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Distribution and succession of plant communities in Lake Bita coastal swamp on

the plateau region, northwestern Yunnan
HAN Dayong' , YANG Yongxing'*, YANG Yang’

1 Key Laboratory of Yangtze River Water Environment, Ministry of Education, State Key Laboratory of Pollution Control and Resources Reuse, College of
Environmental Science and Engineering, Tongji University, Shanghai 200092 , China
2 School of Life Science and Technology, Tongji University, Shanghai 200092, China

Abstract: The plateau of northwestern Yunnan is the most typical distribution region of plateau swamp developed on Karst
landform in China. The Lake Bita coastal swamp listed as Wetlands of International Importance under the Ramsar
Agreement is a typical representative in the region. Vegetation succession and its driving forces of coastal swamp are the key
scientific issues related to theoretical research on swamp in the distinctive region. In the present study, two transects across
coastal swamp were set up and sampled in narrow valley and broad valley in the coastal zone of Lake Bita respectively. The
environment characteristics and species composition of swamp vegetation were surveyed. Pearson correlation test and
Detrended Correspondence Analysis ( DCA) were applied to analyze the relationship between species composition and
surface water level, the distribution and succession and associated driving forces of swamp vegetation. Some important
findings were revealed. Twenty-one families, 35 genera, and 43 plant species were recorded along the two sampling
transects. The highest number of species in family was observed in Cyperaceae and Ranunculaceae, each family contained
six species and occupied 3.95% in total species of the vegetation community respectively, followed by Gentianaceae, which

contained five species and hold sum total 11. 63% . The highest number of species in genera were observed in Carex,
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Gentiana and Potamogeon, each genera contained three species, the second was Polygonum, it contained two species. At
the transect scale, 16 families, 25 genera, and 28 species were recorded in the narrow valley transect, and 20 families, 31
genera, and 37 species were recorded in the broad valley transect. L- shaped and U-shaped patterns of frequency
distribution based on plant species were presented in the narrow valley transect and broad valley transect respectively. The
swamp community also comprised some rare species (only occurred in one or two quadrats) in the two transects. Among
them, 11 and 10 rare species were observed in the narrow valley transect and broad valley transect separately, which
accounted for 39. 29% and 27. 07% , respectively. The number of species occurred in two, three, five and fourteen
quadrats in the broad valley transect was higher than that in the narrow valley transect. Species richness per quadrate and
the total number of species showed similar patterns along the two transects and both showed significant correlation with
surface water level, but Whittaker’s index did not. Along the two sampling transects the distribution of plant community
mainly presented in the following ecological series of emerged hydrophytic communit— swamp community — swampy
meadow community under the impact of surface water level and supplemented with community complexity under the impact
of local microtopography. The distribution patterns of plant community in two transects depended on the lakeshore types and
valley topography. In the narrow valley with steep shore, the plant community presented discontinuous distribution, whereas
in the broad valley with gradual shore, the plant community showed continuous distribution. The distribution patterns and
species composition represented by Lake Bita swamp community were dominated by multiple environmental factors
characterized by surface water level and microtopography in the plateau region of Northwestern Yunnan. Correspondingly,
there existed continuous succession mode and saltatory succession mode in the process of plant community succession, but

the two modes were identical in succession direction.

Key Words: ecological succession series; species diversity ; frequency ; microtopography ; swamp development; Lake Bita

coastal swamp
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3000 m, B AL FE 300—1500 m, F25E 700 m, KB 159 hm® | J& TH0EFRMEMIIA . AS X [ 9K 35 R 75 6 e
JEZR B S AR BT LUK = VTR g 0 7 DX AR R b SO b 1ot Ja VL VY MU A 08 4 3R, ol 26 BB SR R 8ty , Rl 211 25 A
A0 5 iSRRI L 2R o ST T A T A, & LR R DR R s A, R R O kS s A
G 3 A A AR 2 IRV X, (80 1 I v e D S A P, T2 v o T 0 1 DA e, R R
FERUONRATCE BB E ; IRAE B 22/, HEZE R, AR PR S. 4 °C &8 (7 A) ¥ 13.2 ¢, &%
A A)HIR-3.8 C, FEFHFFEAKR 617.6 mm, 28 & it 1013.9 mm, H HBE} %L 2203 b, =10 C LR
1507. 3 °C 200 S8 S VD VTK &R W IX SR B0 32 KWK 90 1 1L b b 8 438 30 DA B 24 R Yl 4 405, T K
M AT, 0 K AV TR A R YR A IS T e T, e 2 A VT SR A B S B
VR A KA R R A VE N R X 2R DU AT Bk 3, e By A0 R R RO R - TR PR
A

WSBu =PSB S S TS0 RIERE o = X dy o S R R N 00 BT [ 377 DT (SRR o = N E 2 I P €% =W ic e | =003
TR XA R SRt S R H SR A A B B IR R A ) BB R X 2 — R TR A WY
T DX AN s 2 3, W TR PR AR R SO Ui TP Rl D B A 7o R AR R S A RS
1.2 WFFERET i SHEg R A

2011 47 AMYIAE KIEZSIFREAMNEA , BLATS T 2010 457 A X HEEFE TS e m %55, &
YRR FE AT R SR L PR UOGHEE VAR B M 4B 1L B AT T 140 L R G 125 5%, 42 W ol V) 43 S 100 el S T80 VeV
WFIERERS , — BRI L TR, 55— IR LT AL, Hoh e i 4 b 1 38 55 PU AR AT, 45 1 98
FEZ) 360 m, P2 TEEEZ) 221 m, 24K (UFRHT 18] ) 29 860 m, K9 Fb 24 3. 89:1 , BT FLZY 15. 48 hm® , A KA
BRNREER B X ;58] AL FALTBMEW , 25 1 50 B2 2 340 m, FH 58 JE 2 237 m, 75K 25 460 m, £ T8 L 24
1.43:1, BAIAZ) 7. 82 hm® A B8] VAR BIVEE R T X, 5l & Y RS /N J5 B B s K, ANV 43 b 32 [ T
Uity [A] YA 4 HH L SEE AR , T 45 v 24 % B AT VR B AT , 5 K — A TR

RS IRERE o = R BN o e G ST £ L B 1 B A RN Pl e Y 1 St = i O = il I A i )
AR KL 380 m FEAT TR AR TE) BVA A, KL 400 m, AR #MA /KR  HOOE RS Fh 2
FA RS A VR A S5 K il ], AR H I 2890 43 TRy T e — 2 ARk R AR A T R4 1 7 4K
H, WREHE | R 7 I SRk, o REdh | I K A R 2 4 7 IR, R B AR E
¥ ( Carex muliensis) FEVE WL 2 R IIRIRPE, 2 Fa i B /K AN 5 REHE 4 FI 7 Sia 2 BEYE T L & B A4
AE, R Z R S H N KRN s FE I 3.5 .6 I A TT b RE Tt 20 DX el b 55 v, 30 kB R B A R
FRBPEE TR MR TANG . R RS> T 9 AVEEML, MAEHD | AR 9 shIE A AR, Horb  REh
1—3 J IR K AR 4 R Hh 4 I TR R B2 AR R I K KN s FEHL 5.6 .8 FI1 9 Y Ao R E T
X RZEFE-Z L ( Eleocharis liouana-herb) Bk , FEALZ R T AN G s FEML 7 i 5 b, BB K& i, DAXI
[REEFHMA R &R, FELZ M ER T A T RRANS , AR, K KIC SR FE b e | H S /K SC
(BUIRSL AR A AKIR) DU EERE (R 1) . B DFEHIE 3 N 1 m® FWREVEFRE DT, Al
Yisa e F AR BERVR B S OR H B B SR v A M AT R R T v o v R, % N B R T N AR A
E, RERE T ATHREDT 21 AN, BEHF T &R 7 27 4,
1.3 kb ri

FERET R AT T 0 Fh 22 B8 FOSRE 20 A, LA WL o 28 FR Y 25 VR R TRV (R 00 b o A 28 B R AIE B R R
B ESR ST YR E B, BT = 100X (AHXF 55 BE + A BE + A X 96 3 ) /3 REAT T FRERT I AY Fh
FEAE A 21 AN 27 ANEEDT I, ISFHAI(E + R HE 22 (mean=SD) JTE R8s 2 o S5 Sl R I AR ) il
HELARE T, DU BT 1 AN B 2 AR IR B R

SR IR PRI A LA F SRR R AR (R A5k IR ZRE T T o 1 B ZHREME, o ZREMES IR
JE BRI R BRI RN R R B S,  RERL S I R, BRI S, Horb R E O 3 AR
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PR PRI P, AP e AR 22 AR S0 AR B, 7EAG 5607 22 55 PERT 52 1, ] Duncan 228 LU #4>
P AN )RR s ) Wy b B A 2 5 S 38 0 5 IR RSB N 3 NRETT B 0T R 3R . B 2RISR T Whittaker 1
B, B, =S,/S,~1, RH Pearson FI"> 1314 ZREMEFE R 8] B HS5 7KL 22 IR ARG M

F1 HALSREBEERRERFEMINEHE

Table 1 Environment characteristics in different plot of the coastal swamp in the Bita lake wetland of the plateau region, Northwest Yunnan

4 3 AV iR 4 3 P
ot Community type topography supplement composition lake shore/m
B 1 Transect |

1 INE =% Sparganium simplex I 35 080 7K AR Y 0

2 KRHEF Carex muliensis e Wk WIAHDUAR AL FR ) 3

3 KB EEIRHIMT Carex muliensis-Sanguisorba filiformis AT TTHL (N UpALY) 23

4 KRHEH Carex muliensis AT e a7 200

5  AKEEFJRMAM Carex muliensis-Sanguisorba filiformis AT TTHL Ui UpALY) 237

6 ARHEGIEMMT Carex muliensis-Sanguisorba filiformis AT TLH i iR 315

7 AEEEALRIE Carex muliensis-Blysmus sinocompressus NARRSES: Ui R 373

FEa 1T Transect 11

1 K20 8E-/K B Hippuris vulgaris-Batrachium bungei G K AT 0

2 KMEE-BRE Hippuris vulgaris-Echinochloa sp. i S E S 1 WK AR 2

3 A2 BE - ZEAT OB Hippuris vulgaris- Juncus amplifolius WS, 1K AR ALY/ REIRU VA 3

4 GEZEITOH Juncus amplifolius T e BIK R WIADURE M A b LY 5

5 XN [REZESE SR UM Eleocharis liouana-Sanguisorba filiform AT TTHL fein R 35

6 XIRZESEIEHMY Eleocharis liouana-Sanguisorba filiform AT TTHL i UipALY) 56

7 KEEF-XKZEEFE Carex muliensis-Eleocharis liouana A FEsin uisaty) 65

8 ARHEIXIRZES Carex muliensis-Eleocharis liouana AV IUH gaa R 82

9 XIRZESFIEHMG Eleocharis liouana-Sanguisorba filiform AT i R 395

3 il DCA ( Detrended Correspondence Analysis ) HEF /AT BE& A S B8R A= 25 5 91 40 A R AIE , HE 7 2k T4
Hi e AR (3 AR DT HME) B R AT e 4 HEFR 2R BN R b B2 HE I, 2 S5 HE P AR B 2 >
0.1, A6 =33% , 23130 Fi

FARKIE G A Fh Z R Microsoft Excel 2007 % F 52 i ; DCA HEF i ] Canoco 4.5 for Windows
BAF5E R ; Duncan 22 B AT Pearson AHZC /0 #H{# FH SPSS 16. 0 24 5E R, Fr A Geit o B Kk P=
0.05 20.01,
2 RS
2.1 HHYIX R

PR BT R IR 43 AR (G04E 42 FP4EE YR | P sEmaY)) SRE T 21 B35 J& . BHYdh s
LIV RL ( Cyperaceae ) F1 6 K # ( Ranunculaceae ) fi¢ 51, #60& 6 Fl (£ & 13. 95% ), Hik & Jg AR A}
( Gentianaceae) ,f1 7% 5 (5 11.63% ) , RAFE} ( Poaceae ) FIHR F 2B} ( Potamogetonaceae ) 41475 3 Ff (4% 5
6.98% ) , ST RiF}(Juncaceae) \ZF} ( Polygonaceae ) 2 JE L ( Umbelliferae ) Al % Z:F} ( Scrophulariaceae ) 3441
2R 4.65% ), oAk 11 BEAE 1R (& 2.33%) . IRIIRNEE B LLE FE (Carex) IR IR
( Gentiana) MR F32J&E ( Potamogeton) F 15 , 16155 3 F, 228 (Polygonum ) £ 7 2 Fh, Hi4y 31 J& 34 0 b &
(#£2),

KA T 3R 28 F SRS T 16 B 25 J& , EZAE>8 4T 2 B, K BL & F AR HUA ( Sanguisorba filiformis)
HEHEL M 33,8 1175 A I i 37 Fb SRJE T 20 B 31 Jm  EEEME S8 BUA 4 Bl AR ZE/MRUCH X

2ZESES A2 ( Hippuris vulgaris ) >7EZ5XT OB ( Juncus amplifolius ) >FEHMT (2 2) o
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F2 HALSREESHREAFEVHEXRZEANRMEEE
Table 2 Taxonomic composition and importance values ( mean+SD) of plant species of the coastal swamp community in the Bita lake wetland of

the plateau region, Northwest Yunnan

FEEL{H Importance value

Py Fh #
Number  Species Family K 1 Ty 1T
Transect | Transect 1l

1 K Carex muliensis YRR} Cyperaceae 33.8+24.84 6.40+9. 15
2 LR C. meyeriana PHEF} Cyperaceae 2.39+9. 14
3 BHE C. sp. PHEEL Cyperaceae 0.45+2.36
4 X K23% Eleocharis liouana PR} Cyperaceae 7.14£9.09 19.33+20.91
5 AEJRBEEL Blysmus sinocompressus P HE} Cyperaceae 5.60+8.51 3.84+10.56
6 £ Eleocharis valleculosa YRR} Cyperaceae 4.23+8.60
7 KB Batrachium bungei B A} Ranunculaceae 3.49+10.21
8 K2EFH Ranunculus longicaulis B A Ranunculaceae 1.69+3.02 2.97+6.88
9 FRTEH R tanguticus E A Ranunculaceae 0.04+0.20

10 4L Trollius chinensis FEEF} Ranunculaceae 0.04+0.19

11 SRMARIEAE Anemone trullifolia var. linearis FEEF} Ranunculaceae 0.08+0.40

12 WEDE L Caliha scaposa F A Ranunculaceae 0.09+0.21 0.38+0.98
13 i JE 0 Gentiana squarrosa JENAEL Gentianaceae 0.17+0. 67 0.31+1.07
14 ZIL G. macrophylla JEHAEL Gentianaceae 0.05+0.24

15 AWM 6. sino-ornata JEAREL Gentianaceae 1.57+2.25
16 AR Gentianopsis paludosa JEABR} Gentianaceae 0.31+0.48 0.06+0.20
17 AEH Halenia corniculata JEAREL Gentianaceae 0.39+0.99
18 B Echinochloa sp. ARAF} Poaceae 2.02+4.01 5.35+9.92
19 B BCR Poa crymophila ARAF} Poaceae 0.06+0.27

20 K Deschampsia caespitosa ARAFE} Poaceae 1.44+3.79
21 BAGIRT3% Potamogeton pectinatus MR F>&%} Potamogetonaceae 2.01+5.36 0.53+1.90
22 P IRF32 P. malaianus MR F>&%} Potamogetonaceae 0.09+0.45 0.71+1.61
23 JE P, crispus IR F=2%} Potamogetonaceae 0.38+1.43
24 SRVEJT Chamaesium paradoxum AR Umbelliferae 7.40+4.23 2.91+3.59
25 BT Cicuta sp. DIEEL Umbelliferae 0.11+0.35 0.1120.33
26 EZEITOE Juncus amplifolius ST 0 HEL Juncaceae 6.52+10.73 9.78+17.94
27 WFHESE Triglochin maritimum TR Juncaceae 0.48+1.75
28 BEJE 5558 Pedicularis longiflora var. tubiformis % %%} Scrophulariaceae 1.44+1.47 2.20+2.87
29 e P sp. %2} Scrophulariaceae 2.54+2.66 1.05+2.76
30 BRZEE Polygonum viviparum HF} Polygonaceae 3.32+1.69 2.35+2.98
31 K P. hydropiper ] Polygonaceae 0.02+0. 11
32 JEMAT Sanguisorba filiformis % F}l Rosaceae 11.75+10. 13 8.10+10.98
33 INB =R Sparganium simplex P =P} Sparganiaceae 6.78+18.99 0.91+3.03
34 A2 Hippuris vulgaris A2 #FL Hippuridaceae 3.83+3.05 14.31+22.51
35 BB EE Myriophyllum verticillatum /N AIFRL Haloragidaceae 2.58+7.39 1.01+2.95
36 AERE Primula sikkimensis RFAEF} Primulaceae 0.36+0.31 1.17+2.47
37 ZER Plantago asiatica ZEHTEL Plantaginaceae 0.09+0.42 0.04+0. 19
38 MR Z2 Stellaria uda £17F} Caryophyllaceae 0.09+0.44

39 BEJ5 Phlomis umbrosa JBEEL Lamiaceae 0.27+0. 84
40 Wi Marchantia polymorpha i B} Marchantiaceae 0.49+1.56
41 22 J& Cymbidium sp. 22%} Orchidaceae 0.37+1.13
42 S 3L 4G Cremanthodium lineare %%} Compositae 0.13+0.46
43 PEYE Alisma orientale PETERL Alismataceae 0.08+0.29

FhEUA 1T Species total number 28 37

2.2 MW Sy A

Rl 1 BYEE S A R REGRIUY LI Bl o8 U, Sk TR B TPt BT 1

http ; //www. ecologica. cn

AEDT YR



7 34 FRREE A DY R R I R PR A R v o0 A 5 2241

(= S I e o Nl

Fh%L Numbers of species

[ SR N

B D BT 2 A 3 NS ANEETT BRI R, IF HO BT 14 SRR PR ECH B I TR
A, RGBSR SRR RN (1) o (B, PRREAT S LIRS AT b 5 R 28, 40 Bk 11 FlRn 10 b,
b 8% 1 R 39.29% F127.07%
2.3 HHYIZFENE i .
TR I 1) Y 4 T3 (), He AR M 3 U , A _
R PIRh ZREVE AR AE Ak, oA RS T sy R —mﬂ —— 1 .
ﬁ%ﬁﬁié’ﬁ\ﬁlﬂﬁﬁﬁl\Whittaker TE@%%]XXM%@E 12 3 45 6 7 8 9101112 1314 15 1617
T, B 440 B RE R 5 , U5 (1t BRAEAE M 3, L Rt
AR BUTERE L 2 5 BEdth 11 A9 45 2 REPEHR BB L% R HH | H O mﬂmmmﬂ. L
NS, BT W = R R M S P RS ) e (T 12345678 9101112131415 1617
S BRFERE L 1, 5 1 B ZERE M 6 Whittaker $5 5L 5 AL T 5 Numbers of quadrates occured
(I BIAERE 7 A e b 6, FEAY T & FEHs B AESEESSNRAFENEEOMAEN
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Fig.2 Changes of plant diversity of the coastal swamp community in the Bita lake wetland of the plateau region, Northwest Yunnan
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( Myriophyllum verticillatum) ;#3402 4 7 S IR BEAE Y E , B K B B i ie . b b 2 S e
P RN PR A BE BURE (Echinochloa sp. ) B 4 7 N{AASTHEE LN MRS 1L EH T
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spp. ) 5%, 4 W ML VE PR AL A2, S B R AL R ) s e 35 (11 3)

*3 EALBERZZEGHEBFEVEZDR SHEIEHIERE SR KALE Pearson 13X HG T
Table 3 Pearson correlation test on plant species diversity indexes and surface water level of the coastal swamp community in the Bita lake

wetland of the plateau region, Northwest Yunnan
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# P<0.05, * * P<0.01
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Fig. 3 DCA ordination of the coastal swamp community in the Bita lake wetland of the plateau region, Northwest Yunnan
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Fig.4 Succession mode of the coastal swamp community in the Bita lake wetland of the plateau region, Northwest Yunnan
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