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Impact of land use fragmentation on ecosystem service values in an urban

ecotourism area; A case study of East Lake ecotourism area, Wuhan

LI Dongjie ', YANG Li ", YU Yuhan®, LUO Wenbin', WANG Zhaofeng'
1 College of Tourism, Hunan Normal University, Changsha 410081, China

2 College of Resource and Environment, Huazhong Agriculture University, Wuhan 430070, China

Abstract: Ecotourism is an important part of the urban ecosystem. Understanding the impact of land use fragmentation in
urban ecotourism areas on regional ecosystem service values can help promote the protection and rational development of
urban ecotourism areas and maintain the stability of urban ecosystem services. We quantitatively assessed the value of
terrestrial ecosystem services in the East Lake ecotourism area of Wuhan, from 2000 to 2015, using RS and GIS
technologies. We determined the degree of land use fragmentation from a landscape pattern index and then clarified the
temporal and spatial trends of land use and ecosystem service values. Finally, we analyzed the impact of fragmentation on
ecosystem services. The results showed that (1) from 2000 to 2015, the area of land converted to construction in the East

Lake ecotourism area was relatively large and the landscape showed obvious fragmentation trends: patch density increased
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from 1.67 to 1.96, and the landscape diversity index increased from 1.59 to 1.71. (2) During the 15—year study period, the
value of overall services and function services of land ecosystems declined year by year. The total value decreased by 62.
4881 million yuan, but the order of the value of various service functions remained stable ; the top three functions were water
conservation, waste treatment, and biodiversity conservation. Water—related services accounted for about 80% of the total
service value. (3) There were significant positive correlations between the change in the area of grassland and cultivated
land and the values of some regulatory and supply functions. Changes in the area of water had a significant negative effect on
the overall value and the value of some supporting and cultural functions. There were significant correlations between
changes in the patch density and the diversity indices of the landscape and the fragmentation index of forest lands and
waters, and the change in values of some supportive and cultural functions. Fragmentation of the water area is a key factor in

the decline of the overall value of ecosystem services and the value of cultural functions in the East Lake area.
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Fig.1 Location of Wuhan East Lake ecological tourist area
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Table 1 Brief summary of selected landscape metric indexes
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Fig.2 Spatial distribution of land use in East Lake ecotourism area from 2000 to 2015
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Table 2 Average value of per—hectare of land ecosystem services in Wuhan in 2015

A3 55 Yite bS] B it K5k A
Ecological service function Forestland Grassland Cropland Water area Unused land
SARIFT Gas regulation 14874.624 5164.800 2479.104 1756.032 206.592
SAEIEHY Climate regulation 14013.824 5371.392 3339.904 7092.992 447.616
JKIR 5% Water conservation 14082.688 5233.664 2651.264 64628.864 103.296
F I WS Soil formation and protection 13841.664 7712.768 5061.504 1411.712 585.344
S Ab P Waste treatment 5922.304 4545.024 4786.048 51131.520 895.232
W ZREE LR Biodiversity conservation 15528.832 6438.784 3512.064 11810.176 1377.280
B Food production 1136.256 1480.576 3443.200 1824.896 68.864
J#T Kl Raw material 10260.736 1239.552 1342.848 1205.120 137.728
PRIRSCAE Entertainment culture 7161.856 2995.584 585.344 21485.568 826.368
A1t Total 96822.784 40182.144 27201.280 162346.880 4648.320
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Table 3 Area changes of land use in East Lake ecotourism area from 2000 to 2015

et HEHb P K3 AR #EHM
i Forestland Grassland Cropland Water area Unused land Construction land
u)
Year mR AR mAl ek mfl e mBl R Bl AR Wi A
Area/ Rate of Area/ Rate of Area/ Rate of Area/ Rate of Area/ Rate of Area/ Rate of
hm? change/% hm? change/ % hm? change/% hm? change/% hm? change/% hm? change/ %
2000 1011.77 — 6.85 — 2288.75 — 3911.52 — 110.11 — 453.79 —
2005 1011.96 0.02 6.94 1.38 2139.86 -6.51 3902.48 -0.23 127.92 16.18 599.53 32.11
2010 989.04  -2.27 0.84 -87.88 1651.71  -22.8 3843.26 -1.52 91.36  -28.58 1213.06 102.30
2015 1026.78 3.82 0.83 -1.30 1582.37 -4.20 3639.24 -5.31 49.71  -45.59  1488.33 22.69

t—2 1t ArcGIS F- 55 %) 2000 F1 2015 4F P02 54l 617 Mo 2 0 Fn S in o347 (1 3) 45 R R B, 15 4F
[E] , F bt AR SR AS 1] FH B2 F2 B e W b 2 ) i P M2 S B e b 2t o PPy S 1L R AR S X R
SR b R A R FH e 2 oA A, 1 RTS8 S DXF 22 AR AR o A R R A M, Ay
Brad SR 2B, BE A A mCDCHE B 5 O 3l T B B SEA T IR < PR AR K D M BT AR A IR
T 2 TN W £ 2 00 A SR I DX ) b, R a ARSI 30 et (EAR I R A 2 MR TR RS a J H n , J
Bt 2010 4F LRI T AR S BB TR A TR | AR B O S 281 s i 3
3.2 RIS AR IX A R Al AR

2000—2015 4F-, 7 i A e ife X 4 b 70 FH - O 2 R 22 B e b 32, S XL B e 23 6 0 o W 2 R 4
B RIS (& 4) , JEIAE 2005—2010 AR fb i A B i BES % BEFE 2R 1.67 L2 1.94, St 4
PEFEHOU 1 2000 419 1.59 HENE] 2015 419 1.71, LR AEILF B, 2000—2015 45 7R 5 A= A5 i it X+ b F1]
SOULAFAE NI AL e 7 i M A g ) iy R R ARG As Tl i A i & R, AR I A AR iR X P A 1
FH AN & 2E | - b R R Ak 0B R DX P9 S0 Jm 28 Ak 1) 3 b 343X — e e S I DI AT f s

AP R A 7K S8R 2 0 A AT U DX 2 B ) - b R FH 2 R | X PN S5 R A JR) 728 £ 7 300 1 o 1 S b A 3 A Sy B
b, 2000—2015 4 (8], A I AE e it DX P9 MRl S WA ek BE B2 S R B s b T R A B KRB i AR e B TR T
FE(ELS) o Horh SOUBRE FEFE B0 2000 4F 1Y 6.71 TR 2010 4ERY 6.62, Z J5 FFHE 2015 41 7.01, F K 5E
Heg 805 M 2000 4F 25.51 _EFFE] 2010 4274 25.88, 2 J5 T 2015 4 T REE] 25.01 , 32 B MR 5 00 4 5 PR fe
TR, KI5 Jo 5 AR A 2L & S it (1B ), SURmE e B S B 1 Tk A, e K B e i AU B

http ; //www.ecologica.cn



13 A A AR A AR X R P A X AR 25 R GEAR 55 S (EL B R 7

2000—201 SAEMERE LU i 2000—201 SAEFFRE LU i

OO ol O ghdn DO Ak OO S O KL O BRI R

B3 FAEARRER 2000—2015 £ 25 @S

Fig.3 Spatial pattern of land use conversion in East Lake ecotourism area from 2000 to 2015
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Fig.5 Landscape pattern change of forestland and water area in East Lake ecotourism area from 2000 to 2015
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FEFadi (3 5) . 15 SR IR AL AR X 4 M A 25 RG4S TR 55 T BEA (B A0 P AR R R, KU R < 7K U
F2 >R M Ab B> Az ) S REVE (R S 10 R SCARS SRR > 38 S5 4840 > SRR S A R > 2k e, Horp
2010—2015 4% $2Ht B AE B IRSEAY 5 RS DhREM (AR AL I BH ., oK IR SR DI BE 1 26670.66 J1
JURFAKE] 25386.44 J1 o0, IRYAL LTI REH 21035.98 J1 JCREAILE] 19978.22 J1 T, I Ak SCAE T REH 9070.28 J1 ot
FEAKE 8651.46 T 70, ‘Y ZHEMEAR Y DI BE Hh 6668.03 J7 TCR#IKH] 6455.60 17T,
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Table 4 Changes of ecosystem service value in East Lake ecotourism area from 2000 to 2015

EEO) My B Brib K3 A =87
Year Forestland Grassland Cropland Water area Unused land Total
IR SS A 2000 9796.27 27.52 6225.68 63502.35 51.18 79602.99
Ecosystem service 2005 9798.06 27.90 5820.69 63355.59 59.46 79061.70
value/ JJ JG 2010 9576.12 3.38 4492.85 60394.10 42.47 76508.92
2015 9941.60 3.34 4304.26 59081.88 23.11 73354.18
di ke 2000 12.31 0.035 7.82 79.77 0.06 100.00
Proportion/ % 2005 12.39 0.035 7.36 80.13 0.07 100.00
2010 12.52 0.004 5.87 81.55 0.06 100.00
2015 13.55 0.005 5.87 80.54 0.03 100.00

£S5 FHESKEEX 2000—2015 EFRAESRESNE/ AT

Table 5 Changes of ecosystem service value structure in East Lake ecotourism area from 2000 to 2015

P75 Regulation % HF Support fit45 Supply AL Culture
T WA
G0 AT KA SR KRR R iy s SRR ARl
. . . PP :
Year Gas Climate Soil formation Water Waste t o . Food Raw Entertainment
. . . Biodiversity . .
regulation regulation and conservation reatment . production material culture
. conservation
protection
2000 2765.07 4965.35 3122.83 27316.1 21707.79 7014.14 1618.61 1819.25 9273.87
2005 2727.26 4910.32 3047.57 27218.70 21592.05 6953.97 1565.85 1798.61 9247.36
2010 2557.84 4668.23 2753.56 26670.66 21035.98 6668.03 1383.20 1701.14 9070.28
2015 2560.11 4551.39 2739.46 25386.44 19978.22 6455.60 1326.10 1705.40 8651.46
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1) R 1t 5 b, P B AT ) A VAl s R ORISR e R AR 5 ) A S L )R, LR R R SRR D R AR S5 A
E¥IAE R . 2000 4F LUK, B b AR T R R S 400, R 81 M B SR R T R IR 45 (A BT T B4 114 B 225 i

(2) RIS A AR R GRS T K TR TR 5% | P b B 4 S A M T RE RN 08 AR SCAL D R A7 A B 38 1F
AHOG b | 5 KRR TR RN SR SCAG A IR 558 B i 3 AR OG 36 0.995 DL F (3R 6) o /KU B B A 8 IR 55t
1B 224 6 f e O LIS AR AR R 9 K A R B WV G IR 505 Y A s KR AR BE 0, X R AR 28 R giqik
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VEFRZEH ; TRIE, 3 78 7 3 EL AT 850 s B SN (L AR S 24 (B, ) 2000 4F DI, B /KIS0 45 , AR
AU X A AL D E 2 B30, A 25 R G0 SRR D B G IR 55 (1 tho Bt =2 RAAEK 5 [T R, ZA (AR i 8 R S 0 S 2
(B2 2500, K 38k AR i /IR SCAPE T 8 AR 450 (BT B ) 32 B 5 i (R 2%

(3) ZKSRIAT FH b 9 T FRAR A6 5 A2 A R GE R 55 SN (B4R E 0 3 TE AR OG , vk B 5 B (B A DG 1 e
15,15 0.969( 3R 6) o FKARIZ MR B A= 2R U X 40 A e )iz B s, AR AR S R G5 v b b6, 2000
2015 48], /K B7E AR ) A 25 I XA T AR 5 HE AN 50.26% R FE R 47.33% , % IX AR 25 R SR IR 55 72 A
PR A R GRS BB T R SRR PR 2 5 (RIS, 30l & R i fef o S R R 75 oK, R R A FH G AL AN LA
A SRS E BB b, XA S RGEMRSS 7 AR R ), R A A R G IR SS BB T B () S5 m R 2

F6 FMESKBEREIHAARBTAEESREZTRMSMENHEXE

Table 6 Correlation of land use change and ecosystem service value structure in East Lake ecotourism area
MR 45 ke pS: b HiHh KR A FH 4
Service function Forestland Grassland Cropland Water area Unused land
S AR Gas regulation 0.148 0.988 * 0.996 ** 0.746 0.795
S fFJETT Climate regulation -0.104 0.962 0.985 " 0.889 0.904
I R 5547 Soil formation and protection -0.181 0.999 ** 0.977* 0.728 -0.818
JKIEFE Water conservation 0.142 1.000 ** 0.982* 0.995 ** 0.837
JEMIAL ] Waste treatment -0.422 0.834 0.875 0.990 ** 0.960 "
HY ZREPELR D Biodiversity conservation -0.197 0.937 0.964 * 0.929 0.932
L Food production -0.025 0.972" 0.996 ** 0.848 0.866
JEA4 L Raw material 0.167 0.989* 0.993 ** 0.734 0.788
PR 304K Entertainment culture -0.475 0.802 0.843 0.997 ** 0.962*
K E Total value -0.320 0.888 0.923 0.969 * 0.954*

#% P<0.01, * P<0.05

R7T FHESKEX LHENREELSESRERTRSMERNBXYE

Table 7 Correlation of landscape pattern change and ecosystem service value structure in East Lake ecotourism area

IR 55 Dy dg FOUBEHE  RMEREME O MUtbiRREE ARMEOWAE KIERREE TR I
Service function FEFE 4 PD 544 SHDI HURELP1T  WRA8ELSPLIT  HF8%k LPI fEFE 4L SPLIT
AT Gas regulation -0.968 * -0.928 0.079 -0.585 0.400 -0.840
S AIHFT Climate regulation -0.962" -0.991** 0.327 -0.770 0.636 -0.977"*
OB RS 4
Sioifii: it:jii protection -0.989 " -0.906 0.051 -0.566 0.553 -0.922
JKIEIFE Water conservation -0.944 -0.922 0.091 -0.958 ¢ 0.990 ** -0.893
JEYIAL B Waste treatment -0.861 -0.977" 0.619 -0.967 " 0.962 -0.937
iﬁi z%iimmn -0.992 " -0.998 ** 0.416 -0.828 0.866 -0.992 "
BT Food production -0.963 " -0.979 " 0.251 -0.715 0.647 -0.968 *
JFFT B} Raw material -0.967 " -0.921 0.059 -0.569 0.241 -0.335
IR AL Entertainment culture -0.834 -0.961" 0.664 -0.991 ** 0.995 ** -0.867
BANME Total value -0.906 0.994 ** 0.528 -0.893 0.884 -0.884

#% P<0.01, * P<0.05

3.32 LB EOUAS )RR

(1) 3 S BEH 2 B R EORT W 2 AR R BRI 5 3 B ZREE O Bk = 45 IS5 TR
WA R B RS R o S5 2R LR A S i, Y935 -0.990 LA (3 7)., H 2000 4E 241435
TR D ARIE 4 [ A 4A P X JE, WOH B LU T 5 4 5 XN 2 AL % B B AR SO ERT R R 55 2005 AR R B
L BT ER G A0 WES RIS LU S5 DX, 4 KSR it 15, 7K S AF i A R P bl 1) 0 i AR 3 e, Sty
W R AR AR S R G S | B AR AE A AR 55 T RE (A B AR I B4, 2 T 0 A 2 R e A 55 I A1 [0 B 55 ORLE Ak
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X /NS AGE YT BE 2 R A AN RS U YIS MR O S R G W 2 A IR S5 DI REAN BT T
FEMEZ M AR,

(2) M A S R W BOAE Ab 55 AR VR TR % R 40 Ak BRI SR SCAL S5 IR 45 T AN (2 B IE A G &R, 1
W SR SO S P A i, 18 0.991 (32 7) o, MRHBIE A AR 25 RS0 IR 45 (6 A0 B ZE 4R 1L, 2000—2010 4[],
e DX AR SO /N R DR b 720 T A, 5 R B e 8 O B T 5 201 1 A DU s A 18 A 25 S I T
S DA TIEARS PR SOUL/ I it A 2 TS/ e ARk A1 S BB R, 80l A e il 32 ke [l o, AR LA T %
IKUE H R SEA ST MO/ i B R ART Z8 5 B0 A W T LN, PRI L, MR b i £ B A 6 il 32
PEFNG AR SCAL DI REN E A EEZE &R

(3) KO A R BEHR B K IR R SR DAE B I 0k SCA AR D REAN B 2 10 35 TE ARG G R Hrp 51K
SCAAR M SR R, 38 0.995 5 /KIS OB IR 45 5 AU IE 1 AW 2R B A SR M A A S R %
R 55 A 5 ik 2 AH G OC R b 5 AE W Z R MR AP A OC M e 5, 15 -0.992 (3R 7) ., 2010—2015 4F[i] , A< ¥
W3 T T, FEIHE B2 0 T VA X AR WK A A A 7 AR A K e 3 BRI BB it 1R 7 T K s ]
1T Google Earth Sl 28 &I, 2012 47 J5 1.0 0P KB FI R K SE s 4 58 , 2 2015 4R35 150 K24, X
ST R BOKIR A B AR SN, B K SO0 A A SRR D RE AT E A A, Bl XS AE S R GRS
BAMEZENR, L, AR A A S R GRS B N R EESE R R

4 Z5iie

DL ) A5 A e X IR G X 4 | IS 28 28 J8 22 555 0 Bt = R e e A i 3, TR 5% = ) R e
XA R GRS (A 2, 75 IR 458

(1)2000 Z 2015 4F, 2R 10 A 25t I X 45 i 28 S BT 4« 25 F AR Ak R ), B b 7K s A 1) e 52 3ot 0 )
PR HME AL A SFOW SRR S B AL g BEE T 1.67 L THE 1.96, 5ol 2 REETE 5L
WIH 1.59 M3 1,71, 322 P (R MR i AN A S U Jey th 2 i Ak T

(2)2000 2 2015 4, ZR i A= A e X A= b AR 28 R G0 R S5 M (B R AR 52 41 B e 35, DA 79602.99 T1J6 T
R3] 73354.18 J1 G, 15 AR [AIk /> 6248.81 1 TG, ik A AL A e X A 25 2R G0 R 55 (10 = PR H2RAR IR OH
KI5 > M it > b > ) FH > B b AR AR A SRR X A 7S R G R A5 M (B S SRRy AR 80% A2
i ARG RS TIRE M (A O |, 25 TR 55 D RERE R S 3 F a3 BT 2y KR 35 > 1
Py Ab BE > A ) S REVEAR B > 15 AR SCAL S SR T > H I S AR S SRR S EAT R S S A

(3) 7€ L 1R AR Ao A= 28 R GE IR S5 U (B W PR 5 v, 4 591 DA e 0 P 722 A B - b o0 SRy P 25 ]
FEMEVIA R, — I B 2 FARAGT bR | Rl B b Rn /R SsR i FRUAR A 5 A2 28 R GE 0 4 I 1
BEAAPE ST AN SO M Th AE A (B 728 A S 25 TE ARG 7K Sml R R A1) b 14 258 45 ot A 25 R S8R 55 M 1 R 1Y
VEFRAC S35 53— 7 T, Bl s DX PR RS0 el e B3 it R 2 S i), 4 T8 A S0 D DX = A o UL A ) B I
GBI 2 B DX 3 5 LI R 25 48 ORI S5 W S AR MR B 85 O AR A AR R SE T RB AN B R B LA
THARAE R MRk R 7K S BB R At — e R BEHE SN T SCRFPE R SCAR PR D RE A M (8 T B 5 FE AR b 2K B Ak
A R W I A A SCA P D RBAN (B S AR S R G R 55 BN (B T B ) A R R

SCEE ARG AN MT A T A R T AR 2 I DX i S AR AR B AR, B IN REE (R T AR 2SR X
735 R GRS I I 2 24 i 2 DR A RIS B S 4 FE . Bl STl e ol , Xk o A= 28 R G IR 55 114
S [ A o B2 RS R IR T A AR X b A R A A R R R T I E R, B ok +
HUF A BRI AL Bkt KSR ) 3 45 1 % 1t Al o ) e A g s 15 P ., 500l b S 00 T Ak
I LR BB T AR AR WE X AE R R GRS IMEE W NI, ST I A DG BURER T A 25 Ak A1 i A A i I DX AR
R B, A0 A A M 2T 28, Pt s il 2B ZS iR X N - bR A B AL, AR R T A S RGP A . P TR
(1) 3 R B S50, SCEEXAE S R GRS IMEZAR A 5 ) PR A EAT T Ge T B A DG 2 #r , Aok T 3 24
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