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Conserving pollinator diversity and improving pollination services in ag-
ricultural landscapes

Piaopiao Dai', Xuzhu Zhang', Yunhui Liu'**

1 College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193

2 Beijing Key Laboratory of Biodiversity and Organic Farming, China Agricultural University, Beijing 100193
Abstract: Pollinators provide the vital process of pollination to plants. Maintaining diverse pollinators in
ecosystems is essential to global food security, human welfare, and to buffer the negative ecological impacts
of climate change. Globally, pollinators are experiencing serious threats from land use change, chemical pes-
ticide use, the introduction of alien invasive species and climate change, leading to a decline in pollinator di-
versity. This decline can cause decreases in the yield and quality of animal-pollinated crops. Here we propose
following three approaches to conserve pollinator diversity and improve pollination services in agricultural
landscapes: (1) wildlife-friendly farm practices, such as reduced application of pesticides or conversion to
organic farming; (2) promotion of landscape diversity, including conserving and establishing suitable
semi-natural habitats, maintaining residual natural habitats, improving crop diversity and optimizing re-
sources or habitats; (3) the use of local pollinator species in industrial applications. Further research is needed
examining biological characteristics of pollinator, demand and provision of pollination services, as well as
the effects of management practices on pollinator diversity and pollination services.
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WA MR a2 FETER ORI 5 AR SR AR A I 55 RO B2 T 409

REEMMIF®. SWRe5 NIHAEF . SR, &
S A SR 7 KR U AT AL S8 3 X FRRF 9T S5 7R A5 K s A 1
Z R R IBHR 3 (Kremen ef al., 2002; Bies-
meijer et al., 2006; Potts et al., 2010a), AT S
{1404 K3 R 25 ek 8 0 A 0 7= e B AYK 1) A, 1y T
78 FI 2RV 1) #4455 (Steffan-Dewenter et al., 2005;
Klein ez al., 2007). $X1fi, H#TENA AR 95T
T AR ARy B AR 2 L AT N T T (LA A
LR UF, 2000; 2 ARSE, 2007, XLFEE, 2008),
X ALKy Bl W o 11 A 25 IR 2% S 4835 S e 75 TG T A
FUEAE F G0N AT (2 B AR AR SR, 2011) 0 AR
WV TEN 284L K 0¥ 2 K M B LB AL (R A% 0 A 55 11
et b, SRS T A 3 2 AP BRI A
MB%% N BRI IRBI IR, PRI EE TR SRR 3
ZAEVERNF R IR S5 I BIR AR

1 RIS R EESRS

15 B SR 5 A ik 1) Re i B4 R 4F FH 304
FREZ, o aHES P (1 R (Kevan &
Baker, 1983). FHESNY) 1) i 0 A1 55 25 56 (Winfree
et al., 2011), DAJe—S83E AT I ZLAN M0 lms o5 5K 1)
B iR (Graphiurus ocularis)~ A 4 F 1) 1 i (Cer-
cartetus nanus)~ REFEWINNE(Varecia variegata)
% (Carthew & Goldingay, 1997). H B H &AL 83
VIR AR, BAEIESE H (5 ARk B H43.7%)
X H (28.4%) FH# H (14.1%), H AR WIEAH w53
H. 288 H. #E. B, BTG HEIRNER
1734, 2001). JE# H % 1% & FH (Hymenoptera:
Apoidea) & MR A E i 2 (1) — F At by B (24
25, 2007), EERAICEA CAEE17,500F (Michener,
2007), HHE Cgar 4 LR g th A7 1,000 2 F (134
A4, 2009), K2 HH A LRy, R H
FRBIRMIA L IEE W (Apis cerana). 3K 2
TRFERIVY J7 EWE(A. mellifera) NG R E I Y]
I8 (Megachile) NG ZAEVIFZ N ) BE W (Bombus)
R (BRI (Osmia) 5 (FA, 2003). XL
KT AR EEM Ve L — My e e . {6
MR AT SR 2 . e ER, O
i Mk HF & #] H (Bosch & Kemp, 2002; Moisan-
Deserres et al., 2014).

Z P Z L AL K0 S AE 45 AE W A0 BF AR A A %
KRN, oy NSt 7R B AR IRSS, £

PRILE LR JLAN 7 1 :

(W& sh i 2 FE PR A EROR 3 2 A F N 2548
MR PRRR . AERFAL R SN Pl 2 FEPE L D e R 22
FEPE, BT LLER = AR Y 82 80 16 B T % (Klein et al.,
2003a; Hoehn er al., 2008), B K REEVINIF=
B, MR EMEFME. PR R, 2R
2170% 1 EZAEY (7 2 5 2 IREY S B 135%)
AE I BRI (Klein et al., 2007); fEFREE
BRI 44 R0 K NGRS 24957% 8 IR, H
PEAE AT B S A 1 25.5%( 4 AR RN R S
2011). AT IXLEECAMR S AL R BIVED, EA1H)
AT 7= B DA R & (P Y R A AR e PEAUIR, 25 552 3
TERD IR, A28 B4 2 FE I 0 B4 I B T F2 e #
IR EY 77 B (Garibaldi ef al., 2011). sh¥f%
WAL EYIE =, I n] AR s TR A
AR A AE, 10 40K B 5 i 42 r ek R A I il
()& B (Brittain er al., 2014). 5035 4 () 5t & AR
i 3 (Klatt et al, 2014). & h0yd 267 10 & =
(Bommarco ef al., 2012). &Mk E, Y+
MAEE R LR, IR, MEITTRFE R
& AN, 15 N 280G £ 5 {8 (Bilers et
al., 2011; Wang & Ding, 2012). IR EE LK 59,
AERAO T BT 22 R FE3-8%, A IR AMNX A
AR, ABRTEEA2/3 1 B Hb AR B i (Aizen et
al., 2009), IXTEN FIASBIEG N 244 +h 20 3 DASE
Blo BAb, BEH NRAFEATFIEE, XEasm
{ELIR N P A% IR0 (32 B R R s AN AT (1) 7K
BRIV FREAT LS0FERWK 735£
(Aizen & Harder, 2009). Rt &3 2 R0 &
FER RS IR B R RER B LA BUFH 5L
Je R B ¥ g AN A 3 S =

) Bh ) 2 FEME R 4E R R 8 4E Z REYER
TR . ARV 2 AP AT A PR AR B DL oK
P AR S 1) — A B FE (Abrol, 2012), i
90% 14 T HELY) 75 B2 At Bh B s i) o B B RAR % AE
¥ (Kearns et al., 1998). LABIYI NEN ) A3 K T
B L5 M WA M T T AT SR B8 K s A8
DA G b SR AR A, AR A R e b A 34 B
KRN, 2 A L 28 % 2 N A 2 M R A R R
2 FRAERESY, Fimshiekha BT ¥miED
(77 B A i B, A SR AR B n] A Bl
ALY e 24 35 P 5 (Shrestha, 2008). FAEFEH t /2
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PERFREYI RS R S e AR I R DR A% R A8 3
BH— A P (Trant ef al., 2010). ZEHEY 5
R s 2 (B 2 Xt 2 1) Z HEK R, HEERE
23 (A AR 4k 1] 5 (Kearns et al., 1998), N[ KIHEY)
WAL —RteR, B sy m 2 A B
TYEFFEYIEHE Z A, HIhRe 2 et A R T
HINAEY) LR 1952 5E 1 (Fontaine et al., 2006).

Ok B 2 FEPE R RO SR AR ) PR . A
[F Ak 2 TG B T 22 57, SR S EUEDI )
1€ WL AT B 4E J5 (Fitter & Fitter, 2002), Y1 %L
Ry F Mo R A MAE (Wall et al., 2003). 552 = ALK
BN 2 R 1 AT AT AR ) 5 7 B 2 1 ) A B AR 5 B8
LFIIIEE, SRAETE 70 2 A8 K Ik 55 (Bartomeus e al.,
2013) AN, ASFEAE K sh PSR AL W] LLE
B 54 NAEH (Parsche et al., 2011), $EFAEK & K
ZRE, LHE R SEYEREHE NGRS,
DAYk /1> BA 355 A8 40 0] AEL ) 4% K9 45 S ) s e DA B
Y58y 4 2% R B (Winfree et al., 2014). 5140,
SR 2 M K IR ALKy, B (Edb A LB A
Ry F IR R IR SS, DRI RE LR B I 2 e
A R 1EAR A 1 S5 AR 58 O PR A S A B
B AR E WAL B 55 (Rader et al., 2013). X Bk i )
SRR 2 T BT AR 7= B B, i R
L, B4R IR SAN B T 10%, AR F= St 2
Hfis(Wanger, 2014), FRAh 1 B3 < fxf 7™ & 1A
FIFZ I

2 B HEENERRSHERRE
Bt |PSE S

&% 20 ) TE THI I 56 K78 BBl IK AR 4 22 R 1 qe 2R
(] fG B (Potts et al., 2010a). X4 ERAS [E] 3 [X G H 2
BRI AL 2L E R R & BN, s n) 2 R
ST RIS 5] 05 [E £ 194720054 [7] 2 1%
WEREIR/D T 59% (NRC, 2007), 1 F1ERLE 1985-2005
SENANERENR /D T 25%(Potts et al., 2010b). 3 [F 57
RS AR A DL BRI T R B,
JEH R AR AR T —. K, TR
T BT T 1R ) b T B B R B2 K (Biesmeijer et
al., 2006); FL[E 89% [1IusIuE HH L T /3 A1 Y el 45 /)N
B NS, TR R R A BT AR I
W P T CE VR 5 PR L F(Warren er al., 2001).
R EE BRHR 2= FE AR B TR WO R T TR A

W HE AL K AR 55 1 I5E 1R (Onthophagus spp.) N E 4=
BRYE [ B g, A R L 2k (Nichols
et al., 2008). FAt X 41 B 00 LA R AF i
R U R — SRR I SR A AR I X, T I
FIER LR N ) )8 (Bardley ef al., 2009).
2.1 EMEZEMMERIRSEANER

BEE LR S 2 AR I B AIG, A8 AR 25 R SR fit
S BIBRA, HETT S AR A B P A BT . A
B JE I mnmMERR AR e, 24 U5 AR I A B0 1 20
T, WO R SR R T IR 95 %, T 22 ) A SR UL
IR FRIS, ) 4 SR 2 U 2N 70%(Klein er al.,
2003b). IR =432 (Brassica napus) 45K
1858 2 W B A 2 5 D 7 27%, AR T
HE/D T 30%(Stanley et al., 2013). R I F _FFr
k& g, A HET20054F (1) 4 BRI 77 7K
-, ACRABESER 8 73 5 2 B-12%F1-6% i
AN A2 (Gallai et al., 2009). 5% [E H K SE B ALK
(I 4 7= (B 7E 19962001 4 8] Jik > 136443 7T, 18]
FEMKEE B du ALKy (I 45 BOFFRLAE b T R A A E )
77 E AE 1996-2004 4 (8] Bk /> T 34.5 12 3% T
(Calderone, 2012),

LR W) 2 REPE R R B R T AL £
FEPERRARA 0 R o, 3 [ 5 a7 22 ) — SR %
a2 FEVER) T B2 30 7 ARSEEA RN K Y)
PRk D, 7E R L XV 2Kk (Biesmeijer et al.,
2006); 7EHTVE=ALE, BTSRRI D> 51 K D)
RE TR K 2, $R B 1 1% ok I 55 ok iR, 3 BUHE R
Rhabdothamnus solandriff)FIHESE FEAZ /N, FhF 77 &
FEAIC T 84%, %4 1 i 2> T 55%(Anderson et al.,
2011). M K 2 HZ A6 ) 4% 7 # (generalized polli-
nators, U1 &M AN — LU ) RV 2%, 55— LRk
4% Ky 3 (specialized pollinators)H Lk, YY)
Tl 2 FE D 15 5 R (Memmott et al., 2004) .

Z FEALHIAL K Sh W) REME AE — & AR AL VE
PNV T AR B AR P ¥ 77 2 (Wanger, 2014), {HBf %
TR PRt R, L R H Y St
Ty 2 B2 W 2% 6 Koy 2338 3]l 7 170 9 75t (Hegland
et al.,2009).

2.2 MRS RRINIER R E

T Bl W 2 BRI B A% My IR 55 B AR B 2 LT
e fe A BR, TR PR AR DUR LA T T

(1) 1t M) FH AR A i 3 S0P A M 55 W0 485 440 1 2
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WSS AR B 2 R R 55 ARl SR A 0 R 55 O B T 411

A, LR A AR AR YR RIS, &
Fe R UE RN E R A L, FHE R 5 RS
KERADBGRIE . BRI T B A2 s ik
H P TR B = (Steffan-Dewenter & Westphal, 2008;
Winfree et al., 2009). “MAEK. DIREH R & LR
B H B 5 52 B AR e SR A AR, AT D 3k A2 45 Al
45 1Y K (Larsen et al., 2005). F34b, SOMEL R =
RS Syt Bk, SRy sh i) 2 etk S
FRBEIE R RS . BlAnESR AL AL S T, B
R BRI G I, PR B IR S AR Rk o,
W 1) 22 FE LR W) 1) ORFORL Ei 37 B R B (Steffan-
Dewenter & Tscharntke, 1999). 55 4 5 2211 %5 ¥y
£ 5N T S5 ) G St 2% 5 A A e A A A
R 2> Ko A% Ky i 55 19 & 2K (Kremen et all,
2002). FFAITARMBR R iE AR B ARG/« A E 00
MBS SLER G0, FAR T Sh bk A YA K
H A B % (Magrach et al., 2012); [FJES #ARARAE B51E
TR/, A A%y 2 H 3P A5 0 7 A i o >
(Aizen & Feinsinger, 1994),
QRZMEH . RAGELN PR EMH, H
SN AR B HUGE R . IR B TR I S
T s 2 R AL S, BV ICE T 3275 34
TR AL, Fefh 7B 7Kg e Bk
25550 R A S B M # (Riscu & Bura, 2013).
VT W SR A K T RS 38 35 A AN [R] g S L)
AT R FE R A B AR, A RO ot o 2% G e UM 36 T
Y Bt B JEE v B &, TR T 7 ER AR
X E I HENEEFHER, (S 8IEA 5 1M
il ¥ H (Nosema ceranae) s “E 1 1577 (Pettis et al.,
2013). MBS AR 2 4 I /4R 3R T 0 A, 2
AP SRAS F B I 1 — a8 R, AE B AT R FH R
BN RETI K 2 WESCRUN, & W ek 22 P A 4
i B3, BhigKEAR. BERMESE (van der
Sluijs et al., 2013). ZFREZ PRI, AU
SRR AT N, R B h 2% R
AR BB (1 L (Gill et al., 2012).
G)IPRYNIFFIER TN A7 A AR F . kY
FRME ) GINSN AR HAHy E E A R . L3R
E 9, H 18964F Til(Apis mellifera)¥i 5| N5, H
Tl N TR ER . T4k, SIEREm
SRR, I BUA s R B Y 3 A X8 EE N T5%
LA b, FOEFECE D 80% LA E (IR, 2005). MY

B fnt, B AMIAAAE SRR IS . TR )
RIE, BEFR TR EITR, R BRI SRR R
TREL, 15 A L m e ] R R A A8 T e R A K B B AR
R A M E R4 A (De 1a Rua et al.,
2009), i Z B Ah ok 195 5 A IR G (Jaffe e al,
2010). anghas ALV AT TLW(Varroa destructor) N
REMJE, fEFEBER I REERR, JLTiE
F T SR () K FUBESE T (Kraus & Page, 1995). %k
S B ) B AR e e, I 2 B B R A S B0 9 7
(DWV). g 2% R 285 (ABPV)R 2L, 2538
i ] (1) 3 g g B 26 R R BB T 1) 3 (Bl (Genersch er
al., 2010). LLEFI 2 FRBIR T (TAPV) I 55 3% [F i
93 U9 (CCD) Y & A2 A 1R K 9% & (Cox-Foster et
al., 2007). FAb, SR B A H AT DL 5] iRt
194 2K (Genersch, 2010).

(4)SEARAHI S o S AR A (BLFECOL MR EE T
s AR BT T RER) A DAEAN R RE _E S Hy
B 2R B MARIKT BT B ] AR AR AT
A& 12045 (Stone & Willmer, 1989), fEXFH/KF I
S BH W) (3 2 I E)) ) 2032 (Hegland et al,
2009) W AL 2 L e 3R B H o3 A ¥ LG B
AR AR/ N R R X K 4 (Parmesan et al., 1999;
Williams et al., 2007; Giannini et al., 2012), fERE%
7KV AT DA TSR AR A 2l 0 R T 9 4 A R ) BE AL R
(Minckley et al., 2013). B 7 EAAIER A, &AL
R DLE i e AR A ol T 1) A LA FH T ) 5 e 4%
W 2 v KL Thae . B, BT YA
BN XS AR AR A R e B AN [F], AT BE A4S S ATTAE IS
)L 0], JEASAIA B 7 T H A VLHES, AT A
TRy L TR SC AR, AR T A 1 ) %
(Memmott et al., 2007; Hegland et al., 2009; Rafferty
& Ives, 2012; Polce et al., 2014)

gl ALKy B 2 FEVE T [ 32 2 R B 5 A
AR, wrraee 2 R RILFEERPE R, &2
M IR e R S H A [F RU8E (Potts et al., 2010a).

3 RAIFEREMHNISHEEREMRSE
HgE

VB o B b Bk Bt i [ #437.8% LA F(FAOSTAT,
2012) (M B MR AY, R S AEGE 7 AR 2 K
PEALFE A0 B W) 2 AR PR B I AR R 4 o R A
i (Pimentel et al., 1992; Tscharntke et al., 2005;
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Scherr & McNeely, 2008), &4 st ARV 50
RO T BENAESRS . HE, S 2 v
FRAR B P2 Bl b 52 B O AR = B R, FF
TER TR T s e . Rk, Rl S A& H3h
W) 22 FE I TR DR AP RT A% M IR 55 1) A 3L 2 ROl m] RF 28

ANV 5O b = E AL R s W) R TR e AT A
fEHy B L (Kremen et al., 2002; Goulson, 2003; Klein
et al., 2007), RERFFENEE HNH, HEFAMAL
K AT Re SR I T A R AL IR 5%, PRI AT LA
FI) H M {E FH (Garibaldi et al., 2013). &8 R4
175 BT 75 EEAE LR B N B 0l B
SUEA R DL K 78 2 BB ) a0 A A () A6 K AR A
BEUR, XL BT 4 HOE AL S A [F] A= 52 2R Y
HEE R DR (LG L ARAE SR . S H AR AT R H
Z5)(Westrich, 1996). & Mb 5 W HH S5 I 1) 25 1] S o 14
RTIR [8) By 28 1 2 38 RS A2 P 22 5 1 TR I 25 Bl A A2 4k
(Williams & Kremen, 2007). f&¥y # 1 2 #1252 2
AP A B TR B A Al A8 B4 e (A 245 A A8
FH Bt 7 SR ED 5 B A AR ) DA K AP (an
ISP R (Le Feon et al., 2013). A&k (¥ 5
BB ANF(Gathmann & Tscharntke, 2002; Green-
leaf et al., 2007), 32F 4V 5L S5 H A2t (A= B3 1T
AR EE A5 A5 ) 52 1 19 R AN [R] (Steffan-Dewenter et
al., 2002).

TN S AW 2 FEE AR A B E T T —
AN MCEE R R AL A A B T SN G, B 5R A
S H AN S RO A R ) AR . Bl T AR RO,
AP e S MR AE R HAE R, S AR 5
WAL BN 2 FE 1 J AR S IR A5 1A U8 B, 7R EEK
5 BT AE SOUL B S5 RAPIR L, 1) e 3 ) A 7 A B AN 5
WLE H SR (Batary et al., 2011; Concepcion et al.,
2012).

MR ROBE SRR, B 5 0 20 S A S T
4 ek A BEAN A 245 1) 456 FH (Kovacs-Hostyanszki et
al., 2011; Otieno et al., 2011). SEATH HUFHHE 7 2
(Holzschuh et al., 2007), VABRAC A ZRAE =g shxt 4%
K AR 2 o AR [ X 54 F 4 [ 3= EAEYILE
it 204 B AR PR R o o, AR SR L4 IR
LM S ALK BIVEYI G 77, ST B o B TR PR 4
I PR T H B AR E 1, LML U s b AL
AR 55 Fr) AR B HE T (Deguines et al., 2014).

HTEMERSIER . SRR B AESE
THRONBUR, WL IR 55 IR 32 J 32 55008 Hh B8 U R IS
[F) R0 23 [6) 3 AT s ARl ) G 22 (% K 5 T 1) B2 95 5
e\ FEYIAI ALK 564 ) S5 1) 500 (Kremen et all,
2007), A5 AR By B 2 R ) DR L R
TE SR BE X S S M AT TR BRI O . AR
BREEER:

(ORI AR E G Ta) 4 Sk 1R 320 £ 1 6] g A
e B AR E Y AR SR (i 2 AERT . BB L BEAT), 1
T A A 2 REME RN s R AR BT, Nt
AL & W)k R (Pywell et al., 2005)F1 37 54 55
(Holzschuh et al., 2012), 1E B4 BIEYMIA L
£ ¥y # Fh E (Ockinger & Smith, 2007) 18 % ft
(Nicholls & Altieri, 2013), MM A< H B 26 AL
B Z FEME(Carvell et al., 2007; Carvalheiro et al.,
2012; Rollin et al., 2013), FJE 4 KR BAEY (AL
3 IR 55 (Albrecht et al., 2007; Morandin & Kremen,
2013a). RIS 7EAS 30 BT (1 1) B 10 (1 B A2 Hh iy,
REH I Pl 22 P AR IR ) e R AR I AR B, Y
INEAFE(Hopwood, 2008).

Q)X 5k B B AR A SR R S ARBE RO R A o Bk
B I 1 SR AR B G AR AR BE L B AR A AR B
—, RRRAREORY A BT 3G g R o (1 2 R (De
Marco & Coelho, 2004; Ricketts, 2004). fR#HA] 5
AR A 53R AR (8] g A4S b A oy 5 2 i A Ak 310 L
LSRR E Y AE R PR B, 1 EAT1RE
WELEAN R R B AR S AT A T, FFREAE AW A1k
(PR Ml S H K 1 2E A7 (Mandelik et al., 2012).

QVRAEDIHIFETC AN e . Al S A EY R
(1) Z2 FEA O AR A% b 5 BB, 9] dan s oK Th AL
FhiE AL R R E D Wi =2, DTG 80 I R e 1) %
J& (Westphal et al., 2003).

(DGR BRI 2 AIAC B, 3 R0 23 8] 4
fa . B, fERI A, BT R B K
TR B IR A 55 DAGERFAE A 3 PR IO RR L R SR AL, 38
ATE W R o0 B 48— W S AL R sh P I /N A 5%
IR HE AR R 55 oA 2 IS, I THED
)77 & (Brosi et al., 2008; Winfree et al., 2008). N T
R0 SAEARA IS, 7RSORGB ) AR
A5 X 2% B 4 €8 B T 9 2 0 IR il (Mawdsley et
al., 2009).

R T B8 R A SO R I 3, b 7R



3 4

WA MR a2 FETER ORI 5 AR SR AR A I 55 RO B2 T 413

FUFF R FH T AR A et o il o A AR A2 () PR T A
R, ATk R 2% (1 7 SR AR AH B K (Aizen et
al., 2008), A=ER N 477 FE L K TR s H s AE i
25 504F P 4K (Aizen & Harder, 2009). {H/&, N
TR AN BTN R AR, S R A
WA L (5 R AR B T SN i BT AR, DA4ES
A A BRI (1) 384 2 FE 1% (De la Rua er al., 2009).
Y AR i B BU R IR 6 T S R 38 4% 2 AR (Moritz er
al., 2007) 15 = V5 /£ 2 (Winfree et al., 2008). M
BERCRE, H AL 3 W R R = A 2,
DLW 26 9 ), 4t 5 A sk i R 17,500 Fh
(Michener, 2007), XA /E LA A4 i Mk R AN
FIH(Bosch & Kemp, 2002; Cane, 2008), fl3EHEfE
() G e R RE I L TR OB SR R ) E D) g
(Megachile rotundata) M1 JUFNEENRE | Iy THT 3 5L 1) B
i W& (Nomia melanderi)F1 K 3k 1 75 W& (Rhophitoides
canus). R, 18 V)T EXA ALK B2 M AT
WA, kAR ERE, THARE. 5
B AR RS S, WA SR B R
Tl R AR = FIR] FH 2545 R (Bosch & Kemp,
2002).

4 ZipERE

F&%n 2 2 R 1 I L B Bk A5k IR 55 2 N
FARAE I E LR . (AKEE DB LR R R AL $ 11
SRR AR B — LR Ak, B TETR RN 4
BRAURARAE LA B N5 B0 5 45 8 & ok 2RI
geftrehly, DRLENEEAL Ry SN i B 2 AP AO
W, JCH AR # TR 4 i) 2 FEvEEcE E 2T
REZH N D R E (Albrecht ef al., 2012), F&FasE Fl4E
STEYI= . RERE %S, WRAESRGNS S
Dhee. R T RS R RINTRE . N AR
FE R AR = B S RO R B B s A BRI R, —
J5 T BEARAR Tk & 1 N R, 5 — 7w
TEAO S R4 AR B8 E AR 1A . AR
Pal e

SR, B RO T4 s 2 e A IR 55 52
Mg K] 2% FOAF 78 36 A4 TH (Kremen et al., 2002; 1E
45, 2011; Brittain et al., 2013). A T A Ry L
B, R T B — B I R LR JUAN 7 T (R
5% (Allen-Wardell et al., 1998; Klein et al., 2007;
Dicks et al., 2013): (D)IRANINALRYE [ E D244

fE, LHEZHEEMENEYTFR. FEFR, X
TR BUSRME SR (LS, 2007); QIR N RIEYIXT
FER IR SS (75 3K, JCHIR A FAEY) P A8 4 IR 5%
i RINZE R, QNRNVHEAE B sV IC IS B AR ARk
B XHEYAE S I DTRR, VEAS AR XN R E A R 2k
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