I WIS K2 I S B R 224 B, 1V 200234

2 NE RS R RS, [ 200234

3 LIRS R A=A ARk AR, 1 200234

4 S EEE MO S BRI R B Z QN FE Rk 47907

200 B L0 - SRR L PR R A DX ALy X R S B T LR EIRE TR R NSRRI ) 2 6
el 5 SR A g o) - L -5 A R L Dk i DX A 28 DRI 37 M 23 A T AT 7 1 ol 6 135 S R L bk i DX T AR 902843.76
km? | 5 AU FURUAR P S5 7 DR 4 R o 2 () 2E W 3 DX, 3 A A 14 AR IX oy 55 AP i, D dr b el 6 5228 Bl R AR A
SN, FE B ATTEAR B S ROREE oy LB PP S iy A S A W I AR AR 5 S P R ot b 3 AR 25 XA, TR 159063.30
km® , o5 0 0 EL A L - B RHE LL O DRI RR Y 17.62% . DR3P b rh o 41 ARG B o5 (4Pt S 74.5% A1 25 ib R 21
WIEAR , o KLY 45.45% , AP Lt PR R SRR OC T 58 A P 3 20 A BL(37.796) |, 25 ) A B4R BORAS o AL AR OR 4P IX 23 A
A AN HE A o T I G el 3 AR A FP ] SRR R RED B = [ P A A7 /s rp T8 5w BV 58 DX Ik g D 4 o A7 4 o
B, 20 #2030 4RI IR 2 80 AR LR A E AR L R4t , H T C 208 i k8 44 B DR AP HUAE AT . X T — D Akt g
W] A L5 B L fh it DX 5% el 8 5 A R A F 0
KRR LRSI R 5 RIS Bl F AR DX 25 A oy 5 g ol B -5 B 1 L f it X

Spatial patterns of ecoregions and protected areas in the Karakoram-Himalayan
region
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Abstract: The Karakoram-Himalaya region is a vital part of the Pan Third Pole area. In this paper, we studied the spatial
patterns and characteristics of the ecoregions and protected areas in the Karakoram-Himalaya region, which is the
transhoundary area of China, Afghanistan, Pakistan, India, Nepal, Bhutan, and Myanmar. We found that the Karakoram-
Himalaya region spanned Palearctic and Indo—Malayan biogeographic realms with a total area 902843.76 km’. It covers 14
ecoregions and 55 protected areas are included. The protected areas are composed of the national parks and nature reserves,

which are mainly distributed in the eastern Himalayan subalpine conifer forests, Himalayan subtropical broadleaf forests,
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and eastern Himalayan broadleaf forests. The total area of the protected areas is 159063.30 km® accounting for 17.62% of
the Karakoram-Himalaya region. There are 41 national parks that account for 74.50% of the number of the protected areas;
25 protected areas are adjacent to more than two countries and account for 45.45%. The geographical concentration indexes
of the protected areas are all above the completely average value of 37.796, which means the spatial distribution is
concentrated. Among which the distribution of nature reserves is more maldistribution than the national parks, mainly
distribute in China, Nepal, and India. The kernel density estimation showed that the protected areas were highly grouping in
the transboundary of China-Nepal and China-India. Since the 1930s, more and more countries in this region have
established protected areas especially since the 1980s, and now they have formed the most noted protection aggregation
stripe. This paper is significant to the research of transboundary cooperation between the national parks in the Karakoram-

Himalaya region in the future.
Key Words: ecoregion; protected area; national park; nature reserve; spatial pattern; Karakoram-Himalaya region
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Table 1 Protected Areas in Karakoram-Himalaya region

i R B PLLT WE mAEE

No. Name estabhs’hmem Area/km? Adjoining countries

CH-1 PR T A 3 1R R 0 A SRR AP X 1984 15000.00 PE SO R |
CH-2 PEAHE IR H IR X 9 A SR X 2008 563.03 E[E

CH-3 ALIK bR B YA X9 A SRR X 2000 5600.00 —

CH-4 HSE G R b R K 9 A SR TR X 2008 1011.90 —

CH-5 BRFE B B0 [ SR 2% F AR DR X 1988 33819.00 JER(EV

CH-6 BT AR E R F AR DR X 1985 9168.00 21033

CH-7 FENZE LT [ R H AR IR X 1985 1014.00 —

CH-8 o 22 0T L R R B AR IR AP X 1983 4052.00 i)

AF-1 Wakhan [ 52\ [l 2014 10950.00 o A T AR
PK-1 Khunjerab [ ZZ/\ [ 1975 2269.13 i

PK-2 Central Karakoram [F %2\ 1993 10557.73 T

PK-3 Deosai [H %A 1993 3584.00 —

PK-4 Ayubia 523 1984 16.84 —

PK-5 Chitral EZ 2\ 1984 77.50 —

PK-6 Shandur-Hundrup [E 2\ il 1993 1640.00 —

PK-7 Ghamot H 2\l 2004 273.94 —

PK-8 Lulusar-Dudipatsar [¥ 52\ 2003 880.00 —

IN-1 Hemis [H %A 1981 3350.00 —
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No. Name estab]isimem Area/km? Adjoining countries
IN-2 Dachigam [E /[ 1981 141.00 —

IN-3 Kishtwar €2/ 1981 425.00 —

IN-4 Pin Valley 523l 1987 675.00 —

IN-5 Great Himalayas [ /AR (5 [ SR 7) 1984 754.40 —

IN-6 Govind E R 1990 472.08 —

IN-7 Gangotri [H KN 1989 2390.02 [

IN-8 Valley of Flowers 152>l ( 15 H 9k387>) 1982 87.50 —

IN-9 Nanda Devi [ 52\ fdl (15 4 $R35™) 1982 624.60 —

IN-10 Khangchendzonga [E 523 [ ( 5 3Cfb S B SRR 3587 1977 1784.00 T JEIAR
IN-11 Mouling [ %/ il 1986 483.00 —

IN-12 Inderkilla [E 5 1 2010 104.00 —

IN-13 Khirganga [F 5/ e 2010 710.00 —

IN-14 Jim Corbett [EZ [ 1936 520.82 —

IN-15 Namdapha EZ 2\ 1983 1807.82 —

NP-1 Api Nampa F 2R {5 X 2010 1903.00 W B
NP-2 Shey-Phoksundo [E 5\ il 1984 3555.00 i

NP-3 Annapurna {41 X 1992 7629.00 SHE|

NP-4 Manaslu 2R R4 X 1998 1663.00 H

NP-5 Langtang & 2% 1976 1710.00 i

NP-6 Gaurishankar H 2R {14 X 2010 2179.00 HE

NP-7 Sagarmatha [E A (A [ 4R ) 1976 1148.00 i

NP-8 Makalu Barun [H /[ 1992 1500.00 W

NP-9 Kanchenjunga H 8147 X 1998 2035.00 HE BV
NP-10 Khaptad E %A 1984 225.00 —

NP-11 Rara [H AR 1976 106.00 —

NP-12 Shivapuri Nagarjun [ %\l 2002 159.00 —

NP-13 Banke [E %/ [l 2010 550.00 —

NP-14 Chitwan [E %A R (HF B R 87) 1973 952.63 ENEE
NP-15 Parsa [H 5\ [l 1984 627.39 —

NP-16 Bardiya E %2\l 1976 968.00 —

BT-1 Jigme Khesar Strict F 837X 2010 609.51 I B
BT-2 Jigme Dorji [HZ 23 1974 4319.00 i

BT-3 Wangchuck Centennial [ %3 /\ Fl 2008 4914.00 i E

BT-4 Jigme Singye Wangchuck [E %\ 1995 1730.00 —

BT-5 Phrumsengla [E %\ [l 1998 905.00 —

BT-6 Royal Manas [ %A\ [ 1964 1057.00 i

MM- 1 Hkakaborazi [E 2/ 1998 3812.46 T E

A1 Total R 41 — 159063.30  —

HARYIX 14

CH: " [E China; AF ;BT & VT Afghanistan; PK ; [L3E1H Pakistan; IN : EJJE India; NP JEJA /K Nepal; BT AN} Bhutan ; MM : 4fif8] Myanmar
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Fig.1 Distribution of ecoregions and protected areas in Karakoram-Himalaya region
x2 BEBHECLU-EIRNELASRESRSEITR
Table 2 Ecoregions and protected areas in Karakoram-Himalaya region
i P X N ,
EIRAE AR WR
Eeograp Habitat type Code Ecoregion Area /km? Protected area
realm
WAL Palearctic EARE A PAOS14  ZRALE EHIHEE LT Ak 46220.24 CH-6, CH-7
ARV VR YT IR A 5 LB AR
PA PAOSI6 o 82699.02 CH-8
() W
CH-5, CH-6, CH-7/IN-10/NP-3, NP-4, NP-
Ly e JRITEE B PA1003 7R E- A R LA 121013.77 5, NP-6, NP-7, NP-8, NP-9/BT-1, BT-2,
BT-3, BT-4 / MM-1
) A L K G 2 75 3 R
PALO0G Wg?ﬁﬁﬁmﬂﬂ(@%ﬁﬁmﬁﬂ 14326461 CH-1, CH-2/AF-1/PK-1, PK-2, PK-3, PK
L 6/IN-1
PA1012 VYL SR (AR R 49389.78 PK-5, PK-8/ IN-3, IN-4, IN-5,IN-12, IN-13
e e CH-3, CH-4/IN-6, IN-7, IN-8, IN-9/ NP-1,
PA1021 VU ey LA Bt 70090.43 g
NP-2, NP-3
PA1022  HEEEC TR 59380.65 CH-5
AR A G HAHT YR I P b IMOL15 35 S fe i vy R Ak 38124.69 NP-13, NP-14, NP-15, NP-16/ BT-3, BT-6
Indo-Malayan HGHT T B b IM0301 T HE T AR AR AR 76125.44 IN-10, IN-14/ NP-3, NP-4/PK-4/ BT-4
\ . IN-10, IN-11, IN-15/NP-5, NP-6, NP-8, NP-
NERL: It YH 25 \::# o I . £} ’ ) ’ )
(IM) G H RIS N IMO401 R E ShRiAE A n Ak 82915.80 o, NP-LWBT.1, BT.2, BT.3, B4, BT
IM0402 U= ff A ARk 10708.54 MM-1
IM0403  PHE SRR Ak 55824.86 IN-2, IN-3, IN-6/ NP-1, NP-3/PK-7
IN-10, IN-15/ NP-3, NP-4, NP-5, NP-6, NP-
TRAFEF IMO501 7R TR e i 1L Ak 27435.85 7, NP-8, NP-9 /BT-1, BT-2, BT-3, BT-4,
BT-5
IM0502  PHE TR HEE & LD A Ak 39650.08 IN-3, IN-5, IN-6/ NP-1, NP-10, NP-11
A1t Total 902843.76
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e o] L 1L - EL A L ik DX A R AR 4 b 0 4 v DX kv BT SR B AR LA
FHRN G A 45 7 R B X A PR AT BT AT, AT AR B B IX B2 R — A At [ 4 A PR B b A SR A
(%3, E1), wigiEa 55 A E R AR AR X, A& BN 159063.30 km?, di B i LU 17.62%
X 55 AR L TR R 14 ARSI, Hp g 22 AbiEE 2—5 MRS, 5 R 40% , S EE OB b TR 5
T ORI AR R R R A Wy b R X BT, FE 0 N A X e AR A IR A AR AR i PEESR AU ERAE . AR
MW AES KBRS (K 4) , FEE 5 MESXE IR ENE RN X, HIEA TR V58 DRfe
AXAZIAL ;5 4 DA KA EDEE T35 5 B R A TE AN PHIEAE 50 5 AF I AT N 4% - eps - BERS v [
KON B 3 A AER X R R R 2 i85 10 4, iR IAR R R 258 6 185 2 AN AR X A A4 b
8 A, T E G H A 3 A

£3 BRECLU-ESNELKSRZERPBEITR

Table 3 Protected areas in Karakoram-Himalaya region countries

P J@ FAR DR X EEYNT] N2
Country Attributes Nature Reserve National Park Total
" China Bt/ A~ 8 3
T/ km? 70227.93 70227.93
FAl & ¥F Afghanistan gy 1 1
TR 10950.00 10950.00
BT Pakistan Bk 8 8
(A 19299.14 19299.14
ENEE India Bt 15 15
IR 14329.24 14329.24
JETH/R Nepal B 5 11 16
HR 15409.00 11501.02 26910.02
A} Bhutan Hoiw 1 5 6
HR 609.51 12925.00 13534.51
4iifi] Myanmar B 1 1
WA 3812.46 3812.46
At Total Bt 14 41 55
T 86246.44 72816.86 159063.30

F4 BRECL-EDNHELABXEMPHPESREELRITR/
Table 4 Number of ecoregions in each single protected area in Karakoram-Himalaya region countries

AR P AL A RE X A

Number of ecoregions in each 1 2 3 4 5

single protected area

F1[E China 5 3

B[ & ¥ Afghanistan 1

MALHTIH Pakistan 8

ENEE India 10 2 2 1

JEIM/R Nepal 8 1 6 1
AF} Bhutan 1 1 2 2

Zfifi) Myanmar 1

A1 Total 33 8 10 3 1

W B LI - S RORE LU Kt X 55 AbpRap A 25 Ab S A E RMEAE (3£ 5) | 5 ERAY 45.45% , o
& A AR T A s B RO XRNBA) & T B =R FE S Bl 2 A PR AP [R5 3 A4 [ G408 5 B IR 57
[l 228 Bl JETA /R BT B R F AR PRAP X JE TR T3 5 1 ARORIP X PR AR A - BILE AT A% A AR PR X 45
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4 PRI LRI -5 AN ZARAR 5 19 ORI S — S E S, b b [ RO BRAS B R 0 | SR AR IX TR 5 e
TH/R A% I3 [ 5 A Bl | 8 DU [ 520 el | B L 8 A el e B = AR OR3P IR ES 0 30 B R PR3 X
S5 5 AR U L I 6 SR B2 A UL B A T SR ER — W DR L AR

®5 BRECLU-ESNELAKERERPBMBERBES TR/

Table 5 Number of adjacent countries for each single protected area in Karakoram-Himalaya region

BAA-PRAP bt 408 I R

Number of adjacent countries for each single protected area 0 ! 2 3
H1E China 3 4 1
B[ & ¥ Afghanistan 1
ELELIYTH Pakistan 6 2

ENJE India 13 1 1

JEIA/K Nepal 6 8 2

AF+ Bhutan 2 3 1

41 Myanmar 1

A Total 30 19 4 2

32 BRYHEARFRAESXNEEZRER

ol B2 1L - B R AE LL Dk b DX AR FRER I 2 2 20 1k T 2 AR A8 XS BN [R) [ 5K, AN [m] [ K 7 i
Az A X P MYl B A Ry ORAP HL S SR (3R 6) o 7E 14 ANMEZSDCH AT 3 MR 1 10 Ak K LA AR, AT 3
ANIREXALH 1 Ay i, ATV TR AES X AR MBSk 4R 5 S R0k I & 1L & A (1MO0501)
A AR Kt G EL B JR AR N 3 AN EZRIG 14 AL, B0 F J7 TORIAE] 5.10 A 5 H o T #
R AR (IMO115) 21 725 X 2R = T i e ) Ak (IMO0401 ) 2R B IX BB RE R 2, B35 8 1.57 A/ hm? ; KB Sfir
A = LLVE R s (PA1003) AR XA 35 5 S E K 16 ARdHHe, Bum i &2, % R3] 1.32 4~/ J7 hm*
T TR AR A S 0.5 A9 A 25 X 20508 - A b R 0 e Ll T AR ( PAOS 14 ) A2 245 IX 7 55+ [ AfE
LT RIS FLARAR T XIS B 2R 78 A SR IR X, 26 1 0.43 A/ 7 h s AfEEJ8AR T 2 5 (PA1022) 24
X7 5 R 0 SR ORAP X BB 0.17 A/ 0 hm? 5 VLI VR VLAY 8 L B I RORITR AS AR (PAOS16) A=
X 7 5 T A T L [ AR X B 012 AN/ 07 hm® 33 SE AR b 5 B S AR B A S X N % R A S AT
SR b A X 3
3.3 Ry s 25 R IR R Mo

FERIFFE DX ) R 470 Ml e Rt 7 s [] S 43R 3 AR TR, 43 )2 A — IR (1936—1984 4F) |5 it ik
(1985—1999 4F) FI%HE =4t YK (2000—2014 4F) , 23 5w mil B2 11 - S R A 1L ko X A0 L A L 1 SRR
PR b e BRAE T FE B DL RO B B R, 25 RN 7 B, P AR B B S LR S S E SRR
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—HEYRAY SRR DX B A rh e R B A B T UG 100, F N 1936—1984 AEHAE] HA th EEST T 2 A4 H AR
PiX,

AR (B) B AR HUK AR T8 BOR 28008 0.36—0.50 33, Pa WA AR 7 2w il B2 -3 Th hr
A LU KB X 22 8] 0 A NI, SR —HEWR Y H AR PR ORI A FE B0h 1, 2 e S — Rk P AR S T 2
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Table 6 Protected area density in ecoregion, Karakoram-Himalaya region

A S AR T b K TR km? B/ (T km?/AN)
Ecoregion Code Number of protected areas Area Density
IM0501 14 27435.85 5.10
IMO115 6 38124.69 1.57
IM0401 13 82915.80 1.57
IM0502 6 39650.08 1.51
PA1012 7 49389.78 1.42
PA1003 16 121013.77 1.32
PA1021 9 70090.43 1.28
IM0403 6 55824.86 1.07
IM0402 1 10708.54 0.93
IM0301 6 76125.44 0.79
PA1006 8 143264.61 0.56
PAO514 2 46220.24 0.43
PA1022 1 59380.65 0.17
PA0516 1 82699.02 0.12

®7 RIS HHHIEE RIER A HEREY

Table 7 Geographic concentrate index and unbalanced index of protected areas distribution

HFEE PR E(E) A EHEEC (B)
HEvk Geographic Concentrate Index ( E) Unbalanced Index (B)
Established phase PR St Hrr EAEAE  H AR Ry aat Hor EZEARE  H AR
Protected areas National park Nature reserve Protected areas National park Nature reserve

1 1936—1984 4F 53.03 57.14 100.00 0.42 0.39 1.00

2 1985—1999 4 43.62 50.62 70.71 0.25 0.36 0.00

3 2000—2014 4 44.03 46.77 66.33 0.26 0.19 0.40

B3t Total  1936—2014 4F 46.25 50.99 67.76 0.45 0.50 0.50

2 W S TR R A 1L - T R L DX AR b Y A TR A AR A O RO S 1] 20 AT A% % B S BT
L5309 NG, NG €0 B 21t 4 rh R B 20 1 o, G v S e, DXl A 9 R R/ N b X T 68 DXk % e
X, AT LB A g ) L 1= R L bk DX R 4 b 2 B A v o A A A X (A R AR
6.0512x107°—9.0768x 107> Z [1]) , 43 HEAFFHE N, & 6 MR HL (5 MER AR 1A HRAPX) ;2
TR - E SR PR R WM DX A 11 AR (7 DN E R AT R 4 A AR IX) s B - B 85 > AL
B oAE 2 MR (11 AERAEM A AR X)), mighif -5 o E RS 52 a0 B o A6 i A
WA, BT BT b R R A R R T BT DX R A b A% AR L LR, mE
o 1l SR L fok ki DX R il 2 4 v o3 A R A HA AR B b R S Bk
3.4 HECREURIGIRNG 5 2R R P

1936 4, B[V A7 9 8] B L -5 2 o L Jbk bt DX 35— 1R 50 el - 45 A PR AL R R el (, MK 20 42 60 4
RIFUG , 2 EAE LS X D D TR ST 4 5Pt , A EF 55 4b (3R 1) P EZRAREA 41 4k, 5 B8
74.55% , HAx 14 408 ARG X 78 41 b EZR AR e 2 R, TG 15 &b, JEI/RE 11 4b, B 3880
B 8 AL A S AL BT E R A A 1AL, R E A ER AR, #ik 2020 45 3 H 2K A S AR
w7 W R 6 ANEIGATE , BREDEE T8 5 E R AT 2 B AR SO SR 35t 77 A, BB R SR A L ik L R
NI SPUNTGIN PN AF PN G E e VN 1B P /N T I ¥ S A FSE /N B S I S B2 iy

r R A Il X A LT A SR DR XA [R5, B s R T SR AR T R R AR AE R R G 2R
1983 A7 i il FL - L AMAK 2 g SR DX A 57 17 38 AT 22 AR 57 28 s 1 R G H AR 371X, 1988 47 Ph ik
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Fig.2 Kernel density estimation of protected areas in Karakoram-Himalaya region

AL T OE BB B E RO BRI B EL AR Y B A R A R [ R F AR X, S SO T R
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