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Prioritization of wetland restoration in Sanjiang Plain, based on historical

biodiversity and landscape structure
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National and Local Joint Laboratory of Wetland and Ecological Conservation, Key Laboratory of Wetland and Restoration Ecology , Heilongjiang Academy of

sciences , Institute of Natural Resources, Harbin 150040, China

Abstract ; Sanjiang plain is the largest distribution area of fresh water swamp in China. The large-scale agricultural activities
resulted in a sharp decrease in wetland area, which led to degradation of wetland ecosystem services and a series of
ecological and environmental problems. Wetland restoration is urgently needed. The historical biodiversity distribution and
landscape structure of wetlands have an important guiding significance for wetland restoration. Based on the analysis of
landscape pattern changes of wetlands, we combined conservation value of historical biodiversity ( representing restoration
value) and landscape structure of wetland (area proportion) to prioritize the wetland restoration efforts. Our results showed
that during 1995 and 2015, the total area of Sanjiang plain wetland was reduced from 14308.55 km” to 8532.29 km’, and
approximately 40% of the original wetland had been degraded into grassland or converted to farmland. Meanwhile, the
number of patches has doubled, with the rate of 110.3 patches per year; the patch density increased from 0.15 /km’ in
1995 t0 0.52 /km’; the maximum patch area decreased from 21.20km’ to 14.64 km’. All these figures show that the
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Sanjiang plain wetlands present overall fragmentation characteristics. The spatial distribution of wetlands in Sanjiang plain is
uneven, and the proportion of wetlands in each eastern county is higher, more than 10% ; however, the proportion of
wetlands in the central and western counties is lower, and the proportion of wetlands in Qitaihe and Youyi county is even
less than 5%. Irreplaceability index (IRR) was divided into five grades: 0 <IRR<0.09 (Rank 1), 0.09<IRR =<0.21
(Rank 2), 0.21<IRR <0.39 (Rank 3), 0.39<IRR<0.62 (Rank 4), 0.62<IRR =<1 (Rank 5), respectively,
representing different levels of restoration value. In the degraded or lost wetlands, 57.56% have high restoration value and
22.02% areas are in the middle level, which indicate great potential for wetland recovery. Four restoration priority zones
were divided according to wetland restoration value and the landscape structure requirement of wetland. In the 19 counties
affected by wetlands, 2 counties ( Qitaihe and Youyi) fall in the first grade of restoration priority; 6 counties ( Huachuan,
Huanan, Yilan, Boli, Hegang, and Jidong) fall in the second grade of restoration priority; 9 counties ( Fujin, Mishan,
Suibin, Fuyuan, Tongjiang, Raohe, Luobei, Baoqing, and Tangyuan) fall in the third grade of restoration priority; and 2
counties (Hulin and Jiamusi) fall in the last grade of restoration priority. If the proposed high restoration value areas in
Sanjiang plain wetland were properly restored, the proportion of wetland in the plain would increase from 7.85% to
13.17% , which would probably increase the regional security and stability, and is more likely to maximize the restoration of
wetland biodiversity. Our study provides a reference for future operations of wetland restoration in the Sanjiang plain,
meanwhile, the method can be applied to priority analysis for other ecosystem restorations. This method provides a rapid
assessment of wetland restoration priorities for the regions that is lacking in historical occurrence data of biodiversity

surrogates.
Key Words: historical biodiversity; landscape structure; prioritization; wetland restoration; Sanjiang plain; C-Plan
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Fig.1 Land using evolution of Sanjiang Plain

BRAEREIN 110.3 B BEHL2E M 1995 4EA9 0.15 4~/km”

http ; //www.ecologica.cn



16 1 e 55 T s A W) 2 e 5 a5 A B — VT R W B2 A S P 5

K3 0.52 /km” ; S RBEH R 21.20 Ji/0 51 14.64 33X BeFR 2 U = VT8 J500 R 44 | 5 P L0 e e A i
fIE o XTI K SURIMERR | A3 F5 H5CRR 52 30 1 3 i (ka4 T VA A T A ) AR e B T BREBR 2 R T AR
AT AN A AR | 156 B AR FH O B30 SR TSl B A1) VR L VR R A ) R ) 1 T R4
U, FLRBERR AL ™ E R VR V5 D b R ) 19 T AR/ e ARG e JR e b TR ) 209% 45 251 b S A
B S TR A AR A ARG ka4, R TR ) S B R 3 X Ul B A ZRAE T R R b, XA B FVE 3
LA Y A% | R BOX PRI 2 A B0 b i — 20 5 b T 5 ) TR0 ARV 43 LU RG e B2 AR, {H S AR 48
O/ AT RS AR B T UK SCAR AR T TR S TR AL S T KA T R ARG 1) Y ) A TR T
(L),
F1 ZEMEBERBIIEH

Table 1 Basic landscape index of different wetland types
FFE L Landscape index

T Hh 27 1995 2015
Wetland types PL};;D/ ( &/T:)Jo/hmz) LPL/% ISl PAFRAC © LZ;\ID/ ( /I\/ll):)JO/hmz) LPI/%  1SI  PAFRAC
i1 18.82 0.06 839 2752 116  27.14 0.11 1423 28.87 1.19
MR 13.28 0.01 200 1671 1.13 174 0.06 311 2434 1.21
TRPEAL ) 15.05 0.02 3.14 3369  1.31 13.61 0.11 3.01  37.92 1.24
bERE 47.76 0.05 21.2 52.81 1.39  38.01 0.22 14.64  53.69 1.28
A 5.09 0.01 1.87  29.06 148 3.83 0.03 0.93  24.74 1.29

PLAND : BEHL T 7 52 L FR LL 5], Percentage of Landscape ; PD : BESL % | Patch Density; LPI. fig RBEH 5 500 f BLEL 49, Largest Patch Index;
LSI: S I ARFE bR, Landscape Shape Index; PAFRAC R/ T FR A 4EST , Perimeter Area Fractal Dimension
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Table 2 Area and proportion of each restoration rank

R A AR IRR SR TR iR AL H TR 4 L
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—%% Rankl 0 < IRR < 0.09 R M EARMR 543.18 9.41

R AR S {1 DXl T B L V) 3 A B ARRAE DU R AERAAE T SRR VLA i (1 584k, 4L i)
o] FEL AR A DA B RO PR AN B, ZERA BT S BRI TSI AL eI L | 3t 7K 9 5] 30 R 18 X i
e B AN PR 3] S AR T T B TR, o e A ] AU Sk B R A S T IR 2 A )
FG R —— 2B Y TR IE X AR A, KA S R G MEAT R T R A S R LR A ]

http ; //www.ecologica.cn



6 2 R

2
He

Eild 38 &

AR B DTS
2.3 =LVFER MR Bin R 4y ®3 IRMERLHIRERENER LE

=V FEE BT, 20 E XML T XS P Table 3 Areal proportion of existing wetlands and proportion of
Fﬁ ﬁfiféﬁf jﬁ%%iﬂ% ﬂj’\j;ﬁdﬂi , Etz:;{%/ﬁ;%;ﬁﬁ{ﬁ high restoration value areas

RIS SR E L 19 4, FEAI e, AR

AL BIFI ( 3) , ST PEIAB AT R o s oo Raio o existing 1 A%

VA | 75 0 EL I M e I s , S AR AE 109 L I, 3 M estonation value areas

FAHBET R AIE 255 20% VL I (% 10T it Pl & 4.27 118

B R T P B L I R, £ Jeifi B 154 3.97

WS AU L LB R S, AF 3 P P 8.50 355

AL LB A =TT A% 14 S B P (3 A 7

Fl<5% )\ AE RIa T (R LU il 5%—10%) K550 HHLE 53 88

PR LB > 10%) 3 5%, HphEmEuattET 2 R 6.30 0.96

A PR 6 4 MREEME 11 14, 75 B 6.21 0.46

2.4 SITTEORHE R JE N 12.46 27.18
YT K 0 M AL 5 3 2 f LTI P I T i”jz fi: fjjz

BB B R (X BN 3 BR . e % wnn o o

S 5 e i 50 BT R AR B R R KT 5% . ol .

B DX, R o e S v Bl P SR E A E /N T 5% 11 g B 12.75 8.70

DIl A — MR AR S X (P ) 5 o2 B e L e BILE 10.82 7.18

WM/ T 5% BRI A Z WS 1K (P2) 51 R >0

AT R 0 KT Sl B A S ;ji o .

SARSEIX (P3) RS0 P BT P B I M K T 5% 10 R 103 I

X B A LRI Z AR SEIK (P4) P15 S Bl R R A (/N T 5% I KR ol A — S0 4R

TR A S ZE RS [ A IR 3 s . A EL | J6IK s P2 s Sa i Bl vh s S A (/N T 5% 10 1 388 A — 206
ST BT K22 B MeEs B A E KM E X ARSI P3 ALK A BT P S K E N E KT 5% 1 XIS = 2%
E%i?ﬁ%‘ﬁﬁﬁ%é&gbﬁﬁﬁ Hﬁ{ﬁu%gé//l\ ’fEl Yﬁi‘mﬁ\%ﬁﬁ RE G IX ;P4 AL S B s I E I KT 5% B9 X385 A
- . PRI e X
BULIIER /0 | P B s M Sam b . LI
P RV S X PRk A2 — 5 F AR e AR DARIE T BV BN A S R G fa e 54 4 (HaxX 88 X sk [

TF B4 K FR R & LR M
3 e

2ot JLHER T B S i, =V RS i AL 2 08> 75% LA L, Wy R S K 3 B DR S R R AL
S ) B b (0 BT AT B IR R 3 22 | R B A T X S e S R RS L R . H AT = VO R M
TR 7 DX TR 7.85% , FUARAE 5%—10% 5 Bl AE EL B AR , ELor A AN35T, LA s b 5 4 4R
oA X Wb g A LR D VTP IR A 2R A SR AR AP DX RS o =V SR SRR 3.88% , 1 HR 24K
H AR X R T4 HIUR ) B 29l B R0l A0 SR b PR SR A BT %, =V SR X s 0 A 5 % e S R F
MELLAERE , =TT IRk B e R Bl AHFFE 45 G 1 s Ak W 2 Re v S oSS A i e T IR K B G A ]
P B SO0, 2 AT 5% B2 A R P R A DX IR AT G 3K AT, — VT D i T BUKE 7. 859% 3 i £
13.17% , FE3E N0 X 8 22 4 5 e 5 P 14 TRt 38 RE A die R B 2 St bk &2 18 b A= ) 2 Rk

http ; //www.ecologica.cn



16 1 e 55 T s A W) 2 e 5 a5 A B — VT R W B2 A S P 7

ﬁwlh‘i _-— ) g 4 '- f 4
1 P o

\ > pé;ul%i’ﬁﬁ'{; >

[ N g J
g N T

i ¥ maty 2
S LTI -
Ji sl

B IR E AN E X
| RIS
Pl —HRE X
| 2—C R E X
o P3—=RE X
PA—JUARE X

Bi§: 0.09—0.21
b4 0.21—0.39
W A 0.39—0.62
B 5 0.62—1.00

B2 =iIFE1995 FAYESHEZRESHIER B3 =IFFREMIREERTE S HE
Fig.2 Spatial pattern of biodiversity of Sanjiang Plain in 1995 Fig.3 Spatial pattern of wetland restoration ranks of Sanjiang Plain

ABR G i 45 A Dy S A 2 R SR LA AL O X SR K S O eI SR AL T D AL O ik, o SR
DR P S R T EDWA N 2 27 AR5 AT AR B HA A 35 R GBI MR B A e vERIE ST, JE 2
Xt B Z RN AR Y 2RV ) S B S RO DX, AR A M AN IR B 05 152047 1 26 LA s 1 A2 418 e
FEBFST, A Thomson S5 T 62 AR Bt 365 B M B 2578 (LI HEA T R S AR S 207 12 R0 T 2
VAR AR AR A 0 o 22 i B A D S PR 20 A, ARSI S5 08 T — 5 T BRAF RPN S0 1 P X Pk 52 1Y)
SN DLYHTAE W) 2R DU R A 1 Dy S A ) AR R E AT K S AL SE M HE I 5 3 40 AR 255 5 R
TR REMAES RGBSR, BRI R T EYZ R

BIRAIFEORIWIZ VAR B T DB AL 7k BT — e [ D) s AR W) 2 R 2 R A% SRy ) A
i, BARE hAEAL FARIKEN Y, (BAE ORI 0 Gk B A bR il 7 P 7 A8 EERABE R, 5351, =1TF
JELVE SR ] T () o R 2 A R AR AR 4 P o 3t 55 AR ) R DR = TP J— T LSRG oF
JE FITAE , DA S PRI R S S R v | 3B 1 58737 FERF 2 T R VK 5208 O (GRS Bl e ) (MR A
BOARAFIRAE 272 e s MRS A e IX 25 BR 2 AR i AR A Bl o A 36 WL ) A28 T el
PRAAE

4 Zig

AWFFER =TI 20 4F B0 25 (RS R 2 A BT 1 b, TSGR M i AR R R ek /b | LR b B 5
JEEL,70% DL L BB AL B R R R B AR, PR P B A LR, A TS R e S R
J&, SR AR R B A TN AR A g s A ) 22 R s AL SR R B S 73 A1 BE 0 =TT
JER A PEAT TR S AR B =TT 5 19 A2 e 2 e T LK 70 4 MRE LS 9, T i E T

http ; //www.ecologica.cn



S % 38 &

AN TR AR A 2T B N MR B ) 25 TR B, ARBIESE 4 e =P SRR K = AT sh i 2 P4 Bt 7 2% | A
N Ay tofe /DA ) 22 A T S Y DX 2 1 PR A Y T v

Brig B b ERR 2 B B IR IR R R G P L R R GE R O T e D R A R AR A A
IS

5 % 3Lk ( References) :

[1]
[2]

[8]
[9]
[10]

[11]
[12]

[13]
[14]
[15]
[16]
[17]

[18]
[19]

[20]
[21]
[22]
[23]
[24]
[25]

[26]
[27]

[28]

Zedler J B, Kercher S. Wetland resources: status, trends, ecosystem services, and restorability. Annual Review of Environment and Resources,
2005, 30: 39-74.

Prigent C, Papa F, Aires F, Jiménez C, Rossow W B, Matthews E. Changes in land surface water dynamics since the 1990s and relation to
population pressure. Geophysical Research Letters, 2012, 39(8) : L08403.

Young T P. Restoration ecology and conservation biology. Biological Conservation, 2000, 92(1) . 73-83.

Erwin K L. Wetlands and global climate change: the role of wetland restoration in a changing world. Wetlands Ecology and Management, 2009, 17
(1): 71-84.

MaZJ, Cai Y T, Li B, Chen J K. Managing wetland habitats for waterbirds: an international perspective. Wetlands, 2010, 30(1) . 15-27.
FWEH . WE AT R U DO MR S (Y 2SO e AT [ D] JEst, bRtk 2013.

White D, Fennessy S. Modeling the suitability of wetland restoration potential at the watershed scale. Ecological Engineering, 2005, 24 (4) .
359-377.

HokE, XU, TR, ATES, W, S, TERE BT WA AT 00 A Ui XA O Se MR A N AR A A R, 2013, 24 (1)
170-176.

Wilson K A,Lulow M, Burger J, Fang Y C, Andersen C, Olson D, O’ Connell M, McBride M F. Optimal restoration; accounting for space, time
and uncertainty. Journal of Applied Ecology, 2011, 48(3) . 715-725.

Capon S J, Brock M A. Flooding, soil seed bank dynamics and vegetation resilience of a hydrologically variable desert floodplain. Freshwater
Biology, 2006, 51(2) : 206-223.

Greet J. The potential of soil seed banks of a eucalypt wetland forest to aid restoration. Wetlands Ecology and Management, 2016, 24(5) . 565-577.
Nishihiro J, Nishihiro M A, Washitani I. Restoration of wetland vegetation using soil seed banks: lessons from a project in Lake Kasumigaura,
Japan. Landscape and Ecological Engineering, 2006, 2(2) : 171-176.

Stroh P A, Hughes F M R, Sparks T H, Mountford J O. The influence of time on the soil seed bank and vegetation across a landscape-scale wetland
restoration project. Restoration Ecology, 2012, 20( 1) 103-112.

FEH, Middleton B A, EER, Z0], 4, &R, 5 A HF R =V0F 50 L R0 1 PR SR M 8 ). A Sk,
2013, 33(1): 205-213.

Ontiveros D, Marquez-Ferrando R, Fernandez- Cardenete J R, Santos X, Caro J, Pleguezuelos J] M. Recovery of the bird community after a mine
spill and landscape restoration of a Mediterranean River. Restoration Ecology, 2013, 21(2) : 193-199.

Espaiiol C, Gallardo B, Comin F A, Pino M R. Constructed wetlands increase the taxonomic and functional diversity of a degraded floodplain.
Aquatic Sciences, 2015, 77(1) . 27-44.

Delaney T A. Benefits to downstream flood attenuation and water quality as a result of constructed wetlands in agricultural landscapes. Journal of
Soil and Water Conservation, 1995, 50(6) : 620-626.

Gray M. Other nature: geodiversity and geosystem services. Environmental Conservation, 2011, 38(3) . 271-274.

Zhang M G, Zhou Z K, Chen W Y, Slik ] W F, Cannon C H, Raes N. Using species distribution modeling to improve conservation and land use
planning of Yunnan, China. Biological Conservation, 2012, 153, 257-264.

BB =0 R A Y 2R AR (b R PR SR . st BR2E AL, 2009.

Lagabrielle E, Rouget M, Le Bourgeois T, Payet K, Durieux L, Baret S, Dupont J, Strasberg D. Integrating conservation, restoration and land-use
planning in islands- an illustrative case study in Réunion Island ( Western Indian Ocean). Landscape and Urban Planning, 2011, 101(2):
120-130.

TER, fRdk. HEYRLEA S Jbat . SSEE B, 2009.

Naugle D E, Johnson R R, Estey M E, Higgins K F. A landscape approach to conserving wetland bird habitat in the prairie pothole region of
eastern South Dakota. Wetlands, 2000, 20(4) . 588-604.

Ceresa F, Belda E J, Kvist L, Rguibi-Idrissi H, Monrés J S. Does fragmentation of wetlands affect gene flow in sympatric Acrocephalus warblers
with different migration strategies? Journal of Avian Biology, 2016, 46(6) : 577-588.

Thomson J R, Moilanen A J, Vesk P A, Bennett A I, MacNally R. Where and when to revegetate: a quantitative method for scheduling landscape
reconstruction. Ecological Applications, 2009, 19(4) . 817-828.

B, XNEW, T, =P R AR S BT B b SR, e atpfll 2274k, 2006, 28(1) : 39-42.

Keppel G, Morrison C, Watling D, Tuiwawa M V, Rounds I A. Conservation in tropical Pacific Island countries; why most current approaches are
failing. Conservation Letters, 2012, 5(4) ; 256-265.

Pressey R L, Mills M, Weeks R, Day J C. The plan of the day: managing the dynamic transition from regional conservation designs to local

conservation actions. Biological Conservation, 2013, 166 155-169.

http ; //www.ecologica.cn



