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Abstract: The construction of ecological security pattern in vulnerable ecological region is essential to maintain regional
ecological security. The traditional methods of constructing ecological security patterns mostly take static ecological
indicators as the basic indexes and give less consideration to the migration processes of major species, which easily ignore
areas with low ecological services and species abundance but important for species migration, resulting in functional loss of
habitats. Therefore, taking Shigatse as an example, this paper identified ecological sources based on the evaluation of
habitat suitability and constructed an index system for ecological resistance evaluation in terms of topography and land use.
We used the minimum cumulative resistance model ( MCR) to identify ecological corridors, took the intersection of
ecological corridors and resistance ridges as ecological nodes, and then constructed an ecological security pattern by
combining the spatial characteristics of ecological services. Results indicate that; (1) the ecological source of Shigatse
covered an area of 82588 km”, accounting for about 46% of its entire territory. It was mainly distributed in the southern

gorge area, the central valley area of Yarlung Tsangpo River and the northern alpine area, with grassland, water, woodland
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and unused land as the main land types. (2) The cumulative length of ecological corridors was 5,135 km, which were
distributed in a network, linking the city’ s important habitats closely, and were similar to the ecologically spatial
distribution in the city. The corridors were mainly distributed along rivers and mountains. During the construction of
corridors, attention should be paid to the greening of both sides of the water and the ecological protection of the mountains.
(3) Ecological nodes are key points with weak ecological functions, and their protection should be strengthened to improve
their connectivity. In this study, a total of 67 ecological nodes were identified, which were mainly distributed in the
southern border area, mainly the unused land. (4) We proposed to build an ecological security pattern of “two screens, one
watershed” to ensure the ecological security of Shigatse. Among them, “two screens” referred to the middle of the
Himalayas ecological barrier area (MHEB) and the Gangdise-Nyaingentanglha Mountains ecological barrier area (GNEB) ,
and “one watershed” referred to the middle and upper reaches of the Yarlung Tsangpo River (MUYT). The MHEB should
give full play to the role of the overall ecological barrier, and focus on promoting the protection of wild animals and plants
and the construction of protected areas. The GNEB should strengthen the conservation of water resources of the ecosystem
and the protection of biodiversity functions. The MUYT should focus on the integrated management of land subject to erosion
and desertification. With an area of 51,730 km®, accounting for about 29% of the total Shigatse area, this area could
support the habitat and migration of 12 species and protect 72.0% of the critical area for water conservation, 69.9% of the
critical area for soil conservation, 57.5% of the critical area for wind and sand control, and 99.6% of the critical area for
carbon fixation. The use of ecological corridors and ecosystem services to construct regional ecological security patterns can

provide decision-making tools for ecosystem and species conservation in vulnerable areas.

Key Words: habitat suitability evaluation; ecological security pattern; MaxEnt model; minimum cumulative resistance

model ; Shigatse
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Fig.1 Location map of Shigatse
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Fig.2 Species sample sites near the Qinghai-Tibet Plateau
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Table 1 The index system of the habitat suitability evaluation of the national first-class wild animals in Shigatse
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Table 2 The index system of ecological source resistance evaluation in Shigatse
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Fig.3 The distribution of importance of ecosystem services in Shigatse
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Table 3 Test results of model accuracy

YFh 2Tk KRR A ELe EA] 2 - P4y
Species name Langur Snow leopard Leopard Tiger Tibetan antelope Tibetan wild ass
M4 AUC Test AUC 0.964 0.997 0.933 0.961 0.841 0.924
YIZk4E AUC Train AUC 0.904 0.989 0.932 0.971 0.983 0.981
[ . R . 21 i R HE A T HE
AT BRI i i ICH B eI
. . Black-necked . Red-breasted White-tailed
Species name Himalayan tahr golden eagle lammergeier .
crane hornbill pheasant
M4 AUC Test AUC 0.988 0.945 0.920 0.901 0.969 0.971
YZk%E AUC Train AUC 0.992 0.948 0.913 0.906 0.969 0.979

AUG : ZiE TAERHE I ZE (ROC) T A RYTEH AL Area under curve
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Fig.4 Habitat suitability distribution of each species in Shigatse

http ; //www.ecologica.cn



9508 JAE = 43 4

ARABHLIX. g 2 A DA rh 3 A T 2R A 3 DXL R i L B g 0 5 W T8 ) A X 3 A1 5 i A AR AR, {EL g 2 A
DX AR A, HL T S £ v 5 20 1y R A A IX S A T H g DU g ol 9 T S L ool 2 DX 2 B A T B
PIA 7R A5 B R 5 R AU e A 2 2R X SR B0 T H U R A i 5 X v A XA A T E 4 L A
WARE R

SRR O B DA R (AN RS WITURE SRR S R AR XA TS B
B HA ) 2 — G A s ) ) A DX TR A 85/

(2) WA A Bl LR A A

LR 12 DA AR SRS BRI 2 2R 4 IR A A R
W E H g ) K — 2 B AR B W A 0 AR A Ol EL
(185)  Z2RIRW, H g Ty o A 350 1 A v )
X Z oA AE H g R R ) 18 B, O HETTIR AT L IX
XS DX R] R A ) 22 PR DR B 00 58 DI, AR DR 10 3
Ftise R, Horh fEEE 9 B H U ST A ARR
S IDX 8] A ) RS ] S DR IX AR TR 25 X, i
THEENEH N 20 M B 100 B A F SR IR X

2.3 HEYAIEGET M- R IE - Y SRR 5 BRNTER—AFENDEBETEEETNER
AN N Fig.5 The comprehensive evaluation results of the national first-
231 EAEUHIR

A7 T H I P4 A 4 A O 5 b TR 72534 k',
di AT E AR 40% 404 (B 6) o Hirp 35 R ST
A3 A B VR b TR 20827 km® | 38 ‘B 43 M43 A 0 V5 T AR
34343 km® , 3 EURCES 3 4040 U5 M T AR 26527 km? 36
"B PG R B 43 A 1 5 b T AR 45 km® 38 HLE 500 A Y
PR TR A 16343 km?, 43 51 (4 38 A KRR AR 28.71% |
47.35% 36.57% .0.06% £l 22.53% , {ETT BIE AN, )
FRIEAEE b AR P e P e B P AL SRERACIX B2
N = By N1/ N 8 e 1 = N L= e g O | 8= M 0 I¢
EH SRR E RS A FME mAME RS, g ] BAEREER O B YEEK BREAEIK
B VT ARG, F L 3 R 3, D A L A =RELR B EREERX
BRI, Bk L E PRI AR b AR H g 0] P 5 6 BERENTEENMIERLSHEE
FEEER L S AP B— B P b i At 1A 3] 4277 Fig.6  Distribution pattern of main species sources in Shigatse
T ST AR DU R LA 1 (43.98% ) , T e EL i ] B
5% I LR g EL (%) 4 R B Uk o FEAE 5% —T7% 22 (8], HoAth B XU HI T R 7 LUAS 2 5%, BRI DL Rl R
FI L K IRUPR IR 3, 43000 o 5 T AR 1944.65% .32.97 % 10.66% F1 10.19% .,
2.3.2  AEASBH R A

H g 0 A= 25 BH T A5 R AN 7 PR, i S i A S BE 0 A BE o & 2T AR Y 45.69% , TE 4T 7
B3 AR TARBE 3 2L 5 U AR BE T 18, 5 4T Y 34.84% , 323543 A5 75 T s Mk VT3] 25 b DRI i Fs AR X, 25 L
T 1 R /N, o5 T Y 19.48% , 32843 A 76 T sk AL s LA K 7 B R S F 10 B8 iy A7 B 21 sh i 1) A 25 BEL g 1 LA
W KB R 3, Sl i T T ALY 55.09% 1 44.64% ; i BH 7 T T AN 4T AL 0.26% , 3 A A 1
WL B AE S BT, HAAAEASBE T LUIRRE T o 3 i i AR Y 88.98% , Hk S B T, o AT
[ 10.62% , FEr AT FERETLI0 45 | R FR VA 23 A0 b B0 T 30 W0 11 e 5 S5 S S i B, A5 2T ALY 0.40% , =
B3 A AE— VT W ] RN B L L X

class wildlife habitat suitability in Shigatse

http ; //www.ecologica.cn



22 4 ek A5 R AN XA A AR R ST 9509

>z

e S EREY

B 5 Gk ki) L R B 5 (<4302 m)

[ 10GEM Rl i) [0 10 (4302 m—4775 m)
[ 30(Bk [Elit) [ 30 (4775 m—5145 m)
0 45 GRisEs kI BRRKARE) I 45 (5145 m—5547 m)
[ 60 (RiBEKE) I 60 (>5547 m)

YRS
[ 5(<2) ~ 3
[ 10 (2°—6°)

[ 30 (6°—15°)
[ 45 (15°—25°)
[ 60 (>25°)

B 7 BRENTEEYAEMERNES T E (LRSS

Fig.7 The distribution of migration resistance of main species in Shigatse ( taking migratory birds as an example)

233 ESJEIEREE

H g )7 AR 2SR i SRR 5135 km (& 8) , Hov, 3 By A S0 S 14 9 JER I K 852 ke, 3 B 4 MEAT BE 1)
JERIE K 1015 km, 386 B F40 T HE A BRE S 1331 km, 38 B PR 9P FE AR T K 427 km 3 H S 5IE 0
JERIE K 1589 km, 4355 455 R IE 1 16.59% 19.77% 25.93% 8.32% 11 30.94% . M 23648 )5k , itk 4%
JER T S5t DR A A 4 i AR B R I R RO X 5 T N A AR IR A [B) 43 A AR B AR AL, AR AN AR
SR ECE LA A, DR A P X SRR T s, 75 B 3 T AR R Rt (R A, 3l i K B R | i B A5
BB T B IR 16 15 W D) BE AR 1 R I IR B LA RS AR, A8 1 i LR SR | 38 X R S

s A FL
o RSN
N AT iR

8 HRENHEEWHIE"FEE-BE-TR"ESREME

Fig.8 The “source-corridor-node” ecological security grid of major species migration in Shigatse

http ; //www.ecologica.cn



&t
4

9510 la SRS Eire 43 4

yiE—2 Rl
2.3.4 BRG]

M3 AR AN 2L 25 B S B R A 1 B, 36158 67 A EAT A (K 8) . FIMEA LRI R R 3, 29,5 4
BT R —2F (49.25%) , HWR A 7K S8 B b Rk, 4300 o5 A= 25T 5 B 19.40% 17.91% 1 13.43%,
WARAT T S e B L NS T R L, AR AR R Tz, e A A A R A A

BT,
2.4 A BAKRA
B P A 1) 2R 25 2R 00 i 5 A0 R B DX ) e i A DX DA A 2SR i 28 S A 2 R v B

82588 km’, 24 (5 411 [E LAY 46% 2o A7, FE B3 A0 E B AR VA AT HL IX. | r A VLIRT A i DRI AL s LU B X 9
FAPE B Frpr e SRR B et L AR LA TR o DX s A K HAth EL R o M X b S A )
KA HL KSR AR 3 (1 9) ARSI E BB AR 1722 km®, 05 AR S IR ML T AR 2% , (BN
5 K S R AR RE AT RS T VR P SRV b =2 18] | LA R TS AR S VRt 1) A7 32 3 A 5 R | AR 22 R
IEF G N A S R G A M R B R L, AR ST AR AR A B S5 X, SR S 1 A A R I
T TE T AT A R T A, T B IR AR

A
A

8 SRS REE R

R

0

9 HENTWELIZEESRERS
Fig.9 The ecological security pattern of Shigatse

T AR X IR XA AR 2 A LA A E A KL xS B e ST 9 A A AR EOR RS S BA LL
KBRS xof IR T A 28RS R TEIE , e B R — I AR e R (K 10) < PG 45
I P O Ly B A 25 B o DA LA ) KB i — 7 L A A R X, 5 SR L v B 2R 25 B B
DX TS A 4 B A A 25 A Y, A R B A s AL ) DR B DR DR B, £ e A 9P BB ) BT 5 M K
AP AW Z2 R s SR AR DR PO E Jir AR G REIRVEAC K IR IR BB vbIa 1D | B v 2 Am it
TEHE  MIPRERAS I F e [ 52 % [ SRR AP DB B G A el O A XD S R vy o L A 2 5 e D i A 285
R GUK IR IR ALY Z BEPE DN RE R B, AR A 25 O A0, s oK B 302K 5 i Al B AR TH AR
B IR AR A R GE PR T L H B ARSI A F A% S AR R kR S A AR PR X B3R B AR 3K 5 5
TR DI A SIS DN DA P e RS | 23 A AR 2SO, et fe el . — R R HE B A VL
Wi, DLasliuslon SO0, s B AR P AR B S, AT ROK R IR BT + 2R G R
TR GRBHA R AME R AR, RS THE | SRR S TRE SR AT VR R A A R XK B Y
FrE b afie s .

http ; //www.ecologica.cn



22 1] THRHE 5 AR S NE X A ek R TS 9511

>z

[ BBt pRE X
— - AT 0 100 km
- =z |

E10 BENRELZEESZTERE(EIER)

Fig.10 A modified version of the ecological security pattern in Shigatse

3 itisse

31 ihg

ERREUTEERRG A BT e WA Mt ST Z 2R MR R R, Kb E S RGEH G % 4
NALFE R RGP F % 4 YR R 10 25 [ ik AN T 2228 e A 2 5 8 1 75 SR W A At 1 i i
T LMY, DAL S S W Fh AR 0 T Re 2l . PRI, S B b il B A A7 ) DX S VB A B VR, AR A1 47
FhIEAE T A BN R A A= S BEL 1T, 20 SIS BGE A AR, — o B 3R T AF 5T 25 S I BT X 1 A S ssie i, 4
T HBREBOKI MHAE A SRR L . SIS RAR L BT AR B R A REREE T H R 1L
KA Ry, SONsE T XF B D) b5 XU — & 85 8y b L Bk 9 PR 3, AR 55 T 22 B0 A 5 b | JBR T R
R TR A Wy A R A S IR S5 el BN e S E R AR T A SR P LR R A AR IR AR &R
A SR — 20 I T K IR SR | RO B XU VD R [ 2 4F 4 ARG DRI (KR 4) , (BEEA
A ERIE A AR D SGEICT HA T T PR E KGR A AR Sl v A B M A R A T R b xfE DL 56 4
A A 2580 | T A T Y iR A it — 2D R TR A

x4 ESRPLALEHNAARPHESRAEBERPER
Table 4 Protection of ecosystem functions by ecological conservation redline and nature reserves

, . VISV TR X W7 XU TT 0 e o 2 [ 3k 11 7 W o [X
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