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Process analysis and evaluation of wetlands degradation based on PCA in the

lakeside of Napahai, Northwest Yunnan Plateau
SHANG Wen, YANG Yongxing* , HAN Dayong

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: Napahai wetland is a unique and seasonal marsh wetland located in the middle of Hengduan Mountains,
northwestern Yunnan Plateau. In the recent decades, it has been seriously degraded under human disturbances, mainly
including drainage and overgrazing. In the present paper, two kinds of typical degradation transects were established to
evaluate the synergistic impacts of overgrazing stress and water regime and the single impacts of overgrazing stress in the
lakeside of Napahai. The two transects were further classified into four degradation gradients, including primary wetland
(PW), lightly degraded wetland ( LW ), moderately degraded wetland ( MW ) and severely degraded wetland (SW).
Cluster analysis and principal component analysis (PCA) were conducted to explore the process and mechanism of wetland
degradation as well as to evaluate the degree of wetland degradation quantitatively at system level of “vegetation-water-soil”.
The results were as follows: the numbers of plant families, genera and species as well as species diversity and richness all
increased gradually from PW to SW, whereas species evenness remained stable. The plant community succession is in the
direction of aquatic plant community — swamp plant community — swamp meadow plant community — meadow plant
community. Correspondingly, the community changed towards more complicated structure characterized by the decreasing of
helophyte and increasing of hygrophyte and mesophyte. Overgrazing stress changed the inherent mode of plant community

succession and accelerated the degraded stage of “swamp meadow community” to some extent, although the direction of
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succession had not changed. The degradation characteristics of water properties varied in different disturbance type, the
water indices of salinity, total alkalinity, total hardness, total nitrogen, ammonia nitrogen, nitrate nitrogen and total
phosphorus all increased along the GD gradients, whereas decreased along the GAD gradients, depending on the water
regime. Therefore, hydrologic alteration had a significant effect on wetland water properties. The changes of wetland soil
properties were similar in the two disturbances. Among them, the contents of organic matter, total nitrogen and available
nitrogen decreased, total phosphorous and total potassium (K) increased, whereas the available phosphorous and available
potassium (K) showed no obvious changes. The vertical distribution for each nutrient content in the soil profiles of
degraded wetlands varied greatly. Soil total phosphorous, available phosphorous and available potassium ( K) decreased
along the soil depth gradients. It showed that soil nitrogen content was the most obvious characteristics of wetlands
degradation. In order to identify the driven factors of wetlands degradation under the multi-factorial stresses, PCA was
employed to synthesize the degradation information from multiple aspects as discussed in this paper. Thirty indices based on
vegetation, water and soil were simplified into three principal components by PCA , explained 54.8% , 29.1% and 15.9%
of the total variance, respectively. PCA results indicated that plant community was the most representative of wetlands
degradation, and the soil structures and nutrient contents changed significantly along the degradation gradients of lakeside
wetlands, Napahai. By contrast, the contributions made by water nutritional contents were lowest compared with vegetation
and soil for wetlands degradation. Based on the three principle components derived from PCA, a multiple linear regression
model, PC = 0.548 x PCI + 0.291 x PC2 + 0.159 x PC3, was conducted to calculate the scores for each degradation

stage, which could be taken to evaluate the wetlands degradation.
Key Words: degradation; process; PCA; evaluation; Napahai wetlands
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Table 1 Quantification analysis of the degraded indices in lakeside wetlands, Napahai

TEH 2L TUR AL Tt fi e URTEEE {0 T A i fE
Community type Value Microtopography Value Stress of disturbance Value
IKAEAE YR 1 ZYWR 1 Ttk 0
BRI 2 WEE 2 S 10
MRS 3 WAL 3
LAY 4 AT 4

AT BER 5

TR AR A IO e b S50 Xk & 5 e R R (R 5 T e s B TR B XTI 0 3 10, ARUR AR TG 74 J A it 390 A 2 SR A £ AR 138 bR Ak

i
b

RIS EE R INE 2, —J7 N T ORIES &40
IR S DA TR A R IR AL 7R 57— 5 2R IE 53
I 45 2 2 AR 22 S I | I Pl e B RR, R 5 A o L
10, FTLAKE 11 BRS04 2155 1 A SRR 2,
8;% 2 AL HFEA 3.4 9,50 3 AL HHEA5.6.10 .11,
B4 HASHA T, RIS E R RS AR
FRESERAE B 2 AR S 11 NEE S 200 4 AN Bk

25

I{X EG 25 Euclidean distance
S
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

JERAERH(PW) FREERAL(LW) (TP EERAL(MW) |

BEERIL(SW) (%2). ol = T

2.2 R BORRRIE A . L= _‘
HIrgeit s, GAD IRALHE B FAE Y RE 5 40 2 8 3 4 95 115 101 7

B MM 24 B HUR 14 FE 22 R, U L s

(Cyperaceae) 4 J& 4 F | E L F} ( Ranunculaceae ) 3 J& 3 B2 SifigsRERUERREIN

ﬂ‘ \%ﬂ'( P Oly gonacea e)l E 3 ﬁ‘\ —/‘lﬁ%ﬂ'( Umbellifera e) Fig. 2 Hierarchical cluster analysis of degraded samples in
) E ) *':F\ ;ﬁ Z'K ‘ﬁi’ (Poaceae) 5 E ) ﬁl:“ % % $4 lakeside wetlands, Napahai
(Rosaceae)2 J& 2 1, Ho'& b+ F4EFl ( Brassicaceae ) |
ZER R ( Plantaginaceae ) AT/ BB} (Juncaceae ) | B2 F} ( Menyanthaceae ) . % 5 £l ( Scrophulariaceae ) | J§ JE B}
( Lamiaceae ) \JEAHE} ( Gentianaceae ) | HR T2 B} ( Potamogetonaceae ) 45 1 J& 1 Fi, GD iBALBH B A Py ik 75 3t
i G Z At 26 b SRIE 15 Bl 25 B, Hrh W HR 4 B4 F B RS B 5 A 23R Compositae )2 J& 3 A X
S8 2 J& 2 Fp BOIEAEEL (Papilionaceae ) 2 J& 2 F, g b+ R ERTRF KK AL ( Euphorbiaceae ) (AT /0>
*4\5‘%2'&%4\31%5%"’( Sparganiaceae) \%%$4\¢%$4\$3”+7§§$’I’( Hippuridaceae) \ﬂﬁ%ﬂ*% 1 E‘ 1 ﬁ"o

GAD 1 GD 1B ALBEEE EARYIARL B FhE H B i, v o BE TR 1) (R 28 v A e v TR | ARV 4
RETK i B g g . BER AL, Z AP EOm Y Fh £ [ X R B B g e, B GD 1IBALERE I
LW HE B AR AR 2 i AR, 2 B LW B R 2 REVE RS A 3N, Z FEPEIR BRI A 2w EEHEY R PW<
MW <LW<SW, P BALBEIE 125 BEAR B SR A K AR F g 0.6—0.9 (181 3) ,

IRAARRE I oK AR vl Hh R VB AR AR AR AR A ) T L B s b A M) s 22 o VR
7k, SW T AR R FE S AR SUBCE 1 LU BBAEERS , GAD Al GD 3X— LUl 53 5135 46. 7% Rl 61.1% (B 4) .

http ; //www. ecologica. cn



4780 JAE = 33 4%

F2  GNIRIEHIRIE M IR LA IR

Table 2 Environment characteristics of the degraded samples in lakeside wetlands, Napahai
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Fig.3 Plant species diversity along the degraded gradients of lakeside wetlands, Napahai
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Fig.4 Plant hydro-ecotypes along the degraded gradients of lakeside wetlands, Napahai
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Fig.5 Changes of plant biomass along the degraded gradients of lakeside wetlands, Napahai
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Sa. W LE Salinity; Ha. JM B Total hardness; Al; JSFHEE Total alkalinity

bR, SRS (0. 762mg/L) MLt H i VISR BB bR E (& 7)

BEIR LN, GAD 7K 1A N/P S5 FREE b oH#ass N PW 19 8.5:1 TSI 4. 6:1, 857 SW X34 %]
12.3:1, GD F N/P ZEAblRBEAR K FaELE 1.4:1—1.9:1 {HAET GAD(® 7). XFEL AT, GAD (/KA B &
¥ T GD, 33 GAD B B LKA N/P i & T GD, 3 32 K IR A 45 7 X 22 S5 2 BOK i A8 fb
i,

20 1 GAD ——TP ]  GD 1 0.12 I —+—GAD
1.8 | —<—IN .
~ ——NHN | 1 0.10
5 L6t —=—NON r a
il[;ég, 1.4 I {0.08 é"
M‘g L2 ¢ i ]lﬁ\ﬁ &
mE 10} 1t {006 %% Z
gg 0.8 004 %g
RZ o6t : E
B 047 10 {1002 Z
02 f -
0 0 0
PW LW MW SW

PW Lw MW SW PW LW MW SW

7 MREWEEMBUSE EREE BMEETWL
Fig.7 Changes of water N, P content along the degraded gradients of lakeside wetlands, Napahai
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Fig.8 Changes of soil pH and OM along the degraded gradients of lakeside wetlands, Napahai
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Fig.9 Changes of N, P, K content in the soil vertical profiles along the degraded gradients of lakeside wetlands, Napahai
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Fig.10 Changes of soil C/N and N/P along the degraded gradients of lakeside wetlands, Napahai
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