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Fragmentation process of wetlands landscape in the middle reaches of the Heihe

River and its driving forces analysis

ZHAO Ruifeng “ , JIANG Penghui, ZHAO Haili, FAN Jieping
Geography and Environment College of North West Normal University, Lanzhou 730070, Gansu, China

Abstract ;. Heihe River is one of the most important inland rivers in the northwest arid district of our country. Wetlands that
distributed along the middle Heihe River Basin has a great significance to the eco-environment safety of northwestern regions
in our country. It plays a key role in preventing the Tengger Desert and Badain Jaran Desert to be a whole. However, it had
been destructed by human activities and climate change deeply in recent years. So the research of the wetlands in Heihe
River is urgently needed. Based on satellite images of 1975, 1987, 1992, 2001 and 2010, the paper chose some typical
landscape index models, such as patch density, landscape internal habitat area index, mean patch size, FS and so on, to
analyze the wetland landscape fragmentation process and its drivers of the middle Heihe River Basin between 1975 and
2010, combining with grey relational analysis, principal component analysis and other analytical methods. The results
indicated that fragmentation process of wetland landscape in the middle reaches of the Heihe River mainly expressed as the
shrinkage of internal habitat area and mean patch size, the increase of fragmentation index and the enlargement of F'S in the
past 35 years. In the entire period of study, the mean patch size of the wetlands in middle Heihe River Basin decreased
48.95 hm’ corresponding to the patch density raised 0. 006 Ind/hm”. In terms of patch shape fragmentation index, it mainly
expressed as the increasing of mean patch shape fragmentation index and area-weighted mean shape fragmentation index.

Especially the values of the mean patch shape fragmentation index and area-weighted mean shape fragmentation index
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increased from 0.524, 0. 269 to 0. 556 and 0. 276 between 1992 and 2010. So it can draw a conclusion that wetland
landscape fragmentation has been the main manifestations of wetland degradation in the study area throughout the study
period. The dominant driving force which led to the middle reach of the Heihe River wetland landscape fragmentation and
development is human factors. Natural factors on the process of wetland landscape fragmentation have a certain influence.
Yet the contribution of human activities on the wetland landscape fragmentation was significantly higher than the natural
factors in a smaller time scale. The increased capacities as well as the expanding influence sphere of human activities act as
the main cause of the middle reach of the Heihe River wetland landscape fragmentation. In addition, natural factors also
have some influence on the process of wetland landscape fragmentation. Furthermore, the impact of natural factors on the
process of wetland landscape fragmentation is mainly reflected in the temperature and precipitation. Comparing with
precipitation, in the natural context of arid environments just like the study area, the temperature plays a significantly

greater actor in the process of wetland landscape fragmentation.

Key Words: wetlands landscape ; fragmentation process; landscape indices; middle reach of the heihe river; driving forces
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Table 1 Data sources for landscape information of research district

E4y B n TR

Year Data source types Remole sensing image

1975 MSS 143/33,1975.10.07;145/32,1975.10.09;144/33 /1976.07. 04
1987 ™ 133/33,1987.08. 15;134,/33 ,1987.10. 09 ;134/32,1989. 09. 28
1992 ™ 133/33,1992.09.05;134/33,1992.08.27;134/32,1991.09. 02
2001 ETM 133/33,1999.07.07;134,/33,2001.07. 03 ;134/32,2001. 08. 20
2010 ETM 134,33 ,2010. 08. 05;133/33,2010. 08. 14 ;134/32,2010. 08. 21
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A~/hm® FFEEHEK 2 2010 419 0. 0574 >/hm* (& 3) SR, HEWE TR A Rp 384, B K i A a2 DA R <R i)
AW b TS K B T8 P G 8 i v R s ARG S BE PN K R ST G BRSP4 T AR P A B
TR I T 34.64% (19.67% ,SEHCF- BRI AL £ 0.3120 #5002k 0. 3581 (181 3) ,3X sl 5E IX
K S0 3 T S5 L A T AL
3.3 Vb LA (R4 SR T AR

F L 4 AT 5 DA [ o) 00300 e S5 O ) 28 [B) A A 25 AR AIE . 20 T2 70 AFARP A HM s s 5 = B
BENHING TEEE e R A R R R VDI CRE SR SRR R A < DO s =Tk
AT Kb A5 BE IR XX — B AR ) A e 2 i AR Bl 3R . 32 B B A5 T b e WSS 18 A 2 ) A b 3R
Shg < AT T M R T R A T R R A, TR TR R K 2 L R M 2 5 SR T R, A5 S
TR ] A AR I 53 A, SO B R —A . 1975 4EZ 5, JEH A 1987 4F LISk Tl i i b 22 Ji 22 400 Tl e g K
FIAGE 7 hy A T b, BEB % K B TF 2, SEUTynT 43 A BRI TR /K 2R S0 0 e D) R Y 3 e b R )
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T FR AR 25 406 2 A AU YT S T 7 )t SOR8 40 28 kg T D kbt A ) FH b 5 SRS 4 A, 40
IS FIAE 2 M) S5 R RRAE RN 20 A 1320 07 PR 2 10050 2 LB AR 3 A R BREBI A I e A A A B 43 B85 18 /N BB A,
TTED VA V5 T S5 L T TV 0 SRy B L A A1) e A5 A FH B 2R ) /N TR BB R R

BEAR , I B SRR 5 B A4 i %o PVl e i DX 0 AR i A R A7 2[RI Gt i, 4 i 45 10 1b S 70 55 LAt FH b 2%
RURFERS AR (R 2) , AT T 1 1975—2010 4 (0] | i b 23 1) 5 6 fr =5 52 3 B0 A ) Ve 30 b 23S 701 1) 0k M | 50 s fY)
BLAR DL R n it Vit R M b (] AR B Ak BEASBIF ST B BE P, (ST EVE M DA b 1) S 4 T AR AR 3 0. 06 %
10" h?® T 5% Ay 5 1 01 2 T AR 2 538 0. 1210  han® Y] 4S8 115 90 37 408 e ) %) 2 £ 10 2 i) 5 46 14
— FEEMIE R IZE AU 0. 11x10% hm? TR0 X — 25 [8) 4 s R (1500 3 10 5 3 M ik — A
FLAEE , 22 D200 0E — A 1) 00 S5 OS2 A o . 5 S5 Al S 0L 351

Fx2 EBudigSMERZ BMEBER(x10*hm?)

Table 2 The transition matrix between every landscape types in the middle reaches of Heihe River (x10*hm?)

AEAY Year %Xﬂu%ﬂ A B C D E F G H 1 J
Landscape Type
1975—1987 A 15.33 0.01 0.4 0.05 0.3 0.01 0.1 0.04 0.65 0.01
B 0.02 1.6 0.02 0 0 0 0 0 0.01 0.02
C 1.67 0.01 14.4 0.03 0.12 0 0.17 0.02 0.43 0.02
D 0.02 0 0.02 0.36 0.06 0 0 0 0.02 0
E 0.04 0 0.06 0.22 1.35 0 0.01 0.01 0.03 0
F 0 0 0 0 0 0.04 0 0 0.01 0
G 0.11 0 0.03 0 0 0 1.52 0 0.09 0
H 0.01 0 0.02 0 0.02 0 0 0.14 0.01 0
| 1.83 0 0.24 0.05 0.08 0 0.14 0.03 65.22 0.02
J 0.01 0 0 0 0 0 0 0 0.03 0.26
1987—1992 A 14.49 0.03 0.65 0.03 0.11 0.01 0.23 0.05 0.52 0.01
B 0.03 1.34 0.33 0 0 0 0.01 0 0 0
C 1.35 0.28 15.25 0.02 0.11 0 0.14 0.01 0.35 0.01
D 0.04 0 0.03 0.3 0.14 0 0 0 0.02 0
E 0.12 0 0.1 0.11 1.28 0 0.01 0 0.03 0
F 0.01 0 0.01 0 0 0.04 0.01 0 0.01 0
G 0.21 0.01 0.09 0 0.01 0 1.21 0 0.04 0
H 0.04 0 0.02 0 0.03 0 0 0.13 0.03 0
I 0.61 0 0.36 0.03 0.04 0 0.14 0.01 66.59 0
J 0 0 0.01 0 0 0 0 0 0 0.32
1992—2001 A 14.29 0.03 0.33 0.01 0.02 0.01 0.2 0.02 0.33 0.01
B 0.02 1.41 0.32 0 0 0 0.01 0 0.02 0
C 0.89 0.27 16.48 0.07 0.19 0.01 0.1 0.02 0.6 0.01
D 0.03 0 0.01 0.36 0.12 0 0 0 0 0
E 0.16 0 0.06 0.1 1.29 0 0 0.02 0.04 0
F 0.01 0 0 0 0 0.04 0 0 0 0
G 0.17 0.01 0.06 0 0.01 0 1.23 0 0.03 0
H 0.04 0 0.01 0 0.01 0 0 0.17 0.01 0
I 0.5 0 0.24 0.01 0.02 0.01 0.02 0.02 66.76 0
J 0.01 0 0.01 0 0 0 0 0 0 0.29
2001—2010 A 13.03 0 0.3 0.06 0.23 0.01 0.05 0.03 1.42 0.01
B 0.05 1.71 0.19 0 0.01 0.01 0.01 0 0.17 0
C 1.05 0.06 17.88 0.07 0.13 0.01 0.18 0.02 1.84 0.01
D 0.01 0 0.02 0.26 0.04 0 0 0 0.06 0
E 0.17 0 0.02 0.13 1.19 0 0 0.03 0.06 0.01
F 0 0.01 0 0 0 0.01 0 0 0 0
G 0.13 0 0.09 0 0 0 1.25 0 0.42 0
H 0.01 0 0.01 0 0.01 0 0 0.14 0.03 0.01
I 0.78 0.01 0.1 0 0.07 0.01 0.03 0.02 63.57 0.01
J 0.01 0 0.01 0 0 0 0 0 0.01 0.26

A Wb Grassland ;B J& R T# b Resident and Industry Land ;C: #FH Farmland; D F3EEM River; E . Ji W Bottomland ; F . WITATE s
Lakes; G : kit Woodland ; H: 7KJEHTYHEM Reservoir and Ponds;T: A F 1 Unutilized Land;J; AP Marsh
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Fig.4 The distribution of wetlands in the middle reaches of the Heihe River in different years
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A 2R A X R 14 58 ) 2 S 3R IR AE A K R B AN T T R KGR K KR 45 1 R PR
— il B D2 K B AR A B B R B R, AT S R, 1975—2010 4R [f] | R T rpite DX I K Y S
PRARAGE A -l ) 25 TR KR B Bl 3 — A A B34 b 5 R 1 i K SC B - S TR EE T
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Table 3 Grey relational coefficients between wetland landscape indices and meteorological factors

N 10 P35 , T H IR K SOMBEHIE R FEBEHIE AR
i BE A W HL T ; % )
B e MR BRI R
MPS LPA FS, FS,
AR Annual temperature 0.6571 0.5422 0.5896 0.5451 0.6516 0.7316
AEHJ[EIK & Annual precipitation 0.6105 0.5076 0.5423 0.5260 0.5803 0.6471
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—m— R ] 4RRoK
9+ — 180
s - M _ g
E 3
g 2 _
s §§
*HQ‘_ Est A | M 4BsgmE
- ] jo)
H‘T& ﬁ M T M — g =S
= r— —_—
£ \‘ = s
< f \ _ g
_ _ M <
e [ — 90
6 —‘H |7 45
1975 1980 1985 1990 1995 2000 2005 2010
LE45y Year

5 BuHiFEFHRKENFEFHSETUESR

Fig.5 The change of annual precipitation and temperature in the middle reach of Heihe River
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Fig.7 The development and change in the middle reaches of Heihe River during 1975—2010 years
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x4 FHEERERSTEHE
Table 4 Eigenvalues and contribution of principle components

BIIRAFAE(E PN T A TREE AT #A

P Initial eigenvalues Extraction sums of squared loadings Rotation sums of squared loadings
Component A B c A B c A B c
1 9.200 76. 665 76. 665 9.200 76. 665 76. 665 6.704 55. 865 55.865
2 1.283 10. 689 87.353 1.283 10. 689 87.353 3.779 31.488 87.353
3 0.967 8.062 95.415
4 0.262 2.181 97.596
5 0.148 1.231 98.828
6 0.086 0.716 99.544
7 0.025 0.209 99.753
8 0.015 0.124 99.876
9 0.011 0.096 99.972
10 0.003 0.021 99.993
1 0.001 0.007 100. 000
12 0.000 0.000  100.000

A $F1F{H Eigenvalues;B: Z8 i TIHR Rate of target contribution;C: RFITTIHR® Accumulative contribution rate

R5 EERETHMEERE

Table S Rotated component matrix

6475 Indices T4 1 Componentl T4 2 Component2
[ A A7 SUE GDP 0.910 0.405
5 —7 k7 {E Primary Industrial Output 0.849 0.512
55 7\l Second Industrial Output 0.934 0.333
WFEL A Revenue 0.687 0.648
W B 32 Y Expenditure 0.938 0.214
AER AT BB Total Population 0.421 0.872
FRAE 7 Grain Yield 0.314 0.893
Gt 2 [ 28 W 7P B B A Total Investment 0.952 0.258
FE2eTH 2 5 BB Total Retail Sales 0.930 0.343
AR A Rural Per Capita Net Income 0.799 0.572
A4S Annual Temperature 0.415 0.793
AR KB Annual Precipitation 0.276 -0.281

B — R, At S [ B 4R B SO N b UL R Ak B S M A EE =ik 0. 952, HiAlLAn GDP 55—
b B S A X b LA AR A P s At 22 3R 3 0.9 DAL T A7 P 2 A TR AT e 7K % 1 b 55 00
WEREAL R AR EAY R 0. 415 F10. 276 , 3 U BH 27— F2 B A0 i N SC R - 0 b 55 SO e e A 114 52 T 22 K F
AR 55 o MR P AR A AR AR 77 XA 5 DX b S5 0 A 1 £ 1 52 M A B Fe v, 35391 0. 893
HYONAFEAR BT, HXHE b 5 R A 52 M A EE R 0. 872, AR5 55 — F o AR IRl 2 4R 4R
SEMAA A T ATt i85 0. 793, AEIREK B S AL AR IH AR, U -0. 281, BVASKRE 5B = FE st A
SCH R b S UL AR AL O SE MR AT 8 T F AR T, ek, AR P RG4S 34 AR b s O A8
PEAL 2 M BA S 2 AR BB K i
5 #ig5itie

(1) SR e it 0t 7 XU Y A8 2 S A B A Y A Y0 A 7R i) B0 | 7t 1 2 £ LA T 3 3t AR 3 Y s ] 1%
AHEEEAL . 3 35 Ak, TT IR b A SRy B b 9 -2 T RRGE 21 0. 0610 hm? , 1 5 Ay 0 b 1) SF- 25 T AR R 38 0. 12
10*hm?, Uk, a7 b5 Y] 37 1l ] 1 2 AP 24 TR AR R 3 0. 1110 hm
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(2) PR e ite DX b S5 ORAR SRy 3 AR R A SR I SOUL R AL, S ANIF SR BT B P R TT it Y 11 B e
WHEEGR T 43.74% |10 b P 3R A= 58 10 AR AT S B B AR50 S 46 08 1T 28. 49% 1 42. 12% , T H BEH % N ER A=
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WAZLV53 T

(3) T EU R e i OB Ak 1 45 3K o g v A SR IR 5 i B KT AR, DU I 88 i A
IR J AR A N SR 2R 2 e sl BT v Ji 0 b e LA R AR R 10 = DR, NI Bl X S5 AR S 52 0] )
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