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Regional differentiation and factors influencing changes in swamps in the

Sanjiang Plain from 1954 to 2015
LIU Jiping* , GAO Jia, DONG Chunyue

Institute of Resource Conservation and Utitization , Jilin Normal University , Siping 136000, China

Abstract: We used the Sanjiang Plain where swamp changes have been more drastic as the research area. Regional
differentiation and factors influencing the changes of in swamps in the Sanjiang Plain from 1954 to 2015 at the watershed
scale were analyzed using the dynamic degree, landscape index, and Geodetector model, and by combining GIS and RS
techniques. The results showed that from 1954 to 2015, the area of swamps in the Sanjiang Plain had a decreasing trend, in
which, the loss of wetland area in the Naoli River and Tongfu Basins was the greatest, whereas in the Anbang River, Luobei
River, and Weiken River Basins the loss was faster. The variation characteristics of the swamps pattern in each basin within
the Sanjiang Plain had some differences. The concentration of patches in the swamps in the Weiken River Basin gradually
increased and the degree of fragmentation gradually decreased, whereas the concentration of swamps in other basins
gradually decreased and their degrees of fragmentation increased, and the connectivity and stability of swamp patches in all
sub-basins showed a decreasing trend, in which, the Anbang River Basin showed the largest decline. The index that best
demonstrated the change in the swamp landscape pattern in each sub-basin of the Sanjiang Plain was patch density. Human
disturbance was the main factor affecting the changes in swamps in each sub-basin of the Sanjiang Plain. Among the natural

factors, the most influence factors on the change of swamps were topography, followed by temperature and precipitation.
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Table 1 The swamp area and swamp rate in sub-basin of the Sanjiang Plain from 1954 to 2015

i Seitfatn [EE7iik PR R Btk B SEN (=R ENRE R AL 4k
Vear Statistical Tongfu River Naoli River Luobei River Anbang River Weiken River Muling River
indicators Basin Basin Basin Basin Basin Basin
1954 ERESITA: 1 10047.96 10778.51 5310.09 2234.61 1726.89 7614.49
1976 A/ km? 7647.19 7079.13 2043.99 207.61 975.83 6464.39
1986 3016.77 4376.18 851.31 162.75 585.13 2058.55
2000 2643.83 3725.93 722.69 235.17 519.56 1963.65
2015 925.86 1169.46 170.46 2.23 71.45 1307.26
1954 HEFRHZE % 64.27 42.25 28.36 30.91 13.18 26.61
1976 48.91 27.75 10.92 2.87 7.45 22.59
1986 19.29 17.15 4.55 2.25 4.47 7.19
2000 16.91 14.61 3.86 3.25 3.96 6.86
2015 6.64 4.58 0.91 0.03 0.54 4.57
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Table 2 The dynamic degrees of swamps in the Sanjiang Plain and its sub-basins from 1954 to 2015

0 [E7niE L WARTIN k] BB BIRPGAR  EEWRE R R S

p i 1 Tongfu River Naoli River Luobei River ~ Anbang River =~ Weiken River ~ Muling River Sanjiang
ene Basin Basin Basin Basin Basin Basin Plain
1954—1976 -1.09 -1.56 -2.80 -4.12 -1.98 -0.69 -1.60
1976—1986 -6.06 -3.82 -5.84 -2.16 -4.00 -6.82 -5.47
1986—2000 -0.88 -1.06 -1.08 3.18 -0.80 -0.33 -0.80
2000—2015 -4.33 -4.57 -5.09 -6.60 -5.75 -2.23 -4.19
1954—2015 -1.49 -1.46 -1.59 -1.64 -1.57 -1.36 -1.48
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Fig.3 The variation of patch density of swamps in sub-basins of
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Fig.2 The variation of patch aggregation index of swamps in

sub-basins of the Sanjiang Plain from 1954 to 2015 the Sanjiang Plain from 1954 to 2015
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Fig.4 The variation of patch cohesion index of swamps in sub-
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Fig.5 The variation of shape index of swamps in sub-basins of
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Table 3 The coefficient of variation of landscape pattern indices in sub-basins of the Sanjiang Plain

T R BEYLE BEEREE A B TERAEEL
Sub-basin Aggregation index Patch density Patch cohesion index Shape index
LIRMHi M Anbang River Basin 0.172 0.378 0.070 0.026
ALK Luobei River Basin 0.075 0.148 0.043 0.018
3 Muling River Basin 0.068 0.172 0.048 0.032
$& 10338 Naoli River Basin 0.057 0.541 0.044 0.032
[RIPE iR Tongfu River Basin 0.126 0.588 0.032 0.006
&5 1738, Weiken River Basin 0.018 0.423 0.004 0.013

2.3 VTR R AR Ak X SR S A 5 i R 2R
B Geogdetector #A4H) Factordetector BEHE | LA 1954—2015 4E 7R IR #1254k 0 A28 | L 1954—2015
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Fig.6 The distribution of influence factors on the regional differentiation of swamps in the Sanjiang Plain
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Table 4 The contribution rate of each influence factor of swamp changes in each sub-basin of the Sanjiang Plain from 1954 to 2015

NR B

TRk . M A2 SR [& K 5
R Human disturbance ! o
Sub-basin Altitude Landform type Temperature Precipitation
degree
LI IR, Anbang River Basin 52.78 10.86 11.07 10.19 3.51
WLk Luobei River Basin 46.76 17.66 19.54 15.04 5.47
3 Muling River Basin 52.09 22.18 23.51 17.07 3.34
B S 38, Naoli River Basin 30.84 16.96 16.89 5.97 3.12
[AI$E LI Tongfu River Basin 27.56 4.39 7.78 1.59 4.56
i Weiken River Basin 53.91 17.51 9.86 2.39 2.64
=T Sanjiang Plain 38.00 15.67 15.34 6.42 0.41
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Table 5 The human disturbance degree in sub-basins of the Sanjiang Plain from 1954 to 2015

2 2 H B b Be S BEETE T,
Year Anbang River Basin  Luobei River Basin ~ Muling River Basin ~ Naoli River Basin ~ Tongfu River Basin ~ Weiken River Basin
1954 0.44 0.43 0.43 0.37 0.25 0.52

1976 0.61 0.54 0.46 0.45 0.34 0.56

1986 0.60 0.56 0.54 0.52 0.47 0.59

2000 0.60 0.57 0.55 0.54 0.49 0.59

2015 0.63 0.59 0.58 0.59 0.58 0.61
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N T R NETPERR PR S AR B, 315 T O T YR 5 TR PR 3 25 2 18] A K 0 S IR
(£ 6), MWK o6 LA, FILRR IR PRI S R E -5 A TR 5 R i o %), HO 2 i, 3 M
AT ATE PR AR (3R 1) B, B THEXE b 3 25 BE 52 e B 38 s P> D S T P 0 A8 A 5
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Table 6 The gray correlation degree among human disturbance degree, swamp landscape indices and swamp dynamic degrees

s IR bk Bl BRI R4 J5 5 T Ak
SPLIR L Anbang River Luobei River Muling River Naoli River Tongfu River Weiken River
Landscape indices . . . . . .
Basin Basin Basin Basin Basin Basin
WAERE Aggregation index 0.776 0.664 0.625 0.563 0.650 0.616
BEHC B Patch density 0.751 0.623 0.536 0.540 0.616 0.702
JEARFEEL Shape index 0.705 0.687 0.585 0.591 0.606 0.621
BEPL4 G Patch cohesion index 0.706 0.625 0.592 0.560 0.598 0.643
THFIRH A Swamp dynamics 0.729 0.762 0.681 0.629 0.679 0.646

3.2 IR AR R 2R X = VL L R b A A DX e 1 5 e

Hiu I H S5 5 ) VA R Y BRI 2 [R5 A 1) R B 2, B T DX 3R X £ i (14 20 AR e X sk Kk
TLIRE S XK A AT B BC . TR ERIR L —OE i T #2018 | A R BUK R IR 5T P30 R f
S I A ] TRIRE , T st 55t 5 i B0 VR N b ik &) T AR R, R e N 283 B 5 T 3] VR R M 1 3t 2k
FEEE AT ) 1954—2010 4F , = T JF 7R I i AG 312 2 5 B2 42 rp 7 b S5 (ER A0 G T 08 3 L Tl 378 v b
PRI 3 RS b TR VENE I 3 A LRy FR AT B T U A PR R A A AR Y I s Y
M) 73 2R b 2 P R AR D R3S 2 A 28056 B FH 1) 285

TSR AR AR/ H T E LIS RS R 32 I R XERE /N T st TR R R =T SR A S
S E] e i T 2 o P e R A s, AR 20 142 50 4EARZE 70 4R, mtA K i AR TR BRIR BT & A 1
T A 1954—1976 AF-IZ A PRI 2 2 R i e i R 2R L 20 t2g 70 4RARZ 80 4FAX, ti T4 i
T JE A G L BRI LT B & iR R VR0 T 2 o T [ A YT L 3 VA R T &
FEBRJE B AL, ¥ & T A TP AR R b T S ek A 4T SR B () B[] 6 3 A B B A5 28 T R & . 20
22 90 AFAR LIk, e 7l 3t 3 | [ H0 37 Yol AR 2 37 KA T b 35 0K A T e R R o L %) 3 26V 2 3 S [
FEMITF .
3.1.3 AR VTV JEE R AR AR X 35 43 5 5

FIFH 1954—2015 AFAE- 1SR AAERE K RS , THEA0 = V1 J5E 4% i ol /= I A0 ) 23 R [ 7K f ] 232
(FR7). HERTWLE N, V0V R FRBOR M 2R B, SR 2 E S 0o 5 K1
Oy BRI E R 0.040°C /a, Fe/ N AT ) 1B L BRAE [RI BRI, 2 0.022°C/a, ME—RYREZKIG I oo
PUAE 5 TR, K B 2628 0.010 mm/a, LAY T I R /K 032 s/ o /D i 22 ) - I R 8 1 Tl
B, BEK S ] (B —2.230 mm/a,

F7 ZIIEFEFRE 1954—2015 F£SEFME K EE
Table 7 The temperature and precipitation tendency in sub-basins of the Sanjiang Plain from 1954 to 2015
IR IR Bk ik B B [ it 215 A A Ak
Anbang River ~ Luobei River Muling River Naoli River Tongfu River Weiken River

i

Propensity rate

Basin Basin Basin Basin Basin Basin
N HES .
e (C/a) 0.032 0.040 0.028 0.037 0.022 0.027
Temperature propensity rate
A ES
FEACRRATIEL %/ (/) -0.187 -0.850 -0.570 -2.230 ~1.243 0.010

Precipitation propensity rate
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R AZ 15 AT T LA AR () At - S 2 SR T s AR K S /b SR T RN T BEAR 2 B N
BT MR AL Brock ZEHIFSE 2 B AR TF 5 3—4°C , BRI I 350 21 52 0 IX (0998 b T FRAE 5 4F 22 BRI 2>
70—80% ", KA i A 5%t 3 WY, SR T R R T 0 R s A VT DT T e D A B R
— 0 R AR AR A RS A = VTP RV AR SR AR A BB QRN R 2 — . [RIBHE ERR H X S R AE et
PR —SE S | 1954—2015 AF452 710 i 3l R[] Hc 7 dmi 2 T8 156 00 M 25 e vy 38 A v R 12 2 A R A DX e, 1
g RS N S E AR N A YN 1K =R IR b 7 2 TR/ B R (ERE S 2: RS - (SR T 22 LATA
FRRE S S5 /N DX 3 sk 1A XS R K o R AN B 8 SR B THIR RN
32 %

(1) =TV JETE PRI b T FRAS AL HAT B 8 9 DX A SR . 1954—2015 4F , = VT Ji 4% i 1l T 13 100 il 1
FUE P D k% HrP L 1976—1986 4F £ 2000—2015 4B 3 BT 2 R4 , 1 1986—2000 4F 77 13 12 3 2
R TR R IT b 1 R O 5 22 A0 T80 B8 0 a3 SR ] 0 37 3, i /U 4 A 5 5 YT 37 SR 2 3T i 437
TG X VPG5 A 22 F T s | I A Sk A o] ST ek R V5 10 s 4 2 e SR b i 6 T 2 S AR i S A B e T
S AN B iy W 7 A R ks Ry o

(2) =YLV R A T PR A% R AR LA — B 025 5 . 1954—2015 4F | BR A% 15 VAT i $ek 7 155 1
BEH 0 45 Al R 320 T 1 e L R A S /A, A 3 S Va8 e %) 8 e AR B 2R A R 559 L e A
T3 4% - U 3 V3 1 B e 2 ] (9% 76 e R RS A T 38 2 T A e B, L v 2 S 9 ol R VAR D e BXE e 2 ] ) 3
T B R e K, A T I ek S AR S /N 5 B B 86 B — YV SR 4% 1 I Sl 20 0 S5 O e 7 28 114 5 R B
B i | H Rl R e % A R R,

(3) AR FHIERE M = VT 545 T i B AR A i 2R 3R, A T P00 22 530 3L 303 V3 1 b 55 U
K& Jmy S MR 5 K T RS Yo St sl R 96 T3 Tl B2 e /1 5 1 R DR 3R e ok VR 156 1 e 28 1 52 Wi e A ) Mt b 35
HYOE SR AR &
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