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Hydrological and geomorphologic ecological threshold of steady-state transformation

of wetland in Zoige County, Sichuan Province

CUI Yi' ,ZHANG Xuexia"** ,ZHANG Xue' ,FANG Yu',GUO Changqing'

1 School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China
2 Key Laboratory of Soil and Water Conservation State Forestry Administration, Beijing 100083, China

Abstract: The subject of the research described in this article are the Zoige County wetlands. The spatial distribution of
man-made ditches in Zoige County was obtained from Google Earth images and field surveys, and the structural feature
index calculated. Six indicators were selected from two aspects of terrain and hydrological conditions. The entropy method
was used to screen for the indicators that had the greatest impact on wetland steady-state transition and that determined the
ecological threshold. Having identifies wetland steady-state transition zones in Zoige County from 1980—2015 land use
data, an ecological threshold control range was finally determined based on township size, and the priority of wetland
restoration in each township was allocated. The results show the following: (1) There are four types of wetland steady-state
transition zones in Zoige County, of which the stable zone is the largest, accounting for 47.56% of the county’s wetland
area. The degradation zone accounts for 35.88% of the county’ s wetland area. (2) The two hydrological and
geomorphological ecological indicators that have the greatest impact on steady-state conversion of wetland in Zoige County
are network connectivity and ditch density, with weights of 0.162 and 0.161, respectively. Ecological thresholds of network
connectivity in Zoige County are 0.033 and 0.054, and those of ditch density are 0.011 and 0.360 km/km*. (3) In the 10

townships in Zoige County where wetland restoration is needed, three tertiary restoration areas, four secondary restoration
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areas, and three primary restoration areas are defined according to the priority of wetland restoration. The primary recovery

areas should be restored first.

Key Words: ecological threshold; control; wetland restoration; Zoige County
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Fig.1 Location map of the study area
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Fig.2 Schematic diagram of ecosystem steady-state conversion principle and ecological threshold theory
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Table 1 Weights of hydrological and geomorphological indicators in Zoige County

; T T AR L o 9 YRS X 4% 122 3 i S e IR PR 8 4
T S e O S e e
Wetland area . ) Ratio of line Network ) Degree Topographic
Wetland area . Ditch density . Altitude R :
ratio to node connectivity of relief wetness index
0.097 0.106 0.161 0.152 0.162 0.109 0.118 0.096
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Fig.3 Spatial distribution of hydrological and geomorphological indicators in Zoige County

Bk 460 km? ; I AR (b X i AR/ 0N , 3631 22 km?

RSP X2 0 b PR e AR 14 DI, a0 SR IRT 37y s 2 R 2 S B I 3k 28 DX Sl il 5 S A s R 7, L
A RIBRIKER M AR E: R KRS TR 2 13, W ahZA (b R AR IR A sh A 56 Ab A X 3,
IRl 5 T b 2 ) ) sh AP A, A A A JE B 3 T TG R

http ; //www.ecologica.cn



8800 JAE = 40 4

IR A 1 X2 10 b ) SV b A A A X, H 3R 2
AR IR Al IX A V) SR % R R IO 2% 1 3l R - ) {1 A
R IZIX 852 BV B HE K VR T2, S BUK LA T R,
IR TR i - 3R T, 3 R AR A S 1 B IR
BLBT I3 i b, S 320 HE 37 3 B, 8 AR A b AR A )l
WA T, FEKEIE K, s R Ak, Rl & R KA Y
AR, 38K o3 itk — 2820 B4 (Saussurea spp.) B
B ( Ranunculus tanguticus ) . %8 98 % B 3% ( Potentilla
anserina ) 35 ey FE L) FE BB W0 AE 34

PRI 5 Al DX 160 i AN T o) W b e A vy DX, e
2 R R 52 2 AN IX 9 R 4 TR R W) 2% 12 3l 3 1) Y S8 (L e
/No H 1994 AR S5 M b F AR DR X ST LR, 2

SRET HE K 1 BRI S0 M K SC TR K A G, (5 2 WA X '\v
203 S ZE V] HE B S AR A e b S AR T o RE X R

400 km E’J\ﬁzi’@]kﬁ“%l/)\?m‘@,7J(1M3Lﬁr‘aﬁﬂ)‘3il‘%5§ﬂﬂ B g T

AR TIe s £ B IR A RS, e ik IH B A W B R X

Ro EHMTE PERRRE, BRI (Elymus B4 1980—2015 fF3/R % BIRMAAAFEA R 43 75 E 2
nutans) FEREREWHE ( Roegneria nutans ) S5 AR A FHHY) Fig.4 Distribution map of steady transition zone of wetland in
G B Bl B R Vg AL R N S B E B (Carex z4i0e County from 1980 to 2015

meyeriana ) . AN B & F ( Carex muliensis ) ., I} ¥ 3¢

( Potamogeton distinctus A. Bennett) %W /K AL W) DS S A IR TH BB 3 — 2o A2 UE W13 JE 1Y
N 1504 Bl T 10 1 ) 1 b % Ak | 2 0 1 0 i Pk 52 ) A T B

R2 ARSEBMBSEAKARTENNKXEEEER

Table 2 Differences of ditch density and network connectivity in steady transition zone of wetland in Zoige County

IR Ditch density/ (km/km?) ¥ 2% 1% 30 FE Network connectivity
f5/IME Min SEHIE Average IR AH Max F/IME Min SEHIME Average F K AE Max
REZHEALIX. Recovery zone 0.011 0.360 3.434 0.033 0.054 0.082
A FA# X Stable zone 0.011 0.376 3.434 0.033 0.106 0.667
W82 fK X Fluctuation zone 0.041 0.457 3.434 0.033 0.091 0.667
BAEHEALIX Degradation zone 0.011 0.636 3.434 0.033 0.185 0.667

3.2.2 A EUE B R

AT AL R bR S AL B UE B T N T A R0t B i i IS 8 S AR A Y 2% 32 R )
26 T30 P8 ) B Rl FR AR T, AR S A Ak XA R A 2 B A B o | KK A2 2 A DX IR 46 37 3 0 9 0 3 ) e
AMEAE R BRARAE , ~F-SAEE i B . 8 10 DX R0 7 i B 0 206 37 3 85 ) SR JEE R BIARL X ], 4% & B
D04 4% 32 38 11%) B AEL(EL R (5 SEBR A ok 2 12 B, 753 2045 & 4RI 2% o 30 5 1) 26 285 B D 4 9 L () B3
IR A S B E IR, 45 & Bl e BARI IR 7 RIGMES % . FET ArcGIS 10.2 Z 54T , 1551 M 44
I3 J3 R BABL(E Ol 0.033, I FLE N 0.054 3 I S % FE (OHEAR(E R 0.011 km/km? | Ifi FHE A 0.360 km/km® , 5% %
BEL AR S B (R S T DL 3% 3 1A 4 Y TR e AU oy AR 5 S o A 1) 2, 48 1 B0ME M T 1B 5 S B 1Y
2, MR ATAL RS I EBE RN, AR S WNEEERR, WS LS ks MES Mg
R T BRAR DK ] N SO R ARG K SO BRSO 2% 38 B /N, IR S (N I 48 B R
FRS LS BN FESFE ML S 45 T2 TEAEIX ], R S WK,
{EL RV Y P 45 S8 A2 2%, DN TR T b 55 X0 43 B A e | 5 8000 S5 UL A, DR Wb 22 ¥R & 5 AU D) 286 2 30 3, LA

http ; //www.ecologica.cn



23 1

BERR A AR SR AR A R A K ST A A 25 I

8801

5 I8 M UL

SRpE R

£3 AREEESHNKEEETARTERLEEEE

Table 3 Network connectivity and ditch density and control range of townships in Zoige County

U B PR IX ]

PO £¢% 14 31 2 81 7 X )

X IR ) . 94 2% 3753 .
Area Diteh density/ (km/km?) (Jontr(.)l range of dlztch Network connectivity Control range .of'
density/ (km/km”) network connectivity
Fl g & 0.487 -0.476—-0.127 0.048 -0.015—0.006
Ptz 0.212 -0.201—0.148 0.082 -0.049—-0.028
IKHLSFH 0.263 -0.252—0.097 0.044 -0.011—0.01
RS 3.434 -3.423—-3.074 0.061 -0.028—-0.007
o & 1.699 -1.688—-1.339 0.052 -0.019—0.002
RS 0.042 -0.031—0.318 0.052 -0.019—0.002
H2s 0.246 -0.235—0.114 0.033 0.000—0.021
L e S ] 0.364 -0.353—-0.004 0.063 -0.030—-0.009
ESUE e 0.285 -0.274—0.075 0.067 -0.034—-0.013
EaL 57 0.011 0.000—0.349 0.667 -0.634—-0.613
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Fig.5 Zoige county wetland priority recovery level
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Table 4 Proportion of wetland degraded area ratios in each level of restoration area

4 Group WLI%L Number KA Sum SEH Average 75 % Variance
—Z4 WS IX. Primary restoration area 3 0.661036 0.220345 0.006687
TR X Secondary restoration area 4 0.857448 0.214362 0.011502
=YK E X Tertiary restoration area 3 0.687376 0.229125 0.001192

x5 BEZREXEHRLEMRILGHIFTESTER
Table 5 Analysis results of proportion variance analysis of wetland degradation area in each level of restoration area

25U

Source of difference 53 4 MS F P F
ZH[A] Between Groups 0.000374 2 0.000187 0.026035 0.974395 4.737414
ZH N Within Groups 0.050263 7 0.00718

ST Total 0.050637 9
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SRR W AR TR R A R ELAR ) AR S A AN R ARV L A S BURUEE e e 2 A S, A
M A2 /R SR A S R AR E R S P 4R AL T 5% . FEE58 T .

(1) #57K w5 B AR AT AL X SR 3 )R A2 e A X R A AR DX RS P A X R s AR kX, Horp
RS-y DX T AR e R R A IX Rk 22, LT AR o 4 BB M T AR 35.88%

(2) R IR a5 ELR AR AR 40 1 1 B2 K SCHB AT B Sy I 4% 0 B N9 YR 28 8 R i L I 406 K
FIEAE(E A 0.033, I FE R 0.054 ; 76 2 B (U HAE(E A 0.011 km/km?® I FHE N 0.360 km/km®, #1E S BE
o By SRS RNCE IR £ 88 W4 il FEFRAR X 8], 212 £ BTG & Jiod: & e S Ry 2
T5) YR R AR X (]

(3) TEA R 3 BL TR B TR HbAK 52 19 10 A~ S B rh  FeK 52 58 Ja U 43 — AN A58, — G A2 IX B A Sk
2, CHRE XK, SR E XA E , — BB XAHG 3 S R RS WS AR s, —HikE
XALHG 4 >S4, BVEER ALY, BV & BEf £ PSR  — R E X466 3 A2, BB 2 fE8 S Al
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