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Abstract [Objectives] To investigate the relationship between pollinator wasps and bees, species diversity and flowering
plants, in the agroforestry ecotone of southern Anhui. [Methods] Four typical villages in the agroforestry ecotone of
southern Anhui: Yangwu village, Yixiu district, Anqing; Matou village, Jing county Xuancheng; Sanzeng village, Qingyang
county, Chizhou and Jiaocao village, Shitai county, Chizhou, were selected as study sites. Pollinator wasps and bees were
collected from flowering plants with manual sweep nets from July 2019 to April 2021. The community structure and species

diversity of pollinator wasps and bees on different plant species was then analyzed and compared. [Results] A total of 4 484
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individual wasps and bees were collected, which could be assigned to 118 species, 53 genera and 11 families. These wasp and
bee species visited four types of flowering plants; crops, cash crops, ornamental plants and wild plants. Significantly (P < 0.01)
more species and individuals belonged to the Apidae than to other families, and members of this family also visited
significantly more plants than other families. The extinction slope coefficient of the Apoidea-plant bipartite network was
higher than that of the Vespoidea-plant bipartite network. Significantly more species and individual wasps and bees visited
wild plants than other plants (P < 0.01). Ornamental plant species were significant correlated with both the Shannon-Wiener
diversity index and the Marglaf richness index (P < 0.01) of wasps and bees. No such correlation was found for other types of
plants. The wasp and bee-ornamental plant bipartite network had the lowest niche overlap coefficient. Wasp and bee species
had little competition pressure for pollen resources. [Conclusion] Pollinator diversity in the agroforestry ecotone of southern
Anhui is significantly higher in summer than in spring or autumn. The Apidae play a major role in the pollination of
agroforestry ecosystems and are particularly important for maintaining the stability of pollination networks in the agroforestry
ecotone. Wild plants attract both more species and individuals of wild bees and consequently are an important component of
the agroforestry ecosystem. High ornamental plant diversity helps maintain pollinator diversity. However, not all ornamentals

attract bees. This study provides fundamental information for protecting the habitat of wild wasps and bees, thereby promoting
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pollination in the agroforestry ecotone.

Key words pollinator wasps and bees; agroforestry ecotone; wild plants; ornamental plants; pollination ecosystem

ek B B e B AR A I o, TR
ARz A AR 55 Hh 45 L ELR/E ] (Klein
etal., 2007; Kratschmer et al., 2018; #3575,
2018 ), #EdiE, 2 80%LA L AvkE TR |
75%0) EEMREED A 35%A M A = #8 5%
¥y R B0 A C (Ollerton et al., 2011; Potts
etal., 2016; NKFHJFS%, 2019 ), TEARIMEHE
Hrp, B H S (U HOR ) MRE |
Mz ERRETIR . RG2S, R
HEPERE , B INE R T AL
Z— (R, 1965), AT AR A
ERGHMFZH RS (Pottsetal., 2016; Rader
etal., 2016; Kratschmeretal., 2018 ).

RS E IR s E BRES RS
MY EEA T, SRR A MR A B R R R
FEPEZELHEE ( Vanbergen and Initiative, 2013
Seibold et al., 2019; Theodorou et al., 2020 ).
AR T (R AR S (R 53178 1L Ml P B s 1X )
FERI AL TN BRI, G 1L
M TV B 56 SR T 1 o X b= [ SR B kb R A2 4 B
AR T ZRERE TR . SRS SRS AR,
TR T AR R RS 2 (Beduschietal.,
2018 ), BFFEERWI, JEAERAR A 24k 38 ik 3 fin
AR IR TP, BRI T AR B Al S A A
(Kennedy et al., 2013 ), 7EHJ[E]FIZS [H]RE
AL T B AR IR AR BB (Taki etal., 2007

Winfree et al., 2011; Bennett et al., 2020 ), X
Tofr S5 WL ZH 8 1) AR Ak b T B A e SIS 1) £ ) R
S EYEUR (Baude etal., 2016), EmkA$S:
0T B AR SRR AT 2 AEPE T F% ( Andersson
etal., 2013; Fortel et al., 2014; Emmerson et al.,
2016; Donkersley, 2019; Shaw etal., 2020 ),
T T OB 35 4 ) T AR TE AR A W) 58 i 55 19
J#% /> (Liu et al., 2020; Prendergast and Ollerton,
2021 ),

i I SO B No'ad = L R A B DU R
Ky RO ST IR B @k 15 G TE (Knight et al., 2018;
Shietal., 2021 ), A [FEFEYISERITE S RE E XS
A e R T Z AR M 5 | T EE AR ( Hass
et al., 2019 ), AHFFE LA rg b X RS HEAHF
WESEREHL, F 2019 4F 7 A & 2021 44 H, Xt
T DXAS [R] 50OUL S B 1) FF AEAF ) A5 by e 2 2
PERETT AT, B TR IR B AR AR AR AT 5
AN TR SOULZH IS B A S R G R, AR
] BT A e A L b 19 R A R0 5% U AT R 2 R
HEREAFORM RIS o

1 #R5REE
1.1 #FxEE

e 7 X ( 116°317E-119°45'E, 29°31'N-
31°N) v FIR Ep AL A Al X, BA HLA )



+ 1242 -

o B 3244 Chinese Journal of Applied Entomology 59 %

Tt RIS BT L 2 KU RARRAIE , FR S el (4R
[k FHik 1 100-2 500 mm ), “AEIRA, SEIRYE
RFEE, MRS (BREAR, 1990 ), i HbIE
DAL Fr g2 ok 32, AR S S $4GHT V% i - o
ERRRMHIR ST . AR B FE 12 . B R
T BAMMTES, P EERFA
AP AR RIS (TR, 2018 ).
fi T b DX N 247 P 0 b T AU /D>, 9 FLAR HH A 40 AR
FHXT LA BN Ak o P AR VR 24
KRG, Bk, R, R, BRI (s
Migflok, 2018),

AT B AR EIER 4 RS
B TR R, o 9 LR T H 75 X A% 2 A
(AQ). EIEE G LA (IX), T HFH
B =k (QY) At & B AEE K (ST ).
4 AFEHB I FMHL RO b 2 7], HLA R
(A RAS 7 A 2 R GUARAIE o

12 BRERE

T 201947 A% 10 A . 2020 4 5-11 A Al
2021 4F 4 ATl R R, SFEIR A R
FETYR, HOREERFEIY 8: 30-16: 30, RAIAT
FARICEE T, XL PN BT AT T AEA P A 4 e
AT R A, Hid SRR IS Ui 1A )
TR o RAE H Y MKl AR I S He Ui AR A 2
HEATAY 25, W R I bR AR A TR T &+
- 20 COKFEIRAT , W a BEHEAT 40 45 08 My I 2k
PRAEUA R 2 A T K ST BT - 20 °CUKEE
. AP TARER B B, 48
A A fe 78 BN FAE D R, A R LA A e ]
S, xR EAE A ) B TR Chttp:/www.
iplant.cn/frps ) FUXF 08 o A4 A0 S A8 o 5 5
A MIE A, He OLXR P A E DI RE R 73l A
YEY . GUFEY) . OB R R A A

AHIF ST T W S A8 ) S b A e SRk
Mg 8RBl (Branstetter et al., 2017 ). 2
BRI ER . DRl BRI LRl (ZR4E
SR, 2021 ), BEIE SR} YR RN EE M AL
WAL TR IERL | IR} DIkl | RRAERL
RS T SR (SR, 1965 ),

13 ERYFERE

BRI S F T w 2 2 e, ek
F DNA ZIEMFH] (CO T M ) Xibhi—Fig s
BT % o 7 FEEFIA GenBank 1EZAL
#it BE F1 BOLD 7F £k % 45 £ ( http: //www.
boldsystems.org ) 1FHZ75 8 22 A4S Y e 2k
CO I JPAN X R THRE, IFHIAHRLEE A E] 98%
DL BRI 2 [l — A, X 1 Tk He X R g2k
VIR P AR TR A A T4
ASHIFFE A8 F 3 A T AR TR N W A 7R
DNA $EHGRF &, PCR WK ZR (50 uL): k
514045 1.8 pL( 10 pmol/L ), DNA A&i#f 1.5 uL
(50-100 ng), ddH,0 22.8 pL, dNTPs 1.5 uL
(0.5 mmol/L ), 10xLA PCR Buffer 6.0 pL, MgCl,
(25 mmol /L )8.0 L, TaKaRa LA Taq i (5 U/uL )
0.6 uL., FEZEYHG|Yk LCO1490/ HCO2198 (5'-

GGTCAACAAATCATAAAGATATTGG-3'/5'-TAA
ACTTCAGGGTGACCAAAAAATCA-3" ), CO1A/

CO1B ( 5'-GGTCAACAAATCATAAAGATATTG-
3'/5'-TAAACTTCAGGGTGACCAAAAAAT-3" )

Fl LepF1/LepR1 ( 5'-ATTCAACCAATCATAAAG
ATATGG-3'/ 5'-TAAACTTCTGGATGTCCAAAA
AATCA-3' WER LS9 . PCR W 451F:95 °C
WiAEYE 5 min, 94 °CAEPE 50 s, 49.2 °CiBk
1 min, 72 °CZEf# 2 min, 3 35 MER ; )5 72 °C
FEH 10 min, PCR F=H48 1 %I I M EE R HL Tk AS:
W, PRk b T AR TR R kA4l
b sEkE )T

14 BHESITESSH

TSR B bR AR 1) e SR HEA T Rl Rt
b o ARG G TS A S Y o 2
FEPEAH AR HL

Shannon-Wiener 2 # ¥: 48 % ( H' ).
H'=->PmR;

Piclou HJAIEAFHL (E): E=—"—; stih
H... =IN;
Ok S-1
Margalef =& 544 R:mo
n



6 1] FS

T I i L DRSS R AL R S 2 R B A A% Sy

+ 1243 -

K p :% A | AR AR B

EAMAB L], NS | AR EGE, N
RHEEE R EE, S HBEEYIRN A

FKHBHZE T 2 il L2 H s
TR YRR MRS E R 2E R BETE(P <
0.05 FRERDE, P<0.01 FREFHEE ),
fifi AR B i 2 48 R 5387 ( Non-metric multiple
dimensional analysis, NMDS ) XJ#e3SHE 7% i) 2H
AR ez | T T2, LB AT R
41.0 B9 vegan F£F 11 ( http://www.R-project.
Org ).

FIFH R 4.1.0 19 bipartite F2F L2 T bE
Hb DA Ry I A AR — A L, HERTT
ST T AR S R SIS R A% 49 X 245 1) A S H8 b
FRFAE ( Dormann et al., 2009 ), #E¥& T HFPRY
S R R A DG B R B S R 4
AR S E B K ( Tylianakis and Morris ,
2017 ). FET ML, AWFFHEHT 4 DMK SEOR
P figp W 28 () A ISR 25 R AR A, G v 2% 3

( Connectance ) 5 38 7~ 45 W 45 H A5 5%
R EAER R ZE B FEY) 1) — IR BAE N
— WA, P34k (Links per species ) 3R/
P 2 RS Py o B EE SR B, ARSI E S
245 ( Niche overlap ) B /55 3 755 9 £ v e 245 1y i
PR T4 R ok, K4 th £k 2% ( Extinction
slope ) FrR B F sl — W R IS A Y P A0 AL
254 ( Hurlbert, 1978; Memmott et al.,
2004 ).

2 HREHH

21 fRMERBE DMK S HMRE

AR5 B R AARA 4 484 3, KB
11 #} 53 J& 118 flr, Hrpsr+%E 61 fr, JEE
SEUSE 3T R A 20 DAY ERIR ViR
BRAEY) . ZTAEY) . LB FNEF A= A 4 Fh
HRAIILT; 169 FPIFAEMEY) (£ 1, F2), H,
R ICREE 22 8 64 Fh 3433 3k, HTA KK
FRAS ) 76.56% .

F1 IREHMREHMMERMMEZREETEHEEYFE
Tablel Specieslist of pollinator bees and wasps and their main visiting plantsin southern Anhui

7 R A & i LRI
Family Genus Species Main visiting Family Genus Species Main visiting
plants plants
WIERL W = AR, LI, R oEE ST wOR, WE, 4
Vespidae Vespa Vespa analis  #:4E, #3f, 4 |Apidac Amegilla Amegilla B B,
Pl cingulifera 3
R R, KR, 20 LRI 5L, HOE,
Vespa ducalis A, K75, Amegilla zonata  JEfE, b FZE,
Eigil Hi
R4 M, e, At FETC I 5L, i
Vespa bicolor #m Jff, 214 Amegilla florea
Ak
G PR KB, BTN, il PR HA i G E
Vespa VI AN ey ] Ceratina Ceratina japonica jisg, ¥
mandarinia
Bl e AW, KR, g O, M,
Vespa basalis T, F¥, HH Ceratina unicolor #37, RZEwr,
% IR
TN g A, R, 4 I i O, 2R, 22,
Vespa velutina 774, 275, Ceratina BRI RS
okinawana

2K
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4% 1 (Table 1 continued)
i R i ERUERD |y & i LRI ERL)
. . Main visiting . . Main visiting
Family Genus Species Family Genus Species
plants plants
WERE SR AR B e 22N, KR, M| BRI Ceratina w, 2K, Fk
Vespidae Vespula Vespula JR, #HI, FiT |Apidac Ceratina  Sutepensis W, YEm, Ay
flaviceps SHE
MR MR RN, R LRy i B, 2, R
Parapolybia Parapolybia Ceratina 3, 2R, B
varia smaragdula
R Hhik)E fili £ A, FRAT, W R
Polisti-  Polistes Polistes TR SR Ceratina
dae rothneyi unimaculata
At o i B, #2)K, 5 TR BTN I, BAKIR,
Polistes SHfg, NER, Melecta Melectaemodi =i p, 5[,
mandarinus S A
P T i A, R, B HprieE  REFR HR, BBHRE
Polistesgigas 3|, # N, #JK Nomada Nomada sp.
H A e BOR, ZRRE, e R “ ek ZHE, K, 2R
Polistes %5, KEfE, ant Bombus Bombus Fk, Pz
japonicus ik bicoloratus
R b 2K, 2R, B =k RENE fi bR, =R
Polistes B, 0, Bombus OB, WY
olivaceus 3 trifasciatus e
o o e 2N, XK, 5 Ji 3k Rt LR, faBRH,
Polistes Bikg, K3, Bombus T, ZRE, i
snelleni 1 breviceps
il
Polistes #ZJK, HHEA, LR ZHE, BIE, 1
dawnae N BT, Bombus atripes (A, i, B
L Sty W
bt il B8, ZRR, ZIERE M RAT, =2t
Polistes FHZ, W, Bombus BB, 2%
dominula P haemorrhoidalis W K
LES VS Y Y K 2N, KB, N5+ B A B i 5, WA
Eumeni- Eumenes Eumenes 2 BRR, R Xylocopa Xylocopa W, 2K, 1
dae micado appendiculata %
FLEG R R, ROk, % HhAE AR i 22)K, Mg, B
Eumenes  fif, WA, 84 Xylocopasinensis i, i, 2k
punctatus i
ARSI IS, W, 5 NN 22 )R, Ef, Wl
Eumenes it Xylocopa 3, ma, 2
labiatus tranquebarorum
RAER L8y, 5K TR 22K, FRAA,

Eumenes sp.

Xylocopa rufipes

2, 3Rk, wEifl
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43R 1 (Table 1 continued)

i R Fi ERRD |y & i LRI ERL)
. . Main visiting . . Main visiting
Family Genus Species Family Genus Species
plants plants
LS Y L0 Ty 7S S 1 A i RAT LRI R R7 g S O, B, A
Eumeni- Pseumenes Pseumenes Rl Megachile Megachile W, WE, Ak
dae depressus Megac- sculpturalis
i R R B A R Jii B R, | hilidae I B, 2R, 0T,
Orancistrocerus  Orancistrocerus w5k A4r, #H Megachile TR, W
aterrimus K, 9E spissula
[LEEEY ) B, W FBRE D7) - B,
Orancistrocerus  #£ I\, 4<#t, Megachile
drewseni A T strupigera
B GBI XU i g FEAle]
Orancistrocerus Megachile dinura
aterrimus
S U KA s, m5i, HZ=)n % s BER, BKTR,
Parancistrocerus  Parancisirocerus #2885, 1364 Megachile W
samarensis W, #5 nipponica
SRR GRS LR, 38 AT - i i 5.
Apodynerus Apodynerus My Megachile relata
formosensi
G wR LI O, w, o3 hoI S B, fitRA,
Anterhynchium Anterhynchium  #&#i, #rR3E, Megachile B E, LE
flavomarginatum Wi remota B e
(V209 Y= B M 37T MRS, B, PUNDI
Dirhynchium  Dirhynchium 2K, 275, Megachile
flavomarginatum HAE disjunctiformis
SRR heRGER W, X W, ZHR, W
Allorhynchium  Allorhynchium 22 )1\, Z5# Megachile i, EE
chinense bicolor
RS wE  REM 1 T, /R A e R, =R
Antodynerus  Antodynerus Megachile B, FkOL, 3%
sp.1 rixator Ny
RAERN 2 XGTEAE , B, ERZlig e, BT
Antodynerus AR Megachile MR, Bk,
sp.2 tsingtauensis eI
EEG R WSS GIA, NER, REF 1 B, B,
Euodynerus Euodynerus PR A Megachilesp.l &, ik, =W
notatus L%éﬁf@
SR B R, KRR 2 Egiil
Euodynerus WL, 2K, Megachile sp.2
strigatus K
RE R Eigil ENCLE O S TEN L T, B, i,
Euodynerus sp. Coelioxys  Coelioxys Wi
fenestrata
75 W s U 75 R FEAl] TR I b Ei, I, B
Pareumenes  Pareumenes Coelioxys ducalis #, #f, JHAD
quadrispinosus
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4% 1 (Table 1 continued)
7 [ i LRI | gy 7 i LRV ERLD)
Family Genus Species Main visiting Family Genus Species Main visiting
plants plants
BwA  SNREEIE GUESNEMR M, BUN, A \UInE ORISR HRRIESE A, FRAR, i
Eumeni- Ectopioglossa Ectopioglossa 54, 3 &Rl  Euaspis Euaspis basalis [, #3
dae taiwana Megac
TR LE Sk i L 8iy, #fl, |hilidae BBEMEIE LN EBERE s, B2, 2
Scolii-  Scolia Scolia JE3%, HvE M Anthidium  Anthidium B
dae superciliaris septemspinosum
W L8 TR, S5, 4, fLEE )R Rl R, SRR,
Scolia b LA N Heriades Heriades sauteri #1544, W4t e
watanabei
KiEL#%E HERELE =R, 5, Ho b IR i) P s e R, KW
Campsomeriella Campsomeriel %37, k¥, finl Andrena Andrena
la annulata o 2 hunanensis
STRE A IR, | MR BEILES R, KW
Campsomeriel =iy, And- Andrena striata
la prismatica renidae
4Iif +i)m  Liacos HOR|, AEMR Andrena algida  fRE, #3E
Liacos erythrosoma
WEHERE EHR A B, Bk P TUEL WU SE L L
Spheci-  Sphex Spohex sp. Andrena knuthi ~ #r 38 FkiE, £
dae 7J(77J4:
R A ese Doty B0, RAEFf B, WE, M
Chalybion Chalybion BB A, BRAT, Andrena sp. W, 2N, B
japonicum Pt g
ARE R 58t PREER] R EJR (5 % e LB SR e
Chalybion sp. Halic- Halictus Halictus aerarius 3], /N,
tidae S
BEJE IR HEEesE 22K, D8, IRIKBESE TR IR KBS 55, WA, W
Sceliphron Sceliphron B, I, W Lasioglossum Lasioglossum o, Bk, FEAR
madragpatanum A oppositum
YemeEEyesE  22)K, PR, W HUSIRIKER S SRAREE, 30, iR
Sceliphron 18, 58U, % Lasioglossum  ZE. 2RR, oM
deforme BAR upinense
e Jm TR R, R TEUR Ik ik e W, /NER,
Prionyx Prionyx Lasioglossum HREE SR
viduatus agelastum et
)R BNgrvese R, 8, REF 1 B, KW,
Ammophila Ammophila  #R3E, JHZ%, W Lasioglossum KAT, % E,
atripes A sp.1 PRy
[ERANEA I N L 5Hfg, il LR REF 2 B, 22 BRI,
Liris Lirissp. Lasioglossum o2z A
sp.2
KERER  AREM LSty , B, REFM 3 s W, 3,
Podalonia Podaloniasp. /N2 Lasioglossum W, N, U
Sp.3 ,EJ]“%‘
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43R 1 (Table 1 continued)

B R i ERUCHD | gy & i LRI ERL)
. . Main visiting . . Main visiting
Family Genus Species Family Genus Species
plants plants
Tetert  Wieik)m RIEF ES737 B3 WRRL rjEde)E  Sphecodes BOR, W, FF
Spheci-  Ammophila Ammophila sp. Halic. Sphecodes ~ binghami d It
d &y 2z ey i s/ HE s/, A i ‘H‘
O mRmE RER B tdae el WRAG HOHL, SR, B
Palmodes Palmodes sp. Nomia Nomia W, BY, 2
chalybeata
THEleE  REM L5500k, O, LRALT i, Z, B
Cerceris Cercerissp. T, #J\, Fik Nomia W, RE
viridicinctula
fNRJREEE h RSN R D8, B, 18 B RN B, S,

Tachytes Jeke Tachytes 1, B, %5 Nomiastrigata  Jfi, 114, $
sinensis A
HEERE SO R PE ST LB, LR, 5 i Rty e B, SR, AR
Melitti-  Macropis Macropis W Nomiathoracica #, i, /NEB
dae hedini
TRME RAEF WO, =M 1 R R A, EAEEE,
Dasypoda Dasypoda sp. Rl Colletes Colletes gigas 250, THDOE
HHFL B el A, AR, | O AR S, 5
Apidae  Apis Apiscerana 3 [, EFE R, Colletes sp.
3¢
EAMERE KW, R, R MR B wOff|, RARHE,
Apis mellifera 7, fkik, e Hylaeus Hylaeusfloralis  #jitll, ifr, B
K s TER % B, #RG ALY, Hylaeus B, S8, i
Eucera Eucera WA R, 22 nobuyakii IR, Wifr, B
floralia ER O
R2 ATFLEMEBRAN
Table2 Details of four flowering plant landscape types
st/ Bt JHEREY Yk THEREY Yk
Plant types Flowering plant Species Flowering plant Species
RAVEY) s Brassica rapa e Solanum tuberosum
Crop NiES Brassica napus 5 Brassica rapa
E-- Brassica campestris B Capsicum annuum
EE A Coriandrum sativum 22K Luffa cylindrica
AN Raphanus sativus 2R Sesamum indicum
B Pisum sativum H Pisum sativum
" Vicia faba K5 Glycine max
HAEH i Brassica oleracea L3N Benincasa hispida
EINGA Vigna unguiculata R Cucumis sativus
e Sonchus oleraceus LiigLN Cucumis melo
)ik Lablab purpureus EXx Zea mays
S Sonchus arvensis i Perilla frutescens
71 | pomoea batatas 1IN Momordica charantia
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4E3R 2 (Table 2 continued)
YA THAERTY) Yifh 4 AR R Yifh 4
Plant types Flowering plant Species Flowering plant Species
RAVEY FEA Fagopyrum esculentum E[5a Allium tuberosum
Crop S3=] Phaseolus vulgaris IES | pomoea batatas
[a] H 2€ Helianthus annuus i Solanum melongena
EaIN Cucurbita moschata kg Abelmoschus esculentus
ZANEY) o Castanea mollissima it Zanthoxylum bungeanum
Cash crop A Camellia oleifera % Camellia sinensis
*e Ziziphus jujuba LA Eriobotrya japonica
S BL A ELTT] Coreopsis basalis FE Firmiana simplex
Ornamental gy =5 Celosia cristata it Photinia serratifolia
plant & Cosmos sul phureus HHZ Zinnia elegans
Tk Cosmos bipinnatus w5 I pomoea quamoclit
PN Osmanthus fragrans Hb R Kochia scoparia
e Astragalus sinicus A\ B Taraxacum mongolicum
B Wisteria villosa RIS Hibiscus mutabilis
BFE Alcea rosea ANy ] Photinia fraseri
RUL4E Impatiens balsamina — 5T Salvia splendens
S Ligustrum lucidum TRRAR Pittosporum tobira
N T Ligustrum quihoui Wi 3G Cosmos bipinnatus
AR A Hibiscus syriacus 3% Nelumbo nucifera
T Mentha canadensis KHEIE Catharanthus roseus
e Lagerstroemia indica AR UN Loropetalum chinense
¥ Rosa rugosa Lotey g Cuphea hookeriana
RS LAY Rhododendron pulchrum AL 5T Portulaca grandiflora
g Malva cathayensis B RAT Nandina domestica
WA FEY) FRLph B Pseudognaphalium affine EagcH Vaccinium bracteatum
Wild plant 4 g Salvia plebeia it Cnidium monnieri
i Lobelia chinensis K5 Clerodendrum cyrtophyllum
ARG Glycine soja kT Lespedeza bicolor
K Polygonum longisetum FRPEZ Eupatorium lindleyanum
BNl o Sigesbeckia glabrescens Vot T Mosla scabra
m&Ek—#:#% Solidago canadensis TR Hydrocotyle sibthor pioides
1t
HEINE Aster scaber (=) Rubus lambertianus
R Humulus scandens e Kalimeris mongolica
4 Liriope spicata AN Eupatorium chinense
—AE%E Erigeron annuus pNE Polygonum caespitosum
=R Ipomoea triloba Tt Phytolacca acinosa
e Polygonum hydropiper 5K Torilis scabra
B Deutzia scabra IK TR EL Sachys baicalensis
Jo B Tephroseris kirilowii Ak Indigofera tinctoria
KA Rorippa globosa o K Lysimachia christiniae




6 1] A NRAF: Mg DAL BT A 8 SR R e o A g

+ 1249 -

43R 2 (Table 2 continued)

it/ e AR R Yk THEraY) Yiih
Plant types Flowering plant Species Flowering plant Species
WA FEY) 18#7% [0 Macleaya cordata T e Verbena officinalis
Wild plant ¢ e Derristrifoliata JEEEE Hypericum sampsonii
R Tetradium ruticarpum vzl Dalbergia hupeana
i 5 Fallopia multiflora SR Leonurus japonicus
N A Cuscuta chinensis A= Alternanthera philoxeroides
KB S nomenium acutum e Clinopodium chinense
e I pomoea mauritiana e Sambucus javanica
I T B Monochoria vaginalis JERGIGi Cayratia japonica
i b B Lepidagathisincurva Wi Vitex negundo
HHi T Vicia sepium INTE B Erigeron canadensis
g Aster tataricus g Solanum nigrum
SR Houttuynia cordata S Fagopyrum tataricum
JNFEA B Mosla dianthera k38 Polygonum hydropiper
AR Prunella vulgaris R Boehmeria nivea
ki Scutellaria barbata ZEARINH Patrinia villosa
i Cirsium japonicum /NS Vigna minima
SLgpss Polygonum capitatum s Agastache rugosa
R Urena procumbens P& Polygonum chinense
5= Pueraria montana T-H Y% Senecio scandens
FH Corchoropsis crenata gl HE Elsholtzia argyi
[5ZaE-iN Perilla frutescens HiH Celosia argentea
S ] Lactuca indica SN Sambucus williamsii
TR B Bidens tripartita i Fagopyrum dibotrys
& Rubus hirsutus K&insE Polygonum hastatosagittatum
YEYE Veronica polita B B Bidens pilosa
JaE Phragmites australis 52| Mallotus tenuifolius
B R Rostellularia procumbens A Rosa laevigata
FX Capsella bursapastoris 2 iR Lamium barbatum
i~ Rosa multiflora EH Ranunculus japonicus
#8757 Myosoton aquaticum LR Snosenecio oldhamianus
JbEMmiT Lepidium virginicum WS Youngia japonica
LR Lysimachia candida

MEEHL 7, FEHbZE R (AQ ) HoRAEIgE
93 Fh 842 sk, Vb 52 s BEHE R (JX)
R AERESS 94 Fl 1 047 Sk, UifEHaY) 54 Fh; KR
M (QY ) HRAEMEIE 101 F 1 464 3k, 1
TEHEY) 93 B FEHbA 5 (ST) HoRAEREZE 89
1131 3k, UiferEY 72 B

Yikh B4 R BoR , BE SRR A1
o, ikt Tres, XRVPYRIMFEAS G ChE

% )z W S A M eSS 2 A (B 1), NMDS
IR 4 EHL AR R I 2 I 2 2% S T AN B
o (E 2), Hit, RN 4 b REERT I
S5 B 14 B i b DX AR PR A A 1) A% A M SV 4
B
MREET LFH, FF (35 ) RET 68
i 888 ki, (T A EERARANY 19.80%; H
Z (6-8 H) RET 103 Fl 2 061 kg2, Hpr
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HWERPRAN 45.96%; #kF= (9-11 H ) RET
80 A 1535 Sk, A IERARA N 34.23%.
AT A R B R B 2R K BEY ) Shannon-Wiener
ZREPEFE RO Margalef 5 BB B 25
FTHEENKZE (P<0.01), EEEEEELH Pielou
WS RE = THREREMKE(P<0.05)( %3,
Kl 3: A-C). HEZREMEEEYIF BN 535 5
THREKE,; HIOEKE,; ®RMEESE (P<
0.01),

% o o
=
S s 3
—

N
(=}
T T

YRR
Numbers of species
[V} (=)
S S

S

5 10 15 20 25 30
SFAERYL Numbers of collected

B 1 AergRy e i Rt &
Fig. 1 Speciescumulative curve of sampling
pollinator bees and wasps in southern Anhui

PN UCRAE Y B W b

+ represents the wasps and bees species collected each time.

10f
A o N
05 p—
o I
(a) 0 < 908
2 o 0%y,
051 Q o BE X
0.5 % s EhsT
LR AQ
_1.0 i 1 1 1 1 1 1 vI ﬁm QY
-15-10 05 0 05 10 15
NMDS1

B2 ETEEEZHRES (NMDS) HfErtX
4 A FEM AR M R BER AR ( stress=0.195)
Fig. 2 Pollinator bees and wasps community
of four study plotsin southern Anhui based on

non-metric multi- dimensional scaling
(NMDS) analysis (stress = 0.195)

WA IR R B A A S B O I A 22
T P RN — R A6 — R RAE
FERREE (IX); aEfEAHS (ST);
WEMRREZER (AQ); MEOMAEREM (QY).

Ellipses represent the standard deviation around the
centroids of each plant type, each point
represents a sample in a flower.

Green: Jingxian (JX); Red: Shitai (ST);
Yellow: Anqging (AQ); Blue: Qingyang(QY).

: 3 IREHMRAEETENELSHEEER
Table3 Diversity indices of pollinator bees and waspsin each season in southern Anhui

) Shannon-Wiener Z 184 Marglaf =5 &5 44 Piclou 5] REFa%K

?i@ Shannon-Wiener diversity index Margalef richness index Pielou evenness index
tudy

plots = kS kZ w5 kS & w5 kS &

Spring Summer Autumn Spring Summer  Autumn Spring Summer Autumn

X 2.652 3.241 2.579 5.728 9.166 7.340 0.524 0.550 0.412
ST 2.660 3.507 2.881 6.046 9.672 7.084 0.473 0.547 0.523
AQ 2.180 3.633 2.836 4.679 12.066 6.871 0.486 0.569 0.557
QY 2.674 3.743 3.235 6.613 10.774 9.382 0.453 0.602 0.506

AQ: TIKMHFEXEN; IX: EWmEE Sk QY. WMATEIHE =34, ST: WIlmifa & EEEN . TERF.
AQ: Yangwu village, Yixiu district, Anqing; JX: Matou village, Jing county, Xuancheng; QY: Sanzeng village, Qingyang
county, Chizhou; ST: Jiaocao village, Shitai county, Chizhou. The same below.

22 FEZEEEMERIETE S MEHE

MAEREE: o, B PR R (1991
%) wmZ, WE ST AL 10 BHEZE, HRCh
WE e LRI I 0 RL , Fe /D G R vE R A A i )
(P<0.01) (K 4: A), \NIIFELRE, Bik
BRI ECE (23 F) &£, WEEETHAL 10
PR e, FLR R FI DI s, /b 1 2 i

KR A H IR (P<0.01) (K 4: B), MiJifE
Z1E FRE, #ERUIREmAE (131 7)) &
%, W EE T HAL 10 BHE L, HR Oy R ER
AL, 5D iR M RHR T8 RE (P <0.01)
(Kl 4: C). 75 11 PHERRE T, ®ERHE
) Shannon-Wiener ZF-H 454k (2.393) fm,
HYCGE D) S RN RARE , BRI 2 HE SRR
TR (K 4: D),
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= g1ot 8 2 055
- o ° 'EHE _g ® R g
g 85 #7g oy g e C
8 £3.0¢f o 2 o
2 L% gl 3 2050
ik 53 sz
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§ 825t ‘ =3 6_$ ™ 04s)
n o
7 . o °
% HFE M= #F HE F % HZE BE
Spring Summer Autumn Spring Summer Autumn Spring Summer Autumn
Z=75 Season Z=75 Season Z=75 Season

B3 ARSI IREFTERNSHEER
Fig. 3 Diversity of sampling pollinator bees and wasps in each season in southern Anhui
A. Shannon-Wiener ZFEVEFE%0; B. Margalef £ EJET5%0; C. Piclou WAJEFREL,

A. Shannon-Wiener diversity index; B. Margalef richness index; C. Pielou evenness index.

o A 30} B
5% 500 e 5252
222 . £ - =
TE3 Kea 107 . s P
EF glmmemed. e - SR :
&@&&b&&&b&&&@ &vb‘b&’&&&& "“&v&
z?v‘Q &¢00\~ @(\\ :9 &‘b&‘& q}\ \\e‘ @Q § z}\)& Q’ 39 Q‘? \32‘
SN SRS A
@@‘%@@@ L SR @@@@% o
FIFIH »ﬁ@(ﬁg% SIS @@z§§%
N »’$
12 Wasps and bees 2 Wasps and bees
C 85 5 D
LBy s i e L v
ZR= . = ¢
g.ggm .é é%z‘?l .ﬁ .
Beg W e ENES,
= ¢ o £ i 2 @ o @ o @ n® @ @ o O
B{b &b' b Sb' b{b Sb b{b b‘b' 6 PP T FF P
F & FE L P L 3 S S S SN
FOF VI TP T FOF VI PR "
@X % %\& %S
12 Wasps and bees 2 Wasps and bees

B4 ABEEgithRAEHERBRERN
Fig. 4 Community composition of pollinator bees and wasps in southern Anhui
A BEAMEECE; B, MRWFEE; C. ViIEZJE; D. Shannon-Wiener ZFEMEFEHL .

A. The number of individuals; B. The number of species;
C. Flower visiting abundance; D. Shannon-Wiener diversity index.

11, 34 FAElEH) EIORIEHER 040 S, A
23 AFEEMEBH 4E
REMRBMCRERSHIHL R 20.96% 5 6 FHZ T/ I LR AR MK

MAEHIERL BB, TEAMIFREMITARA 518 3L, 5@?%%*1%21&5’] 11.55%; 34 Rl
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59 &

MY R 444 3k, 5 AT IESEFRA T
9.90%; 95 FEFA MY [ HOR A 2 582 3k,
i BT AT S5 hR AR Y 57.58%

Ho By A A Y % 2R YK Y Shannon-
Wiener ZFEVEFEEA Margalef F 5 JE 8504
3 T A 3 P RIIZEARL (P <0.01), {H#gE
FEI& 1 Pielou Y45 BEFEEITE 4 FME YIS AIREVR (H]
ZRIFRBE (F 4, B 5), EEFAMY iR
SR AR R 2 T HAb 3 A
YRl (P<0.01), NMDS S/RRIEY . 254F
YyRE AR 2 [ MR A E R A, 5
WUE ALY b KB YE A 22 R IR A (A
6 ). LRMERIALER GRS, WY & 5 H T

W5 AL Ry 2 1) Z2 R84 ( Shannon-Wiener
SRR Marglaf 5 IR ) RN B
FIEAHFESER(P=0.007, P=0.002 X & 7: A, E ),
{HRAEETAAEY) . RAEY R TEAED) AR G
FAEE (P>0.01) (K 7. B-D, F-H),

2.4 AEIFKBLME K- E IR0 M EFFHE

AN [F] 8 2 Y 5 AN [ S5 WL ARL ) 2 B AN HLAR
MRy s fabn A fr 2z (% 5). WA
LA, - E Y N 4% I
(0.311), HUZALIEY (0.097 ). WHAEY)
(0.080) FEFAEAHH) (0.059 ); WeK-HF ¥
- 25 e B iR = (3.000), HRERIEY

R4 REEMREMEXSRIOEMEELRBSHEEEY

Table4 Diverdty indicesof the plant community types concer ned with the pollinator bees and waspsin southern Anhui

Shannon-Wiener ZFEP: 8% Marglaf F & E 55 Pielou )5 EFR 4L
Fesy Shannon-Wiener diversity index Margalef richness index Pielou evenness index
Study s WE WA G W R . AW WH B
plots  RIEY fe  HiY iy RIEY e k7] k7] 9 (=7 Y Y
Crop  Cash Ornamental Wild Crop Cash  Ornamental Wild Cash Ornamental Wild
Crop
crop plant plant crop plant plant crop plant plant
X 2.941 2.085 2.988 3.324 7.374 3.476 6.705 11.233 0.571 0.426 0.572 0.526
ST 2.908 2.429 2.96 3408 7.815 3.892 6.158 9.069 0.494 0.591 0.628 0.533
AQ 2.97 1.617 1.911 3.577 7.090 1.842 2.424 12.183 0.619 0.496 0.515 0.552
QY 3.293  2.622 3.261 3.551 7956 5441 8.132 11.426 0.582 0.46 0.698 0.534
gL, A 'orB c
:s‘_g g 4.0 > %
#H 2 3 e
# 82 3.5 L g2t ° N g 07} o
g . . 8225 = 5
55 3.0} ey we e O E . .
S O 'bi‘ Q ° 0 0.6}
L3 55 8 pe T3 .
22250 =8 % 2 =2 .
% ) 25 o=
= 220 . =8 4t mE Sy
% = °
7]
QOQ s \rb,'ﬁ\\' AT &OQ ‘OQ ot r&ﬂ(" 0 gOQ \’A& \%&
WO @ @ W07 @9 i o B8 (@9°
r)&:g‘@m oo g W & * o “ﬁa& @ O
EOC & Lz‘;lgK an© & @;@‘\ ¢4
o o o
K4 F Plant types FEH2KE ] Plant types FEHJ5% Plant types

El5 AR 4FiEMEERE EENEXNSHEEES
Fig.5 Diversity of pollinator bees and wasps of four plant community typesin southern Anhui

A. Shannon-Wiener Z:PEFERL; B. Margalef 2 & BEF5%0; C. Pielou X5)JE 5%k,
A. Shannon-Wiener diversity index; B. Margalef richness index; C. Pielou evenness index.
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1.0 -
A
o 05T CWe RAEH

8 @ %20 A Crop
E 0t 00 08 4 A GHAEY
Z ° & °o Cash crop
f 2 4 WH ALY
0.5 4 Ornamental

o plant
-1.0 . v e
1 1 1 1 1 Wildplant

-1.0 05 0 05 1.0 15 20

NMDS1

Ee6 ETEESZHERESHN(NMDS)HRmEX 4
MEMERBEMERBEAM ( stress=0.103)
Fig. 6 Community composition of pollinator bees and
wasps of four plant community typesin southern Anhui
based on non-metric multi-dimensional scaling (NMDS)
analysis (stress = 0.103)

M Fos AR R R D ORI 2, B R RN TE
—HRAE BRI —VCREE . SORRKIEY); aafRart
ey ;s BEMAERWEAEY; &R MY .

Ellipses represent the standard deviation around the
centroids of each plant type, each point represents a
sample in a flower. Green represents crop; red
represents cash crop; yellow represents ornamental plant;
blue represents wild plant.

(2.275) MFAEYI(1.786 )FIZTAEY( 1.640 );
YR A TAEYI A SNBSS B (0.399),
HUOEE AR (0.268 ), RAEW (0.218 ) FIWL
FORY) (0.124 ); W25 AL EA) 1Y) K46 Hh 28 2 8K
i (3.557), HUCGEREY (2.624), WHFAH
Yy (2.008) MZLEFEY (1.677 )s
MBEEAA HF, s SR ) N 45 %
B (0.066 ) I FH%e AL (0.085); FHyi%ER:
B (3.349) m T ER (2.465); BigEEEL-
YA S ESSE (0.204) FEK 4L R
(5.146 ) #R e T ERL (0.166 ) F1(4.797 ),

3 itig

AR, G SRR RS N AT
ST AR, A% 8 B U ARG S b 1 E Tfi
s 2 7™ B ) SR o TR AR PRSE BT 21 1 SR 2 A
gl FW S AARAES RGN T, BA R
A ZRENE, AONAR 287 A ALk B B AL e 3
37, XA BT A 1 28 R e E S R G A
HE X (Silvaetal., 2021 ), AT g e X

REVERMA T, 76 151 FiOFfemdy b HoR 4
TS 3433 3k, N TA SREIL R IR BRI
76.56% o P UL WIS 2 ot i b, DX R AR A 5 v A
TGRSR TR B R G
F RN, X H5REE AR LS HY S
( Kratschmer et al., 2018; Winfree et al., 2018;
Theodorou et al., 2020 ), H-Ap & iR A 1)
ot AP AL B T A 10 BREESE,
Shannon-Wiener ZFEPEHE B A & o [F]IN, 260
FHAER R 3% (P <0.01) & AL 10 B
e, NRMAEYIEAE T 45 B s, Wk
SEREHT A B AR G B AN, AR a )
I RS fIZ ARV Bt TRTRE. D34, iR
Tob A W 12 M0y IO 4% 110 2K 4 i 28 22 500 15 0
Bl REFEEY R E A D) 2 B % DR
PRI D B SE MR, 0 SR A R R MRS Bty
K5 IR 28 R M B 22 AT DL e e e
bt P b DA MRS H AT A R i e rh AR SRR, 2
i B B E I
Ve F S ARAE S RGN EE A,

AR AP L L ) e A R AR SO0 AR A AR
YA RS, &R A MR T R E 2K A
#(Koh et al., 2016 ; Sanchez-Bayoa and Wyckhuys,
2019 ), AWPFEEER B, B R T4
2583 3k, diTAREMERM 57.58%, B
Yy 19 HE 75 1) Shannon-Wiener ZHEPEHEEURI
Margalef =F & FEHR BN W2 = T HAD 3 Al
Yo AT D AEARAMRAZ Sty v B A A RE AR 3 28
AR AL R et XSS TR MRS A Tz
FETEM B AE M E RS R BT R E B
MIVEH o BY AR AR Y B4 T 22 Fh S AL i 1 S A i
RARMLE YRR, X SUALRy 28 St ok )RE N AR
Ml A s R 2 5 AR Bk o X S
Bucharova % (2017 ) $&H gl A 7= iy 5 7E F
B YT AR TTUR | B S AR IR O R A
L AB Y D R A B 0] X e AR AR 1T
AT ZBINAHER T, i BERBREL | 24
2R BRI S, XSt SR AR A Y Y
ARG, DR AR WSS A B b, R T A TR >
MRS RS
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Fig. 7 Relationships between plant richness and insects species diversity indices

A B+ 5 B L Shannon-Wiener ZARIERSEUNSCR s B. BFAAAY) 45 5 B 5 B2 1 Shannon-Wiener Z £ 115
KR CoRAVEYF 5 EE 5 B d Shannon-Wiener ZFHMEFEEAY KR D. L UHEY F 5 B 5 B 4t Shannon-Wiener
ZREERR RN G R s B WSTHY) £ & 0GR 5 R K Margalef £ EHREG F B MY EREEN R SRR
Margalef FEESRE; G RIEYFEEIEN KRS R I Margalef EEEREG H ZKTHEYERENXR SRR
Margalef =5 AR, LHIMAFTRBINMOCHR, B XKEERR 95% 85 X H, L6 RFCRE IR,

A. Relationships between ornamental plant richness and insect Shannon-Wiener index; B. Relationships between wild plant
richness and insect Shannon-Wiener index; C. Relationships between crop richness and insect Shannon-Wiener index;

D. Relationships between cash crop richness and insect Shannon-Wiener index; E. Relationships between ornamental plant
richness and insect Marglef index; F. Relationships between wild plant richness and insect Marglef index; G. Relationships
between crop richness and insect Marglef index; H. Relationships between cash crop richness and insect Marglef index.
Plotted lines show predicted relationships and the shaded areas indicate 95% confidence intervals.

Red circles correspond to samples in plot sites.
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: 5 EEEHIXARERBERER-EY S REKIER
Table5 Bipartite network metrics of different types of pollinator bees, wasps and their visiting plantsin southern Anhui

VRN We-ZPTAEY) MEI-UBRY)  ESE-BP A BRI WK R

W28 F5 b

Network metrics Wasps and Wasps and Wasps and bees- Wasps and Apoidea-plants Vespoidea-plants
bees-crop  bees-cash crop  ornamental plants bees-wild plant

™) 4% 32 422 0.097 0.311 0.080 0.059 0.066 0.085
Connectance
SEI R 2.275 1.640 1.786 3.000 3.349 2.465
Links per species
BN ESSE 0.218 0.399 0.124 0.268 0.204 0.166
Niche overlap
P AT 2.624 1.677 2.008 3.557 5.146 4.797

Extinction slope

| A Crop W B{HEY) Ornamental plants
B Z31E9 Cash crop B 4 wild plant
R} Vespidae Bl B4Rl Sphecidae B #i%F} Andrenidae

B %R} Halictidae
B 5 BR Colletidae

o AEERL Melittidae
&Rl Apidae
0 YRl Megachilidae

I DR Polistidae
B '%%#} Eumenidae
B 3l Scoliidae

8 IREMXAMER-EMEEXRNZSM%
Fig. 8 Bipartite networks of pollinator bees, wasps and their visiting plantsin southern Anhui
W& 107 AR, RO Rk Rh . K7 P SERE SR AR I IRBURIE L s B — SRR RV A .
In the network, upper bars represent host plant species, and lower bars represent bees and wasps species. Rectangle width is

proportional to the number of interactions of each bees and wasps species and plants;
each line represents a flower visiting behavior.

AMRAE AT P F SR AR B W] g2 VR AN AR 47
B R B — AR (Shietal.,
2021 ), FFAEMIY)F & 1Y B 3 % T L)k A% 3 e
AR LT B A A S FE D) AR ( Gardner et al.,
2021 ), ARWFFREARER, WHEBEYHFHESE
TS L4 2510 Shannon-Wiener ZHE1EHS

A Margalef 35 48 5B 2 A ik 25 9 IE ARG .
IS St Clair %5 (12020 ) FYE A 2 B i Fb
HE 7K SR RN G S 14 0 AT ) Z2 A DT I SRR R
Z R A MR YA Z FE RIS N 258 o X AT
4 Buhk 4 (2018 ) £ A I RIZEAR Y S
1RGP ZAEE BT, e mE Rt —1 2
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