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Species composition and soil gradient analysis of plant communities in the

waterside zone of Changzhi National Urban Wetlands Park

WU Xiaogang* , YANG Xiuyun®, BIAN Jun®, ZHU Ye’, CAO Ye’
1 College of Urban and Rural Construction, Shanxi Agricultural University, Taigu 030801, China
2 College of Forestry, Shanxi Agricultural University, Taigu 030801, China

Abstract; Wetlands provide many important ecosystem services to human society. Thus, urban wetland park construction
aiming at a simultaneous increase in nutrient retention and species diversity in urban area has recently become applied as a
compensation measure for past disorder exploitation and activities. A lack of information on ecological function and process
of wetlands, especially mechanism of plant diversity maintain, has restricted development of wetland park in urban. To fill
this information gap, soil characteristics were correlated with plant species diversity in Changzhi Urban Wetland Park,
located in southeast Shanxi, China. The occurrence and distribution of herbaceous plants were investigated on 225 plots
along 15 transects in the waterside zone . The occurrence and distribution of herbaceous plants were investigated on 225
plots along 15 transects in the waterside zone . The relationship between the distribution and abundance of herbaceous
species and environmental gradients was analyzed using the canonical correspondence analysis ( CCA) ordination method.
Forward selection and Monte Carlo permutation test were used to select the factors significantly determine the herbaceous

plant distribution. Partial CCA (PCCA) was also performed to partition the variance that was explainable by factors studied.
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There are 20 species were observed in the studying area, belonging to 13 families and 20 genus, and most of them are
hygrophytes and mesophytes. In order of the important value (1V), the dominant species are Phragmites, Typha, Poa,
Scripus and Xanthium. Increasing trends in species richness, Shannon-Weiner information, Simposon Index and Pielou
uniformity with increasing distance from water were observed. Overall the community showed low species diversity. Forward
selection and Monte Carlo test suggested that soil nitrogen and soil moisture were the most important factors determining
plant distribution. PCCA revealed that soil nitrogen and soil moisture explained 1.7% and 1.4% of variance in the
distribution of herbaceous plants. However, the fact that majority of the variance was unaccounted for by the factors studied
suggests that other factors we did not measure could play a vital role in determining the occurrence and distribution of
herbaceous plants in the waterside zone, e.g., interspecific competition, water level fluctuation, human activities and

random events.

Key Words: species diversity; soil moisture; soil nitrogen content; CCA ; vegetation-site relationship
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F1 KREMAERRXEWEEFHE
Table 1 Characteristic of plant community in the waterside zone

Ko A A DT RERE

%ﬂ ﬂl%‘ Water ecological HEH R 5
Species Family & genus groups Important value Frequency/ %
47 2€ Nymphoides peltatum (Gmel.) O. Kuntze FARE R A KA 0.55 0.67
254k Sagitiar trifolia Linn TSR LR KA 1.98 3.33
7% Lemna minro L. AR R P/ 4.43 6.67
F il Typha orientalis Presl. Fil R R kA 16.81 28.67
WAEAE R Paspallum paspaloides (Michx.) Scribn RAREHE i 4.50 6.67
Ji FFRERE Scirpus planiculmis Fr.Schmidt ThEURL R B 13.47 20.67
1525 Phragmites australis (Cav.) Trin. ex Steud ARAR I EE A 65.32 72.00
KWEE 1 Medicago lupulina L. SRETE R A 1.08 2.00
AW 5 Hemarthria altissima (Poir.) Stapf et C.E. Hubb. ARABHER)E W 3.96 5.33
FRIEIM-3E Polygonum lapathifolium 1.. LR R A 3.78 6.67
HIMRK Poa annual L. RAFHRARE A 14.73 20.00
INAE YRS FE Bidens parviflora Willd. BERF UL RE ) A 0.71 1.33
TEMILI T Salix babylonica 1. MR R Liles 1.63 2.67
WIRZEBSE Potentilla supine L. TR R SRR HhA: 3.43 6.00
K3 Erigeron acer L. HRLRER g 4.49 6.67
EH: Xanthium sibiricum Patrin ex Widder SRR i 11.74 18.00
WS Ineris polycephala Cass. R R FpE 0.45 0.67
KZER Plantago major L. HRRHETT R Brg 1.11 2.00
B 2%4F Cuscuta chinensis Lam. TEAERHE 2 TR R 1.62 2.00
PEHL Tribulus terrester 1. % ZRE S R 1.53 2.00

x2 HEWBHEEEEHAES R

Table 2 Vegetation condition of the sampling sites

KGR BE L&

Water gradient Species & important value

KX NW P 80.40 il 17.13 T 11.29 JrFFRERL 9.10 KR 7.25
KX MW P2 69.62 il 20.12 HAK 14.74 JRFFREE 11.43 TH 10.63
LK X FW P 44.40 BH25.1 AR 22.22 Jr FFRER 20.58 WA 11.78

NW, near to water, ¥ 7K X ; MW, middle to water, FF7K X ; FW , far to water , ZE7K [X.

KRR R AR B RS B UL IR 1, 4 > ZREEFE B8 2 I BE - 498 5 7K B [ 4 0 7= 1)
ST K XOF AR 7K XA B B 7% 7 Shannon-Wiener *Eiﬁ\Simpson EELL S *Eﬁigﬁ%ffﬁ:]:ﬁ7klz(P<
0. 05, MK X AKX 22 TN 2, K XA RS Pielou D35 48 Hm I8 Fam /K X, T rfoK X5 7 2
KIZERARE,

2.2 {EHh N b 4 g AR AL

I 38 T T A el AN [ DX A WL Rl e S i R I R A A (3R 3) . BRI, KX
K XCFIE K X A 458 2 K B4 R 57.58% 51.60% 1 40.31% , 3T 7K X 438 &7k & 38 v Tam /K X, 1 ok X
FIEE KRS AKX AKX 25 AR, 5 pH EHAZELIEE A 7.54—8.05, KB 2R R 0%,
IKATHRREE b A LR | 2 R SR B S B K A3 B R R R R A I K X A LT R
o ERER TIEKIX(P<0.05) ,MiH KX SHEA PR 2R L& 5K XIS KX 225 A g, H3E
B A R TUA R FRIA] K X R 5 i (0.66 ¢/kg) B2 T H17KIX (0.50 g/kg) FHIE K X
(0.46 g/kg) , FIKIX Him/K X TCH] i 25 57
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2.3 RN 5 IR IR T 1 IR 35

TR R G A S S IR T2 B ki
IR RHORCHE i th O (R G A e 30 [ B
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4 TEAEE A F Akt #2H , Monte Carol B4k 5 i /n (Y 20 L Eg Eg
A B S K AR R K 4 T i
B 1.7%(F=2.5,P=0.01) .1.4% (F=2.1,P=0.03) /Y 15 F : ;55
WIS A 25 5, 5 — R (P = C . B
0.044) B — M &I MR MBI RN [ 4 2T HE
SRR 56.45% Horl E RS RIITICE R 28. 4%, | 2 T T Eﬁg ;g;
EHEK R TR 23.4% , — HAC TR0 TR H e é%i =
H4.75%., o LB s ZI=Hlz 7=
E—20 2588 MR RS B RN 7K R AN [R) ) ol o A R 2 R S ’
FRI S, o BT HE 3 i e — 4 P P AR i e 15 Species diversity ndex
RS EAUK &R0 2 8 BIH RS t-value BUT B 1 KSR E MBS R S MRS

T AL SR om 0k KBS BRI S gy peo.0s o o5t o B0 S0 2 o)
PRIGEIA 1Ay LA O 5C 28 5 20 €0 I I e /i 2 35 IE A G

(P<0.01) , i (0 X IRER/R B35 ARG (P<0.01) o 50K, P 0 5 13K o & 8 35 IR ARG, i i &
J3E B SR o3 ik TR I 5 S RS I S AT R S K A R RGP E AN R XU AR A
B PSS K R B RO AR R R 3 g R OK S R AU S EAR B3 R IEA
SRREE I i PR AN HR BN 1 IEAHSG , Al R A it R B 35 (AR OCG . X R K 0 & A S
AT I3 BB R 34T, 25 R A R B S X O3 A 2 5 SRR 5353 D 32.1% (P =0.01) A1 25.5%
(P=0.042).,

R3 ASBELTEANR K. B ASER pH ESHHE

Table 3 Soil organic carbon, nitrogen, phosphorus, salinity and pH along water gradient

KA Water gradient V{j;V/JC(/%r ?ﬁﬁfirg“ TN/ig/Lkg) TP/%f/!%kg) E)lzl/ﬁi EC/EF(l iim)
KX NW 57.58+6.20a 7.82+0.23a 1.04+0.14b 0.66+0.01a 5.85+0.1.30b 0.33+0.03 b
KX MW 51.60+4.30ab 7.87+0.20a 1.15+0.09ab 0.50+0.08b 6.04+0.1.32h 0.35+0.03 b
KX FW 40.31%3.20b 7.91£0.14a 1.27£0.09a 0.46+0.07b 8.37+2.53a 0.45+0.09 a
J&K Total 50.40+8.87 7.87+0.19 1.23+0.27 0.50+0.13 6.68+1.75 0.36=0.11

SOC: +3EAHLEK soil organic carbon; TN: 4% total nitrogen; TP : 48§ total phosphorus; EC; Hi 53 electrical conductivity; VWC; + 3 &K
soil water content; J{EJF ANF]/ING FEBE I Fm R IRIK 8 _E - HER F7E P<0.05 /K- F 22 530 W 2%

3 e

CCA HEFF B b s 1AMV 20 A 5 RN TR C R (R 4, 2) e s SRR, e AR 7
T BRI DA T 0 A T BRI N 7, R TR R K, B DS 4 D 3 (B A Rl R 2
KA AL, HY R B A ER R R —E 255 (K 1) o BEZ W B K X, 3K 5 i
BT R SRS AR OR A A AR A (HOC BN T 8, P A b U ey A3l | 79 9 25 15 B BUK IR BT AR
ARl B R H AR AT R SRR AR B A R B A [RLIRE BA b  fI$ BE  AE  AE R
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fE( 32 2) , IR AR AE 398 5 /K i H A g 104 XAk ~F AR 340 B %) e A bl T A 48 5 K A I DX S L I 34
B T, R B MK X 7.25 TR OK XA 14.74 5K X ) ik 22,22 378 /BB L 1 A A
PRI /NEETE . IR 5B (Pielou F8500) AR fb i Bt 78 70 S et LA 35 S g Rl () SRR RV T S5 5 2
AR AT FEAE AN, A TR X KA s B Sy EL A — 2 22 54| KA Ik sl 0o il ol 4 G A e - L
B EEAER KO SR S B YR EEERAR T B K A K I T2 A0 P 58 % T VR
FEYIRE T4 SR A By, Pl B Ja BUAS IR 5 3 S K B s K A E s IR R 2 —, BHAES R
GEXFIRA S A R N 2 Bl A 1Y, 5T XK SO S AR A0 X i VA 4 19 2h 25 A8 A TT B AT 3R i s2 i, FL 52 i)
TR EE DA KOG A ) 22 WA AR R B2 SR s 1) 38 S, A g Tl — 2B AR5

F4 BENNHH(CCA)HEFLE

Table 4 Results by canonical correspondence analysis ( CCA) ordination

S AE{E Statistic fEFER 1 Axis 1 HEFSH 2 Axis 2 FEFFSH 3 Axis 3 Pl 4 Axis 4
FHEAR(E Eigenvalue 0.0802 0.0619 0.08129 0.7139
PR B AR ) BIT# R Explained variation ( cumulative) 1.74 3.08 20.70 36.18
Py Fh-8E 2 R 1) BIT# R Explained fitted variation ( cumulative) 56.45 100.00
B I 2 R H—7l, pseudo-F=4.1, P=0.044;
Permutation Test Results: T 4 Al pseudo-F=1.5, P=0.03
BT 5 HE i A G TS KE VWC 0.2419 0.1994 -0.0471 -0.0609

2% TN 0.3046 -0.1646 0.0690 0.0606

4T TP -0.1005 -0.0768 0.1195 -0.0243

A Bl SOC 0.1295 0.0622 0.0409 0.0573

R I8 pH -0.0954 -0.1236 -0.1996 -0.0170

5K EC 0.1542 0.1644 0.0172 0.1290

2.0 Scirpus, 20
Phragmit Ph,
Polygonu & Polygonu
ppa pha
emna
Xanthiym Xanthiym
aspalluNitrogen as, ftrogen
oa emarthr oa emarthr
Potentil . Potenttil .
Erigeron Erigeron
-1.0 1.0
-0.6 0.8 -0.6 0.8

2 YIM-IREE BB XY R 4> AT Y £-value T B

Fig.2 t-value biplot interpretation between species and environmental factors based on canonical correspondence analysis

5 CCA Z3 M PRI N 5 itk i R v, e B N S — D HE AR [ 5 (P=0.008) (£ 4) , K W]+
Ao Tﬁﬁﬂtl:ﬁ%ﬁgéﬁﬁqj ﬁ&iﬁ@kﬁa%ﬁﬁﬁ%%ﬁfﬁﬁo R/ RN T PN RITAL i
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W BRI 1) i LA K R 2 A s e 1 B G AR v PN Hon 2 8 5 L AU & B IR ARG T
i AR S0 22 B 5 05 6 3 00ME OC  ELA M 7K 437 SR ARr M 1 4 ok - 49 R0 3R 0 s SR A B I
PEE SRR | 3K 5 LS A 8] 5 4 o AN ) 98 e 4 A K B AN R R B R i Y S 3G I AR
PREE Y 0 i SR BRI 1 A ) A AR B, AT el 2R ) 2 e 1 R AR
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