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Analysis of vegetation and soil degradation characteristics under different human

disturbance in lakeside wetland, Napahai
TANG Mingyan, YANG Yongxing "

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

Abstract: Wetland degradation is the core issue of wetland science field. In lakeside wetland Napahai of northwest Yunnan
Plateau, wetlands degradation was mainly caused by three types of human disturbance, including cutting off water supply,
overgrazing and hogging. Based on the field survey of wetland ecological characteristics and environmental quality, eighteen
degraded wetland plots were set up along the three human disturbance gradients on Napahai wetland area in 2011. The
degradation characteristics of wetland vegetation and soil as well as the associated key ecological factors were investigated in
the present paper. Among the three types human disturbance, the number of wetland plant community diversity, richness,
number of species, Shannon-Wiener index, important value (IV) of helophyte plant and soil characteristics including
organic matter, total nitrogen, available nitrogen, water content and porosity were highest in cutting off water supply,
followed by overgrazing and lowest in hogging, whereas the order was opposite for soil bulk density, total potassium. The
lowest community height was observed in hogging disturbance. The eighteen typical wetland plots were classified into five
types by TWINSPAN, including primary wetland, lightly degraded wetland, moderately degraded wetland, severely
degraded wetland and extremely degraded wetland. Pearson correlation analysis showed that water content was significantly

and negatively correlated to bulk density and organic matter was positively correlated to total nitrogen among these three
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transects. The rest of indexes correlation varied greatly under different human disturbance among transects, which means
human disturbance has seriously changed the soil physicochemical properties, especially hogging. CCA analysis was
employed to test the effect of soil physicochemical factors on IV of plant species, which involved thirty-eight species
variables and eleven soil variables. The correlation coefficient between vegetation characteristics and soil physicochemical
properties was above 0.950, with the first two axis eigenvalue 0.811 and 0.613, respectively. The CCA results showed that
plant community composition of Napahai lakeside degraded wetland was positively correlated to soil water content and
negatively correlated to soil total phosphorus content. The soil degradation index was used to reflect the degree of soil
degradation, with the primary wetland plot as reference. Then soil degradation index was —=7.40% , —14.53% , —45.01% for
cutting off water supply, overgrazing and hogging transects, respectively. This suggests that the soil was seriously degraded
under human disturbance, especially hogging disturbance. Through analyses of TWINSPAN classification, soil degradation
index, the change of plant community characteristic and soil physicochemical properties, degradation of wetland vegetation
and soil in Napahai lakeside wetland were simultaneously dominated by three types disturbance, the order of human
disturbance degree was hogging, overgrazing, cutting off water supply. Soil water content and total phosphorus content were
the driven forces that caused the wetland degradation in Napahai lakeside wetland. Understanding driving factors of wetland
degradation is a key step towards wetland ecosystems restoration and biodiversity conservation. Different intensity and type of
human disturbance have different ecological influences on plant community characteristic, soil physicochemical properties
and their interrelation. Therefore, comparing the effects among different human disturbances on the wetland plant community
characteristics and soil properties can provide a theoretical basis for reasonable utilization and restoration of Napahai

wetland.

Key Words: human disturbance; wetland degradation; soil degradation index ( SDI'); Napahai lakeside wetland;

northwest Yunnan Plateau
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Table 1 Characteristics of the plots in lakeside wetlands, Napahai

I JK3C Rt SR B ATk

Plot Hydrology Soil profile description Human disturbance
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B3, B4 UK #) 15—20 em TR DR 2 e )2 - H 2 AR BE O

BS TKIRZ) 50 em , T HEAA K Y= R = £ = A 23t BT
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Table 2 Classification and grade of degraded lakeside wetlands in Napahai

i B FE RS

Transect Degradation grade Plot No.
JEA i Primary wetland AS

FEH A REFE Light degradation A6

Transect A 13 IR 1L Moderate degradation A2,A3,A4
HE iRk Severe degradation Al

Bt B JEA 1 Primary wetland BS

T v B %Rk Light degradation B3,B4

ransee IR 1L Severe degradation B1,B2
i C IR 1L Severe degradation C1,C3,C5,C6,C7
Transect C iR 1L Extreme degradation C2,C4

3.1.2 AEAHTHETT G S w HAs P 7 4 4 A R IR A2 Al
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( Carex tristachya) FE ( Echinochloa crusgalli) \7K2E ( Polygonum hydropiper) W% ( Menyanthes trifoliate ) F1AT
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BE R 9 5 3E (Potentilla anseriana ) | 20 W5 32 ( Ineris chinensis var. intemdia) . = JR B ( Ranunculus
tanguticus) /INEST D 20T B =42 (Rhizoma scirpi) JKZFNZRET O ( Juncus allioides) 55 23 FPFE Y,
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Fig.1 Quantitative characteristics of vegetation degradation in lakeside wetlands, Napahai
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Table 3 Composition characteristics of water ecological types and plant species diversity in plant communities in lakeside wetlands, Napahai

=TT W LR
FE S IV of water ecological types Plant species diversity indexes
Plots IK A RAY WAFEY) rhAAEY) YFFE R Shannon-Wiener Whittaker $5 %X R
Ap He Hy Me (54> E%&(H') (B,) (S)
Al — 0.11 0.28 0.61 11.67 0.88 0.2 14
A2 0.13 0.64 0.2 0.03 8.67 0.75 0.62 14
A3 0.04 0.56 0.38 0.02 6.33 0.65 0.26 8
A4 0.13 0.72 0.05 0.1 6.5 0.64 0.08 7
A5 1 — — — 3 0.22 0.67 5
A6 0.46 0.54 — — 3 0.4 0.33 4
SEHI{E (mean+SD) 0.35+0.40 0.51+0.23 0.23+0.14 0.19+0.28 6.53+3.35 0.59+0.24 0.36+0.24 8.67+8.67
Bl — 0.3 0.09 0.61 8.33 0.79 0.2 10
B2 — 0.14 0.37 0.49 9.5 0.82 0.37 13
B3 0.27 0.71 0.02 — 5 0.56 0.4 7
B4 0.36 0.64 — — 2 0.28 0 2
BS 1 — — — 3 0.36 0 3
F-H5{H ( mean+SD) 0.54+0.40 0.45+0.27 0.16+0.16 0.55+0.08 5.57+£3.27 0.56+0.24 0.32+0.11 7.00+4.64
C1 — 0.86 0.11 0.03 5 0.51 0.6.0 8
C3 — 0.08 0.56 0.36 6.67 0.73 0.5 10
C5 — 0.51 0.16 0.33 6 0.58 0.5 9
C6 0.29 0.44 0.14 0.13 5.67 0.65 0.59 9
C7 0.06 0.13 0.22 0.59 3 0.21 0.33 4
F-H51{H ( mean+SD) 0.18+0.16 0.40+0.32 0.24+0.18 0.29+0.22 5.27£1.40 0.54+0.20 0.48+0.11 8.00+2.35
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3.2 AFELACH LT 4R ) i et 1 3 A AR AL R AR

BRI SRR A IR B R HEE /KR BERAF N7 2 S 38 a3 (] 2) B A TR B & /KR W]
ET R C, M R A AR A FKCRSE M, UREHY C i, 1 1.0—1.3 g/em’ ZHJ% 353 SkE 1
BB LR AR AL SR X R A 3 pH (E2 A8 T2 BT 3 45k 18 pH SV B33 g
hng s (HAREA% Rl A AR, P REAT A 58 pH 7EAE A AL A2 A3 A4 SEFOFSZ TMTFERE AL AS (A6 A0 &
BTN X SRR AS (A6 HEEFAE R/ NBRSEA G A B MR BN FERE 25 B3 B4 B5 ALBI R IN, FEAl C 3R
PUATERE 5L C6 (CT AW AN , 3X 5% 5 A R S HE Y A A B A G TR EA VLR A2 A&
AR — 2, 3 SRR )0 I R AR BSAEAR C, T T80 & e 3 SRl A it i 54
RAAERSE A ; TIER TS A A T 2R R R A% R 7R B it U BUARMEAR R, T 7EAE
HCorig s MR K R SO B s UM IR AT TE 3 SRR TR B AR S M Hoh IR S R TR
3 SRR I EVMAR R BN ASFEHY BSFEHT C, 17 50 R 50 I sh AH 2 K, HLZE 3 SRRy [l IR JC Bl I 22
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Fig.2 Dynamics of the soil physical and chemical characteristics of lakeside wetlands, Napahai
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3.3 AFEACH LT 4R ) i e i 1 3 B AR AR A OGP AR b

Pearson AHICHE T2, 3 S 45 1 R b 22 A1 AH DG I3 S AH G B 28 SR 8 K, X R AR D& AR 1k 5
NATFIB XA K, W HIEEACRMAE R A FIFET B A4 240 8 2 65 (P<0.01) | M ERERT C
TC B ARG (P>0.05) , FeHA S HE MG + R B TR i B, SN+ S A U ERE A FIAE C
S A B TEAR DG (P<0.01) , TAERETT B R JC 3 AH M (P>0.05) , 3R B 4= - 30O 1398 A& s AR AL
[ S M AR FEAR DGR AR (b b ZEREH A FIREAY B R LB S 5 SR RIN IEAH I, 54T N T
K MAERERT C P ARDCPE BT 58 A I, 12 25 AL IRl FE 3R W) G 4k b ) - Sy M T ) s, DRI, 4 S48 A 1]
AH OGP R DG 38 B 1) A8 Ak, AR I AN [R) 4 77 e s 3 Ve RS (6 4)

R4 TRAATH T8 ER AR T SHERE X ST

Table 4 Pearson correlation analysis for soil indices under different human disturbance in lakeside wetlands, Napahai

AP AK AN TP TK TN oM pH wC BD P
B A AP 1
Transect A AK 0.110 1

AN 0.098 0.731 1

TP 0.596 -0.171 -0.269 1

TK -0.497 -0.816*  -0.370 -0.114 1

N -0.083 0.674 0.948 " —0.559 -0.273 1

OM -0.041 0.823* 0.903*  -0.559 -0.478 0.961** 1

pH -0.174 -0.54 -0.073 -0.226 0.502 0.009 -0.198 1

wC -0.456 0.293 0.254 -0.939**  -0.026 0.534 0.604 -0.087 1

BD 0.516 -0.155 -0.250 0.994 % -0.095 -0.544 -0.549 -0.253 -0.939** 1

P -0.923**  0.051 -0.199 -0.554 0.253 -0.016 0.049 -0.150 0.529 -0.481 1
P B AP 1
Transect B AK 0.095 1

AN 0.977**  0.189 1

TP 0.353 0.820 0.477 1

TK 0.158 -0.497 0.142 0.040 1

N 0.712 -0.030 0.815 0.140 0.186 1

OM 0.451 -0.181 0.468 -0.275 -0.435 0.634 1

pH -0.368 -0.090 -0.484 -0.636 -0.712 -0.59%4 0.241 1

wC -0.525 -0.082 -0.564 -0.615 -0.782 -0.433 0.373 0.907* 1

BD 0.380 -0.025 0.439 0.539 0.854 0.430 -0.400 -0.952%  -0.975** 1

P 0.017 -0.231 -0.142 -0.6355 -0.553 -0.369 0.405 0.906 * 0.710 -0.806 1
R C AP 1
Transect C AK 0.165 1

AN 0.408 0.540 1

TP 0.270 0.643 0.868 * 1

TK 0.159 -0.285 -0.513 -0.655 1

TN 0.247 0.747 0.924**  0.842%  -0.371 1

OM 0.265 0.719 0.914**  0.851*  -0.360 0.998** 1

pH -0.605 -0.210 -0.767*  -0.380 -0.038 -0.670 -0.683 1

wC 0.150 0.914**  0.663 0.646 -0.308 0.820" 0.798*  -0.391 1

BD -0.341 -0.771*  -0.376 -0.219 0.075 -0.495 -0.455 0.393 -0.752 1

P -0.399 -0.691 -0.453 -0.349 -0.033 -0.597 -0.572 0.479 -0.503 0739 1

% P<0.05; ** P<0.01. OM . A #LJ& Organic matter; AN AL A Available nitrogen; TN 4% Total nitrogen; AP AL Available phosphorus; TP, 41 Total
phosphorus; AK BHALH Available potassium; TK: 48 Total potassium WC. 5 7KZ Water content ; BD. % & Bulk density; P ALBRE Porosity
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3.4 gabni I A R T S SRR B DG 2R
Yol 5 E RS CCA HEP Gt 4 R, 5 — | —HEP SRR A (5 205102 0.811 11 0.613 ; b5 1 35
B IR 2 ARG, HARSC R BYTE 0.950 DL L SRIAIAE AR i REAR b i AL v 4 A8 (3R 5) ¢

x5 HRAEHEZHMEDEE CCAHFRITER

Table 5 Summary statistics results for the four CCA ordinations in lakeside wetlands plant communities, Napahai

A5k 551 %l 552 fl %53 554 4 SRR
Variation Axis 1 Axis 2 Axis 3 Axis 4 Total inertia
Y Eigenvalue 0.811 0.613 0.501 0.427 4.319

YRh- PRI S

Species-environment correlations

0.986 0.981 0.961 0.981

P HE iy 1 3 2 S WA (R b ST e 2% P B ARRLE A L KA e v A e PG IR 56 B2 L Ay
A 30 S DR 5 HE R AR S AT AT LR G S HE e AR A S B A, I B PR LR B WA 7 3 A1 A S
MEZENR, NHPACRE , IS ACRRA R S5 — A SRR, R KR S Z RIEM R, RESZ 2
TSS9 50 AR M de K, 2 WA M5 7K S5 1 e 552 B2 W) 290 P T T80 O e A ) AP v b
KA A AT SRR (K 3) .
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Fig.3 CCA biplots between plant species and plots and soil factors in lakeside wetlands, Napahai

Saf; HEHUM ( Sanguisorba filiformis) 3 Chp: BT ( Chamaesium paradoxum) ; Cal; FAAEWEKTE ( Cardamine leucantha) ; Ecc: BLE ( Echinochloa
crusgalli) 5 Pel; BEJ& 555 ( Pedicularis longiflora var. tubiformis) ; Anr; ¥ M§ ( Anemone rivularis) ; Pla; 4§ ( Plantago asiatica) ; Lam; J§JE
#( Lamiaceae sp.) ; Jua: ZURAT 0B ( Juncus allioides) ; Civ: T ¥ ( Cicuta virosa) ; Poa: 4% ZE b5 3 ( Potentilla anseriana) ; Tha: i ¥ 3¢
( Thaspi arvense) ; Dec: &5 ( Deschampsia caespitosa) ; Rat: 5 & B B ( Ranunculus tanguticus) ; Rhs: 2 =1 ( Rhizoma scirpi) ; Hyv: ¥
( Hydrilla verticillata) 5 Bls: %R ( Blysmus sinocompressus) ; Lea: K85 ( Leontopodium alpinum) ; Cra; 5 KF}( Crassulaceae sp.) ; Lat; [
SR (Lancea tibetica) 5 Poc: ¥ MR BK (Poa crymophila) ; Cat: = F8 22 5 ( Carex tristachya) ; Pol: & ( Polygonum sp.); Ell: X K223
( Eleocharis liouana) ; Bab: 7K & W ( Batrachium bungei) ; Ran: & J& ( Ranunculus sp.) ; Cam; K HL 22 % ( Carex muliensis) ; Hiv; ¥ I ¥
( Hippuris vulgaris) ; Scv: /K2 ( Scirpus validus) ; Poh;: 7K3E ( Polygonum hydropiper) ; Met: MESE ( Menyanthes trifoliate) ; Car: 25 #J& ( Carex sp. ) ;
Pos: PU{HFI 2L ( Polygonum sibiricum ) ; Ixc: 4035 3% (Ixeris chinensis var. intemdia ) ; Juar: /NAEXT Oy BE (Juncus articulatus) 3 Ser: % ZF)
(Scrophulariaceae sp.) ; Ral: 7z 4 B H ( Ranunculus longicaulis) ; Pom : 77 IR 3% ( Potamogeton malaianus)

PRI LRI T4 T LS 25 SR A 253 A 22 1l Pl v 25 A 0 o 114 2 ) 588 P o e JHC A - 3
IEEMBIE Lo A1 B0 T HE Py PRSI 107 1), A ) /K o3 AR A R R B W R BB 4 7K B ' ( Batrachium
bungei) K. BESE B = HAF /K AEARY) I3 A 16 50— SR BRAN S P0G BR , 158 ]33k 26 7o 248 B 355 07 55 7 R oy )
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S BN NG S W= SN K LY i< LY/ D TR Y Tt N Mg (W BT [ w2 <Y e 7 e o L 4
DI (18] 3) o FEREVE MG b ISR IR MO S R A R A DU R BR |, 42 BB AL IR A i 2 A e 5 — Y
SRR rh R IR AERE B FR A A S AR, AR R T R MRS T S R RV R D 1) 1
AR LR B 2 i 0, % 45 5 TWINSPAN 22K 25 —5(K 3) ,
3.5 RFELACHTHET Gt i - SR AU B i 1 43

TR AR Bl e Sl 3 SRR IR AR, TER SRR I BEIR AL R BE RGN, - R kAR
BB R B NS AR R ] LA B ARl C RHER R B el S - R LR H5 - 45.01% , FEF A
el SRR B —7.40% , —FAH2E 6 52 2, SO G 41 b S 02N M g ) W o, 9 R AR T R
fb(#%e6).

®6 MAEHREMAEREMETERLERETL

Table 6 Changes of soil degradation index in different degradation stage in lakeside wetlands, Napahai

Bl sty +HERAHEEL Soil degradation index/%
Degradation grade FEHT A Transect A K7 B Transect B 7 C Transect C
12 R 1L Light degradation -0.09 -0.80
th IR fk Moderate degradation -0.20
iRk Severe degradation -7.11 -13.73 -18.15
12 1B Ak Extreme degradation -26.86
S8 HERIEIEEL Total soil degradation index -7.40 -14.53 -45.01
4 itig

4.1 AR T i) g R s ik

Vb L T 0 Y b e R B R S (Bl , 2 Yt W 7 P B2 B AR AR A RS R
— e K A AR AR ) Bl A AR VR O R AR AR R AR AR A SNV A S ) R AL R 2
FEME  TEABI TR HABNE 3 DX (AR D8 LIRSS R SR AEAR R A TR T, X — i B R AR R
AR AT, TE 3 M7 0 Bk R 25 TP K o3 A A5 28 T 4 R LK AR R A=
P B Ry , TP AR A BB A I, AR R R R L B AT B 2 A AR IR A A2 (L EL T 5, R A
EkZ/LERTR: ) | T 1 koA e 7 W B e e st R (=R L R (i i 7 228 - 7 S BRI R AL = N s 1 D)
FIUANEIA : WK IR 25 PEAE i A AR ST PR 22 A7 A — 2 FE B BUK X, 2R ROK 2 A AR 73
ISR , DAL, PSRRI K A TR AR R 38 2 (B LR TR R A i) DX, BEATT A S2 R BE /IS 1 AR A2
WA | WTREAE B AE R BERCHC TR VR PR AR 4 A A R R B R i v AR A A 1 £
OMA o SR AH TE A A A R R  RRE i DXI, HCET AR A M AR TR B K AR TR AR IR ZE
KRR, R eI, U B, AR — e R K A TR AR R B SR RE T, S IR A R BE A AR R
KA THARAEBVIRE IS o RIKG , A My T 5 30 e e P S AR T RSB AT — BB A LA, S B A
TN A I A SBACRHIE

IR TEER IR AL JEAE F AR ZRIA N IR IE R FH A A5 2R, v s 0 K 7 ) v 7K 5 30 10 3] 7K A itk
P RSR PR TR A A AR 5, AWK G B A8 S BE RO ik e 45 2605 S i sit 20T A5 A 4%
PR AR HE A FTREE R ISE . TEARFACH T, IR A Yy RF V& W) Fh 2L 258 1) S A Al 5 1) 3, R 3l v
DIRE R ARG L AR 3 RO TR RS R L R A A R R LA BRI K A A A A
AR o ARSCRIAE A < 6T AR T AT A AR 45 A R RE R e B R B2 S T4 (B A A =y 2
JERI A2 B2 S AN R 2 RO B 54 PRSI 40 (CRAR B B9 3 P 3R 58, I s 6 20 i) 1 [ 3
ARSI HA PR AL O™ FRRADIT,
4.2 ARSI A i 4 R LR ik

Tt - AL REAE BRI R TR B0 WA TR T4 05 X R ALt - e i B A P s Ak, R
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