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The correlations between wetland landscape and social-natural factors on

Northwestern Yunnan Plateau
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National Plateau Wetlands Research Center/Wetlands College, Southwest Forestry University, Kunming 650224, China

Abstract; Interference from human activities and changes in natural factors work together to co-affect wetland ecosystems,
but the different rates of their contributions to wetland ecosystems still lack adequate research. This research studied
variations of the types, distributions, and spatial patterns of wetlands over 28 years, from 1987 to 2015, in the water
catchment area of Napahai watershed, Northwestern Yunnan plateau, based on the methods of object-oriented segmentation
and visual interpretation. The study also explored the interrelationships between wetland variations and human activities (i.
e., socio-economic development indicators) together with natural factors (i.e., climatic factors). The results showed that
(1) the total wetland area was reduced by 2456.46 hm”, out of which the primary swamp, swamp meadows, and meadows
were reduced by 1152.07, 1257.72, and 202.74 hm’®, respectively, and lake area increased by 156.07 hm®. (2) The

diversity of wetland landscapes changed over the years. Specifically, the number of patches (NP) increased from 221 in
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1987 to 299 in 2005, and then decreased to 260 in 2015 ; the Shannon diversity index (SHDI) increased from 1.81 in 1987
to 1.84 in 1999, and then decreased to 1.75 in 2015; the contagion index decreased from 52.82 in 1987 to 52.02 in 1999,
and then increased to 53.49 in 2015. (3) Wetland distribution area and SHDI were negatively correlated with the three
industry values and mean annual temperature, and they were positively correlated with mean annual precipitation. However,
unlike wetland distribution area and SHDI, NP and contagion index exhibited positive correlations with the three industry
values but negative correlations with mean annual precipitation. (4 ) The main socio-economic development index
contributed 63.50% of the variations in the wetland area and landscape diversity index, while climatic factors contributed
36.5%. Overall, the study showed that disturbance by human activity is the critical driving force for shrinking wetlands and
landscape diversity changes. Thus, mitigating the excessive impact of human activities on wetland ecosystems is the key to

protect the resources and maintain the functions of wetland ecosystems.

Key Words: wetland; wetland distribution ; landscape pattern; human disturbance; climate change; driving force
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Fig.1 Location of study area and study region
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Table 1 Landscape types in accordance with hydrological and vegetation characteristics in study area
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Wetland landscape Hydrography Vegetation Image
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Table 2 Information of images from 1987 to 2015

HF ] Time TR 2R Landsat type A [E] Time AR Landsat type
1987-12-30 Landsat 5 2002-11-29 Landsat 7
1990-11-04 Landsat 5 2005-11-23 Landsat 5
1993-12-30 Landsat 5 2009-12-10 Landsat 7
1996-12-22 Landsat 5 2012-11-24 Landsat 7
1999-11-21 Landsat 7 2015-11-25 Landsat 8
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Fig.4 Changes in wetland types and non—wetland type in study area from 1987 to 2015
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Fig.5 Changes in landscapes of study area from 1987 to 2015
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Table 3 Conversion matrix of area of the landscape type from 1987 to 2015

ags-a
0 wi T,
Landscape Lake ’ Swamp  Meadow Forest Shrub  Farmland  Building Total
swamp meadow
WA Lake 274.89 4.61 9.17 71.57 0.01 0.00 0.00 2.05 362.30
JFA: TR Primary swamp 70.25  158.18 201.16 479.68 0.14 11.35 66.75 431.04 1418.55
TRPEAL T Swamp meadow 141.73 82.55 168.20 898.17 1.43 1.17 239.04 232.03 1764.32
i) Meadow 22.50 21.14 108.43  3393.30 9.60 69.35 554.17  1470.79 5649.28
b Forest 1.00 0.00 0.00 125.65  3358.81 765.43 1.11 42.23 4294.23
TEM Shrub 4.76 0.00 11.35 149.00  389.76 796.28 5.08 93.55 1449.78
Bt Farmland 3.24 0.00 8.29 315.56 4.22 835  1313.13  1214.36 2867.15
A b Building 0.00 0.00 0.00 13.61 0.01 9.37 19.59 561.43 604.01
At Total 518.37  266.48 506.60  5446.54 3763.98  1661.30  2198.87  4047.48 18409.62

REFEIRGH— = = E R IR (FORBFLR M (B 1) s SAFRRER (IEA D) Bk (FA0)
MR (B 11) . RDA A4 R KM (K 8) , AR SNBSS S 2500 A SR T A R R

http ; //www.ecologica.cn



8 S % 39 &

10000 F
i R2=0.875
= P <0.001
B
s 9000
P
g2
5
¥ 2 8000 |
RSB
25
=3
£ 7000 |
2 U]
o
[}
2
= 6000 . . . . )
0 10000 20000 30000 40000 50000
Bl
Primary industrial output/( X 10* yuan)
10000 } R2=0.576 10000 | R2=0.956
P <0.001 P <0.001
9000 r 9000 r
8000 r 8000
NE 7000 7000 r
=
Ei
B
- 6000 1 1 1 1 1 I 6000 1 1 1 1 ]
x g 0 50000 100000 150000 200000 250000 0 100000 200000 300000 400000
E el 2 . *
e Pl E T
RE Second industrial output/(X 104 yuan) Third industrial output/(X 104 yuan)
B c
2E
=
=)
5 10000 | R2= 0416 10000 R2=0.095
S P=0.032 P=0.385
= [ ]
=
9000 9000 |
8000 8000 f
[ ]
7000 7000 |
° .
6000 1 1 1 1 ) 6000 I I I I 1
5.5 6.0 6.5 7.0 7.5 8.0 400 500 600 700 800 900
MR Annual temprature/°C AEHIPEIK Annual precipitation/mm

B7 BiSAEARSEEHSEFMKREROERXE

Fig.7 Linear relationship linking wetland area and social economic and natural indexes from 1987 to 2015

INFEBMAE R S 56— 7= L > 20 =2l >5[ K,
RDA ZHr I 55— = ko bt v R 35 08 22 P A b 14 5 i AR AR 3R AR K, Hop 4
22 R T AR 5 AR AR A B AR I R E l 63.50% , KA IR T X = i B FE 36.50% (181 8)

3 Wit

31 ORISR S
ARWFFERY, T 30 AEAMIFTE DX 73417 A T AR 52 B0/ i R 3, BB S A 52 B S B s b 1)

http ; //www.ecologica.cn



2 1 FRUR AP R SO 5 A | SR TR SE PRI 9

PO FR AR R 2T S S BRAR I 3 R
BB SRR S T r kA - I si

b T AR P SO0 22 R 1 AR A R B 5 AR X Pl
B S G R R ) DG S A 5 DD AR O, b W b 1 AR
MERZHMIRECG S — = =7l AERRY 2 5
FHE , 5K 5 IEAH O s BEH B AR R PR E S 58 — | CONTAG
ek AR R IEAE, 5ROK R G, A
RF At S 5 PR b T RRURI S5 00 22 R 1 i T P
h 63.50% , F SR K B RERE A 36.50%

YR ) TR R AR B R AR i P
TR A T2 DX — PP A P ) SRR T 30 AR A% SHDI
RO = E M 1987 43| 2015 47, 84 in T 22639 J7
JC, HNARIR 1524.51% , Bl HOW 28 50 s & e | i B I WA
T RS R 2 DX S T i B A T s, EAE 712 . .
¢, AN b X FE AR B 1 R 1567 B4R B0 I 24 Jif S “10 10
Prafdm i (FE LR S AESETE) 0 7486 A M. ms masin (RDA) TiRMAERE NS M SRR
P, BER 377.73% P, i EMHGES R ACRE B 2 ARXERTFHEXER
Eéf%ﬁ ﬂﬁliz ﬂﬁ [Z *ﬁ f[:% B/‘th{( . Zvi%: , [/j &ﬁj I‘ETJ 9&% ; % ﬁi\ , Fig.8 The correlations between wetland distribution, landscape
ﬁ Tﬁﬁﬁlfﬂl Jdlﬁl ﬁi j:ft% EEE"Jij}H , {3\ 7k %E/‘J IE% fEE, j:i% diversity indexes and local'social-economic and natural factors
HIAPFIELUGAE SRR giian  TT0 S e, sk
NIRRT, S BURA IR R ST BOE B 1 ber of pateh; SHDL, 7K % B 55 40, Shanon Diversity
M SO R SR 525 [ 504 . H 2009 AFIZIXBOEAT  ndex; CONTAG: BAEHEFE B, the contagion index; P 45— 7l
WA AR AR IE 300% T IR A AR B I BE R RWHE  the primary industry; S %5 =k, the second industry ; TI; 55
FHE TR Atk AR B AR R 1 H R BTk M, the third industry; T 4F¥EJ¥ the annual temperature ; P; 4EFK
A MR A I R LR LA A T, e el precipiation

HEK B2 58 A E AR &, S — Pl el AR
WAy — B E G 30 4Rk ST X IURE DL ™ (5 M 1987 4R 1311 5T K 5] 2015 4E19 30778 J7
TG HH TR DX BN b ) HE K BRAE T B, (17500 M o3 A1 T RS T 25400 , 10 i 19 S 780 )2 25 ] S A i Jmy Bl 2
RHAFARS AN AT I A A Ml T P Kt A A5 AR A K D | S O b o A T R R A, i R
W HEK BB AT 2, EE T BUNBEHUECR R > BEB T AU R RIS A 43 18] S 5 1k AR | I 5 1k 2 m
5 SO XIS 287 SRR PR RIS AR R FEFR B K

1987 4F%1] 2015 4F , W58 X B — 7 D AEAS 2P 2 e, DA 2241 J7 e in#) 235510 T30, 755 btk
B AR R BRI A T 00 s BT X S S mh Bt ik AT 3B A Ik T A AR T AU
1987 41 604.01 hm* 3§ F] 2015 4E1Y 4047.48 hm? P AT & e, 145 S 30 1 108 b 43 A T AR A i 2 2
RURY RS , DL RS ] 3 A A% Jmy B9 032 FEBFSE BT DT (1987—1999 4F) 3 it By 4™ i 15 Al 15 it A 150 A X6 45
8 XS b T FR A R R AR XS /N B3] 15 3 (1999 4E—2015 4F ) | 317 5 L filh it 5% S A Wi i o, 35
245 [B) S PR RRAIG L TR 3 m , 15 T B R R RIS SR AR FEFR B

AN, BEE A HLRR UL A P & T | R 5T IX S0 R T A R R T AR IR . A 1987 4E
2015 4, 55 =B 1954 T3 e B 304257 o0, Bl Az 6 5 K M HERCIED T g K A w g SR
T2, DTS A0 A S AT S0 5 SR 1 K JR T il i 06 2 P A WA 2 66 52 i Y b R 7K A3 4D 4 0 R, AR VR b S 1
A= 355 s TP e i P S DA A i B R S 2 - R 2 W B IR D | 18 - 4 B SO R TR R A+

NP

http ; //www.ecologica.cn



10 A E = 39 %

300
. R?=0.221
f; 280 | P=0.171
o
Gt
S 260t
2
g
240
z
@ 220
X
B O200F e
180 ' ' ' ' '
0 10000 20000 30000 40000 50000
H—rlk = E
Primary industrial output/( X 10* yuan)
300
300 ¢ R R2=0.033 * R2=0.049
= . =
. P=0.615 280 | P=0.539
280 .
L[]
260 e 0 260 | . .
[ )
L[]
240 [ - 240 F oo
220 . 220 °
200 . 200 + °
-=
2
§ 180 I I I I I ) 180 n n I I )
° 0 50000 100000 150000 200000 250000 0 100000 200000 300000 400000
-qﬁé HkE FH=bE
2 Second industrial output/( X 10* yuan) Third industrial output/(X 10* yuan)
s 300
ﬁ 300 + R*=0.280 [ . R*=0.017
i ® P=0.116 P=0732 e
=
280 -
280 - .
260 | 260 //:'_:/
240 | 240 £ oo
220 220 + o
200 200 + .
180 L L L L L ) 180 X X X X X
5.0 5.5 6.0 6.5 7.0 7.5 8.0 400 500 600 700 800 900
AR Wik H
Annual temprature/°C Precipitation/mm

B9 BREESHSESESBRETXRISRNEXMY

Fig.9 Linear relationship between number of patch and local social-economic and natural factors from 1987 to 2015
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Fig.10 Linear relationship between Shannon’s Diversity Index and local social-economic and natural factors from 1987 to 2015
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Fig.11 Linear relationship between contagion index and local social-economic and natural factors from 1987 to 2015
AR REN TSRS SR A ) A B DA S AR A T 2E R ) DG 2R A A T G b 2K AR S R
U ) FLe R AT W A R O BRI, PR/ INER ) R T RUEE b AR RIS SR, A AR
P ZAZ A A 28 R GE 52 1 DTERAE X BN
4 #Hig
NRIESE T A SRR A28k, 3 ] 52 e 25 T PG I oy D 0 e Fry S 20 s [ A S e W 2 R (R 7 2
YA B R G IVERSTIRAEE 22 5 . ARG Sl TP E b A 5o 2 RE e B0 R Rl 63.50% , H 8k

N AL I L 36.50% , BIFFERE— 20T, 3 30 4F2k , A i Sl ) D0 2 5 i TE 94 1L e Jt i DX 90 i A 25
ESW:DPS LS DA & Y NSRRI DU Rl e SRS PN - A PR S B R TS IR E S A DS i

http ; //www.ecologica.cn



2 1 FRUR AP R SO 5 A | SR TR SE PRI 13

2% 3L HR ( References)

[ 1] SoKEs, B, SRR SRREPIRAL AT 55 2 B 3. HBERRLAIERE | 2008, 23(4) : 415-420.

[2] HWZEMLE. PEEEHEE. 5T PEMOl R, 2015.

[ 3] 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.

[4] XieZL, Xu X G, Yan L. Analyzing qualitative and quantitative changes in coastal wetland associated to the effects of natural and anthropogenic
factors in a part of Tianjin, China. Estuarine, Coastal and Shelf Science, 2010, 86(3) : 379-386.

(5] WA, TRk, ez, BRIE, SKROCHE, 28610, XML, SRERE, M. AR A FIRITT Ok, M i fE SR, 2016, 32(4) : 76-
82, 89-89.

[ 6] Xiao D R, Chao Z, Zhang L. Q, Zhu Z C, Tian K, Wei G. Seed dispersal capacity and post-dispersal fate of the invasive Spartina alterniflora in
saltmarshes of the Yangtze Estuary. Estuarine, Coastal and Shelf Science, 2016, 169: 158-163.

[ 7] FARG, Wk, FEEME S K A S B S B M. WK+, 2000, 22(3) : 200-205.

[ 8] ZRJTE, Bhaeil, JUEREY. POMCR FIRM AL S RGRAE X3 3. Iii~#4f, 2003, 21(S1) : 7-12, 39-39.

[9] KR&RE, B2EE. Wi R 55 8 A PRI S 0% 5 6 i 7. 1B Rl22 | 2010, 8(1) . 8-14.

[10] RE, RUIRE. o E AR TR SO I 1B 2005, 3(2) : 81-86.

[11] XEE, A5 K5 R A S B S L 0. H AR IR, 2006, 21(5) : 810-818.

[12] Mgk, ME, BT, 24, 27w, R, & FGE AL IR a0 ALY 2 e Ve R R AE X LIRS 1. RS 3R8E, 2007, 16(2) :

523-529.

[13] LiFP,XuZX, Feng Y C, Liu M, Liu W F. Changes of land cover in the Yarlung Tsangpo River basin from 1985 to 2005. Environmental Earth
Sciences, 2013, 68(1) . 181-188.

[14]  JHSCE, AR, F3CK, 206, R o FURAN L 1 A Lo A & . K L IRFFIIFSY, 2017, 24(5) : 27-32.

[15] WA, A, ME, B, SO 2T w5 iR b SR Y RS S ks ) B L. 423524, 2012, 32(3): 815-822.

[16] H7EZE, HE, skABL HGIL s RN In R Y 2 FEvE S IR Ty i G AR . A 382% 4k, 2008, 28(7) : 3116-3124.

[17] Fan Z X, Briuning A, Thomas A, Li J B, Cao K F. Spatial and temporal temperature trends on the Yunnan Plateau ( Southwest China) during
1961-2004. International Journal of Climatology, 2011, 31(14) ; 2078-2090.

[18] ZBA, WM, R, RIE. 1994—2006 4 VYIL AN i i BCHR 2 AR FRAITSE. 12l , 2010, 28(2) : 247-256.

[19] HE, %818, Mitg, WOk, Hk2%. AR S T 90 R B 2 m i A 7T KT 5 258, 2004, 13(3) : 292-295.

[20] W3C, k>4, SERH. BT PCA [ VH AL & )5 94 WA i iR A i 2 43 B B AT . AR 25244, 2013, 33(15) : 4776-4789.

[21] MgPRHE, BT, ZERE, BTFW, X%, AW, 2. 1955—2011 A E PG00 I 25 A8 A K& K3 H 2 4. sERs AL Bl
2013, 42(6): 1-9.

[22] Z#Tm, =4, MR, k. BIGICANTE SO0 228 KR E 3R R 152, A= 35%4H, 2011, 31(24) : 7388-7396.

[23] MR, HE, ", 2T x, RFE. EGIUREALR GRS YRR SO 2 HE. A2 2438, 2007, 26(8) : 1171-1176.

[24] Tian B, Zhou Y X, Zhang L. Q, Yuan L. Analyzing the habitat suitability for migratory birds at the Chongming Dongtan Nature Reserve in
Shanghai, China. Estuarine, Coastal and Shelf Science, 2008, 80(2) : 296-302.

[25] BB, SRR —)R i R SEHCE ). Ut W% 8E R, 2007.

[26] VFEA~, HSFLL. 1987—2010 4F p PUBIIE b 5 UM SR8 16 B SLOR ) SRS JRMREF:, 2013, 11(4) ; 438-445.

[27] Wang H, Zhang Y, Chen G L, Hettenhausen C, Liu Z Y, Tian K, Xiao D R. Domestic pig uprooting emerges as an undesirable disturbance on
vegetation and soil properties in a plateau wetland ecosystem. Wetlands Ecology and Management, 2017 1-15, doi: 10.1007/s11273-017-9588-1.

[28] Bracken L J, Croke J. The concept of hydrological connectivity and its contribution to understanding runoff-dominated geomorphic systems.
Hydrological Processes, 2007, 21(13) . 1749-1763.

[29] ZEE, AR, ¥R, SR, XM, FMIEE. 1973-2014 4R34 5 AR (LA ST, BEUERLY, 2006, 38(1) : 19-29.

[30] EAR%E, BT, JI3CE, 254k, UK. 2000—2014 45 H B m I v B o e A8 Ak K FExT S A2 A i . AR 2522k, 2016, 35(9) :
2494-2504.

[31] HfE, HE, 2%, BT, £7x, Ry SRR K AR A R S A, AR 2524, 2006, 26(11) : 3624-3630.

[32] &, ME, M5, KE, P57, 2008, BB 24 Ma 1 A A BAE (LA PR RS2 . AR 25254, 2014, 34(19) ; 5570-5578.

[33] Ke CQ, Zhang D, Wang F Q, Chen S X, Schmullius C, Boerner W M, Wang H. Analyzing coastal wetland change in the Yancheng National
Nature Reserve, China. Regional Environmental Change, 2011, 11(1): 161-173.

[34] kM, BIRT, B, BIZ. JT 30 4R PP BE ML SOULAR R 8 L R ARSI, A= 25274R, 2016, 36(15) : 4780-4791.

[35] ZRfilA:, FBr, skEUM, Rk SRR S D OFTE . sERAR AR, 2012, 31(12) : 1739-1746.

http ; //www.ecologica.cn



