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Abstract; Study on ecological networks about species interactions provides a basis for species diversity protection, and it is
beneficial for the maintenance of urban ecosystem stability. However, urban ecological network study between butterfly and
plant based on community level still leaves a huge blank, therefore, the knowledge of butterfly-nectar plant network
structure needs an in—depth understanding. To our knowledge, ours is the first study focusing on butterfly-nectar plant
network in urban ecosystems in China and evaluating the effects of different type of plants on butterfly-nectar plant network.
In this study, we surveyed flower visiting butterfly species and nectariferous plant species and the interaction frequency in
26 urban parks in Beijing, China from June to September in 2020. The butterfly-nectar plant bipartite network was built. We
identified five quantitative metrics on two hierarchical levels ( network and species) to describe network patterns and

species’ interaction. Metrics on network level were interaction diversity (ID), interaction evenness ( [E) and network
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specialization ( H2"). Moreover, we analyzed the effect of different vegetation types on the network structure differences,
including different type of growth form, origin, and cultivation plant, using Kruskal-Wallis test and variance partitioning
analysis. Metrics on species level were partner diversity ( PD) and species specialization (d’) for identifying important
nectariferous plant species that provide a key and central role to the stability of the structure of network. The results are as
follows: (1) 22 species of butterfly and 81 species of flowering plants of interaction were observed and the butterfly-nectar
plant network tended to be generalized. (2) The interaction diversity and specialization of two growth form plant-butterfly
network were significantly different ( P<0.01), and same to of two origin plant. Furthermore, herbs and native plants
played an important role in maintaining the interaction diversity and specialized butterfly species in the network.
Interestingly, cultivation type of plants had little effect on nectar network structure. (3) Plants with high partner diversity
and high degree of specialization could be regarded as important nectariferous plant species. Consequently, in order to
protect butterfly diversity, native herbaceous plant community should be constructed in green space of urban ecosystem, and
important nectariferous plant species should be given top priority to grow. Our findings confirm that the butterfly-nectar plant
ecological network can provide a scientific strategy for biodiversity conservation in urban ecosystems. It could be an effective

tool to link ecology research with urban green space practice management.
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Table 1 The values of the indices of butterfly-nectar plant network in Beijing’ urban parks
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Table 2 Comparison of butterfly and different plant group communities based on indices analysis for networks structured following removal of

respective plant group
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Fig.3 Variance partitioning analysis of nectar plant types affecting interaction diversity of butterfly-nectar plant network in Beijing’
urban parks
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Fig.5 Variance partitioning analysis of nectar plant types affecting network specialization of butterfly-nectar plant network in Beijing’
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28532 B

AR SRR ) ) 0 2% LV AL R B (H2') F SRV (7.55% ) F AR BEBT 45 N T8 3 0 1) 3t [ 2%
(7.22% ) i 5 T N TAIEH Y AL (0.92%) o A FN S A8 Wy i BHBUN 53591 % 0 268 Ll A B fie
AL (11.38%,16.64% ) (K1 5) o X ULHI LAY FN S - AE P 0T AE 5 X 45 vl A T8 1) 35 ) o o ik o
R, AT N AR AR I AN RRB G b S5 A 135
2.3 HEE YY)

SEHY W ( Pieris rapae) . z~ 3 WE ( Pontia daplidice ) . Wi K W& ( Everes argiades ) . 7 M. 5. K3 % ( Colias
poliographus) | ¥EEEWREE ( Polygonia c-aureum ) FH 4K P - & B B8y, BIVHCES 48 2 b IRAR ), 0 2R 7 3 by Bk
(P. canidia) 55 5 FRIBEAOMEERIBCE 1 R (3 3) o SOBYR | B A I i) S APk P A s (3R
3) . ARYE M) AL AL AR EE (d7) , 4 RUE ( Papilo machaon ) At Bk B ( Timelaea maculata ) F1 25 I K g
(Satyrium w-album ) I H WG LAl (d' = 1) , H v E & B AE D #5351 Sl KR HE (Hibiscus syriacus ) B 5 5
(Saponaria officinalis) AL AE (Allium senescens ) HAHE LI 3 37 H5 3¢ = Fhgiaie (& 2) , NI IX = FiAE ) o g A0

R 3 AL R R P 4R R ) T AE(E

Table 3 Values of the specie level indices for butterfly species of butterfly-nectar plant network in Beijing’s urban parks

LS fREEFE R Ik ZHEME PD PRl AR '
Butterfly species Partner richness Partner diversity Species specialization
K Pieris rapae 61 3.12 0.30
=M Pontia daplidice 33 3.05 0.32
WK ME Everes argiades 20 2.65 0.44
LLERIKBE Lycaeides argyrognomon 8 1.95 0.37
L1 K Lycaena phlaeas 7 1.95 0.29
RV GMYME Colias poliographus 18 1.92 0.23
RIS Polygonia c-aureum 17 1.82 0.54
ZHRIKIE Polyommatus eros 9 1.76 0.39
KETWEWE Vanessa indica 6 1.52 0.25
A HESKIE Rapala micans 6 1.43 0.36
FL K Tongeia filicaudis 10 1.42 0.43
HHA% RIE Papilio xuthus 5 1.31 0.58
FRFE KW Celastrina argiolus 4 1.28 0.34
INCT IR Vanessa cardui 4 1.17 0.17
IR Polygonia c-album 3 0.95 0.41
P IR Lycaena dispar 2 0.69 0.22
BB FEE Pelopidas mathias 2 0.64 0.07
4R Papilo machaon 1 0.00 1.00
BRI Timelaea maculata 1 0.00 1.00
B0 IR Satyrium w-album 1 0.00 1.00
SEIRWE Lampides boeticus 1 0.00 0.37
IRITSEME Pieris canidia 1 0.00 0.12
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T AR (d'=1) (R 4) o ZRI7T M AR AR ZAEPERAR, (B B 10 T2 A6 R, Ll bR AR (d' =
0.12) (£ 3) , FEIEH T HEr Ui T8 32 ( Lythrum salicaria ) 8% W, 8 B AR 88 =1 B9 W) Fh AT i
A5 R (P wuthus ) FIEEA T | B BA B B8 AR D IR FOAR) 235 17 Bl (B L ARFR B (4= 0.54) (% 3) , X
ot T B BB 114 5 3 B WA K PR R 70 L O SRR D A . e Bl AR BE AR W R BRS04 SR I
( Pelopidas mathias ) F1/NWESE (Vanessa cardui) (3¢ 3) , H T ) 0428 R AR YY) Qnfer 22 26 (Aster novi-belgii) RN
% ( Gaillardia pulchella) WA E W, I 3548 PP

F 32 W A8 T DR A ) & R N L /\E ( Hylotelephium erythrostictum) % - ( Helianthus tuberosus) faj *%
M55 | R L ¥ ( Stachytarpheta jamaicensis) 55 40 R TFAEAE YA, | FREIMEECE KK 2% (Abelia chinensis) |
AR (Lotus corniculatus) J\F FEAME( Melilotus officinalis) WK FEZREVEFE B (PD) B, LAk +8 % (d")
W (R 4) , UL SEAEY) SRR B PR m A I . [z, 384 B0 480638 (Rudbeckia hirta) [T
H 24§ ( Zinnia elegans) “FFEY) K AEZREVEFE R (PD) B  H L ARTE R (d") AR (3R 4) , Ui B X SE A ) 32
Bz AL K 1048 (Gueldenstaedtia verna) K235 ( Pelargonium hortorum ) %5 15 FiAEYI B9IK 112
FEPESREL(PD) FIE AT R (d') Ty 0( 3R 4) , 2t T HALBZ AL RSy e D7 ) (& 2) o TAS R ARAEATL
LM ALTREL(d") S 1(FR 4) 435 SR T /b A it T g S 30 e B <5 JRUBRE AR 2 3 i

R4 LT E R TR P 4 TR AR M A AR A

Table 4 Values of the specie level indices for nectariferous plant species of butterfly-nectar plant network in Beijing’s urban parks

FE EEEY =Y kP2 FEE PD YLl AEE 4
No. Plant species Partner richness Partner diversity Species specialization
1 $F K 5% Abelia chinensis 6 1.48 0.43
2 EHTE Medicago sativa 7 1.43 0.18
3 F 22405 Trifolium repens 6 1.41 0.16
4 B IR Lotus corniculatus 6 1.40 0.30
5 KN Gaillardia pulchella 12 1.39 0.12
6 J\E Hylotelephium erythrostictum 12 1.32 0.33
7 B H2§ Zinnia elegans 6 1.28 0.12
8 4 X844 Coreopsis drummondii 6 1.28 0.09
9 242 Helianthus tuberosus 8 1.24 0.07
10 M4 64 Rudbeckia hirta 6 1.22 0.06
11 WK ZBZR Potentilla supina 4 1.22 0.16
12 WA Echinacea purpurea 4 1.12 0.14
13 K05 Buddleja davidii 3 1.10 0.15
14 WEBAE Inula japonica 6 1.09 0.20
15 EEARMR Melilotus officinalis 4 1.08 0.34
16 HAHE Taraxacum mongolicum 3 1.05 0.11
17 i Caryopteris divaricata 6 1.04 0.12
18 fif 2244 Aster novi—belgii 8 1.03 0.22
19 HJL3E Cirsium setosum 4 1.01 0.09
20 #i Cirsium japonicum 3 0.86 0.17
21 Mt EUR . Salvia nemorosa 7 0.78 0.17
22 H 4% Vitex negundo 3 0.74 0.13
23 WKL T Lespedeza bicolor 3 0.72 0.59
24 58 Aster tataricus 3 0.72 0.15
25 CNEL FFF Nepetaxfaassenii * Six Hills Giant’ 4 0.71 0.14
26 T B 2L Gomphrena globosa 2 0.69 0.09
27 XSHR B Kummerowia striata 2 0.69 0.15
28 Y 2585 Leonurus sibiricus 2 0.69 0.15
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e EIEAEY) PP kP2 R PD L A
No. Plant species Partner richness Partner diversity Species specialization
29 RZBGLHS: Crepidiastrum sonchifolium 2 0.69 0.25
30 FKIE Cosmos bipinnata 2 0.67 0.02
31 WS Ineris polycephala 2 0.67 0.15
32 WAL Salvia farinacea 4 0.66 0.14
33 T Dianthus chinensis 2 0.66 0.11
34 S )L Veronica longifolia 4 0.66 0.12
35 B ERHF Sorbaria sorbifolia 2 0.50 0.07
36 €L Convolvulus arvensis 2 0.50 0.11
37 Ji 755 Tagetes erecta 2 0.45 0.17
38 TEAKIE Cosmos sulphureus 2 0.38 0.25
39 MATSE Lepidium apetalum 2 0.35 0.35
40 WA Mentha canadensis 2 0.32 0.21
41 T2 Lythrum salicaria 6 0.22 0.26
42 R Petunia hybrida 1 0.00 0.00
43 153 Leucanthemum vulgare 1 0.00 0.00
44 I I B Silphium perfoliatum 1 0.00 0.00
45 KEEH Leucanthemum maximum 1 0.00 0.00
46 KIEREEE Clematis heracleifolia 1 0.00 0.00
47 #2352 Rorippa indica 1 0.00 0.00
48 KIEAE Kniphofia waria 1 0.00 0.00
49 HEMEZRBISK Potentilla reptans var. sericophylla 1 0.00 0.00
50 237 Heliopsis helianthoides 1 0.00 0.00
51 DK 4% Gueldenstaedtia verna 1 0.00 0.00
52 W HE2g Liatris spicata 1 0.00 0.00
53 KWEGEER Phlox paniculata 1 0.00 0.00
54 KA Pelargonium hortorum 1 0.00 0.00
55 INHEEE Conyza canadensis 1 0.00 0.00
56 Wi E. Vicia sepium 1 0.00 0.00
57 &ML 0T LigustrumXvicaryi 1 0.00 0.07
58 YEYEEL Bidens bipinnata 1 0.00 0.07
59 —4EFE Erigeron annuus 1 0.00 0.07
60 KAE4 XS4 Coreopsis grandiflora 1 0.00 0.08
61 FARL B Salvia viridis 1 0.00 0.09
62 3% Sedum aizoon 1 0.00 0.09
63 HYSE Youngia japonica 1 0.00 0.10
64 I ¥ Stachytarpheta jamaicensis 1 0.00 0.12
65 B A5 B Apocynum venetum 1 0.00 0.25
66 AT 2% Aster pekinensis 1 0.00 0.25
67 W 2 K Leptodermis oblonga 1 0.00 0.33
68 LIS Crepidiastrum lanceolatum 1 0.00 0.33
69 T 33K Sonchus arvensis 1 0.00 0.35
70 WL 4: X528 Coreopsis tinctoria 1 0.00 0.37
71 3% # Oxalis corniculata 1 0.00 0.37
72 K5 BEE Astragalus dahuricus 1 0.00 0.45
73 B K5 Glycine soja 1 0.00 0.49
74 LN FR Euphorbia marginata 1 0.00 0.49
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P EIREY PR Pkt Z R PD L % =t
No. Plant species Partner richness Partner diversity Species specialization
75 FRAE Angelonia angustifolia 0.00 0.61
76 [F 22 4 Pharbitis purpurea 0.00 0.63
77 B IE3LAE Physostegia virginiana 0.00 0.67

1
1
1

78 4962 Rudbeckia laciniata 1 0.00 0.71
1
1
1

79 B Saponaria officinalis 0.00 1.00

80 AHE Hibiscus syriacus 0.00 1.00

81 1IHE Allium senescens 0.00 1.00
3 g

ARBIFFEHE T30 T el Ak L IRAT AR ) 28 B AR P b 28 vh 25 U B SR ) S W0 D5 44T D, A stk 2 el
3L UEE R 22 FEIE S 81 R ITAEAEY A HAR T (B 2) , H IRTE R NI T A S R G A A 1 7 £ 1) gk -
BRI A S NG, R R R WA B A E S A T 2 0 2 R R e AR
BT ELAAR A3 T AV O B AR, WA ) A AN I 2 e — 2D Bl AR AN TR ) 2R B R M o A VR

FRATTHIE 5 45 SR BH A [7) 218 ZE A 0 X b s 32005 D) 20 25 R KR AE S I A S 3 25 5 kTl Ak R v 1 4R 8%
FABEHLI R BRAE — R T BRI T SEACAR A 1% =F 8 8 R = 00 o T b 5 e ) 8% %) 22 e 7 2 T A
M EANFRATT A 5 45 R, R LU R b ST ) Y R A ) 4% S R B S R ) R S AR
(K 3) AP (K 5) | RESCRFEE 2 AL FEEE R m R . DRIt 3ol R B A rh i G 1 2
AW RETE AR T E B AT B 2L v B PR, FRATTR BEIC SR IR AE WA . SR, TN THE S BR
AT vt W B A 48 TR i e ( Apatura ilia) B U ( Fraxinus chinensis ) PR , BARIE RN AAS IR 19 A= 25 0 2%
SIHT BT AR R ERAE S B IRAN, WAy 22 Fh W1 25 EAEY) , AN BE 2L B AN AR 8s Or U A -
B B0 X 2 AR I 22 e A 5 T L TR AR 19 9K AL 0 1 2 [ 1 X 2 90 ) 248 52 T 1) 2 A M i e K
(P& 3) X BERH 3l 2 Bl v A LA AR B A O AE S0 W 22 A 7 A fr T2 e, {H B SR SE B R A )
SRR B R A R 0 28 L AL AR BE (BT 5) PR B — 0 I SRR AR A B TS [ AR . R E 98 R AR AR
PIFP I AAR S BRI PR Tl I rh A SRR AL, 1 0 2 BEVA 1T RE 23 ) S 1 B 58 A1k
SR AT RERACAR b IF 32 AR ML PR AR AREFIE R B, Y £ - R - B B 446 L
HPRAF - SR D00 248 BEINASSE , T % 25 SR A Wy 1 S [ 475 RS b 0 2 8 10 2% 1) 52 B 22 REPE S I e R (81 3)
Z T AHYHE S T v R A DR N 48 L AR FREE (181 5) o PR FTHEIT, £ T AEY) S F AR SRR ) 70 4 M IX K
BAETE , TR RO A ) R P AR E MR | AE S BT i I AR OIR AR o STy AR R B A v iz
2 TAEY), DR B —E Y F AR SR ), LA S A B IS i) SR R P 2 (ELER N AR S i AR AR Y T
PEEFIR T BRSO Rz AL AT/ MR A b FE U, W 5 | R i B SR AR A i I 2R 05

FRATE L Wb O RE AR R0 Tl Al R SR R T S PR 1) Ty ik T DA R i e ELAA 0 A R E A, 191
Uy B AR A i PR 2t 4 (A W e DAL, 2 v AP S b S B O A, ARl T 2 el rh 2 A ) R A R T O
W PR (RSS2 BRI L, 2 20 SV EEXT ATR BB, AT LA AS [] 1) 48 5 R ) 3 20 S0 s« (1) S ¥ A
HAEM B, BAFTERAAC I RS e S IR M 28 45 4 A B b BRI P 2 e vt Bom , B2k Ak ds Boms 1 2 I
W5 (2) SRtk 20 M RN SCAE T ol A R g ) 100 T 8 D b AR O P 22 R M UK, 2 M A 8 00 A0 3 R A
Y15 (3) W 1B 3 22 i A D5 0] T 18 B i BRI I B8 AE AL AR | S5 ARCR | mT 4R e M Ak 1 22
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