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O'NWN O"Waun O'Myuwn viy'n nais (1907 X7X)

[94l3¥¢IND OTN12AN MO0 X7 113131131 00 72n2

1101 77Y3J 771 X7 M2A'WN 781W 7W 720 "N2T 1'NWwY
TIXTN O 12T JIN71780 NJITYNN TI79712 01 X7X ,1NXY
72TNAN 7KW MUW 732 JIINXNDIT 1121 A717X 111A0
,N7X 71770 122 .INMN "N1IIN TV N7'K 70 11X 70
171921 ,YV (097 N1IA27 01w 071NN O0'7XIN 0'27 09I
Y777 ,0I2NX,0MNX 201 71w, 07V '[7701,0'W2 O'MNY

[5#8 m7172W NINm

N0 720 TAT 7w 11 Q71T JTAI71INA Tawn
O'700N O'N2T TINM21 O'7'2NN .120 TNX JI7ANN]
MNX 70N 87.5% 7W TONM171 NN OMWINNDI JIM MW
N'2N7 717V N7ANN2 Tonn ¥ g71va omnnyn omion
O'mny m1an 21370 MI'w71 O'MnY 1017718 1317
,NNNT7 M 3713 71NN N37ynn 7Y y'own7 321
(Anthophora) 1T (Eucera) Mwinn 0ol 09N
1131 O'N NN N2'7 "MNX 7W 021N O'7'aXNI 1011
O NN MX19I0 (Bombus) D12N12N0 "112T NIX 0977001
Nw71wn AN NDaTI N7 nmnx J2oanr ooy
(Asphodelus ramosus) n'71TA2 1Y ,(Salvia fruticosa)
nT1 NN (Coridothymus capitatus) TBFNFZN N7
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TI'PTN7 MX7NN1 D770 TN0N | 7RIWA Y2UA1 1201127 7Y W2AT* 12T AV 10 Nyswa

NJIND W72 11207 71,2010 YN 7T JY2A(O™INIW) 7X190 NX 7Y 7MW n273 (Anthophora hispanica, Apidae) mn1n

11270 NN X' N72AXN TV ,NZ19717 77773 7120 "12T 1K WNWN 1180 072X JI01NYN JTTYwn av'7i171 X w7 nonwnn
Nicolas J. Vereecken:m'7¥ | '7rtn nimn7

:m17°X | 2010 YN ,]NAIND O 1N FTTINW ,(OI9°T) N221AN TIW 1W7 21 7Y 131 (Eucera spectabilis ,Apidae) 1'winn
Nicolas J. Vereecken
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:017'X | 2011 YN ,707130 710 "NIN7 13,080 "D N7TY2 §I¥2 NI "N'717” nM2aT 1173 (Melecta italica, Apidae) nup7n
Nicolas J. Vereecken

12T 1A "IN ZI7” 02T .2010 YN ,(OMINDW) 7147 1M21TX 121 7Y "N'717” n 11271 N2 (Nomada agrestis, Apidae) nTnil
Nicolas J. Vereecken :017'¥ | NN 721127 7W N'[72 [NX2 JIN T17'UNN 12



TIPTN7 MX7NN1 D770 TN0N | 7RIWA Y2UA1 1201127 7Y W2 T * 12T Ay 10 Nyswa

2701 N7XIN 17X | (Halictidae) Nomioides 110nn 12 nmaT

16



TIPTN7 MX7NN1 D770 TN0N | 7RIWA Y2UA1 1201127 7Y W2 T * 12T Ay 10 Nyswa

Y21 "MIN7 11,071 7172W 1M3INF 7IN2 033NN NA7I7 1'Nnn 131 (Protosmia paradoxa,Megachilidae) n'noiuviio
Nicolas J. Vereecken :m177¥ | 2010 Y0 ,7131130

2"7U13 N7RVIN :O17°X | (Pseudapis nilotica, Halictidae) 0'8TINDD "N 12 N11AT
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N1"TNY NIX7NNTNT70 TR0N | KIW 2 ¥2Un1 120 12T 7Y WaT " 12T AYIn 1yswa

L3 179100 7W NT'70 117131 ANMonn

2009 W21 TNV 72172 0T'N NIZANFZANN 7W 73730 779N
,0INW 1170 M1 717 7713 171K TINY7'D 152.9 7V
NWYl ONZaXN7w O"717 ,07'72M 09IV ,n97 ,0n
7Y N7ANN 7W 73730 7790 B waT a2 win'w 2117
14.6-1 2000 JTJW2I TNXJ NTA7 2"NIX2 WATH NINAT T
NTW 7171 10 7W N719710 77V, 787w C2 97T TIN7D
1998 NMIW TNXJ ,WATN NNAT *T* 7Y O'7AXINN O'7'21N
.1 77w 11"7'n 810-2

NN X' WAT "TIAT JNMYXAND AZAND ,7NXTW O
700N1AW X7 W'.O'717'AN 217 112V 1112 130001 1'NTN
,IN1[7N21,N[7'00N NZANN NIZO0N X7 WATN "MAT 07171
0'71712 .012N12 11272 WIN'W NWyl ,JN'Y7X f012 1IN
O TINN NDWNA N3, 0 NAT NZANNA 'U1717 O™M700
NN TIWY7 IX O'[7'2AXNDN J118'9X 71X 77707 11'0' nwy)
a¥n B A7y AN AzaNn 'wn7 71In 7y antmon 770na
IXD TNNTI M7Y150W INXND 1TZ12AN TN JIX'7 AT
TN 7Y 2B onx qIX MIEn 7X317 morTynt 1T71aXN
WaT ™ MATA TV WIN'W NWYI O'7'2ANNDN |TAIX 7Y NM1X97
NN MUW7 MATWIAT TATATTIN 01117 71790 2¥N0, %)
N1'017J1X2 Ny'A071 ,AM*19n 'ANWN 717777 ,0°J1N0 12
JJWNNA ININW 03 ,0"Vy1UN O'7'ANDN

WaT 17X .3.2

WAT NX'7 7XIW WHNWNA T NN N WATA TAT
T3 71712 N1N0N WwaT "MAaT Mawin 71712 nu'7wun
JT'ON M17[72 02N OMUw 9 7Y 1IX YIWT7 N713'01
[l T 71X TIXT7 A0 MU 7w 7' 718 OTTWONND
MNITZ MO17n2a TV waTn N1AT 7127 X220 waT 11X
Y 7W 73730 77YN N, 010 01 FWNI 7IXD N1ID WA
LNDNT7 MIXK770 71T NZANND 7W NTD D202 U7 WaTn
71113 IXINT WAT 7W QwIinnn Jwn 73730 719N
NZ2NN TI1IW 7W 01N 50729 '0 71NJ ND17'X 277YN1 OI1X
2900-3 O'IX1'D 7KXW . 100 0 Ty 7103 X1n N7*19X21
100 'T' 7V ,77W 11"7'n 70-1 TNNXI OJ1VW ,NJWI WAT 1Y
, 017310 (O0'7113) O'XT12T 500-3 TIY1 N1'IN0N 713N

LINTIND 1AM 732 N3 97X 100 TY 07 TNNN

01'J 0NN 0N AYaWw 17713 Apis 100D WATH INAT
7NN X190 NIX B QTN2Iw 0un nw'w mnoy mvi)
1n0ON1 N113NN) Apis mellifera M21YynNn WATA NN2AT 7W
NOITNX WA 19¥ND YINWn ("waTn AT NY'7a N1
,A102 0NN IXNWY T1A12,A719X71 1171107 ,1"0NX 217901
7MNnNW ,waT1 INoNA JIXT Oy .5 q'ox nwa'7 o'7ainn
AT 7W FININ N72YN7 X120 L A11Y0T moizna Ty
nNMaT. M hwTn nwa 7w 017IX 732 0AWTAN T 7Y WAT
1'M3J IX "IN0N 'NJ O71¥n 77N 732 O1'J NINXN) WATN
O 11TXT N1N0N 1NJ O"IX'7 1112702 Yyn7 ,yauva "1
0''n N5 19001 'ManY 171 1'Nn 7112 .N1{72 0101300
NOIT'ND O"ZIAIN'A O1TX OV 001NN (O7YIx OMF)
AN IMA719n 1202 O'7720 ,A7719XA1
1'nn nn B (@mnN73 32 02 Ontna Tw gx 7y) nInam
10N WATA ATATI VIT QT1IJWA1 7XTW avznnw
N2 NI DIN7 MTNY2A 1N Apis mellifera syriaca
TIZINN 7V NAWFZNW A1'2'0T1AND 01 X ,J1'0M' n717A waT
TTIAT 7NTW7 IXQ OYW JIND 17002 1PX7F0 11awin
NMIW 77002 IX M N370 O AN 091w O 1IND WaT
7W NINIFZNN A1017J3INN 197MN NINTIZN XD 7W 50-0
INQT'W FI1IN0N WAT ™17 JNAWINA 10N WATA NAT
1M Apis mellifera ligustica '7'7U'XN 1'NN NND 2"N7INN
TIATIN JIXINATD 7KW 12 mawin B aar vy amna
O NZNN [NIMOND N TTAN JTTIN X770 7Wnn m7ya
'VI7N7 17011 IX  AIN0N JNIAWIN OY AX7Jn 1Y
0'7'0u7 ND'WM 07210 O'2AXWN 7V INAN AXXIng
. B (Varroa destructor) nN1T1IN TTIZX 103 ,N'7NN "NTA
O'NX21'D "O7Inon” (O''n 151) OIT 771 787w 1171 73

JI77U'KN WATA NNATIND

MIX77N2 A7 W2ATA 11127 112°WnN 3.1

NINWIAT' 11272 71TA0 73730 T1YN 3 NN nYT7 T2
TIZANND XN OTX7 101" Q7170 12w ,waTn 1ix»
7' ANDA NN WATANNAT.(3.2 7192 1IXT) O"X77N1 071771
o271 071721 J1M'0JUIN JIINZNA 1011 21w
FIMINON WAT "NM2T MAWIN] WIN'WA A7aXN O'wNTn
Niwn7 O'77I00 MW7 TNYN 7' 117190 X1a (1171113)
waTn AMAT 7w OrTInTA mNInn a7y apaxn
71T AN W N72ANNT7 02 WID'Wn JIX JIIWINXDN
J117918 17X 50 TY NIINN 71TA MAWIN Oy 10 MX77N
NnmMwpenm (Mi7713) aZax mM1pn 1mn 7X17 n71a'an



N1"TNY NIX7NNTNT70 TR0N | KIW 2 ¥2Un1 120 12T 7Y WaT " 12T AYIn 1yswa

WAT* 1T 70 (NTNA 10°KX) TIM'WA NNU

12127 ANIY7 M1 IN0Nn

Ty
n”710

73D A7YN7 X1

IN77T WIN'WY7 @"IN0N O'J'N

12" MAT

22



TIPTN7 MX7NN1 D770 TN0N | 7RIWA Y2UA1 1201127 7Y W2 T * 12T Ay 10 Nyswa

NIV MNJI N11'2YN "n1INN2a” I8 ,"01nn” 11310 01900
NZaxn . "7aznn” 12730 N80 N77X7 72X 70 1on
TITI1N1 71X N2ATIYN WATA NNAT IN7V910 T 7Y INWIN
73 ,JJTTIINND 7310 7VW (corbicula) n7'070n nian 7112
TIZ'7¥7 NI'DT 1911 7Y "NAZNXA NITONN NUYND N7AX 71w
JNX107 72 11T L INT ANYY .(2 11'X) A7AXN 7117 11on
NIINW ,NINT N72X TTINWII ,NN0INT NITTIN 1102 7WNn7
NZANNN 7'M 19132 0'2N1) 01X 7Y 71X 7127190
MNF2A7 1NN IN173 11 D270 NNal 1717 07w
waT AT OZNAN 77n2 .72 01 07171 - FaNinn nnyy
7321 773 NZANN7 01107 720 YXINN 71020 TIX TI17XIN

.(4-13 0'11'X21 4.4 71921 1IX1) NNX2 Y0

© Louise in northumberland __

. ©) Le’a Gustafsson

T2 'NNX NPZAXN7 WATA *112T ANIN 3.3

NJ10J N1I'N7 NMDX 12 MINX NZAXNY7 waT "1aT aniin
AN 7X37 117130 X 7V .0"Y2AY O'7'2NND 7W 117 oM
732 AT MTTNA 1727 MUl 'K WaTh NAT ,0mnyx
AT T 7V NDONIW N7ANXN 23170 AFPTA .OTNXD I
M7Y1I0AW ANNTA NZTIRXK 119¥21 01772 11non waT
1NN |NW [XINT O'W O7IIND O'NM0N 0NN 19TV
el gIANAN NN 732 720 TIRXD VIV 7W A7ANNY7
72 'MNX 7W M7'Y MIZ'AND 1'% WATA *127T,737 [ona
NZAX YW N71TAMINI M7XIN 1N, 02177211707 o

TIN'WI7 TWINI NMWNWNN JIMNNN 7470 7V (corbicula) N'7'0700 N1ana NIMDIND WATN IT1I2T.MO7 192 O'7'2AXN N7 :2 11X
NO11'7V TIONN NUYIN N7AX [771W 73,07'0700 NIAN T TR I TIAMYN WATAATATIM7ZV10 7T 7Y INWIN N7ANN LX) N7ANX
NZ2AX MNW1I ,(Andrena) NITTIN 102 103 J1X183 12 1T NINTTINIYY Q) 1N7AXN7 T171 190 177X 0V VAN1 X127 0713 'NI7N2

2) N1 N2 DM N7W NZANNN 7'V, TIX2 12TVN NRW,NINT
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N1"TNY NIX7NNTNT70 TR0N | KIW 2 ¥2Un1 120 12T 7Y WaT " 12T AYIn 1yswa

AN MAT AT 7Y WaTh

NNIT71TAN2) 19X 01772 1131 0 0122 71YIW 1710
712 12T MN*JIW2A 55% 7W AT 1" XXND (7XTW'7 TIND
30-J N'77130) A"Y1 ATIZIN O*1UN 900 TY 7V 7NN
11N I0X7 120 "112T 7W AN7¥N2 50% 7W AT711,(N17113
NN NT1'7 N2'00 .MV ATIZIN O1UN 600 TY 7W 711702
MT*TN '07) NN"190 '"ANWND 71X Q7Y 2mann aznt
o'N192 Apaxal qixa mnla a7T71 INTOW mrw
X700 70NN (WATA AT MIN37 N217a Nyswal
NMuw7 11002 M1MJa 7W MD*DXa1 ZNIna n72an 7y
717"2 N1"2 "MUYYN AX70A IX N*INTA IAPN1a1,'vauvn
0N 077130 0" IAX2 TIN2, 1IN"W7 O TY1"NAN VAU
ADXNA .OUFZ 71T A N2 YUPZNL IR, O T TN O 1IN
1"27 M3 "2 0”7 1.1-3 7W ¥'N 70710 171T'DVY 'XN
N7'7W0 MYSWAN JIX TIND ANTNoN 0'W1 0 MUY
JedlyavazywaTanMmaTIw

WwaT 12T "2 MINA7 N9'7Y N1TY INXD OJ1W O71F7nNn
NN MNX7 12T NZ2A M2 0T 1IR3 ,12 1AM
TI'7V10 771 7V AM190 "ANWN 71X A7V 107V O'9TYINN
ovnnnn O'wyn X L JINIna amT waTn AT
7V IX 0210 AN7XN 7Y NZN2IN VoW JMIXIN7 1117X0
(0712 470 1INT) 12N AT 7W 1'D17J1XN 7T

TIN TT127 1IN 7Y 1121NW  NIIINXD OUJWnn O7ynn
N2T'70 NT'N 70 17"70 QYowWwn IXTA NN DT
TIN7¥N 7Y 72 "NM27T7 WAT 127 113 "2 101NN
,M70N2 NI'DIZNN 120 "NM2T 70 MT'w3In 7¥1 amaTn
1337V NN Benss 7y DINal NIIEY77 |, TI7UI70
7277127 7W O'UTON YOWI1 TWIYA N1 NXND 19X 017710
T WAt NMAT M3 N2 M7

TMIMIWI,(T10) NT'YN N2'A02 17'OX 1771 NXDI NT019T
7W MU2 M7172 12127 7W A NIT? 1071 WAT "N2T
1,000 7W TINV2 VI12N12 *12AT AFZ'NIT1,N1113aD 'D 500
Ll nmiaan’n

MIZNN "D AN NANTNN 012012 12T JTAWIN ,N"7IX2
100NN W'7W TY X1 11X Bombus terrestris audax
NIV "N M3J7NN ,WaT ™N2T 11137 N2 72 m3a7nn
MZINT MAWINA 1TXI'W M3J7N7 ANIWNL 70210 191X
0121012 12T M7Y19 ,TI7VIF02 ;B waT 12T MIIN
70210 191N NIV 1'N OJ1W O"DIZN 07N NYAIND
N77 O"INIX NIN1Y7 WAT "N2T A"V Ai'n 002 07X
IX D12N12N 1127 1IN 237102 171 X77 ,w2T 12T "y

AN0N1 NIN7FZN Y7171 N72AXKN T1X7 WATA 12T 7IXon
N"7'7W NYDWN7 NX2AN X1 N717Y 07190 771737 waT2
WIUN NXI107IN 01102 10 O7Y21U O'7'2XND N1'017J1X 7V
JTIJWN 1M1 Q170 TNNN .17 AXITN |01 WaTn 1127 7w
7W N1"7'7W MYDwn IXXD O717NNDNAN 70% *J MINT 2017
177100 0N N172VNN ANXII 121127 7V WaTn AT
770 MYgwn 1TV O1ZNNNN 53% -1,(0A1139) N'7NN

LT mannn nNXINJ 011227 7Y waT AT 7w

J12'0IJUIN WAT 1T MY Mygwnl TZNAN AT JNon
TI'O1721X 7V O'NI'KN 7173NND 770 771 A1INN 1T N80 X
mmnn 7 o7 m717y manx myion 120 AT
"1J'W7 N'7'2100 O'I70719 T 7V 11 1MV 7WN7 10 X
N271wNN NYownn .[52] O'MNXN J1'017J3IX 23102 JIX'7
N7 N 1'N7 07179 MANX MY190 0Y WaT 11Ty 17w
‘71730 7y OnyT N7 yvaun O7TDW MTIA 7y1 TNNa

11 '70U71 0NN

121127 7Y nNYIWA O 2ANWN 7Y MInn 4.1

NPO17J1IX 7Y WAT 12T 'V 7W 1'7'7WN ANyown

TANWN 7Y TN AXXINI TN MY '"T'7 QN2 "NAT

WaTN 11277 17200 N3 OTIXI'NA (F1X1 N72X) N9

700NN N7X O'ANWN 7Y NI 120 12T 7Y morTy

JIMI[7'Y N12'0

7W N1'2 27172 J1INJ N371X0 1YW 11 NAwIn Oy .N
TIODIN,O'Y10 17X 50 TV N1NN,NI 7N NAWIN . OANWN
el Mg nUwa ANTMIgn 131V 170N N7aX 17 60710
TY MIWY 71N 712 12T J'0 1017318 [ JINT N7
AT NID'0X,]137 O NI7N 191N O'Y10 70 IITTIA JTIND
120 'J'N 73 7w O'W1ON NMYOX 7V 071V 2177 WaTN
U3 NN T

ANX71 (M1J7713) O'MNX 11ADND O'AXWND 7X17 N713'0 .2
12 nNmonn NNMWEn7 mTn ,owTn N1t mMmyn
e m7yion

L5 70 7NIN7 MINWN WAT *1N2T :71TA0 ND1Yan Ny .a
79N 7W MIY7 01 M7'v'2 MW7 M713* N, YXINNA N7
7TMIN7 12172 M7200 120 ™27, JINT N7 .® n"r 10
1272 oun MIND 190N 7W N

AT I NYIWA7 MW MMTY NXD IITY O IENN
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T2 12T 3D 11AN 7Y W2AT 112 T NYIWN 4.2

JIN7W MI2nN 7y waT 1127 7w N'7"7W nyown nnJm
(O0M0N NN 121127 7W OJ'DA 110 1N173) 12 1A T 7W
0''n N1"017JIX 7V Nyown NN3NN a1 X nwy N0
, 0700 12 02T JTN71ZNT 1071 1w ANT7 .O0'N™Mon
NN 7007 ,01W 0N 70 MWATA NT'ND X 1271300
T1713°01 WATA *N2AT OV 1IN "ANWN 7V 1IM'W1 N9'0Mn
7NN JIMTY 1900 INXNDI JINT JI1INY7 .02 mannny
2N AT AN 7Y WAT AT W M1Y7Y7W Myown7 nTw

1N 1N2W 11N '3 XXNI 717120 MYIX 07102 2N 17nna
12T YOW21 49% 7W ANINDN2A MONAN,WAT *N2T Mg
TINM7 O1'2,120 1127 ' TW1Y2 22% 7W Nnngnit,1an
O'XXND .M WaT AT W MINI2 WIin'w n' X7 101w
M9 MWD 7W N3 01w 111°3N ,TN1NA O'A'XTN N7X
mnin 7w m7'7wn nyownn JIX NI'D X7 N1na 12

1201127 7Y WATA AT 1113

O"N21 'YaU NMUW7 01T M3 7700 7W 17120 1072
700N ZNTWAT™12T 7W Q121 0"y Y17 '3 NXNDI O 170
T1T0N INNX7 YW 10X) X7 773 WX 12 1127 N

[T TR AT Y IND TANWND A1T7T MAZYa ,mInan

ay 122 12T 11An2 AT NNoXI 17'0JN1 NI 'YUnl
NIN X NOFZN M0 11X, W2ATA * 12T M3*oX2 A'7yn
N1 NUYW2 waT "MaT mgoxa a7y Manxnna T
TIIZNN 12 "NAT A1'017J3IX2 ATTT'7 AX'An NJNT1a
nTnwa * (ypa MmN O0'NATa N7 X)) O'71vaia
TI'NT 127 WAT *N2T NT'OX "2 7190 0N NXNJ 71902
01277 27 1IN O'7I0NN O'TINX) NA'7 "MNX] 0'AXWNN
NNNIINA1,(N713 OMNX-0'7'2NNN N37YN2 O0'JN1T 7321
M MITNYN ,N71T1 12 12T A1'017JIN2 AT nnoy)

LAl T AT MN37 1IN0 ,0'ANwn

777w NYoWN 7Y ININDN MWTN JTIXXI J1AXIN 1707
71740 11'22 72 12T YW IIN7W MI2an 7y waT AT 7w
71T 712 . 7X7W 70 131NN 1NN TTWNa NN 137113 7w
TIN 7713 1713 1IN O'112T1 O'MNX N2 TN T'WY N1
727 N 78w 12 N12an OTNTIND O'MNYN 1900
"2 7W "IZNN 1MUYW 1272 1%-3 1113 ,80-N MW 1712
Elgna0IuN N1V NI MIITON AXXII 'Waun 7170

mawin ,nunMo77a ;™ 071210 OMININD O'MNXN (11ANa
N7 NN occidentalis Bombus 1'ninn 0D12m2a AT
0" (NZAX 7O TINM1) 1NN W M1 T2 an
7W O'FNina ,waT "MaT MIMI7 na1'ya NT'N7 we
O ANOXI ,ANNTNA LY manJnn aiyn 500-1 100,10
N1 N77JW ,012N120 "T1IAT J1IAWIN2 N0 n7Xna
M3J7nn 7T1A2,M7y197 N1370 0N'2 711370 11X A 7NN
7W AT ATYVIN A'770901KA Y 0131 nman mTna
TIIN0N N0NN N'MIZN O'1AT 7W (170 NN7XN2 24%
0'001) 017NN .[71] WAT *N2T N"Y17 N9'WN1 (Hylaeus)
waT "NAT AT 7713 ,NTW XEXIUIN 7Y 1T
11703021 01138 13 7y (Meliponini yawnn) Y71y mion
0112701 012N 12T 7W [D1AN MW 72N 1121341 e
IN ,WAT AT M7vi T 7y ¥ (Megachile) 1173711 1102
JUOMN M1 [0 AT 10N NT'WT 'X7XTUIN 7Y TNOXT]
AT 7W NYIWNN 7Y J1OM' UYIN 1710 NWYI 781w
7NN .O0"Way O'F7'aNN 7Y N1InNon mawinn wat
WaTN "NAT NYOWN NIX 772 21N JINT21 70132 NWwyiw
O 1[7'V 11X MINX2 O 1N{7'2 7Y OXT M3 901N T 7Y
101710 X7 |A'7X ,M7'2 mMy7n nniy7 "ot mipy7na
70 ON72AN MTIAA AT 7Y mnT avi7inan Jnand
1127 N19°0X2 N'7VN 1127y O'MNX7 A1'Nizn 12 '11aT
arnn B 77wn 1nyown 7y aT'YNN XX ,WwaTn
N3 NMYoWN1 O'7'ANND "N[7'2 7Y N1'aXn 773w 37y
WX WAT "TI2TW XXN 707130 10 MIXT7 1A 272 2y
m7n X77 ,M0Yn mpy7n 732 12 'N187 0 N72nn 70%-3
ANND NAXT NITIYN 07X 1o B onTn nnyal 719'9a
TNIITYNNN 770 013 7NN 1I'NW , WATN " N2ATW N1Y'XN [N
17127 7W 12 MAWIN INXNI X7) 707132 yaun 71780
7D 7INT7 N1717Y ,(97Y2 INITIXK N7X,I7NNDN T2 AT
.NT 71T 122 NN'190 'AXWN 7Y 7NN O"niyn 12
TN 1N 1211277 WAT 2T "2 MINA7 MMTYn »iyn
NYown MJn7 'Wignn yan X7X ,nyoiun m1TT 7y
7712 ,NTW "I7NN N11Y2 12 12T A1'017J31X 7Y 17NN
O'INN N2'20 INWNDND MINAN NY190 X TT1A7 71XN
Myowan ,]1TN "NNX 71101, 117 "INX 7101 ,00710 103
L2080 (31 0w 2 TIND ATD MW, OTX
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N0 '"MNJ7 OnxX19n21 0'723nn Omnx TN 0'/n1on
NUw ,N7X 0'J'N 12V JI'0N X7 QN9 1NT71 O'NXNIXD
7171 O'AXWN [790NJ 137 INTA7 MWyn 12 Ong
700N 7W 7210 NN NXND 71737 713" QwWyn7 ,0'72310
"2 710 21N W7 XXNI ,7WNY7 .OMNNXIN O TT12 O'MNY
JAndrena hattorfiana 1'DnN 12 117127 7W N1'01731XN 7711
1"21,0"1N7Wn NNoWNN O'MNX N72X 110°X2 ANNANN
17W M7'vn NN NINX ,Knautia arvensis TINXN 7W N7X
10 7W NMO17JIX O1'77W 12w O717I00 B o oinTa
,OMINX 156 7W U7 NINI NWIIT N1IJIFZN 0 N2T MA7)
7Y 1NN NNY 7W N72X 174711 36,731,978 1IN ,J1IM1971 780
O"ATN NI 12 12T NT'0173IX 0177 72X T1NJ 7W 110
,LOMINANN 07NN 7w TIM"21,120 "N2AT 70 700 JIN
0'11 12 MNXWw N3IT7 W' .On'7y O'oTvinn O'Mnxa
O'J1'V'7 ONI1'017J1IX1 OVY1U O'MUYW'7 OnxX1onl 0'7aan
MY AWNANA ]I TIND O TTI2 O'Y19 190107 M720n
1770, oYn MIND 1900 TY 2117 101 JU7n TIn'win
JTIND O'NXNDIN OTNXN JIX [71'7X)7 0713 0'21 12 12T
O'XINN O09'NN1 OTNAN 07NN 12 "12TW INXD NN
O 1100 O'MNX 71 7X17 O™MWY O'N™0N O'MNX7 N9TYNn
\T'7'7 02111 17X OMNX OX ,]171) Y11 732 000 NYwa
NN'ANN 72010 AXWN 7Y MANA 11X WAT 1127 70 vy

.1an "maTa nyagy7

011910779V NX0n 4.3

O"ylu O'[7'2NND N1'017JIN2Q Y1A07 MM717Y WaT AT
INNND .OUNND1 O'7'0U NXon T 7V 01 O'7Y [91IN2
TMYOWN INXND O17NNNAN 70% 'J 2017 JIJW1A MI'T N1'[70
J1712YAN NAXXINJ 12 1127 7Y WaTh 01T 7w nr7'7w
TINWI) waT 'N2a7 .1 (@uunog) a?nn *77nn o'n1a
ONTTIN N7 00 002 OTJwn 001 070U 11A0
017"11,Nosema ceranae O"VynNn 70U ,Varroa destructor
o'ing .Deformed wing virus - DWV 0"933n mnry
TWNI] MY X'77 T2 NIN0N MAWIN 1177 0717y n7X
X¥10Nn07 X L[(1N3N) 'XT2TA Y ORI 719'0 1NY
NN NIXON VA2 JI'X JINAA 112 12T 10173182
WATA 17127 7W 120 M2AWIN N1TNIN7 NXTIN 733 NX'AN
970 71 011IN1,N0171X MW 1127 A1 TNA1 NJYIa]
NIMNA7 1370 0133 NAlT noun 7'0u ¥ yava man
N1N T1'31,2000 NIW21A 71902 FITINON WAT 1127 J112WIN

MTTIANTNIYZ MTINW 1900712172 7200 7170 712 01
AT INTZ T NN NINXDIN

TI'IJINN A9 131V 170N2 19X12W,071'0JYIN O'71[70
1370 167 INXD 07NN 13713 7W NINNW 11-1 2009 2'ANX2
TV NYANW WAT *NAT N19'0X1 O'MNX 1IN 180-3,12 ' 11T
091w 017021 O INA 7177130 O 12TA JNIN'JWN 92.5%
12T MD'OX 77U N*7*7W QYW XN 01700 MY
o'MI9N YOW?7 *3 01 NXNJ .12 12T Mn'Jw 7y waT
NYIWNNWI, 120 12T NN'IW 79 121N Ayswa an'a
TWNXND 1 Q71T ANTN A7 077D UW 7W NA71000
AT MMIw ,1m73 .2 71012 0nn TNX 73 7w nyowann
VOwn N1 (N7'7W7) W2ATN 12T J19'0XN |0 NYIWwIin 120
NY'0WA NN121 W2AT 12T MD'IX X ,(21'M7) 0190
0190 YOW2 M7 X77 120 1127 MnN*'JW 7Y ny1?7
AT MMIW 7Y 0190 (11N 7W 121N NYOwn7 10112
N7 IX ;720 1127 man 7Y 7121 nyown AXXNI a0
120 NAT AN 7Y WATH AT MO'0X 70 NYIWN NNXN)
IN 1773 19INQ 120 "NAT 101731 TV INXNT ,IN17]
AT YY1 MAFYa 090 7W N'NIZN NTN3IN nTYIN X7
12T MIAN 7Y WaT 12T 7W 1'7'7WN nyownn .waTn
A7V N1 17NN MY *T'7 X2 NINNT 13113 MTnwa 12
WwaT 12T YT 7W 1121 YA71 OXNDIXDA 'YAUN NMUwn
1N X771 '371X7 10 ,0'31N00 O NYWA J112XINN 71111130
WAT I I

mian 7y waT *MaT 7w nyswan NT'TNl 'Wign 17y
wIn'w Nwy JITV NN ,NTW 1NNa 72 AT
T137XIN NZANN TNI TIN 717N AW, 0J1W NY1Y0NI
T 7Y NIJIXIN N3N NINY7 WaT AT 11Awin T 7Y
AN N2WINW INXND O17110 .MN9 NYywa 12 'NaT
NWI7W ,0M"190 A31Y 717002 NI7X W2AT * 12T 7W ANX
12 IX) 110,000 71717 N[7'00NN N7AX JINJ ,0"WTIN
,O"7wn 117133 .27 y\inn 77112 12 * 12T (92,000-290,000
12T T 7V JIOONIN N7AND JIIND 12 AW 1013 171N
72 "NMATW NXN1,07T17192 107 NI'NTN AFZAND N1JIw 12
717"27 TN 2750 TY7 1Y NNMWN 72X 1IN37 M1
12 1277 nWITTN 71T N72NN 71INd ST TN NXKX
NpPAXW O'WYN ,N7X O"INNWNA OV 70NN JIIXXITIN
WaT *12T *T* 7Y 171XIW1 72210 ANWND XA O'N1D
120112 T M*0173IX2 AT 1'7 N1JN2A K2

7' 7Y NMOX WaT 11T W TN N71T2 NYIown
onnxa om7nn (oligolectic species) O'mnnn O 1aT
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O'MnX MUwonn7 min7 m717y waT 127 ,Jw TYN
JIDIZNN 120 N'MNX2 Y107 1321 0'w7101 anungx
ONan "IJINN 'ANDN N WaTn AT ,nnuaT7
NN ,(Lantana camara) ,;1'J1200 NJWYI7 7W MUWINN7
NINNN L,N'77Y0INA 11 OYATYaAN O'W7190 ONXn
nnY NNt B ow 07NN 0317100102 120 'NNY7 O1'X
.01NM 1313 W 7170 N2 17'ya 781w 01 w710
7W M0 N TNTTIVR WAT "TATW XXNI 77NN 19X
nnx (Lythrum salicaria) N717TA NJW O'W7190 T'TNXN
121N 7T 7w 5 0m7 71T 122 nwz ntva annnn
.1 (Centaurea solstitialis)

NN AN7XN TN 772 117W2 Y2U MITINWI nWYIw 1710
TNWNT7 'NTIX, 1T "D, (Iris atropurpurea) INAINN DX
g'gx] 077210 O 1UIX w21 7KXW 7W 13100 Inn
7V DZAN 71XUIW XXD OIFNRN .WAT NAT 1d
NZ7ANN7 X220 NN121 QTR Pmn'oJw 12 182 waT AT
,NJ1NI NFIMA PIMIW 12 X N7, 001NN 7W 7172310
T'WINN 110NN 72 *12T7 AI'NTA AZaNA AN 1'nom
B DIND W O"YAVN O'[7'AXN7 mawnin ,(Eucera)
0711 N1N N7AXN2 TMOTINW XXND 17100 1012 (4 11'X)
NMYTIW YIXATLINAIND DTN 70 T 11X 717 1130
7V NINVNND MTINWA 01NN WaT "12T 7W 1'2'0JUINN
o0 1'N2 1N 1YAD W2ATA*112T,7I1 .00 1'NN NI'017J1IX
OMX IM7nn 120" MaTam

7X7W2 OMY2VU O'NUVB7 WAT* 12T AT TN 4.5

op7n,787wn ("O0vvay 0'muw” 17n07) 0vyay 7171 72
TIN3N N2 WAT ™ NAT Ay YN77 02111 ,0900 0'Muw
WAT NYMINZZN 71T TIZAND 'J71X7 MAXINN

WwaT "MATA TV WIN'WN TO7A'n7 717Y Nn1aa 'y Yn7
.O"Y1U O'MUYWY7 1IN0 O'XXNIN IN7FZN 71T 17207
71T W7 WAT 12T 7' 7Y NI'BXAN 0171V NNAT7 13
Pisanty and ,mx'a7 mmnna :nTn* N75wW21 0'X19) NTW
AT "N7'2N 1272 20% O'7'00nw 131N 7 Mandelik
7W Q7w AZAXN TY7 YNIND NTWA 1TYINIW WATN
T3 712XN2 771X 73 'KW 01 X0 Pisanty J11Inmn
TIZANNW [11'JN,MIX'07 MTUIN NTTWA N7ANN7 WaT 11T
O"NI7NN O"YAUN O'7'ANNDN J11TY2 NYXAN O'T"YAND
WIaT 12T O1'J WIN'WA JWNI NXTNIN71,nTIN' N70Wwa
MA7N mMTwa

NNIT M2 NXNDI T7190 770 732 WaT 12T An7n
012 *ITArnon waT "NMAT MAWIN1 X139 112wind
12T 7W TIAINDA 012012 1IN 1900 7W NF2TN NTVIN
Deformed wing virus, Black :0'0171Mn 17mx nJ Ty .wa1
queen cell virus, Sacbrood virus, Israeli acute paralysis
1D0XJW 01aN1a "1aT1a Kashmir bee virus -1 ,virus
O'M7190 217V 17273 INTIJT WAT " 127 OV JIwn nyInl
532 g z1ann

01 1910 A7 717y 01127 A1r017J31X 2172 0'7'0U0 1IXD
2 1172 OMENW O0'7'5U1 WAT *NIAT AZATIN NNXINI
|DIN] O'7TA O'7'0UN MW AZATIN AXF7 N1 1INl
WITN ™M2T MAWINA N2 M7V180 Moy A7y Tynwn
TIMWN NYIN2 FINXNIN 120 *12T N'01731X 7Y OrX 0mnn
.(Wspillback N13nn nyoIM) waTH *MATOY

o'NINX TIT'V1 12 "NINX 7Y N*7°7W nYyoWa 4.4
o'w71o

O"7N2 N, N7 172 M7 AXD A7 7MWY waTtn AT
OJMIX [7'2XN7 72N O'MNXN 7101 NIN T7XIN X |0 O'N0N
O"yaun O'7'AXN2A 101 720 "MNX2A 10 myas |a 131 .773
12T M7Y18 70 NT'N70 N1713'7 MTIN .ON'7Y 0002500
N173 72 "MNX 11NN NZ2ANT 71X "21277 MN'7¥N 10 ,WaTN
720 N90 T 7Y O'WXINN 72NN IXD 7100 TIN 7X37
17NW M[7'2"3 01 V1) 1111907 01117 7201 1MNIX [7'aXn7
mnown 10 091N " Hargreaves et al. (4-13011'K) ("N'yn7
TNI'NA Y712 .01 1100 N2 DTV |02 1w O'TNX
,O0MINowWN1 019100 MINIWN] 0T 70 AnaTn
O'y'¥n 17X O'MNX .O0"019'Y "0 AT MnX"7 0awnin
M7y19 X ,M180 770 7102 O0™2ann 271 71X N7axX 7101
TIX'7'Y0N7 720 YXINN 71NAN NIX 7X17 MTN17 WATN " NAT
JI77X01 O'IZANN OV YAN2 MINA 1I'X 10 ,N7AXNN 11340
72 M M1W3I2 AT L3 1K) PP ApaNn7 mnn 13N
O"NI7N O'7'2XND N7'NT1 172802 110NN 1Y O"NI7n
O'MNX '7'D JW21 N"7TY0INA NTYI 123 WAT AT ' T 7Y
O"N2 WAT 12T A17TNn 7W 17120 10192 9% omw
O'7'AXN 7W O'N7'2N 19002 Ny ATV 07 INIT7N
J127[72 72 "MNX - 73N AXX131,'Y2Un TINIXA O"yay
ANTIWND 11 1IR3 110 NTYIn Ty'w IXTA 111130
191D WIT "N2T - 10173 . mnann o'zind omnyy

JI1TINM3A N272 120 X MY TNAN2
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77N211N97.0n70'31N0n 0"Y2Un T MUWIO'XXNDIN
T'Mon7 1NJWw 3 ,0'M130 NN N'OW XXNDI O'7170N0
V11071720 WATN 1127 7W N'V1N YN7 IX TIIYNDWN [91X2
L1012 4NN 7137 017127 17201 N7X T'71T 1172802
7V MXg7 "Wy OUX7700 11TW2 AN190 Yyoww nivun
NITINN7 NNJ10 03100 O'MI19 O'MUYWl OAXWNN TAIN
(Brassica napus) 01930 2113 MTW2A NN *T' 7Y NJ1JIX73
IUFZN7 MAWIN JIW 7W NO0IIW XXND 170NN 0Tl
71712 NX7NIDN MAwInn mMo'aX (1"N77 Mawin 200)
,O0"Y1UN O'7'ANDN YIW2 N7N2In AT717 aXan 0t
O'[7'2NN1,7171 '2121,012012 11T ATXTT 02T 7713
IIN 7V JINT1 ,JTIT11D 1NJ1N X7 O0N2W 11TW 1niy7 ,071nX

5131130 N0 NZI0NW NNIXYN OAXWNDN 1IN

MNg WaT 12T JYXDND ONAF7AXNW X770 *717)
17N N1n7 0717V 1771281 DAX ,Mon 1nJ a7y
O"yaun O'MUwl N2l 117Y19 quwy TN1'Na Tynwn
12T MINI 7W TV 19001 WIN'WW INXD ,0'J1N0N
O"717'A2 N7AXN NNYAN7 nX7nin N7'U719 X' waT
O'N7FNN NI'MAN NX7010 ,0AX1 MIna ,nnnT7 .2 a7x
INX,TU7N7 MAWIN WNN7 TY MAWINN J19'0X 7W IX7VN
MN1oW 1T712XD ;5 7120 N'7T1A07 ,17DP7'7 T2WIn 500
WwaT " NAT MAWIN MO'OX ,WwaT "NAT7 NMA'UFZTUX NI'X
CAZVX7 MAWIN YI1IX7 TV QYN N7 NZ7ANNT NIX7N1N
11"0"12 AN 18N NO17N 73 71IX7 (1) 1"N[77 MAwin 988 1X
41 O131N0 NNTIO MUY 12197 O'7'2NNN [ T2IX 7Y 711X0Y7
,WAT 1277 "nyIn M) ,waTn AXYIN NN 07 01
,L 12 MUWI IX MIX77N 'MUWw1 N7 L5 73 N2AXN7 mManinn
NT[Z17 MIN3J 80-7 fX 1TINAT 11113 40-24 -7 11171210
017N 0182 X'WYT7 nyin nmnn moieoxn JBonyan
NIn NV JMTIZI 12 NN '70''nn 7ninn 0na,amia
.BIT2'72 01un 500

NAWIN 7W A9011W AXTN NYINTAL IZNN ,AXITWN 71Y7
TNYNWN 191X N7'TAN 'X77N nTW7 7272 NNX (1I3)
T1I001T1,0'J1N0 12 NN19 "MUW21 WATH " NATNMIW JIX
LN INXDIW 120 TTIAT 7T QNN 1AWIN 10 7w

700N 10N N 0T TWEZN2 NTNMynwnn m7Xwn 1nx
NYown 011 A'"7ynw (M11130) waTn 12T JAWIn
TAX ?20"VYAUN O'MUYWA 12 12T A1r0173IX7 M'7'"7w
TNOOY NN WAT 12T NYIN7 17 T72IW O T 701 379N
AT T1ANA NY1AD7 XN X7 TWX,1"DZ7 MAWIND 3.1 7W
AT MAWIN 199X N1X70101,0"IN12 N9 YW1 1an
[ 01N 279N MIXOND O'MINg OmMywl Xl waT
7W MYIOXW XXN,T1902 VAU 1TINW1A T1VIW 7011 171N
M717A 12 11T MnJIwa AT 71"7 N'7°210 1"D77 Mawin 3.5
X NOTXN 3TV 0N P oaNwn 7w 0 718 2y
TI'XTID 7Y N1'NW TWIXNDA 11113 NM9'0X 7W 100 71w
V1IN 1UNI7'F7 MINJ 3.9-3 X1n 12 1127 A1'017J1XND
TI2TY7 IXNT 72NN 'ANWNN JIXTN "NTXWNA"N J119'0X)
7W N"M117 AXANN MO'EY XN T"R77 11113 7.8 T1v2a (12

L9930 AT W NU7MND APTTT WAT 'NATA NUWn

NAININ WAT 11272 YUNN IX NTWA "Noxn” mI'in,13'07

,J3MXW 10N 379N 300 'O Nn1dan JMotoX7 TV 7KXW
o"yaun O'{7°2XDn N17017JIX7 WM O1°X a1an
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0IX"2117" MTNI7 WATA N2 TM7Y18 (Lamiaceae) O™INIWN ANIWNL O'MI9ND 71X "MAI WATA INATN7YI0 311X
07022 2NN IXN TIX 7X17 713N 7Y O™IN0WN 'TI92 0710 01190 1917 X TNAFZIN 7Y100 X3 ;0713 11NN Nj72X1
w.("N'YA7 1'NW N[7'2"3 0AYIT) 171807 0171717 *7201 NM180 7IX [7'ANN7 720 YXINN 71040 TIX T17XIN 10 732,1780
WIATN 12T M7Y18 IR ,ANIT I1AnINn mxan ,(Xylocopa) YY *112T1 (Bombus) 012012 * 1127 103 ,JMB01I O 112 TW X7

AM1OX L, 1YXMNT LX) N7 O 12T 0192 TMTXWAW 02730 X O1'7X17 MTmY7
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IMDINT 7XIW 7W TITNN TINN W7 "NTIN 1T 1N (Iris atropurpurea) 1NAINN D'1'NA M0 O'7'ANND 7' 4 11'X
XTI N1IN10N) N8N N[77X OV YANN N1YINI X ,N7AX 7W 17171 11NJI M7XIN WATA 12T .070M 1313 70 7170 a7
72711277 NN AFZAND X TIMON WAT™MAT T 7Y O 1IN N72NX 71X .(X) 7172010 01X 72NN [N 7321 (210X

.(2) O"I'NN 7W O"YaUN O'7'AXN7 MawnIin,(Eucera) MWINn 100N 01127 103
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Nicolas J. Vereecken :m17'X | 2010 IX1128 ,01[7* (Xylocopa iris ,Apidae) N3y Yy 11127
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NWTNA N'"N7WNNA 7110 NYyX 5.2

711 NYXN) N7X O'D2 NINTIZNN JIM7WNN 711 NyXn
NYXN (2014 T"YWIN ,WAT TIX1 1171113 7W naXn n1Ton7
TIWN2 O'UT'N ATY1T 7X N77000 1MIN0 JIX 1'2yn7
OJIMIYM7 NYION 7100 NYXA 1930 NU1ol JIX77nn
J0 1NN 7Y nUu7nn N71ap nya nTvin nyvT 717wy
LA 72NN TITW 0 X7 117113 712X0W QYN
JWTIN NYI 07N W OV NIXYIN] 1YA7'W O'XINa
oAl yau Miminw 'mIinna amura L zinn nyxan g o7y
TMWX Y 'DINN21,1"Y1 77310 TIWNX 01y ' O"NDIXT
7"77 '7"3In

TYXN W O3 1wan J1IN7WNnn 7Inn 1yxn7 7'agna
IV NITONT7 MyAIn nryo 7in

J'M N'72102 03N 7w1,1I71 70X 3’M N72102 02N 7w
7Jwn 1w

o1"a O0"7n 2X¥XNn .5.1

NN 12T W 7NN a1l 17010 Vi

(N1IN1T WAT TIXM) OUNT'W1 O'JIXND 7Y M7'0 1IX.X
,WAT TIX™M 01127 7174 1171700 77130 ,1977-1"7WN0
NTIN 7W 10710 11113 7IXIN 7W X12'01 711'WN 1170
.O17'M 2XN 7V N113n 7W AN72 17N

(0'N2T) (0N "7y1) 'X7pN TIXM ANawn7 nuupn.a
J1IM3IN Nnn MIY7 MX1IN M77130 ,1968-11"JWnn
TIIM3N A77001,0' 12T 71721 71113 7W N2AXn 17700
Mo nmad

N'NW ,WATN NIXYIN X7 ,77IN Q77NN 12T YW 'O 7y
o7 7177 NUTwT L N2AKn A7VInY 'y nnan
JI1IM3 N2XA7 07U 131, WA T Nom

W2T NP7 N1 Naxa.5.1.1

"W IAN7 7a13a 1171002 O1'J O'UNonn O'717'wn
O'717'w O'7713 01X B WaT 71w71 711X"7 A¥XYvInn 7w
N3N 70N 7NN 7w O'717'w 0'7733 13 .O"0717X
LN3N 12 NN 71YIN1 I MY YN 1X7) mnnp
JMNN NWZa 1272 03100 (O113) X112 T VT 112717
N 1500-N JIND' X7 Q"Y1 MIT7I 12 7nInw Xin 7730
T1TX2 'N 2000 1N ,(71'X11 7171 0’0719 NUYWYT7 71N01 UVYN7)
MIM3J 7W NN 700N MNJ 21740 ,101J2 .n27v0n
YT ATIZI 732

AFaxay M naxn.s.1.2

W ;ANNX 12 :0°X20 O71702 VY7, 110 7277 T
VAN TV F1AXN ;N33 12TV 02TV, T 'Y I NXVIN
01X 70112 O'717'WA 0T OINA2 01 .0Twn 7737 man3
.O"N7IZN O'717'W 07713

YU M1Inw2l N1111J Naxa .5.1.3

79101 071X ,Y2U MTINWIA 111113 7W 12X n110X,7733
,00132 .(6 7102 1X1) 113 J112XIN ON2 010 O 11X WY
MMNWY7 M3J'N01 M3 7W NaXn 7y mM721an 01l I'X
Vauy
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SN 7TV 111310 07TUW JMIWIND Yyau 711N .a 1707) yau Nn1'nw OTIY"W O"NIX7 0911 VAU M1nw

N0IIN,ANAT7 .ATINWA TN M3 YW naxny,|77na ,720 11277 1NN U700 02172 0nn (00N ormuw’
ouwn "2 IPINN ATPW 27 78 WaT AT mand IN 0D 071 ,091W 12 'MNXI 0'001) O0"VaY O'7'AND
732 WAT "TAT YW 1123 MIOTOXT7 QXN 2016 - 2005 T30 00 NN IX 7XTWY7 OU TN 01T 0'0TUIN
MIX T 7AW 1PN NA002 7713 ,nnwn 'p7n
X1 7XIW7 IPTIN™ O'MNXT 02T 717202 " OXADN 7207 AIMMIN MANX M27 MR 7KW MInT7 XY
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JNNATINN 0" 12T 7W OXNIXD 0N 1900 7Y IK7PN0N
TV A7 ATINYa a7 m7i3' mnvon 12 T
T'INN D07 WA A7'70 OX ,A1TINon oAt 7w
2007- OJWN "2 N1 [IXW 03 ,WAT 12T MI 7w
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'NINY ANWN3J 7XIW W NT'WYN 0 12TH

1N WaTN AT YW PN7ENN 'Wna a1Inn Xy
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11ANN1 T"Y2UN N'AXKWND 7Y 207 T3 71997 71w 130
MDY 720 12T 11D NIX 01 77130 ,07W TN 7mn
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NJ37IX NUAN VAU NTNW OTYTW OUDINTD 00U
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Iy 7102 O"07IN O'717'W Y'NUny W' 73 1INy
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12 W, 120 1T AR MTIN 11200 711Y7 131,020

N7V ORI

Mygwin 7Y Myaxn 7xXIWN1 071900 N112UXDN 7M7Y
7V1 72 1127 7Y "2'0JYIX WAT 12T nvIn 7W 77w
O'mMyw1 TN1I'N2A MY N7X Myown .10 "MNXn 770
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YNUIN X7 120 M9 791 12 "N2T 7V 2TNwn 717w
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ONAIT.ON7Y WAT 12T 71T NYIWwM ,N7aXn7 Onnin
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,J120 1127 OWXT21 ,0"YaUn O'72ANDNW 11317 W
TIX77TIN N72X0NN 7W 1NY2N ITIAY X N7 oMoy

L1330 7Y 'NIXT 12;(T'23710) N11YY J1'XN 1118 7Y 01777 13777 O'00XIN 0131 (Andrena sp. ,Andrenidae) N1TTIX
Nicolas J. Vereecken :m17'X | 2010 YN
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7N OIX 1AY71 71711300 13V 710721 O'Mnon

13 ,1'O17'N7 .O0YAN 0'Myw7 O0'J1N0n O'anini
L'NTFZXNN NNNIN2A Y on7

o' 1N oMUY 7NN waT "M2T A1TMJ Aapnia.xX
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7120 11AN2 NYAD 11YIN 7W 117300 NynUn - 112X
51NN 1Yo NN 7Y nU7nna '1I1n 717'w3

iya "M'U"A7 7M7'wl "7IPXN 717'wa NooIn.T

717'W N1A0N2 .AY1 NTI737 1N'A 11N 7Y nU7Na
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J1D013 MX7Dn

,12 71127 IN"W7 T"21WN O'MiA9 oMUY 11N .X
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1N O'MNX1 O™ N2T 7W ArTINT mI2an 0271 avgna
JNN7700 TINMIND 1371 ,0U00 OTMYW 71712 JINXND)
7V TIVIVY0 NJAN 71I7W7 W' 0171V NUTO1 vyl
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MNIX 71720 002 N00JTNW O'WiYl JIN7PZN MUl
IWNXI TN ,O021WN 117 amMwy L(1'7910) NJWN
Omyay 7171 71271 OUANN OMUWw?7 N2172 O'XXNDI On
O™ 12'71 N9 "ANXWND 0NN N7X OMUw .07 INX
T2 'WUZN "2 0'Y18 7W 12YN TWIX7 O™MWY1 121277
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01'J 10N AXT NMy7 .7 71ina oaan 021 0'nnx i
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O"7nN 017 1292 021w O NIND VIT'A O 11270 'I'D INXD
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Executive summery
Achik Dorchin, PhD

Israel has an outstanding wild bee diversity of about
1100 bee species. Urban and agricultural intensification
and the development of peri-urban infrastructures have
resulted in substantial loss and degradation of natural
habitats, which has already lead to severe population
decline of many wild bees and plants, highlighting their
need for conservation. The small nature reserves along
the central coastal plain of Israel that today constitute
essential refuge for the rich bee fauna and plant flora of
this region, including many rare and endemic species,
are prime examples of the ongoing destruction of this
ecosystem. Except for the well-known environmental
threats to biodiversity, particularly the natural
pollinator diversity, this document highlights the
risk from intensive commercial honeybee keeping
for both crop pollination and honey production.
Open spaces, including some protected areas, nature
reserves and national parks, are exposed to a heavy
load of commercial honeybee foragers from hives
residing at nearby agricultural fields, where an excessive
number of hives is sometime used (for example in
Avocado plantations) to compensate for the fleeing of
foragers to more rewarding nearby flowers. Installation
of commercial hives in natural areas for the production
of wild flower honey places additional pressure on the
native bee populations. Such hives often exploit unique
flora, possibly putting at risk endangered wild flower
species and rare wild bee species that occur mainly in
natural habitats.

Deliberate introduction of the Western honeybee Apis
mellifera by humans to most regions of the world has
resulted in its current occurrence there as a managed
or feral exotic species. In Israel, the local honeybee
subspecies has already become extinct and only
imported honeybee strains are currently maintained
as managed colonies within hives. The honeybee is
perceived in the general public as a primary pollinator
of agricultural and wild plants, providing apicultural
products, and thus as a beneficial species for humans
and the environment. Except for the contribution of
apiculture to crop pollination and honey production, only

a few are aware of the deleterious effects it has on wild
bees and on the wild plants they interact with. Studies
from Israel and other countries have demonstrated a
negative effect of commercial honeybees, leading to
a decline in local wild bee populations and a skewing
of native pollinator communities, through competition
over floral resources (mainly pollen and nectar). In
addition, there is accumulating evidence indicating
that a decline in the fitness of native plants, an exclusive
food resource of wild bees, is due to extensive pollen
exploitation and limited pollination contribution by
commercial honeybee foragers. While the honeybee
contributes important pollination services to many
intensively managed crops, its per visit pollination
efficiency is lower compared to that of various wild
bee species (i.e., a single visit to a flower leads to fewer
fruits or seeds). The exploitation of vast floral resources
by intensively managed honeybee colonies, frequently
with only limited contribution to pollination, may lead
to a negative effect on the wild plants and thus more
broadly to entire plant-pollinator systems.

The installation of honeybee hives is already generally
prohibited  within
considering the long foraging ranges of commercial

nature reserves in lIsrael, but
honeybee workers (reaching up to 10 km or more),
hives which are put near the border of nature reserves
are a source of heavy honeybee load inside these
reserves. Contrary to grazing by cattle or goats, which
are managed using fences, it is not possible to direct
the foraging activity of commercial honeybees, and
their occurrence and density in nature reserves and in
other natural areas remain uncontrolled. Thus, simply
removing honeybee hives from nature reserves will not
necessarily provide effective protection from excessive
honeybee forage.

Mismanagement and lack of ecologically based
considerations in the regulation of apicultural activities is
currently leading to a high density of honeybees in many
open spaces in Israel, particularly in nature reserves. This
in turn results in overexploitation of wild floral resources
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that may lead to decrease in fitness and reproduction
success of wild bee populations, and consequently to
their decline.

In addition to acknowledging the importance of
commercial honeybees for agricultural pollination and
the local production of honey, Israel must take action to
safeguard its natural resources and unique biodiversity,
including its diverse wild bee fauna and plant flora.

We recommend focusing on the protection of areas
statutorily designated for nature protection, including
nature reserves and national parks, especially in regions
and seasons wherein a high diversity and abundance of
wild bees has been identified, and in particular where
unique wild bee species have been found.

We recommend adopting the following practices in the
management of open spaces and the management of
apiculture in Israel, and their enforcement by law:

1. The removal of hives from all protected natural areas,
and the reduction of honeybee forage loads using a
buffer zone of at least 2 km, where possible, around
the borders of nature reserves and national parks
designated to nature protection. Within the buffer zone,
honeybee hive density will be limited to four hives per
1 km2 during the four months of the main flowering
season in spring (Mt. Hermon, Mt. Meron, and Northern
Golan heights: March - June; The Mediterranean region:
February - May; The desert: January - April).

e |n nature reserves smaller than 100 dunam, this law will
not apply. Reducing the number of hives is however
recommended in regions comprising a mosaic of small
reserves embedded within agricultural and residential
matrix, such as the Poleg and Shigma regions.

o |n nature reserves 100 - 300 dunam in size, the buffer
zone will be only 1 km wide. (Although a greater
pressure from commercial honeybee hivesis expected
on wild bees in smaller reserves, implementing full
limitation is difficult in smaller areas).

2. The inclusion of a Nature Protection Authorities
(NPA) representative, or academia representative,
with background in pollination ecology, as member
of the committee considering permits for apiary
activities in open spaces. The addition of ecological
considerations in permits for the introduction of
apiaries, including the following considerations, to
prevent ecological damage:

eThe quality of the affected ecosystem (with emphasis

on the Hermon, patches of Kurkar and Hamra along
the central coastal plane, the Jordan valley, and the
Arava Valley).

o The size of the affected ecosystem.

e The occurrence of rare and endemic pollinator and
plant species.

Alongside the above mentioned restrictions on

honeybee forage in natural protected areas, planting

nectariferous plants is recommended in non-natural
areas such as settlements, public parks, along field
margins, and in planted KKL forests to supplement
existing forage resources for honeybees. In addition,
an increase in monitoring and research is suggested:
preparing
based on field surveys to evaluate the state of natural

species inventories and distributions

pollinators, and performing year-round monitoring of
honeybee occurrence and density in natural areas.
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