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Examining methodologies of pollinator detection in the field
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Abstract: Sexual reproduction of seed plants depends largely on pollen transfer. The pollination service pro-
vided by pollinators for wild plants and managed crops is one of the most crucial ecological processes on our
planet, as it plays an essential role in sustaining biodiversity and crop production. Factors such as agricultural
intensification, habitat fragmentation, and global climate change have increased the risk of pollinator decline
and extinction, which would have detrimental effects on ecological function and agricultural production. To
maintain the stability of ecological interactions between plants and pollinators, a series of pollinator moni-
toring schemes have been established, ranging from the regional to international scale. Participants including
volunteer citizens and professional scientists have obtained the status and trends of pollination systems,
thereby helping to provide early alerts and feedbacks for the risk of natural and agricultural ecological sys-
tems. In this view examining the methodologies of pollinator monitoring, we emphasize that it is necessary to
distinguish pollinators from floral visitors. A diversity of direct and indirect methods for monitoring pollina-
tors is summarized for seven types of animals (including Lepidoptera, Coleoptera, Hymenoptera, Diptera,
Aves, Mammalia, and Lacertilia, respectively). A simple monitoring program that includes volunteer partici-
pation is also recommended. Commonly used field monitoring strategies for seven groups of pollinators
would be useful as references for monitoring additional pollinator faunas. The pros and cons of these diverse
methods for protecting and monitoring pollinators are discussed, which is useful for the long-term detection
of pollinator dynamics.

Key words: pollinator; pollinator monitoring; biological protection; biodiversity; plant-pollinator interactions

WSk H #: 2017-12-24; 252 H H: 2018-02-09
BB K E AR EEE 42 (31730012, U1402267). T8 L5 G A7 3 RETHRI(BX201600059) F1 Hb [H 18 L 5 R} 2 i 4 10 92 BY I3l H (2017M610482)
* J@iIfE# Author for correspondence. E-mail: hsg@mail.ccnu.edu.cn


mailto:hsq@mail.ccnu.edu.cn�

434 4 ¥ % B 1 Biodiversity Science

26 %5

WY RAES RGBS, WS 1EH¥ R
FH At 37 4k 9 A B B R0 FE A AR ] DA FH 1R 4L 2
BE. HEAhTE, AR BT A (B e )
N BB, 274 295,383 Ff (Christenhusz & Byng,
2016). HITREIEAERKR I, e EmmA A
R — € AR A, K0k (BB K T ) WY
[ S5 M (TE 25) A 3 B MEPE 25 P (HERE, L& BP
gHf), MITSEILAZAG . Gt A fafl. Br—Letd
YA Y R K A 88 A% 3 B A Ab, M ER B4
87.5% 1) 1% ¥ H& ¥ W0 Fh e 3 4 4% H1 (Ollerton et al,
2011). fln & NAEMIR HE R ARG RBE T K2 %
SRR B, DI AN A R
K4 (Allen-Wardell, 1998; Fontaine et al, 2006) . 75K
WS RS, k& 12 FEAER IR 55 1 BT
TS ARG 50 P A Ko TRV A ) A o 22 O EEL
AERVEY) = 20 35% M8 T30V % #3 # (Klein et al,
2007). Al LR KA T5% I EYYI R AL
B A SRS (Kleijn et al, 2015), 20094F 4R i
& % 2 1 AE P i) & B i 18 = 5 3,610 14 36 Tt
(Lautenbach et al, 2012).

T, AEKIEE A I T AR R O
KB IR I R SRR IhEe LA A K
1B W) AN JE 22 4 s R ASHI B A (Vanbergen & the
Insect Pollinators Initiative, 2013; Potts et al, 2016),
XL 5 O 428 W 52 3 AT I 2% 3 (Cunningham,
2000; Committee on the Status of Pollinators in North
America, 2007; IPBES, 2016). H it A i N 2.4
SEHtE T ARZ X O [ 2K G DA K ARG (A
W7 AR, 25 N BaFER R ML R
VA K2 ISR o ABIUA BT 5 A7 AE — L
e R, 0 AR A 7 ) M 0 s ) e 28, T AR i 2R A%
1 PR AL B AL R I 25 %8V 22 B AR M A R R AR ) )
FEEE L (Larson et al, 2001; Rader et al, 2016); Wil
T AR AT S i ARG A R 2 25, s,
DU E AR AL Ry AR By 1T AL Ry S5 ) T
LR, RHBERAEE R R ATk X o
VifeE B IERE R . (ESLhRiiA T, 2kt
E EREEG O #E, IER. e, F
A (K1), BHE (BIb)aE. Jiah, A& il &
G RS U AN S At Dl et 7R 2 . BEE AT TX
K 2 B MR — IR, ARG 1)
W 2E D 5w, DA TR 4RSS REAEN

fa FERIA A 7= (R J o

1 hEEN—EX

1% %71 (pollination) A& 1€ ¥ M AR W0 10 I 4 A= B 7
HABRANEYMEEEHESE T LR EhmE
(pollinator) & — K 5 ¥ & AE M BAEH 24, 1E
X — I B b 2 6k A% i 1 3R (Huang & Guo,
2000). Vife# (floral visitor) &5 ALY, X 4L
TS BRI HP, WREBE AR m
BACLA R FHAEVE = onh, £ 2 R ER 1T .
BRVIEEA —E R E, RAAVEE KM
VORI R A 16 B R R A Sk B, A REFRZ N
M ALK

— MR DL V2 MR B A [F R A
M. SRR E AT R A, ASFEfE
& A SRR WA AR . A Sy,
RS IR B U A 7 A R AR OIS TR B
&4y (Wilson & Thomson, 1991). e A A 4L K &
A RER — N abr S e AL SRR, RIvE B RIA kL
EHAER AR R A TR 11 EE A5 (Johnson et al,
2005). FEELIR VT A, ALK #% D A0k 1 [R] I
V2 AR v B RIAE Sk b, RIRTIA B8 S (e A 1%
B, BN Z U EH RS FEY) ERAEE
Rk, BAE ) — i) BT Re R IRAUE &
BB TERBERER .

AL Ry 2 ) B A 2 — 2 N R B A%
32 (Willmer, 2011). i € 5 1E FIAE A 25 7] DL
T H SR B RS B M 00 H BRI 548 N A
JIH = A B X R . N T e R sh P
W, WE (DB UIIEE . WAL
IR 7 BRBENLE R RIAET . Il UifeE MiTr A
HREL B VIIEH IR QWIANZFIUIEE 518
AR Z A MEB . MEVT L 1RV 0] I 5 A 25
F 275 ReVCECAE I 454, R A8 2 FIAT Sk =2 75 g
L 9 ) A il B4 4 2 (I 1b), Vs A6 AE U )
b R T BUSCER R B B AR B R (K Le),
FR D AE R R Bk b SRR E R 33
W BT B ) 2 3 Tt A BRAT R T8 K e 78 2 IR )
ek, KPR BRI E S EERAE S S
FE Sk i i e DA SEIRAL B (1 1d) o 38 58 5 e 25 B
A4 RV IRR FS LE K 5 v £ R %) b St T ) By G S AR
TR A, AN I 75 B X S ek £ (e R
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Bl BHENITARAHEEERST AEMEMRINTREIEE S E. () REIRMER )\ (Eupristina sp.)iX BN S LA
(Ficus altissima)MIBaLTEF, X AKIERIEEM ME, (b)—FX BkpEHE (Lasioglossum sp.)SRE&EZE 4 E & (Lilium duchartrei)#97E
¥, BTREXNENTRSEESREZENES, XABEILENE, RETEMESIMAEEMMMER. ()AREMIE
HA] B2 P LA = (Cypripedium tibeticum)BY1E# &, L HITIHARFENEHBANERNTESD, MRREHEHET
EABAZHTEIIR, M E AR sER BRE & - (d)ZLAERERE(Bombus friseanus)7EPU) 1| Sk B 4 & (Pedicularis cephalanta)
FUEIER, TR EM ARG, WEBKEIESEFNERTERTER. OBRETHEEEEN=
(Chamerion angustifolium)4#Esk PRt By, BEEMRENEELRETRHREE, LA EEHE R E 5 AH
1E. (f) A3 H =tE8(Rhododendron clementinae) @ EH SR EME, AIRESBRLHIRNNETFREELFIN, BEEEIFTE
BaiFRAE, TERAPE—RREEELE.

Fig. 1 Photo illustrations of behaviors of floral visitors and different methods for detecting potential pollinators. (a) Two female
cheaters (Eupristina sp.) are trying to enter the hypanthium of Ficus altissima, these are non-pollinating agaonid fig wasps. (b) A
halictid bee (Lasioglossum sp.) is collecting pollen from Lilium duchartrei. It acts as a pollen robber rather than a pollinator because
its body size is too small to mechanically fit the distance between the male and female organs. (c) To investigate the potential polli-
nators for Cypripedium tibeticum, investigators let captured insects with different body sizes get into the inflated labellum, if the
escaped insects could carry the pollinia of this orchid then the visitor could be likely an effective pollinator. (d) A bumblebee (Bom-
bus friseanus) is collecting pollen from Pedicularis cephalantha. Note the stigma contact position of the pollinator body. Those pol-
len grains collected by the bee into the corbiculae are no longer useful for pollination. (e) Scales from a moth visitor deposited on a
stigma of Chamerion angustifolium with microscopy. Nocturnal visits by moths could be indirectly inferred via checking scale
deposition on stigmas. (f) To examine whether Rhododendron clementinae can be pollinated by birds, investigators used cages made
by metal wires to cover the inflorescence, isolating bird visits but allowing insect visits. Note a bumblebee is visiting the caged in-
florescence.

R 2 PR R A, A L0k xR AR
fl AP AE Y E O I e AP E K (Fang & Huang, 2016).

T A 388 5 2 A 0 TR K AT A IRRRAE,
I3 BT I SE R AE BT DAHE bR — e A 7R U5 8 11 S R G4
MR iEE . A5 )FEIZMEYNES R
Gt HARIE R AT . — Sy nr LUE T E 3 3 288k
FER R E AT #% K (Lloyd & Schoen, 1992),
KFEL T U5 E 3 HA B sk vl Re £ 0. SR FHE

Y8 BB R R Ss, AT LA H R A
K S AR A 2 I IR AR SR L 25 SR e . (2)FfN 1%
FOEYIAE R B H RO )2 75 5 U5 38 TG BR
IR ARG, 1A A AE A S R L A
U5 A6 7 X AR P 75 5K DA R 3K 6 4 T 52 B0 P I 1) 2
A3 0 N Y5 A6 S SR . A9 G 78 78 XU 23 A7 1)
KELFEHEY) #7258 (Dalechampia bidentata), AR
1k 2 4 U1 i (Megachile faceta) 78 1€ 31 R W i
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F T4 S (Armbruster et al, 2011).
2 S{A] R R 2

2.1 BERKFEERUWZEEN

HARBER T, A2 MM e S 2 itk &
PR T EAE W28 (7 AT 3 A 42, 2014) o M5 EE—4)
Fhoae LA THU IR FAL k5 VAR AT N5 B, TS 7K
S M 0 D) AT R L 2 AR ) S 2 Mo Ry 2 A
FORA LAOUTT I BAE R &R, I T RS AR
W2& . H AR TSR Y B AT W0 28 4047 1 A0 245 B 07
73 3K 7 5 H0 [a) B AR 1 AR 20 5 JiZ (Kaiser-Bunbury
etal, 2010; Menz et al, 2011). & 25 ELAE ML AL IR
PEREVE S5 S, B TR AS RS DI RE T THI Y
1T (Gibson et al, 2006; Bascompte & Jordano, 2007),
DRI T AT FH AR B AR AR E R FR bR o 1] G0 Kaiser-
Bunbury%5(2017) 73 #r 1 28 /R HF I 8 M AE L6441
W BIRE )% K 2 X 28, 38 IS0 b A Pk 2 AR R
BHEE 0% 2 FE s R B AR FE R I, 153 A
BRGHKE W LR Z T B MEE . Uil
RHOAHAE Z R, B EHE TR B
HAERRURMERER T Az BAHEEI6E
HAETIIR.

Ff 4232 (transect) #2 i I A V) —1% ¥y & BAE 1 —
A %071 (Westphal et al, 2008). 1 tiHegland%s
(2010) 1 B 32550 mi (1A 4k, 7E2003-20044F [1]5-8
H, 3K M08:00-17:007EIX LEFF 2k FATE A, id
SIB B VT M ST I A . BB
SE K J7 0 — Bl FH 532, 9] 4n Fang #11 Huang
(2016)7E124N1 m x 1 miPPRLIIRE J7 HRoLEE T 147 AE
Y565k k& A BAEH, JFM g 1Ak & E
YR a5 Fh g 0 U5 ) ) 2% AR ) 0 7 Bl S AR R
AR I X 2 LE Bl I AR e, N [R] A 4 i 2 T
AN, ARV OIS A 55, 6 4 ]
WEE 3 1 B Ml 22

WA Ky X 2% P % B A 22 WA 5 48 Ky = ) ol
UK BN IR IER G 2R, BT ARG e I ROBE 3G K
NJTRIE IR 22 B3 o Dy 1 5 e M 0 P e A R
# (cost-efficiency), AJ ¥ bl i [H] £ H T M A% A0
T AR R, ORI I B AR T M g E
LEHIREY) 5 188 2 58 . 5 i Hegland %5 (2010) 4 i,
L RN B 00 [ B TR A A% K 5 ELAE ) v WA
H, B2 LLZ)20% 1) ) [8] 122 2 $50 N B AT 3R EUAE Ky

¥ 2% HH BT 2070 B ALK 5 70-85% 1 AE AS T RE(S .o
22 (AR SIRE

V) 2 4 7 5 R 2 [R) A W] DA R A 2 ) B 0 42
AT S F R S . 9 W AizenFTHarder (2009) 71 H
A E a5 &2 (Food and Agriculture Or-
ganization of the United Nations, FAO) %45 73 Hr1s
AR TEFAHCR /RS e B n T
2145%, 171 7 [F)FF 1R B 1) 5L A 3R AR MV 30 7 4 i
55 B RHGI0 1 300% LA L.

W RAL R S A R K5, B4 € iR
AR A AL RN 45 52 32 0] R T RE Ak AR o Y
Z R, AR WO D B DL B EE R, IX
J5 10T AR g B I v 1 38 AR (Willmer, 2011)
WEREYN 2 S F & B R ] (A 448 7 HoAt
WE PR AL . CarvellZ5(2006) 1 2 1 435 -T2 [ 1)
REMGE BYRAEY, RILFHL P 76% I Y P R (E20tH 42
WeHHZE T 1 30k, ATt 0 RE e P A 1) S e it T
B HEHIE 45 o
23 KASE5ERAAKEN

FER 5 IR 25 o A AN L, 1EAT R UBE M N %
I5f 2% 77 (Roubik, 2001; Williams et al, 2001), HiF}#
FA A E N FE T 080T E TN
PR, AR} (citizen science)H (A Ax s i 151 H
AL R RAERARI J7 5, SRS (] 25 (R AN J7 1)
PR . ZEAARMIIE h, 255254 5&E 4115
B[R] U B 31 AT S 1 A% B 3 W 58 5 (Altizer et al,
2004; Kremen et al, 2011). A A Wil 3w 5 Bl A BE,
BT & S NBAK, BInseERR, it 254K
Hp2E ) B B AT 4 K 21400 15 BT I BHIF &
#f(Schmeller et al, 2009). 2> A% W I 51 H 38 2 A7 AT W
ke E, o RARSR AL — B2 B i BUE MR AR
(Bonney et al, 2009). 44X, A AR H HAEE—
6 i @, L o DA A A DL S
%% (Genet & Sargent, 2003).

BT 2 000 2 A e WU 50 R o S B A 1) B
W E bR, 87— bR R BE RAE T EA E 5
B EE RN ERE, FR PR R IE T 4
T B 5B . 1 R0y % (2016) T & 17— AR A A
I H “Big Bumblebee Discovery”, A& T 9¢[H %
i A [ A 2 1) BE W4 U7 ] 22 M EE A B (Lavendula spp.)
GO, HRFRZALIFAT-1LS /N4, R
T il BT T R 7 SO e T
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PN TE BE AL M A RE e 1 1) A B B, A OTE K
TR ] 2 o 2R R T BRI RN, JRR AU A L
P LA AT o

H g E P 2wl bR 3B e iy
WFEPLR A, Wfeeis. B, MEoRiEss, mg
RKKA R RBHEEME TG, BRI AL
2 5 [ AR RN W =
2.4 SRR EMERE LB G E

RS R ZRBEAL R 2 (0 ST MR AR S S AN ), R
X PR AN 0 U 7 v % e AR IR I H 1) 222k
T B TVHFEAN N T RAR, Wl 7 242k P T 4y
BANJE U (L) B 0 5 A 0w A SRy 4
(RIS SABE 2 FEE AR AR, R 76 1 F A4 A 4
FRIMERE G5, F I EERT &K i
W7 iERT LB N AR, B3 800 vl VP4 4%
R R ARSI, (2)— BRI T 1
DU e 30 7E AT AR AR ) B I 1) U5 A6 8 RO TR 1K U
TR/, W LAIRMER1S 30 5 M YDA BATE FH AR B
R, HREFFXMERBET ST REEN, Q)&
iP5 SR 0 452 B 1 U7 A6 38 D6 200 HR I 28 3k o 25 S 58
WAEMA LR, T B BERAR DL S bR A
PERSEIE, JFRATRERIC ALK & SHEY 2 M E
FEAREAEH, i A o me . 7 i s
Vi AR A, DMER AR HAE M 2% .
241 598 EREHEREN

AT H R R e E MR 2, 49F
141,600F0, 5 A A& 40 # AP £ 140.53%, FHrr ik
(I H)m A 123,100 Fi (35.24%) (Ollerton,
2017) . A 43 b s — Se i H E i Hb i g S g gt
(AP B R B g, i DR 3 T A St SR RSk
471k (Merckx et al, 2013).

ik AR I B AR RSS20
B R 2 — 2 kSR8 A 7 3 (Philipp et al,
2006) . AT LS IR 75 BRI [H) 38 5 & 18:30-22:00, 7
WEZ I AT A £ 8 R BRAAR i A T i, Bl
FALLAF HL F B A4 FE B DL BRI i (Liv &
Huang, 2013; Xiong et al, 2015); i Motk T
(R B AT DA% B £ 3 455 1 28 H 9 i PR i 247y
A8 FH £L A R ARASC B A A B e ) B AR B AT LA
BLIEAEZ130 emifBE B LS ER . il Sk s T
ISP

WA — 1 5 R 3 2 (R M 2 T DA B 2 SR R 4%

o 1 T Kutt 5 (2016) M IR A S Y — Fp H AT 1)
WA 1G4 [ i (Synemon  plana) it} ¥37 17904M100 mik:
IFELR, A 0T 52 85 R v B PR IR (e > B 1 11
H&EZBFLA) R A, AN RTEERHEH
WA EA10 500706, FREESIR 20 B HERE
2k b2 AT, BRRIRES miB A . T R BT AR
FIFdF FLEPRER T, WEEADN = Z 1
B KRN A

WG b A 2 e R ) — R . A
JE SEAEYA SRR IS G0 T, AT LLd i ke A
e b7 BT % v 250 D) 4 HE W i SIS 1 U [ 15 250 (&
1e). Ml inRodgerZs (2013) L —Ff & ¥ F A (Lilium
formosanumz) ¥ 3k b W5 W 21 /¥ H 2 K ik (Agrius
convolvuli) i F £ & AE i ALK & 115 R FR A%
fig% 1R 5% BE ) RT AR BT A BB F 2065 1 F R UK
BRI G . (HH X & — PRI, mird
G 10k & B SRRt 2 7 ENIE

SRS B, MRS AR RIS B 9 AT A
Flo DRt AR B A i 2038 4 BBURK, MRS AR X
VENAW 2 FE % B8 7~ 258 (Thomas, 2005) . [E Fx 1
T e g i ) R S ok ), e S E A AR T
1976 4 1 1% &t W) 1 M 0 7 K (traditional Butterfly
Monitoring Scheme, tBMS), = 4% HARRE
(PSR St . AEREAE 4 H L H 229 H 29 H i
PV RRIN A, B FTN G — R A R 5 I VR (]
SE IR (2 K N9 km)fT i A, &R 2D
—Ik(Roy et al, 2015). 53— UM T4l 2 5E ) H# [X
)45 1 2 (Wider Country Butterfly Survey, WCBS),
fir T3 [ 2 54 b 1 I 3 IX A ) 49 S KL km?
I M, B TTHEN L PATINL kmiEk, &
HEWEEN I T AR XN, T7-8H 2
(A 7EARE LR Hr AT 2E R 2 W5 X (Brereton et al, 2011).
242 EHE EHEMRER N

AR AR B H B 2 77,3008, &
F A A0 & Fh 5 022.13%, SEWihsE S — Kk
¥y B (Ollerton, 2017). HARESH H B dFh A
Z, HEAEELIEA Z %R, Bl A2
HES TG, ITE & R BelE N —Fhiz ek &
(FEE LA HE W4, 2007; Johnson et al, 2007).

X HE A E B R M 2 S Ay D B R A
H M (visual encounter survey, VES) (Chiari et al,
2013). BB LA F TR A A0 AT P R B IR
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(pitfall trap, PT)FIA T %4 ©AT FH HUH) CATHE A A
[ (aerial flight interception traps, AFIT) (Harvey et al,
2011), 2R BE Y 32 A2 SN B T IO BRE 1,
AR TE 5 3R 55 Blng B m) B3, R
KRGS I, WERE N R R 2
wEE, 2014). Jy 1 B kAl B PN RE K ) S
FIFEGSHE 7 INAE TN, Oy 1 1R sk RCRIE AT AE
Fea B e BB . AT AR PR SR AR 2 S IR
K (Malaise trap), JH: 3= 4445y fn [R]— T8 s,
1T A ) B I e T S [ A NSO (R
I 4, 2016). [ Bk A0 AT I R BE LG R 2 ik, 9
Brooks=5 (2012) 7E i i A7 5 [ AN [ £ 15 2 A ) 12
A Bl HO R B 20 AT FE R, FE R LI E T3
KPELL, TEREAARRZELIL0 miIRIBE 357 10 B IR i
U, AEAPAT P HOE R S R SR — I PR, %
EFETHEOIT A R P AT . 78 H AL A
Arp, AT AR DU T BRI, AT H ay L
FH B AR, 385 0 B e AR fE s el AR
BRI AR AT UG P I 2 M EE L.

V250 BRETE S T X M E BB
W, ¥ 2 F AR R ) 2 AE ) TS A 2 (LT &
Huang, 2009), EWJE B3t P A A8 5 25 A 1a A R e
HAAR E AT ey, UidE B AR AT N TR AT T
1A AT H . Chiari(2014) 78 % F H fit i v vt
L T BABFVEAD H AR B ROR, I BAR P B
(Y N I )3 #E BE 2D, (HRIE R B Fa B, a3k
RCRAA PR, H T L8 H b S A s A A 2] AN
7], 5 Pa B2 A R i Y e B o 2 ) e 22
PR B 2 B a# Bt . TS, HAESR
W5 B A, AEmh, BAE &K ERARNEE.
243 PEHEEBREHER I

oAb B B L2075 70,0005 v] 1E Rtk
BT Ry R £0420.04% (Ollerton, 2017),
WA SIS A Dy et S [ N e Oy B LI AL R SR
(Klein et al, 2007; Potts et al, 2016) . F[F 4 iy %4 1
FER AT 1,000 25 Fift, XTI 64 497 e 1) o 7 250
) 3 AR 52 B R 3R 8 0 2 LD (BRI R AR,
2009).

A Z PR E N T S E R A R
Westphal %5 (2008) % Lt 1 674 v A5 FH (1 E X s H
W R HURRFE 70 (V) MFETT o WAL [ 52 K/
MIRETT, TEWE I K NG FAE 7 N ATE Vi {2 .

()b AL R 24T 7 i 2 (standard transect walks). %
S E K EE AL, LA R4 LA E I B[R] 47
E, WWRITAMERIM VIR . Q)2 EZFELATE
1 7 (variable transect walks) . 7£1 haffIFE A, 7
HAERENLIL E B A R, DL 5E
JAM SRR . (4)Fi515 (pan trap). #i57k
e —MpRERE, EARR AN EOKI T, 8 A
PN 0 — R v RS PR AR R 3R THT 5K 7, A B R B
¥ o (B)H 25 B A 1) SR Bk (trap nest). 1771515
A3l S S NPT A A R E RN LS O, AR
P 45 RS B 0 A 1) AR ) b A 4 e B Fh . (6)
FAARE S RSB RE. id X 6 KA 7 vk i X T,
Westphal 5 (2008) WA Jy 4% 175 12 /& o 1§ 2511 5 fe N i
M &AW E, FORTERERE & A
WS E IR . a0 RIS H KRN T A E]
I B2k, TR p& TS RE B, an i a4+
W, H BT ONVEA M AR Y% K 28 AH
YERHIWTIT, MIFELE S NiE .
Lebuhn%(2013) LU 73 At 17 7 0 DA, Mk i e 256
IRFEDTVE, RIFECHWIERER6 25 & bR A8 5 R AL
MG FEFRAAMERE, #iF R RiE S T
KL AT FERMBIRFET . JAh, MATE g
SR Ay e e 9 AR 7)) 5 A I £ 200-250 1

PRAG ALK 2 B 2-5% 0PI = & BEI R B o
244 FAH R HREHE RN

P A THXCH H B ALKy # £4755,0008, & fr
AR HWIRN115.74% (Ollerton, 2017), EZALHE
frdef e BT i R R

NI AR 78 7 EAAGH H B RS E, B
T 05 K 2 3 FH A e W A e 2I006H B B R
4% (Biesmeijer et al, 2006), 4% .7 (1 W il 35
H A1 77 325 008 H R A 35 L (WHamby et al,
2014). Sehr EXUE H w6 B AT 1E 4 % /0555 MY
TV ek s e v te s, Bl LUy
100Fp L DMLk, BAEAT AT, P25 IR A
TEZZE (Larson et al, 2001). — LS RBEITAE LR
A ] PR ASCR AR 5] 8 288 B ey HAR oy o B 1 RS,
W0 L R S AR B UL %% B 5 A (9 W B SRR e
Aristolochia. F.P&7 J&Schisandra®s)fE ¥y . 7&—uk
15 00T XUH H R AL Ry 25 1 2 B L Ak e
fE¥n 3 o I AnAE AL ARRA ey 1L X 38U SR A by 3 5k =
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AT ENHR LS (Barlow et al, 2015). it () 3Lt
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