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Bawa (1990) ®@®®0 0 Hed. (1 950 acdw). ds 90
o 8ednnsd 0 Y qoldd Boo odendad dderd s do
aoo 9e 98 oons 3y IS 08. (Dayananda et al 1990,
Punchihewa et al 2013) @8¢, Corlett (2004) 2 omd og, & WO ¢
qoed 2 9 go0d MdPwe Bon dm "esdi® (PHLeOE™N)
geé®ed §30dE0 869 & OB & 008 DVHO; WOLHes
3D, (Super Family: Apoidea) &6 ©Dewd8 & Xylocopa(dQ e :
Carpenter Bees) i€ 89 3RS (Family : Apidea) e@® Qeémed
ANE 208, P Pt@E 7 OO 203. e® dHdE
soeDonds ege 00 9 8€ac O 8 cdd Brcemmd ¢S
e gd@ § qoseme Hed (1989) S8 6O qoo, qoed
o800 oloded 8y dnd edd HIMO qOeRTD OB ocem
eRYH qOOHON 2o dmde O e®e®n 8o @y 685 § Ewmed
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PBMmsn sew A 80, qued MENA do D éed 6dd 8demnTon
eaemby 0C) 00863 AROIGE (4pis dorsata) ®5 © S (Apis
cerena) 6& & 0¢ ®® . (Seligmann& Seligmann 1910, Spittel 1945). ©d¢
COeONHDRY 6@ Yirad D qoed So o8 988 ¢ Mdem b
(Dep 1956 - oo Heds o8 adm).

T q8® CEE RGE qo DOC LTEs)
e Heuw @6 d@ ¥ dew o>
aasd D0m» emd MDD M@ oS
R0 DO GO HOMTed o8

& @80 Bemeds eanem] ecend caim o O I
Sede 0@ B0 8 chodonds 8€ac oddomdien GO
50608 o0 Hood 838. (§ @ed 060D ¢S SNHDHDIDD
qascons B8€ac ¢oc® ARHM).

8 ErBo Bemecnd 880 ecemntny 6dd MmdOGS oty @ 50O
(D0e5.2006, OEOB® wo 52880 2006, 60edd) 6® dBOGCHO
2006, eGeSen o OBmnm 2011, goBesdd) 1984, o8& etal
2013, Othemeen et.al 2006a, OBMEOLD et.al 2006 b, OLhemeen et.al 2007, Ox38000
o Odmnn 2007 8) o0lE 6@H gMOOSHE DHeH ‘OM®mE
o300 8emd’ Bacd odedosnns® e0cled? fue o0 80
oS0 BO0 o LBROMOD Ho elB@o dRens "oM@®NHLBS"
B€ac qoeald 5068 gdd 8¢ ¢80m 208. 68 @000 ©Od
89 0890 edy Jed "svane o300 Bemd" Bemtiewn odedee
S5000 208 tad HMMOL ed e WEHBIB, O Bme, B d
MO0HH oG odedes o080 qdas HO8 OENTOD {E@S
0BoIed 008 S0 ncem gRAMONE e 208 ©. dewmd, ARG
608 MmBwed enijd @) S ‘P ed BMmxied’ dHd®
8L88 S8ons Bwm, "odad oodes mdNHed 588 @98 A
OB scm odOd 60l S P00 e@de;@ed DNMOntS
MOB® emD qio. (HoBeedd Persobs) 53O SHOBHOHO GONHG O
@ Bed. (58650 2005) e® S 0863 GONHE O GXNFON
D00 602 oon Agend ddome & @8 qmo, ¥R sEaAN®
08500 508 @ oo@dedesn ¢ 08 OSdELS.

ecimed cO@nnisd o vOhme edMdE ¢ 88ac O @Hd
(&3 ex®d 1976, & 1993) o odedes o GOHES HH®D
@8O 8. e@d O, eem] edi® M B D oM o
Aoy SOHENHDEE ed qooNmdn O HEMED® M.
o ex®d (1976) o & (1993) D88 emsd ond ooOH» @¢C
OOI®E ey & JEO dRend HHIY emd e 85 e

1 @0 608 Apis dorsata (Apidae) qoed o8B0 ©foded 9cad ® ocoadmwmm &9 eoes.
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o D8 6RIHOED ©8eHn YLOE 3 BB WHECIMDONHO
WO qE; ©. "egimed edimd oMe®n 8o WIDFH"(Crane &
Walker 1984) O;8 Oc@dd gm@nsd 8 8dod emd qfes ncd
oO®HE OH e @ & o oEd ®0, @D O ¢S @B
Becde 351 © co® o 0D ee®IBE SOI®SHD dHes Seps
o8¢} »08. Buchmann & Naban (1996) 89 ec} "qaomm § OOJG)OJ&@@COf"
mE @B0ed ¢, ¥ ex®d (1976) 888 ¢ qa@d. dnensd
®HNC WO qed eaimed 8 eai® Bede 3000 S8 2/3 o
@ LO@H DHed ond 288 208. Y, [UROP, v,
QO BSed, 0onaeld, ©Eald, .Fded, 098 v oui8sd HB
otdd Bede cnd St R edded DB cOd. eain oBéo-
o0sdes 80 Bemer / 0dad Bemer, d3008.8. 8o B8 Buchman
& Nabam (1996) ¢ Bo® ©¢ OEMOMeDB e®ed e 5.

M eens gdo Mo o8 OMHODO QSO oCE S qO®s

a8 ape o.......... "

M eereenans o8 ;e S en] Hoxd 00 qOBOMORS
q: 8582 8o em] qdmed oG Beden B8 B0 emd,
@ ¢ 5 qpde Bava 8 oy q."

Michener (2000), "e@imend 95" £H8 § dned qom eMmed &
LOeN0ndLed Heed 0 ® @D COESHE ocE & JEDO
Bm@e B a8, Sede 16000 55 s oe® @ S 8&ac ©
o8 o RO; qdeDne wowd. Roubik (1989) &e0 O’'Tool & Raw (1994)
D0 OO omE OKed "COmHMH of qF HBOE emd I
8ac oomdoon 3" omedd. @ @m0 odaddend wsewm® 8O,
cormonlds Sgac cdood mdmsend B0 do qwO,
dsod o, eny o0odrdnBd qadd edo ;8008
ooy 8.

Hodom ;8 om0 (opd 8 0060 oéad 20 ©dddnan
DO® @) ©08D em® M@ 0eH 00 cOedvnidded qH
Ocatin® 3083 (1996) o e@ © ¥y emd WD) qo.

Bawa (1990) 8w 8do0 0G5 @8 dodod 8gac © da o
eE qoeaions coo 3. ded Q0 ¢ & @O (Ceylon) &8F
edl® 00 weHDedx o @S O o OnseE Webb (2002) 88
MmO eda® om emd Head. 5.0 1800-1900 g0 dwdined 2

2 1953 8@ @ @O0 o6 Do Dweg ©. eesdBioddo avdemno 8gag D egimed (od edenw
P 208 néoeBs quds ewmemd. Crafoord d@&wend e @Leed. (0800 Bemd 8gac emedd
omn®Hd o®Hn § o9 od&Hwe 1990 2 Paul Ehrlich 08® ®Jed Toaded o). namds 8gag
Bedementd o oS 80 Bowerend. (1994 8408 ags,).
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@80 g ex] S¢ & eds 0@ CNHBNIOHES cedDBsn S0
oe® WOgY) 5000 o PO E MEO ICB® D). "SOI®$Ed
euecH 8 Jeyy - MBI ) M) CH® A0 S Geoee
LACMOQ" ;&S 88 gy &oBS e®3my, guiéd Sod
Beodls cuty 8 @edod e ), 20HOLHe a8@ed 2 6dIeHn
DOH» @, Kevan & Inparatriz-Fonseca (2002) 6@ ¢® gmimmn Hodosdw
@ E-ed oen® qo ®O QeRISHdE MbdenIoeé®nt 0enHD)

Qo

1 00 : B0doe o8 dmBooon 880 § ctiee ©iod 0@
teamo (D 1990) ¢qud8 owomd 05 @2

oo dooo

oormey &FE Soo oo Sow Booo & 08 gdooo
Sedde % 3010 Bedle % @110
LRI 3.8 (2) 3.6 (8)
o aoded - 1.9 (1) 17.7 (39)
D : 90s® 80 e@q 442 23) 21.8 (48)
s : 7.7 4) 16.8 (37)
O3B oH 15.5 (34) - -
SR YCINE ) 1.9 ) 4.5 (10)
ogals 13.5 ) 7.3 (16)
280; 3.8 (2) 1.8 (4)
880 o =88 231 {12} 7.7 an
Qac® 3.2 @) . -
30 @6 100% (52) 100% 220

ONODBD GUEOHRD & HNHDD LEY® dDHeH dDOADO®H BEac
a8 2D M 0O Bow 8. dede, oOrwe Bl Bemd ¢
OO D08 2uey B emIL. 1@ Hw oM@NDHEH &1 SOIDHS
e 8gac & omeld ¢S Bemden cduos omemds emed."®
o8 HACIHB 6¢H & @med 87 IS IR HBH HBedD
(1994) 884 omEnD o8 g GHOend oMm®e odind Bemd
8gac end RN nowm g, SOI1ENHHBS © oI 63O
8€a¢c 0 @ Emed cdedesm qasws Scemd B6d.(cO €@ )

4.2 § @med ctivdhonood 8€a¢ dIBDONG

eane] cOENHHGD e, RO, @O, HOBHB0S, cEHEB,
@38 ©® Fbod 8 qoidddd e DS o®@sddbo o.
D0ESY & oudd I8 C1BQDABE ¢ OB 68D FMOBERD VD
e08. )

oMeDnndsd B8gac 0 ¢S ®¢ § eaNOnO; OB BN WD
ot Mdoos 8o mtdess gds 8y 88ac O OmuSn 6ol 8GMmESD
BRdedesnns emm i 8. dend @8 GeaHesd oSOMNHD
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R 8Cac Qi@ 3 MmO, IHB; Bepms e, S80d
gédons (el amod) ¢, &:bod, 0PN, mO;EeS ool
09rY o8 sOIOMHHES 2 8o 98 Bede COIMNHLENE D
0C) 008 ¢ wdm 8 o8 P Boms emd qed sId o®
eadwd (1982 oo 1983) 8848 D& qoo, oO®e o300 Bemd
8&ac Ocond vdedesn ©;0 ©O®s edemw d» eem] 00O 68
D9 030 MmBm ewmed. eHOE qOLOHNE O en2eD WY
¢0m B8&@0 BemE cond 9S00 80 dome emd B emed ed
MO0 D08 (dmd em 0y qro.
.

4.3 @ el cOHOMomDoDed D380 : dd exdd oo

o ed mbo ®Oo (Hymenoptera : Apidae) .

P ¢ow § "odS8omotadnnls g dHS ed c»dY
o806 IS 6@ Mmdo MmOn qéddn dded 298 Bae cOIGDID
2edland 6RO 6®] OB AOHOHD CISHE 6T § PH®HED
eRn 80 Snocend edevw 6m»B8. 208 PLHE NS N
emeds.

6® 000 MebSm Bedend do RO 6®OY enid D (d4pis
dorsata), ®Q e®] O¢ ®¢® D (Apis cerana) , ¢S e
3D (Apis florae) o® DeHB® (Dammar Bee - Trigonna iridipennis) (&
ey, Hear odod g o, B8med qoo e oKE dow
0 0med o808 0O @io qud 2w ©ded olofos ®mPed
RSB OC8. § @med 2 ® 8gwe qOsom 0@ ¢d® qi880 aeb
808emden, o808 mEo, o 6360 Bentden &8s aladdensd
o8do0den emOnd; Frisch (1967), Lindaeur (1956 & 1957), Koeniger et al
(1982), Koeniger et al (2010}, Punchihewa (1994), Punchihewa et al (1984) c3epi2e8
588 ¢y Bed. & Eemmed e@® w@ Meéd Apini O @O
oe ¢;8 oo 88ac JBH emOyO; Koeniger & Vor wohl (1979)
888 qmOoeHn emd Hed. demBmed Kew & Muid (1990) 884 of
e®] O¢ ¢ )N 60T (Apis cerena) BPVHDEWS WE FIOMHO
qod qp@dnn 508 ocHm @ Med@dE o.

* ®ONApis dorsata)@0s DEDOES ¢ e 0@ 80 (dernd dDMBHO)
8¢ 600¢ o NOBD O BoOM 0dd opemed 2, 8od 6d8ad
ol08 MOOHmn eweod8 edmem] o Bede oOIBHBO @D
008. 68 008D wopndmed 2 d9H0 MOMBL 8 SNy Hed.
209 dned 008 M®O Yo qNd exnl MmHOE gds Budo
B® qud of S8con 80 Mo osos oD 8 @ 838.

3} oomes oo o Bede amm QRO 6 mend edo sead 8o gdedd cOIOMDLOLSD dd
edado. ¢ CONEm IND), e 8848 LOud cowems B08, T MmPMO Fuood @S Qdo dgd
addwmed, o284 (Sphingidac) 88ekexy QEO(Cucurbits)or@ern ;8. 83 D ‘qddode’ qdo
a0 o8 85m0 Beédo Q0o ¢ smtd cMaHE B¢ oD
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o @e@ 80 BerIS0d memde 00 B&ecm, Hded OB Seeid0d
80 oond @Oosmn emeds Bmed qown® 9L oy 8. J
B dROWApis dorsata) 2o D58 B0 ;8 O SOHIBDIDDW)
ed EB0 g © 98 emd N8 EMIGDM @D OO
O 68 3 e ¢B YD covd mevns 8o oS 8 qu@®
emed. Y6 68 dxY CEHn 8508 quunyg Hw',edsd omow
8o 8o =8 Sedens 8 god BEDILE e8; eareni Bo ded
Des 85w B8S qudms o 8O ¢/88 8@ S ©. @8
oMy Dd8Hn OHed Sedoend @ B7Y 6d wi¢@ S0 q;0EY
Dodde O8e8. 38 oy 39Y 60,000 o s @B oo
R[WO o¢ d€ed ¢ MMMO oM @Hed Beddo M;BWID qro.
(Dyer 1985). 8@ ®ede ¢ oo e S0 a8 9
00850 8. ¢d® qoddemd Soeo O;EHde ocm HBD
o8 80e® dmomons gdas 8.

o 80¢ ¢ 3D (Apis cerena) B mgGed 80 800 750 o oo&
2 88 qood gE eaen] D OHDHE SOHDHD DOH OO
@08 GEBE oo emeB. 6 Hm 2o Imdo B80S g8,
60y ADDen® @ OEHD HKOT SOHOEND®DM ¥ I ©
(Apis cerena). DN & 8 cEDed 2 6w dHeH 63 Beddn
B 298 0500 B ¢ ooy . (g8edd) 1984). dad o ERD
20,000 8 oo @ I 83» 3 Beden emdy @ Hyead
COI1MNDDES. eMYDO ;8 N DOEHG dFHes MBOmHH®
Oy 58 ecn mmBo 808 &.

¢ 2803 el D @7 9D (4pis florac) 800 500 © o8 B8wmed
qoned e g eavem] @ 0ODMEnE enel. M®MMO e
ocnEnd® 3D 3y emd qoud §R. ME w0 od. 338 BrOD
o B® B0 0. QuE cHaorand & dhded dnddo 883n d»
qod 800 1250 © 2 Qmg P e s emO 8.
GCR® 95 g 2500 ond s 008. 898 ey 68 cd®d
@eafes C20Becnd Gdn oEoend o oM Dddns dHes
DBmED 0o ¢ HPend oo gS8 ego =B 888 &

o edw)Trigonna Irridepennis) 800 250 o oo® B8me8 qoodd
a8, ®Bo8o o8, 6md 0 SOIBNHDENS. NODLHO 6T
ey 2o B edMYY DL COIDSMHRO P §LH SeRderd.
GERE qifed 97 IS 2000 I P . MSMBRD OIB®
¢Or O 8end o g8 o Mmoo @O ;8 oo oddsmo 8.

* @ s (Apis cerena) 088 HHSOE dwmend ompedd MEDL 5080 o 58 @ decw
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e anf e e

S e TS

4.4

Oe8m @0y WY 600 Bederd® OEMGE ORS OB qoo,
Bedoens @ RO (dpis dorsata)3e03@8H0 ©Em emo®d Budo
2o @&y 68. 90¢ 99 39dY ‘Y3 ®E Bedwwed’ (Keystone Species)®
6Re MCHBL oD WS dhPed OV HBOG BOMG WOHN
o 6D, O olud 0ldSede® wHno DB o HNdy
Seoaons end ¢ do ow.

G el sthodhonlds adoeenc S508 K0 A8 o
Nnoodn o8nd

o05BE GoRENS Head ODd et HESEE O SN
emed. OE®D, O @Med edesm ©OIOMNHHBS wddeenrn
500. 6cdnd, oB8edE Bo&HD Mmansn moOn Belad Bedend
8 08 B 388 o0 edenmd oOGHDHDBE MOEE DO
@ 0. 6®® qo@ 6o 28, SOGNODOBEE OB &)
o0 8Eac 6¢00® 88pen Judlem 5868 o muodn
6RE RB0 m;uier MmBnd® ecNdnEdHHDOA.

¢ WO edend oMmednold ocdlesmns SO

0 eden® cOmDHnlds HoNesnn dmd Ty aHHdH
S8émdoo (08 @dem 2009) 8 20008 0NeHHn ©EE
qo@s 0 J3MOHRL WD .  Adey et al (1986), Anon
(1982), Black et al (2012), Buchmann & Nabam (1996), Crane & Walker (1983
& 1984) @360 Price (1997) oce qO®@s Bemddm ocH® o088 O
LINOBDOMHD MO . oducln 6@@1660355 ¢ 50 qmaed
©@. (Dep 1956)

@ e odudn Mo S0@® o B30 88 R0
o0 30 eanemdnt Sede M ode0 OB eoOmesn O MY
O 090 0D 0. 84 eReHdD qre d» qHoHE des,
O mer) o5nD, d» 650 m NLeg MOsm 508 qmen)
oL, S8 C0ndn ooy, 9IS O@ed DD Qi
B8€ac oo, o enEed® con 6 M HADE® Mmeg CHL
QMItH B. d®0n qddNDEE @@ AT dDecnd ¥ qei® D
a0, D08 DO 80860 Bedid 8. mosBn gelx, SDmBwn
06wy, HBD CCmD een & ood @ o oL, OB
qIeT) OHY 6 D& o0 & e @O 8368 men
oHD &S MOsE 6O . 0 650 o e MOoEE
B3e® MmeT) oMed GoeRIBSHO O 2009 gon 22 #BY oEBY
¢ e 800 0eag 0d mos® O q. (08 e@ame vii).
e M) SnoBd 650 & @M JederHd MBPEHOD o
GOHONGED QJOLBD 6O .

5 gB®E Bedw 6L wEHdLdesd BYL 6c) ME@O ;86 JMOEo 8o gHed oo an qdn e
758 Bedactd em] fede meldmued do Hmo
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*
%

420 edeny 00MNon8d Belas ddovded 9 2od
Beed qom®m S8

@ RO MDY & qODBH® DOH GRD M) @ NEHG DOL
88 68 Joden 5068 Beade mdo oo @ @ edeped
esDBBOHD MosBL gqorn oy 8. qeddmy e&mEdued
a8 88 "988wmea qSmamn @Y 3¢ @000 m "@Bmy 8
ddded ©oesid SHYEESD ed @0d0" HF 6@ g
Q8 9o eded 3o L®MHMoD oF O O
Ao, QBLD @O0 o» wEM AR 80, § @md HE oM

o8 588 Sedvensd® wESEdY Bo @&y © (Needham et al

1988)

B o edxed 665088080 MO G®ed mEM & PBOLH
D MNO® e, 1999 ecey@®d 20 MmBHOE® 6cHOHIHNHED
qoaon ;50 admend HE dediead vommenn wee Belmens
QDGHE ¢ ‘Bumble bees’ B 6@ 000 8BeoLod So m
Smaot OB @0 B § a0 Ndm oD B QL) GIUD
D¢ oD BEBS.

©01mNHDEH ocdseed 2, & @ 60Qed 8 "eesdEBosd
Momen done' 388 90 e oS pnlede mdno MmO qdeald
00 B Ot .

DBo0® e¢o00eS8d8d 0ded PmPeIndy HTHD o
Heoimmos edda (NPQS) '

58 o Beoimom eddud 887508 B qofen dDHed
NeSHD o PReSHn 80Demd m8 6360 ©édS Mmows o
B 8. o Seolmnm oo B0 Bewimntd D& qoo, d
08D Bedad 662710, 60im MOmns, edione 8068 «@0a8,
oge 888, qridddeds 98, 9;8@ eal®m, d» Bed® o DS
DiseEe) IEG 0 B0 Q ¢ gD EHde0 Bemyned
Home g JoAdond Joden ewmed.

3@ E:med Heolmwm B 08 Bgeng, 3 SHBn POdwed
0 6650880000 mebToemn HSedd @ QPOHO®
D8 domOn o 6oL SHMDEE ememds ad
HA8o o©.
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oodesnn 8ac ®00

MO CO8m cad @ BE 08 9@ ¢ cOHmDOHBE o QL e
eoenn 8Eag 00 o oM ;Eed qdasmduns q0. Penidn
Q 80ree FMOBoD e MOMns dHes HdSH memede 8.
@ @wmed stimMnnidy aivdesmnn 5068 Fmmd ;3@ (PCAP)®&
2e0seen B0 s D085 Baw S0 o q@d® 8Eac O qdeaid
DOOBO M H¢ad Hedynd eddmo ¢ . 1998 2 y8gen &
o @ Srosdod coodhandsd ed g@io8x(International Pollinators
Initiative) 0;08068 2 ocOradionnldsd ocwm § Sede ndds ®$nmdsd @
HCH) ABM @C. 638 2 Jedsernd 888 "HHImOnd OI1OE" enism
e, quB0 o¢e COP -V edn @idod oo g2 o0edinmd
Q0@ 0 BOMO DMSDO HCH 6P DILOd LI, ¢EaNe B.

e e@I@0 ¢cRpd® B o elaqdn D38

emiBn elamfn dnd 83 soedinnids o oo gmod
682 ;8 S080 um d» &8 eved. Meldu o exIRw
dandn cdad 38 Hm @o O gdo noadm mEe ¢ ¢dnd
8 08 @ o 000l elaxdn ednd B8 2ad
B8moensd B0 cde quo d8 8O0 ege 68 meddnd
ecend® YLHMed MOODEOL ¢l 8 0o D) LdHE emd, 3D
¢ B m . gdo o8 O »EY 8cde qd 6RO gdo
0@ AQERDOG ¢ e0xnd B q0. dedS @, M ® OOIDNHDES
qoo ¢ Hoeri®an ¢ c0ad 6088 ©0B. eltarndn ednd B3
5o o @ ohodnnosded ¢ agesdded @ OndSed dnd
88 8¢ 8. ded 6@ Hoem; Fmoen HE ed qdedid emd
emE®mM GONHL §;B BE 6D ;5 cosnd. eémndn 60D
88 8o q 0o wme® 90, PHIBO Yy 20 SOHDSN
HEODBO oS ;8 A - cOGHDD oFJnend eod Boe, BB
B em@d conds 98 ¢B8cE8o 20n 0O,

e Dind @@ B m™me

8Hmed FGomonmd® Hom edde ede®] ed edad B qo.
qoded &8 o808, SHensd dMmBHO Tomm 89, MmHODOMNG,
2000 DORY ® 6XY eandbu® 0® B & EWES MLBHBON
O B0 D 6ol DO 0. NHoddnnsd ©EDOMHG
S0HNHDBY 6d) ¢E 38 0D WGP ARG GO0 ¥ HLLdH
gdons qf 880 ¢ ey 68, 0e®mO Oy Beddo
A - SO Qndesnntd oOaNd DO qOd LS
;2@ DOMenS SO 5CaAE ARLEPB ¢S 8. admBo oged &
e 3@ emd B0 ¢ O O & qi. @8 B8 S @Y
Se) @M ® HEE) D ¢ YORED @ Bam & 0.
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e M8 LOQY

S eal® DBmisn PR o8 qods SMmin OGNS
6d nddonsd e =0 qo dn e Jedmn MHEG
qons g 80, cOHI1®mIIHHES oo Q0 afod ¢ do D0 o
908. emeg] @000 038 mzqe g odm Do Hd :d®
oiod He axan 8¢ eb.

o 08edio Mman geen »m mMO8D oMo (o5

MeNHRB8S anocs 880 AR PAR YD dBeH OmuSm
¢Os 9@ qud MmBos . dedE, SO ™ s dO® O
5068 2 o@eaio mmn B S508 6@ oo 98 8 qo. &
Ened eamden] SO ©FeRI0 e HHSD JNHEOY
0 B BH0e@d enecd. oo edd) 6 6T®mOE qUdPSe
emed mBmmn IFD 8 0o age® 0¢ ©ddes ©Feald
MBD 0006, o$e, ndS0e o exg e me SO o
o 096 MR NHBsEHD NS O & cOHT ONEIB®BEHO
MG 0® Be emy D¢, 8®»@ (Lepidoptera) B30 Glecd O ;@D
B B0 em] IO @7 6 oha B» 8@ OB Ot ARLS
a8 8o o o o@edid mmn 938 dmBo idesom 2o
B0 0P 0 Oy et MBS B B me ¢ 8ced. egs o®
edimd (1983) 2 qodn m¢ MO HEEe & 8xdd ©
Hsem 90 ¢ dd @ O DO o0d ¢O BDR0 O HHDD
emed.

o 8 COO®

H0Oon MBmed Oead ¢OP0 emdy DMmBHO MED Hdmmensd
08 o, o 0% DEOD ey cALSS A adwe, do HBoOwoO
PNO0BS B¢ gy ©. (Beer & Mc Dermott 1996, Knox 1681, Seligman &
Seligman 1910), 88 800 20 ;8¢ odesd s © 0 MBCOD
emdm a8yl s 9@ qa®mRNn 5888, e, HEOMMONED
o¢ OB @) D qpdsd SomO eeL 9 Bocdm HD PO
a8 38 ¢ 9 cau® B0ed qORIMONED M.

e 008 o edl®

B8R0 D1¢®Y Go@0E O amo, 80 evd edem] qdSMde @
Beoe) 68 @ & @ 606 ecodoedSned 665088080
MosBn 30n0 O 68 2 Jeend mduomons 99 e &S o
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e Beddo ool Bede

BeldBn Mpddn DO®GH @é@m SOIENHHOS ewed RG;
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gmorand 111/11  Benned giepodéasiuc L. o ulflued usdaunsssaiew WBHTan LTHSTOY
(CBD) Gsweb AL sFeir  snfamid)  waihsd stalamear sy (Pa@flennsailsd @eaipTe
Bem HewILG). 20008410 syemigsd. WwaENhEHoHamallssia LTHISTUL WHIYD UTeensndsnd
ajeBass (WaCemBleny evsniiusBEG 2 ulflued usmBSHSFTML  WBHTen LTHETUNE
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smSIBGsS suysefar (COP) Sseug sl L sfaBss wajbsdbaralss paiGaBly
(API) stenss GHMIUN_(IUL L & SBSBTBIGS SIS 5 eig Sl LD FTaulHF waIhEHHHTANGE
(PROMBULSETE BLRsMGSH S L OWT&Ha o_Garssdms  Gouamigs GoTamL SIL Tl
o g1y CurBeor UgsLengdledmbamer (Sao Paulo Declaration) ufibgisnysefar Guiflsd S L
Quraflel o (HanssHHIHE Gaemigd Csrem®, SIGH LD 2002 B &HGSTRGS Sl seer
6o16ug FLLEH60 gnpSOSTaTaMILL LG

LsoBoup SPF FULREH SIS SFNRFGWD alLwrisalea FlLarssmssn, @rlnrs
‘warbasatelsen” GEmLIuTatena BuiHwuns “‘wdhs Hbsmar/apfesds oBET HLLSHID
2 _pSHLTEaILTS UHSUULL . Heommseulsr utfaeuulsd, Guaw memdlugiula CrrdE
‘walps Fpsoarufled” syuul Geiengy, HQTH SiHFwTwiorer  “‘@F [Hepeowmen
AHTETOSHHIGHTET  LUSGMWTET Beomand”, Blaeownsl SfelBhsHHesTan o SIQrILEmL e
2 mursGL @f GUaGatepLal CusHe memduduiar sHombsHusRar &SP | 2010
edlpibay 2020 aueny “awfigs wmaT” BHawsFdsh L sIodssiudn aads GHuNGSbE.
Gbg BoLuiLTaig SaThseisl SIfamLS, 2 _amiey 2 _[Budhd CUTETBRIBNISETE DIFHDISSHN
Curnetp apmm_sd wipphsalledmbal Canaipind Ursdemasendsd Siaysen HTEusSHEG 2010
Bedmha ‘@I BLagsmad LD SPouBSHHILBD aad GEUILE elausnudgissns
UssTéEs (parpsaia oflPsILGSSIBD/ SFDBTLD WIBBSSHIHETE BILIRMmETH SHUTTLUGSHSIS6D
Cureipeueny o sMeMLSGESDH. DiuBPEIeT, UTHSTESLULL  aepeowdlil LGHSES
QeuelBu  greugmiden B@L efeomidamidaflar UTHSTULY 10BEID  Hlensowmer o LGWTSD
aatugeoTel @b BLagsmBwTs  Cprdsd 2: Fiay, efondler LBEWL Gpalusd
(PMDPOLSMN  UTHSTHS eaiuger fley 37860 “wajpasbatalsed wpob Deumbpler
aumpelL tismen UTHETHHN™ 6aaiLHe S  anfléss omseT papsdsd HLHHSSTE -
2009 @e1 Gapdlwu BLeagdMSSH FHLULID Wasab (psAUTEISTGL. 506, BHS LeUHD
‘WaIh s eTallEsl LHEIW SauBPal ampalLmsmerl UTHSTHSHN™ 6I&TUSD BT
‘bagsmss FHLsH6 @) alfleuBdseongid.

ueoguuiifluisd SN UTHSTHSHD FLalgdbmddh SHLb LHpw Siea  Uadiehanemiii]
aaiue, @uibens BmId efeugTwid LsdeIUIfluied SETMD HBW BTEIGID UTSHIHTSHS60
L Wniselsd wajhasaTalasfllan UTHBETHSHE WHDID BdHd 2 uBunsw esuauBper WBaTe
WL BUUBSSLLLL oflensy, @F BeoLCasaliwuns S ST @ CLITHIUTET SLEIERITEGLD.

WESIHSSBTANB UTHIETHH0 FHiL 2 (HeUTHeL, UTHSTSeEUUL Cousmngul WHBBID WEYHHEF
BseeudEHEETH Blodhd (PSTMDHSHUD LBEID  oausTUSHEETS  LEJHHE sraldere
UTSHIETSHS60 BELd Sieupeiet PyHs o uBunsd sdums Upiu GHids HHeusLEHmeny
OupmBCsTeeugBE agjuriésuuBalng. Cuaibd, GUUILL amsuileorsl UTSHISTSHSH0
BLOYEMS, GTHIETOHHN WEIHHHETIG IMUID HTEUTD - WEIHSHD STeNE6T 2 Be|BH6l
BHTN HRIGH aUGeUdSSILLL Splleyd SBHSHN60 LIWIGITNSHTE S(HHELD. :
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2. Careaiams P BTL L 60 Seil

(1)

(i)

(111)

(iv)

(v)

(vi)

(vii)

(viii)

WETHhHESTIG6N, LWIT 2 Husduied LUFasTes HMBEHRASEOULL OBRIL (PSHBUILDTET
SGSHwmeudiul @eluled BFemneudensl  oulpmIGSIeIBeT.

udy e pusHeow o EAIWBGSHUSBG WEHIHSHETAIGE WHEIL  BUDMS
Wlguetien  suen  wWSIHHEHETIGeT WHEID afleugTw  Heosuenioli s  sIRTLCUBMD
BoRESTENGD (WHIHWwTer wEIhsF Criomad Graneusenst 6UPEHISEITLD.

@7 wepemwwren 2 uliflusd uUbamESHEmmW  CuagBG, BUBMEF
GPpelwsd  (epsnwEsT WHRDIL  aflusTw  Gipedlusd (PDBENDSET 6163 LIST
warbeasTalsaia LeeuanddEHEenowiCeoBul  gridlu|eisme.

uWifes LBEPD g  FTeuTmEefed WaHSworen wWBHID  elleanen s meer
wEIheHEsTaleMmTs Baalsasamet oMb flHaEe0.

GQurmennany sielpsPestar Fifies (puBdser P SBEUTMSHL alleusmul
HEL_(LPBEHET DENThSHESTaIGeMNT LseuIfiued SHTemd@ HhBTaemel. USHeIHE,
SialkiS BLagdmass RDID SHOUTMGWL alleusTul HeL (MBEH6T 6I6TL 6
waIheHssTalseer Lsdauiflusd setene wipd Suibens wHBpID aleusm! @ipediwsd
(PMDBEMB6T B BTewTenL Wb Hleneuter suansulisd CUBIISTHEG SUIIDLIGUITS
FHNIFGLILET FChrse wiauwrear euaduled emd@albalitiL (PQU|LD.

wEJHSESTAIEMmEN]  UTHETHSHI0 ampall (i UTHISTHS0 @F  (PpSALIDTET
SHEMLOLITGLD.

STEHmen LIHDBL WEIHhSS Csamas Comeaaalsd @F aRTOMBTET HTEHEHMSBSH
CaTemigmEsd  (PQUYD.

I DLOamEIy Umemhs wppw gediCenaim smalysien  @f 2 ulflwed
(WeBELoUled Sienel  SIMHATHHID 2 6lemTIThe HDFRGTS 2 6laNHTed DSIHSHH
TGN LTEHBTHSH, gl @Gloeluled (pepenwsel 55 @ Bamenihs
ROSHIDPHSGID  audBUIITH HTHEEHMBHSE CBHTERIQIHHS  (PQUILD.



3. Bvdgamd ©Ps8aTelsEnd

wHJhHGETAIGN UTHISTHSHN BLgEMSS FHLLsHa GilaCarensst Geomauigeien
&IbHSBBTaNGEN GHTLTUTa HEaeseiar Bl Coueflenw) SETASTEILGID WBIID  SieubIet
UNGIBTSHS wBprd 2 LGumal CHTEESTS, HLEHLLTEUTET OBHID HeL Apanpfaiuimet
UfbHIDTSEHL G QT STV EUDJWBUL ST S LSS 2 (HeUTSHGSTGLD.

Bevd &: : P
usoguiiflied seafieno  HEID WS UTPEUTSTID aSTLMBIET LTHISTSIHNSETE 0B]THSHE
arallsenied eflbaEiul L Gipeflws (e GRUUILLTS aumsuled GuamTiILBamS
® pIFULBHBIUGDGS, Beonmasulsd waIbhesaTalsmel LUTHETHHE BHID HensOwTet
amauied o LBWTESS60.

wE)HSHETalE6 UTHETHHD pLaysdssd S LSHal GOl L eaeamsuleore
G & Banel ei:
o  (WHIWWDTA WEIHSEETISMET Sem STENHD LBHID SeuBpfler LTHSTHH0
SIbFHe0ang  1BeNTmLISHeo.
o BevaEgl uwljssl LPHD gamaus Bleauewiysefled 1DEFHSHE BT BT
UsLeuensSHHaamoenl  WHAUIIBSH wppd  SexisTenflsaHe0.
o uuljsefiel wEIHHF Cojsmad CpamaiLTESen WHEIL SuBBleEr OETHSD
sTldmeng HIDTeNgSH0.
o waIbssaTalBeNar allpFAular GrliuTar STTMSMS S HTEHE0O
o vaIhesETIGalad BIUIBUS SHRIBTRNESSHM. '
*  WEHIHGEHSTIGEMNL CLEINISHGD BDHID SHDHTIET USSHUNTSHSHENBETE 2 LITUIS
safler  SeMMBlaneotiLBHSHNEGITE LTHISTHSHD HDOL(PMBMW  STHISTIISH60.

o  wifaeia Gampbs WIbas CHIbmeUL6T HmeRThSHHTE auBLMbS CLITHNTSIIEF
Cgevsymailen el

o smBurenaw ITWIFSS SLLmEmen Wanrulsed WHREQID &) Sme
BLAIGEMBEHETE  (pa@uflenwsenenll LifihoHen s 5e0.

o waihesaTalsst GFHTLISTE Bysmiseden @b ULigLienes SHieMeHeHe0, 10B)HHS
sralsafial UTHISTHHO GHTLTurer efiLwndefled SeujEer HMDFSHL T
uenfluTimleusiL &l Hig) OHTLTIIe0TEN (pETenIDShGIe HLAUIQHEMSBMETULID  &H6RT
SErewilin. :



o “wahsbETalSla UTHIBTHH0 LB 2 uCUWTSD” SIUSBBIS HB6UD
(WBTDSHHIN  (PEBEMOLILITEIND  S(PSOUBHEHIFHE0.

¢ UTGHIETHSH0 SHHULESMST HJUSSHHNID oDBID WwEIhebatelsaila eudunsd
B&HTe GuTgIosseT eMflLmTens 2aEalHSHaIlD.

BoBsowelien el uWhisenend SeuaihHdHed OCETemiB, CHFW WENHHE STalE6l LUTHIEHTHHM
BLOIREMES FLLHMS 2 (HeuTbGeuded Seuihdled Casien Cousmtgw LIFHTer HansolisHansn
Deiteumengl FTIMbFULGHRISITDE.  DISHEULLITEUET:

*  WETHBEHTalGNE uSUTESMS BrLeaTall aumaulsd alenmdld CHTsTEnHSH60.

* LHHESGETAEE B WETHEE Csisms UTHETHSM WHIIG GFuiHen.
Ba Qarsitensd folwrer sigliuent wHEID Cadw WaIHSHENEND6T LTSIHTHSHE0
BLeugdbansd HLLGHar BUTLILGHSISMOUND ©_(HoUTdHELD.

o Qumemswrel B misedled LSFHHEETNHMEN LTEHIGHTHSH6.
¢ Guluwte @ miselled WBJHBHBBTENSMSN  LTHISHT SHSH60.
o suilallped FLOLgd wH@pD wSIhSeETANET UTHIBTHIHEID.

o wEIhsssTAlGmT 2 UCWITEHS60.



4. Peomemsuled waIphsssTalselal udamEsSHETaD DK EHID
uTHISETSSH BSTaTOST®H el asenTGemmi LiD

4.1 @eomenauisd wayhebeTalss WHERD WHHEF Goidend GFHM_jurear LyiEYS6N

wahSHEsTalS6 WHEID wEIhes CFjobmad Cameudel £ 0 HRIL aUFeOTHMBES
Caremi@eienen (Lrjaflat 1876, mib 1895). ywidlaen apeowtean walbhes Cajéas
D@D SIHET apeownel wWalhss Csjsamse elwemabl sreuriseilal wsbHeF
Cajaena (wepsefled Wsab QuTgeuTaTeauTglb. I Ffuler wembssaralseient.Cu,
o gy BpafdaBam Uasaw ealmagzipana wWEIHHsasNald &l LIS
SGHBHULGEBH. 100 100 W QUHLBIGEHSES WRILSTS B GLbp Sreugmiserle
Canapzsd WsGH sraugmssia uflemmwsgse afauGdsss. @F Uil
yalel warhswaiemsn 985 Bamasiar wWHBIEH Wald CuaiGheeE Lwamd
wiren euemasuled @b wihmats, @hel Wsds Gussellal (pSEAWDTE LERILTELD.

wrLelwefHuns, waibass Csjomaular (PeEWdbHaD GBSSTET (PSHETEUF
ugey &l.ap &wrf 1000 sumLmssllar syevuIflwrelelipbg (Assyria) eumHERTBSH
(U&wer & UMD 1997). & wrwuRisellsr Sy wigl [hnai)assﬁ (2_-1b: i fil
GOWIGEe), wTweaissn )8 CoHaigmBaeflsd auenfil dal LHmeH0 CQUHEGSBGID
woBmd s EUUGHsIEREGL C&rhsGsst ompp Coalbtsmen aauHEmbSHE
SIS HF a;l;u;&, M. GEMg (LaIbasbaTalss! wRpWw wWsIHes Bsjosams SHTan
QaEreNend LMIID HOL (PN OBHTLIUTE Qh HBEUGL L0 [HIT6D).

Beoriena LedgUTflwed Hatenwule g (WeSwnorer Usiell aaiuBsi@ 4,300&@WD
P I EGH HTe] BATHBmen HelensH0sH CETEIBMSG (HIBTWHBT &
GunieroBuiys 1976-2002, mB  edGwr 2002, eflguahsy 2012). waIHSHESTSST
Booeong BnsaalBarar urflu usdguiflwsd saiew &TRUUBGHSH S
WRWITESHILHIL &6 Seupauet  Cohalddsi @i (WoHEWDIE LTSHTHMS cudlibsenser.
ST DRIV edpd sTBseNeweisn  99% sraumicss eflevBGEMTED  0BIHEHF
Gajamadg o LuBumeawns urem (1990) sefiudiLmy, sigeo ysdae @i
(péAWone UTHHTHMS udlsal@met (S Leuenemt | & UTTSSD). UHEEHSS
allgguib Gewieumpiied Caaiysdae WHeaw SRHaY auba CuTEaIpaauITEaD
S0 CHalsasel 1065 gigul aeielibams QBTRIL_maWTe 2 6Tl (SWTETHS
wlph  geranwteuse 1990, UehdCameur WHEID gevemwisufosit  2013).  Guogpb,
Gamjleul (2004) gaujsediar, Heomemassmwupd o eeML&EGE B  allflsuTear
SeRiBamm_L gdeoren “denipll Lnhdusasd (BHCHTIeuTUIET) el(HbEHTeMSEHD WIS
Coréamaun” e Ereded aBeur@asrur (Ly eauekiGsd Ooalfdser) o LLuL
Baainygdmen (Cosd GEUWUL ouBuTUWIgWT) wBpL Giiuns Csalssar (aIGL
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G@BuD) asius NymhHwsHSa e oFaenaleonst (PSSUITRT OHIHSSHSTaILITS
o gitenienl elgb 2_awisnwenw el 2 pAULIGSHEMTT. Enenn suent, el B CarlLm
aefevten wWaNhHeHsETIGMTE Baalsse Wstar HCHasD Waayb oiflama guiey
Quositigeny (1989) sisujseilanr  ULafaefledbbg aBESTDEIL T, DSHSDBU DyLeSsi
SEIEET S Gyipedwed (enpenwaeiley Baatbsaieln auduTadmal Ufibg Gt
BIG (PUReUHIDTE BHLISHSLILGS CousmiBld. Bevmensullet sureonienmd SeaueHaen
Gamsianauled amsang &8HHw ndsenmar “CouLTeella” eumpeurSTID s ferd
GumjgiLm (Apis dorsata ) SiEvevg &mHHCHAT (Frussn Gmfulled LT seLILIELD)
wogh  Sfed Glegent  (Apis cerana) engiyemis Coef aguaupllar Gzl @@
seMed(hba doLéGh Baa e FsD snduimpbasa (Qaedmnore & Gaedmioresr
1910, ewlliliged 1945). Guoepw, waIhesETalBefat  (poHLludgeud BHILGUUD
fmmen  UTFLURWES UTLeY smsEeigud Supsisneurp udey Gewwiul Bevsng
(Dep 1956 ).

a®® udE) VG v OJ¢ b ES]
=@ Beom ®F e ¢zl dewm B
8558 0D 6B MO Mg SN
RS woBm 83 B»HOICeS o8

&B6ung Beomenule elgheprafidsit U] Lulisst WHEDWD geranu Heufriseied
wEHan varpssstalsdat Ghigstar elifleural  suieysefled AFGULG6TeNa]
(Bevrienduisd  CuopGaTsieniulL  weIHeHesTalds  GUSHHTE  QLUISIBEHHE
Uaiaflenamilienl UTJeéHSaID).

Beomenas elghepialas Heoflal Laisemms SHaumihled CETeiEpbBUTH (Lulerd
2006, sGevyha woppl aSHflfre 2006, QuUGHIT wHED LDUTESETW 2006,
UGywdedas wppw GrépTuds 2011, yshdGameur 1984, yehdBameur ommytd
genenueufsen 2013, BISENWGES wogh goenusujds 2006 & OI&BIwsS
wompd gevenwaujsen 2006 &, BISHTWES mmh gensieujssit 2007, gpudms
@ Srsprwss 2007 Curaipeujseit) Sig @Ff 2 BTl  eiarewiluied
“wahssetalas” aaudmes yfiibe OCareraudled GQumpb GenL Geusfligamen
IBUBHBID “waEnhes Cajomad @elwsd” agib el wlburmeled syymisdleanw
Buptasiieugled o elien dbssorarl Satenw wnEL dAwnismen Ogefeurs Geuefl
uBsBIFEEBE. TyFdlenar Cuend Saifuns CaraTaTliLBuSDG, W&IHeEF Coismes
G@walwed” allgheprarfAuner syuiiasmeng CHMuIUGHSIERD @ (pdSunDTe
allLuns QuiImenns SeusisHHed QansisniLL_alevemwaLCHTG SiHemed BeialiLuib
shs omfalusd Ben Qeuelidmen BHIUUMENEG yInuFdeepsdans Gurgiorer
BEsmen §HeGaude @ Yadflowdd o fusies Sig SHSIULaeLMmS.
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essurpruied, Heen] guesflwwellagn susauied sEHEHRT Seveg S FwTalle
Bim_ss Caeldaeflan (ouiieny Cumjst cm SICL) “CQumstalleoren Siflensu” b
UBSHHW dlev FDLGURISET BHMLOUDDBET. “SHMTL6d UTHSTULS GIpSH6T SeunenpLl
UTHISTUUSDG WBsan wsmiss Ffauleomear wasen HgFemsoms olssaiL e
UehFCameur, safllLl L SMHSSH) FTuBHs SauaSMIUID sl FISHSSH (LehdBameur,
2005). HEMBUTEO “SIF SMBEMHMS GuDID @F SmalBE Haaemw Bauswis
WICHBBIOML ST DHTD Digmatd Hilys Ceneluts BHs SLEERTOTGLD.

2_sudlgIeNeN aIHHESTalEN WBTID WEIHhss CFameausEnLe GEHTLIYULL auansulsd
BT (106EQTsT 1976, Uf 1993) wHPw YTLEFHES SLEMISET 2 LUl U
Qeuefiuipasit o _siener. syemmad syFaflwsiiagd auansulsd, LUIT STeUTRIBEHSHTET
dggnen wope fAfw werbasssTealsaila SepL e um@gv, QafwmoBey o_siteng).
waIbss Gsismae DY BEG elNbHEWTS aWSLLULL wWEHECIE] (1976) wHEID
of (1993) sElGwnflelr sufismiLed predseal  opluentulsd ygrewne Gaaldbss
wopd Gestremienwt uwWijaellar sefwra GCoanysdlaelar umn Semsafla
MBWLTEHSHL LB  Seub mqurGalaimgl. oo (whaiworan GeueluiBssniar "o _sust
uliseflal waIhes Gorjsens ellupaCsrdg” (H6per & Curdasy 1984)
o_saenmaieomen sreufnissiar 351 Gemaamen W G0 alufléPaipHIL & SeubpIen
emmfleammed 1wEIheF Coiomsd o _eMenm@GL UsLANETEIGST HIID  SieuBHIL &
Bememppeubeny eflL v Cze ysdaaflamBau wagbss Cajsme Sl dlampar.
“opsSULLL. wENHHd aTellssi” agub SHREMG HII LFOTE WHHID BT
(1996) HACWIHL WHBID  WsHEFEHL  (1976) 2 _audlar Coustmamdieniol Luljasefer
3000 Gamsalar apaflelIaiBEGL HNSSLTIUBNGG WsIHeHE CFjobamEsHTH
oG &l CamauLpaiBstas saisgeieneay. Csalssel, apwysst, Genelas,
UEKIBB6T, cusRIeN SHIILFH D6, SIHGISH6N, FHEH6N, CeueTeuTedESI WHIID LDEEUHET
GRTUAIMND 2 ML &SWSTE LsLeoTuifd SeRbaT6l alsomamImisbsil @Q,g Caemeusds
CuIELTAIMWTEGD. o &l BalG SPWOUlL uTgsrIsSo o ulflweoreny/
Gwedweoneny, e Gal @ elebaar, yFwrer w@@:b BTUGT (1996) au@Buinfled
HrednaTen Had (Wwaignemyulsd IbGh Sreugmsefied QuEBIbLITETETEa  BaTT)
Qumasd QFuluaDE® YFdaemensds CaTamigmdsed BCaami@G. ..o s

'ampBaeal ssbeg oinfed Cuajsiin (edGL) aaug SICHEM amiseg GPeiwusd ameouled
b (WPEHEUTET WDSIHSHLETANLTS DSBS

2 Qeomianaad@ 1953 B0 afigguid Qsuig smdwsieny. Gaim, o] UsoguIfluicd SHeiiemol LTSS}
OpmLjursaud wopw — drmgil GeorGrl (Crafoord Laureate) (@GipeSwgibane Gprousd uflssg
swamalg, 1990 Beb Gured adljeld Suisenla udhe GaTeTenuULLE) aduauBed s
Qseveundxg OETEWIL HUITE 2 ey, Sieu] @ eipbusen QEm_juren  elBusTECRLEILS G, FWs
o _ufifwesorenureuny (Unjesayb ellsbast 1994).
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wasawors saaffasura waipssaralsal afipsd s dEpass
graipsel SFsfladaipa. ..aoLd waIhsassTal Bead Ueprdafse,
VoG aumpelL GFHelBHIH SMVSSLILBHOBE  eRiLUBBIEd il SLILIgET,
Fragrnaepd olagalsd £€s alBewt dSuBpw” aag Cgelaurasd GBOIG
EIBF.

V&FQany (2000) geag umLiLIE ‘2 sodidl Gopanisfdas” adiugsd Sieufm
seflell wWaIHHF Carimadsstes Ursranors uflemmon SioLbS 16,0008@G0 Gup
ulLL Beuikisenens GlamemiL wasgg',,e_r,éaesrréilaasﬂ oo Caalasen eaUMMIE
(WoHBUGHHINHHE @F auporer 2 U unjmeuamwd SHEMIT. mid (1989) wipd
@®60 wbmw Gyr (1994) suECWflel UMLLUILGEET uTFsioEamsn Gogdid Seu(hSIETBEI.
wabesF Cajbme ms&ru@ (1B BeNIBBTEIMEUIGI60, SYEMEV) SiSHHID BHaldssh
uBBlenauuTELD. Beommeemull QUTDIGHME], WLEIHhHoealleal uBdlu Hreaysefed
Caalaaan Falibhs gemeanusme GUGH @ CUTHeUTEr UDBBTHGSHD 2 6iTeng).

SiUe FIL6Y Wwpd STBameny (Lea] Cousnmamieniod @Pediulsd (LPeppBantowTd
wmBoLUCLg) Cuamsudieusien (péHEluggHiand fFFTied (1996) sieujseflar @naﬂeb'
Ogefleuteasd HIgSBTL L LU Getengy). Lneut (1990) Sieujaeier By Sbs (WasSubsienDd
upt @F Fphd NMESHMBUD sl d SHIHSEDI). seUDBIUIID. SOhiEdHE
QuBGHTLLL uuljseldr Sifipsdaiar poLOUBD STEsels Qumb Sifey,
&meung Geus (2002) SwuTSHeNTed HHIG DLUSTUUGSHSULL BTeNG). SLENSUITED,
&1l 1800 @ed@mhas @11 1900 & Seorulst swuplar Sufeledmbs aehdw
Sioeng sUludopss wasbassnalsme uTHETULSBSTa GBIWD el
SIDTAUHSGD ubGHienengs. Ossudr wimpd @wCur fed GuraiBsdasr (2002) sl
Cuuflat, “wasihssd GFjimaaw Cuptstaiepd Gaafdzea - allasmud
oo SupmssdamLulled uTHBTSHD CFTLIY” aaNGoTwm  Heujddures
geneviitflevmenr Ceuefull ped umsefidEaufast 2 sdled HaG SFWLULL afBLeTaT)
&entd @mboeoy. ReiGleuslluiph melar suuer wewiLew 19CGTFl6d LBPUWISTES © (HauTHE
UCLGURGID L, SWer toewiLey Sevmenauiigueien GRISEHSGSID b LUIgeTen
aufsTigured Gawmpusombd. §Hs Qsusfuip 2 ewrenioullsd é][nrj),é;g;rres o _6iengy.
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SiLLeueneamr 1: @F Ser wamiLey wepd STLged Gougn i wayhsF Cafobams (PepenD

FeMal Blawpssa (Utaur 1990 swuisela Brelmha Spel aBssUIuLL Hi)

LETHHS CFIEME DS

&M gest &L L enioliy aflBreartiLenL o U afigraTliuemL & Sprient_
Banmisen Y% Bamiser Y%
Qeusmeumed 6l 3.8 ) 36 ®
Bae I Baait 1.9 (1) 17.7 (39)
Caeafsaei: 442 (23) 21.8 (48)

BenL UL g0 Bwha!
Quifi oieney GUMTLLITETENEY

Copafsseir: HAflwene 7.7 4) 16.8 37
SUEHIB 6N : 155 (34) - -
SUGHHT G il L & a6l 1.9 1 45 (10)
SIbEHINYFE BN 13.5 ) 7.3 (16)
Genafl&ain 338 ) 1.8 4)

A vebeuemall ysdaet 23.1 (12) 7.7 17
AN 32 0 - -

Qg s 100% (52) 100% (220}

4.2

e uliflery ugUiwedar Gilunsel WBEL LVGOTWED UBBISSMBHET 6L
wahabatelse uBBiu sylinEEpsaTar GUBLD TaamLeuTad STaILGalamer.
258516 LEIHESF CsTdma G welwsy afighehTarww CuTgioTatenalBg WHGaBHL
SIMLWETNE. DLMESWITED, WSIhHEHETENBN BHID wWETHHF Cojdbmass Caaneuss
Baren elghehTand SIadEnn CuTHILTAISTE Gsene. Caal 2 BusHFbars Copeaf

eGS0 WBHmD warhesseralsst GarLjurs UehdCapeurallamed (1994)

Qausfu_ti’ L. mreoTen  “Geomenasuisd Cxet o Busdbsts Gzal eusnfdhsen”
wEIHHFCFTEMEF Gipalwed CHTLIUTE SHEHeLIMGHT®H ABWsHNHS
Cumlsnendpgd. Hevnmimaullsd WEIHHBBTNET WLBEIL WsIHeF CFjsmas
Bomauss OHTLFUTES U eawienllsmadefleonen SITwidd  SuleydHer
Bupsrsienuul Ferener.  (Seteflenemiiig)

Beomamaulled wa&ILHssMTallsafllar LEGUUWe

WEIHhEHEHSTENEN GLHUTeITETUDBRT  GpdbEeT Coalbssl, @Genaldel, s1mDLE6T,
QUSHIBE6T, CUHIEMBHBINLFHB6N, DHHILEFHSBET BERD FSSs  CUTEIBUBEDES
QaremiL (psiienihGemigeiaenia o_eirenear. GouensauTsuamel, Unemeusell CUTEID (pshienth
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SWIBeneneneuld L WEIHEF CiEmadGl URsNGSEpaT.  Geommauied
o_ufiflend LGOLlwed BLIiun(Gsst wWHEIWw LGUUIWE LUBBTSEGMDE6 WHEID SiBH
Cureip wabHEBTIGET WBEID WEIHGF Cofsbma ST JuTEr QMLFS SyUIeS6T
sigiuen GuIgiwTearenallsd EeveTg 2 silone. ‘

Ww&EhessTelEN CHTute Smedan sHasucsais ffu genalamear FuorelugDbE
wellengd Gaefar Sgnewer wppp 2 wWifwed BreTwer uGUUTLIeENsd FHUL
(Pwedeugl @ aPfuins S@wweond aaiubsTd 1% wrsHTCw wayhsbaTaiule
s LMW UTHSLLLSTR S&eaus0smendh SHHW; 2 SHTTauHhdHdE GUULL LGeutm
(Ssevg) FTeuFd) GlEaCeuTH wayhadatelemuwt el Cxelbde, Fobbal, cuaRTRISSHL
EH@e, UBeneusEei, Lleueneursmstt CurapamBled SrEsTansT? Bbhd (MBS
Cuaa] & Busasj eastusufasmmsd (1982 & 1983) afl(psd) CFUOLL LGN &1 WETHhHF
Boybamas @Gpalwelsd gelforen SITWEAS SHlLnsmensds CQaTamiBeist HIHH6
ueveumfied SiFismensliev 2 UGuNAGBILBEGBH. BF @ DYIOTE  Lierfweded
FELG &1 BSHMEL Hpad shHamssmen CuBnGsTeTeus@ PhGsuamen HaoTS
ayelien  ULBMEVSSIPS SeelnenisemeT @UUBSD CFleuspaTar FrhbdHubams
\pTh symise GaisiEi.

4.3 @mr\'ﬂmatﬁleﬁ waNbsbsTalseflar Limbue: Bxal Ssbsug é@p& Bapeing & serfies
(>apGwBammitLgr:SuCL) aslurTsw

@J Gum WaEHhessrail LMLWTES Sisded SICLN® B sHs0 CFfsuemibHbsur(s,
SLLTE Sedevg sefwner BeanisFfaensd aHIBmaunaats Sieunmieng
&Ll QewbuBausTed WEaw eidmabineanmar Wa)bHeHbeTelaenTd “GUTgientol)
uESBHIULL™ Baealdsmst oisbevg Faps Coaldss aaLUBPET  aubluTSRIS6
saflguwnaemawng. owfew Crajeicr (smpHBsel Siedeog B ssd
Capal), oyifer> Qsgemr (sngmyang Bzah), ouwnied yBamGr (Ap Gzeal wnmb
Ot Bfptuaia) (CeTaslsel) AL FIREG BOTHSEHD  eueTHIEsar
AL SHLELDIBHD, 2_awiey alFbFeiamevasil HEID BLIDLLLIHD ST aaLaBamBL
QuTEISSH @87 GIPediwed (enpenoeUIlt LFTHE Csterepdamper. Wfleds (1967),
adediLmy (1956 & 1957), QanefllOs] womd gemensujssr (1982), CarelOs] whmmb

3

wEIEEF Corsmassd Comausats GNSS @ HTad GBULLLD g FTHeE WI.Ew allgguid
Gaunyh oICFLsgeuonen wajhasatalsense afifiosounag. o - gisdl Coealbase,
Glweler waErhss Coldeans CeueneunsdsenTend., BNl SV LE GTWLL TR 1L HSEHEETE
Baand Gamst, yoailulamemet WaIHESF CoFIJEMBEGNTHGD HHHNILFH aamm. Coalbass
2 _aieniouilsy “FHSIULONS” 1) elhAenTsaTTeu) aRILGL 66l BHEMe0 Sieneudsh LIBHT Bl (SBemeNLLD
oL LugmFuwIne euanasllled warbss Cojdamasde 2 _erenn @ Eammen.
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genemusuiEeT (2010), yebdCGamsut (1994), LehdCameur wmgmd gevenusujssii (1984)
Cureimensy  Heomenauled Gupbataietiu’ L uenfsst WBeTa Qbss sHefldHeuore
o_ufifiisd, BLEHMS (PmE6T BHID GHPeiuled SibERIGET Lsveuhenn eliifisgisnene.
Qarefts] & CaumjGeumsd (1979) Bevmienauiasion BhsH Foumfle oiniell Guws
HEnsBnL_Uled o _ameydbarear GUTLY WBeHTar HglilienL 2 _aHiaminsemen CeuefiluBshe)
derpgl. wodwmalicy ouuferd Gggam Sanen Hsi & i (1990) sy@Cwmfai
uefsslt, BTD JGUBBIUSDES, BSHHSSTLLIROEULITES D 6NN

o ouuferd Gumislinm (Apis dorsata) wehFuw wemeBTLgs © FAdeMelmha (WHD
EMHSB6) LMY LGHBEHSES UBLIHSD S buweugiL & Hievsy S bLILWIHD
urengWigelien oiemaisHIF GReisd (LpmpanLEMmenUD o sNenL SSWSTE 1160
STeu] BOmGmenud UBLTHSID wsIbas Cojsmadd o LufsHadlaina. Bbhs
aBLIHS BLLOLWTSHIaE Cuigl Siemea FSBETEIBNS SbBaL Igd CaTaiEpD BILK
amend CaraRigmssond, onbs o avie &OLSGSUGUDDH SHEDL  DEVEG
SHTeuIhIBeel Lb@h Sl LTRSS U auymiseNed(hhal LD OTSHBIBEHEHE
SIN6U FHRIGEUTD. Sl I9el(HhE), Seumifiar o ey BaHBW eevemev L Hrm HGsom
&y BHpIEst Heoluriieny 2 elen_sSwSHTs U HGeor Bmsel susnguileoren
SROOI L SmBH CaTangmeGL. Syamawted, CLmsiir gary g 106Jhes
stallund  sGBIUULEY CaamBoaiuCaHTH Semet @ BTG UWITal uFbLasd
QsTamiBensnen. SeuBpleiTed Hefientd CLmd STeughidet EeTe(pD grﬂumum@]mm@j.'

‘ Syemed Siemey 1,0008GWw CuoBuL Lamanits Skaseond. eeeutpruigmd, Sbss
Coaldssl  @@GUTTILL Soniguisneuwisdet, (WHAWINTS WalGamsd Siehal CHeneuwibn
sumauiied GevLulp GFuwiuGEaimer, Seamed Bene @b SuUSSTEN GieT G
WEASEN 6D @ UFeusuTen Hldemamw gpuBhSusienar. alGsLITs Sieumber
o} QODUD B Mibelt GHNLJUTEm aumpalt. UAGHBHEOB (DSERILOTEN DFSHDISHSHE0TES
STILGENBE. @F FB &wtj 60,000 euamgulevrer Coafdamensd ClaTamigHeGD
aaiLBaHTB hAy @efluled sl 2 amiameud Cadl @f UIsHCWeLT LyHB®ED
Semad OETemiBelienan (LW 1985). amligal sfoy &1 eubpiedr QUGB L
&G SifeumLeudl WPHEAWWTH HEFFDISSNGD. BbsH Gataimaswns SiIfd
Famevd SBULSHEG Haly Csflwenaleoren eliflijemal SgFamyn Cohemeu.

o  ounfeav Gagem (Apis cerana) B Sl gedGhaE 2 e GHBW  EleLEEVLITEN
sy 750 BB sHn QLSBT 2 66N L0 ST WaIbHES CFIGmBHE
o_elenTdb@Geagit &l OiG BLIDOULhHE GFOTHETE 2 6lengl. SIHET60, SiLied

* afssss Cadl, ouland Qeyamameyt: GUIEIDR Sepel BEUGMUTS GBWITEMNILL SHHHHEUUT GILSSL]
CUTRISSB.
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Claganm ByewiLTeugl (WhEWHOTeT WeIhSsETeIUTE SHBIULD CaamiBEwaLCsHTH
Sigl BB LLITeoTen UFbumend GQarasBpsiongl. sibCHTh Bhe Qermiasl aujsHdHs
fHuwren Gpefl susnilifled o LBWITAEHINBUDTEO b BOTHHN DBUITENSHBHHHEM6U
wiGe  (LehdGameur 1994). @f %@ awon 20,000 GCoalssmens OaremmgmiBat®h
@) edwwia i (s CHILL warhss stellwrgn. elugru Ggraulamissier
SEUBTE  UTeUEST BOUBRSETE (WWEHBUWIOTH SIFGQISHONSS STemILILBE @B

o  giuiey yGsm@y (Apis florae) 500 SBMIEEDES GODMTH 2 _awey SFGFeIMmeF
GBOUL L HADGT o eten SHTeuymiden UseaBenn WwaIhas Cojsmada o_sand@
daipet  aEUGIL G SeuBpiieEt o ewiey HMLSSUOUMID SHRT@WWL  GUTRISHS
GoEw gy BLbbuwismes CunGaTteieplh. Bma MHLTAUSBEG (WPYULITHE6
WHEID uybusd o wifhg Bleolujliseiied (oL GULEGSSUUL BTeNGIL6T 1250 BhBHSEGD
oiFs 2 wypsien @ mzeflsd WDBleITE Bevensv. @F B &ty 2,500 Cgelssamend
Canemigma@b. seusunBTUIgND, BT YT UBERIL. eueOWRIB6MeD WGeyd CUTHIeuUTS
sremlLGSapen. LFAsCsm06) @SyrsuieThssflal SHeuprar Lveunat (ST
SIFGDSHHOTH ©_66NG).

o wficsremr @fligblusflsy (Trigonna irridepennis) enaWnenlILL_&anigus  FWAF 250
BBBISET uemIwien 2 _emey alFGFmeamus CaTemiL  GnISU Dienevey CaTewsIL
wEIbesserel. ol (s CHT LESEDSG HEad CUTHSSWTR  WEH)HSHHEHTeNS6
aSLBHTH Henevmwd@ HH& Waah LIPLGL FETeow CsTaL GRTRGS. @F
@@ &wny 2,000 euengullevnenr QGapafdsamend OETaRIQHEGEWD. l‘;éeﬂ&@&.ﬁs{)éﬂ
BITFWLNRISENS HUBTRT LITEUMRT (LPHSWDTE DIFHDSHOTE 2_6TeNgl.

o580, SmasdH BTG wmsdh Caaldsenn urtamsTEésiiuL  Geauesigu
Cameuamws GaTemBeiengil &t GBIUTES i fed CLAFF LT DICUSTIOTRT UTHISTHSE
wopaaia Gameumuwd QuTamiGeieng). Guwub, waIbhsdsTalEs  SIbHSHOVMS
giorafluusmarar "2 uljosamBy Behsens” (SHTRNRGTD OBGHID §JanRTLIEHTEHET
2005) 101 (BLoeS) (POpEDLITET  GHIPe0WeD (WPemenD SyBITHEWD SicLeg! HETRTMeE
&t b GUS sT gurseyd GoHalssst SmIULL  (Wigub.

> o Wiissmp BHEISN CMUS DG Fipsd SULewills g JS@MLW 2 a6y (OB B
Casbaurdamead QETatIL STHaET b BRI SI060E gf Beald GUESaTELLD.
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4.4 Gommaulled wEIEFSsTalsalal UTHETHSO  CHTLFuTer FUL  wHDHID
Siwvoyfglurer oubam &6

SIYLBHEHISHD FAumer SamBGami LeHembaE. BIe® (WHSUILDTET  DSFBIEH6I
BUNHSH60 LISTEITUILLLET. (WSHEOTeUSH!, BILIYed EXHBETD &HhSHHETalSMm6NL
LTHIBTHH0. BIemiLneugl, QETennaswums (wevpuwileonsi SBoH@GLSS6  peoDTad
QeueliBEm_elmbe OTem@ el L Gamselar GRésdhaaielmhs Snbs
WSS WEIHSHGHTANEME UTHSTIUSTGW. WHIHHEBTONSMENII LITGHIBTHSHe0
WBPID . STUUTBRISHD e Bhg Bei® SubemssT GHTLJUTED B (panar
SIFG (P Si(PeOLIBSHIeuSL alleusmuis HenemIbEenD (PEELLTERT DIEDIOLILITS
SHIUUL  (LPQULD.

7

< OnsSan wasIbHaHssTalsallal UTHETS SH60

BpeAED WEIHSHEETlEmen UTSHETHSH 68UG HG gnmsoansiemin L
@7 Deeown@h (anflhs eomst, 2009), igBG GBuadls alanésd geH@ID
Bapemeuulevemey. BHEHG 10&JHhHESTONGMST LUTHBTHHIHETH  algh@hTe
SigluemL. QU wpmId genenusujser (1986), SiQermer (1982), Mend wmgyd
genenueufsen (2012), yswer & pumd (1996), &6rer & Geunsal (1983 &
1984) wmpnb Nengerd (1997) s @8Bwnideng HNedEelsd [Betl@ aflsnssu BIb
WBEIW HwruludsdSUul G o eiengl. BILEUUBL umbufiuid SenGHsT  dnl
Baomean sysfldgieinsnen (Dep 1956).

Ssorienaullsd, SBBILED UTHISTULSSTE S)ipedenisiten QeusuGoumpnn L s kideflsd
LEGID SOmisel OBEID Gpedsd (pamenwsalist LTHISTILGE CHJQUTS
SiLVG! LOMBUPSIOTS CHTLILUL L eneuwing 2 _etenar. SCHSWITaT QHTLFyUL L
FLLMGET WBQID SULNF FULEISMTUO: 6ueld SLLeD6NF FULID, SHTeuy
B v o wiflean sumssel LTSHSTIY SLLamend L, Gxfu smprLed
i, Gxdw urppuflu suet) uGHssit FULD, WINENS SHBIHHH FLLD
LHOID  STeU UTHIETHH0 &LLMSTF FULID GTaiUmaUUITGL. Semed, e
FhHIULRBaTNsd BbsHd L mse ganar Guwsd witpTEig CunaseldapaTaand
wBpbw dev FwwrEaisd SuBRsHmLUID (PTMTIUBGESIBMOUWLITED 2 _6TI6mal.
sueld sl Lenend st D ppwd eoflsomg wHpID SHTeuy 2 ulflerd urgsTiLsk
SLLENENF FLLLD 6TeLSUDBIEY UTHSTHSIILL LGHE6, BUmenssd STLLIGME,
Balt yrisrssen CurEmeubnish alsvrigael MDID STeuFmselal euTDailL missi
UTgIETSSUIBSEma. allsonig WwBDID STeuy o uliflemsaier LTHIHTSHeIHSTET
2009 syb syemge 228910 Hevdd HHhHSHF FLLID ShHIL UFHE6T (S| L 6uenet
VI) 2 LuL onanshg suemiamib@ll i FHEeNa Samismenud LTsETsSngl.
Freurd wHpmb efeordlamseial GnéGd LBDWL gBEDWd SSURT &GRS
SLLDSNF FLLSHD LTHSTESULGE DS
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-
0.0 .

GeuelprlgeliGha OaTeii@ ayiulL Samsallel  GpsaGsaedmha
Qtﬂ@&uﬂ@&aﬁaﬁm waIhHS aTallEaflal  uTHETHHO

Beommasd sReSHS 2 uliflusd sl Uifley Beonmes@G LOBEILD
Beomenaulledmbatd  afeomig WD SHTauy o ulflal aumsssilar EBné@Lwd
wBDpID goDwHenwud SLELULEBHHID FLLMIGMM DPOUBSHHeUFD @F aliGaL
ud UTaHmeH Catem@eiamar. SOWflés i dhded “iflesuiuGaHslis L
JCrenfefwsnt Gaefl psdenan” GuIin 2 V& WPIFHIOTE B L
Wrdgspwrer  SyFdlenansel wpmid  Hedelwet QLmeof&HsT GQupiodluirer  Bged
2 BuHHSH MBHoETHmeol UTHEGW “uflw  Coel GLBewIenl HIHaMRSIL
Uy&dlene” aiaiLisumenmd &euaihdHled Catenenn Cuig Gsvmkeasnwun Gureas
S Ha SiglieniueoTer HTHS6N Gwsoﬁasmrréﬂ SeumISHHE BHensuan o _enL e
&G o _silene (HLOWD whgd generisujser 1988). 1999 wsbuflsd, uFmaail B
sopBnouferd o _pusHeats wEiHhHS CadHeamdehand aleudTud Henewdbasen a6
2 _GHCWTHLT Seiodul & CeuelBmlgelmbay OsTedi® sugiulL  “Gughb
Gaxafsmeflan” (Bumble Bees) @pa@ud smpemiors goULQHGSSamQW Qb
OUBD PTESEDS BHBHTE SBHHHG JHUTE BHESE ORRDBS GHGHHH
o Wiflusd usiismwogSeeul dflalet  sifigomer oBEID ST  QUNHGHLOTER
BLeUQHENS 6@TUG LS QEVWNIUGH CeusmiGhioaugiL el susdypissLLL(
Blenestey GsmeieniiuLgud GesuswiBL.

warhsHséeralsalar uTHsTS 5080  Beommad sasHSE ‘e ufifluied

uaiawsh el uTHETHS Uflallamed” ppUULEamQW (P EuIDTer
UFUTEHMS UWEBIHE OCETEUGID gl (IPSHELIDTRTBTERLD.

R}
%

afleusmug FoamsbasmsSar Hp GeupuBw Bsdw srewy  Cpmis
Camm urgistiys Gxemer (NPQS)
Gapdlw  sreuy Gpruis OCHMBHm UTHSTNG Coameuauwd OCHTERTHLILISBG
Wasah SguuenLwnest ST SISHBH Sibeog eaBmey (WPBUBL o _uiflarg
HeOBhaH LUTTEF @Ppeiulsd (LHEBMWedLl UTHSTUHUSTGID (OF6aalylar 1983
& QuitenbsITegT 2012). GausMBT well(hbhg Gamemif LBy e e, GBI
HISRIeRImIEGSeN, BIBEIL Gurml e, HemiguuliseT OBmIw wudFFwim. L
uulysstt, STLE Seimisel wWHBMD BWBNES HTeUT 6UToHSRIB6 msﬁruwg}my&@,.
FEeTan  (WellenhHewi pedide aaTuuBdlal P PEHMBHSH SEULBMHEGS
alghEhaniyeulonsd STorellédaliulL  (PMBWEMET Di(WOLBSHHISBEHTHT Qi
FULTeu gnurCL sreuy Gpmid QFHTHEm UTHISTOLY FILLITGSLD.
Beomemaullsd CHTMEIL uTgHIsTUY eldpampser Bmasdamm Curdemd, Gadlw
Qurmenngud  wipd ustepulifiuled SaEMIOl UTHIBNSHSH aLBED  SIHET
ELTSHIE Pahdwsseud uBl Curgwssar ofiurew CsTaEIBesna]
aiLg 2_Mmid.
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5.

7- CM 016824 -

Ml!i?; of Fatiren. ?
uUTGHISTSH S0 QaTLjuren. UjsHAenarsel R

Buungpédarp s LRseT WOHBOID GEEGSEaNed waThssasralse wHpw Seunmsler
UTHIBTHSH BT Juter Sgsfenensel Ul saand QaTsTausBETE G (Bgﬁ)suuja'wma.
@F DBOLOBL UTHETHHH CFudipopsalisd SIEHBISHOBMNAT  SATHSTEISHN
(wadhuorer  sryeilaenT@. WwaIhSbETlSE LIZSTHHHD BLogboss HILHIH60
UTHISTHSHN DHHNIEETE Gl QIEGHIAD LHHID DSH STFEIOTE UMDY
ellevdamamndmd alenhidls CarelenIIb WHEID DFaHISSM WALIE iz GaTéeaugib
(péduioren el kisenTa o eengl. 199880 LiByended BT ged FFuCsHa WETHHEETNBsI
(PFOaBIY BeTar Qeweowfelisd LWEIHSESTAIBEREETE SFFEISSOsMaT Girmer

. BaETENSHEET Lo GOHIOILILC e Bhs5F Gsweowialsd BUsRiss “BLagbaEdHoTa

sLLwly euemsasl ufibgorss COP-V@ar ufbsienisenssts sujulsssal
83! waIbeseETald LTHIGTHS wHED Paeowrar 2 uGWIED aaLuBREETS 2 HUTd
SULL @ (WSAW OUTEH HLEUSKIOTED. '

o el GaulinospL b STeHansd ITHBHBUPLD: © 608 HTEIHENE ITHBHL WEIHSSSTENSET
BEID HTaIhGEHSSmLUTD @f QUIBHST Blenevdd LURISIILUSTES STanULGLSTBE!.
Sranmese LB efloot@Gsel LoauBBea UTbusd DD CHIBBelued eadma yal
GeutiosmL 56060 BbHTan FmFsehian LGS FTUHSMUWTS ©_6TeTaT. Hreugnibefer
WEGID LmaumsEsD NymhSHw wBgpin YeSiulls sTeoplane TBBRSEHSSL USeafobGLd
aunEUied LMBLMLEGIDET. SHTEUJRIEBEHD WHOD  WHIHHEETAISEHD  ST0HMme
OIRpRSEDSS, oCBaD 6 sruusaigiora Gopbsaey Haelkbdd BHaiwmwss
wBpD FHHuTal SIPHEBTSHOD aar  Caugul L euenaulsd LHpESMDT. 1YEGD
STV  (WargmlQuUESTsd guubsan, o paadlal sufiswrar saimw  LIGD

DL SHIGTENGIL 61, STeufmisenl wRmb wasIHhss sralaellal HapCauTHanoww
WDTHBLOMLWISOTD. SHTeuJmidsl B WETheHs Sralseia WGHurer SaTaw WHEID
UJLDLIED 6TRTUEN SITeUBleneL Glsuﬂuwmu_g,ei) PapAme  aSUSDETET LHETS SIEIOSIBE
e eagldbasliuLeomb. esieurpruigud, GuTg Baevulefapin afevdlw Gauwe (PHD
gemen Ffrer suanaulsd aflenmidls Csmsitemmiosd Seupfie FfiOFUIGe0EsT BLHGBTsISTLILIL
WPQWTOSHIUSDEG STJeRd 2 eiengl. wenpwneal siaysefan alaunssaseilusts
Bmbs BurHeub, STevblensd GeulILWENL FeUTeL GHUBSSUILLL GEBIAITMIOGEG aSHTTS
wENbeF Cojeamse euamewDILGENET (AW ULl  aedlemouit BADS |
GRILMS SO - LEIHSEENENE 8l G STIGEDE.

o arpeallLd sSpuBshsed: wally GswupurGaserTed aTpeallLmaal SfHwTs

wnipeL Eempar. &L LelGng wyb Ceu Baed, &m B Suiemeones GFHib, HBFLOLLOTHESD,

- olel@ad, Gsmeans uulfFQsvms adie Geomemaullsd empel  SifGeOBMmen

gBUBSHBID Cungleuten EMjeflEenTa o elatar. aumpaiLd FnBILBSHEO 1ENHESESTeTHer6
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Bl G BLmsamet Gurouwrsl urHuuLar YHlomer o_mamdGd Lobaesfiled
alpsdeow gBUGHHPGDS. GHSHS STeuy WHHD WeEIHhebaral FIlilamer Geuedil
UBSHHW oo WEIHSHbSTEIBMmeN Al FJenanusuBens sunt‘paﬂl_é Fa@UBHBH BLITFISN
uTHSHBE. Cwed wrareuIhHed FIHL HILUSGED @F Wwehdlwwten UrFdlemeanumgLb.
&ML B Saze  Bzen Yodaaiar (Fupss CoHaldssi) sl LBiGmenud WLBHID geneaiul
&asgH auTp GCoeldssamenud CTSFINE PPSHHISE.BSBE.

o sflusmué OGeuiwerpass: Sl uuly efeusTw (pop BuhEs WEIHSSETEISE
ueveumMiaT aumallmsemen g UBHIHe Geveongfliugi &t sefliuulisefear euenjFdl
umaudh @l ey waibhssaralsehssts SMLbGD 2 06y  POBISMETULD
QeugewTsGEDE). Heobdipre QUTbIEsT ebevdl EBaefev autpd CaernyFdlssied
BILILTESN (PEPDEALLGBETT @ SSITOMDILITET HTSSBIBEEN 2 (HOUTSGEMSTHE BTTIIBEDS.

\
N\

e Ua prdlall wiFmLsd wHpL 0sHEsTH0 SrsTwernssi: Syrswersiseflen
S ICLTEID WH)ThSHH STl 66 5rramwgi3(8urr§,si)&3‘gfﬁ GBUBHEHID D& FoHFeuTiihs
smafsafied BTG, SBCUTH wWissHaer, upnest wppb sreflunsela LUITE
Qewimassts UL pridaisamer 2 uBuUIAUIUE 2 0sD (WPIPMHYITES  SHERNIFINS
siPsfsaensng. spurgd efeugtulsst ufihainyssliLiL emasEhsGD GeuTs
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MESSAGE FROM THE HON. MINISTER

Sri Lanka is a small beautiful island and blessed with a rich biodiversity that have
contributed to one of the biodiversity hot spots in the world. It has been an agrarian based
society for more than 2500 years. Majority of the world’s agricultural crops depend upon -
pollination provided by insects and other animals. The diversity of wild plants;and the
variability of food crops depend on the flower visitors or pollinators. Therefore pollinators
are essential for diversity in diet and maintenance of natural resources. N

The assumption of pollination is free ecosystem service it essentially requires
resources such as natural habitat vegetation. In contrast the world population is increasing
dramatically thereby ecosystem diversity decliningin natural habitats. This leads to drastic
decline of pollinator populations. In fact throughout the world, agricultural production
and agro-ecosystem diversity threatened by declining populations of pollinators. Where
these are reduced or lost and adaptive management practices are required to sustain
livelihoods.

Sri Lanka was one of the countries which made an early ratification of the Convention
on Biological Diversity(CBD) in 1994 and my Ministry acts as the national focal point for
the CBD. -

We need act now to reduce the biodiversity loss or hold the extinction of important
species. | believe in this action plan provide a practical solutions by identifying and
prioritized recommendations, time targets and implementing agencies. Also this document
would be an excellent guide to all stakeholders who are working on conservation and
sustainable use of biodiversity.

The Pollinators Conservation Action Plan of Sri Lanka fulfills the one of the obligations
of CBD and 2020 Aichi Targets.

Anura Priyadarshana Yapa, M.P.
Minister of Environment



MESSAGE FROM THE SECRETARY

There has been a growing recognition of the importance of pollinators in globally.
Pollinator conservation has been also emphasized in the Convention on B‘iological Diversity
and other related global biodiversity targets and goals.

N

National Action Plan on" Haritha Lanka" and the "Biodiversity Conservétion in Sri
Lanka — A framework for Action" has given recognition to importance of Pollinators
conservation. The Pollinators Conservation Advisory Group was formulated in 2012 under
the Ministry of Environment to obtain advice on Pollinators conservation issues. With the -
technical assistance and approval of the Pollinators Conservation Advisory Group the
National Action Plan on Pollinators Conservation is developed. '

| believe that this action plan will provide policy advocacy and guidance on conservation
and sustainable use of biodiversity in Sri Lanka. This document has identified the sectoral
~ agencies for actions, and | expect their maximum support for the implementation process.
We are very grateful to all experts and advisory group members for their generous support
to the preparation of this action plan.

B.M.U.D. Basnayake
Secretary,

Ministry of Environment

vii



FOREWORD

In tropics, such as in our ever green, humid island plant diversity is at its peak. All the
greenery is almost exclusively due to flowering plants. The flowering plants essentially
need animal pollen carriers or pollinators to have successful fertilization to produce viable
seeds. There are some plants such as grasses where pollination is achieved through wind.
However, the great majority of the plants need animals that are specialized in giving this
ecosystem service called pollination. Some of the well known pollinators are Insects, as
well as Birds and Bats. The general lack of awareness about ecosystem services and their
value and why pollination is important both to conservation and sustainable agriculture
needs to be conveyed more effectively by scientists to broader audiences in the policy
arena and public. Further, pollinators are small animals that rarely appear on the policy
maker’s agendas. Yet the challenge to protect them and to ensure stable and lasting
pollinator-plant relationships are important to the survival of human beings and the
ecosystems on which we depend. '

This action plan is a direct result of the initiative taken by the Ministry of Environment
and all of us, including general public, conservation biologists, scientists etc alike should
congratulate the Ministry for timely action taken. This in another way will help to mitigate
the environmental crisis that is taking place globally and "Sri Lanka Pollinators Conservation
Action Plan" will make our contribution locally.

f would like to acknowledge the Pollinators Advisory Group, MOE(Technical reviewers},
Ms. Pathma Abeykoon, Director(Biodiversity), Ms. Kalyani Prematilleke, Ministry of
Environment for their continuous assistance through out this whole exercise.

Finally | would like to thank Mr. Gamini Gamage, Additional Secretary(Environment &
Policy Planning) and Mr. Ajith Silva, Director (Policy Planning) for assisting me in numerous
ways to make this task a reality.

RWK Punchihewa.

Department of Agric Biology,

Faculty of Agriculture, University of Ruhuna,
Mapalana, Kamburupitiya.



Abbreviations

CARP Council for Agricultural Research Policy
CRI Coconut Research Institute
cc Cashew Corporation
cT Cultural Triangle
DOA Department of Agriculture
DOArch Department of Archeology
DBG Department of Botanic Gardens
FD Forests Department.
DMEC Department of Minor Export Crops
DNM Department of National Museums
DWLC Department of Wildlife Conservation
MA Ministry of Agriculture
MCA | Ministry of Cultural and Arts
MEn - Ministry of Environment
MED Ministry of Economic Development
MEd Ministry of Education
MHEd Ministry of Higher Education
MEA Ministry of External Affairs
MH Ministry of Health ‘
MPA Ministry of Public Administration
MPI Ministry of Plantation Industries
MIWRM Ministry of Irrigation and Water Resources Management
MBRA Ministry of Buddasasana & Religious Affairs
MWLC Ministry of Wildlife Conservation
MBGPR Ministry of Botanical Gardens & Public Recreation
MSS Ministry of Social Services
NPQS National Plant Quarantine Service
NRC National Research Council
NSF National Science Foundation
PC Provinciat Councils
RoP Registrar of Pesticides of the DOA

“ RRI Rubber Research Institute
SLe Sri Lanka Customs

TRI Tea Research Institute
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1. Introduction

In tropics the diversity of plants are at its peak and in Sri Lanka in particular we have over 4300 species
of flowering plants. Naturally or otherwise there exist a great abundance of plants as highly mixed plant
populations where very commonly the neighbouring plants happen to be of different species. This
simply means that each plant is surrounded by other plants of different species. Therefore passive or
unprompted pollination mechanisms such as “wind pollination” may not be effective enough to transfer
pollen to the stigma of another flower of the same species to achieve effective pollination and fertilization
for viable seed production to ensure continuation of the existence and survival of the plant species in
question. Then the most effective mechanism to overcome the barrier for pollen transfer or transport is
to utilize animals that are highly mobile. Here comes the importance of animal or active pollen carriers in
maintaining our ecosystem. Further, after long years of working in the Tropical Rain Forests, Bawa
(1990) estimated that 98% to 99% of the plants in these tropical ecosystems are animal pollinated.

Therefore the pollinators provide an essential ecosystem service that result in the out-crossing and
sexual reproduction of many plants. This process of pollen transfer benefit the society by increasing
food security and improving livelihoods by the role that they play in conserving biological diversity in
agricultural and natural ecosystems. Reduced agricultural yields and deformed fruits often result from
insufficient pollination rather than from a deficiency of other agricultural inputs or agronomic practices.
The visual clues of insufficient pollination are more subtle than in agriculture, but the consequences
can be as severe as the local extinction of a plant species, a noticeable decline in fruit and seed eating
animals, the loss of vegetation cover and ultimately, if keystone species are involved, the demise of
healthy ecosystems and their services.

The Action Plan on Sri Lankan Pollinators (Pollinators Conservation Action Plan- PCAP) being the
document which promote the conservation and sustainable utilization of pollinators in faunal groups of
insects, birds and mammals. Many fruits and vegetable crops are dependent on insect pollination of
which bees are the most prominent group. Bees specifically evolved for the pollination of flowering
plants soon after the advent of flowering plants about 40 million years ago. Among bees, honey bees
play even a more effective role as they being large colonies of pollinators concentrated at a location to
provide the pollination service to flowering plants that exist within their foraging range. Based on floral
visits, pollen carriage and special behaviour at flowers, 148 bee species in 38 genera and 4 families has
being recorded from Sri Lanka. The floral hosts of the documented bees comprise 167 species in 115
genera and 44 plant families in the island, which may be far below the actual numbers. Further, this list
will greatly expand if one considers the four species of honeybees in Sri Lanka, as they are being
generalized and opportunistic flower visitors. Other than the bees, butterflies like flag species, ants,
beetles, wasps, moths, flies, midges, bats, sun birds, flower peckers, civets (also small flower visiting
mammals may have a role to play) act as the pollinators. However the many species on pollination has
not been adequately documented due to limited research emphasis and incentives for conservation and
sustainable use of pollinators.

-

In the mid 1990s, scientists and agriculturists around the world were concerned that a worldwide decline
of pollinator diversity was occurring, perhaps as a direct outcome of the historic 1992 UN World Summit
held in Rio de Jeneiro. By this time there were enough literature available on the importance of biodiversity
conservation and importance of pollination ecology (Faegri & Pijl 1979, Futuyama 1979, Wilson & Peter
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1988). The development of the Convention on Biological Diversity (CBD) work program approved by
Decision I1I/11 on the “Conservation and Sustainable use of Agricultural Biological Diversity” which
identified pollinators as one of the initial priorities. In 2000, the 5" meeting of the Conference of Parties
(COP) of the CBD to establish an international initiative for the Conservation and Sustainable use of
Pollinators referred to as the International Pollinators Initiative (IPI). COP-V/5 requested the
development of a Plan of Action for the IPI which built on recommendations from the Sao Paulo
Declaration on Pollinators was adopted at COP-6 in 2002.

Various state acts or legalization of environment issues, particularly with reference to “Pollinators” are
finally crystallized in “Mahinda Chinthanaya / Haritha L.anka” program. In the Sri Lankan perspective,
the vision of the Executive President is given in “Mahinda Chinthanaya” where there is a chapter on
“Green Lanka for a sustainable future” which states that the “Haritha Lanka’ programme will be
launched from 2010-2020 under the leadership of the His Excellency with the objective of creating a base
for sustainable development. This intervention includes activities such as the introduction of innovative
methods for agriculture; prepare the country for environmental change etc stating that, “an Action
Plan” will be implemented from 2010 to seek solutions to the problems emerging out environmental
changes such as extinction of species, threats to food cultivation etc. Among them, the most important
is the National Action Plan in 2009 for Haritha Lanka programme under Mission 2: Saving the Fauna,
Flora and Ecosystems Section 3.7 “Conservation of pollinators and their habitats” as an action in the
Conservation and sustainable use of flora and fauna outside the protected area network strategy.
Therefore, this document is an elaborate on the “Action Plan” for the “Conservation of pollinators and
their habitats”

The Biodiversity Conservation Action Plan and the addendum is a generalized document that identified
the limited knowledge on conservation and sustainable use of pollinators as a gap of conservation
issues of both in natural and agro biodiversity.

The formulation of PCAP is expected to get specific information need to be protected and sustainable
management for the pollination service and incorporate the conservation of pollinators and their
sustainable use for agriculture. Furthermore specific conservation action is useful in properly designed
research studies on pollinators and plant-pollinator relationships in future.



2. Guiding Principles
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Pollinators are providing essential ecosystem services of which are widely
recognized and are important in crop production.

Recognizing the pollinators for securing crop production and wild pollinators
in natural and agricultural landscapes can provide important pollination
services.

Natural ecosystems and many agricultural ecosystems depend on pollinator
diversity to maintain overall biological diversity.

Recognizing bees as important and efficient poilinators in crops and other
plants.

Rapid attempts for economic development and current agricultural practices
are harmful to pollinator biodiversity. Instead, developmental activities and
current agricultural practices can be promoted with environment friendly
manner to sustain pollinator biodiversity in both natural and agro ecosystems.

Habitat protection as an important criterion in pollinator protection.
Climate change can have a negative impact on pollinator services.
Protection of pollinators can have a synergistic effect on other ecosystem

services as they all being integral parts of an interwoven and interdependent

biological system.



3. Aims & Objectives

The aims of the PCAP are to identify information gaps related to pollinators in Sri Lanka and to formulate

constructive and practical recommendations with a time bound action plan, towards their conservation

and utilization.

Goal : Conservation and sustainable use of pollinators in Sri Lanka, to ensure ecosystem services

provided by pollinators are maintained uninterrupted for the conservation of biodiversity and

human livelihood.

The specific objectives of the PCAP are:

Identifications of important pollinators and review their conservation status.

Assessment and monitor the diversity of pollinatoré on target crop and other landscapes
Determine the pollination requirements of crops and their effective pollinators
Identification specific cause of pollinator decline

Monitoring the loss of pollinators

Identification of conservation practice to maintain pollinators and restoration strategies for their
resurgence

Estimation of the annual economic costs associated with reduced pollination of crops
Review current research programmers and recommend priorities for future action

Provide a list of Pollinator Specialist group who will work with the Ministry to advise on issues
pertaining to pollinator conservation and who will oversee management activities

Implement an information management system for the “Conservation and Utilization of Pollinators™.

Manage conservation information and stimulate public awareness of the role of pollinators

Taking in to account the above facts the following summarizes the major topics that are taken in to

consideration in developing National PCAP. They are;

Nationwide understanding of the role of pollinators.

Assessment of the pollinators and pollination conservation. This will form the theoretical base
and the justification of the National PCAP.

Conservation of pollinators in natural sites.
Protection of pollinators in disturbed sites.

Development planning and pollinator conservation.

Pollinator utilization.



4. An overview of pollinator diversity and conservation in Sri Lanka

4.1 Poltinators & Pollination related studies in Sri Lanka

Pollinators and pollination services have long history in.the world (Darwin 1876, Knuth 1895).
Insect pollination and wind pollination are the commonest ways in plant pollination. Among those
insect pollinators, bees are considered the most efficient pollinator group in the world. The arrival of
plants which took place about 100 million years ago led to evolution of flowering plants. To bring
about effective transportation of pollen of a particular flower to the stigma of another flower of the
same species, is a key role of this insect grups.

Anthropologically, the first record of the importance of pollination comes from Assyria bout 1000
years BC (Buchmann & Nabam 1997). Old Mayan screen fold books (eg the Madrid Codes) indicate
that the ancient Mayan kept stingless bees to manage and propagate captive colonies in log hives
(A Resource book on Policy and practice on Pollinators and Pollination).

Sri Lanka is a biodiversity hotspot has over 4300 species of flowering plants (Dassanayake &
Forsberg 1976-2002, Nat Geo 2002, Wijesundara 2012). Without pollinators this great biodiversity
cannot exist and among them honey bees play a key role. Bawa (1990) estimated that 99% of the
plants in tropical rain forest to be animal poliinated of which insects play a key role. (See Table 1).
Among insect flower visitors Bees seem the most frequent visitors among which honeybees are the
most numerous (Dyanandan et al 1990, Punchihewa et al 2013). Further the extensive review of
Corlett (2004) “Flower visitors and pollination in the Oriental (Indomalayan) Region” which includes
Sri Lanka, re-confirm the fact that Bees (Superfamily : Apoidea) and specifically Honeybees
(Family : Apidae) including Xy/ocopa (Carpenter Bees) as the most abundant and important pollinator,
of the region. Perhaps the most extensive study on honeybees as home garden pollinators, up to
now comes from the work of Mendis (1989) and such studies should be conducted island wide to
understand the role of honeybees in our ecosystem. Considering the history of Sri Lanka our
indigenous people “Veddas” livelihood highly depend on the honey from Apis dorsata or Bambara ‘
and Apis cerana or Mee Bee, honey combs (Seligmann & Seligmann 1910, Spittle 1945). Further the
importance of pollinators was recorded in the folklore (Dep 1956 — see below).

“gB®® uder ARG g D¢ 2B med Beom OF Je ¢ dond
a5t DO I8 MO Mg B ARG DL g BHIWBed o ”

Presently several Sri Lankan scientists are engaged in detailed studies on insect pollinators of crop
and other plants (See Appendix on pollinator studies conducted in Sri Lanka ). Considering the
work of some Sri Lankan scientists (Dias 2006, Karunaratne & Edirisinghe 2006, Perera &
Bambaradeniya 2006, Prematillake & Ratnayake 2011, Punchihewa 1984, Punchihewa et a/ 2013,
Ratnayake et al 2006a, Ratnayake et al 2006b, Ratnayake et al 2007, Rupasinghe & Ratnayake 2007, -
etc) it clearly reveals the complexity and difficulties in conducting research in to the subject of
“Pollination Ecology”, which causes large gaps in the understanding of “Pollinators” in a local
context. To aggravate the problem, “Pollination Ecology” was not considered an important topic
that warrant scientific investigations and therefore not considered a priority in assigning sufficient
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funding for research to fill the gaps. However, lately quite by surprise some incidents that are taking
place that causes “mass destructions” to Bambaras' or Giant Honeybees of Asia (4pis dorsata:
Apidae) the “Environmental Conservation Groups™ have launched a very realistic public campaign
to protect them (Punchihewa, pers obs) and had even received international attention (Punchihewa,
2005). Therefore the situation is rapidly improving to an extend to receive “State Recognition” and
as such the compilation and synthesis of this very document.

There have been several publications including books (McGregor 1976, Free 1993) and research
papers dealing with the pollinators and pollination service in the world. Surprisingly even the
identities of major and minor pollinators for many crops plants worldwide remain unknown. The well
prepared pollination manuals of McGregor (1976) and Free (1993) basically discuss the management
of mainly honeybees and several species of solitary bees in Agricultural crops. Some of important
publications are the “Pollination directory of world crops” (Crane & Walker 1984) described only
351 species of plants worldwide and many of them are pollinated by bees other than the wind
pollinated grasses and their allies. According to Buchmann & Nabhan (1996) in their book “The
Forgotten Pollinators” and McGregor (1976) estimated that more than two-thirds of the worlds 3000
species of agricultural crops require animals for pollination. Thousands of species of animals are
responsible for this service comprising bees, ants, wasps, beetles, butterflies, moths, flies, bats and
birds. As world renowned Conservation Biologist / Ecologist, Edward O Wilson?, state it clearly in
his forward to Buchmann & Nabham (1996) “.. a majority of flowering plants must have insects to
reproduce. ... The evidence is overwhelming that wild pollinators are declining around the world.
...If the last pollinator species is erased by the pesticides, or habitat disturbance, the plant will
soon follow™

The work of Michener (2000) in his monumental “The Bees of the World” gives us a even deeper
insight to the importance of pollinators and Bees which comprises over 16,000 species, that have
evolved primarily to pollinate plants. The work of Roubik (1989) and O’ Toole & Raw (1994) further
impress the reader, the pollination is (nothing much, but) all about bees. In a Sri Lankan context,
there is in general a scarcity of data on pollinators and more so for others who are other than bees.

The importance of animal pollination in maintaining Tropical Rain Forest (later converted to agro-
ecosystem) is clearly highlighted in Richards (1996). The work of Bawa (1990) gives even a better
understanding of the importance. However, the vast destruction that took place with the introduction
of plantations crops to Ceylon/Sri Lanka is well documented now by Webb (2002). Therefore, now
the time has come for all of us to conserve the leftover or escaped pollinators from their extinction
between 1800AD to 1900AD. The publication of Kevan & Imperatriz-Fonseca (2002) may serve as a
useful guide to us in tropical Sri Lanka, even though this publication was developed in neo-tropical
Brazil, where many contributors are well known world authorities, with a rather impressive title:
“Pollinating Bees — The conservation link between Agriculture and Nature”. This publication
really stands out!

! Bambara or Apis dorsata (Apidae) perhaps the most important pollinator of our ecosystem.

2 Had visited and stayed in Ceylon in 1953, Today, He is one of the most influential people in the world concemning
biodiversity conservation and a Crafoord Laureate (equivalent of Noble Price for Ecology, shared with Paul Ehrlich in
1990). Essentially an Ant specialist and a Socio-Biologist (see Wilson 1994),
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4.2

Table 1: Frequencies of different pollination systems in a Tropical Rain Forest
(adapted from Bawa 1990) '

Forest Stratum
Pollination type Canopy Sub-canopy & Under Storey
Species % (N) Species % (N) _
Bats 38 @) 3.6 ®)
Hummingbirds 19 1) 17.7 (39)
Bees: Medium to Large sized 442 23) 218 48)
Bees: Small 7.7 @ , 168 37N
Beetles 15.5 (34 ~ .
Butterflies 19 (1) 45 (10
Moths 13.5 O 73 (16)
Wasps 38 V3] 18 @
Small diverse insects 231 (12) 7.7 (17)
Wind 32 ) '
Total 100% (52) 100% (220)

Taxonomic impediments and taxonomic deficits are major drawbacks for the pollinator studies. Also
the science of pollination ecology has not advanced adequately. Therefore scientific data on
pollinators and the pollination services are inadequate in Sri Lanka. The beekeeping for honey
production and pollinator related book on “Bee keeping for honey production in Sri Lanka” published
by Punchihewa (1994) made a brief introduction to pollination ecology. There were number of
research studies carried out on pollinators and pollination service in Sri Lanka. (Appendix )

Taxonomy of Pollinators of Sri Lanka

Most of the pollinators are group of invertebrates comprising bees, wasps, ants, beetles, butterflies,
moths and flies. There are some vertebrates also contribute to the pollination service such as bats,
birds. ' :

One way to overcome the scanty information available on pollinators may be to venture into chemical
and biochemical analysis of nectar which will yield only broad information about the pollinator
type; for an example whether the particular flower (or plant) dependant on Bees, Flies, Butterflies,
Birds, Bats etc rather than a specific pollinator. These methods are developed by Baker & Baker
(1982 & 1983) and extensively used in many countries which have serious research programs on
pollination ecology. This may not be a difficult task and we should investigate the possibility by
contracting, perhaps University academics those who are willing to undertake such studies.
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4.3 Distribution of Pollinators in Sri Lanka: The role of Honeybee or Social Bees (Hymenoptera:

Apidae)

The roles of honeybees or social bees as the most efficient “‘generalized®” pollinators are unique as
they act as a large pollinator force or a population concentrated in a single location or their colony
as oppose to solitary bees. The four species those are indigenous such as Apis dorsata (Bambara
or Giant honeybee), Apis cerana (Mee or Hive honeybee), Apis florae (Danduwel or Little honeybee)
and Trigona iridipennis (Kanaiya or Dammar bee) share the same ecosystem depending on resource
availability, foraging ranges and migratory behavior. Frisch (1967), Lindauer (1956 & 1957), Koeniger
et al (1982), Koeniger et al (2010), Punchihewa (1994), Punchihewa et al (1984) etc have elaborated
many of these biological, behavioural and ecological aspects of this uniqueness on the work done
in Ceylon or Sri Lanka itself. Koeniger & Vorwohl (1979) reveal the basic facts on competition for
food among these sympatric Apini in Sri Lanka. The work of Kew & Muid (1990) in Malaysia on Apis
cerana is exemplary, for us to follow,

e Apis dorsata makes a long range annual migration from the tops of central mountains (cloud
forest) to the sea coast annually pollinating many species of plants covering all ecosystems on
their migratory path. During this annual migration they have temporary nesting sites where they
may stay for several weeks to months depending on the food availability or flowering of the
plants. From the nest, they have foraging radii of several kilometers covering several hundreds of
square kilometers of land. Therefore, Adorsata should be considered the major pollinator and
they have a island wide distribution. Plants benefitted by them still unknown but may be in the
range of 1,000s. However, these bees are not manageable* thus causing a wide spread believe
that this is a dangerous stinging insect; essentially due to the undue interference with them by
humans. Major threat seems habitat destruction especially with regard to nesting sites. A nest
contains about 60,000 bees and they have a unique ability to forage in the moon light as well
{Dyer 1985). Major threats are the nesting site destruction along with their large colonies. Needs
serious national awareness campaign to prevent this unscrupulous destruction.

o Apis cerana pollinate many plants within their foraging range which is within a radius of about
750meters from its nest and is non-migratory. Therefore A. cerana should be considered the 2™
important pollinator and have an island wide distribution. Also this is the species utilized in
commercial beekeeping and as such this species is manageable (Punchihewa 1994). A nest contains
about 20,000 bees and an important home garden pollinator. Misuse of agrochemicals seems the
major threat.

o Apis florae pollinate many plants within a foraging range less than S00meters and make short
rage migrations depending on the food availability. Unmanageable and distribution limited in
higher elevations and completely devoid in elevations above 1250meters. A nest contains about
2,500 bees. However more common in Arid zones of the island. Major threat seems the over and
misuse of insecticidal chemicals.

3 As oppose to specialized pollinators who visit only a specific family or genus of plants for the purpose of pollination.
Eg Orchid bees, Pollination of Durian by bats, sunbirds for flowers with long corolla tube, hawk moths (Sphingidae)
pollinating curcubits, etc. Honeybees are essentially “opportunistic” flower visitors and by this they effectively pollinate
even exotic flowers.

‘4 Depending on whether they could be managed easily like the honeybee of commerce, the A4pis cerana or the Mee Bee.
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e Trigonna irridepennis manageable short range pollinator with a foraging range of about 250meters.
An ideal species for pollination in home gardens and a very resilient species. A nest contains
about 2,000 bees. Major threat seems the over and misuse of insecticidal chemicals.

Therefore, all four species of honey bees need conservation and particularly Apis dorsata needs
urgent conservation measures. Further the honeybees could be considered as “Keystone Species®™
(Cunningham et a/ 2005) to determine not only the pollinator status but as an indicator for total
ecosystem health or wellbeing.

4.4 Legal and Institutional aspects related conservation of Pollinators of Sri Lanka

!
From the point of view of implementation, two important aspects are considered. Firstly, the
conservation of existing pollinators in the island. Secondly, the protection of existing pollinators
from the intervention of exotic species through unscrupulous importation. With regand to both -
these aspects the Department of Agriculture could be considered the major agency in implementing
two-pronged approach to pollinator conservation and protection.

<% Conservation of existing pollinators

Existing pollinator conservation is well accepted fact (Haritha Lanka, 2009) that does not
require any further elaboration. The scientific basis for the existing pollinator conservation is
well illustrated and justified by Adey et al (1986), Anon (1982), Black et a/ (2012), Buchmann &
Nabam (1996) Crane & Walker (1983 & 1984) and Price (1997). Even traditional folklore supported

it (Dep 1956).

In Sri Lanka the different laws in force to environmental protection and many of which directly
or indirectly related to the conservation of species and ecosystems. Most related acts and
ordinance are Forest Ordinance, Fauna and Flora protection ordinance, National Environmental
Act, National Heritage Wilderness Areas Act, Felling of Trees Act and Plant Protection Ordinance
etc. But in certain situations these laws are overlapping and sometimes in conflict. Habitats of
the animals and plants protected by Forest Ordinance and Fauna and Flora protection ordinance
in Protected Areas, Nature Reserves, National Parks, Natural Reserves etc. As per the amendment
of Fauna and Flora Protection Act No. 22 of 2009 protected all butterfly species including
moths (schedule VII). Import and export of plants and animal species protect by Custom
Ordinance.

%  The protection of existing pollinators from the intervention of exotic species

Sri Lanka Custom’s Division of Biodiversity Protection has a very special role in implementing
the laws goveming the imports and exports of Flora and Fauna to and from Sri Lanka. Considering
the well known problems that occurred worldwide such as the “Brazilian A fricanized Honeybee
Problem” in the American continent and the “Asian Honeybee Parasitic Mite Problem” that is
affecting the billion dollars honey industry Small Island based nations like Sri Lanka need to be

5 Keystone Species — is a species or a group of species whose feeding activity has an inordinate infiuence on the structure
of its community.



extra careful (Needham et al 1988),. It should be recorded, reiterated and remembered that due
to the swift and timely action of the Division of Biodiversity Protection of the Sri Lanka
Custom, this country was able to avert a major disaster that could have occurred due to the
importation of exotic “Bumble Bees” quite officially with the permission of the Dept. of
Agriculture to pollinate green house strawberries, in 1999 December.

It is also important to realize the crucial role that can be played by the Sri Lanka Customs
“Biodiversity Protection Unit” in the conservation of pollinators

National Plant Quarantine Service (NPQS) functioning under the Department of Agriculture.

The very basis of having a National Plant Quarantine Service for the protection of agro-
ecosystems from intruding or invasive biota (Seneviratne 1983 & 2012 and Jeyanandarajah
2012). Plant quarantine act is a legislative provision for implementing scientifically determined
measures to prevent the introduction of exotic pests, pathogens, planting materials, microbes
and invertebrates harmful to cultivated crops, forest species and the natural vegetation.

Although quarantine regulations exist in Sri Lanka, it is certain that the general public is
ignorant of the importance it plays in the national economy and conservation of biodiversity.
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5. Conservation Issues

There is a need to address pollinators and their conservation issues in existing acts and regulations. In
a practical conservation process the identification of threats are important factors. In PCAP the allocation
for conservation status and therefore understanding the definition and assessment of threat are important
areas. There were several specific identification of threats for the pollinators in the workshop on
Intemational Pollinators Initiative in Brazil 1998. At this workshop the experts recommended document
of ““ The frame work for action” submitted to COP-V for the recommendation. This is an important
general document has been made for the Pollinator Conservation and sustainable use.

¢ Global warming and climate change: The Global climate change appears to be contributing to a
mismatch between pollinators and plants. Distribution and phenology of many plants and animals
are biased in the directions from global warming. The flowering time for plants which are likely to
change in response to regional and global climate change. The plants and pollinators are responding
differently to climate change, potentially resulting in reduced reproductive success for both groups
and possible extinctions. The timing of flowering has become earlier, the abundance of some
flowers has changed, and the synchrony of plants and pollinators may be changing. It may be
assumed that the abundance and distribution of plants and pollinators in response to climate
warming is taking place. However, it stands to reason that no adjustments can be made without
proper understanding of the deviated processes. Plant-pollinator assemblage shows the overall
structure of pollination networks probably robust agamst perturbations caused by climate warming,
though debatable without proper data. :

o Habitat fragmentation: Habitats are dramatically changed by the human activities. Illicit felling,
damage by the forest fire, urbanization, developments, chena (shifting) cultivation are the process
cause by the habitat destruction common in Sri Lanka. Habitat fragmentation is directly affects the
nesting sites of the pollinators and declines the nectar producing flowers. Other than this some
pollinators exhibited specific plant-pollinator attraction the habitat fragmentation is severely affected.
Wetland filling is also a major issue in the Western Province. Forest fires annihilate honeybee
colonies (social bees) and other solitary bees in total.

¢ Agricultural practices: Mono-culture farming systems destroy habitats of many natural pollinators
on one hand and then deplete the food resources available for pollinators after the growing season
of single crop. Irrigation systems have been seen to create negative effects on bees that burrow or
nest underground.

e Pesticide pollution and Industrial chemicals: Chemical misuse is just one of the most potent
factors causing pollinator disappearances. At present use of pesticides worldwide for cultivation
vegetables, fruits and cereals have increased considerably. Now farmers got used to using diverse
pesticides in Sri Lanka even above the recommended dosages. Impact of insecticide application
on pollination services and the crop yields depends on the kind of pesticide, dosage, formulation
and timing of application. Herbicides are not usually directly toxic to bees and other pollinators,
but can have important impacts through eliminating larval host plants (weeds) for Lepidoptera or
reducing nectar and pollen for bees. Pesticides cause severe insects mortality also removing the
natural vegetation. Crane & Walker (1983) initiated the information network which has gathered
momentum since then however not adequate to contain the newer problems which are more
intensive.
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Honey hunting: Honey an important non-timber forest product of tropical Asia, has been obtained
through hunting as an ancient art but it has to be done in a sustainable manner (Beer & McDermott
1996, Knox 1681, Seligman & Seligman 1910). It can become sustainable only if they follow the
traditional methods, which are less harmful to the bees. However, honey-hunting need not be
practiced now as there are so many new methods in producing honey sustainably with manageable
honeybees.

Parasites and diseases: This is an important area where Sri Lanka Custom’s Bio diversity Protection
Unit can play an important role as already they have done several times in the past.

Alien invasive species: Alien invasive species affected the native pollinators and resulted food
resources competition.

Taxonomic impediment: Accurate genus and species identifications are essential for understanding
pollination. Identification of principal pollinators are severely hampered by a shortage of taxonomists
in developing countries like Sri Lanka. Taxonomic impediment is greater for invertebrate animals
than for vertebrates because of their greater diversity, abundance and small size,



6. Constraints for Conservation of Pollinators in Sri Lanka
However, for the convenience of the reader, this aspect can be broadly divided in areas.

‘e Lack of public awareness: Similar to all other environmental issues unawareness seems the major
cause among the general public in ignoring the importance of pollinators. This need to be rectified
at the very early stage and initially the public should be made aware of the importance of pollinators,
similar to the way in which several other environmental problems were settled; such as prevention
of burning of strew, prevention of stagnant water collection, etc.

o Non-inclusion in the school curricula: An important aspect in promoting public awareness is
through including the “issue” and at this instance the “importance of pollinators™ is not included
in school biclogy curriculum at a suitable stage. This can be done at several stages with the
consultation of the educational expert.

o Lack of funding for research studies: State scientific research funding agencies such as National
Science Foundation (NSF), National Research Council (NRC), Council for Agricultural Research
Policy (CARP) etc should include “pollinator or pollination studies” among the research priorities
taking into account the national importance of the issue. The scientific community should give
thought to some crucial issues such as, breaking down of the “Passion Fruit Industry”, “Gherkin
Cucumber Cultivation” which were direct foreign exchange earners and employment generators
from economic point of view. Then from the nature conservation point of view, the current “Bambara
or Giant Honeybee Problem” is an obvious case in hand. All these need serious scientific
investigation, rather than casual routine remedies which were mostly pesticide related, which were/
are disastrous in the long run. With proper scientific investigations it is possible to make even the
so called unmanageable “Solitary Bees” in to “Manageable Pollinators”. The guiding principles are
given in Krombein (1967) and several species of Osmia are now developed in Western countries for
this purpose (Bosch & Kemp 2001, O’Toole 2002, Punchihewa 2010 — personal experiences). The
Malaysians have developed techniques to rear Carpenter Bees for Passion Fruit Pollination
(Punchihewa 1995 — personal observation). What we need is sufficient funding and consistent
work.

o Destructive actions implemented by “State Officials” due to misunderstanding

It is opportunity to bring to the attention, some of the incidents of “Public Officials” in destroying
“Communal Nests of Bambaras”.

In 1998 as part of the preparation to receive, the British Royalty for the 50* independent day
celebrations, a large number of Bambara colonies in the “Temple of Tooth” were destroyed. These
Bambaras are the pollinators of the “Udawatte Kele Forest Reserve” next to the temple of tooth.

The destruction of Bambara colonies at Sigiriya is continuing even up to this day. Bambaras at
Sigiriya and other rocky sites between Iththegala (Southern most) to Pidurangala (Northern most)
which include Sigiriya in the middle, are the major pollinator of the forest of the “Low Land Plains”
in that vast region

¢ Non-implementation or disregard of the existing regulations
Please see under discussion in section “Legal and institutional aspects related conservation of
pollinators of Sri Lanka”. Therefore the importance of pollinator conservation should be reiterated
and reminded time and again , especially to NPQS and RoP so that in future every action these
institutions take, there is a deliberate component in pollinator conservation.
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7. Recommendations for the Conservation of Pollinators in Sri Lanka

_ Inthis respect the initiative taken by the Ministry of Environment (MEn) is highly commendable. Now
it is up to all of us in the scientific community to carry out and help in the initiative taken by the Ministry
of Environment. As the initial step MEn should liaise with other Ministries such as Agricuiture & Lands,
Irrigation & Water Management, Forestry, Wild Life, Botanical Gardens etc which are directly involved
with policies and actions involving land and plants to have demonstrated concerns on the conservation
of pollinators.

(i) Identification and integration of country-wide institutions involved in pollinator utilization and
conservation

Effective implementation of the action plan depends on the capabilities of relevant institutions.
The Ministries of: Environment, Agriculture, Plantation Industry, Mahaweli & Irrigation
Management along with The Departments of : Agriculture, Forests Conservation, Wild life
Conservation, Cgntral Environment Authority, Mahaweli Authority etc and the Universities have
to play vital role in pollinator conservation and their sustainable utilization.

The beekeeping promotional work done Department of Agriculture, Ministry of Economic
Development, Ministry of Irrigation and Water Resources Management which includes the former
Mahaweli Authority does a great indirect service by generating family income along with pollinator
and plant conservation. However the ecosystem services provided by pollinators have to be
understood properly and the pollinators deserve the appropriate respect. Moreover, there seem a
lack of understanding on the importance of pollinators in maintaining the
productivity level of agricultural lands and therefore the importance of protecting pollinators and
their habitats.

Therefore it is highly appropriate that to bring about a general understanding among all institutions
concerning land management, plant industry and or ecosystem services to share a common
understanding on the importance of pollinators and to give them their deserving position, at the
very beginning. In this regard three suggestions could be made, such as :

(a) Identification and integration of institutions that those utilize poilinators, or destroy
them or conserve them into main-stream pollinator conservation

{b) Identification and integration of state institutions that support research on pollination
ecology

(c) Identification and integration of non-governmental institutions that can influence
pollinator conservation

14



®

®

Identification and integration of institutions those that utilize pollinators, or destroy
them or conserve them into main-stream pollinator conservation

In general there was no concern for subject of “Pollination Ecology” at present or up until
very recent times. However, certain sectors such as Passion Fruit Growers in 1970s, Gherkin
Growers in 1980s and Strawberry Growers 1990s had isolated concerns for the importance
of pollinators in their crop production programs. It was only in 1999 it became an issue of
importance when a strawberry growing company imported “Bumble Bees” for the purpose
of poliinating their green houses (see later in the discussion). In early 1980s the oil seed
production program at Angunukolapellessa and vegetable seed production program at
Nuwara Eliya of the Dept of Agriculture suffered due to the deficiencies of pollination
inadequacies. However these were not remedied but considered as isolated and
unimportant incidences. Meantime heavy use of pesticides created a situation where
honey yields were progressively declining and eventually it became impossible to maintain
colonies of honeybees in many agricultural lands. The declination in honey yields had
another important implication where government was forced to take away the importation
taxes for honey. From one hand it reduced the government revenue and on the other hand
local honey producers were severely affected due to cheap imported honeys. However
lately, now the indigenous medical practitioners are of the view that imported honey are
not effective in there medicinal preparations. Therefore there is a general feeling that
imported honeys are not effective enough in indigenous medical preparations. This is a
way to promote local honeys and local bees; an ideal situation to explore positively for

- pollinator conservation, The Coconut growers have always felt the need for better

pollination of their crop and the CRI took a positive approach to rear honeybees in Coconut
lands. In the final analysis one can view these incidences (or problems) were due to the
lack of integration and understanding of the important sectors of the country.
Therefore the correctional measures lie in the re-integration of all these institutions on a
single theme of “‘Conservation and Utilization of Pollinators”, which is rather simple and
direct.

Identification and integration of state institutions that support research on ‘pollination
ecology’

Obviously there had been and there will be problems in pollination inadequacies sooner
or later. Therefore it is best that we work out the “pollination requirements” of crops that
require animal pollination and management of the pollinators to bring about adequate
pollination. Further, we have no proper idea about the “Economics” of crop pollination
and this will be a severe handicap in agricultural planning or even in national planning. As
such, it is imperative that all institutions that support or finance scientific research recognize
pollination ecology as an area of vital importance. It should be highlighted at this point
that as far as ecosystem maintenance is concerned where so many, perhaps in thousand
of species of plants are involved and there most potent pollinator, the Bambara Bees (4pis
dorsata) is currently under threat. Such unwarranted threat should be removed as soon as
possible. The removals of such unwarranted threats are only possible with proper scientific
investigation, which require uninterrupted financial help. Therefore MEn along with MED
should encourage NSF, CARP and NRC to give priority to research proposals that are
investigating problems in pollination and or pollination ecology.
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(¢) Identification and integration of non-governmental institutions that can influence
pollinator conservation

The Non Governmental Organizations (NGO) and as well as Private Sector land owners or
“Cropping Land Management” organizations too can play a key role in pollinator
conservation. This aspect had not been highlighted, at least in the past. In this category,
foreign donor organization such as FAO, USAID, GTZ, CIDA, NORAD, JICA, KOICAetc
are also included, as these organization support both government and non-governmental
organizations in development efforts particularly in agriculture and or foresiry. The
Government of Sri Lanka should inform them through MEn or MEA the importance of
pollinator conservation in their development programs.

(i) Building up of public awareness

Similar to all other environmental issues, unawareness seems the major cause among the general
public in ignoring the importance of pollinators. This situation needs to be rectified at the very
early stage. Initially the MEn will work along with MPA, PC, MEd etc to bring about a consciousness
among the government officials. Similar the public should also be made aware of the importance of
pollinators through them.

» National Awareness Campaign - We reiterate the point, the education of the public as the

L

most important and potent tool in solving all national issues of all magnitudes, including
“Pollinator Conservation™ program. The following are suggested for inmediate implementation.

Through media : Two aspects are suggested for inmediate implementation. Involvement of
Private Sector by Media should be encouraged to highlight processes (and perhaps problems)
pertinent to pollination. One effective way may be by offering “Tax Reliefs” to private sector
organization who would undertake to perform mass media campaigns promoting “Pollinator
Conservation”, either through electronic or conventional means. '

Publications : By posters, books and booklets on the importance of Pollinator
Conservation and their conservation for country wide publicity. It would be prudent to
follow some of the already published material elsewhere (Else ef a/ 1979, US Botanical Gardens
2004). Japanese Beekeeping Association has produced, perhaps one of the finest publications
which included 501 plants in Japan with their palynology, pollination and importance for
apiculture (Eto, 2005).

The Posters and Booklets suggested in above it becomes reality be distributed in  all schools
as well as government institutions in the country.

“Pollination Ecology” in the educational curricula

The educational process should start at primary educational and going up to University and
beyond. This is nothing new, when we take a simple issue like plant or animal biology (Raven
& Johnson 1992, Taylor et al 2005). Incorporation of Pollination Ecology as part of school
biology curriculum with emphasis on simple home garden based observations. However, the
subject of “Pollination Ecology” should be included at appropriate level to trigger the interest
of initially young students at primary level developing up to secondary level and beyond.
This can be done at several stages with the consultation of the educational experts, at
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primary stage as “‘nature watching or flower watching” and at GCE (OL) and GCE(AL) stages
as essential part of plant reproductive biology and animal plant relationships or ecosystem
services. This can extend to University education as well. Obviously, in depth studies on
pollination ecology will have to be carried out at University level and or with specialized
research institutes and therefore inclusion of pollination ecology in University curricula will
be an important entry point for furthering the cause.

Thus the MEn should also liaise with Ministry of Education with regard to including pollination
ecology in school curricula at this very early stage of policy development.

Preparation of educational materials : An important and lasting supporting service will be
the availability of educational material on “Pollination”. These should be made available at
several stages in several different ways, such as educational publications (eg. books etc).
Therefore, MEn should make contacts with relevant research institutes and Universities to
mobilize professionals engage in pollination work to contribute to the publication of
educational materials. It may be appropriate to reiterate the work of Darwin (1876) and Knuth
(1895) is still valid and referred almost all work on pollination even to this day.

Conservation of pollinators and utilization

Some rewards to farmers for handling traditional knowledge agricultural practices and
beekeeping activities etc and for its sustainable utilization.

In-situ Conservation of pollinators
Conservation in public sites

This in particular refers to the conservation of Giant Honeybees or Bambaras (4pis dorsata)
nesting sites located in public places such as large trees and rocks near roads, buildings etc.
For an instance Sigiriya rock is a well known example. Bambaras attack humans {or any other
animals) only when they are being threatened by an intruder as a matter of self defense that
comes naturally to them (or any other animal in a similar situation). These nesting sites are
naturally selected by them to pollinate the plants surrounding this location that require their
pollination service. Therefore by displaying facts about the importance of Bambaras and
their behavior we should protect these nesting sites, as oppose to the current practice of
treating them as a public menace which is in fact terribly wrong.

Conservation in agricultural sites

Obviously the most important anthropological aspect of pollination is the production of food
and fiber crops through farming. Without pollinators there will not be most of the food we
consume other than the wind pollinated cereals. Therefore, one does not need to over
emphasize on cropping-land or farming-land pollinators. However, there is something unique
about the honeybee pollinators in Sri Lanka. We have two other species honeybees (Apis
cerana or Mee Bee and Trigona iridipennis or Kaneiya Bee) that can easily be managed in
farm land and they can be kept permanently in a farm land (please see section 4.3 “Distribution
of Pollinators in Sri Lanka: the role of Honeybee or Social Bees” for details). Therefore,
promotion of beekeeping with these indigenous honeybees will be an essential part of
pollinator conservation and should be emphasized in all agricultural promotional work.

17



>

()

i)

Conservation in home gardens

Even though home garden is considered a separate entity for the convenience of discussion;
in a Sri Lankan context there is very little difference between home gardens and agricultural
sites where small farmers are involved. Small farmers manage most of the agricultural land
other than plantation crops.

Private sector involvement in pollinator conservation

Large tracts of land under plantation crops are managed by Private Sector. Among plantation
crops only Coconut flowers require pollination and fortunately many of the Coconut land
still receive adequate pollination. Fortunately many growers encourage beekeeping in their
plantations, knowing the direct benefits. Coconut Seed Gardens producing hybrid coconut
seedlings intentionally keep honeybee colonies for adequate pollination.

However, the large shade trees (mostly Albezia sp) in tea plantations, which have become
nesting sites for Bambara Bees should be of great concern for the pollinator conservation
groups. It was reported in media that Bambara bees nesting in these trees attack people using
the nearby roadways. This is inevitable and natural, if these bees are disturbed for any
reason, such as what happens at Sigiriya rock. The best course of action is to prevent such
unpleasant incidences are to educate people and demarcate Bambara nesting sites to caution
the people who come nearby. To elaborate on the baseless fear people have against Bambaras
is to analyze the situation at the famous “Temptle of the Tooth” {(Dalada Maligawa) in Kandy.
This temple is visited by several thousands of devotes daily and as part of the rituals loud
beating of the drums and burning of incenses etc take place. Many Bambara colonies nest on
exposed parts of the roofs and eves quietly without being disturbed. They will only be
agitated and caused to attack in defense if any of their members are crushed to death. This
can trigger-off a defense behaviour which causes them to attack any moving objects, animals
or humans. Therefore, the cautionary message should be “Not to Inflict Any Harm to Bambaras”
and to treat them with respect.

Then when considering solitary bees who often use plant stems (about 10mm in diameter) as
nesting sites; it is best to conserve the so called “weedy patches” which are their natural
habitats. In fact nest site provision with bundles of dried stems is 2 common practice in
encouraging solitary bees to build nests; so that solitary bee populations will be maintained
to pollinate the flowers which require them. Therefore, now the time has come to consider the
so called “weedy patches” as “pollinator nesting sites”.

Prevent destruction of pollinators due to the improper use of “Pesticides”

Usage of pesticides has become a standard practice in all types of agriculture. Unfortunately
the users often or perhaps always disregard the other beneficial organisms that are directly
affected or destroyed by these pesticides. Great majority of these organisms are small, therefore
ignored by the farmer but provide a great contribution in maintaining the well being or “the
good health” of the ecosystem concerned, without which no one can practice profitable
agriculture. Therefore, farmers should be educated to think about the ecological web and its
links to various organisms in a holistic manner rather than isolate to him/her self within his/
her own farm. Especially in a Sri Lankan context where farm sizes are relatively small and
therefore he/she cannot escape the influence of his/her neighbor and vice versa. Important
victims of the improper usage of pesticides are the pollinators. Therefore, then the farmers
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should be advised to think about the possible harm to pollinators by his action and to re-
schedule his pest control program to cause the minimal damage to pollinators. This is possible
only by giving adequate information by way of field data to farmers, which has to be generated
by pollination ecologists.

Legislation on Pollinator Protection

The legislation currently implemented on the safe use of pesticides should be modified to
accommodate the importance of pollinators and their protection, particularly the bees. Level
of hazard to pollinators and the “Pollinator Safety Use” should be included in the labels of all
pesticides (The Label is the Law). It is suggested that pesticides be divided into three groups
as far as toxicity to pollinators are concerned, such as;

o Highly toxic and dangerous
¢ Moderately Toxic and moderately dangerous
¢ Non-toxic or non- dangerous '

Redesigning the labels of pesticide containers to draw attention of users for pollinator
protection: In practice “The Label is the Law™, therefore the labels of pesticide containers
should carry special instructions how to use the contents with minimum harm to the
environment, particularly to the pollinators. Now there are instructions, the way in which
how the user should dispose the empty containers and most users (mainly farmers) follow
these instructions. Similarly there should be a strong message to alert the user to safe guard
the pollinating insects in the crop fields. Initially (at least for another 3 years) each pesticide
container should accompany a leaflet/brochure/pamphlet on the danger of pesticides to the
pollinating insects. ’

Mitigation of pollinator destruction through harsh agricultural practices

It is only a too well established fact that most destruction to pollinators was caused by harsh
agricultural practices. All steps taken to increase crop production had negative effects or set-
backs to pollinators. Therefore, it is time for all of us to think seriously and redesign the
current agricultural practices to be “Pollinator Friendly” and this can take several different
approaches, such as; ’

(a) Re-assessment of all agricultural practices with relevance to pollinator protection
(b) Protection of existing pollinator habitats
(¢) Establishment of new pollinator habitats
(d) Discouragement of mono crop agriculture and encouragement of multi crop farming

(a) Re-assessment of all agricultural practices with relevance to pollinator protection

Pollinator destruction comes not only from the use of pesticides. Especially with regards
to habitat destruction, it causes more destruction by way of destroying their offspring,
their food plants and nesting sites. These aspects need to be considered, from the time
of land preparation. It was habitual to consider any other plant other than the crop plant
to be a “Weed”. In fact any plant out of place was or perhaps still “is” considered a
“Weed”. Weed competition and reducing the competition is undisputedly accepted fact
in good farming. Therefore, all other plants that do not compete with the crop plants
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should be maintained because many provide ideal habitats for pollinators and perhaps
for other beneficial animals (mostly insects) such as parasites and predators of crop
pests. Therefore it is time now to include “Pollinators™ as beneficial insects and to have
a “legitimate” concern for them and protect them as much as possible in all agronomic
practices.

(b) Protection of existing pollinator habitats: The so called “wasteland” or non cropping
land should be considered as refuge or sanctuary for pollinating animals (mostly insects).
Such sanctuaries are maintained with a “genuine sympathy” for the pollinators and this
attitude be re-introduced to the farming culture. Traditionally pollinators were considered
important as part of the ecological web even though the word “pollinator” was not used.
Therefore all state agencies should emphasize pollinator habitat protection in their work
agenda.

(c) Establishment of new pollinator habitats: Along with section above, this aspect should
also be considered. Fallow or uncultivated fields may also benefit the farmers by way of
providing temporary refuge for poliinators and this aspect be considered in all farming
situation as much as in “organic” farming practices.

(d) Discouragement of mono crop agriculture and encouragement of muiti crop farming:
Obviously the best habitats for pollinators in agricultural land are found in mixed crop
farming situations. Under such circumstances, the pollinator habits are created in the
crop land itself. The financial benefits and ecological suitability of mixed farming is
widely accepted and “Pollinator Refuge” is another aspect to encourage the approach,

(ix) State commitment

State commitment can only be seen through the willingness of the state to fund professional
positions in relevant state departments and sufficient funding for these professionals to
function effectively and efficiently. As the initial step a specific officer (Pollinator Conservation
Officer®) concerning all affairs in “Pollinator Conservation” be appointed at the Ministry of
Environment. One of the important functions of this officer will be to keep a check on the
incidences of “Pollinator Destruction and Pollinator Habitat Destruction” taking place
countrywide. This officer will also liaise with other relevant ministries (Agriculture, Irrigation,
Education, Science, Economic Development etc) in fostering the programs of those ministries
towards pollinator conservation.

e “Pollinator Conservation Censultative Board”

The MEn has been formed a consultative board to seek advice on the ways in which, the
ministry should work towards the conservation of pollinators and to gain their support to
implement “Pollinator Conservation™ either in pollinator utilization or pollinator destruction,
perhaps even without they knowing it directly or acting deliberately. This is true for all
institutes handling agriculture or forestry. Therefore this board can act in a manner to
bring about recognition to “Pollinator Conservation” as a national program, which is
implemented by many agencies deliberately. Further, this board can catalyze the integration
of many state institutions pollinator conservation.

¢ This is nothing new. For an instance there are “Soil Conservation Officers” in the public service.

7 Monitoring the incidences of Bambara attacks on public and attempts of destruction of Bambara colonies and their
nesting sites in the island, As an example the “Sigiriya” is a common topic in this respect.
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e Appointment of a Panel of Experts to advice the Ministry of Environment

Ministry of Environment should therefore appoint a panel of experts to evaluate the
“Environment Impact Assessment” of each and every pesticide already in use and to be
approved and used in future. The experts should be provided with facilities to conduct the
needed investigations by the MEn. The RoP should therefore be in regular liaison with the
MEn.

e Registrar of Pesticides (RoP) and NPQS functioning under the Department of
Agriculture (DoA)

As far as pollinator conservation and protection is concerned, the sphere of influence of
the RoP, is far beyond the modus operandi of the Department of Agriculture (DoA). It is
a world renowned fact that chemical pesticides alone had caused so much destruction to
the biota® of the world as documented by the classical work of Rachel Carson and others
later (Carson 1962, van den Bosch 1978, Perkins 1982). Pollinator protection had not been
considered an important issue in environment protection (McEven & Stephenson, 1979).
However, insect poilinators which consists mostly bees (Superfamily Apoidae) in particular
faced devastating direct and indirect ill effects and precautionary measures were suggested
(McGregor 1976, Johansen & Mayer 1990).

Therefore, the RoP should make available, the relevant sections of the Test Reports®to the
Ministry of Environment. Ministry of Environment in turn should seek the views and
comments of experts appointed for the purpose of environmental impact assessment
evaluation. The approval for the use of a pesticide should only be allowed after receiving
clearance from the Ministry of Environment.

Thus an important aspect in the strengthening of National Plant Quarantine Services
should be to create an awareness and sense of responsibility in the public of the importance
of Phytosanitary Certificate and import permits over the movement of plants, planting
material, beneficial organisms for soil fertility and pollination.

An analysis of risk should be made of the living organisms imported. Risk analysis is a
thought process whereby the entry of plants, plant products, cargo, baggage, mail, etc. is
based on the calculated risks inadvertently introducing hazardous pests, pathogens and
menacing organisms on these items as moved by man.

To reiterate and stress the point of view again, for National Plant Quarantine Services to
be fully effective, team work is essential. It is time now to include pollinators as an essential
part of all agro-ecosystems and take protective actions accordingly. Therefore in this
respect NPQS must be established close co-operation between custom officials with the
Biodiversity Protection Division of the Sri Lanka Customs in protection our agro-
ecosystems and various places of importation and exportation. This may be achieved by
way of common in-service training to officials of both institutions.

% The total complement of animals and plants in a particular area.

% Usually a test report of a particular chemical consist of about 100,000pages which include the environment impact
assessment studies.
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o Involvement of Relevant State Agencies

The state Ministries such as Agriculture & Lands, Irrigation & Water Resource
Management, Economic Development, Forestry, Wildlife Conservation etc should include
a statement announcing their commitment to the conservation of pollinators in all there
development programs. May this be in the use of chemical pesticides, land fragmentation,
habitat destruction, and infrastructure or physical development the concerns for pollinator
and their habitat protection should be a mandatory.

e Protected Area Network

Already we have Departments of Wildlife Conservation, Botanical Gardens and Forests.
Pollinator Conservation should be included in the programs of these state departments as
a mandatory requirement :

(x) Funding Research Programs

The Ministry of Environment should liaise with the Ministry of Finance to secure enough
funding each year for programs related to pollinator issues. Later these funds be disbursed to
maintain' MEn relevant staff and pollinator related programs elsewhere within the state
machinery

(xi) National Pollination Ecology (Palynological) Inventory

It is suggested that Ministry of Environment consider establishing “National Palynological
Inventory” and the following is suggested for consideration.

* Floral Inventory

Perhaps the best possible way to build this is to work with the “National Herbartum”
which comes under the Dept of National Botanical Gardens. There are two major topics
that should be covered under this. Such as the Pollen Inventory and Plant inventory (see
below for details).

® Pollen Inventory

A proper palynological facility should be installed at the “National Herbarium” with proper
funding for equipment and staffing.'® Similar to national herbarium collection there should
be the paralle} collection of “voucher specimens” of all pollen types of the Sri Lankas’
fauna. Then in future any one will be able to use it as the reference point. More over now
“Pollinator Conservation™ has become a national issue, “Palynological Facility” is
mandatory for the conservation of pollinators. In this regard an exemplary work comes
from Malaysia, a country very similar to us agro-ecologically on the pollen spectrum of
the same honeybee Apis cerana (Kew & Muid 1990). We should follow suit as soon as
possible.

% A rudimentary “Palynological Facility” is already established at the National Herbarium with the collaboration of Dr
DSA Wijesundara, Director General of the National Botanical Gardens with equipment borrowed from University of
Ruhuna (Faculty of Agriculture) and a Microbiologist/Microscopical Expert Dr P Jeyanadarajah, agreeing to work on a
voluntary basis. These ad hoc measures may not be sufficient and effective in the long run.
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® Plant Inventory

It is an encouraging coincident that when Mr HF Macmillan, perhaps one of the greatest
superintendents of the Royal Botanical Gardens, Peradeniya published its first edition in
1910, he included a section of flower visiting insects and honeybees (Macmillan, 1943).
Over a century a ago, this visionary realized the importance of pollinators and up to us
now to take it to the proper place in Science and National Policy in a Sri Lankan context.

With the establishment of “Palynological Facility” and with the data generated from this
facility; it is suggested to include the information in the future editions of the “Flora of
Ceylon” (Dasanayake & Forsberg 1976-2002). As an ad hoc measure “Anthophilous Faunal
Data” are constantly up dated with the available information for anyone to make reference
or to use. The “Pollinator Conservation Officer” , if appointed by the Ministry of
Environment be made responsible for up-dating the information with the consultation of
the group members.

* Faunal Inventory

Faunal Inventory be made in consultation with the “National Museum” fauna collection.
Already our national collection is available with “The National Museum” and it is up to us
in the pollinator conservation group to make references to the Insects, Birds, Bats etc in
the “National Collection”. The “Pollinator Conservation Officer” should liaise with the
National Musemum for up-dating the information.

eg.- Establish inventories of birds and mammals!! that are important in pollination."

"' For both birds and particularly for mammals there is a vast vacuum in lack of observational and or empirical data.

12 The common and popular vegetable Murunga or Drum sticks often pollinated by sunbirds (Nectarinia spp) and long
tongued large bees (Xylocopa spp) or carpenter bees. Provision of Carpenter bee nesting sites is an important aspect in
effective the pollination of many legumes and passion fruits. Usually carpenter bees are considered a pest!
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8. Action Plan

The action plan is based on the relationships of pollinators to sustainable livelihood because of their
direct links to food production and ecosystem regeneration through plant reproduction. Pollination
followed by fruit set and seed set are integrally linked to biodiversity conservation because many
plants have unique pollinators. The general lack of awareness about ecosystem services and their value
and why pollination is important both to conservation and sustainable agriculture needs to be conveyed
more effectively by scientists to broader audiences in the policy arena and public. Further, pollinators

. are small animals that rarely appear on the policy maker’s agendas. Yet the challenge to protect them and
to ensure stable and lasting pollinator-plant relationships are important to the survival of human beings
and the ecosystems on which we depend.

Scientists and Researchers should convey efficiently and effectively the role of pollinators in an
ecosystem, their importance in biodiversity conservation, in sustainable agriculture and also in the
production of food items through their life styles. The awareness created by this activity may compel
the authoritative policy makers to take positive action to protect pollinators by enacting rules and
regulations and allocating funds for the purpose; the general public may become sensitive to the
conservation of pollinators and protect them. Thus, a good policy, necessary funds, committed,
skilled research team, and nature concerned general public combined together would achieve profitable
results.

Table 2: List of actions based on issues & objectives

Identification of country-wide institutions involved in pollinator utilization and conservation

Actions Responsible Institutions Time
(Affiliated Institutions) Frame
i. Identification of institutions that the utilize MEn 3months

pollinators, or destroy them or conserve them (DOA,
DMEC, DWLC, FD, MA, MIWRM,

MPI, DOArch, CT, MRA, CRI, RR],

that can influence pollinator conservation

TRI, PC)
ii. Identification of state institutions that support | MEn 3 months
research on pollination and or pollinators
iii. Identification of non-governmental institutions MEn, MEA, MSS 3 months

National capacity building on importance of pollinators and their conservation

in School, Agricultural Collages and University
curricula.

(MEd, MHEd, MA, DOA, DMEC,
CRI, All Universities)

i. Establishing “Public Awareness” on the MEn continuously
importance of pollinators
ii. Inclusion of “Pollination Ecology” as a subject | MEn 3yrs
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Actions Responsible Institutions Time
(Affiliated Institutions) Frame
iii. Preparation of a information leaflets MEn continuously
(in all 3 languages) on “Importance of (MEd, MHEd, MoP4)
Pollination and Conservation of Pollinators”
for distribution among schools and government
institutions/offices. ”
iv. Pfcparation of displays to an importance of MEn ! continuously
“pollinators” for general public.
v. Funding the publication of books on MEn contingously
pollination ecology
Conservation of pollinators and utilization
i. Conservation in public sites MEn, 5 yrs
MPI, DOArch, CT, DBG, MCA,
MBRA MBGPR,MWLC
ii Conservation in agricultural sites MEn, MA, MPI, MIWRM 5 yrs
iii Conservation in home gardens MEn, MA, MIWRM S yrs
iv Private sector involvement in pollinator MEn, MED, MPI, CC continuously

conservation

v. Prevent destruction of pollinators due to
the improper use of “Pesticides”

MEn, MA, DOA, RoP, MH

continuously

vi. Redesigning the labels of pesticide containers MEn, MA, DOA, RoP | yfs
to draw attention of users for pollinator
protection
Mitigation of pollinator destruction through harsh agricultural practices
i. Re-assessment of all agricultural practices MEn,
with relevance to pollinator destruction MA, MPI, MIWM, All Universities 3yrs
ii. Protection of existing pollinator habitats MEn, MA, MPI, MIWM 3yrs
iii. Establishment of new pollinator habitats MEn, MA, MPI, MIWM 3yrs
iv. Discouragement of mono crop agriculture and MEn, MA, MPI, MIWM continuously

encouragement of multi crop farming

Conservation of pollinators through legislation

i. Prevention of importation of exotic pollinators

MA, DOA, NPQS, SLC

continuously

ii. Prevention of introduction of hazardous
organisms to pollinators

MA, DOA, NPQS, SLC

continuously

25




Research and development

Actions

Responsible Institutions
(Affiliated Institutions)

Time
Frame

i. Funding studies on pollination ecology

MEn, CARP, NSF, NRC, MA, MPI,
All Universities

continuously

ii. Building up pollinator (fauna) inventory MEn, DNM, 3 yrs
iii. Building up pollinated (flora) inventory MEn, DBG, 3 yrs
iv. Establishing national palynological facility MEn, DBG 2yrs
Pollinator monitoring

i. Establishing pollinator monitoring sites MEn (MA, MPI, MWLC, DBG) 3 yrs

Internationalization of pollinator conservation

present the data on pollinator conservation

i. Collaborative work within the international - MEn, , MEA continuously
eco-Zones

ii. Collaborative work internationally MEn, MEA continuously

iii. Organization of seminars and conferences to MEn, MEA continuously

Other priority Actions :

1. To bring about a nationwide understanding of the importance of pollination service and animal
pollinating agents for the maintenance of our ecosystem.

2. All state farms and particularly horticultural, export crops and those that are engaged in seed
production to have pollinator conservation and utilization program as a permanent feature of the

crop production program.

3. In all National Botanical Gardens, Medicinal Plant Gardens and Wildlife Sanctuaries “Bambara®
Trees and Rocks” are specifically marked to draw the visitor attention about their migratory habit
and its national importance in maintaining our natural ecosystem.*

3 Where theose Giant Honeybees or Bambara (4pis dorsata) periodically build their nests during the annual migratory

cycle.

14 Jt should be mentioned that in Hortan Plains the flowering of several species of Nelu (Strobilanthes spp) have been

brought to the attention of the visitors, which is a positive step in the correct direction. However, the most important
flower visitors and pollinators are not mentioned, which are the Bambara Bees. This trend should be multiplied and or
replicated in all other places with the proper emphasis on pollinators as well. That will be an important take home

message for all visitors.
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10.

1.

12.

In all National Botanical Gardens every plant is identified with reference to the pollinating agent as
well."® Specifically if any particular plant in question is using the services of a specialized pollinator
for its seed production. (see also 09 below)

The medicinal plant gardens established all over the country should also have a notice along with
the plant name about the pollinators of all medicinal plants maintained in the gardens.

Encouraging all schools, where ever possible'to have apiaries!” and butterfly gardens along with
the general “School Garden”.

I
Establishing inventories of “fruit bats” nesting sites and making them known to general public (see
Foot Note 3).

Availability of sufficient funding for studies related to pollination in general and for the conserv;ition

of threatened species.'®

Pollinator studies should be considered a long term project and therefore in the scenario of present
enthusiasm for conservation, it should be undertaken to revise the “Flora of Ceylon” to include the
pollination mechanism of each and every plant in this important document. In the alternate as a
priority, at least the prominent members of each plant family should be made known with it breeding
mechanism.

Establishment of a Research Fund for studies on pollination mechanisms of all important plants (or
families) as an integral part of the “Pollinators Conservation Action Plan”.

Build up relationships with organizations outside Sri Lanka for the exchange of information on
pollinator conservation.?®

Holding an annual conference of all parties working on polilination and or pollinator conservation, as
an annual “Status Review?®” attempt with the participation of foreign organizations. Biodiversity
Secretariat of the Ministry of Environment will take the lead in organizing this conference. The
proceedings be published in all three languages; where a lay person can read and understand t:he
contents and its relevance to poliinator conservation.

Availability of funds from the state for local pollinator protection activists to attend international
conferences on pollinator conservation..

1s

20

However, lack of proper data may hinder the program. Understanding of proper pollinations mechanism through
scientific investigations can only supply justification.

Specially in schools situated in rural areas (as oppose to urban schools that have no space for gardening etc)

Place where honeybees are kept. Beekeeping as an integral part of the home gardening and nature conservation
programs already in practice.

Either host plant or the pollinator. However, lack of any studies to generate the needed data is a major problem. To
build up the data base; “pollination ecology™ should be incorporated in University biology curriculum. For that reason
the Universities should be encouraged to take up the issue systematically, perhaps as part of genetic conservation and
or plant reproduction systems.

There are so many organizations that are dedicated for pollinator conservation and presently they have very effective
websites. For an instance, “BuglLife: invertebrate conservation trust of UK”, The Xerces Society for Invertebrate
Conservation in USA (www.xerces.org) are some examples.

Ideally with visits to some of the impressive field research sites if available during the conference.

27



9. Indicators for regular monitoring

Pollination ecology in spite of being an old science, however lack any empirical evidence for proper
monitoring of the “health” of the existing pollinators. Monitoring of pollinators through conventional
techniques of insect capture such as “Malaise Trap” may be effective. However, as the initial step,
monitoring and demarcation of “Bambara Trees” and other “Bambara Nesting Sites” are suggested as
a simple and a practical measure. Similarly the nesting sites of “Nectar Feeding Bats” should also be
demarcated and protected. Trap nesting (Krombein 1967), a rather simpie technique for solitary and
semi-social bees be encouraged in all agro-ecosystems as a routine measure. Similarly food plant
cultivation for Lepidopteron pollinators should also be encouraged where some of the food plants are
in fact used in indigenous medicine. Itis obviously highlight the synergisms brought about by maintaining
the well coordinated programs for “Pollinators of Plants” and “Food Plants of Pollinators”. Perhaps the
best manual published in recent times such as that of Dafni et al (2005) can be a valuable guide for both
these separate projects. Particularly, the Departments coming under the Ministry of Agriculture should
encourage the “Nesting Site Provision” for other two species of home garden pollinators, Mee Bee
(Apis cerana) and Kanaiya Bees (7rigona irridipenis). There is a high possibility of using honeybees
as pollinator / ecosystem health indicators (see Section 4.4 above). Here again, it is reiterated that
various scientists be given the opportunity through research grants/projects to close these wide gaps
in our understanding of pollinators where we will be able to develop more reliable and empirical measuring
and or monitoring techniques.

“Long live pollinators and humans in harmony”
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Appendix

(1) Research/Study : (i) Floral reprodcutive biology of Xylopia championii (Annonaceae) (2004)

(i) Pollination ecolo gy and breeding system of Xylopia championii
(Annonaceae) : curculionid beetle polination promoted by floral scents
and elevated floral temperature(2007)

(i) Reproductive biology of two sympatric species of Polyalthia
(Annonaceae) in Sri Lanka I (2006)

(iv)y Reproductive biology of two sympatric species of
Polyalthia(Annonaceae) in Sri Lanka II Breeding systems and
. population genetic structure ’

(v) Pollination of Polyalthia korinti, P, coffeoides and Xylopia champinonii
(Annonaceace) by Endaeus species (Coleoptera : Curculionidae) in wet
tropical forests of Sri Lanka (2004)

Researcher’s Name/s : R.M.C.S. Ratnayake, LA. U. N. Gunatilleke, D.S. A. Wijesundara and
R.MK. Saunders

(v) Phenology, pollination ecology and breeding system of Polyalthia
korinti, P. coffeoides (Annonaceae) in Sri Lanka (2005)

Researcher’s Name/s : R.M.K. Saunders, S. Ratnayake, LA. U.N. Gunatillékc, D.S. A. Wijesundara

Pollinator/s CN & SN : Endaeus weevils/mos@8as? : (Coleoptera : Curculionidae) *
Carpophilus plagiatipennis (Coleoptera : Nitidulidae) #

Plant CN & SN - o) - Xylopia championii (*)
[0 - Polyalthia coffeoides (*) (#)
8ot/ cdemsiy - Polyalthia korinti (*)
(2) Research/Study : Insect pollination of tea (Camellia sinensis) in Sri Lanka(1985)
Researcher’s Name/s M.R.T. Wickramatatne and S.I. Vitarawa

Pollinator/s CN & SN : Flies/ ®edess( improve cross pollination)
Dipterans (60 —90 % insects)
Hymenoptera ( 2 — 16 % insects including 0.15% Apidae
( Bees/ & ®1¢edesn - improved self pollination)

Plant CN & SN ;. Tea/ow! : Camellia sinensis
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(3) Research/Study

Researcher’s Name/s

Pollinator/s CN & SN :

Wasps/ e¢ad
Beetles/so188wx?

Plant CN & SN

(4) Research/Study

Researcher’s Name/s

Pollinator CN

SN of bee species

Amegilla comberi
Lasioglossum amblypygus
Nomia crassipes

Amegilla comberi
Amegilla puttalama
Amegilla scintillans
Apis cerana

Amegilla scintillans
Ceratina binghami
Creatina hieroglyphica
Hoplonomia westwoodi
Thyreus histrio

Ceratina binghami
Amegilla comberi

Reproductive ecology of Syzygium rubicundum (Myrtaceae) in
selectively logged forest in Sinharaja World heritage site

Elizabeth A. Stacy, Selvadurai Harischandran, and I.A. U. N. Gunatilleke

Bees/ & ®1edesa: Apis dorsata, A. ceranaindica (cross Pollination improved)
Megachile bicolor, Trigona iridipennis, Braunsapis spp., Ceratina spp.,
Halictus spp., Hylaeus spp., Nomioides spp.

Vespa spp.

. Ditoneces pubicornis and Sphaerotrypes spp.

88ac1/w00/51®8a188w  : Syzygium rubicundum

Floral relationships of bees in selected areas of Sri Lanka

W.A. Inoka P. Karunaratne, Jayanthi P. Edirisinghe and C.V.
Savithri Gunatilleke

Bee/ & ®1cden

CN of host plant SN of host plant Family
Katu ikili/iodeS8 Acanthus ilcifolius Acanthaceae
Chinease violet Asystasia chelonoides

Plume flower Jacobina tinctoria

Sudu puruk Justica betonica

aeaded
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SN of bee species CN of host plant SN of host plant Family

Amegilla comberi Mayani Justica procumbens
Apis cerana

Austonomia krombenini
Austonomia spp.

Heriades binghami
Hoplonomia westwoodi
Lipotriches edirisinghei
Lipotriches pulchriveriches
Maynenomia spp
Megachile hera

Megachile umbripennis
Nomia crassipes

Apis cerana Strobilanthes sexennis
Apis dorsata
Hoplonomia westwoodi

Apis cerana Mukunu wenna Alternanthera sessilis  Amaranthaceae
Apis florea gt
Austronomia notiomorpha

Austronomia krombeini

Braunsapis spp.

Ceylatictus cereusHalictus

lucidipennis

Hoplonomia westwoodi

Leuconomia spp.

Lipotriches fulvinerva

Lipotriches edirisinghei

Nomia crassipes

Sphecodes biroi

Trigona iridipennis

Braunsapis spp. Glove amranth Gomphrena sp.
Ceratina hieroglyphica
Lastoglossum alphenum

Austronomia krombeini Thampala/m®ese Nothosaerva brachiata

Apis cerana Amba/g® Mangifera indica Anacardiaceae
Trigona iridipennis

Trigona iridipennis Amberella/g:®adde Spondias dulcis

Lasioglossum vagans Sword leaf plant(aquatic) Apon;geton natans Aponogetonaceae

Trigona iridipennis
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SN of bee species CN of host plant

Braunsapis mixta Kekatiya spp./emm8us
Braunsapis spp.
Ceratina binghami
Apis cerana Pol/ewsc
Trigona iridipennis
Amegilla comberi Wara/®ds
Amegilla fallax

Amegilla violaceae

Xylocopa fenestrata

Xylocopa tenuiscapa

Katu nerenchizo
S8

Halictus lucidipennis

Apis cerana

Braunsapis spp.
Ceratina hieroglyphica
Ceratina spp.

Halictus lucidipennis
Halictus lucidipennis
Lasioglossum carnifrons
Pachyhalictus spp.

Hulan talagcene

Wel tea cola
0@ o e

Apis cerana

Ceratina binghami
Ceratina hieroglyphica
Halictus lucidipennis
Heriades binghami
Lasioglossum alphenum
Lasioglossum amblypygus
Lasioglossum bidentatum
Lasioglossum carnifrons
Lasioglossum spp.
Leuconomia spp.
Nomada priscilla
Gnathonomia nasicana
Pachyhalictus spp.

Lasioglossum alphenum
Lasioglossum aulacophorum
Lasioglossum carnifrons

Kapuru malsgo; 8¢
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SN of host plant Family
Aponogeton spp
Cocos nucifera Arecaceae
Calotropis gigantea Asclepiacaceae
Acanthospermum Asteraceae
. hispidum

Ageratum conyzoides

Bidens pilosa

Chrysanthemum segtetum



SN of bee species CN of host plant

Apis florea
Austronomia krombeini
Braunsapis spp.
Ceratina binghami
Ceratina hieroglyphica
Halictus lucidipennis
Heriades binghami
Leuconomia spp.
Lipotriches exagens
Lipotriches fulvinerva
Pseudapis oxybeioides

Braunsapis spp.
Lipotriches comperta

Lasioglossum alphenum
Nomada priscilla
Nomada spp.

Daisy fleabane

Lasioglossum carnifrons " Hairy cat'sear

Megachile hera Silk leaf

Lasioglossum alphenum Pupula
Lasioglossum carnifrons
Lasioglossum alphenum

Lasioglossum carnifrons’

Dahaspethiya mal
qotseetion

Apis cerana

Apis dorsata

Apis florea

Ceratina hieroglyphica
Halictus lucidipennis
Trigona iridipennis

Kurunegala daisy
[ores0C o808

Apis cerana

Apis florea
Braunsapis mixta
Ceratina binghami
‘Ceratina hieroglyphica
Halictus lucidipennis
Megachile hera
Megachile vigilans
Megachile nana
Thyreus histrio
Euaspis edentata
Thyreus takaonis

12 -CM 016824

Aquatic weed plant

SN of host plant

Eleutheranthera ruderalis

Emilia alstonii

Erigeron karvinskianus

Hypochoeris radicata
Lagascea mollis

Psiadia ceylanica

Senecio ludens

_ Tagetes spp.

Tridax procumbens

. Family



SN of bee species CN of host plant

Austronomia sp. Monarakudumbidya

Braunsapis mixta O IAT)
Braunsapis sp. '
Ceratina binghami
Ceratina hieroglyphica
Ceratina sp.'

Coelioxys capitata
Coelioxys confusus
Coelioxy's sp.
Gnathonomia nasicana
Halictus lucidipennis
Heriades binghami
Lasioglossum kandiense
Lasioglossum sp.
Leuconomia spp.
Lipotriches fulvinerva
Lipotriches edirisinghei
Megachile hera
Megachile nana
Megachile umbripennis
Megachile vigilans
Namada wickwari
Nomia crassipes
Pachyanthidium sp.
Pachyhalictus sp.
Pseudapis axybeloides
Sphecodes biroi
Thyreus insignis

Apis cerana Moodugam palu
Braunsapis mixta ool og
Ceratina hieroglyphica

Trigona iridipennis

Apis cerana Jewel weed
Lasioglossum vagans

Trigona iridipennis

Gnathonomia nasicana *Timber

Apis cerana Katupathok/zgesemns

- SN of host plant

Vernonia cinerea

Wedelia biflora

Impatiens spp.

Cordia aublettii

Opuntia dillenii

Family

Balsaminaceae

Boraginaceae

Cactaceae



SN of bee species

Apis cerana

Apis florea

Braunsapis sp.
Ceratina hieroglyphica
Halictus lucidipennis’
Hoplonomia westwoodi
Patellapis sp.

Psudapis oxybeloides
Trigona iridipennis

Trigona iridipennis
Lasioglossum carnifrons

Apis cerana

Austronomia krombeini

Austronomia notiomorpha

* Austronomia sp.
Leuconomia spp.
Lasioglossum sp
Lipotriches exagens

_Lipotriches pulchriventris
Nomia crassipes

Braunsapis sp
Amegilla comberi

Apis cerana
Austronomia krombeini
Austronomia sp.

Nomia crassipes
Gnathonomia nasicana

Ceratina hieroglyphica
Lasioglossum serenum
Lithurgus atratus
Tetralonia sp.

Apis florea

Ceylalictus sp.
Halictus lucidipennis
Pseudapis oxybeloides

Apis cerana
Braunsapis mixta
Braunsapis mixta
Halictus lucidipennis

CN of host plant
Wal aba/oc a®

Papol/eieend

Girapala/8ds oc

Longlive day flower

Medicinal plant

Vishnu kranthie
Bdeq 150535
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SN of host plant Family
Cleome viscosa Capparidaceae
Carica papaya Caricaceae

Commelina diffusa Commelinaceae

Commelina kurzii

Cyanotis arachnoidea
Cyanotis axillaris

Argyreia populifolia Convolvulaceae
Evolvulus alsinoides

Evolvulus sp



SN of bee species CN of host plant

Apis cerana
Austronomia sp.
Ceratina binghami
Ceratina hieroglyphica
Patellapis sp.
Sphecodes biroi
Trigona iridipennis

Agamula nethi wel
gofconS ¢

Apis cerana

Ceratina hieroglyphica
Halictus lucidipennis
Lasioglossum serenum
Lipotriches exagens
Lithurgus atratus

Railroad creeper

Systropha tropicalis Pink morning glory

Ceratina sp. Tel kolalend emoc
Systropha tropicalis

Amegilla comberi
Amegilla fallax
Amegilla puttalama
Amegilla sp

Amegilla violaceae
Apis cerana

Apis florea
Austronomia krombeini
Austronomia sp.
Ceratina binghami
Ceratina hieroglyphica
Curvinomia formosa
Lasioglossum serenum
Lipotriches comperta
Lipotriches exagens
Lithurgus atratus
Pseudapis axybeloides
Tetralonia sp.

Thyreus ceylonicus
Thyreus takaonis
Trigona iridipennis
Xylocopa tenuiscapa

Kiri badw/88a¢,
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SN of host plant - Family

Cuscuta chinensis

Ipomoea cairica

Ipomoea carnea

Ipomoea denticulala

Ipomoea mauritiana

A\



CN of host plant
Tel kola/ end emic

SN of bee species
Ceratina hieroglypjoca

Mdu binthamburu
8o

Apis cerana
Austronomia krombeini
Ceylalictus taprobanae
Lasioglossum halictoides
Lasioglossum serenum
Lithurgus atratus

Systropha tropicalis Hawari madu/»888¢,

Systropha tropicalis Kiri madw/83 &g

Austronomia krombeini African moming vine
Braunsapis mixta
Ceratina hieroglyphica
Gratkonomia nasicana
Hoplonomia westwoodi
Lasioglossum amblypygus
Lasioglossum sp
Lipotriches edirisinghei
Megachile umbripennis
Amegilla niveocincta Aba/g®
Apis cerana

Apis florea

Braunsapis sp

Ceratina binghami
Ceratina hieroglyphica
Ceratina sp

Halictus lucidipennis
Lasioglossum amblypygus
Lasioglossum carnifrons
Leuconomia sp
Lipotriches edirisinghei
Patellapis sp.
Lasioglossum alphenum
Apis cerana

Megachile hera

Trigona iridipennis

Rabu/cog)

Apis cerana Kekiri/z 53

Ceylalictus taprobanae
Trigona iridipennis
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13 - CM 016824

SN of host plant Family

Ipomoea obscura

Ipomoea pes-caprae

Merremia tridentata
Merremia umbellata

Xenostegia tridentata

Brassica juncea Cruciferae/
Brassicaceae

Raphanus sativus

Cucumis melo Cucurbitaceae



SN of bee species CN of host plant

Apis cerana Pipincha/B8efexz)
Apis dorsata

Apis florea

Ceratina hieroglyphica
Curvinomia formosa
Lasioglossum sp
Megachile conjuncta
Pseudapis oxybeloides
Apis dorsata Karawila/tos8¢c
Apis cerana

Apis florea

Trigona iridipennis

Xylocopa tenuiscapa

Loasioglossum serenum
Pseudapis oxybeloides
Braunsapis sp Diyapara/éwess
Patellapis sp

Trigona iridipennis

Tittaveralu
Bdmedsd

Apis florea
Trigona iridipennis

Megachile hera
Pseudapis oxybeloides
Trigona iridipennis
Amegilla fallax

Val tippili
O@ 8488

Amegilla sp

Apis cerana

Apis florea

Ceratina binghami
Halictus lucidipennis
Hoplonomia westwood
Lasioglossum sp
Nomia crassipes
Gnathonomia nasicana
Pseudapis oxybeloides

SN of host plant

Cucumis sativus

Momordica charantia

Fimbristylis eragrostis

Dillenia triquetra

Elaeocarpus amoenus

Croton hirtus

Croton officinalis
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Family

Cyperaceae

Dilleniaceae

Elaeocarpaceae

Euphorbiaceae



SN of bee species

Apis florea
Austronomia krombeini
Halictus lucidipennis
Hoplonomia westwoodi
Lasioglossum sp
Leuconomia sp
Lipotriches comberi
Lipotriches sp
Megachile nana
Nomia crassipes
Gnathonomia nasicana
Pachynomia sp

Psedudapis oxybeloides

Sphecodes crassicornis

Curvinomia iridescens
Patellapis kaluterae

Anthidiellum sp
Pseudoanthidium sp

Pseudapis oxybeloides

Xylocopa bryorum
Xylocopa ruficornis
Xylocopa tenuiscapa

Xylocopa fenestrata
Xylocopa iridipennis
Xylocopa tenuiscapa

Amegilla violacea
Curvinomia iridescens
Hoplonomia westwoodi
Nomia crassipes

Apis florea

Braunsapis sp

Ceratina binghami
Ceratina hieroglyphica
Megachile amputata
Megachile ardens
Megachile conjuncta
Megachile lanata
Megachile umbripennis
Trigona iridipennis
Xylocopa fenestrata
Xylocopoa tenuiscapa

CN of host plant

Mexican fireweed

Olu petta, Wal kekuna
Dz, codm/OE ewy®

Mudu awara/ g¢ 0
Ranawara/s9d

Kaha kona/zmwends

Pethi tora/ee8 emis

Hana/»»
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SN of host plant Family
Euphorbia heterophylla

Ostodes
zeylanica/
Fahrenheitia minor

Aeschynomene sp Fabaceae

Canavalia rosea

Cassia auriculata

Cassia spectabilis

Cassia tora

Crotalaria juncea



SN of bee species

Apis cerana

Ceratina binghami
Ceratina hieroglyphica
Ceratina sp

Megachile conjuncta
Megachile disjuncta
Megachile lanata
Xylocopa fenestrata

Megachile lanata
Nomia forosa
Xylocopa fenestrata

Megachile lanata

Apis cerana
Apis dorsata
Apis florea
Leuconomia sp

Apis cerana
Austronomia krombeini
Austronomia sp
Braunsapis mixta
Braunsapis sp
Ceratina hieroglyphica
Halictus lucidipennis
Gnathonomia nasicana
Pseudapis oxybeloides
Xylocopa ruficornbis
Xylocopa tenuiscapa

Hopolonomia westwoodi

Ceratina hieroglyphica
Hoplonomia westwoodiT
rigona iridipennis

Apis cerana

Apis dorsata
Braunsapis mixta
Ceratina hieroglyphica
Halictus lucidipennis
Trigona iridipennis

CN of host plant
Smooth rattle pod

Caracas rattle box

Wild tantan

Maha undupiyallie
®» cg8uB

Kona/ ez

Nil awari/S¢ 08

Kiri dambala88 ¢@¢c

Nidikumbas2:980
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SN of host plant Family
Crotalaria pallida

Crotalaria sp

Crotalaria micans

Desmanthus virgatus

Desmodium heterophyllun

Gliricidia sepium

Indigofera tinctoria

Lablab purpureus

Mimosa pudica



SN of bee species CN of host plant

Ceratina binghami Dara dambala/cad ¢®c
Heriades binghami

Hoplonomia westwoodi

Megachile lanata

Trigona iridipennis

Xylocopa tenuiscapa

Xylocopa ruficornis Mara/@:d
Xylocopa tranguibarica

Hoplonomia westwoodi
Megachile vigilans
Steganomus modicornis

Apis cerana

Apis dorsata

Apis florea
Austronomia krombeini
Austronomia notiomorpha
Austronomia sp
Braunsapis sp

Ceratina binghami
Ceratina hieroglyphica
Ceratina smaragdula
Ceratina sp

Coelioxys capitatus
Coelioxys minutus
Curvinomia iridescens
Halictus lucidipennis
Heriades binghami
Hoplonomia westwoodi
Megachile disjuncta
Megachile hera
Megachile sp
Megachile vigilans
Nomia crassipes
Gnathonomia nasicana
Pseudapis oxybeloides
Steganomus nodicornis
Trigona iridipennis

Megachile conjuncta
Megachile hera
Xylocopa amethystina
Xylocopa auripennis
Xylocopa ruficornis
Xylocopa tenuiscapa
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SN of hest plant

Psophocarpus
tetragonolobus

Samanea saman

Tephrosia maxima

Tephrosia spl

Tephrosia sp 2

Family



SN of bee species CN of host plant

Amegilla comberi
Ceratina binghami
Ceratina hieroglyphica
Hoplonomia westwoodi
Megachile conjuncta
Pachynomia sp.

Nomada sp Coleus.
Xylocopa fenestrata

Amegilla comberi Pig nut
Amegilla fallax

Amegilla niveocincta
Amegilla puttalama
Amegilla sp

Amegilla violacea
Anthidielium sp

Apis ceranaApis dorsata
Austronomid krombeini
Austonomia notiomorpha
Austronomia sp |
Austronomia sp. 2
Braunsapis sp. 1
Ceratina binghami
Ceratina hieroglyphica
Ceratina smaragdula
Ceratina sp.

Ceratina sp. 4
Coelioxys capitata
Coelioxys sp
Curvinomia formosa
Curvinomia iridescens
Euaspis carbonaria
Euaspis sp ‘
Halictus ludidipennis
Hoplonomia westwoodi
Lasioglossum amblypygus
Leuconomia sp.
Lipotriches comberi
Lipotriches exagens
Lipotriches pulchriventris
Lipotriches fulvinerva
Lipotriches edirisinghei
Megachile disjuncta
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SN of host plant
Vigna sp

Lamiaceae
grandis/Plectranthus
grandis

Hyptis suaveolens

Family



SN of bee species

Megachile hera
Megachile lanata
Megachile nana
Megachile sp.
Megachile umbripennis
Megachile vigilans
Nomia crassipes
Nomia westwoodi
Nomia formosa
Gnathonomia nasicana
Pachyanthidium sp.
Pachynomia sp
Patellapis sp
Pseudapis oxybeloides
Pseudoanthidium sp
Sphecodes crassicornis
Thyreus ceylonicus
Thyreus histrio

Threus ramosellus
Thyreus takaonis
Trigona iridipennis

. Trigona sp.

Xylocopa amethystina
Xylocopa collaris
Xylocopa fenestrata

Amegilla fallax
Amegilla puttalama
Amegilla sp

Apis cerana

* Thyreus ceylonicus
Threus histrio
Thyreus takaonis
Trigona iridipennis

Gnathonomia nasicana
Steganomus nodicornis
Pseudapis oxybeloides
Austronomia krombeini
Apis cerana

Coelioxys confusus
Megachile vigilans
Megachile hera
Lecuconomia sp
Ceylatictus sp
Curvinomia iridescens

CN of host plant SN of host plant

Geta thumba ' Leucas zeylanica
©10 ®
Gas tala/wed me Ocimum gratissimum
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Family



SN of bee species

Anthidiellum sp
Apis florea

Austronomia notiomorpha

Braunsapis mixta
Ceratina binghami
Ceratina sp.

Halictus lucidipennis
Heriades binghami
Hoplonomia westwoodi
Leuconomia sp.
Maynenomia sp
Megachile nana
Nomada wickwari
Gnathonomia nasicana
Pseudapis oxybeloides

Amegilla comberi
Amegilla puttalama
Amegilla scintillans
Apis cerana
Braunsapis sp.
Lasioglossum vagans
Trigona iridipennis

Lithurgus atratus
Lithurgus sp.

Apis cerana

Apis dorsata

Ceratina hieroglyphica
Lasioglossum sp
Lithurgus atratus
Trigona iridipennis

Lithurgus atratus
Tetralonia sp

Austronomia notiomorpha
Braunsapis sp.

Ceratina hieroglyphica
Lasioglossum carnifrons
Lasioglossum sp

Systropha tropicalis

Apis cerana
Braunsapis sp

CN of host plant

Maduru tala
®go

Beli patta/eaf =00

Bandakka/@o&zstemn

Napiritta/z»88=5m

Gas bevila/otd @38¢

Patta epela/es®0 e

Katakalu bowitiya
DO eRIBSw
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SN of host plant

Ocimum tenuiflorum

Family

Salvia tilifolia

Hibiscus tiliaceus Malvaceae

Hibiscus -
esculentus/Abelmoschus
esculentus

Hibiscus furcatus

Sida acuta

Urena lobata

Clidemia hitra Melastomataceae



SN of bee species

Ceratina hieroglyphica
Curvinomia formosa
Curvinomia iridescens
Lasioglossum alphenum
Lipotriches fulvinerva
Patellapis sp.

Trigona iridipennis
Xylocopa collaris
Xylocopa tenuiscapa
malbathricum

Ceratina hieroglyphica
Curvinomia iridescens
Lasioglossum alphenum
Lasioglossum carnifrons
Lasioglossum sp.
Patellapis kaluterae
Xylocopa collaris
Xylocopa ruficornis
Xylocopa tenuiscapa

Lasioglossum alphenum
Lasioglossum carnifrons
Lasioglossum vagans
Trigona iridipennis

Apis dorsata
Apis cerana
Trigona iridipennis

Apis cerana
Apis dorsata
Trigona iridipennis

Trigona iridipennis
Xylocopa ruficornis

Trigona iridipennis

Amegilla sp

Apis cerana

Austronomia notiomorpha
Braunsapis sp

-Ceratina sp.

Halictus lucidipennis
Lecuconomia sp
Lipotriches exagens

14 - CM 016824

CN of host plant

Maha bowitiya
v @B

Heen bowitiya»
823 025880

Bowitiya/ @388

Heen olw/ 83 R,

Pera/eds

Pini Jambu/B85
o)

Biling/8&-
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SN of host plant Family

Melastoma

Osbeckia octandra

Osbeckia parvifolia
Nymphoideshydrophylla Menyanthaceae
Psidium guajava Myrtaceae

Syzygium samarangense

Syzygium sp

Averrhoa bilimbi Oxalidaceae

Biophytum nervifolium



SN of bee species CN of host plant

Amegilla sp

Apis florea

Lipotriches comberi

Megachile nana

Branunsapis sp Manik watte weed
16 dderd 10

Amegilla comberi Tel tala/enE ne

Amegilla violacea
Apis cerana
Apis florea
Braunsapis mixta
Lecuconomia sp.
Megachile disjuncta
Megachile hera
Megachile lanata
Gnathonomia nasicana
Thyreus histrio
Thyreus surniculus
Thyreus takaonis
Amegilla niveocincta
Amegilla puttalama
Amegilla scintillans
Amegilla sp
Apis cerana
" Apis dorsata
Braunsapis sp.
Ceratina binghami
Ceratina hieroglyphica
Curvinomia formosa
Halictus lucidipennis
Lasioglossum serenum
Leuconomia sp.Lipotriches
pulchriventris
Megachile vestita
Thyreus takaonis
Xylocopa fenestrata

Ceratina binghami
Lipotriches exagens
Lipotriches edirisinghei
Lipotriches exagens Rat tana/cd nes
Lipotriches sp
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SN of host plarit Family
Oxalis barrelieri
Oxalis latifolia
Sesamum indicum Pedaliaceae
Sesamum radiatum
Brachiaria brizantha Poaceae

Ischaemum indicum



SN of bee species

Lipotriches fulvinerva
Lipotriches sp

Apis cerana

Austronomia notiomorpha
Lipotriches sp
Lipotriches pulchriventris

.Hoplonomia westwoodi
Leuconomia sp
Lipotriches fulvinerva

Apis cerana

Apis florea
Hoplonomia westwoodi
‘Lasioglossum cire
Trigona iridipennis

Apis cerana
Braunsapis sp.
Lasioglossum alphenum
Braunsapis mixta

Apis florea

Braunsapis sp
Lasioglossum amblypygus
Leuconomia spPatellapis sp

Lasioglossum alphenum

Apis cerana
Trigona iridipennis

Apis cerana
Austronomia krombenini,
Braunsapis sp

Ceratina sp

Halictus lucidipennis
Heriades binghami
Pachynomia sp
Pseudapis oxybeloides

Ceratina sp.

CN of host plant
Kudu kedu/zpgesg

Rata tana/Gini grass/co mes

SN of host plant
Ischaemum rugosum

Family

Panicum maximum

Panicum sp

Antigonon leptopus Polygonanceae

" Persicaria nepalensis

Butter cup

Masan/ ®eso

Nara batu/ %0 89

Kopi/ez=d8

Weraniya/e®d5io
51

Ranunculus sagittifolius Ranunculaceae

Ziziphus mauritiana Rhamnaceae
Rubus ellipticus Rosaceae
" Coffea arabica Rubiaceae

Hedyotis .corymbosa

Hedyotis fruticosa



SN of bee species CN of host plant

Apis cerana
Apis dorsata
Lasioglossum alphenum
Lasioglossum carnifrons

Ceylalictus sp
Apis cerana

Leuconomia sp
Pseudapis oxybeloides

Apis cerana

Apis florea
Austronomia sp
Braunsapis sp
Curvinomia iridescens
Halictus lucidipennia
Lipotriches comperta
Megachile umbripennis
Apis florea
Austronomia notiomorpha
Trigona iridipennis

B oslebo®

Apis cerana

Apis dorsata

Apis florea
Austronomia notiomorpha
Austronomia sp
Braunsapis sp.
Ceratina binghami
Ceratina hieroglyphica
Ceylalictus cereus
Hoplonomia westwoodi
Lipotriches exagens
Patellapis kaluterae
Patellapis sp

Trigona iridipennis

Braunsapis mixta
Ceratina hieroglyphica
Megachile nana
Sphecodes biroi

Lasioglossum vagans Dehi/e¢8

Wal pathpadagam

SN of host plant

Hedyotis trimenii

Family

Hydrophylax inorilimea
Knoxia plaly'carpa

Metabolus sp

Mitracarpus hirtus

Oldenlandia corymbosa

Spermacoce sp

Spermacoce

suffrutescens

Citrus aurantifolia Rutaceae

52
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SN of bee species

Apis florea

Ceratina binghami
Ceratina hieroglyphica
Leuconomia sp
Lipotriches comperta
Lipotriches fulvinerva
Gnathonomia sp.

Megachile nana

Braunsapis sp
Pseudapis oxybeloides
americanum

Hoplonomia westwoodi
Trigona iridipennis

Amegilla combei

Apis cerana

Apis florea

Braunsapis sp
Ceratina hieroglyphica
Curvinomia formosa
Lasioglossum serenum
Lasioglossum sp
Leuconomia sp

Nomia wetwoodi
Gnathonomia nasicana
Pachynomia sp.
Patellapis kalutare
Patellapis sp
Xylocopa tenuiscapa

Homalictus singhalensis
Lasioglossum alphenum
Lasioglossum carniforons

Gnathonomia nasicana
Leuconomia sp

Hoplonomia westwoodi
Pachynomia sp
Patellapis kaluterae
Trigona iridipennis
Xylocopa fenestrata
Xylocopa ruficornis
Xylocopa tenuiscapa

CN of host plant
Penel wel/levemne 1@

Kalu kan weriyazm
»Ewsiedia

Ela batw/ecag

Hakarilla/zozs8cs

Wam batu/082g
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SN of host plant Family
Cardiospermum Sapindaceae
halicacabum
Scoparia dulsis Scrophulariaceae
Solanum Solanaceae
Solanum jasminoides

Solanum melongena

Solanum mauritianum

Solanum macrocarpon

Solanum sp



SN of bee species

Lasioglossum amblypygus
Patellapis kaluterae
Pachynomia sp

Braunsapis sp.
Apis cerana

Apis cerana

Apis dorsata

Apis florea

Braunsapis sp

Ceratina binghami
Ceratina hieroglyphica.
Hoplonomia westwoodi
Lasioglossum amblypygus
Lasioglossum serenum
Lasoglossum sp

Trigona iridipennis
Grathonomia nasicana
Hopolonomia westwoodi
Gnathonomia sp
Pseudapis oxybeloides

Amegilla scintillans
Xylocopa ruficornis

Braunsapis sp

Ceratina hieroglyphica
Ceylalictus sp
Lasiogolossum sp

Amegilla sp
Apis cerana
Ceratina ‘binghami

Amegilla violacea
Amegilla scintillans
Amegilla sp
Amegilla comberi
Amegilla puttalama
Braunsapis mixta
Anthidiellum sp

CN of host plant
Tibbatu/8823

Te/esd

Jam/e5:®

Sand paper vine

Maha Midi/ oo &2

Brazilian tea
A8c o
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SN of host plant

Solanum violaceum

Symplocos sp
Camellia sinensis

Muntingia calabura

Triumfetta sp

Lantana camara
Petrea volubilis

Premna obtusifolia

Stachytarpheta
dichotoma

Stachytarpheta sp

Family

Symplocaceae
Theaceae

Tiliaceae

Verbenaceae



SN of bee specles CN of host plant

Apis cerana Nil nakuta/ B¢ =290

Apis dorsata

Ceratina hieroglyphica
Xylocopa tenuiscapa
Amegilla comberi
Amegilla scintillans
Thyreus histrio
Thyreus ceylonicus
Amegilla violaceae
Amegilla sp.

Thyreus takaonis
Megachile vestita
Hoplonomia westwoodi
Braunsapis sp
Ceylalictus cereus
Amegilla subinsularis
Thyreus insignis
Xylocopa migrocaerula
Xylocopa amethystina
Heriades binghami - Tekka/owsleshs
Lasioglossum sp )
Gnathonomia sp

Apis cerana " Enasal/®mesnd
Amegilla subinsularis
Lasioglossum aulacophorum

Ceylalictus sp Gokat/ewsg
Braunsapis sp ‘
Ceylalictus taprobanae

Ceratina binghami

Apis florea

Trigona iridipennis

Lasioglossum sp

Patellapis sp

Halictus lucidipennis
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SN of host plant

Stachyt&rpheta
urticaefolia

Tectona grandis

Family

Ellettaria cardamomum Zingiberaceae

Tribulus terrestris

Zygophyllaceae



(5) Research/Study

Researcher’s Name/s

Pollinator/s CN & SN :

Plant CN & SN

(6) Research/Study

Researcher’s Name/s

Pollinator/sCN & SN :

Plant CN & SN

{7 Research/Study

Researcher’s Name/s

Pollinator/s CN & SN

Plant CN & SN

: Native bees (Hymentoptera : Apoidea:Apiformis) of Sri Lanka and their

importance in agriculture and biodiversity
Anura Wijesekera

Bees/ & ®¢eder (Hymentoptera : Apoidea: Apiformis) of Srilanka ( Apis
cerana, A. dorsata, A. florea, Ceratina sp., Megachile sp,
Nomia sp:, Pithitis sp., Xylocopa fenestrata, X. tenuiscapa&
Trigona iridipennis - Cucumber flowers)
(Xylocopa sp. - Passion fruit)
{ Mango, Rambutan — Trigona sp.)
(Callotropis giganeta — Xylocopa sp.)
(Gracinia sp - Trigona sp)
(Indigofera spp — Nomia sp., Pithitis sp)

Cucumber/ 288 , Passion fruit /0:¢ 408, Mango/e®, Rambutan/c@oz3
Gracinia sp., Indigofera spp and
Wara/&cs - Callotropis gigantea

Butterfuly conservation, ecology and gardening

Michael & Nancy van der Poorten

Blues (Family Lycaenidae)

Swallowtails*

Mexican heather - Cuphea hyssopifolia
BOres10c D8 - Tridax procumbens
BE o0/ mv2pd - Stachytarpheta spp.
Golden dew drop - Duranta erecta

oue, 83 280w - Vernonia zeylanica
Poinsettias - Euphorbia pulcherrina
* oot O - Ixora cocinea

* esonin OC - Hibiscus reosea

* Drunken sailer - Quisqualis indica

* Danger flower - Clerodendron paniculata
* 3ROE - Catharanthus roseus
ecl - Lantana spp.

vel] - Jatropha integerrima

Pollinator attractant and rewards of Alpinia calcarata
(Zingiberaceae) in Sri Lanka.

Rupasinghe, S. & Ratnayake, RMC S

20 ROROSS
Technomermex albipus

853 goim

. Alpinia calcarata
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(8) Research/Study . : Floral biology leaf area index and pollination biology of four
species of family Cucurbitaceae.

Researcher’s Name/s : Ratnayake, RM.C.S. & Cooray, M.H.V.
Pollinator/s CN & SN : Honey bees.

1 Apis mellifera
various insects

Plant CN & SN . Angled gourd
1 Lufa acutangula Melon
1 Cucumis melo
Watermelon : Citrullus lanatus
Ash gourd . Banincasa hispida
(9) Research/Study : Landscape potential of the native plant Helicteres isora L.
Researcher’sname  : Kapila Yakandawala, D.S. A. Wijesundara
Poliinators : Apis cerana, A. dorsata, Trigona iridipennis

Plantcommon name/SN : 88 (8), Screw tree (E) - Helicteres isora

(10) Research/Study : Propagation and Landscape potential of Murraya paniculata
(L.) Jack
.Researcher’sname  : Kapila Yakandawala, W.T.M. Welideniya
Pollinators . Apis cerana, Trigona iridipennis

Plant common name/SN: #8=5m(S), Orange Jasmine (E) - Murraya paniculata

(11) Research/Study : (1) BeePasturage Potential of two Kandyan Home Gardens in
Sri Lanka, with emphasis on palynological studies
Researcher’sname  : Mendis, N.M. (1989).

(2) Evaluation of bee pasturage potential in Kandyan home
gardens. L. Floristic inventory and flowering phenology.

Researcher’s name : Mendis, M. N, Gunatilleke, C.V.S. and Gunatilleke, L A.U.N. (1985).

(3) Evaluation of bee pasturage potential in Kandyan home
gardens. I1. Foraging patterns of bee.

Researcher’s name . Mendis, M. N, Gunatilleke, C.V.S. and Gunatilleke, LA.U.N. (1985).
Pollinators . Apis cerana indica CN: Honey bee/ & &edesn

Name of Host plant/s:
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Hostplant1 -CN

Scientific name (SN)
Musa paradisica
Vitex negundo
Turpinia malabarica
Syzygium aromaticum
Mangifera zeylanica
Anacardium occidentale
Pongamia pinnata
Cedrela toona
Nephelium lappaceum
Tamarindus indica
Murraya koenigi

- Santalum album

Achronychia pedunculata
Sapindus trifoliatus
Cocous nucifera

Persea americana
Durio zebithinus
Terminalia bellirica
Melia dubia

Neolitsea cassia
Syzygium operculatum
Coffea arabica
Mpyristica fragrans
Wendlandia bicuspidata
Albizia moluccana
Psidium guajava

D. guineense

Syzygium samarangense
Semecarpus obscura
Berrya cordifolia

Vitex pinnata (now altissima)
Lagerstroemia speciosa
Litsea glutinosa
Swietenie macrophylla
Madhuca longifolia
Elaecarpus serratus
Mangifera indica
Lannea coromandelica
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Scientific name

Leucaena leucocephala

Artocarpus heterophylla

Syzygium sp 1

Litsea deccanesis
Diospyros discolor

. Ceiba pentandra
Careya arborea
Carica papaya
Artocarpus altilis
Areca catechu
Mesua nagassarium
Citrus g}andis
Camellia sinensis
Mimosa pudica
Bidens pilosa

Enmilia exserta
Stachytarpheta indica
Mikania cordata
Setcreagea pupurea
Ocimum gratissimum
Rungia parviflora
Bauhinia tomentosa
Leucas biflora
Conyza floribunda
Stenolobium stans
Callicarpa tomentosa
Holmskioldia sanguina
Scoparia dulcis

Pennisetum polystachyon
Hedyotis spp. 1, 11, 111 & v

Cosmos pinnata
Tithonia diversifolia
Vernonia cinerea
Justicia betonica
Syngonium sp.
Euphorbia pulcherrima
Eupatorium odoratum
Shcefflera stellata
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Reproductive biology of some Dipterocarps in relation to their
Conservation and domestication

S. Dayanandan, A.W.W.L. Abeygunasekera, D.N.C. Attygalle

(12) Research/Study

Researcher’s Name/s

Pollinator/s CN & SN : Bees/ & &edeso (Apis dorsata, A. indica, Pachyhalictus
kalutarae,Nomia sp., Chalicodoma ardens) Trigonia, Beetles (Famaliy
Elateridae, Photinus sp.), Flies (Family Calliphoridae-Celliphora,) Thrips,
Wasps, Family Lepidoptera (Euproctis scintillans, Dasychira mendosa,
Thiacidas vilis, Leucoma submarginata)

Plant CN & SN Shorea megistophylla (Doona marcophylia) e @RACE®
Vateria copallifer @
Dipterocarpus hispidus I @ews
Dipterocarpus congestifloa o Bk
Shorea trapezifolia (Doona trapezifolia) L omag
Shorea distichta (D. oblonga) .
Shorea stipularis 0ee 94
Shorea cordifolia (D. nervousa) emdmst 9de
Hopea jucunda e} fcholel G I
Shorea worthingtonii(D. venulosa) I eddBw

(13) Research/Study Pollination ecology of agricultural crops and secondary forest plant

species in a selected location in the Central Province
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Researcher’s Name/s : W.A.LP. Krunaratna, I.A.U.N. Goonatilleke, C.V.S. Gunatilleke (2001)
Pollinator/s CN & SN :
SN of bee species CN of host plant SN of host plant
Apis dorsata / ® ®edenn ®8¢s Bods Capsicum sp
IO Solanum melongea
anc Ipomoea batatas
catdeess Tagetes sp
d0 88 Cucumis sativus
Apis cerana/ ® @eden ane Ipomoea batatas
205c Mormadica charantia,
[OF et dibeniat) Manihot esculenta
B v Ses Alternanthera sessilis
emescE Mus Sp
aBeds Persea americana
@& Nephelium lappaceum
GO w8 Cucumis sativus
eSenl Tagetes sp



Apis floreal & ®edes0

Trigona sp/ese&ue
Nomia sp
Xylocopa

spAmegilla sp
Megachile sp.

(14) Research/Study

Researcher’s Name/s

Pollinator/s CN & SN :

Plant CN & SN

(15) Research/Study

Researcher’s Name/s

Pollinator/sCN & SN :

Plant CN & SN :

DEEcY Ipomoea batatas

N ] Alternanthera sessilis

88ed Bods Capsicum sp

e . Tagetes sp

&3 Nephelium lappaceum
a8edd Persea americana

8cag Solanum melongea

258¢c Mormadica charantia,

Ol = el dinyiay] Manihot esculenta

Scd veSes Alternanthera sessilis

®e Psohocarpus tetragonolobus
2cag Solanum melongea

=B Lycopersicon esculentum
OCRY Solanum melongea

e Psohocarpus tetragonolobus

Pollination vectors of Artocarpus heterophylls Lam. (Moraceae) in Sri
Lanka (2010)

: Pushpakumara, DKNF, Boshier DH, Simons A

Drosaphila spp. —vinegar flies — ®edess
Small gnats — exdwgdr 015,
Micropezid flies —

. Artocarpus heterophylls ewmatd

-

. Effect of insecticides on Pollinators of Cashew (Anacardium occidentale)

during chemical control of Helopeltis antonii

: Ranaweera, Bandula

Bees/ & ®edesn (Apis cerana)
Trigonia/ we»Bws
Helopeltis antonii

: Anacardium occidentale - =g
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(16) Research/Study . Flowering and fruiting phenology, pollination vectors and breeding
system of dragon fruit (Hylocereus spp.)

Researcher’s Name/s : Pushpakumara DKNF, Gunasena HPM, Kariyawasam M.(2009)
Poilinator/s‘CN & SN : Bees/ ® ®edeso (Apis cerana, Apis dorsata, Apis florae) »

Plant CN & SN : . Dragon fruit —Hylocereus‘ undatus
(17) Research/Study . Pollinator and non-pollinator fig wasp relationship in syconia of Ficus
exasperate

Researcher’s Name/s : Karunarante, Inoka-*(2009)
Pollinat(_)r/s CN & SN : Karadibia gestroi - e¢@d
Plant CN & SN : © 1 oo Ficus exasperate

(18) Research/Study : Tamarind, Tamarindus indica
Researcher’s Name/s : Gunasena HPM, Pushpakumara DKNG
Pollinator/s CN & SN : : Bees/ & ®edes0 (Apis spp0

Plant CN & SN : . 8e®@ /Tamarindus indica

Attygalle, D.N.C., Gunatilleke, LA.UN.' and Gunatilleke, C.V.S. (1986). Pollination and breeding biology of
Vateria copallifera (Retz.) Ashton (Dipterocarpaceae). Proceedings of the Sri Lanka Association for the
Advancement of Science, 42" Annual Sessions. Abstracts p. 107.

Attygalle, DN.C., Gunatilleke, I.A.U.N." and Gunatilieke, C.V.S. (1987). Pollination and breeding biology of
Elettaria cardamomum var. major Thw. (Zingiberaceae). Proceedings of the Sri Lanka Association for
the Advancement of Science, 43" Annual Sessions. Abstracts p. 68.

Dayanandan, S., Abeygunasekera, A. W.W.L., Gunatilleke, .A.U.N*. and Gunatilieke, C.V.S. (1987).
Reproductive Biology of Shorea spp. section Doona (Dipterocarpaceae) in Sinharaja. L. Floral biology,
flower visitors and pollination . Proceedings of the Sri Lanka Association for the Advancement of
Science, 43" Annual Sessions. Abstracts p. 48.

Senerath, M.A.B.D., Gunatilleke, LA.U.N.} and Gunatilleke, C.V.S. (1987). Seed production and
germination of Coscinium fenestratum Colebr. (Menispermaceae). in relation to its domestication.
Proceedings of the Sri Lanka Association for the Advancement of Science, 43 Annual Sessions.
Abstracts p. 160.

Dayanandan, S., Attygalle, D.N.C., Abeygunasekera, A W.W.L., Gunatilleke, I.A.U.N. and Gunatilleke,
C.V.S.(1990). Phenology and floral morphology in relation to pollination of some Sri Lankan
Dipterocarps. In: K.S. Bawa and M. Hadley (Eds.), Reproductive Ecology of Tropical Forest Plants, Man &
Biosphere Series, The Parthenon Publishing Group, Carnforth, UK & UNESCO, Paris. 7: 105 - 135.
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Gunatilleke, I.A.U.N. (1998). Reproductive biology and genetics of some selected rain forest plant species
of Sri Lanka: Implications for Conservation. Presidential Address of the Section D (Natural Sciences) of
the Annual Sessions of the Sri Lanka Association for the Advancement of Science. Part 2; 95-122.

Seneviratne, P., Gunatilleke, LA.U.N.' and Gunatilleke, C.V.S. (1986). Some observations on the pollination
biology of Thunbergia alata Boj. ex Sims and Thunbergia grandiflora (Rpxb. ex Rottl.) Roxb. ex Spreng,.
Phyta - The Journal of the Botanical Society, University of Peradeniya. 3(1):8-10.

Weerasinghe, J., Gunatilleke, C.V.S. and Gunatilleke, I.A.U.N. (1986). Reproductive biology of Justicia
betanica (L.) T. Anders (Acanthaceae). Phyta - The Journal of the Botanical Society, University of
Peradeniya. 3(1):14-23.

Jayamaha, D.N.T,, Gunatilleke, I.A.U.N.' and Gunatilleke, C.V.S. (1986). The reproductive biology of two
species of Stachetarpheta (Verbenaceae). Phyta - The Journal of the Botanical Society, University of
Peradeniya. 3(1): 1-7.

Gunatilleke, S: and Gunatilleke, N. (2000). Pollination secrets of canopy giants in the Sinharaja forest.
Sri Lanka Nature, March 2000. Wildlife Heritage Trust Publishers (Pvt.) Ltd. Pp. 52 -64.

Add Sudu handun, NSF final reports on pollination
Baptist BA & Punchihewa RWK (1980) A preliminary analysis of the principal factors which will
effect honey production in Sri Lanka. Proc. 2™ International Conference on Apiculture in Tropical

Climates. pp 87-99. Indian Council for Agricultural Research, New Delhi and International Bee
Research Assoc., London.

Koeniger N, Koeniger G, Punchihewa RWK, Fabritius Mo & Fabritius Mi (1982) Observations

-and experiments on dance communication in 4pis florea in Sri Lanka. Journal of Apicuitural

—

Research 21(1):45-52.

Punchihewa RWK, Koeniger N, Kevan PG & Gadawski R (1985) Observatlons on the dance
communication and the natural foragmg ranges of Apis cerana, Apis florae and Apis dorsata in
Sri Lanka. Journal of Apicultural Research 24(3):168-175.

Punchihewa RWK, Wathsala UKC & Karunaratne WAIP (2013) Anthophilous insects and pollmatlon
ecology Koltu or Horse Gram (Macrotyloma uniflorum: Fabaceae) In Preparation.

Pollinator/Pollination related studies:

(1) Research/Study : Studies on floral biclogy and pollination behaviour of Durian (Durio -

zibethinus) (study carried out for artifical pollinaﬁon)

Researcher’s Name/s : 1. Medagoda, TM K. Tennakoon, W.M.C.J. Kumari
Chandraratne and N.D.C.P. Nakandala

Pollinator/s CN & SN : Bats and nocturanal insects

Plant CN & SN : ¢Bwwt- Durio zibethinus
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(2) Research/Study

Researcher’s Name/s

Pollinator/s CN & SN

Plant CN & SN :0@ =d¢

: Biodiversity of the domatia occupants (Ants, Wasps, Bees and others)

of the Sri Lankan Myrmecophte Humboldtia laruifolia (Fabaceae)

: Karl V. Krombein, Beth B. Norden, Melinda M. Rickson and Fred !

R. Rickson .

. Ants

250z . *Technomyrmex albipes, Camponotus spp.,
Crematogaster spp., Cataulacus taprobanae,
Anoplolepis gracilipes, Tapinoma spp.,

Monomorium spp., Pheidole spp., Tetramorium
Pacificum, Dolichoderus spp.,

Weaver ant : Oecophylla smaragdina, Polyrhachis bugnioni, &2t
Bees : Braunsapis hewitti., Ceratina spp., Halictus spp.,
8 ®edeso . Hylaeus spp., Nomioides spp.

Wasps : Krombeinictus nordenae, Vechtia spp.,
wg®w  Piyumoides spp., Physetopoda fumigata,

Solitary wasps : Crossocerus mukalanae,

. Humboldtia laruifolia

o Anacardium occidentale *
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