55 45 55 1 S & 7 i Vol.45,No.1
20254F 1 H ACTA ECOLOGICA SINICA Jan.,2025

DOI: 10.20103/j.stxb.202401110103

RS TR, ERCRE, XU, 7 AL, AR AT AU ST Ay W v s TET R SRy OGS DR 3R AR A A, 2025,45( 1) :296- 305.
Song R, SuZ M, Wang X K, Liu Y, Wan W X, Zhou W Q.The spatial pattern of butterfly diversity and its impact factors in Beijing urban green spaces.
Acta Ecologica Sinica,2025,45(1) :296-305.

tEE MBI FIEZ AR R ERZINE R

ROR REH IAMA ] B FREE A
1 ARG K2 A Bl 22 , A K E 050016

2 i E R A B A BRI O IR S KA S E R G, LR 100085

3 JU AT R R X kA IR A AL S 2 A A B E KPS 2R LM 5 v, JL AT 100085

TR AT R AR AL AN A A M R T PR A B OR B i 2 — WA S A M 2 R O TR B A R 43, EA S Bl
VLK B SRR SS 8, R T A B L BB R . SRIVEELIA AR kAR SS &, T 2023 4 4—9 H
X AU X IR LAY 47 N30T S b B I 2 BEVE AT AL, 0T T I Rl 2 B A A AR R B S IR PRI SE R
SRR 1) T2 BB 4469 3k SRIB T 5 B 16 18 17 T, 5K ( Pieris rapae) SRR MIHISHE, 7 SMARNY 74.67% , 3
U By (Pontia edusa ) FIELE BRI ( Polygonia c-aureum) . 2) WISRAI Tk Z2 A A1 B 30 TT A0 72 B2 520 T AR, 3ni IX A5 A 3t ( 1
WEHIRZ) (WD R 5 B 2B R ZRE RS B8 5, A A X322 (8] 9 Shannon-Wiener ZBEPEHE ZUF] Margalef -
WERAITAE D EES, 3)IEEFEEZYERE M (non-metric multidimensional scaling, NMDS ) % 5 & A [R] 35 17 X 3ak, (Y ] a0 ¢
AR, i — 28 AR UL Z3 AT (analysis of simlarities, ANOSIM ) 6 3645 5 i 7R 4[] 22 SR 48/ (R =-0.012,P > 0.05) , 5%
HH 3 T St b 1) SR O R A B M AR B, 4) = R IR O AR AR AN TR] DX I sf ) B S A7 AR 25 5, A T2 S0 W 2 3T oo 1 IXC )
TR R T M ZHIX , 5) TUA T (redundancy analysis, RDA ) 4% 555 U 8] 8 49 b 22 61 15 BF 58 K8 b ML 400 ) o 3500 ( P<
0.001) I JEAH Y FPEL (P<0.001) S S 25 IEAH DG, AR ML T AL 22 0 3 IEAHSG (P<0.05) o &5 L s , AN [R) Sk T DX 35 ) o o 22
FEME R T Tk, T SR b T AR R RS ) AR M I 2 R e TR R AR A R R — e L B kT S b
T AE A7 A5 R R B 4 Al ) 2 e O DOR A A 5 b ilE AT R4 5 B0 IO & O SR B 22 (0 U DA 326 381 4
Fret B4R W R 2R H

SRR L DT Skt ; O s AT AR R A B

The spatial pattern of butterfly diversity and its impact factors in Beijing urban

green spaces

SONG Rui'?, SU Zhimin>> " | WANG Xiaoke™, LIU Ying', WAN Wuxing', ZHOU Weiqi*"’

1 College of Life Sciences, Hebei Normal University, Shijiazhuang 050016, China

2 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China

3 Beijing-Tianjin-Hebei Urban Megaregion National Observation and Research Station for Eco-Environmental Change, Beijing 100085, China

Abstract: The environmental changes caused by urbanization were recognized as one of the main drivers for the decline in
biodiversity. Butterflies, as an important component of biodiversity, play ecological roles and service values such as helping
plants pollinate and supporting food chains, making them significant indicators of urban environmental changes. In this

study, a combination of line-intercept and point sampling methods was used to investigate butterfly diversity in 47 urban
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green spaces within the fifth ring road of Beijing from April to September 2023. Then, the spatial pattern of butterfly species
diversity and its relationship with environmental factors were analyzed. The results showed that; 1) A total of 4469
butterflies were surveyed, belonging to 5 families, 16 genera, and 17 species. Pieris rapae was the most dominant group,
accounting for 74.67% of the total individuals, followed by Pontia edusa and Polygonia c-aureum. 2) Butterfly species
diversity decreased with increasing urbanization. The species richness, abundance, and diversity indices of butterfly were
highest in the outer of the city ( between the fourth and fifth ring roads) . There were significant differences in the Shannon-
Wiener diversity index and Margalef richness index among different urban zones. 3) The result of non-metric
multidimensional scaling (NMDS) showed that butterfly communities in different urban zones had high similarity. Further
analysis of similarities ( ANOSIM) showed that intergroup differences were small (R=-0.012, P>0.05), indicating that
the composition of butterfly species in urban green spaces was relatively similar. 4) The temporal dynamics of the three
dominant butterfly species varied in different urban zones, especially the active period of Pieris rapae in the city center was
earlier than in the city outer. 5) Redundancy analysis (RDA) results showed that butterfly species diversity was extremely
significantly positively correlated with the total species number of plants in the study area (P<0.001) and the species
number of nectar plants ( P<0.001), and significantly positively correlated with urban green space area (P<0.05). In
summary, butterfly diversity tended to be homogenized in different urban zones, and urban green space area and plant
diversity were important factors limiting butterfly species diversity. It was suggested that a certain proportion of urban green
spaces should be preserved in urban area to expand butterfly living space. Moreover, increasing plant diversity and
scientifically arranging different plant flowering sequences were recommended to provide more food sources for butterflies, so

as to maintain or even increase butterfly species diversity.
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Fig.2 Individual proportions of different families and species of butterflies in urban green space of Beijing
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Fig.4 Non-metric multidimensional scaling non-metric multidimensional scaling (NMDS) of butterfly communities among urban zones
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Fig.5 Time dynamics of three dominant species in different urban zones
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Fig.6 Redundancy analysis redundancy analysis (RDA) of butterfly communities and environmental factors
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BB T FE R ¢ = 0.252x+2.745 (R* = 0.124, P<0.001 ) , 3245 M AN R B0 5 2 TR AE 0 9 A B0 i 81 09 O 72
J& y=0.223x+2.544(R*=0.111,P<0.001) (% 1) .
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Table 1 Negative binomial regression of butterfly diversity with environmental factors
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Response variable variable Estimate Std. Error Z value Pr(>1Z1) info‘nna.ltion R?
criterion

R A A TR 0.921 0.206 4.479 <0.001 186.83 0.178
Number of Species Area 0.000 0.001 0.247 0.805 182.89

TP 0.001 0.005 0.198 0.843 182.87

NP 0.094 0.025 3.712 <0.001 196.38
U AR R 2.745 0.292 9.398 <0.001 465.62 0.124
Number of Individuals Area -0.001 0.001 -0.635 0.525 461.99

TP 0.002 0.007 0.301 0.763 461.70

NP 0.252 0.039 6.508 <0.001 493.64
SRR b 2.544 0.306 8.306 <0.001 449.20 0.111
Individual number of Area -0.001 0.001 -0.888 0.374 445.90
Pieris rapae TP 0.004 0.007 0.615 0.539 445.57

NP 0.223 0.040 5.514 <0.001 469.66

Area: FEHLTAI AR area; TP AW Fh S AL total species number of plants; NP . Z& IFAE Y FIEL species number of nectar plants
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