55 41 B 23 1) *E &~ 2 Eild Vol.41,No.23
2021 4F 12 A ACTA ECOLOGICA SINICA Dec.,2021

DOI: 10.5846/stxb202011243018
AL SO SR, IR AR MR 1 AR PR X M R AR AR R GRS A AT S AR A A, 2021,41(23) :9341-9353.

Cao M Q, Cai Y N, Zhang L., Xu J Y.Temporal and spatial variation of typical ecosystem services in Wolong Nature Reserve.Acta Ecologica Sinica,2021,

41(23) :9341-9353.

BN EARIPEABESRERSHEZTALHAR

EE BRI S N AR ME A, Jbat 100048

FE ARG XAE A B R GRS 1077 A DORAE W) 22 REE AR 0 31 5 X, PPAL LGB A S R GE IR 55, % 42 e AR 4 X 48 K
FAESGRY S @ RHCRA B2 X, FIH CASA B RUSLE #EH InVEST #5571 K /K ik - J5 P 25 5 75 43 501 2 i PEAR T B
H AR 1X. 2000 4FH 2015 4Ffk[El 2 (NPP) | - HE(REF AR TR AUKIRIRSE 4 MRS RG RS I T I 28 401 B I AR 4k
FRIE 38R TR RIMIE AR A M FAE S REM S 2SR T ESREM S MPEXIE, REGERERT
2000—2015 4F 4 FhA & R G55 S HAS LRI 25 S . 1) BFZE W TIOR3 (X 4 Fh A= 28 R G0 IR 45 116 40 B 397 B i, L34 25 i
TR F AR AL ;2) 25 (8] b NPP |+ R Re AL SR i 3 PR S5 R W AR Ta 5 PE AL AIC, /K U5 % 25 0] 43 A1 TG B B4, 4 o i
55 128 [ 3 AR FRAE S8 2 AU AN K BLARRFAI N BRUE 53) 4 Bl AE S R G SS 4 1815041 S 28 Ak -5 M A F0 -+ bR 2RI O 4 RS
14 T (LRI 25 0 DI 3500 A5 X 3067 F AR M S F8 86 BE L, DAY X AR R 5 R 28 H 5 MR R B b B4 IX A S R AR 55 ot
HRAS K R FH2E A T LI 3R 1 4 ) $SAHr R IR B X AR R B2 R B A AR S R G R S5 (1628 $0 i X, T 5 30 1) IV A
XA R BN, 25 A AT XA 28 R SR A KR S PR TR 0 T H bR A S R G0 S5 i a5 AR Y B AR AR 28 A
GBI SN ) AR X I A 7 R G R A ) 2 PR O S AR AL

Temporal and spatial variation of typical ecosystem services in Wolong Nature

Reserve
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College of Resource, Environmental and Tourism, Capital Normal University, Key Laboratory of 3-Dimensional Information Acquisition and Application,

Ministry of Education, Betjing 100048, China

Abstract: Nature reserves are the cornerstones to conserve biodiversity and the effective way to sustain ecosystem integrity.
It is significant to evaluate key ecosystem services in nature reserve and integrate them into the reserve management to
improve the efficiency of ecological conservation and rehabilitation. Based on the CASA model, RUSLE model, InVEST
model and the principle of water balance, this research evaluated the spatial and temporal distribution of four key ecosystem
services in the Wolong Nature Reserve, including carbon storage ( Net Primary Productivity ) , soil conservation, habitat
quality and water conservation, covering period from 2000 to 2015. What's more, the variability of the four key ecosystem
services at different terrain niche gradients and land use types were also analyzed and the hotspots of the four key ecosystem
services were identified. Research results indicated that significant spatio-temporal heterogeneity existed for both four key
ecosystem services provision and their changes during research period. Some conclusions could be derived as following: i)
the average provision of four key ecosystem services increased during research period, and more areas with increase of key

ecosystem services were found than those areas with decrease of key ecosystem services; ii) Distinct characteristic of spatial
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distribution heterogeneity were found. Areas with higher provision of the NPP ( Net Primary Productivity) , soil conservation
and habitat quality were distributed in the southeast, while areas with lower provision of them were distributed in the
northwest. The characteristic of spatial distribution did not change much and sustained relatively stable during research
period ; iii) Spatial distribution and changes of four key ecosystem services were related to terrain niche gradient and land
use types. The areas with high provision and increase of the four key ecosystem services were dominantly located in lower
terrain niche gradient, especially in the southeast area. With respect to the land use types, forestland and grassland had the
outstanding contributions to the four key ecosystem services provision, and the most contribution came from forestland ; iv)
Hotspot analysis indicated that the hotspots of the four key ecosystem services were mainly distributed in the southeast of the
study area, and the area of the hotspot of class IV, where four key ecosystem services provision were all higher than the
average provision of whole study area, had increased significantly during the study period. According to the transfer matrix
of hotspots, the variation characteristics of the hotspots showed a tendency towards ecological improvement. Finally,
underlying driving forces were discussed, the spatio-temporal distribution and changes of four key ecosystem services could
be closely related to local physical and socio-economic context. We hope the research results could be integrated into local

ecological management policy and is helpful to improve local ecosystem restoration and biodiversity conservation.

Key Words: Wolong Nature Reserve; ecosystem services; spatio-temporal change; terrain niche; land use type;

hotspot analysis
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Table 1 Data sources and pretreatment

BAEZA Data B St U K AL B /77 Data sources and pretreatment

T SRR B R L FE X R X R EE H 0 (http ./ /wes tde.westgis.ac.cn) , 25 [ 43 B 1 km, FH R AL
Soil data JEAS BB 30 m (1 LU R A5 R S IR AT X b, R R R 22 5, AT T AR

LRI e

H 3 [ 55 10 =7 5 (http < //www. dsac.en ) S0 V3 — LA DR B0 NDVI) 7 S8 , 25 153 92 30 m

Vegetation data

ER AL L H 0 (hup://data.cma.en) |, SEIIDI A TR G 5% A R TOR, G ARFERT i URFUK B4R

G 8 A5 S ArcGLS 58 37 BL A PR R G B 04T (60470 7 0 3 09 15 U 9T X4 45 BB , 45 [ o R

Meteorological data 30 m, ZE&HE(ET) VR [ 35 EHFEIZE )R (USGS) ( fip://ladsweb. nascom. nasa. gov/allData/ ) $24t A MODIS
A% MODI16A3 7= &, 25 [ MK 500 m, FRARF B 0 W05 30 m 504
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AW TR [ %2 A 55 A W40 9% 45 77 77 (Net Primary Productivity, NPP) T LA$g 1L, SR FH R SR 0 gk
) CASA ( Carnegie-Ames-Stanford Approach ) #AMESEAFYIX 2000 -1 2015 4219 NPP, HHHE AT .
NPP = APAR x & (D)
APAR = SOL x FPAR x 0.5 (2)
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Table 2 Maximum impact distance and weight of threat

AR RS i B U A RS i B &
Threat Maximum impact distance/km Weight Threat Maximum impact distance/km Weight
B Cropland 0.75 0.70 Z k7K Path 0.03 0.50
FEHEH Road 0.72 0.70 WRBUE R Urban area 1.92 1.00

£3 1A ARBNEMREASERESH

Table 3 Land use type sensitivity parameter to threat

- 2SR S RLNER X C Bt FELIE EZEWN Il R b
Land use types Habitat score Cropland Road Path Urban area
#Hb Cropland 0 0 0 0 0

H M1 Forestland 1 0.5 0.5 0.3 0.8
TEAMH Shrubland 0.6 0.6 0.6 0.55 0.8
HAb by Sparse woodland 0.3 0.65 0.4 0.35 0.75
il Grassland 0 0 0 0 0
K 5 B A5 Residential area 0 0 0 0 0

i Barren land 0 0 0 0 0

HET LA RO SE 5 AR PH R 2 7 A4 A K B AR 85 ) R BT DR T 24 ) o 1 38 VAR D
W RE XS B AT B — 2P IE RIS DR SR R BE 70 Dl B MU TS B 0, S AR R A R A T B
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Table 4 Classification of terrain niche

IR B HE 5K TR L 1 B EE 34 BN ADE £ T AR LE 1
Classification Terrain niche Area proportion/% Classification Terrain niche Area proportion/%
1 0.32—0.78 1.14 6 1.29—1.39 17.02
2 0.78—0.95 3.42 7 1.39—1.49 17.32
3 0.95—1.08 6.79 8 1.49—1.60 15.16
4 1.08—1.19 10.50 9 1.60—1.74 10.68
5 1.19—1.29 13.89 10 1.74—2.14 4.09

1.3.6 MG aM Ak
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R IX ZH AR RGNS PO X ARG, TEARIFSE A LS ST 4 R AR R GRS (35 R
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X, DACSHfE, nIAR 2 11 28 0T 28 IV Jets (X200

2 HBROMH

2.1 EBRGRSS w22k

MBS [E] -7, 2000—2015 4F,NPP | 355 A58 i FK IR SR 4 FhiR 55 350 2 U ka5 i34 i 44
FEANFIZRRIA 25 R GRS WA e (E R B ., HL 4 FhARSS 388 35 (BB S R G0 R 55 2015 4F EE 2000
AR BETINAY DX 8K ) T RS I R TR ( RPREAE S R GURSS 2015 4 L 2000 AFj8 A X 38 T AL (% 5) . LA NPP
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£S5 2000—2015 FEMNE AARPRESRERESTLBER
Table 5 The changes of four ESs in Wolong Nature Reserve from 2000 to 2015

SEWE A 2000—2015 4F i fAEfk
e R Mean Maximum Area change/%
BRG 73 N N
E . U o a5 AR VAR TR
cosystem services A A AR
2000 2015 : 2000 2015 ) Increased Decreased
Rate/% Rate/ %
area area
NPP/( gC/m?*) 438.95 509.94 16.17 1125.32 1340.69 19.14 86.3 13.7
B 27!
%%** /(thm™ a™") 70.69 77.37 9.45 704.7 842.4 19.54 81.9 13.2
Soil Conservation
A5 Habitat Quality 0.34 0.38 11.74 1 1 0 11.5 2
IKIR SR/
KR/ mm 273.83 309.05 12.86 1140.49 1180.44 3.50 74.5 25.2

Water Conservation

NPP . #8515+ 0] 2% 2E 7™ J1 Net Primary Productivity
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2000 4FF1 2015 4F34945 H AR FFAR R 35 H 2015 4545 MR 55 ZEAS R MU 086 BE 1 33 (E 34 KT 2000 4 {HFE
FEARMIE A BEEE R34 A BRI (B 3) . NPP OFIA: 358 [ e 1 2 00 b 2 A7 i 5098 R T s ik o s 9%, He i
Lo AT SR T AV A0 FEE B VA A A AU EL 30 A/ N 18 e X 5 = S5 Bt b £ 8 500 K S B e 8 s J P )
PGS E EE A AAE 5—8 PHIBAIALEE T s /K U5 % 52 IR R ke R U8 2l ke 34, JHE v (i 3 28 03 A e B AR
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UL T 4 S 9 A S o YRR S A ek A1 288 AR T A L AR X L A 10 GBS R T
50% o Az 35 BT AE X8 PN KR o b DX SR IR AN AR | £ R st T AR LG S E AR MR A6 AR 2 I Bl
P B KT WA, IRV T 3750 m BB 450 L b 0 XIS S R BB A0 B3 L IXC , T LA 1 ML T S o
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F,2000 AFEAR] AR | 4 FpA 28 R G RSS W HE 45 LI RIS  MHE > 5 1l > B 1l > K 35> 1035 FH > SR
R, Horp NPP 30 AKURRATE 3 Fh AR S5 FE Mt AL 45 20 5o 45 B BR 1Y 49.9% .57.4% 1 50.5%,
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Fig.2 The spatial distribution of four ESs and their changes in Wolong Nature Reserve from 2000 to 2015
NPP . AH B 501 942 7= 71 Net Primary Productivity ; ESs: 2 & R GRS Ecosystem Services
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Fig.3 The mean value of four ESs and their ratio of variation types at different terrain niche
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Fig.4 The ratio of ecosystem service supply on different land use types in 2000 and 2015
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Table 6 The area of hotspots in Wolong Nature Reserve

PR X KA I Area TSk
Types 2000 2015 Area change
AL X Non—hotspot 285.65(14.25%) 319.62(16.00% ) 34.97(1.75%)
1 235 X Class T hotspot 584.17(29.25%) 491.61(24.61%) -92.56(-4.63%)
11 2345 X Class 11 hotspot 491.36(24.60%) 428.49(21.45%) -62.87(-3.15%)
T 2645 X Class TIT hotspot 406.06(20.33%) 391.94(19.62%) -14.12(-0.71%)
IV S X Class IV hotspot 231.02(11.57%) 365.61(18.31%) 134.59(6.74%)
ST Total 1997.26( 100%) 1997.26(100% )

®1 HREHESRERSAEREBIER/kn’

Table 7 The transfer matrix of hotspots in Wolong Nature Reserve

U [ AT 2015 4F Year 2015 1%
Types e IX IR I A X I SRR X VX Ratio of the area
Non—hotspot Class I hotspot Class II hotspot ~ Class III hotspot ~ Class IV hotspot transferred out
2000 4 e X 204.02 43.93 31.22 4.87 0.61 28.33%
IS IX 96.75 373.26 77.70 30.80 5.65 36.10%
11 2835 X 18.04 62.58 262.14 104.66 43.93 46.65%
I A X 0.75 10.08 45.56 222.70 126.98 45.16%
VA X 0.06 1.76 11.87 28.91 188.44 18.43%
/% 36.17% 24.07% 38.82% 43.18% 48.46%

Ratio of the area transferred in

3 e
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AT PR b X H bR 25 R GRS I 4 R0 A 25 O R AE I S T e 8 0 5 VS A WG A A 2 M 55 2 R A
B, WFFE I H bR AE S R GRS 12 8] S5 it B AR AL 5 XY | 4 b A 2R3 3l DA B A A 1 il 45 %
YItH,

W5 DI H bR AR S R GRS A A AR R R AR 0 S5 B 8 B 3R e oh , FLMh AR 28 R G IR S5 11
e (B3 A DX 3 B0 25 DX ) IR A I 8 DX s Ry =, 3T BB -5 AN PR 38 56 — R AR IX sl A L8 1) vy L
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AR NETE B0 5040 X, S B S R BSR4 v 3 A1, (L 2000 4F 17 J5 A9 X 8 K ) 4 F AR A0 b
Sy PFHbEE AL AR T AR R A SR ROCR W i, VA 3R AR 2SI A R 1A 1Y) B R 284 | IR BRI AR/ 30 BB
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Fig.5 Hotspots of ESs in Wolong Nature Reserve in 2000 and 2015
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