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Analysis of landscape pattern changes of restored tussock wetland in Sun Island,

Harbin, China
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Abstract; Changes of wetland landscape is an essential component of wetland ecology. Study of the temporal and spatial
changes of landscape elements provides the scientific foundation for revealing the rule of wetland evolution and carrying out
ecological restoration practices. We selected the restored Carex appendiculata tussock wetland in Sun Island as the study
area and used 3S technology and filed survey to clarify the characteristics of the spatial and temporal variations in landscape
patterns during restoration succession. The area of tussock wetland, expansion rate, shape, number, and morphological
characteristics of tussock were determined for analysing the landscape pattern changes of tussock wetland across restoration
processes. The results showed that the landscape pattern changed significantly after 8 —year restoration; 1) The number,
height and diameter of tussocks, as well as the plant height and crown width greatly increased (P<0.05). 2) The area of

tussock wetland was increased by about 722 m” with an expansion rate of 48.13% , and the total area of restored tussock
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wetland reached 2222 m’. 3) The combined effect of microtopography and hydrology led to regular expansion in the Carex
tussock community. The patch boundary and centroid expanded 29.91 m and migrated 5.9 m to the low—lying southwest,
respectively. Additionally, the increasing development (D) and weight of curve boundary (W) indicated that the shape and
boundary of a patch tended to be complex, and thus enhancing landscape heterogeneity. 4) Rapid recovery of Carex tussock

can be achieved by rhizome reproduction accompanied with water-level regulation.

Key Words; Carex tussock; landscape change; restoration process; wetland; Sun Island
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Fig.1 Location of Sun Island in Heilongjiang Province
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Table 1 One-sample t-test analysis results of tussock characteristics in 2010 and 2018

T{H A 2 T1{A A P
T Df Sig. T Df Sig.
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Fig.2 Differences in height, diameter, plant height and crown
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and 2018
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Table 2 Area expansion rate( Vs) and boundary expansion rate( V) in different recovery period
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Fig.5 Diameter of hummock in different ages of Carex tussock

BN R R B T E AR

R ST R A TR O N T W S - R = b
FEE T 2 — A 8 K pad 20, 5 40—60 om Y Fo B & 0 FFE 60 AEE L E A A AR B Y,
Lawrence ! FIZAS A7 W) 308 AR &5 B 81 - (9 JF % I B 76 457 28 IR 2 45041 vl fig e ke, Ak, ZE B AT
P 5 E A4 IR G552 2042 R (B S ) R B e AR I K b K R R i 4% , 26 B 55 e 0T B
SR HH 5 T A RS , 14 30300 e PRt A A R R PR BT B UL, B AR A K RIS 8 TRE

4 ZHie

(1) &R A S S R vh SOUUAS Jmy 28 AL I i, B e G 22 ) e B L AR R AR = R e R S
I R E R e TR N 722 m?, 3B v e b SR X, BE A 2222 m?, AR IX T
AN ET=

(2) S ] S ot o, 9 o A h 42 300 A U E AN DB in , BESR I AR A 0 B F 02 4%, 2 (8] J5 0o 1) VY R
J7 PERRERS 5.9 m, BEHC 5353 ) VG R 7 1a) AR RS 29.9 m A 13.27 m,

(3) HEF AN R, SeB TS 1 ST R I AMNIRY R S 8 1) DU JEL B 977 5k, R B R B
TETE o5 4023 (Ao R R R VR e

(4) IR =5 o B 0 285 5 /R )8 4 W] RO P B 4 R e, B P AR (R 3 0K e SO0 K o R
2%,

Bt - o R A R T T A BH K XU XA B Ry A5 A e TR N B ARG B K 0 S0 FF
£ % 3Lk ( References) :

[ 1] AR, RIS, B, SRS K R i R AR E SR8 G U7 s, hBRRLEHERE , 2010, 25(7) : 673-681.
[2] WSS, TR, B, FOUER5 A S B ECRIT IR, BRIk, 2008, 27(1) : 18-24.
[3] fRbEe, EHE, KPS, DURE, ShRSE. 1996—2015 4F [ F A1 & 30 KRS W o SE30 My S UUA R B2 e . B AR BEIR 2R, 2018, 33
(11). 1897-1911.
1 AT, B, UM, B, BUE. LT Landsat B EE = AUNEHD SOULR 23 A% R 0. TR EFRERLA, 2018, 38(11) : 4314-4324.
1 B PEVRER. e B AL, 1999: 55-106.
[6] BZER. hEME SR, A FKE: WALREEOR AL, 2008 43-51.
] Lawrence B A, Zedler J B. Carbon storage by Carex stricta tussocks: a restorable ecosystem service? Wetlands, 2013, 33(3) : 483-493.
] Koelbener A, Strom L, Edwards P J, Venterink H O. Plant species from mesotrophic wetlands cause relatively high methane emissions from peat
soil. Plant and Soil, 2010, 326(1/2) : 147-158.
[ 9] Wermer K J, Zedler J B. How sedge meadow soils, microtopography, and vegetation respond to sedimentation. Wetlands, 2002, 22(3) ; 451-466.
[10] Johnston C A, Zedler J B. Identifying preferential associates to initiate restoration plantings. Restoration Ecology, 2012, 20(6) : 764-772.
[11] Crain C M, Bertness M D. Community impacts of a tussock sedge: is ecosystem engineering important in benign habitats? Ecology, 2005, 86(10) .
2695-2704.

http ; //www.ecologica.cn



14 FEUE A R K R AR AT S

A R 6K BH 8 4 451) 7

[12]
[13]

[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]

[22]
[23]

Peach M, Zedler J B. How tussocks structure sedge meadow vegetation. Wetlands, 2006, 26(2) . 322-335.

Fi, W, EIHE, WYL, WER, REMH, W, EER KA SR UL A 5T SR T A Y TR R 2R 5
m. RHERFSE, 2016, 14(5) ; 635-640.

Wang M, Wang G D, Wang S Z, Jiang M. Structure and richness of Carex meyeriana tussocks in peatlands of northeastern China. Wetlands, 2018,
38(1): 15-23.

Pan X L, Zhang D Y, Quan L. Interactive factors leading to dying-off Carex tato in Momoge wetland polluted by crude oil, Western Jilin, China.
Chemosphere, 2006, 65(10) : 1772-1777.

Wang X Y, Feng J, Zhao J M. Effects of crude oil residuals on soil chemical properties in oil sites, Momoge Wetland, China. Environmental
Monitoring and Assessment, 2010, 161(1/4) ;. 271-280.

Warren M, Frolking S, Dai Z H, Kurnianto S. Impacts of land use, restoration, and climate change on tropical peat carbon stocks in the twenty-
first century: implications for climate mitigation. Mitigation and Adaptation Strategies for Global Change, 2017, 22(7) . 1041-1061.

A, BRRII, Do, EAEE SO RN . deat . BleE L, 2001

KA, SR, TR, SKAMIE, R, LR, S0 TR B R A AR AR, AR AEANK, 2018, 37(1) ¢ 43-49.
Cochrane T S, Elliot K, Lipke C S. Prairie Plants of the University of Wisconsin--Madison Arboretum. Madison, WI; University of Wisconsin
Press, 2006.

FRARFY. K FH & UR AR ST SE [ D] W /RS : ARAEMRL R, 2009.

Forman R T T, Godron M. Landscape Ecology. New York: John Wiley & Sons, 1986.

HET. FOWAERSIIE Ik R L. et P EBO I R, 1991

[24]Yuan J, Cohen M J, Kaplan D A, Acharya S, Larsen L. G, Nungesser M K. Linking metrics of landscape pattern to hydrological process in a lotic

[25]

[26]

[33]
[34]
[35]
[36]
[37]
[38]

[39]

[40]
[41]

[42]

wetland. Landscape Ecology, 2015, 30(10) ; 1893-1912.
Van Hulzen J B, Van Soelen J, Bouma T J. Morphological variation and habitat modification are strongly correlated for the autogenic ecosystem
engineer Spartina anglica ( common cordgrass) . Estuaries and Coasts, 2007, 30(1) . 3-11.
Lawrence B A, Zedler J B. Formation of tussocks by sedges: effects of hydroperiod and nutrients. Ecological Applications, 2011, 21(5):
1745-1759.
Rietkerk M, Van De Koppel J. Regular pattern formation in real ecosystems. Trends in Ecology & Evolution, 2008, 23(3) . 169-175.
BB, TR T RERR A Xl 5] 5 4 (1038 N7 M. AR A 354, 2012, 36(6) : 587-596.
ZHOEAR, BDKE, BRO . SRHAE Y S A R AR AR Y . A 2SRk, 2010, 29(1) : 117-123.
Vivian-Smith G. Microtopographic heterogeneity and floristic diversity in experimental wetland communities. Journal of Ecology, 1997, 85(1) .
71-82.

2. IR R AL E P REVE LA [ D], R TEORY:, 2018,
Gotzenberger L., De Bello F, Brathen K A, Davison J, Dubuis A, Guisan A, Leps J, Lindborg R, Moora M, Pirtel M, Pellissier L, Pottier J,
Vittoz P, Zobel K, Zobel M. Ecological assembly rules in plant communities—approaches, patterns and prospects. Biological Reviews, 2012, 87
(1): 111-127.
fR RS, XUEEIE, 900G, 26, 298, ORI, J0W O SRR s T TV DA R P TR R AE B B S 3 43T, L RO R 24k . H AR
SERR, 2018, 54(1): 137-143.
Bk B O EVER R 00 AT R AR ATERIE D], i, REESSE R, 2013,
it s, SMRMES RAMEYI RS R R S HIE AL RIBESE [ D], i, AR, 2017.
Budelsky R A, Galatowitsch S M. Establishment of Carex stricta Lam. seedlings in experimental wetlands with implications for restoration. Plant
Ecology, 2004, 175(1): 91-105.
Doherty ] M, Zedler ] B. Increasing substrate heterogeneity as a bet-hedging strategy for restoring wetland vegetation. Restoration Ecology, 2015, 23
(1):15-25.
Van Der Valk A G, Bremholm T L, Gordon E. The restoration of sedge meadows: seed viability, seed germination requirements, and seedling
growth of Carex species. Wetlands, 1999, 19(4) : 756-764.
Yetka L A, Galatowitsch S M. Factors affecting revegetation of Carex lacustris and Carex stricta from rhizomes. Restoration Ecology, 1999, 7(2) .
162-171.
sYIE, BgER, W, JMonk, s, B, T, Bk sk, WIE, CN102084747A. 2011-06-08.
Mark A F, Fetcher N, Shaver G R, Chapin IIl F S. Estimated ages of mature tussocks of Eriophorum vaginatum along a latitudinal gradient in
central Alaska, U.S.A. Arctic and Alpine Research, 1985, 17(1): 1-5.
Costello D F. Tussock meadows in southeastern Wisconsin. Botanical Gazette, 1936, 97(3) : 610-648.

http ; //www.ecologica.cn



