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Abstract

Aims The alpine wetland is one of the most important sites for ecological and water conservation in Qingzang
Plateau, and also an effective regulator of the local climate. Research is needed to understand the dynamics and
drivers of changes in this alpine wetland landscape.

Methods This study was conducted with combination of methods in remote sensing image analysis, GIS spatial
analysis and landscape attributes analysis. Changes in the alpine wetland patterns in Maqu County, which is lo-
cated in the first meander of the Yellow River, was determined for six periodic samplings from 1995 to 2018.
Important findings The alpine wetland area in Maqu County continuously degraded from 1995 to 2010, and
decreased by 18 680.31 hm? over the period. From 2010 to 2018, the wetland area increased. Compared with the
level in 1990s, the wetland area has generally declined since the beginning of the 21st century. From 1995 to
2010, the patch number and density of the wetland increased continuously, but the average patch size decreased,
with increased degree of landscape fragmentation. In contrast, from 2010 to 2015, the patch number and density
of wetland decreased. From 2015 to 2018, the patch number and density of wetland increased, and the average
patch size first increased and then decreased, with the landscape fragmentation first decreased and then increased.
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Both the Shannon diversity index and evenness index showed a downward trend from 1995 to 2010; the landscape
structure tended to be simpler and the distribution of landscape types became more clustered. From 2010 to 2018,
the Shannon diversity and evenness indices showed an upward trend; the landscape structure tended to be more
complex, and the landscape types became more diverse and dispersed. Further analyses revealed that the main
factors driving the changes in the alpine wetland landscape patterns in the first meander of the Yellow River are

evaporation and precipitation, followed by human activities such as the population and the quantity of large live-
stock. Climate is the main factor driving the changes in the alpine wetland area in the first meander of the Yellow

River. Intensive human economic activities have aggravated the wetland changes to some extent.
Key words alpine wetland; landscape pattern; random forest algorithm; driving force analysis; wetland change
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Fig. 1 Sketch map of the alpine wetland in Maqu County.
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Table1l Kappa coefficient and overall accuracy of the classification results
of remote sensing data

1995 2000 2005 2010 2015 2018

KappaZ#{ Kappa coefficient(%) 88.0 90.0 86.5 89.5 92.0 87.0

MARKEE Accuracy 0.80 0.84 0.81 0.83 0.87 0.81
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Table2  Dynamics of changes in alpine wetland in Maqu County

o OREMe WA BOMEEER L1995y REMENE > 4 b

Year  Patch Area Landscape  Percentage reduction by base
number  (hm?) ratio (%) period (1995) (%)

1995 759 8479584  8.877 -

2000 860 7357491 7.702 13.24

2005 931 71817.84 7.518 15.30

2010 1142 6611553  6.922 22.03

2015 662 71530.11 7.488 15.64

2018 786 74498.13  7.792 12.14
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Fig. 2 Distribution of alpine wetland in Maqu County at different times.
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Table3  Area components of the alpine wetland in Maqu County during 1995-2018
1995 2000 2005 2010 2015 2018
<50 hm? 373437 5078.52 (+36.0%) 4307.67 (—15.2%) 5796.99 (+34.6%) 4956.39 (—14.5%) 6 114.60 (+23.4%)
50—1 000 hm? 17 723.34 21753.54 (+22.7%) 17 647.92 (-18.9%) 19 600.56 (+11.1%) 14 940.45 (-23.8%) 18 917.73 (+26.6%)
1 000-10 000 hm® 22 844.25 8843.40 (-61.3%)  19358.64 (+118.9%) 18 758.34 (-3.1%) 27 581.04 (+47.0%) 26336.97 (—4.5%)
>10 000 hm? 40 493.88 37 899.45 (-6.4%) 30503.61 (-19.5%) 21 959.64 (-28.0%) 23 013.00 (+4.8%) 23 128.83 (+0.5%)
&1t Total 84 795.84 73 574.91 (-13.2%) 71 817.84 (-2.4%) 66 115.53 (-7.9%) 70 490.88 (+6.6%) 74 498.13 (+5.7%)
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0.50

0.45 _ W

oasl ‘\‘\—A\‘/A/‘

0.20 1 1 1 1 1 J
1990 1995 2000 2005 2010 2015 2020

A4y Year
—+—SHDI —e— SHEI

o
o
S

8% Index
S
w
WK

(=
w
S

E4 3B s 2E 92 HhShannon 2 # 14 #6 20(SHDI) F1Shannon
B2 FEFR $U(SHED)

Fig. 4 Shannon’s diversity (SHDI) and evenness indices
(SHEI) of the alpine wetland in Maqu County.

R 22 7 R oK, TR S 4 Mk T AR, 4%
BEHLAE T A B A NS, SR A0 A o N 4
H. 2010-2018%F 1 il = FE 7 Hh 5 W Shannon 2 £ 14
i3 HUF Shannond5) ) FEFR 035 S IURE ik &3
W B Y T A R S o, T AR AR b T AR
SRR AN, WSS M T R A, KPR
TETA B AN 5, SR B A0 BE o k.
32 ERHIETHIIREN A
321 FESEEF
AP RIR . FRKERFE AR = L
5, MAbIZE R BN S SR R R, RE AT
T, WO ZE R ERRAE S, B BN
FEEERIE K. 28E AW X I EF SR S
B B TFE 34, 1990201 84EHIF 7T X 4F [ K & 4
ARFRRE, TR, 20 TR, 20184
FAIKE794.7 mm, & T284E KT 599.5 mm,
2015-20184F [ 7K 5t 14 T4 Ay i S8 47 Sk e KAH; F4 il
FEARR B INEA AR

www.plant-ecology.com

322 AEZFENEM

B0 Z i X AL G SRRk, B ARk
RRARATT DL I E SR AR R I R R4
R DLE Y, B R 1995201 04F A R K
kB R TG N R AR PR AR TE R K I3,
TR O R ) B . 4 B BUE7E 20102018
FEIRIZHT T R, X RZ 5 2 H 1B B PRI R S
B BUAE R o

T R XN [ Py AR R B RS BT, 20184F
LR T NI2.878 7576, HFRATLLE H, 199541k
S N IGDP L&A IR, S5 gk fE,
P RE T Ak, BBl E R AR, 2R
=kt ER, BB S TR E, GDPI)
WK R B B =PRI SRR . BRI
ZIX AL Ge ek, AR AR A= 7= S B AS W 36 o,
{ELEGDPH AT 7 (1 LL AN R B, o il 7= b 45 4
IETER AU, a6 2k
33 REBERBESH

N TR e S SRR S A R AR
S (R 26 2 T D% &8, R K €8 SR B 49 A %o s e g
HSOURE R AR I R 2R AT 0 A, THED T IR
R A S N TS N 2N SR [FS |
(IR B CBERE o FRERS TN, 28R BAERKEST
i e FENR H T AR T2 B oK, LR i XN 13
A B AR IR PR, — 2
ZPENABTE — e FE T bR il S A R
1AL .

4 Vg
199520104 8] & #h /= 390 M A Wi 4k, TH AR
RPN e 201020185 [8] 1 1 /5y FEVE Hb I A2 A48



PN QA BT R B SRR AR R T

temperature ('C)

TSR
Average annual
SN

SEMKE

Annual precipiation (mm)

FHREE

Annual evaporation

00 L
©

D VPP o N
SRR P

N DO I I I OHE LI FEP O VNIV N™H

O 7 " ' P’ " R’ ' D QDD QA QD QY

IR U OSSN G NENGNENBNENEN
Year

)
N
»

B5  Fll BRI TR R (A SERKEB)RERRREC)EY.
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Table4 Total values of economic production and the structure of industrial types in the alpine wetland in Maqu County

Year MMM Bl B HSMME Plksig Population  AEEER AN A
4 Gross domestic ~ Primary industry Secondary Tertiary industry Industrial UNEE 65 Number of Per capita GDP
product (10* yuan) (10* yuan) industry (10* yuan) (10* yuan) structure (%) livestock (10%) (10* yuan)
1995 13961 8541 3563 1857 61/26/13 31745 60.71 0.4227
2000 23751 10 394 9620 3737 44/41/15 37 100 68.09 0.6322
2005 42750 12433 20470 9847 29/48/23 45100 78.17 0.954 2
2010 95 165 28 269 34998 31898 30/37/33 51 400 105.10 1.8533
2015 134 546 46 826 23610 64 128 35/18/49 52 040 100.10 2.3649
2018 172 886 77 898 16 615 78 373 45/10/45 58 200 94.10 2.878 0
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Table5 Correlativeness and ranking of correlation between wetland area and various influencing factors in the alpine wetland in Maqu County

EAI S ERKE FRKE HAN KA EL PR Wk Bk E=
Influencing Annual Annual Total Large Average annual Primary Secondary Tertiary
factor evaporation precipitation  population  livestock inventory temperature industry industry Industry
HMIZKFAHL Correlativeness  0.929 0.849 0.802 0.795 0.738 0.658 0.582 0.512
HEF Sort 1 2 3 4 5 6 7 8

I, 12 5905EARAHEL, 1R b5 AR | H ™08 o 45 A
T T R A (2% 3), 199520104 Ji b i A ) sk 2D
F2 BRI IE R BEHR [m)/NBEER 2 T8 R A0 A B 2 /N BE
HUiH 2% 20102018 47 i dth T AR fty 38 jin & B
Fe/NBEHL AR BER (1) 3 A o

284 1] 1 B I AT SR BRI R

19952010443 <l 5 K e 34 91 881420102018
o, BAKEEARRRRE, TloEaH-riR, 23 E
Friash, R EERXISEZ HEIL TG LT
@, 1E20054F 2 Gk B K, 1X152005-2010
O Y T AR D M B RO 9% 201020184 1],
B IG R R, SRR R B, AR ETE
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