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Species composition and succession of swamp vegetation along grazing gradients

in the Zoige Plateau, China
HAN Dayong' , YANG Yongxing" *, YANG Yang®, LI Ke'

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
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Abstract ; Grazing is the most common forms of human disturbance that caused the degradation of swamp vegetation. In the
past decades, there were few studied on vegetation changes under the combined impact of grazing season and intensity. In
this study, six plots were selected along grazing gradients based on the distance to settlement in a degraded swamp. The
field survey were conducted from the beginning (1% June) to the end (31" October) across entirely growing season.
Duncan’s multiple comparison, univariate GLM analysis, species accumulation curves, PCA ordination and variance
partitioning were employed to analyze the plant species richness and abundance, life form and plant community succession
in the process of swamp vegetation degradation. The results showed that: A total of 46 vascular plant species across all
seasons and plots were recorded. There were no significant difference between the spatial patterns of mean species richness

within single sample across grazing gradients in June, September and October, and the mean species richness within single
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sample was highest in extreme and severe degradation stages and lowest in pristine swamp in July and August. The rates of
species accumulation were highest in extreme and severe degradation stages along grazing gradients and highest in July and
August along grazing season. The mean species richness within single sample had no significant correlation to grazing
season, but had significant correlation to grazing pressure. The variance partitioning results indicated that the variation of
species abundance with grazing intensity is much higher than that with grazing season, the variation explained by grazing
intensity was 50. 1% , explained by season and intersection were all negative. The total variation explained by grazing
intensity and season was 47.6% . The mode of regressive succession tended to swamp—meadow and the transitory stage,
namely swamp meadow, was atypical. The succession of constructive species followed the order of Carex meyerianaa—>C.
muliensis—C. brunea, but the direction of plant community succession remained stable. In terms of the composition of life
form, the species richness in endlong decreased and that in bottom of lotus seed and stolon with great trample tolerance
increased dramatically. In general, grazing season had no significant impact on species richness and abundance, but
modified the patterns of species along grazing gradients and decreased the rates of species accumulation to some extent. As
well as the grazing pressure changed the species richness, life form composition and the succession mode of swamp
vegetation. But grazing may be served as one driving factors that determined the species richness patterns and succession of

swamp vegetation.
Key Words: grazing; species richness; plant succession; life form; Zoige Plateau swamp
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B ARG RN M AR K IR H 2 286 0155, PR 0.6—1.2 C & H 7 H PR
I 10.9 C &% A 1A FHAE-10 C, HHERZWER (N9 A=H84E6 H) , BN 25—30 d, =10 C
FURAY 600—900 C, 4 F-HIFE/K it 560—860 mm, FEAEHTE 6—8 H 21 H4ERK R 121 R IXOK G
FRAFXHR BN R BT AR, I, 2 KT T3, 8O3 E R R iy e R P

WG 2006 AFEHR S, 25 /K 6 F TR R I RLZY 6500 km®, 20 42 50 AFRRIZIX R T & 85 J7 00
fi7, 2 2000 4F, K J& % 285. 5 J7 AL B EL 99 T1 AL BARIE 5319% O TP E R BB BOZ IX B
VOEAL A TR AR B S I, TR PEAR A v R AR 3 I R R AU, R Ak U™
1.2 WFFeH S E

TEXA YR HEA T R G5 2200t b AR M AP AR A IS0, 75 R o s S35 44 1 H Tl F AR
TRAPIX AR T OTFEHE I TIPSR S OT SR R (& 1) AT B BRI U 2D L Bt & R4 X
SEARPUSE ], VO hy BT — 0 S R A =y FefR LR, B AR TE A U S8 B 5848 IE L
PR VK5 Rl KRR SRR IR 2R A /KR . I Ml 1 B A 3 B O™ E ) L B3 i B FR 2 7.5
hm? | R B A B E & 267 AL (BRI G 3 AL, AT 801 MEHAL) o R IRIE BT
Jer B AR IS BT, SR P A e e [ 45 Ml P U VR R AR O 1o, AR R v R IS 2H AN K 7 SR B I ) 40 70t 6 T
BREE . VAR - FEHD 6 (AHXTJRA TR, JOHCH) ZEAEHE 1| (P AR R ) M 5w A T i, ARG s R AR ALY 1 —
1.5 m, HA#HEHL 1 M58 & % ( Carex brunnea ) - 5 ( Deschampsia casepitosa ) FEV%  FEH 2 Sh S48 5 H-1E
FEBE ( Blysmus sinocompressus ) FEVE , BEHL 3 A B & B ( Carex muliensis ) #7514 A ZFI 5 (C. meyeriana) -
¥ B33k %4 ( Cremanthodium brunneo-pilosum ) EV%  FEML 5 R 2 H7 B -SE Mk ( Sanguisorba filiformis) #E7% , #f
6 J P . PREP AN AEHD 1 ZEREH 6 ZXE R B2 5.3 5.1 3.1.1.2.1. 1 #10.2 h, #rE il
#423.6.22.7.13.8.5.3 4.9 M 0.9 FHAL -hm™d™', BHHBIEAIE 1,

R ATEMR SRR

Table 1 The environmental characteristics in the six plots

Fedh BCRCERE gk atz ey Hh g PEE R AIE R /m
Plot Grazing intensity Surface water table Soil type Geomorphy Distance to settlement
1 e TERUK A b2 Fifr L Yok 0—50
2 &N TERUK A Fe it Fifiy + i 40—140
3 il FIPERUK K 5—8em st A 30 % 180—270
4 g FATHERUK KK 8—12em Jest 23 Hhih 2% 240—310
5 Uz} S WAEBUK, K 16—20cm e+ At e 280—350
6 ARXT A TR HAERUK K 18—25em st 25 Hh e 350—410
1.3 fHPM A

AT SEA TR R, B — A SR AR ARy B R fE 2010 4F6 A1 H&E 10 A 30 H
WA ZEPI ] B 2 A K R T R B AME YRI5 V8 A e 2t a] 8ot 5 A . 7R SE N, A A 38R
HCE S, ARSI A A AR OC R (BERE ) B OB R 3 A 1 m® AR A R
EFETT, DARIET A 2 85% VU AN, JIF HAE R By b 3% BOR SRR e 3 R e iy R
AIReE 2, BHIFRLUT WA RFE A # 2 BN (E) AR (L) 3880 ( BL) FiH) & Y
(S)4 FhAETE RS G TR Y R B ) S5 SR BN 2 305 280 43 MR i A B 41 09 D) 19 SIC b X 5% A B A )
AT E . 5 A NS THAA 90 MR T, B H MARIT &1 (A HEHL G ) o 18 A, B e
WHET Gt (BT A AG11) Wk 15 A S5 AMERE A R TR B2 SR HCREATL A 7 32 80 A 1 7 001 B AR 11T,
JrEFL0.25 m*, BoE R 30 14,

1.4 Bdaibr
R X AR S RUECRORS B A T AR A H AR TR R R P R R B AR R AR Ak, 45 U
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Fig. 1 Geographic position of study area and plot establishment

BB LIEE % 0.9 4.9 .5.3.13.8 22,7 F123. 6 fEhimfbdatn, % THIIAL RS, DL 6 A 1 HAE MRS %R A
HE2MEE,6.7.8.9 .10 A 645G 30 .60 .90 120 d #1150 d. PR F 5 ER4H LT 3 MR FET N
IR B B SR A — A AR REHB R £ 5 BE SR, (&3 18 ANREDT (9 Sy A 50 0 ) —RE A 6] A 15y
FIIRNE B SR, (AT 15 AFETT I B IREL) ; A A Ay 3R EE b i P Fh 8 SR, (A1 90 ANFEJT 1)
FIE) o X SRS [ 453 FAS [V b 8] 7 22 3 LA A0 AT, ISR FHOSUER 3R 7 25 43 B e 253 DR % L 52 il 1) 8 3
M, RFH—Br i JTHE %0 (Jackknifel ) "™ 315 SR, F1 SR, AW Fh £ & SR, (J) F1 SR,(J) ,ITJIFEHL SR(J) =
SR(obs) +axn/(n-1) ,HH1 SR (obs) A SR, F1 SR, [ SRIAIFNEL, o F9 HBAE | RETT BOFPEL, n ARETT R, Xt
T SR FI SR, , 3% HE 7 #E A 7 Fh BN 50, W R Z 5 100 IRBEDL B9 45 58 ; KA PCA HEF 4 f
WIRETE 1 1 o 2 RSO RI  Xo) Bsf 22 PR A i 7, HIE P FHAE B PN 3 AN D7 B P R B, SO ) RO 2R T A
A R -, I 54T Hellinger 4 LA /2 2o 22K, W0 22 B 0 FH A 2 35 3 RSB A 20 01 = R o
HBLARET H/30, 5 22500 3T RDA HEFP 451, 38 i Ml JCBORE T Rl -JBC0 s A R 7 -
HCHRZET 4 RDA HEF , S8 MG e BB (Ra?) |, Lh Ra*VE R 28 5 (U 7 R 257 ) %o DR 728 £ () i
L) TR O AT, TS T 2240 4 BTk, X 45 IR 10 07 22 STk R A0 0 S5 MRG0 1 SRS F giit i,
JEUABR 22 B TR PO AR 2 B 1000 YR, WP EE ST AL BETE Microsoft Excel 2007 3k 4 L 58 4.,
L SPSS 13. 0 3k {#k4 7 Z2 5 LU 4 A A WL 22 7 22 43011, LA Canoco 4. 5 for Windows 3XfF 1 R 2. 13. 0 #f4
(Vegan 1) ") 52 s b RELHM LR | ZoCHEF R 2250 4007 .
2 ZEREHH
2.1 YRhEEE

AHEFE R ST A R 46 Fhm SFAEE Y (SR, ), Horb B BRI B 2 11 45.65% , IR e S8 23.91%
S JAE R RIAR) B A4S 5 15.22% ., SRR R R E RE (SR, T 5, TCiS I 4 R R4 1 38 5034 UAKE D 1 A f%
o REM 3 FIREMD 6 MO, 72 A Y Rh S (SR, b, WA AR TR R DL 7 A1 8 A 1t 6 il
10 A5G, MEXRE Yimh £ 5 B A B , 45 H 0 W HOR 6 BE A% SR AN IS M TR, Hod 6.9 .10 H 45 il o
EREEECREZES,7 AMS AN IR | FIFEHL 2 A5 FiHb S FIkEHL 6 A A, M AFh Btk
RE TEARIREHLE], LIREHD 1 FIREHD 2 (0t s, Hofth 4 AR 2 SRR S ZE R [m) H 63 1a], L7 A Fn 8 A i
LA 3 A ES AR, FEMIERELR UM EEE S ETT LR E LR (F=2.176,P=
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0.109) (HESHHBUE KR BE(F=4.359,P=0.008) , % FArR, UHUE S vl 5 & B B A W2,
TR X AP = & B 0 B ) (H R — s FE L oA T O R B A Sy, T AR A SRR R (R
2. #3,K2),

x2 AEHBETHEBREATUMFEEENTH

Table 2 The variation of species richness under the impact of season and pressure of grazing

: SRy

E:E 6 A June 7 /1 July 8 H August 9 /1 September 10 A October Stalobs) SRl
1 7.67x1.15b(a)  15.3324.5la(a)  11.00=1.00b(a)  10.00£1.73a(a)  8.67%1.53b(a) 30 37.5
2 8.33+1.53a(a)  11.67+2.08ab(ab) 12.67+2.08abc(a) 10.00£1.00a(a)  8.67x1.53c(a) 2 26.7
3 8.33+1.53a(a)  5.67%1.53b(c¢)  7.00£0.00abe(b)  2.33xl.15¢(a)  3.00x1.00c(a) 15 18.7
4 8.67+1.15ab(a)  9.3320.58a(bc)  7.67+2.08ab(b)  6.67%0.58bc(a)  7.33x1.53ab(a) 17 20.7
5 8.67+0.58a(a)  7.33x1.53a(c)  7.33%1.53a(b)  8.00£1.00b(a)  7.00%0.00a(a) 18 2.7
6 8.00£1.73a(a)  9.00%1.00a(be)  7.33%0.58a(b)  7.33%0.58b(a)  6.67%2.52a(a) 16 18.8

SRy(obs) 27 41 37 29 26 SR, 46

SRy (J) 33.6 50.4 47.4 34.7 33.6

TS A R PO 55 O F, S [R) RARER A 2 0. 05 B3 K

3B

£ 2871
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8 at
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> 14F
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o L . . . . . . . oL . . . ) . s ) .
1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15 17
Samplespooled
B2 ANEMESTHEEND TR RA %
Fig. 2 The species accumulation curves across season and pressure of grazing
®3 SREMBETHHBMENNNEEZRFESHT
Table 3 The univariate GLM analysis between SR and season and pressure of grazing

J7 2230 Ui Variation source HHE df )75 Mean square F P
T ZETT Grazing season 4 22.800 2.176 0.109 NS
JH T T Grazing intensity 5 45.680 4.359 0.008 = =
%2 Error 20 10. 480

NS AIXFN B EAKFE P>0.05; * * BB EKF,P<0.01

2.2 JRCCZETT RO R R 22 B )5

SRk — 25 T IR RO T Rl 2 B s N 25 00 R O R HLER T T e O )
SEBR a5 A N RS E B sl U 4 pH B SR TR i R LB S — R YA
F, [ R D 2 B oA, TRV OO 2 A At 2 i o e 38 S BB R KR S i P A VR . T 22 et SR
HH OO ) BT S RE T 47. 6% MRl Z BE A8 Ak . K 737 DR 3R [ B/ i, WUDCAB0 R T o
ST 2EH 50.1% (F= 14.1296> F, (30, 27)=2.47) , B JE KRBT EREAER 5, 1 A8 i LA S A
A0 5 28 S A B e R R A AL, AT LK =2 A R R O, BV R X R 2 B e AR A S, AR
A RB AR BB /3 ] BER IR T A A B EH (1 3)
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2.3 RREEE

AR 27 o s B MUSURE 240858 g AL ) LA S AR e 7
HEFT PCA HET , HE P 25 SR B 1) B et 45l 1) A= 25 -0.008 —
KRTFEH A (B 4) , Bl Tk ) fE ) R
7% AL I & -k R RE TR S A i AR e R R
v LA TIL 329 D YR R A v, L rpy T K B o e i
VE TN IR B A B AR, R B3 BEEERRSE AR S M0 £H) Venn
R I 2R T OHCE J7, Hop 2 O P b e ke 1, i 3 Venn diagram representing the partidon of the total
AR 2 SRR 3, KT e gy oion () in species abundance
4, E =AML 5 x £ 5 ARMEHL 6 AN [FIZ AR
RAF A TE Y b g 2 Ry o 8 A2y EAL A T2 R e A R S o R AL, v A i Sy /b
Tofr A (0 ) Ay 24 e

W —HEF A  FEA R ORI 6 SRR 530 53y 3 AN Xk, X0 3 AN B B, BB B A
5 MR R RS, FErh Al 1 RRE S 2 S50 vh AR R AR VR | 5 R S Mt e R ) AL A5 A
TR JOGZE 0 2% (Potentilla anserina ) F1 %11 ( Plantago asiatica) , H 8 JE RO DY), a3 AR L&
FHEYE  WIRN A BT B, 5 AR MR R WA 5 A2 B T —FP ( Ranunculus longicaulis var. nephelogenes) ,FEHb 4 |
5 M6 Yo SRR R 5 22 A O B R B A ) B 45 48 B Sk 3 K KM ( Equisetum heleocharis ) | K] 0>
(Juncus Inowii) AW E RN, FTUL  ZEBUBOR R RE R 336 1o Y2 A5 XA o) Ve — ) 1T DA A s R
B R IR R B B B AR,
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Table 4 Life form of plant species with the highest coverage and frequency

W AR R e A
Decreasing species Life form Increasing species Life form
L3R Triglochun maritimum E B K. tibetica E
AETIJERE Gentiana sino-ornata E FREBH R. tanguticus L
B4 M 6. paludosa L T E R C. brunnea E
YRR Scirpus sp. E JIRCTHE A DE Taraxacum maurocarpum BL
AREER C. muliensis E FT Cicuta virosa
KA E. heleocharis E KD, casepitosa
B E C. meyeriana E SRR FELL Anemone trullifolia var. linearis BL
JTIDE ). Inowii E e/ P. asiatica BL
KB S. filiformis BL YT ZE P, anserina S
B4 C. brunneo-pilosum L Ji M5 B, sinocompressus E
A EE Utricularia vulgaris AELPHERL C. scaposa BL
SRR C. paradoxum L =B R longicaulis var. nephelogenes S
M4JE Angelica sp.
P D. nemorosa E
55 )R Aster sp. BL

E. H3 5 L, /-4, BL,

“rhET LR 2

j\):—14:‘.‘@&‘1; S R
Connell 7 1978 AEHIFFE HHT b DX AR Wy HE 35 W) A Z FEVE IS 32 3 R 19 A W BE TR
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