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Characteristics and influence factors of the swamp degradation under the stress of

grazing in the Zoige Plateau
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Abstract: Swamp in the Zoige Plateau which was one of the five main pasture regions in China has been threatened by over-
grazing for decades ever since 1960s. In this paper, typical degraded swamp was selected to figure out the main
characteristics and critical influence factors under the stress of grazing. On the basis of its water, vegetation and soil
information, the degraded swamp was classified into five stages, namely: primary swamp, lightly degradation, moderate
degradation, severe degradation and extreme degradation. The degradation characteristics and their influence forces were
discussed in this paper. The main characteristics of the degraded swamp water were: (1) TN was higher than normal, (2)
TN, NO;, TP, alkaline and the total dissolved solids increased along the degraded gradient, (3)the pH of water is between
8 109, (4) HCO; is the main contributor to the alkaline. The main changes of the degraded swamp vegetation were: (1) an
increase of overall species abundance, (2) a decrease in the important values of helophyte, (3) an increase in the
important values of mesophyte, (4) Potentilla ansrina replaced Carex muliensis and C. meyeriana as a dominant species in
the community. By comparing the similarity between the communities of different degraded swamps, it was found that the
rates of vegetation succession decreased along the swamp degraded gradient. The main changes of the degraded swamp soil

along the degraded gradient were; (1)a decrease of soil water content, porosity, TN, (2)an increase of bulk density, TP,

HEEWAFEF A AR ¥ 54 %W B (40771013, 41171074, U0933601, 40971285 ) ;2004 4E Fig di Rl = R ZE R4 H KW XU H
(04DZ19302)

Y5 B H#A:2011-06-23 ; &iTHH:2011-07-14

# IRAEZH Corresponding author. E-mail ; wetlands@ tongji. edu. cn

http ://www. ecologica. cn



20 41 R A HCROMMA T R 5 R PRI R SR R T 5957

TK. The vertical changes of different nutrient contents in the soil profile of degraded swamps were complicated. On the
whole, the content of TN and TP decreased along the soil depth gradient, and with the increase of depth,the influence of
grazing on the content of TP decreased. In order to find out the main influence factors of swamp degradation under grazing,
Principle components analysis (PCA) was employed in this paper. Five vegetation variables, eight water variables and six
soil variables involved in PCA were simplified into three components which explained 50.77% , 30.50% and 16.72% of
the total variables respectively. There was a significant positive relationship between PCl and Shannon-Weiner index, the
importance value of mesophyte as well as the total phosphorus content of soil and a negative relationship between PC1 and
importance value of helophyte, Simpons index, water content as well as total nitrogen content of soil. The significant
negative relationship between PC2 and pH of water was also observed. Principle components analysis indicated that water
physical properties and nutrient of soil were the main driving factors that caused the swamp degradation in the Zoige
Plateau. As the nineteen variables changed obviously along the degradation gradient,they were tried to be used to indicate
the degree of swamp degradation. According to the three principle components gaining from PCA, a multiple linear
regression model was developed based on the three factor scores which could be used to calculate the score of every kind of

degraded swamp and it turned out to be useful in degraded swamp classification.

Key Words: plateau swamp; graze; degradation characteristic; degradation influence factors; Zoige Plateau
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FAREIR D REREIR A IR %, B iR Rk SC S K R Ak A W B v R b A 3R Ak S5 i D L e
B 7K SC BKAR A B —F X6 9 b B 7% AT 7 A SO L I B K SR A R K B PR R A Tk T MR R
fE Ve AR A S RG R DR KSR R AR AL e TR b A 25 R iR A e U 48 b, RIS, 7K S0 &%
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[ 1 s ) g R ML 0 B A S S R A S R G I B A Y, A RS &L R R AR
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SRR RN AR Y GEIR A LL RV RN b DB A ik 155 b, SR 39 B, 87 J& , o FAAH Y o 4 XL
L 1ST Pl 2 DXV R R B DS A %, LR T R R EAR I RE VR AT . (1) 8K 5 ( Kobresia tibetica ) -9 i 5
( Caltha palustris) #£75 ; (2) R EH( Carex muliensis ) #£7% 5 (3) P HEH (C. meyeriana ) -HR 3% ( Potamogeton
maackianus ) FEYE 3 (4) s H- KRB E TR (5) BREF(C. lasiocarpa) M3 ( Utricuiaria interrned ) FE75
(6) IKEHH ( Glycetia aquatica) -A B E R  (7) K EEF-IR 73 5 (8) HESE ( Menyanthes trifoliata ) - 25 5
(C. tristachya) BEVE 5 (9) J8is HL-4E i B 5 ( Blysmus sinocompressus ) -RK L E FIRPE, ARNX BB ZHE | DI
EE S AN v, | 1 SO % i L/ s < I € 02 R B PO 17 s 57 o A O 0 1
1.2 W55k
1.2.1  FEHESF

DA 7R o e JEUBCHOME T SRR AL TE PR XA E g PSR, DS AT IR A BORE i . 8 LA, D
23 (ARG I 8], BIFFEAS [ R IR A TR P A A5 R B R AE AL, MR B S0 ) A AL DU ARty A S A K
SCIRGL IR R R BRAE P E 9 DRI AR EE IR LTRSS . S5 NI Eidie AR 18 B0E 0 56 B
FARERAE B H b 5 ASRE S E R EARTHPE (PW) R BERAL (LW) (P EEIR AL (MW) | EEEEIR A (SW) AR
E(EW)S5 MEFRBREE (K1),

®1 TREBERLEZFHE

Table 1 The character of five degraded swamp stages

AR R KX TG +3 R/

Degradation gradient Hydrology Community type Soil Topography Disturbance

TV (PW) WRHAEBK KL e s . A VAR X, R
Primary wetland 5,2 5—10cm SRR R st R JTHR

B HERIE(LW) L N S AL

Lightly degraded wetland DL AR R AR R Jepet T A KZ SRR

IR (MW) WRBET, BRBK, LSRiERIHE e s Yook SR R, 2k
Moderately degraded wetland Hi R KR IR G L GREat ATESUN

AR (SW) R T, Tk BREREREHE ot W4 RUBURE, BT RO A
Severely degraded wetland Hrfi% B —m R R KNG Wi O FRAR

IR (EW) 1o ERBEIENE e P R R RS, AR B
Exceedingly degraded wetland HRTIR b 3E— R Bl B2 | o

1.2.2  FEACRERLLIE

T 2009 4 7—8 HAHY AR T R M5 0 2R 35 I URLR A VR AR B 05 R A T T AP IORE IR A, 7
FEAFESBELIR E 3 4 TmxIm BT, 43 BIOLIAS I Fh S 85 | 56 B 1 3 A TR VR AR AE

FER AR YIRE S R B  FEA T K DR R AR KRR A A R 0 SR AT 58 |, 4 4 ol 3204 7 s e S 1R
ACBR KRR pH (ETHE 2 LT, AR H AR KEE,

TR R AR AR USRS, AW AE SR AR IR0 6 AT, 3 E T 420 1Y 2 (0—10em , 10—30cem |
30—>50cm 1 50—80cm) , M4l 4= 18 & A= )23 S BE , XF A SRR A i A7 Al o 8, 3R T FAR SRR Z (0—
10cm) FIE3R)2 (10—30cm ) PHJZHEAT 3P R 50 A0 2 | [R) B AT BT OR 4 4 2 88 b2 0 I e
DA B BHARRS . 3ERE S AE =  B Gl KU T B RIS |, 3k ELAR 0. 15mm JE BT , %6 A B &0 %
A A
1.2.3 HE&aHr

JRFE F B EFE AR . pH EARE B L BB B A AR HCO; %, FHE#E L pH B &
pH B 5 SR I 8 200 2 VB8RS RN HC.O; 13 2 5 SR FH 25 Sy e 0 Ah B 5 SR FH a0 1 -6 R e 0 B B I
D i, SR A B PR AR 4R fh - 58 A e G i o2 VL, SR FH SR o Y6 B v e A A L

X HEIAT AT S ACRA B FLBEE DN A2 | SR FHPR J) 20 5 25 5, 2R FHBEAE 100 2 5 KR SR TR K
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INE BB LB . X BRI AT R R W BT, R TR T QIR I R 42 A R NaOH 4 fill- 2
BEPT L ORI E 48 R NaOH J - KOG REVE N E 200, 25 S S o A AL B0 28 R TP AT AR 20 Al ik,
FIREZ (AR ZE AR E R VB LY
1.2.4 Huabi
HEE = (RO E +RH X 15 B -+ A 55 ) /3
K Sorensen AHRUMEFEEL .

C=7j/(a+b)

o, Zj A AT P A T T B BRI SR @ b 43R AR b A R R A A SR

X RE R TE R BAEIEA T A 1 A0 R, FH DA 3 06 o7 3R AU B A B RS AE e S 6 A K 5 R A
Hedg bRt AT F M350 ( Principle Component Analysis, PCA) | &/~ 1APER LIRS A -, SR BioDiversity pro
B SPSS 13. 0 B¥uGe 4541 Microsoft Excel 2007 ¥R #E1 740150 # o
2 ZEREHH
2.1 K R A B A AR

AR i e AR AL VR K B Rk B AR A sh B o & B, R AR VR KR B A & i R R R S
JRUGTREAR LE , SRS i N2 43% ; Bl B IR AL TR PR 1) AR R AL TR 3 R R K AR b BV B e 2 T a3 il
Eﬁw(@mm VRETREN 2. lmg/ L, AN E IR ALTEER 3.5 1%, SREME, BB EFMS A& ERAL,
Hr IS TEEMS A S R 0. 145 mg/L AN BA G 1Y 17% ;7 5 A BRIV PR AR P i 28 AU o B
R 50% FoAty s FEAR A TR K AR IR A R & i e, B 50 0. 872 mg/L AN BRI 41% , 1IBILIHPEK K
B Tl B ARG, B B AL T PR KR B &M 0. 139 mg/L A, HAVB AL IE B K AR i B S R T R %
i F K B4 T B FR U ( GB3838—2002) 11 247K 44 (0.1 mg/L) .

RATR B X TR BE AR AR P | DA R R IR /K R 32 | LR VA R AR B 1R AR TR 3 A8 58 &, 29331 131 mg/
L 1199 mg/L, Hoe b BE 1R AL TE 7 A K A 0828 4 7E 50 mg/L 2 A7, Bl B8 B AL TR PR A BT 4k B 1R 3k 353 mg/L
Ah, BB FIRAIE KR L B 8K, A T 110—160 mg/L Z[H] (3£ 2) .

*2 BUBFEARERSHAE
Table 2 Water quality of degraded swamps

MEA/ (mg/L) AR/ (mg/L) B/ (mg/L) irE
TN NO3-N TP pH
PW 0.852+0.222 0.14520.014 0.020=0. 004 7.860+0.233
LW 0.495+0.028 0.266+0.013 0.052+0.011 8.915+0.098
MW 0.640=0. 166 0.19920.010 0. 04420. 002 8.9980. 087
SW 0.652+0. 066 0.316=0.016 0.066=0. 006 8.383+0. 133
EW 2.132=0. 144 0.872+0.016 0.139+0.007 8.185+0.058
BB/ (mg/L) FRIREL/ (mg/L) LR/ (mg/L) E174:4
Alkaline HCO; Total dissolved solids N/P
PW 131.280+0.518 131.280+0.518 141.000+4. 243 41.97
LW 48.238=+1.554 44.208+2.072 118.000+8. 485 9.52
MW 55.566+0. 864 50.681+0. 864 113.0009. 899 14.48
SW 53.73420.345 53.73420.345 159.000+4. 243 9.90
EW 199.059:1.727 199.0591.727 353.000+9. 899 15.33

2.2 HEHEBAL S BEE
2.2.1 BALTBEREIS A LA
PR v R AL TR A R VS R T rE MR A 45 S o, i B AL VR A W R R rh e B A ) 28 R,
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SYIET 12 FE 25 JE IS ERL 4 T8 7 Bl RAEL 4 J8 4 Fh SRR 2 JE 2 B SRR 2 B 2 Fl, BEAH4 R 4
MRS B 3 A HEN LSRR AR AR RTRE R ARRE AR IERL, 45 1 8 1R T A AR A A )
MG 439 Bt ISR PEIR AR BE I, P mh - R A BT R AL T A At 2 A
e, AR B BER AL TR IR A i 5 AR T P B AN BB AL VR 7, 00 TR BB AL R PR 388 £ 2 ANl HL T
AR AR AR A, R BT AR AR AR A DR R A5 AT, e 5 B P A R e — e R e iR v

AR BB AL TR B R e v K o AR S 2T T E a 8

a

SRR I LR T8 A BT VO3 1) ) 2 25 R 10 o e e e e
G R TR RO T TR g | .
PIRRECR I T R R s el 28 = .
17% 1 IH50 75% BRI, PEmEs s R TE 3B = B B
R, ORRETE AL R MBS SRR £ 5%, R §§“~ 7 SR
e 7 TR 3 R o | R 2K o R R K 3 £2 0l ) 7=
FEAS AL AT B R R SR A I o %

TETA AR R0/ (3 [ | VR A AR A R 7 v 11 PV W MW s B
BB AR AR B0 T R 5 1 B SR AL VB PR AL B1 ks s SERNHDERTLHE

ﬁ% '4:‘ , % 9'J_\' Jé]%_ %— )E Jﬁiﬂ {75 EE )FE % 7|< i%“ E *ﬂ EJTE%“ $ Fig. 1 The dynamic of the functional group assemblage of
(T B TR b T P R R gy reTecoPes
T B A 5 0. 252, {F 2 5 A VA VAR 1L, 3L
FEERAL T 50% MR, T AS YIRS S ZR 53 ( Potentilla anserina) T ZE(E LT+ 0,256, 5 2 FrEs B e 24
R T B S AL TE— R AR T R B A B M 7 MO B A R B2 (35 3)
2.2.2 BALIBERBEEHIIE

I T TR VA 5 AL AV R MU 28 50 B V8 15 e 6 R AR L e R B IR (4 | e AR )
5 LA TR PR TV R 5 R4 — 3B AV R R TR 1 0 RO i T L o 25 V7 038 A 7 2% 5 0
ST 1 RO TR IEE 3 A Al 15 LA VR P 2 N VAR 3R 4 5 v 3 A T8 938 2 i A )
VARG , 22 00 L STV £ LA S A B R BT 0 B 5 Ay R BT 3 /INBR B R T B0 | R 7%
SR B, ST 5, VA AR I | LR AT (DL M2 T 5, 0 W B i i PO 2,
TEV SRR TR AIT , REV M TR, DTG SRR S R R B WO 0 T 3 14 70 58 R e T 7 3 5 o
B EA R AR (F£4),
2.3 FHERALEAHHT
2.3.1 KRR PSR B + ey B s (LT

U 4 K P RV L M P T B 2 — | SRR TR R R SR TR L M K R R 26, 1F 80% —90% 22
i, BETR PSR AL TR RN, A K R R T e, PR R AL TR 2 R SR AL TR B KR A 28% o JRAL A
B AL VATR I, A KR TE R AT KT, LR TR R AL R B A B A W R K | I 7E 60% 4247 . SRR TR R Al
AR AL TR TR 2 I 222 10 K 22 B/, T Ak PR B e TR O TR P R 2 A K R T L BT
HIREOKER, T A 5 2+ RS PR MoK S TRNAE . AR R AL TR S K R
WY, B AL TR 1 K S RO N N B K

S TA R A KRB ZSAS L AU H AL TR P A R LB A I A At G VR A
B AL TR PR+ A TR 76 0. Sg/em’® 2o, T RAL TR 5 0 1 A A VA A L 0 1 2 1 T
JE IR T M . 5 B K RS AR AL R T R AV 2 ) A TN, 3
1E£0.7—0. 8g/cm’ LI . BB ILIFRNER HRAERK TEEE 2SN, KB EHFERE H A E
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PN TAER)ZE o B R B R AR PR B DI E LR/ 0. 2g/em® AT,

®3 FEIR

WEBRFHEEMHEYMEARREEEE

Table 3 Species composition and their importance values along the degradation gradient

IBALTH Y Pl 2

KT 0 F Importance values of species in degraded swamps
Hydro-ecotypes Plant species Family
PW LW MW SW EW
TBAAEY) KEE B Carex muliensis PWEEL Cyp. 0.202 0.040 0.027
Helophyte BRE C. meyeriana VR Cyp. 0.518 0.252 0.135
B C. tristachya PEERL Cyp. 0.243
T Eriophorum latifolium IEEL Cyp. 0.066
#JT Cicuta virosa IEFE Umb. 0.196 0.026
VT Sium suave AIERE Umb. 0.009 0.022 0.025 0.036
BB Caltha palustris EHA Ran. 0.034 0.065 0.024 0.044 0.069
IKARME Equisetum heleocharis AWFE Equ. 0.068
BEIS 5458 Pedicularis longiflora ZSF Ser. 0.033
A AL BB Blysmus sinocompressus VEEL Cyp. 0.036 0.020 0.173
Hygrophyte J% 2% ¥ Koeleria tibetica WHE Cyp. 0.259
W K. myosuroides VEEL Cyp. 0.167
YA W Gentianopsis paludosa TR} Gen. 0.035
A A INEAEHIAT Sanguisorba parviflora PR} Ros. 0.071 0.011 0.027
Mesophyte FHLZe 0% 38 Potentilla anserina Wt Fl Ros. 0.256 0.251 0.167
0% Adenophora tetraphylla TEAERL Cam. 0.029
TR Agrostis matsumurae KRAE} Poa. 0.042 0.090
(H¥B) B K. cristata ARAE} Poa. 0.051 0.074
PR Elymus dahuricus RAF} Poa. 0.031 0.058
KK Deschampsia caespitosa ARAFE} Poa. 0.065 0.045 0.180
ZERTEL Planta goasiatica ZEHiF Pla. 0.022 0.026 0.006
RIELE Anemone cathayensis BHEE Ran. 0.029 0.028
G FEAE Trollius chinensis EEF} Ran. 0.013 0.011
EEER Ranunculu stanguticus EHER Ran. 0.068 0.091 0.129 0.119
T3k Cremanthodium 2%t Com. . 0.045
LB Aster tataricus ZE Com. . 0.029
KRG Leontopodium alpinum 3 F Com. . 0.022 0.032
WS Oxytropis falcata HE Leg. 0.031 0.028
IKAPAERIA THAAHAY helophyte 0.929 0. 506 0.364 0.231 0.105
Hydro-ecotype 12 EHEY hygrophyte 0 0.426 0.036 0.055 0.173
rh A ) mesophyte 0.071 0. 068 0.6 0.714 0.724
x4 BEFRULFT LEEBEUERE

Table 4 The similarity of communities in degradation succession processes

TRVERLBE B Degradation gradient of swamp

PW LW MW SW EW
PW 1.000 0.050 0.455 0.365 0.100
LW 1.000 0.372 0.285 0.183
MW 1.000 0.887 0.696
SW 1.000 0.737
EW 1.000

AR AR TA P TR A AL B Sh A5 A A ML 1 B P ie 3 %EE%?’&%E‘JiE&%%E‘LF@TE%
RO RIZLHEN 7. 6% U IRTREE , BREEIRILIREE B A ALBRE L sUaTH
BEBAGTRPE S 6% Ziti %TE&E%?E?%ﬁﬁﬂl%iéfgﬁ:ﬂt?ééﬂflﬁ%?ﬁﬂ?E‘i%%ii%%ﬁ ERIURTERE e st 31 TR SR
FAEFKZ B EP BZ YR R AT RE R S EALBE SRR . BRI S h R AR i A
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Fig. 2 The dynamic of the soil physical characteristics along the degradation gradient
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Fig. 3 The dynamic of the soil nutrient content along the degradation gradient
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Fra R, 7E 0—30cm P, A4 ik i - 405 1A R B I i iR AIG , 7F 30em AR E KOV, IRILFREE R
FUEE TR A A R R R AR AR 22 SRR, T R IR AR TR R S R SR RS B i R e A 10—
30cm Ab ik F e/ ME, AU 0.9% |, 1E 50—80em Ab I T332 +HEK | it HLwg & T 322 H 18 58 ik
FERATEPE R I T R s o 8 BRI IR R BR IR A K, 290 1% W BE R AR TR R R IR 298 0. 7% ., Bl
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AR BRI VR B A o AR BRE IR LR IS S R 0. 4g/ke A1, HE R IR AL TR FE )
TR EEIE 0.6 o/keg Z£fh . TEIRMMEFE AWM S & 2B S8 RN S AR EA KR, 7
2g/kg ZiA A, B RIRR IR AL TR PR A A 5 B P BT, Hodh B AR ALV 0—100m 13 4
FHTE 17g/kg 7247 ,10—50cm P 348 & il el EFh, 7F 30—S50cm 4bik 3 25¢/kg 2247 ,50em LU T LR $F
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Fig. 4 Vertical changes of nutrient content in the soil profile of degraded swamps
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x5 BUBFRERSMHEEREXNRMEIERERE

Table 5 Eigenvalues of three components and the percentage variance of environmental indices explained by the components

F 43 Components LMY Eigenvalue figBehE Variance/ % BB Cumulative/%
1 9.65 50.77 50.77
2 5.80 30.50 81.27
3 3.18 16.72 97.99

®6 MREHREINELEHFHHOBEXRY

Table 6 Correlation coefficients of PCA ordination axes with environmental indices

B RGMSY HEAs F34 Components
Ecosystem components Environmental variables 1 2 3
FEHE Vegetation Shannon ZFEHEFEEL 0.93 -0.16 0.30
Simpsons P # %L -0.89 0.02 -0.39
TR AN A -0.91 0.01 -0.41
TR A=A A -0.21 -0.01 0.98
e AR A 0.99 -0.05 -0.08
JKAK Water KR EE 0.49 0.86 0.04
KRR 0.66 0.63 0.41
TR L 0.76 0.53 0.37
KA pH K -0.06 -0.76 0.48
TR EE 0.13 0.97 -0.20
TR B e PR L 0.14 0.97 -0.21
KR fL 0.59 0.79 0.17
TR L -0.47 0.53 -0.69
+-3E Soil TIESIRER -0.89 0.26 0.37
+HeAE 0.86 -0.30 -0.39
TIEEE AL -0.88 0.12 0.46
THELH -0.83 0.43 0.31
3L 0.96 -0.13 -0.21
s R 0.57 -0.80 -0.18
2.4.2 iR1LIEEE PCA NF5E 100 - HCOs
3 PCA J3H7 46 10 A~k A5 A -+ 7L i osof ey
k3 A 4B, A5 B4 50. 8% 30, 5% i e T " v
16.7% WHHSHR( ., HE S JE T PCA 3 A 40 T4 watsreonant 0|
2 TR (1) | DI G x _y
< -100hellV  —0.50 0.50 1060
PCs=0.5077PC1+0.3050PC2+0. 1672PC3 (1) 020 - H - TPsoil
PP ATV A A bR B, i B2 o ey
OR R BRI R IR VA PR . BFEss W /R 5 85 Bl TKsoil
Jir s b TR A A B AR AR TR PR AR I R T 41 L R TR AR -100L o

BERLIRFE L5 N T o0 H (PCs) &2 LT %, Ho,
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Fig. 5 PCA ordination diagram of environmental indices
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