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Distribution patterns of exotic plants in the lakeside area of Dianchi
Lake and its relationship with human activities and native plants
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Abstract: [ Aim] The purpose of this study is to clarify the distribution pattern of exotic plants in the lakeside area of Dianchi and its
main human activity influencing factors, to provide data support for the management of exotic plants in the region, to prevent them from
becoming invasive species, and to better protect the Dianchi ecosystem. [ Method] A combination of sample method and line survey was
used to obtain information on the distribution of exotic plants. The relationships between the abundance and density of exotic plants and the
factors influenced by human activities and native plants were explored by cluster analysis and stepwise regression analysis. [ Result] (1)
The distribution patterns of the richness and density of exotic plants in the lakeside area of Dianchi were basically the same; the richness
of exotic plants was relatively high on the east and north shores, and relatively low on the west and south shores. The variability of exotic
plants in each lakeside wetland park was large, especially the largest differences in the composition of exotic plants between Jinning South
Dianchi National Wetland Park, Gudian Fine Wetland Park, Haidong Wetland Park and other lakeside wetland parks. (2) The size of the
lakeside wetland park was the main factor influencing the abundance and density of exotic plants. (3) The abundance of exotic plants was
positively correlated with the abundance of native plans. (4) The results of the canonical correspondence analysis showed that the three or-
dination axes explained 59.87% of the variation in species composition of exotic plants in the lakeside area of Dianchi. Length of major
roads, traffic density and area of lakeside wetland parks were the main variables determining the spatial distribution pattern of exotic
plants. [ Conclusion] Human activities affected the spatial distribution of exotic plants in the lakeside area of Dianchi. In areas with a high

abundance of native plants, the abundance of exotic plants was also high. While controlling exotic plants, it is also necessary to guard a-
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gainst the risk of increasing exotic plants due to human activities.

Key words: Dianchi Lake; lakeside area; exotic plants; distribution pattern; influencing factors
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Fig.1 Distribution pattern of exotic plants in the lakeside area of Dianchi
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Fig.2 Dendrograms of 16 lakeside wetland parks based on distribution patterns of exotic plants
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Fig.3 Relationship between exotic plants richness and density
and human activity factors in the lakeside area of Dianchi
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EPR: Exotic plants richness; TPEP: The percentage of exotic plants;
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Table 1 Table of the loading matrix of
the 4 principal components

A IDSES
Influence factor F 2 3 4
TR PAR -0.560 0.704 -0.315 0.222
FEIEBKE MRL -0.497  0.647 0.411  0.350
A1 GDP GDPp 0.807 0274 -0.016 0.196
WA OB TNPR 0.824  0.525 0.007 -0.143
JitediE ABL NFT -0.364  0.305 0.758 -0.399
N PLD 0.809  0.505 0.024 -0.099
2% TPD 0.489 -0.481 0.595  0.395
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Table 2 Stepwise regression results of exotic plants abundance and human activity factors

e LIEES3 bk Bl R 2 IR LA F{H  BEMWKFE  RERK
Ttem Regression coefficient Standard error Standardization factor t F Sig. Decision factor
% & Constants 79.375 6.457 12.292 0
F4 23.762 8.947 0.532 2.656 5.516 0.020 0.231
F2 10.872 4.910 0.443 2.214 5.978 0.045 0.399
KR i AMRAEI F B
Dependent variable; Abundance of exotic plants.
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Table 3 Stepwise regression results of exotic plants density and human activity factors
e EIEES bR PRI AL 1 KR {E FE BEFEHERFE  RERK
Item Regression coefficient Standard error Standardization factor t F Sig. Decision factor
i Constants 257.719 55.164 4.672 0
F2 -140.588 41.948 -0.667 -3.351 11.232 0.005 0.406

AR SN RAY) L

Dependent variable: Density of exotic plants.
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Table 4 CCA analysis of the distribution
of exotic plants in the lakeside area of Dianchi
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A3 GDP GDPp -0.1262  -0.3433  -0.0987  0.5363
AT B TNPR 0.3217 -0.4880 -0.3193  0.2309
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S BEE TPD -0.1254  -0.6326  0.1017  0.6043
®
(=]
PAR
o
5 =
@)
TPD PLD
*
S
0.6 0 1.0
CCA 1
B4 EtHERIMSREYS ALFBHETF
B HSE X R 53 T

Fig.4 A paradigmatic correspondence analysis between exotic

plants and human activity factors in the lakeside area of Dianchi
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Fig.5 Relationship between the abundance of exotic
and native plants in the lakeside area of Dianchi
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Ry : Exotic plants richness; Ry : Native plants richness.
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®5 FHMRREYS S HEYESEEMEESIE (R, =aR+b)

Table 5 Linear regression equations for the abundance of exotic and native plants in the lakeside area of Dianchi (R =aRy+b)

X1k Area df R? F I3 ZH a Coefficient a ZH0 b Coefficient b
Sy X3 Total area 1 0.81570 61.983 0 1.63388 10.1400
B4 /% South bank 1 1.00000 2298.097 0.013 1.85120 2.54710
4t North bank 1 0.72423 10.505 0.320 1.60196 13.86184
7R J5¢ East bank 1 0.66445 7.921 0.048 1.41285 19.12813
T4 % West bank 1 0.94889 18.568 0.145 0.80315 -14.12900
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1 LAY AP RAE I BOR AR 1 0L ( Foeman ,2000) .

ABIFFE P A ke K ) 3 18] S A5 4 Jm)y 52 18 0 0
2 el PR B RRE S aE R T RR N I R Y R
R, RIESEAE (2006 ) A, FERL/INRUE BT 4
JIE AC3E 5% B A X AN SR AE W) 43 A A% R A RS R AR S
BOAIE 1 IX WL, 18 B AR e A i AR rh 2 iR e
A AT i AR S SRR R A 3R AT RE
A SRR YRR HE A AR S RS, H
HIRAE ) 1™ 5 A2 B A5 ) (7 s o R AR AL
#K,2009; E1A5E,2015) , ABETEPANRIEY S &
AW ) R R IR AR DG, X 5 i A
(2010) BIBFFELE AL, Al BEZ A ARAR P Y 25 (] 3
AiA% JR A & AR Y — A 52 SRR R 58 A 5 A9 4 4B
SN (245 R 5 VRIS (2016) BIBEFEZE RANTH]
H AR RE AT ST A FEAN[A] , A SE 322 A 4 %
T AT T A AR AR RE R SR A A
S LY Z K R IEAT 0T, Wi A (2014) KB,
T X HH R AR 200 & TR, B i B vk
KNSRI Z , Ik SN2 3 Myriophyllum
aquaticum (Vell.) Verde. X 4K Cyperus involucra-
tus Rottboll A&l 5L Pontederia cordata L.%, 5T
Hh R B TR U DX AP R AR A 3 ) A ELE
TR AYI R L il SHER Verbena bonar-
iensis L. . FKYE Cosmos bipinnatus Cavanilles g‘f:, HIF

PRI ] R 2 T30 9 PV il 1 o R v 22 BE R K BT Ak
BT R A RA Y, J5 B B T NS i 55 1 2l 5g
e oL AR A R e R 2 5O T,
FEAE J B[] PR BT B 1 SRR, I T 3 B0
FARHYIIE 2 (BRLLINAE,2022)

AR 14 336 0 2 e 25 R 0 B 1) A R
AIIHE, v REXTEL M WAV IX A 2SR 85 0 3 BRI AR 25
RGN & BN FIZ A, AR S AR P e
HAL, 5 Rl B AR AR B L5 2 40 K FEAS A
Y, RS E N & SR, BB
NI RSN RATY) o T 52 8 e e 1% 5 e, I A
S48 [0 980 v Y 2 e P O 2 AN B0 /D 5 v 25 E
L[] 80, X6 3t 2 N B A (B 2R 47 4R R 1 1 8 (R
1155 SEBREAFAE — 2 B 22 , 7T B 23 52 WA il T A\ %K
X AN RAE P 9 25 0] S0 AR T 98 45

&% 3k

FRRGHT, XUME, BRRUR, 2021, S de s sk b AfR
HIA 2PN E . A %45k, 30(3): 166-171.
W, ERA, HlZR, 2010. P ESMSRAZEY YR £
FEME R ZS B A A% R B 54 M Z B OCFR. 3 d X

I ARAFER), 32(6): 50-57.

i, WINAR, 2009. = B8 S RAEY)ZS [H] 43 1Ak Jm 5 5
BHTFMALIESIN LR, B R FFR(ALAFR),
31(8): 78-83.

et , JRIG, ZRAEE, 200, E4H, 2204, 2021. Hit
ST P iR B U . iBRAEE | 19(4) ¢ 501-506.

TN, 2018, i £ BN FT AR pH A4 AR B H T AL AL
AR W2 B . s iR

FEPR5E, 2015. NAZALY I 48 B ( Tithonia diversifolia) 7& % /&
B RIRRR TGS AERBR. WE2EAIR . B,
BHR.

E ML R, 2017, EZRMl R C T EE CEZRIR H
IR B LY Y . (2017-12-27) [ 2022-03-01 1.
http; // www. forestry. gov. cn/main/5925/20200414/
090421117941948 . html.

PR, Efh, B ERE, Rme, WBE, Xk, sk, &



- 262 - YRR Journal of Biosafety

F3R2E

FEDE, 2019, L AN RS A K A7 A8 1 (1988—
2015 4F) MERBHIN 7. #ia A5, 31(5) ; 1379-1390.
BURAL, B, HHR, ARER, 2R, 2021, Hb I
DX b 1 2R 2 S B TR W9, 9 d Ak b K & S AR

(BR#AF), 41(1); 78-84.

MRIREL, AR, X8, 2015. TR =% % LB+, B,
= FRHE A

Wil , B, 2019, Ak B AR M E AR AL % BRI,
BB M.

I, EHYEND, WA A, PINET, XBEEHT, 2020. B
TR FIRGGE B ) F & AR SR R L (R . 4
ZAEH, 28(12): 1523-1532.

FRE, A, F£TE, 2017. FESNEAR Y 0284y
Ak e R R . M pAF FR, 35(4) : 513-524.
Frale, Wi, s, 10, 2022, m M E K S
Fel SR e M 1 A S R PE Y. A4 %2 53k, 31(1) .

46-55.

ERF, 2, VEIERE, 5K, tR4E, XK, 2010, HE
MR Z B o3 Ak Jey B 5 IR R RN 2896 3h i
KA. KITRBA RS RS, 19(11) ; 1283-1289.

RRE, Bih, BRESE, 2519, 2006. 1 ESMSE AR YK
Ak R RIS R FMARE LR, Mo A S
FIR, 30(4) : 576-584.

B, BRSA:, BRI, TokAE, TS, 2022, ILITHTRD UG
FRANEARRY M. A4 53R, 31(2) ; 135-140.
WAy, 2014, A E R BB S FHY A LBL T

BER. W50 B BRI

VFPIH, 2508, XmE ) sRIGCE , 25, Pk, 2016. RXIL]
BNEHY G & LAY F & B A s 552 m K 1.
A M AR 24(4) ; 389-398.

Wk, Fafaoe, 2019. JECih I Sk 15 A0 7 s AR AR 5k R
B AFESE® 15(1) . 35-38.

HORLE , Wi, TRalg, Tyr, 2022, AL iR B ARG M
HYINRFE SRR TN, B X F 2R RHF
M), 44(3): 83-92.

rREREBEE WA YT, 1984, =& fr FHH 4 F. L5,
B2t AL

s ERLE R AT, 1976. = d M &, b, Blegl
Mt .

seETEn, Wi, W, BAGE, ERE, 2022, HLAR
Jre T b 2 e el AR ) &/ A ol ) A 25 XU TR ALY . 0 3R Ak ke
#5, 51(2): 113-123, 154.

REE % 2011, 38 243 3% TR AR M BE 2 09 % ve . A2
WX kg ERRE

ADDO B A, 2021. Spatial distribution patterns of benthic mac-

roinvertebrate functional feeding groups in two rivers of the

Olifants River system, South Africa. Journal of Freshwater
Ecology, 36(1): 97-109.

BLACKBURN T M, DELEAN S, PYSEK P, CASSEY P,
2016. On the island biogeography of aliens: a global analysis
of the richness of plant and bird species on oceanic islands.
Global Ecology and Biogeography, 25(7) : 859-868.

DIMITRAKOPOULOS P G, KOUKOULAS S, GALANIDIS A,
DELIPE{TROU P, GOUNARIDIS D, TOULOUMI K, ARI-
ANOUTSOU M, 2017. Factors shaping alien plant species
richness spatial patterns across natura 2000 special areas of
conservation of greece. Science of the Total Environment,
601/602; 461-468.

DODONOV P, HARPER K A, XAVIER R, DALVA M, 2019.
Spatial pattern of invasive and native graminoids in the bra-
zilian cerrado. Plant Ecology, 220(7/8) . 741-756.

FOEMAN R T T, 2000. Estimate of area affected ecologically
by the road system in the United States. Conservation Biolo-
gy, 14(1): 31-35.

GURVICH D E, TECCO P A, DI A Z S, 2005. Plant invasions
in undisturbed ecosystems; the triggering attribute approach.
Journal of Vegetation Science, 16(6) ; 723-728.

MOROZOVA O V, TISHKOV A A, 2021. Alien plant species
in the Russian Arctic: spatial atterns, corridors, and local
invasions. Russian Journal of Biological Invasions, 12(4) .
377-386.

PAN X B, ZHANG J Q, XU H, ZHANG X L, ZHANG W,
SONG H H, ZHU S F, 2015. Spatial similarity in the distri-
bution of invasive alien plants and animals in China. Natural
Hazards, 77(3) : 1751-1764.

PALMER M W, 2006. Scale dependence of native and alien
species richness in North American Floras. Preslia, 78(4) :
427-436.

SCHARTAU A K, MARUASH H L, CHRISTOFFERSEN K S,
BOGAN D, DUBOVSKAYA O P, FEFILOVA E B, HAY-
DEN B, INGVASON H R, IVANOVA E A, KONONOVA O
N, KRAVCHUK E S, LENTO J, MAJANEVA M, NOV-
ICHKOVA A A, RAUTIO M, RHLAND K M, SHAFTEL
R, SMOL J P, VREDE T, KAHILAINEN K K, 2021. First
circumpolar assessment of Arctic freshwater phytoplankton
and zooplankton diversity ; spatial patterns and environmental
factors. Freshwater Biology, 67(1); 141-158.

WANG Z H, FANGJ Y, TANG Z Y, LIN X, 2011. Patterns,
determinants and models of woody plant diversity in China.

Proceedings of the Royal Society B, 278, 2122-2132.

WAL 4R TR E)



