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CUL PRS2 A B2 24 BE , YEFH 110034)

BE: LREHRFREARESAATRESA T EXNMER, LR RLESZA T~ 25 W8
ko RITRm R E R RARELNERDL R, RBALRSH ), Wit S  HER LA K+
SEROELL R, BAEDEARTI BTN, AL T EERT A B EHT R T LA
K AR AR SRR REE R 2 EhASFEL, HiLHERNHEE R
KPP EFH TN AT R REANE, BNTATH I TZLL RER TR B LHH 54 417 #4235 &
WP R TR R AR R R B P 4 4, AE AR R R R E T A i 2 AR AT A
(ABe TRLH R ) 422 45575 19 ik BB K 09 MK ECE  ARIE T AR A A 2t 093 ds, A5
ARG R B TN SR E MR AR R, LT — 2 E AT R (e AR T AR
BRGR) Ao 2 AR 0 RN, HART BAVF R R LM, SRASFEAM T, —F @R
HMARHRERABEAAEHDLROAZANAL, A —F BE—LEHRLRFE P, WAL RELARTH
ROGER ., SaEHLR(AERBB )X Z LA TS, M EXMA L RGEHMELEH AR,
AR E LA AT LILRIE S T AT RRALE 5 1) iR B iy Ao & & S R4 BF
AR R B TR AR R P 0 A 2) A iR AR B A By T AL S Lk % AR 04 BT ST VA W A A
B 3b BT AT RO AAR L 3) I LA AL A 2 AR X R A A B A X3 E
R A 5 At B HEAL P 0GR R 54 ) B B IRANIR AT FEAN R AR o JEA ST F AR AR Rk Ao L B
TR, BB KA BN R KGR SR FREF SARAFRLE T BRELEL
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Progress in pollination by dipteran insects

WU Peng-Feng, ZHENG Guo” ( College of Life Science, Shenyang Normal University, Shenyang
110034, China)

Abstract; Pollination is a very important link in natural ecosystem, and it is also a key step related with
the yield in agricultural ecosystem. As well known, hymenopterans are the most important pollinating
insects. In fact, dipterans are also important pollinators due to the advantages of wide distribution,
diverse richness, and enormous abundance. Yet the pollination by dipterans has not been paid enough
attention. In this article we mainly summarized the main dipteran pollinators, the pollination effectiveness
and pollination features of dipteran insects as pollinators, their coevolution with plants, and the ecological
meaning of pollination by dipteran insects. It is recorded that at least 71 families of Diptera are involved
in entomophily, and new evidence indicates that there are about 54 417 species of Diptera among flower-

visiting insects, ranking the 4th in the orders of Insecta involved in entomophily based on the number of
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species involved. Although dipteran insects carry relatively less pollen on a single visit ( compared to
Hymenoptera ) , high visitation rate and enormous individuals ensure their position as effective pollinators.
Pollination syndromes can effectively reveal the co-evolutionary relationship between plants and
pollinators. Especially in recent years, the in-depth study of specialized pollination (e g.
Schisandraceae and midge system) and generalized pollination has deepened our understanding of
coevolution. In terms of ecological meaning of pollination, on the one hand, dipteran insects are
beneficial supplement to Hymenoptera, and on the other hand, in some special environments dipteran
insects can play an irreplaceable role. At present the number of pollinating insects (including Diptera )
has declined sharply, while the pollination value of dipteran insects is still less utilized. According to the
current research situation in China, we put forward the following aspects as the future research focus: i)
deepening case studies on the effectiveness and adaptability of dipteran insects as pollinators in order to
determine the position of dipteran insects in pollination system; ii) strengthening the studies on habitat
pattern change and insect diversity in order to clarify the impact of habitat change on insects; iii) sorting
the relationship between flower-visiting and pollination, specialized pollination and generalized pollination
in order to clarify the role of dipteran insects in the co-evolution with plants; and iv) gradually deepening
the investigation of pollen waste and pollen competition in order to explore pollination strategies and plant

reproductive strategies. All these efforts will be helpful for knowledge popularization, conservation and

further utilization of Diptera as a pollinating group.

Key words: Diptera; flower-visiting insects;

pollination strategy

A AR B AR AR — G R, AR
R R REDS N R GE AT . 144 R e 2 LA
AR P E UK, R A S R A R
Yl BE R AU SRS, Y B AT ST B A MR ST A AR
FERYBAL (ki B K B (AL Ry &) Mg
Yy (feknad) PIORRHE, R AE S RGh— A ER
HE I (Klein et al., 2007) o DI A S R GE
) AR E AL By TV A & S
R O IR ) s FE XA~ i A of, AU A3
PR T G AA ™ i, 0T HAR R IR 55 B AR R AR A
PrEEATTERE . BT, AW HEENAES R
45 % 45 BT 8] B 24-B 58 F & ( Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem
Services, IPBES) - 2016 4£ %4 1 (f& 3 AL M F
KRR A= PPAL At ) i 6 45 4% 4 FAL A 2 A
(8L, f Ry A by ) BOIR 5 ka3, DL R gy 3K 5 K]
R MNGEARAE T 3 A FEEER > (H IS, 2016) ,

Ollerton 55 (2011 ) ¥ fii i+ 42 2R £ 308 006 Fift %
TR (i R AE Y 87. 5% ) W T sh Wi
by BB Wi GG SR T VRS AR L H
B i & 3 %28 B ( Wardhaugh, 2015; Ollerton,
2017) o ARFITJEIRN, RS H 2 d oS A by B L,
HORPGTT B Y% Apis mellifera FEIER™ 12 F T 09— Fift

pollination ;

coevolution; pollination effectiveness

&by B Hi. Rader 55 (2016) HLHE T 74 5 % 8 A
mellifera A IS TR SR M) H AE VT AL FNfE 0 |
(W2E 5, F000 1 8 T AR R MM e, CA %
FRRIGHAEBEFZAEASRENEELHH
(Larson et al., 2001 ; Rader et al., 2013) , A B zE:
B FE AL (Elberling and Olesen, 1999 ),
Elberling #11 Olesen( 1999 ) % 3, 7 It AR & 3R HiL X,
e B H v SUE H I o L 18] i o i 4 10 38 i 1
i, ELEARL(Muscidae ) FIEE#E AL ( Empididae ) B W iz

o JTAMEATERERI], RUH B BT A, B
B =B 4 (Crepet, 1979) . SZhr FRGH H K
FAEH V2 R0 2, Q0 i Bl B I R R S A
ARy R d . Ren(1998) 7EARE 42 2 b 47 vh B
TR E AL s Penalver 45 (2015) & BLsK A M AL
(Zhangsolvidae) BE %y 111 2 20 BR A6 W) AT 4% B3,
M7 Ho— e B AL n e R Ge . SRR H B
(O R VE T OGRS A, 1T HL ™ F AR Al ( Ssymank er
al., 2008) , ASCHEL 1 HAGSUA H B d %8 b
DLTR) L, 25 FE B0 H A% Ky B A Fh 28 AR50 |
SSHE ) P ) AR A D5 T AT R TR | [ I A
Y HTAPTIEBUR , & 18 2 — 2 O Fn A TR
W H X R RIS
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1 JGHEEHE R PR FE = K
R R EE B

XOH H o B d b it A e i 2R 2 — s
TE 4 KHE (AT 3 MARUCH IS H 883 H |3
H), &5 25 159 294 Ff (Pape et al., 2011) 3k
BT 3AWH,BKMEE FMAWHE FRTH,
I RASEOR YN N h R A S R AN A S
SFRAEE WESE . UM H B H 5 AT BEAHE,
oA AR 2203 4 TR 5l 75 09 158 16 5, i il i, 5
LN R Ao Ba oo 7 N ol MR R G L 40 2 v
(R et A T £ M

SIS NEA AR VA i I o (T MG 782 e X R 02
WAL/, — R B o X T S A1k I A
YR, AL Ry el AL Ry T AR S BRI, PR D7 AR
TR DAL IR, TN U7 A 2T A B0 o 2 DR A5 K
REJIHYFEIRZ — o Larson 45 (2001) P40 HE G4, T XL
WH D UMERE AN 18 20 71 AR dU
2. Wardhaugh(2015) it — 2B Ak T Ui £ R Hi 26
FERXUH H 204 54 417 i, 4205 K iy FgicHE e [R) R
& TR AL B H s 4 7 (AT 3 AR U %
HH A B E) . R Fiad UiE R Ry
WS, e BB H g e AR B S 5 ALY
BRTH—EYH, U Banziger (1996 ) 7£ 1990 —
1994 4Ej A 7 28 [E LB —FhAE ) Paphiopedilum
villosum 1) WFHE, BT 6 SR 100 4S5 83
# o Amin £ (2015) KT Mangifera indica B)i
R B FEA 8 Fl ZCHH R AU 4 Fh Erh TR0

A} ( Syrphidae ) | #ER} ( Muscidae ) | 77} ( Tabanidae )
ZHC R U AR R B DA O L A B R DR Sk
4:W8 Chrysomya megacephala AL HFp, G B W) DL F
W8 Musca domestica “H AR, Mk 58 (2018) 481t
T 2016 F12017 £ Xanthoceras sorbifolia 15 1E
B rh, grifi Yy i 2 (13 F) , D03 o2 BB
#} ( Bibionidae ) % ¢ J& Bibio 1 4L 8 F W B.
rufiventris . WA TERE 7 K - M09 AR, 40 A 8 55
(2007) LA T #i AR ZR ML IX 5 AN AN ] 4k T i 72 e
AHETE T R AR AU AR5 4 HY 0 R
K 1 600 m LU ERYFTA REE LA 1T EE o #EFS
IR % (2008, 2009) B9 1K 11 LA 17 46 £ 1oF i el
I B R, LR BETER AR RSO R

D TR H B A AR ) A E A
Braiy A0 H B AL A B 1% R RE ORI DR L
feky, Wg2E (sim2k) — M AEA REARE, Hi
i il A S ARALAR AT ARG AE R , (B HE Ry A B R 2
% (Faegri and van der Pijl, 1979; F&HNI, 2006; FF
GISCAE, 2008) , ERFI(2006) WA TRk 40 C.
megacephala %5 H W5 BN SE Brassica napus 15 ¥ 6915
DL, 25 TR W) 8 A e R P A Ao sl AE Ry AT o )
A B R LR 1Y 20% Ze A7 . 7R R Al
YAt by 2R G 5 A R U IR) R ) o R o, 2204k A
UEHEIE I W) 3 02 B0 H B A5 FEAE (Ren, 19985
Pefialver et al., 2015) , 1fii H Ren (1998 ) & IR 53k
PR R A W R B L 2 R IR Y 3 ~ 4 1

F ARG 7RG B ALk B NGRS i S i
FEn] R,

x1 HEWHBEREMARDPS R EEZENR

Table 1 Main questions involved in the present studies on pollination by dipteran insects

Jia) S50 FEANE
Questions Main contents

References

JETTREAEH 7
Whether to pollinate?

RN 24

AT IEYE Fossil evidence

Introduction of species for pollination

Elberling and Olesen, 1999 ; Larson et al., 2001; Souza-
Silva et al., 2001 ; Wardhaugh, 2015

Crepet, 1979; Ren, 1998 ; Peiialver et al., 2015

Ry RE ST gy 2

How about pollination capacity?

Ji4E Visiting flower; {£¥5; Pollination

Jauker and Wolters, 2008; Rader et al., 2009, 2013;
Howlett, 2012 ; Jauker et al., 2012 ; Inouye et al., 2015

e AT AL RS 7 R EE B Faegri and van der Pijl, 1979; Fenster et al., 2004 ; Ren et
How to pollinate? Pollination syndromes al., 2011

Sty ey RS R Du et al., 2012; Luo et al., 2017

Coevolution with plants
2R BAR an ey 2 LA SER Bieesmeijer et al., 2006; Potts et al., 2010

What is the current situation as Influencing factors of pollination

pollinators?

1347 F i Conservation and utilization

Amin et al., 2015
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2 FHEEBEHR O RS EAERE
F¢[E

TEAL R A W2 i AR B 0K (efficiency ) FI{% 3
Ry (effectiveness ) 7& PR L&, AE R R,
RIAER AL 0%, 16 15k i B2 vh A% b o i A% 34 1Y) 4
oyt s AL R RO B ALK RE T, 2 th 21 FRhRok
J W) 30 X A% 3 B8 A% A3 o ) P A T
PEALG (Madjidian et al., 2008 ; Rodriguez-Rodriguez et
al., 2013 ; Inouye et al., 2015) . {EEE FEEL
FU5 46 H5 K ( Madjidian et al., 2008; Rader et al.,
2009) , 1M f% 453 J5t 2 D) S ke 4% 43 55 K/ (Jauker et
al., 2016) 5647 M ( Mesler et al., 1980; Gilbert,
1981) ALHHAE
2.1 FTEsRE

Vi AR R U7 A6 3R 28R 4 7 8 e R e s
(Rader et al., 2009) ., ;€34 A& A LLH] 547 I (8] 18]
B A D7 A6 17 1R) B AL S B 5 A 4 U5 1) S AE BT
MBI FRR . 5 8337 32 M el A S N 3
Al 2 FH S B R 25 R Re A S AH[F F B 5l 4%
(2003 ) i £ & BL) PG L2 2R M. indica %8y B AU,
K348 C. megacephala FNZZ M M. domestica BT
AR50 6.25 Fi14.61 Z/min, Kk 406 C.
megacephala Ji¥, 3%} H ¥ B SZ B. napus A B -1
Vitb 2 SE{E N 12 45/ min, XL Osmanthus
Sragrans [IAERT [ RS 46E, — R 3 ~5 s( BRI,
2006; Z=HE, 2014), Howlett (2012) X} kb T 74 5 %
W A, mellifera F1Z1 3TN 8 Calliphora vicina B 1AL
HR SR A LTV 2 M (54. 4 s) , 213 TR 0] 2%
S E N Daucus carota Sk RAE ¥ 1Y 15 0] i [] BE 4
(71 s) , Jauker 45 (2012) X . T A4 # 1 Osmia rufa
P R & WF 88 ( Eristalis tenax A1 Episyrphus
balteatus ) BV AL 38, J2 P01 WF i %) ~F- 34 17 46 B 1]
(7.58 +£2.08 s) KT MM (2.63 £0.32 ), 1
LU Aedes albopictus FIEWF M Syrphus sp. J2: B M-
KA A€ Oyama sinensis {G ALK B, ZEAE B A
eSS FIBESS bR 45 B8, B2 4B Ui ) i ] 4 T )L+
BEPJLE R Z ] (/ML 2018) o X TUiEHE 5L
NP =R N NTTR o 2 S B S < B g i N
TR

JIT A 5 0 5 AR 5L B ) R, B2
SRR R, PiE A5 UiETT R R
1 P %) Xy TR B 2 A OG5 U7 AR A B T AR AR A

Yrxs Ui AL WO 5 | R B, B A5 AR R R/ (B, OOk
&% ( Souza-Silva et al., 2001; Knauer and Schiestl,
2015) o FIAN , TCe A2 il P 340 2 O P M i, S X
BLER OB %, T ME PR £ 07 I 5 B 2 (0, 46 O B) B
FATE S 2 IO A G HE (Shi et al., 2009) . iR 28
Arum B b 46 5 72 T T80, 48 8 IR RE 9% T = B
30°C , S HUE I BT R A 7 2B 1 B S BIOR AR 98 1) 2%
Rk, T W 5] i 2 B i 4T U5 46 (Harborne,
1993)  TEF [E pg Jr , 78 2R bl P HERRXG 26 46 5 | 75
g2, Ry R E Mangifera BV . F3Ab, 5 G
S BT S 2 XS YT AR R P A 5 . Elberling F1
Olesen (1999) & BRI 43 2 Tt , U7 46 B v U3
H T 5 F A3 i ; Jauker 25 (2009 ) 45 H7E A [a) #2 )32
(R BREHOIR AN B 1 e, Bifi 55 206 5 3 ) R B 0 1
TG ) R B AAAE | ARSI

T 248 ), S AR LI Ry 5 U7 B AT W AH
Ko WRLAVIAER N AME BER X 43, Ui eAT R aT LA
G RANEUIAEFINTE VT AL PR . SRR, 746
BAUAEAER R S FITE Bl s R NAEDTAE A REHE il
MESEFMERS , Bl B A3 by IF 58 AL by 2. BRIl
() A€ ] iz 2l 2 AF [8) 4% o /] DL 52 i 4% 4 19 18 2
(Vazquez et al., 2005; ZE7HE Lo 185 X 4, 2007 ),
feky B HCRUTEYI I AFAE LA T LRz 3hE K (1)
TEA [FIAB R 22 ) 52 R B 5 (i) 7 [F]— A bk b 4k
KA 5 (iih) SR AL Rl — R AL 5 (iv) ZEPITEAE Z
)32 e T R A 5 (v) TR [F] — A bk AN W) A R 2 T
Ko XECHRX LA S HEE A AR
2.2 fEMHE

—FROR L, T 1 AL ORI B BEAE M AL
2 (Suzuki et al., 2002; Johnson et al., 2005; Rader
et al., 2009) , FEMYFERBCR AN TE TSR FNAE
SLAEAS UL R R WA~ 8 45 ( Harder and Wilson, 1998
SHESE, 2007) o B FS 3R A4E — K AL By B He s
5] —2 3 A6 (AR # B Ly Ial 1y 46 i 5 B A6 ¥ % B
HTIZACAE 2 AT 1 ARy SR 3 L AR Sk AR
U R A — K AL Wy B e Ui ) — B AL LR )12 4K
Sk ERYAER BCH Ui AE TR ALK B8 B
b

RN T R MRS Sk b AR 58 e ML RS )
RSk W] A2 PR I) 22 53, 2 8 ATTA I P 4 592 0ok Al
1EH 3R (Jauker and Wolters, 2008 ; Jauker et al.,
2012 ; Mizunaga and Kudo, 2017) , [H B 4552 R 5 A
1B ARk B AR OC . T8 A R SR S8 Fh 7
B A Jarlan 55 (1997) F K J2 4 BF B E.
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tenax XTIR EHHL Capsicum annuum FEFTE 85, B
TR . Jauker I Wolters (2008 ) 4 £5 P 4
NPT E W R K. balteatus 15 H W B SE B. napus
fERy A AT AR 9T, 45 SR s A H X IR (B
ey, B F 2R A 701775 kL) AR (3 K/
m®) IS 2 B (6. 25 Sk/m” ) N AT WU 1% 3 fili P 4
Sk E] 22.25 F120. 5 ki,

WA 738 R T 303 H RS H AL B ROk
FERESEAE AL T, W28 AT LU I 2 A5 0y ( E AR T,
2006; Rader et al., 2009) , BT w2k, K4
g C. megacephala AN LA HURE T, 35 2 T il 0 1+
HOPMEIE g B iE B S B, napus £, 5 # (R

BRI 2E) B ROR Z 18] 22 52 1A 18 3 (B AR NI,
2006) . Fontaine % (2006) X} FLAff 58 T 3 Fh A
( Bombus terrestris, B. pascuorum Fl B. lapidarius) Fll
3 FhEYFWE(E. balteatus, E. tenax Fll Saephoria sp. )
TEATRIFEY) AR e i, 48 X T AE S 8Tl 1)
TR , B I g A% 5y 7 A A o - 80 1 RE e X IR
Ollerton 45 (2012) W75 2] T R B E58 , iF B & 1F
WAL ( Syrphidae ) B Bt 78 A% 453 5 AR FH 22 KT 04 J7
B A, mellifera, Howlett (2012 ) 52 56 iF 52 21 3k TR
I C. vicina MIPY )7 B A, mellifera 7525 22 3] 55

MRy B ORI o 1 S8 R AN A7 A 2
25t o (HWA = H KA LA, Jauker 55 (2012) LA
HWEANMSE B. napus HWFFEXGR, 4387 T[RRI
BME TP EEEE(E. balteatus F1 E. tenax) L) A7
B 0. rufa WARIECE F8H 5 500 WF i A BEAR
o 5 7 5L AH BL A0 1% H3 AL R . Mizunaga FlI Kudo
(2017) $EHE ) 53 WS D RERE , A AH HE T 53 H
TR R X T 00 B AL M ARG 3 A5 1Y B U5
[RIIRA BRI 25 55, Bk F, RAERGEH H R &
PAYR 7 0] AT HEHT A6 A B A DG A /b {H 2 A g i)
B RPER WA EE R, PRIE T HAE A RUE 8 # 1
Huf,

3 FGHHERNEMFIERSEDR
thE L

M RGRMA BRI ILE R, RS
X5 BRI N ZR G b kA — o 1 i 55 508 A 25, AT
PAFAEAF BT ORI, FEY) o B ARty (8
F1) K AEHE (5™ 50) 37 o R 20 400 37 g il e 15 1)
AL SBCEE AE RN AE My , A6 A v 1% 2 13 J5 7 A 1 T
TG R AR AR A (Gilbert, 1981 ; Gittings et

al., 2006) . 74h, Z2G T XU7 fEA B B
IO AHEL IR B 2k AR P A T P R C R, Rl
PRENAE ) ¢ U AE B R | B2 R AL 1) TR AR 1 i
Je AR SRR AR B P HESh Y R kAL TE4ERRAE
YRS R E KB L 4T A A
BACHIYE F (Wardhaugh , 2015; Zhang et al., 2015;
Ollerton, 2017) ,
3.1 EMEEEMELEH

TR A 2 U — A 2 AR R A% A 3 FIAE )
Z AN A B R HE S T A AR R AL B BT e
W “ Ay 255 4F” (Grant and Grant, 1965; Nilsson,
1988) . & T1& ¥y 25 5 1k, 248 M iy 28 191] & Darwin
(1862 ) XJ Hy ik hin Hr fin > £ K £ & =% Angraecum
sesquipedale 51y 5 W T, 41 4F J5 B 5 4K 5K i
Xanthopan morgani H K, AR /R T HHY) 5 1%
¥y & BRI R AL OC R . RZ 2 ERRTRGHE H B &
(JUH R ML R S#E1T T BS54, W
Kugler(1956) 4 H -8 g 28 (4 JE Lucilia | T 8 &
Calliphora FEWE)E Scathophaga ) X ¥ @ FZg (4, (I H:
B AR IR B B RE ), TS 26 0k PR AR [
IF 52 3 -5 00 VA A 48 O )k H B B R 51 g
Faegri £l van der Pijl(1979) S g5 M2 0L 25 51F
FLIEHRE AL BT 5 AR OT AR, — A
AL R A G 58 SR AL E R B A ) R
PRI, M5 W 0 AR A5 . Proctor 45 (1996) tA K
XU H B B — 1 0T 8] 05 1) 6, | Bl Ak
BIE . ENEE WA X ISR, R R E
(1987) 4t K 280803 H B U8 307 8] 47 A 5L
(Ml W) ) + 5 48 B} ( Brassicaceae ) M 4x & B}
(Apiaceae ) tH¥)

T LR B RAE , —SE 5 X A 5T L AE AN
[) Hbn 358 TT 2 3 Sk, 40 £ Fg JE, Goldblatt A1 Manning
(2000 ) % B iz Bl ( Tabanidae ) 1 K & iz B
( Nemestrinidae ) 7 K ¥) B #1224 4 JL & &
( Geraniaceae ) ., © & B} ( Iridaceae ) 1 % B}
(Orchidaceae ) —SEAH W) 1Y Fp AL AL By & . F A AL
(2005) %f 2] = A N AXM) Tamarix chinensis [ 716
FEPEFN (G Ry B AT 1A, Jf-48 AL 25 F FN T
AE RS DU i oy 3 1 2 b B e f oy, Je 2
WSS Y U5 AT — BLERE fem 1Y o ZR7K R A
5KEE I (2007 ) #F 58 3 W1 1L M L A 2% Antidesma
montanum 1) £ F AL By Bl 2 XU H e b R
( Calliphoridae ) . %7 M8 B} ( Tachinidae ) FI 1 #}
(Muscidae) , I 18 1 g 248 H5 15 W fle S ok M R &3¢
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DS R h i N N e S ERTA AT RN i
Ktk

UTAER, AL T4 S - /1 B | R R AR -k 41 K
22 227 2L WX R — L B AR LG, SR ARG H
B WAL by 1) 42 4 4K JR - A 4B 8 ( Espindola et al.,
2012) %% 11> ( Paudel et al., 2016) I B & JE-
PRI ( Sakai et al., 2000) . T Bk F -4 ( Yuan et
al., 2007 ; Du et al., 2012; Luo et al., 2017) [l 4k
RGPS % & B, Paudel 55 (2016) il sk TR
2 Roscoea purpurea Flli1: Philoliche longirostris 155 1~
D] AR AR 57, e BRAE T A8 A0 5 W g
JESEAROCHY 8 1 X ML AL FE R R 2L T S
WA EZEIK S -, Yuan 45 (2007) i0 5% 1 3
15 L8R T Schisandra henryi F1EEL Megommata sp. [H]
(AR OC AR 5 AE K R B ME— 1), T A6 (A
BV ) H ke L W 7 9B G 58 AT A AR . Lo 45
(2017) kK M LW T & Kadsura H 4 4> Fh (K.
coccinea, K. heteroclita, K. longipedunculata F1 K.
oblongifolia ) FNFN B B ML Resseliella kadsurae [8] 2 Jif;
T HA YL — MR AR Y A S A AR R R G 5 B
A1 B8 H 4y i LR R b i R 2, i
SEAEHLHIE 225 T 25 600 J5 ~900 Ji4E,

7 S 1 S BHE Y R RS A T O M A%
#5 ( Dodson, 1962; Shi et al., 2009; Ren et al.,
2011 ) o JUBRPEAL H, Jo5 45 SEL SRR 2 Al AN B2 Ak 4
V71T 5 BG5S 4 B D7 AR AR, 3 8 7 4 4 s 1
TR RIS T, 2 A6 RE AL SDLME 1 2 e i) B 2
FFIE A BR[O i e Al P 7
552248 A A0 32 IE 1 52 B AE K3 (Dodson, 1962)
Ren %% (2011) fff 5% & 8L & W 2% Cypripedium
Sargesii FALLEL TR L 5 - BT 280 WK 5 | 456 R
BWFiE Cheilosia lucida 3 ALKy, = BHEY) R BA
1o A — A BE, AW S0A R 22 B 2 RE M
Wz —IEefem# e IE )
3.2 ZUEBEEYHMERMEEZE HEERN
#HR

BB ORI A8 Ry A T AR By 2R B AR
fife ke, 2B AT 2R 1 TR 2B M AL . Stebbins
(1970) LIME K3 £35S g HE A, F — 20 2 10 o
ARG K EEN”, RIVAR ) 0 AL T R T A2 D5 )
AR B R RO e e 1 A M TR R T B A
Fenster 55 (2004 ) 42 ) T “ 1L 3 E DIRERE” X — M &,

B AR K 5 (SR T [6) — D REHE ) X 4EH i 1k

ST A He g — B0, AL AR AS5 # 14 Mk AL Be
W —REA M FE I RERE & . oAb, HwIgaE
Py WD R R B A AR BRI, IR by XA
PyAE R By e Ak A A e 25 T 22 A9 4 JH ( Rosas-Guerrero
et al., 2014)

WAFEERD T — 280U S—z b f%
¥y, IRz G By RGN A AR b A AL
Z 455 (Waser et al., 1996 ; Alarcén et al., 2008) , 11 H.
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QAT TR, R H A H 2 P 28 AL h
Ho AR AN A, AGH H 2 B B A28 1A
254878 (Rader et al., 2013) . ] 40 #E i Rk — L& X
I, WS AR BB AR TE S, TR TE R AR
73K 3] 5 W ( Ssymank et al., 2008 ), Rader %
(2013) AH BRI B. napus b8 WSS T #2K
FREIY H TG S8 Jmy , 48 06268 202 1 RifFAT 1%
oy, TS I e B A T R . Howlett (2012) 95
SR B ) 25°C PG 7 4K e AL mellifera AR
w2, ML AE 20°C I 213Kl C. vicina A%
W, IR EFEH H B R A e R o)
PRSFEAE EPE Y 22 5, — MO O T T H R BB S &
PSR AL B R, M Sy o H AL K 3 AT AE
TG B B G A PR 17 48 70 PE K i Bt L 3
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4.2 $FIRINMERE M EEL
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N REAEY) Mangifera $287 .

] 5 H B —FF  FEZ PR R 0 T, X0 H
ek B 2R AR AR DU . ZE S Ay 22, R
EE IR T B AR 2 TR H B L (H
H2E BALASZS 5 W ( Biesmeijer et al., 2006) , TEAX

SO PR 2R A 2 R R A A 2 X6 o — > O

PR RE A% O B A SR B K B TR B
il o Witk AR AR 24k B — e 4 i R A 2
SRS B , S 20 S S O AR TP
BT H AR SOWL S HA 5 W A2 #4047 i A JRj o Jauker
45 (2009) HE TR AES R G B RN E HY
PHE, I BN AL Ry i R AT IR, ) B
RET RN AER L B R AR FRE s AT Sk,
PRI fLHy B H SE PR b i 70 T AP S 1l 2 A DR 4
HH,
5.3 REMRAEFESTE

[ Y2 T TR X0 H R AL R 138 8D, i
iU VIR A eI SR < R ¢ S R PR PR e & €
JE S SCECHE A N2 B8 SO R 4 R b,
(37 M VO 5 M W i MDA S N S I LV
KHERH A AU B 74 Fe S, Kb & 1] ik 1%
K 24 G, 52 SAL K VEFIY 25 5, e R R iy
16 55 A E A A0 9 5 . EFXF B R piF 5T B
AR EEE VT LA J5 T AT LA 8 A58 07 1)

(1) IR B AL Ry R0 ) Fi 2 S 58 1 B
58, Wi OUH H B 7RG R R h i s, iRt
X SR ELAFE )R U, B B R R T B AR R
FFhse . AL AR S R T RE VR KT B 15 K 1
2 30 H B BUORNMH BB A R0k 1 R B AR B ROR
SAE PP A R B, T HLAE S SRR A S v, Hs
ALKy te 0 R TR H Bl

(2) Jn i WG 2 M A Sy 28 Ak 5 B HL 22 R 1 B
5, DTS e O X B e g S e AR R e ] £ X)L
IR SRS WA — K AT 55, 5
TR SRS M R A%y B H AR 32 v 179 XSk, ST
DI AE 0 B O AR 28 R I T H B 2 R e
B el D BE A A B R al s L by R &
FEPE

(3) WL B U5 46 AL By L A AL By Rz Ak AL B 45
KZ, EmMBE 0 B B d 7E 50 Y o R 21 b iy
YER . UIEEA—E AL, i HLA 2 X Il 4R
ViAEERE AT 5 D7 B RE . Do B 5 D7 B2
B A BRBOMBTER SR . ML Tz Abfetn, ik
3 TC S8 B e 58, L[] B A 7 7 8 K 8 XU o 54

e RIS, O T sl G KRS, Ak 3 AT R 23[Rl ) THT
X2 R (— D DIRERE) , T TE BRI ) 4% 453
Ll o

(4) 3B RN VHER IR S RIAE R 55 4, 25T
by s A ) I A . X TS AE Lk , 1€
By AHERS B MESEAE Sk 22 D0 T 450 AL 1B AR 7%
3AERAT, AR KB 5T B AR A v
B Sbr BAEX 3 AR R AR AE IR B AR
T LR BIAE RS TR 2l , U H B R A48 SR e 1
A7 KRR BLGAS TAEY A S AE? T
H 7eAE Sk bt nl BE A (A AR, AR An g 132 F
FENTE A7 X L R TR ST

B2k (References)

Alarcon R, Waser NM, Ollerton J, 2008. Year-to-year variation in the
topology of a plant-pollinator interaction network. Oikos, 117(12) .
1796 - 1807.

Albrecht M, Riesen M, Schmid B, 2010. Plant-pollinator network
assembly along the chronosequence of a glacier foreland. Oikos, 119
(10) : 1610 - 1624.

Amin MR, Namni S, Miah MRU, Miah MG, Zakaria M, Suh SJ, Kwon
YJ, 2015. Insect inventories in a mango-based agroforestry area in
Bangladesh ; foraging behavior and performance of pollinators on fruit
set. Entomol. Res., 45(4) . 217 —224.

An JD, Chen WF, 2011. Economic value of insect pollination for fruits
and vegetables in China. Acta Entomol. Sin., 54 (4) . 443 - 450.
(@A, BRoCHE, 2011, o [EZRCRFE 3% R Ui i & T ¢ (.
WAl R, 54(4) : 443 -450]

Banziger H, 1996. The mesmerizing wart: the pollination strategy of
epiphytic lady slipper orchid Paphiopedilum villosum ( Lindl. ) Stein
(Orchidaceae). Bot. J. Linn. Soc., 121(1): 59 -90.

Biesmeijer JC, Roberts SP, Reemer M, Ohlemiiller R, Edwards M,
Peeters T, Schaffers AP, Potts SG, Kleukers R, Thomas CD,
Settele J, Kunin WE, 2006. Parallel declines in pollinators and
insect-pollinated plants in Britain and the Netherlands. Science, 313
(5785) : 351 -354.

Bingham RA, Orthner AR, 1998. Efficient pollination of alpine plants.
Nature, 391 (6664 ) : 238 —239.

Blionis GJ, Vokou D, 2001. Pollination ecology of Campanula species on
Mt. Olympos, Greece. Ecography, 24(3) . 287 —297.

Chen XH, Li HM, Yang K, Fu MY, Xiao SL, 2018. Study on
pollination biology of Oyama sinensis at different altitudes. J. Plant
Resour. Environ., 27(3) : 95 —=102. [ [E/NeT, 22545, Rk, 1
B, WAL, 2018, R[RIEEHIEIM K AL & Ry LR 2 5T
YRR SIEL A4, 27(3) : 95 -102]

Crepet WL, 1979. Insect pollination: a paleontological perspective.
BioScience, 29(2) : 102 - 108.

Darwin C, 1862. On the Various Contrivances by Which British and

Foreign Orchids Are Fertilized by Insects. John Murray, London.



524 B 244k Acta Entomologica Sinica 62 &

157 -210.

Dodson CH, 1962. The importance of pollination in the evolution of the
orchids of tropical America. Am. Orchids Soc. Bull., 31(3) : 525 -
534.

Du W, Huang LJ, Wang XF, 2012. Deceit pollination and the effect of
deforestation on reproduction in dioecious Schisandra sphenanthera
(Schisandraceae) in central China. J. Syst. Evol., 50(1): 36 -
44.

Du W, Wang HX, Wang XF, 2007. Insect visitors and their behaviors in
the typical herbaceous plant communities of the Shennongjia
Mountains. Biodivers. Sci., 15(6): 666 —672. [ #h%5, F 211k,
TEZNFL, 2007, i B b DX ) B AR 9 b () B AUDT AR T R e
B AEMZREAE, 15(6) @ 666 —672]

Du XJ, Ren BZ, Li N, Shang LN, Wu YG, 2008. Species and seasonal
and spatial distribution of flower-visiting hoverfly in north slope of
Changbai Mountain. J. Jilin Agric. Univ., 30(1) . 8 —13. [#:5%
U, R, 2RI, MRIE, SR, 2008, KLU R
WM RN G I A A AR R AR, 30(1) : 8 ~13]

Du XJ, Ren BZ, Wu YG, Song LW, 2009. Differences of flower-visiting
hoverfly ( Diptera; Syrphidae) communities in habitats with various
degrees of disturbance and altitude in Changbai Mountain, N. E.
China. Acta Entomol. Sin., 52(5): 551 -560. [ #:7&48, {E4K
A, ZRHOE, RWESC, 2009, 4K H LIS IR K T PR B
TUIME R R 22 5. R, 52(5) ¢ 551 560 ]

Elberling H, Olesen JM, 1999. The structure of a high latitude plant-
flower visitor system: the dominance of flies. Ecography, 22(3):
314 -323.

Erhardt A, 1993. Pollination of the edelweiss, Leontopodium alpinum.
Bot. J. Linn. Soc., 111(2): 229 —240.

Espindola A, Buerki S, Alvarez N, 2012. Ecological and historical
drivers of diversification in the fly genus Chiastocheta Pokorny. Mol.
Phylogenet. Evol., 63(2) : 466 —474.

Faegri K, van der Pijl L, 1979. The Principles of Pollination Ecology.
3rd ed. Pergamon Press, Oxford. 96 —133.

Fang Q, Huang SQ, 2014. Progress in pollination ecology at the
community level. Chin. Sci. Bull., 59(6) : 449 —458. [ Jys#, #F
Az, 2014, BEFEAKSF FAER AR FMOFR L. Rlagd i,
59(6) : 449 —458]

Fenster CB, Armbruster WS, Wilson P, Dudash MR, Thomson JD,
2004. Pollination syndromes and floral specialization. Annu. Rev.
Ecol. Evol. Syst., 35: 375 —403.

Fontaine C, Dajoz I, Meriguet J, Loreau M, 2006. Functional diversity
of plant-pollinator interaction webs enhances the persistence of plant
communities. PLoS Biol., 4(1): 129 —135.

Gallai N, Salles J, Settele J, Vaissiere B, 2009. Economic valuation of
the vulnerability of world agriculture confronted with pollinator
decline. Ecol. Econ., 68(3): 810 —821.

Gilbert FS, 1981. Foraging ecology of hoverflies;: morphology of the
mouthparts in relation to feeding on nectar and pollen in some
common urban species. Ecol. Entomol., 6(3) : 245 -262.

Gittings T, O'Halloran J, Kelly T, Giller P, 2006. The contribution of

open spaces to the maintenance of hoverfly ( Diptera, Syrphidae)

biodiversity in Irish plantation forests. Forest Ecol. Manag., 237
(1-3):290 -300.

Goldblatt P, Manning JC, 2000. The long-proboscid fly pollination
system in southern Africa. Ann. Mo. Bot. Gard., 87(2): 146 —
170.

Gong YB, Huang SQ, 2007. On methodology of foraging behavior of
pollinating insects. Biodivers. Sci., 15(6) : 576 —583. [ ZEH#E LT,
B4, 2007, 105 B BAT BSO8R R,
15(6) : 576 -583]

Grant V, Grant KA, 1965. Flower Pollination in the Phlox Family.
Columbia University Press, New York. 1 —135.

Harborne JB, 1993. Biochemistry of Plant Pollination. In; Harborne JB
ed. Introduction to Ecological Biochemistry. 4th ed. Academic
Press, London. 36 -70.

Harder LD, Wilson WG, 1998. Theoretical consequences of
heterogeneous transport conditions for pollen dispersal by animals.
Ecology, 79(8) . 2789 -2807.

Howlett BG, 2012. Hybrid carrot seed crop pollination by the fly
calliphora vicina ( Diptera: Calliphoridae). J. Appl. Entomol., 136
(6):1-10.

Huang SQ, 2007. Studies on plant-pollinator interaction and its
significances. Biodivers. Sci., 15(6) ;569 —=575. [ # X4, 2007.
A5 AL M R ELAE BT RO L. A e, 15(6)
569 -575]

Huang SQ, Guo YH, 2000. New advances in pollination biology. Chin.
Sci. Bull., 45(3): 225 =237. [ B4, ¥ 4L, 2000. 4
WrE Rtk . Blerii i, 45(3) : 225 -237]

Inouye DW, Larson BM, Ssymank A, Kevan PG, 2015. Flies and
flowers III; Ecology of foraging and pollination. J. Pollinat. Ecol.,
16(16) : 115 -133.

Jarlan A, de Oliveira D, Gingras J, 1997. Pollination of sweet pepper
( Capsicum annuum L. ) in greenhouse by the syrphid fly Eristalis
tenax (L). Acta Hortic., 437 : 335 —340.

Jauker F, Bondarenko B, Becker H, Steffan-Dewenter I, 2012.
Pollination efficiency of wild bees and hoverflies provided to oilseed
rape. Agric. For. Entomol., 14(1) . 81 —87.

Jauker F, Diekotter T, Schwarzbach F, Wolters V, 2009. Pollinator
dispersal in an agricultural matrix: opposing responses of wild bees
and hoverflies to landscape structure and distance from main habitat.
Landscape Ecol., 24(4) . 547 -555.

Jauker F, Speckmann M, Wolters V, 2016. Intra-specific body size
determines pollination effectiveness. Basic Appl. Ecol., 17 (8):
714 -719.

Jauker F, Wolters V, 2008. Hoverflies are efficient pollinators of oilseed
rape. Oecologia, 156(4) . 819 —823.

Johnson SD, Neal PR, Harder LD, 2005. Pollen fates and the limits on
male reproductive success in an orchid population. Biol. J. Linn.
Soc., 86(2) : 175 -190.

Klein AM, Vaissiere BE, Cnae JH, Steffan-Dewenter I, Cunningham
SA, Kremen C, Tscharntke T, 2007. Importance of pollinators in
changing landscapes for world crops. Proc. R. Soc. B, 274
(1608) : 303 -313.



4 14 EMEIEAE . X B B R AR 5T it 525

Knauer AC, Schiestl FP, 2015. Bee use honest floral signals as
indicators of reward when visiting flowers. Ecol. Leit., 18 (2):
135 - 143.

Kugler H, 1956. Uber die optische Wirkung von Fliegenblumen auf
Fliegen. Plant Biol., 69(8) : 387 —398.

Larson B, Kevan P, Inouye D, 2001. Flies and flowers: taxonomic
diversity of anthophiles and pollinators. Can. Entomol., 133 (4):
439 —465.

Leroy PD, Verheggen FJ, Capella Q, Francis F', Haubruge E, 2010. An
introduction device for the aphidophagous hoverfly Episyrphus
balteatus ( De Geer) (Diptera; Syrphidae). Biol. Control, 54(3):
181 - 188.

Li YQ, Zhang DX, 2007. Fly pollination of Antidesma montanum
( Euphorbiaceae ) in Hainan, China. Acta Phytotaxon. Sin., 45
(2): 217 -226. [ K%, 5KB0H, 2007, (i o 2y ik
FERIESE. MR, 45(2) : 217 -226]

Li Z, 2014. Pollination Biology and Cross Breeding of Osmanthus
fragrans Lour. MSc Thesis, Nanjing Forestry University, Nanjing.
[Z=7E, 2014, FEAEAEREY: SACHEMOI. B raiik
WP AR A1 3]

Liu XW, Chesters D, Wu CS, Zhou QS, Zhu CD, 2018. A horizon scan
of the impacts of environmental change on wild bees in China.
Biodivers. Sci., 26 (7): 760 —=765. [ X554, Chesters D, %
L JATERS, REIAR, 2018, BRIGEAR R v [ B A B e 2

B, AR, 26(7) @ 760 ~765 ]

Lundemo S, Totland @, 2007. Within-population spatial variation in
pollinator visitation rates, pollen limitation on seed set, and flower
longevity in an alpine species. Acta Oecol., 32(3) : 262 —268.

Luo SX, Liu TT, Cui F, Yang ZY, Hu XY, Renner SS, 2017.
Coevolution with pollinating resin midges led to resin-filled nurseries
in the androecia, gynoecia and tepals of Kadsura ( Schisandraceae).
Ann. Bot., 120(5) : 653 —664.

Madjidian JA, Morales CL, Smith HG, 2008. Displacement of a native
by an alien bumblebee: lower pollinator efficiency overcome by
overwhelmingly higher visitation frequency. Oecologia, 156 (4):
835 - 845.

Meng YH, Xu HL, Chen X, Cai QN, 2007. Pollination efficiency of the
main bee pollinators of Hedysarum laeve, a legume in Mu Us
Sandland , Inner M()ng()lia. Biodivers. Sci., 15(6) : 633 -638. [ 5%
Hatl, RIAZE, BREF, 259545, 2007, Bk n o i ERAEig Ry
fERRORIIESE. E%z#'i, 15(6) : 633 -638]

Mesler M, Ackerman JD, Lu KL, 1980. The effectiveness of fungus
gnats as pollinators. Am. J. Bot., 67(4) . 564 -567.

Mizunaga Y, Kudo G, 2017. A linkage between flowering phenology and
fruit-set success of alpine plant communities with reference to the
seasonality and pollination effectiveness of bees and flies.
Oecologia, 185(3) . 453 —464.

Nilsson LA, 1988. The evolution of flowers with deep corolla tubes.
Nature, 334(6178) . 147 —149.

Ollerton J, 2017. Pollinator diversity: distribution, ecological function,
and conservation. Annu. Rev. Ecol. Evol. Syst., 48 353 —376.

Ollerton J, Price V, Armbruster WS, Memmott J, Watts S, Waser NM,

Totland @, Goulson D, Alarcon R, Stout JC, Tarrant S, 2012.
Overplaying the role of honey bees as pollinators: a comment on
Aebi and Neumann (2011). Trends Ecol. Evol., 27(3): 141 —142.

Ollerton J, Winfree R, Tarrant S, 2011. How many flowering plants are
pollinated by animals? Oikos, 120(3) : 321 -326.

Orford KA, Vaughan IP, Memmott J, 2015. The forgotten flies: the
importance of non-syrphid Diptera as pollinators. Proc. R. Soc. B.,
282(1805) : 20142934.

Pape T, Blagoderov V, Mostovski MB, 2011. Order Diptera, Linnaeus,
1758. In: Zhang ZQ ed. Animal Biodiversity: An Outline of
Higher-Level Classification and Survey of Taxonomic Richness.
Zootaxa, 3148 . 222 —-229.

Paudel BR, Shrestha M, Burd M, Adhikari S, Sun YS, Li QJ, 2016.
Coevolutionary elaboration of pollination-related traits in an alpine
ginger ( Roscoea purpurea ) and a tabanid fly in the Nepalese
Himalayas. New Phytol., 211(4) ; 1402 - 1411.

Pefialver E, Arillo A, Pérez-de la Fuente R, Riccio ML, Delclos X,
Barrén E, Grimaldi DA, 2015. Long-proboscid flies as pollinators of
Cretaceous gymnosperms. Curr. Biol., 25(14) . 1917 - 1923.

Potts SG, Biesmeijer JC, Kremen C, Neumann P, Schweiger O, Kunin
WE, 2010. Global pollinator declines: trends, impacts and drivers.
Trends Ecol. Ewvol., 25(6) ; 345 —353.

Proctor M, Yeo P, Lack A, 1996. The Natural History of Pollination.
Timber Press, Portland. 294 -310.

Qin JD, 1987. The Relationship between Insects and Plants. Science
Press, Beijing. [ERfR1E, 1987. BBt SMMKR. Jbat. Bl
A ]

Qu YK, 2018. Research on Mechanisms of Dominant Pollinator Visiting
Xanthoceras sorbifolia. MSc Thesis, Northeast Normal University,
Changchun. [ #fk5E, 2018. LIRS ( Xanthoceras sorbifolia) ft 3
ViE R M Ui R LRI 5T, KA. ARACINE K200 1 2= 0018
3]

Rader R, Bartomeus I, Garibaldi LA, Garratt MPD, Howlett BG,
Winfree R, Cunningham SA, Mayfield MM, Arthur AD, Andersson
GKS, Bommarco R, Brittain C, Carvalheiro LG, Chacoff NP,
Entling MH, Foully B, Freitas BM, Gemmill-Herren B, Ghazoul J,
Griffin SR, Gross CL, Herbertsson L, Herzog F, Hipolito J, Jaggar
S, Jauker F, Klein AM, Kleijn D, Krishnan S, Lemos CQ,
Lindstrom SAM, Mandelik Y, Monteiro VM, Nelson W, Nilsson L,
Pattemore DE, de O Pereira N, Pisanty G, Potts SG, Reemer M,
Rundlof M, Sheffield CS, Scheper J, Schiiepp C, Smith HG,
Stanley DA,
BF, Woyciechowski M, 2016.

Stout JC, Szentgyoérgyi H, Taki H, Vergara CH, Viana

Non-bee insects are important
contributors to global crop pollination. Proc. Natl. Acad. Sci.
USA, 113(1) ;: 146 - 151.

Rader R, Edwards W, Westcott DA, Cunningham SA, Howlett BG,
2013. Diurnal effectiveness of pollination by bees and flies in
agricultural Brassica rapa; implications for ecosystem resilience.
Basic Appl. Ecol., 14(1) . 20 -27.

Rader R, Howlett BG, Cunningham SA, Westcott DA, Newstrom-Lloyd
LE, Walker MK, Teulon DAJ, Edwards W, 2009. Alternative

pollinator taxa are equally efficient but not as effective as the



526 B 244k Acta Entomologica Sinica 62 &

honeybee in a mass flowering crop. J. Appl. Ecol., 46(5) : 1080 —
1087.

Ramirez F, Davenport TL, 2016. Mango ( Mangifera indica L.)
pollination; a review. Sci. Hortic., 203 : 158 - 168.

Ren D, 1998. Flower-associated brachycera flies as fossil evidence for
Jurassic angiosperm origins. Science, 280(5360) ; 85 —88.

Ren ZX, Li DZ, Bernhardt P, Wang H, 2011. Flowers of Cypripedium
fargesii ( Orchidaceae ) fool flat-footed flies ( Platypezidae ) by
faking fungus-infected foliage. Proc. Natl. Acad. Sci. USA, 108
(1) : 7478 -7480.

Rodriguez-Rodriguez MC, Jordano P, Valido A, 2013. Quantity and
quality components of effectiveness in insular pollinator assemblages.
Oecologia, 173(1) : 179 - 190.

Rosas-Guerrero V, Aguilar R, Martén-Rodriguez S, Ashworth L,
Lopezaraiza-Mikel M, Bastida JM, Quesada M, 2014. A
quantitative review of pollination syndromes: do floral traits predict
effective pollinators? Ecol. Lett., 17(3) : 388 —400.

Sakai S, Kato M, Nagamasu H, 2000. Artocarpus ( Moraceae )-gall
midge pollination mutualism mediated by a male-flower parasitic
fungus. Am. J. Bot., 87(3) . 440 —445.

Shao JW, Zhang XP, Zhang ZX, Zhu GP, 2008. Identification of
effective pollinators of Primula merrilliana and effects of flower
density and population size on pollination efficiency. J. Syst. Evol.,
46(4): 537 =544, [HREISC, sk/ANF, kb fE, AEE, 2008.
TRCPIMRTR IA RER B B A S %5 BE IR R R /N A AE B 4L
RO, Y IEFAR, 46(4) : 537 -544]

Shi J, Luo YB, Bernhardt P, Ran JC, Liu ZJ, Zhou Q, 2009.
Pollination by deceit in Paphiopedilum barbigerum ( Orchidaceae) :
a staminode exploits the innate colour preferences of hoverflies
(Syrphidae). Plant Biol., 11(1): 17 -28.

Souza-Silva M, Fontenelle JCR, Martins RP, 2001. Seasonal abundance
and species composition of flower-visiting flies. Neotrop. Entomol.,
30(3): 351 -359.

Ssymank A, Kearns CA, Pape T, Thompson FC, 2008. Pollinating flies
(Diptera) : a major contribution to plant diversity and agricultural
production. Biodiversity, 9(1 -2) . 86 —89.

Stebbins GL, 1970. Adaptive radiation of reproductive characteristics in
angiosperms. 1. Pollination mechanisms. Annu. Rev. Ecol. Syst.,
1: 307 -326.

Suzuki K, Dohzono I, Hiei K, Fukuda Y, 2002. Pollination
effectiveness of three bumblebee species on flowers of Hosta
sieboldiana ( Liliaceae ) and its relation to floral structure and
pollinator sizes. Plant Spec. Biol., 17(2 -3) . 139 - 146.

Tian Y, Lan CZ, Xu J, Li XS, Li JS, 2016. Assessment of pollination
and China’ s implementation strategies within the IPBES framework.
Biodivers. Sci., 24(9): 1084 —1090. [ W}y, 2277, %, 2
Fili, 2R, 2016. IPBES HEAR R iy 2 BRAL Ky IV Al K 3 1 %
. EMIZREYE, 24(9) : 1084 -1090]

Vance N, Bernhardt P, Edens R, 2004. Pollination and seed production
in Xerophyllum tenax ( Melanthiaceae ) in the Cascade Range of
central Oregon. Am. J. Bot., 91(12): 2060 —2068.

vanEngelsdorp D, Hayes JJr, Underwood RM, Pettis J, 2008. A survey

of honey bee colony losses in the U. S., fall 2007 to spring 2008.
PLoS ONE, 3(12) ; e4071.

Vazquez D, Morris W, Jordano P, 2005. Interaction frequency as a
surrogate for the total effect of animal mutualists on plants. Ecol.
Lett., 8(10) ; 1088 - 1094.

Wang JG, 2006. The Artificial Rearing Technology and Pollinating
Behavior of Chrysomya megacephala. PhD Dissertation, Huazhong
Agricultural University, Wuhan. [ E & K|, 2006. K 3k 4
Chrysomya megacephala ( Fabricius) N T8 45 AR MK 17 M F
BIWTSE. 2L ARl R b 2 fie 3]

Wang YX, Liu ZJ, Zhao ZG, Hou M, Zhang XR, Li WL, 2018.
Responses of floral longevity to pollination environments in 11
species from two alpine meadows. Biodivers. Sci., 26 (5): 510 —
518. [ EEBE, XIA%E, BUENI, BH, sk/NE, BBER, 2018.
TR 1 5 1 S ) AT 00 AE 7 i A A BRI R L. A ) 2 R
P, 26(5): 510 -518]

Wang ZL, Liu LD, Fang YM, 2005. Flowering characteristics and
pollination ecology in Tamarix chinensis ( Tamaricaceae ) in the
Yellow River Delta. J. Trop. Subtrop. Bot., 13 (4) . 353 -357.
[E AL, XUAAE, Jr 6T, 2005. i = £ PIAEHI B9 T 8 He 1k
By RS, Bl R RIYISAR , 13(4) ¢ 353 -357]

Wang ZY, Wei DW, Yang MJ, Dan JG, 2003. The investigation of the
varieties of mango insect pollinator in Guangxi and the preliminary
observation on the habits and characteristics of the activities of such
insects. J. Guangxi Agric., (Suppl. 1): 155 -158. [ i3], 6
T, IS, (HE2E, 2003, )77 R 0 B s R e e A
WML IR, TR, (1) 155 -158]

Wardhaugh CW, 2015. How many species of arthropods visit flowers?
Arthropod-Plant Inte., 9(6) : 547 - 565.

Waser NM, Chittka L, Price MV, Williams NM, Ollerton J, 1996.
Generalization in pollination systems, and why it matters. Ecology,
77(4) : 1043 - 1060.

Yang CF, Guo YH, 2005. Flower development in angiosperms: objective
evaluation of pollination selection. Chin. Sci. Bull., 50 (23):
2575 -2582. [ dHE, SBALE, 2005, T ARIMAERREfL: 1%
WP ERIMZ WA, Blazim e, 50(23) : 2575 -2582]

Yuan LC, Luo YB, Thien LB, Fan JH, Xu HL, Chen ZD, 2007.
Pollination of Schisandra henryi ( Schisandraceae ) by female,
pollen-eating Megommata species ( Cecidomyiidae, Diptera) in
south-central China. Ann. Bot., 99(3) : 451 —460.

Zhang H, Huang JX, Williams PH, Vaissiere BE, Zhou ZY, Gai QB,
Dong J, An JD, 2015. Managed bumblebees outperform honeybees
in increasing peach fruit set in China: different limiting processes
with different pollinators. PLoS ONE, 10(3) . e0121143.

Zhang ZQ, Li QJ, 2008. Autonomous selfing provides reproductive
assurance in  an  alpine  ginger  Roscoea  schneideriana
(Zingiberaceae). Ann. Bot., 102(4) . 531 —538.

Zoller H, Lenzin H, Erhardt A, 2002. Pollination and breeding system
of Eritrichium nanum ( Boraginaceae). Plant Syst. Ewvol., 233(1) .
1 -14.

(THEZ BRI



