
Cross fostering between Apis jlorea, Apis cerana and Apis mellifera queens 

rn.Jm~'L.!5 2562 
' 



n 

11-:i{-:iitib~cJ1 (t-:ii1ll) fl'Ufl~llt-:i"llm~mn-:i?1~1-:i11-:i{-:i~mcJiti (t-:i 1-w1-:Jbb'1~t-:i~w5) 'W'IJ11\ol1~tJe:JtJ'1fl 
' ' " 

'Vl1mcJmcJ 1 tJ 2 1ti 1 tJ"!Jru~~m1?1~1-:iti1-:i-wru1i1iJ?11cJ~tJ61~~11-:in~llt-:i"1JtJ1~nm-:i?1~1-:i11-:i{-:i~'11cJ ., ' . 
iti (t-:i~ti6 bb'1~t-:i 1-w1-:i) t-:i-:i1ti~m1 bt cJ-:J~\ol1~tJe:JtJliltitl ~ b111m~t-:im-:i-wru1 rie:itit1n'Vl1'11 cJ 1 tim cJ~~-:i 3. 

'l '\J u \J 

e-rn"lle:i-:itiiJt-:i~ e:im 1?1~1-:it-:im-:i-w~ 1 'W'IJ11m 11~till t-:i 1 tili'1 cJ b -w1 ~ Lt cJ-:i~ b ,J e:i1L~tiii m1?1~1-:it-:im-:i-w~1 

?l-:Jfl11fl1':i1lll~tJlJt-:if1~b'l]tJ 4.07%, 5.55 %, bb'1~ 13.05% 1tit-:iL'W':i-:J t-:ii1ll bb'1~t-:i~tJ6 \9l1lli1~'1J " . 

':i1"ll'IJ'1 70150 • 



'U 

Cross fostering between Apis florea, Apis cerana and Apis mellifera queens 

1 . 1 1 1 
Mananya Phiancharoen , Tanyarat Khongkhunt1an , Warakorn Rattanaareekul , Songpol Chuenkhum , 

Guntima Suwannapong 
2 

and Suphawadi Chomphuphan 
1 

Abstract 

This research investigated in 3 topics. First, cross fostering between A florea, 

A. cerana and A mellifera queens, resulting no cross-fostered queen emergence between 

species. The larvae were destroyed after 2 days of grafting in all species. Second, effect 

of royal jelly on cross fostering production between open-nesting honey bees (A. jlorea) 

and cavity-nesting honey bees (A_ cerana and A mellifera) found that larvae were 

destroyed within 2 days after grafting. While the result of cross fostering between cavity­

nesting honey bees (A. cerana and A mellifera) showed worker reared larvae of each 

species until sealed queen cell after that were removed. Third, effect of royal jelly on 

queen rearing, the percentage of queen production when using royal jelly was higher than 

without using royal jelly. They increased 4.07%, 5.55% and .05% in A cerana, A. florea 

and A mellifera respectively. 
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(Introduction) 

'Vl"1fl'V1"1cJ'Vl1~ihmvi'llv-!lfl~ Yl'U11'1.h~ L'V11311vmiifl-:iJ~'Vl:iJ~ 5 'llU~ ~1fl 11 'llU~~1 lrlfl L tl'lJfl-!l~'LJLneM 

4 'llU~ Av fl~rl':iJL~fl Apis ondreniformis fl~rl':iJ Apisfloreo fl-:i1vi1~ Apis cerono LLri~fl-!l'VlffN Apis 

dorsoto er~nt~u1L'V1 1 'llU~ Atl t~~'LJ~ Apis mellifero (~lJ\,l,J'U LLrl~fml~ 2551) 1'lJl'11'LJ;11'VlcJ1 

t~LL~rl~'llu~n~m~ru~'Vl1~fl1cJ.fl1Yl Yl()~fl1):iJ LLri~n~fli!ft\J~ 5'LJ~ L~'lJLLrl~liltlcJLLtilfl~1-!ltl'LJ fl-:i~~L U'LJ 

LL:iJrl-!1'1-!!Fl:iJ~'LJi,'1~ n 3 111ru~ Atl t-:i~1'LJ t~~1~LLri~fl-!l'lJ1-!!Ylru1 t~V1~-:i{~'1.h~fltl'Ulil'JcJfl-:i-:i1m11'lJ1'lJ 
'IJ 'IJ ., 
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(Literature Review) 

t~ (honeybee) b U'Ubb:U"~i;J?l:Ubn?l1&11rlt1J~b ~:Ui;J"i;J~lil"LJeJ~~'ll(,11~ 'l J~1lJvivmb"~ 1lJi;J" ,hv 

{m~1?1:uv1"1~'\J'U'Ub1131tl (Crane, 1975; Morse and Calderone, 2000) 'Uvn-..i1n-d'EJ~1~i;J"i;J~lilLvlV 
' 

m~ b-ci'U J1fl~ bn?l-afl~ 'U:Ufl~ bb"~EJ~'U1lJ1bbthJi.J1~(;J~\il.flru6V1(9)1~'l b-ci'U 1'llfl~ 'l'l"ae)'l'le)~?I bb"~~~fl~ 

~~i!'Ufl~~~LU'Ubb:U"~Ll311~;in-..i~&11rlru ih1-..iu'L!~11"n:i1m-ai1LL'Unt~J~V1:uv1 11 'll'Uvl LL"~:i1m-a~vin~:u 
d.l .., 'I , 

1. nzj:ufl~"LJ'U1vl1m1) ?1i1~11~{~im~v1 (giant honey bees) :i1 3 'll'Uvl AB Apis breviligula 

A. darsata bb"~ Apis labariasa 
V V 

2. nzj:u~~"LJ'L!1vlnm~ ?1{1~11~{~V1"1V-U'U (cavity honey bees) :i1 6 'll'Uvl AB 

A. mellifera, A. kaschevnikavi, Apis nuluensis, Apis nigrocincta, A. cerana 

bb"~ Apis indica 
V V 

3. nzj:u~~"LJ'U1vlb~n ?1{1~11~{~-U'Ub~V1 (dwarf honey bees) :i1 2 'll'Uvl AB A. fl.area bb"~ 

A. andrenifarmis 

i.J-a~ b 'Vll311 'Vlm U'Ui.J<a~b 'Vll31~:i1m1:uV1mnV1"1v"LJv~fl~?1~ :ufl~J~V1:uv1 5 'll'Uvl L tl'Llfl~~mifo~ 4 'll'Uvl 
'IJ 

AB fl~~:Ub~n (A. andrenifarmis ) fl~~:u (A. fl.area) fl~1'1'l1~ (A cerana) bb"~fl~'V!"1~ (A. darsata) 

fl~'U1b'U1 1 'll'Uvl AB fl~TI'U~ (A. mellifera) (~~1\Pll'U, 2532) 

b ~eJ~'oJ1nfl~ b 'U'Ubb:U"~fle) 1 ~ Lnvl:U"~1'\111~bl31"a~;in'oJ ?11lJ11t1?1{1~11 V 1m ~tl'\J~i.J1~neJ'UeJ1~'1'ln11 
'IJ Q 'IJ 

1~~'Uf1{1b~eJ'Ubb"~"a~~'\JeJlil?l1'V!n"a"a:U~1 L"n 'U'oJ'oJ'U'UeJ\il?l1'V!n"a"a:Un11biv~fl~:wfl11:W'11rlru(9)eJbl311~;in'oJ 
'\ 'I 1111 V dS 

'llv~1'Vlv 1'Llll 2560 i.J1~b'Vll311'Vlvi;J~lilJ1fl~ 1~L'U'UeJ'U~'U 34 "LJB~1"n bb"~bU'UeJ'U~'U 2 "LJB~mb;V'U :i1 
t-'~ ~cvd'o 3 ~o cv ~ ~~ ..:'d 

Ln~lil<amm"V~i;J~'l'l'Ufi 'oJ1'UTU 1,215 11v b"V~i;J~'oJ1'U1'U 353,724 -a~ ?11:u1-amn'U'L!1i;J~-..J1nvivn"'L!-..i 
'IJ ' 

~11v ~1 mm<J 'Vl1'Ulil~l'U bb"~?l1'\Jb~eJ 1~:u1nw.h 10,000 ~'LI :i1m1~~BvnJ1fl~ti.JEJ~i.J1~b'Vli31(9)1~'l 

8,267.38 ~'LI fivi L 'U'U:U"~1 638.48 ~1'U'\J1'Vl (b ~v~ 1 'Vl~'W1i O'U'\Jl'U~ 2 ~~'V!1fl:U 2561) &11V1{'Um1 
'IJ 

Liv~t~ 1 'Ll1~~'\Je)\il?l1'V!n11:U t~~'U1:U1Liv~:i1 2 "IJ'Uvl fle) t~TI'Ufi bb"~t~ 1 'l'l"a~ 'l'l'\J11~Liv~t~~1'U1 'Vlru 
'I " \I u 

i;J'1i;J~1i1'\111~J1fl,:rn:uJ~i;J~lil.nru"t1~'U fiv mJfl~ Ln?l<a 'l'l1eJ'l'lv~?lbb"~ 1"LJfl~mnn11fl ~ 1 'l'l1~ fiv 1 ~i.J~:u1ru 

J1fl~~~ 50-100 nfanf:u(,)vf~ &11V1{'Um1Liv~fl~ fa-a~1'Vlv1~i;J~lili;Jm~v~ 3 'll'UvlLvhi!'U Fiv J1fl~ Ln?11 

Lb"~ 1"LJfl~ (~~1\Pll'U 1~,;~l 2532 ; ~~1\Pll'U 1~,;~~ Lrn~flru~, 2551) i:l-..i-..i'U'L!L~:u:i1m1Liv~fl~~:Ubb(,)EJ~ , 

b 'U'Un11Liv~~EJ~ 1~ bb 'l'li'Vlm V b ~eJ'U1 beJ1tl1fl~ 1 U"LJ1V bb"~ ~'11rlt1Jbtv~b ~e)i;J?l:U Ln?l<a b '1'l11~fl~~:Ub 'U'Ut~~ 

1~ b~eJn~"lleJ1V1111 'U n11 Ln'Utl1V111mL"~ Ln?l-a 1 'U~1'U~11'Vl v1 fl~ L U'U Lb:u".::'1~fl:U~ Lb 'Vl'oJ~~-&m,~ 
'IJ 
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~7-:J 11~cJlJf117lJG171°1'1J LLG'l:; LL U-:J'V1Ul~v~1-:i-B'~L '1'U hJ?f 7lJ7'H) ~7';i-:J;1(,)~'J tl \911 Lv-:J 1~ L U'U';i:; t]:; L 1'17'U7'U 

fl-:iil 3 11w.1:; Av fl-:i'U7-:JY-lt1j7 (queen) fl-:i-:i1'U (worker) mi:;t-:ii1~ (drone) 1'U'Vl~-:i~-:ii.h:;nmJ~1cJ 

t-:i'U7-:JY-lt\J7'Vl~-:Jl1l1 t-:i-:i1'Ui.J1:;:1J1ru 40,000-50,000 l1l1~v~-:J LLG'l:;t-:ii1~ 1,000 l1l1 li!7'U1'Ut-:i-:i7'ULLG'l:;t-:i 
., 'IJ 

i1~~'Uv~nlJ"lliJ~'llv-:it-:i t-:i'U1-:iY-1ru1il'Vlu1~&11 l°lru Av e.J?fl.lTI'Ui5 11-:i l"U 1 ~G'lf1'VIG'l7'U LLG'l:; mi.J f1l.l m1V11-:i1'U 
1\.1 \I .., u , 1\.1 'I 

'lleN t-:i-:i1'U f11lJ'1l.l~-:Jf1l.l'lleN t-:i 1 ~v tj1'UG'l.f17y.i,J n~1~ tl 1 "tl?f 7'Hf11J (pheromone) vi'-:iiT'Ut-:i'U7-l'Y'lt1J7 

LU~t1rn?fiiv'Ui1 h'llv-:i~-:i ~1~-:i1 'Vl'UU171'1'17nt-:i'U7-:JY-lt1j7LL~1~-:i'1'Uf1'J:;(,)7tJ 1 u1 'U~~~ (Winston, 1991) 

fl-:i-:i7'U'1:;1J'VIU7~ bb(,)f1~7-lf1'U~'Uv ~ nmh-:im tl Av t-:i'L!7-lVW7lJ7G'llJ'VIU7~~ LLG'l\911elv'U 1 ~vl'V17';i\911elv'U 
'IJ ' 'IJ 

LLG'l:;'l.17-:JY-lt\Jl ?1{1-:i~-:i t-:iVl'V17';iUv-lf1'Uf17';i';if)';i7'U'lJv.:lfll(,)';j LLG'l:; ~-:J'Vl7vl'Vl7':iil'VIU7~ ~'17 rlt\JAv 'Vllvl'Vll';i 
u .. 1\.1 .., 

L f1 ?f ':i LLG'l :;tl 7 Vil 7 'Lil.I 11 i1 'U ~ -:i L ~ v L 'U 'U v 7 VI 7 ';izj ,:in A vtl7 fl-:i LLG'l:; Lf1 ?f 1 LLG'l:; ~ 7 ~ -:i 1~ ij fl-:i 'U 7-:J'Y'l t1J 7 ~ iJ 

f1f1l~f1~ru:;~~LLG'l:;L 'Vll.Jl:;?flJ'1:;'1-:Je.JG'l~elf11llJLL ~,:i LL ':i-:J'lJv-:i~,:izj,:i'1:;'1-:Je.JG'l 1 W.~e.J~(,)nru,i'fl-:il.J7f1~'L!~1tl '17f1 
' 

-:Jl'L!l~cl'llv-:J Chen (2001) Y-llJ17ml.l7rue.JG'le.J~(,)'17f1fl-:i~'Uel~f1lJ'lJ'U7~'1Jv-:J~-:ifl-:i f1~71Ael ~1fl-:iil'll'U1~~-:i 
'IJ 

1'Vlaj i.J':i:;"1J1mfl-:iil1i!l'U1'L!l.llf1 m11~e.JG'le.J~(,)'17f1fl-:inL~lJ~'U 

vi'-:iiT'L!m 1Pln~11~ cJdL 'U'L!m1Pi n~1 m1?1{1-:i'L!1-:iY-1 ru1~-:ii1:1J?f 1cJTI'Uih:;V111-:i ~-:irl'l.l ~-:i L Y-11-:i LLG'l:; ~-:i ., ' 

TI'U5 L'Vl(,)e.JG'l~L~vn~-:i 3 'l!iJ~d:1J1?1{1-:i'U1-:iY-1ru1i1:1J?f7cJTI'L!5 L Y-111:; ~-:iTI'U5LLG'l:;~-:i 1 f>j';i-:JL 'U'U~-:i~L~v-:i1 'U 
" 'I .., "I " 

v(,)?f7'V!f)';i';i2.J 'Ue)~'IJB-:Jfl-:iTI'U5Av 1~e.JG'le.J~(,)J7~-:J 50 nfan~2.1~e1tl hl~vcl'Vl'U~-:J LL~il'Uv~eltlAv hlr.'17l.J7';i(1 
' ' 

(;)7'L!V17'U~v 11fll(,)1 V111 ~~L~cJ-:ii.h:;?flJUruV11 m11.'lru L~cJ~-:i &11V1~lJ~-:i 1 Y-11-:iiT'Lliliv~ABr.'17l.l71f1(;)7'UV17'U 
\I '\J .., '\J.., 

hfllmfl-:i LL~iliv~vcJABe.JG'le.J~(,)J1fl-:iL'V:JcJ-:i 20-30 nLG'lf1~l.l~vtl V1'U~-:i~1 cJi.'17 L 'V!(,)'V!~f1Av~-:i L~'U~L~vn'L! 1 'll 
'IJ , 

(,)e)'l.!~7-:i fl-:irl'l.JL 'U'L!fl-:i~ijy.in~m':il.l f)l';i ti'11{11ue1 cJ LLG'l:; hl~vtl~-:i~-:i '17 f1L VI(,) e.JG'l~ f1~71l.l7 r1ru:; ~1~ tl~-:J 
"I , " 

ilf117l.lr.'l'Uh 1 'Lim ':iLr.'l'L!v 11-11-:i f111-n'L ~e)V171~tl b~el-:J f1111.'1{1-:i'U7-:Jyjt\J7'U72.lr.'17tlTI'L!5';i:;'V!'J7-lfl-:irl'lJ fl-:i 1 y.j';j,:J ., ' 

LLG'l:;~-:JTI'Llq Vil m.J':i:;?flJf117l.Ji;'l7 L ~'11 'Llf1711.'I{ 7-:J~-:J'L!7-:JY-lt1J7'U72.li.'17 cJi'Uq ( super queen) '1 :;L 'U'L!el-:JA 

f117l.l'tt Vil.IL 'U1-:Jf17':iV17-:J~7'L!~-:J 1 'Llmru~e.J~(,)~-:J'L!7-:JY-lt\J7'U7lJi.'17tlTI'L!ITT~LLG'l:;ij-ue1m 'ULL~G'l:;i,'17 tlTI'L!fielcJL 'LI 
1\.1 .., , , 1\.1 

fl-:i'U7-:Jf>jru7'1'Wil~ n~ru:;'1-:Je.JG'l 1 ~G'lf1'1JB-:J'L!7-:J'Y'lru1'1'U ilm 7:1.l LL ~-:i LL 1-:i Vl'L!Vll'L!~B hr1 hlV1-u~-:i~1cJ LLG'l:;~ ., 'IJ ., 

'17\°lt\J A vr.'1{1-:i e.J~ (,)n f1!'1~-:Jl.l7 f)~'L! zj,:i'1:; L 'U'L!tb:; Ltl"ll'U ~ el1~ (,)?f l'V!f)';i';il.J f)l';i L~ tl-:J~-:J 1 'LI v'l.17 f1(,) LLG'l:; '1:; i,'1{7,:i ., ' 

)7 cJ1~ ~"ll711J7'L!LLG'l:; bf1~(,)';if)';i~ L~tl-:i~-:i Bf1~-:J'1-:Je.JG'l~e: 1 ~Ll'\';i~;jfl'1 f17':i'1-:J e)e)f)'lJe)-:Je.J~(,)nru,i'~-:i'lJv-:1 
'IJ ~ 
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d Clt..c:il o c. a. u 
\J'Vl'VI 3 16~1L'U'l.tn1n'1EJ 

(Materials and Method) 

~~~~1\,l~'Vi1n1~~n~1 

fl-:i (honeybees) 3 "llU~ ~el 1. fl-:itlJ (A. jloreo F.) 2. fl-:iLY'f~-:1 (A. cerono F.) LL"1~ 3. fl-:i 

~'Liq (A. mellifero L.) 

d • 
"fl1'U'Vl'Vl1n1~'Vl~&'lu~ 

vhnTrn~"1v-:i1 'U.fl1fH.'f'U1lJ ~el rn1?1f1-:ifl-:i'U1-:ivmn-u1lJ?11EJ~'Ui:5 ru lJVl11'Vlm~m'Vlf1 L'U fa~~1~ 
., ' 

., ... ... 
'1€llJLf1"116'U'U1 11"1l'U1 

' ' 
'Vl1 rn1'Vl~"1 v-:i 1 'U~el-:l'U!)'U~ rn 1 ~el rn 1Pi n~1~ mJ-ru~~'\J~1-:iiru11'U1'Vl mm EJ'Uelf1'1m-:ifl-:i'U1-:i~ry1 

ru m1-11"111:ii11'Vlm lJV111'Vlm~mJ1~1 (l 'Llmru~:urn1?1f 1-:ifl-:i'U1-:i~ru1-u1lJ?11 EJ~'t.15) 
'U ., ' 

I/ 

'ij'lJl,lu'Un1~'Vi1n1~1'1EI 
., 

1. fl11'U~'Vl1)-:11'U~-:I 

m1-;;iL~f1?1.fl1~'llel-:if-:ifl-:i~-:i 3 'llu~ ~B fl-:itlJ fl-:11~1-:iLL"~fl-:i~'Ufi 1~E.Jfl11(,)11-;;i~tl1vn1'U Ln?11 ~ 
' 'U 

Lfl'U?l~?llJ1 'UL"l!"1~ ~1~EJ~1 'll 1~EJ~(,)1Vl'UB'U 1~EJ~i;Jf1LL"1.ll1EJ1 'Uf-:i m1-;;i~ L1f1LL"1~hPi'mfl-:i L ~el 1 ~f-:i:u 
'U 'U 'U 



" 

2. fl1';ii.'1~1-:ru1..:ivmni111?11m~\.15';i~'Vlll-.'.lfl..:in11 fl..:i 1 W';i-.'.lbbi;'l~fl..:iTI'lJfi ., ' , 
I/ .. .. ' 

fll';iVl(;lffel-.'.l'U 11 6 f1G'l11fl7';iVl(;li;'leN , 

- nci11fl11V1(;1G'l,N~ 1 fl11?1~1..:ifl..:itJ1..:iwru1bdv 1i1J11V1tJv'lJ'LJv..:ifl..:in'11 fl..:i 1 w1..:ibbG'l~fl..:ii'U5l;'l..:i1 tJ , ., , 

'11 cl b Wl~ bi cl..:ivt'hJijn7 ';i 1?1'U11 fl..:i'LJv-.'.l fl..:in11 L(;l cl 1 i-r..:i fl..:in'111 'l.Jfl7';ib Wl ~ bt cl-.'.l fl..:i'lJ7-.'.lWqj7 

- nci11fll1V1(;1G'lv..:i~ 2 fll1?1~1..:ifl..:i'lJ1..:iwru1bdv 1i1J11'VltJv'lJ'llmfl..:in'11 fl..:i 1 w1-:ibbl;'l~fl..:iiwfa..:i1 'LI , ., , 

il1m Wl~btcl..:i~nfll';i 1?i'U11fl..:i'LJv-.'.lfl..:in'11 L(;lcl 1-ff-r..:ifl-:in'111 'Ufl7';ibW7~ btcl..:ifl..:i'lJ7-.'.lWqj7 

- nci11fl11V1(;1G'lv..:i~ 3 fll1?1~1..:ifl..:itJ1..:iwru1bdv 1 'tlvl1'Vl'lJvtJ'llmfl..:in'11 fl..:i 1 w1-:ibbl;'l~fl-:1TI'Ulfo-:i1 'LI , ., , 

il1m Wl~btcl..:ivt'tlJnfll';i 1?itJ11fl..:i'LJv-.'.lfl..:i 1 W';i-.'.l L(;lcl 1 off-r..:ifl..:i 1 w1..:i 1 'l.Jfl7';ib 'W7~btcl..:ifl..:i'lJ7-:JWqJ7 

- nci11fl11V1(;1G'lv..:i~ 4 fl11?1~1..:ifl..:i'lJ1..:iwru1bdv 1i1J11V1tJv'lJ'LJv..:ifl..:in'11 fl..:i 1w1..:ibbl;'l~fl..:iTitJ5G'l..:i 1 tJ , ., , 

il1m Wl~btcl..:i~nfll';i 1?itJ11fl..:i'LJmfl..:i 1 W';i-.'.l L(;lcl 1 -ff-r..:ifl..:i 1 W';i-.'.l 1 'l.Jfll';ib Wl~ btcl..:ifl..:i'lJ7-.'.lWqj7 

- nci11fll1Vl(;lffeJ-:i~ s fll1?1~1-:ifl-:i'U1-:iwru1bdv 1 "livl1'Vl'Uv'lJ'LJv-:ifl-:in'11 fl..:i 1w1-:ibbl;'l~fl..:iTI'Ulfo..:i1 tJ , ., , 

'11cl b 'Wl~btcl..:ivt'tlJnfll';i 1?itJ11fl..:i'LJv-.'.lfl-.'.lTI'lJfi L(;lcl 1-ff-r..:ifl..:iTI'lJITT 'l.Jfll';ib Wl~ btmd..:i'U1..:iwru1 , , ., 

- nci11fl11Vl(;ll;'l'el-.'.l~ 6 fl11?1~1..:id..:itJ1..:iwru1bdv 1 "livl1'Vl'Uv'lJ'LJv..:id..:in'11 d..:i 1 w1..:ibbl;'l~fl..:iTI'Utfo..:i1 'lJ , ., , 

il1m Wl~ btcl-:ivt'tlJnfll';i 1?itJ11d..:i'LJv-.'.lfl..:iTI'Ufi L(;lcl 1 -ff-r..:id..:iTI'lJITT 'l.Jfll';ib W7~btcl..:id..:i'U7-.'.lWru7 

ct, .., ~ cal 
'!l'lJ (;l"!J u..:i m 'VI 'lJ u'lJ ~ ..:i 'VI 

1,n 'lJn1';ii.'1~1..:i'lJ7..:i'YiqJ1 
., ., .... 

~-.'.l1111 ' 
f) 'l 11 fn lJ fl 11 

' f1 ') 11 VI (;l mN 

' f1'l11Vl(;li;'l'el-:J 

, , ., 

' ' f1'l11Vl(;lmN f1'l11Vl(;li;'le)-.'.l 

' ' f1 ') 11 m lJ Fl 11 f1')11Vl(;li;'ltl-.'.l 

' ' f1'l11Vl(;lG'ltl-:J n 'l 11 m lJ fl 11 

cv c:i1 v ~ c:J ~ d 3 3 
2.1 '1(;lb\;l';icl11';i-.'.l~-.'.l'Vlbb 'LJ-.'.lbb';i-.'.lbW'elb'W7~bl;'lcl-.'.l~-:J'lJ7-.'.lWqj7 

6 

~(;lb(;l~cl11-r..:id..:i~ bb ~..:i bb ';i.,:j e)l'V17';ii.'111lJ';if)J b ~tl L 'tl~l'Vl-rrn 'U'U-r..:i b Wl~ bt cl-.'.l\Jl1e)e)'U~'1~bn(;l b 'U'l.Jd-:i ,, 

'U7-.'.lWqj7 L(;lcl~lJfl-.'.l'U7-.'.l'Wqj7bfl7Jl7clL 'lJ-r..:ivvf11 tl b ~el 1 ~ni.'IJ77W~'LJ7(;lfl-.'.j'lJ7-.'.lWqj7 b 'U'Ub1l;'l7'elV7-.'.l'\Je)cl 1 

1'U bdv fl..:i..:i1'U-rlJ~ii..:ii.'IJllW-r ..:ivtllJn fl..:i'U 1..:iwru1 fl..:i..:i7'U'1~i.'1~7-.'.l fl..:i'U1..:iwru1 \Jl1 L 'VllJt'Um bb Vl'Ufl-.'.l'U7-.'.lWru7 
~ u u u 

\Jl1 bfll m1'1 bbG'l~vi7G'l7 cl'VIG'lvm1-:id-:i'U7-:!Wqj7~ bn(;lt'U(;l7115';i';i11'll7~1 ~'\1111(;1 fltl'U~'1~ 1?1Flv'Ub w1~d..:i 

'U1-:!Wqj1 \Jl'J 1 'VllJ 

I/ I/ 

2. 2 b(;l~cl11'11clb W1~b~cl-.'.l~-.'.l'U1-.'.l'Wqj1 

i.'1~1-.'.l()'Jcl b 'Wl~ bt cl-.'.l d..:i'U1-:!Wqj1 '11 f) 1 'llfl-:i L 'U'LJ'lJ1 (;l~ bb(;lf1~1-:Jf1'Ubb~'J bb~'lJ'U(;l'LJe).,:jfl-:J'U1-:J'Wqj1~i.'1~1-.'.l 

'lJ'U(;l'LJtl-:J 1 '1lfl-:J~'U1117vi1'1')cl b 'W1~ bt cl-:ifl-:i 'U1-.'.lWru1t'lJv VnlJ'lJ'U(;l'LJe)-:J-r-:i fl-:i~1 -ff1 'U f11';ii.'1~1-:J'U7-:JWru7 ., ,, ., 
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'U1-:JY'lt\J1~el-:JL U'U 1 'llfl-:J'LJel-:Jfl-:i~'Ufi ., ' 

nTrn{1-:i~1 v L Y'l1~ Li v-:ifl-:i'U1-:JY'1~11(;)VnTru11 'LJfl-:11nvmm.J 1 m 'LJfl-:i L tl~ V'UG'f .f11Y'1'11n'lleM LL ~-:iL U'U 

'LJel-:JL -v,,n -v,i-:i'11m!'Utl11lJ LL 'U'UV11~1 V L Y'l1~ Li v-:ifl-:i'U1-:JY'l~1 LL~l;l~"ljij(;)zj-:J'U~L 1ru,Jl;'l1 V 1lJ'1~iiin~ru~lJ'U 

L"v1ijel'U';i,J~1V:1.J1~1J1'U1'llfl-:l~l;l~l;l1V1'Ul·l111J~fl,J';i~:I.J1ru 1.5 L'll'U~LlJ(;l';i ~1JJ1 3-4 ';iel'U ';ieJ1'ITT'llfl-:JLL~-:J 
'IJ ' ' 

LL~11 iijeJ'U(;) 1 'llfl-:J~Lfl1~~tlmv 1lJ L ~eltleJ(;) 1 'llfl-:Jvelfl'11flUl;l1V 1lJfl'1~ 1~~1m Y'l1~ Liv-:ifl-:i'U1-:JY'l~1 

';i,J~ 5 ~1mY'l1~Liv-:i'U1-:iY'lru1 (i1v) fl-:i~'Ufi (nm-:i) fl-:iLY'l';i-:J ('LJ11) fl-:in'll 
'IJ ., ' 

~eJV'U~ L 1ru,Jm v 1lJ~G'f{ 1-:1~1 v L Y'l1~ Liv-:i'U1-:iY'1ru1 
'IJ ., 
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L~v 1~ti'1m -w1~ LiEJ.:ifl.:i'U1.:i-wt1J1 LL~1 '11m~~~Av'UL -w1~'U1.:i-wt1J11il'1'U1'U 18 ti'1EJ~vf1v'UG11"Hf u 

m1?1f 1.:ifl.:i'U1.:1'1"1{1J1ffi?f 1 'Uf .:ifl.:i~'U~LL'1~ fl.:i 1 '1"1).:1 LL'1~ ~~tl1 m 'W1~ Li EJ,:j fl.:i'UHWt1J1 '11'U1'U 9 tl1 cl~ e)f) v'U 

~1"Hfum1?1f1.:ifl.:i'U1.:i'l"lt1J1ffi?11 'U{.:i'llmfl.:inlJ 

1tl~ 7 tl1cJL'l"l1~LiEJ.:ifl.:i'U1-:J'Wru11iJ1'U1'U 9 tl'JcJ ~~~U'Uf1B'U " ., 
(Av'U~~LL U'1.:llJ1~1fl 1lliv?lfl~lJ) ~1'HfU 1?11 'Uf-:J'llv-:Jfl.:inlJ 

1tl~ 8 tl1cJL'l"l1~Lic1.:ifl.:1'U1-:J'l"lru11il1'U1'U 18 tl'JcJ ~~~U'Uf1B'U " ., 
~1wru 1?11 'U{-:J'IJB-:Jfl.:i L '1"11.:I 

1tl~ 9 ti'1m-w1~Lic1.:ifl.:i'U1-:J'1"1ru11il'1'U'J'U 18 tl'JcJ ~~~U'Uf1B'U " ., 
~1wfo 1?11 'U{-:J'IJB-:Jfl.:i~'Ufi 

' 
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2.3 nTHJ1cJ~TWUB'U'UeJ-:Jfl.:i'1l'U~~1.:J I '1-:J 1 'Ut11cJL vn~ LicJ.:ifl.:i'U1.:J'Vlfl.j1 L ~m'f{1.:ifl.:i'U1.:J'Vlfl.j1 

'Yl1n1':iEJ1cJ~1e)fl'U'UB.:J~--n,mB'Ufl.:i-w'U6 fl.:i 1 Yl':i.:JLL'1~t.:itl.J ~~B1cJ 24-36 -&'11m 1~cJ1 'tillJl.'11'Vlfi.J 
' ' 
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t-1~-:i:u1m!'U'U1rlB'U~V1 cl (;)1eJB'UL'11:u LL~1 fl~tJ 1 tJ1'11 'U1'-:i ~ L\;l~c]lj 11'11wfo LYn~ Lt cl-:J~-:J'U1-:JYH1.J1 

"ll'U~~~a-:inT:i t-1~-:i:u1m!'U 2 -3 1'U (;)'D:U~~"'LJB-:Jfl1'~V1cJ(;l1t-1'UB'U11iinT~L:u~ruL~tJ L\;l 1 UL U'U~-:J'U1-:JY.mn 
~ u u 
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V1~011J LL'1~LR u-umJ"1f11'H1f1-:it-:i'U1-:iwru1'11tr.l'U~ L61l'1~ ti'1iinT:i6'1{ 1-:it-:i'U1-:iwru1 V11 m1~11'11'-:i L ~0~ 
\I Ill U \I 

m1t1~V1'10~ L61l'1~fl-:i'U1-:iY1ry11~ 1:1fl-:i-:11'U ~~ LL'1~ Ln uV1"10~ L"/1'1 ~fl-:i'U1-:iTiry1~t1 ~LL~'J LL~'1~L61l'1'11-n 'U 
., 

0-:11111 L"/1'1 L;l:16'1 fl'J1:IJ~'Ui:W'W'Vl5 55-70% 

.., .., ' 
'lJ1:IJ6'111:J'rl'U5 

' 

1'Vll:J1 (morphometric) L ~0~f111L tJ~l:J'U LL 'l.J"1-:J LL'1~ L tJ~l:lU L vi1:1unun~:Wfl'JU~:IJ'll0-:Jfl-:i'U1-:l'WfY1"ll'U~~1-:J 1 

L"ll'U ~~m~m.1~'lJ0-:im1:w1:111'11~1 vf0-:i tln ~'ll0-:J'11~'JLL"1~tJ~0-:i~1-:i1 L'U'U~'U 

4. m1~n~1'11'U1'U-r-:ihl'lJ0-:ifl-:i'U1-:iwru1-u1:w6'111:1-w'U5 ., . 
1 'Limrul~~-:J'U1-:JTifY1'U1:W6'111:l'W'Uq i..hfl-:i'U1-:i'V'lry1m~11~1:1i..h 1 tJLL "Ill 'U'ti0-:J LL ~-:i'll0-:i~L~'U V1~-:i'11n 

fl-:i'U1-:iTiry1m1:1V11m1~1m1:11~nJ0-:i6'1L~0~101:w 1r116'1Lr1tJ L~mJU'11'U'J'U'lJ0-:if-:i 16ll .Jf-:i 2 -u1-:i (-u1-:ii11:1 

LL'1~'U1-:J'll'J1) L ~m tJ~l:JU L vi l:JU'11'U'J'Uf-:J 1 'U'll0-:J~-:J'U1-:l'V'lfY1'U1:IJ6'111:l'W'Uqm~'11 n"ll'U~-r-:i ~-:!~ L 'U'Uf-:J'11VlfU 
., 

L'V'l1~e'.j-:i'U1-:J'rlfY1 

~ V .Q. QJ 

5. f111LnU'lJ0:IJ'1f111'J'11:J 
'U 

~ SI I.I ,!j 
5.1 LnU'lltl:IJ'1f1116'111-:J~-:J'U1WltlJ1 

'U ., 

., 
6'1f1,:ie'.j-:i'U1-:J'V'ltlJ1'U1:IJ6'111:J'W'U5) 

., ' 
LnU"Utl:IJ'1fl'J1:I.JffJ1-:J fl'J1:IJl:J1'J 'lltl-:J~'J'Ui'J tin 'Viel-:! Un bL'1~LtJ~1:1ULvi1:1u~•1m-:J~-:J'U1-:J'V'ltlJ11~Vl11-:J 

'U ., 

... ,.., 
6. f111'JLfl11~Vl'lltl:IJ'1 

'U 

1-u'm11Lr111~~'Vl1-:J6'1'1~LLUU One way- Anova L~m,J~1:1ULvi1:JU'11'U'J'Ufl-:i'U1-:l'rlfY1 m1 

L ,J~ m..1 LL tJ~-:i-s,J ·:h-:i~ n~ru::: '1ru~1'Wi11 l:l'We:J n LL~::: -.S 1u1u1-:i 16ll-s:::vd1-:it-:iu1-:iTiru1'lle:i-:i mi:wmur1:w LL'1::: 
\I .a QI 'I 'I 



U'VI~ 4 ~i'lnTrn~i'teJ,mi'l::nTrn.ntl~1v~" 
(Results and Discussion) 

., ., ., 
fl1':i'VlVlffel..:J'Ui1~"fl1':i'VlVl"tl..:J'Vl..:J'VtlJVl 3 m'lfl1':i'V1Vl"tl..:J ~..:J'U 

1. fl1':i'1{1..:ifl..:i'U1..:JWflJ1Lda 1 i~1'Vt'Utl'U'LJB..:Jfl..:inlJ fl..:i l W':i..:JLL"~t..:i~'Ui5 LVlcJ 1 i1'..:ifl..:inlJ1 'Ufl1':iL 'l"l1~ ., ' ., ., ... "" 
L'1cJ..:Je.N'U1..:J'l"lqj1 

2. fl1';i'1{1..:ifl..:i'U1..:J'l"lru7Lda 1 i~1'Vt'Utl'U'LJB..:Jfl..:inlJ fl..:i l 'W':i..:JLL'1~fl..:ii'Ufi LVlcJ 1 if ..:ifl..:i l 'W':i..:J 1 'Ufl1':iL 'W1~ ., ' ., ., ... "" 
L'1cJ..:J~..:J'U1..:J'Wqj1 

3. fl1';i'1{1..:ifl..:i'U1..:J'Wru1 Lda 1 i~1'Vt'Utl'U'LJB..:Jfl..:inlJ fl..:i l 'W':i..:JLL"~fl..:ii'Ufi LVlcJ 1 if ..:ifl..:ii'UITT 'Ufl1':iLW1~ 
., ' ' 

tl1cJLW1~LicJ..:i'11f1 36 tl1cJ (f..:ifl..:in1Jvrlm'Ufl1':iLW1~LicJ..:i'U1..:J'Wqj1 = 12 {,.:i ~1'Vt'Utl'U'LJB..:Jfl..:inlJ fl..:il'l"l':i..:J 

LL"~fl..:ii'Ufi = 12 1'..:i ~7'U1'U~1vt'UB'U 3 ~a~a1'..:i1'Ufl..:iLL~'1~'1!'Uvi) '1'UBBf1lJ7LU'U'U7..:iwru1~1L~1J1cJ fivi ' ., 

L U'U 25% 'Utlfl'11 n-d'fl..:inlJ 1lJi1fl1':i'1{1..:ifl..:i'U1..:J'Wru1Li1a 1 'tl~1'Vt'Utl'U'LJB..:Jfl..:i 1 W':i..:J LL'1~fl..:i~'Ufi ., ' 

12 

fl..:i'LJa-:ifl-:inlJ LVlcJ 1 if-:ifl..:inlJ 1 'Ufl1':iLW1~ Lic1-:ifl..:i'U1..:iwru1 'Wtd1fl-:in1Ji1fl1':i'1{1-:ifl..:i'U1..:iwru1 mw1~ Li1a 1-ff ~1 ., ., 

'Vt'Utl'U'LJB..:Jfl..:inlJ 'WU11i1rn':i'1{1..:ifl-:i'U1-:J'Wqj1'LJB..:Jfl-:inlJ1lil 11 tl'"JcJL'W1~LicJ-:i'17fl 36 tl1cJ '1'Utltlfll.J1LU'U 

'U1..:iwqi1~1 L~1J1cJ fiviL U'U 30.55% LL"~'Wu11fl..:il11J 1lJi1rn':i'1{1-:ifl-:i'U1..:iwqi1 Li1a 1 i~1vt'UB'U'17f1fl-:i L 'W':i..:J 

LL"~fl-:ii'Ufi(i..:JLLlJ'1~ 1?f'U1Jfl-:i'LJt1..:Jfl-:inlJ"..:J 1 'Utl1cJ L 'W1~ Lic1..:ifl..:i'U1-:JWru1 ' ., 

L tJa{ L~'U~ fl1 ':i'1{1-:i'U1..:JW(lj1'11 fl'Vt'Utl'U'LJB..:J fl-:i LL~"~'t!'UVl 

t-:inlJ t-:i 1 'W';i..:J t..:ii'Ufi 
' .,j 

fl"l.Jfl1':i'V1Vl'1tl..:J'Vl 1 
' 

25 0 0 

(b.JL?f'UlJfl..:i'LJB..:Jfl..:inlJ 1 'Ut11m W1~LicJ..:i) 
' I q 

f1"l.Jfl1':i'V1Vl"tl-:J'Vl 2 30.55 0 0 
' 

(l?i'Ul.Jfl..:J'LJB..:Jfl..:in:w 1 'Ut11cJL W1~LicJ..:i) 

L~cJ-:i~i1LL'1~ 1lJi1'UlJfl..:i 'WU11fl..:in1J'1{ 1-.:J fl-:i'U1..:JW(lj1 LO'W1~'LJE)-:J(;l1'Vf'Utl'U'LJB..:J fl..:inlJL vhi!'U LVlcJ fl1':i'1{1..:ifl..:i 

'U1-:JW ru1 '11 f1tl1 cJ L 'W1 ~ L~ cJ..:ivrl?i'UlJ fl..:i i1 fl1':i'1{1..:i fl-:i'U1-:JW ru 1 lJ1 f1 fl11 tl1 cJ L 'W 1 ~ L~ cJ..:iffilJ11iil.?i'UlJ fl-:i 5. 55% ., ., 
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LLmifl-:in'1111lnfnrn{1-:ifl,ru1-:iYmJ1 Ldei 1 ivi'TVl'Uel'U'Uel-:Jfl-:i t 'W':i-:JLLmifl-:i~'Ufi ~1fHl1 cJ b 'W1~LicJ-:ifl-:i'U1-:J'YWJ1~ ., ' ., 

1~Lb'1~ 111L~'U11fl-:i 

m':i?1{1-:ifl-:i'U1-:i-wru1 Ldei 1-&'vi'TVl'UeJ'U'lleJ-:ifl-:i t 'W':i-:J fl-:i~'UfiLL'1~fl-:in'11'1-:i 1 'Ut11m -w1~ Liv-:ifl-:i'U1-:i-wru1~ ., ., 

11ln'U11fl-:i bb~11~'1-:i1 'Ur-:J'Uv-:Jfl-:i t 'W':i-:JbyjBL'W1~LicJ-:i (~-:ifl-:i t 'W':i-:im m 'Ufl1':ib'W1~LicJ-:i d-:i'U1-:J'Wqj1 = 12 ~-:i 

vlTVl'Uel'U'LJeJ-:Jd-:it-w':i-:J d-:i~'Ufibb'1~t-:in'11 = 12 r-:i '11'U1'Uv1TVl'Utl'U 6 v11~el~-:J1'Ubb~'1~'1l'Uv1d-:i) -wu11d-:i 
' 

-:J1'U'1Jel-:Jd-:it-w':i-:J&'l{1-:id-:i'U1-:J'Wqj1'11'U1'U 28 tl1cJ ~1fl 48 tl1cJ ?1vib'U'U 58.33 % d-:i-:i1'U11lnm·rn{1-:id-:i 

'U1-:i-wru1 Ldv 1 iv11V1'Ut1'U'VeJ-:J d-:in'11 Lb'1~ d-:i~'Ufi ., ' 

~1'Vl~'tJfl1':i&'l{1-:id-:i'U1-:J'Wqj1Ldei 1~'U11d-:i'1JeJ-:Jd-:i t 'W':i-:J'1-:J 1 'Utl1clb 'W1~ Li cJ-:Jfltl'U 1~v11'Vl'Uel'U'1Jtl-:Jd-:i t 'W':i-:J 

d-:i~'Ufibb'1~t-:in'11 -wu11d-:i -n'U'1JeJ-:Jd-:i L 'W':i-:inm':i?1{1-:i d-:i'U1-:J'WfiJ1~1 flv11'Vl'Uel'U~ b 'U'U'LJeJ-:Jd-:i L 'W':i-:J Rel?1{1-:i ' ., 

d-:i'U1-:i-wru1i-:iV111v1 30 51cJ ~1n 48 t11cJ ?1viL'U'U 62.5% d-:i-:i1'U'1JeJ-:id-:i L 'W':i-:J 11l?1{1-:id-:i'U1-:i-wru1~1nv11 ., ., 

'Vl'Uel'U'Utl-:Jd-:in'11 ~1'Vl~'tJ Ldei 1 iv11V1'Uel'U'1Jel-:Jd-:i~'Ufi'W'tJ11d-:i-:i1'U'1Jeld-:i L 'W':i-:inm':i b 'W~ Li cJ-:Jv11'Vl'Uel'U'1Jtl-:Jd-:i 
' 

~'Ufi~'Ub'U1':i~cJ~~flbb~'11'U1'U 2 tl1cJ ?1vib'U'U 4.17 % bb~fl1cJ'Vli-:id-:i-:i1'U'1JeJ-:Jd-:i L 'Y'l':i-:J1~~-:J~flbb~elelfl~1fl 
' 

,c;' II ~ I .i::::i., 

b Utl';i b"l!'LJ(;) fl1':i&'l':i1-:J'U1-:J'rlqj1 ~1 fl'Vl'Utl'U"Utl-:J ~M bb(;)'1~'1l'Uv1 

fl-:i L \"l';i-:J fl-:i~'Uq fl-:i~11 
' ..,j 

fl'111fl1':i'Vlv1'1el-:J'V1 1 58.33 0 0 
' 

(111L~'U11fl-:i"Ut1-:Jfl-:i L 'W':i-:J 1 'U'11clb 'W1~bicJ-:i) 
' d 

fl'1l.Jfl1':i'Vlv1'1el-:J'V1 2 62.5 0 0 
' 

(1~'Ul.Jd-:J"Uel-:Jfl.:i t 'W':i-:J 1 'U'11clb Yl1~bicJ.:i) 



,. I, ,. I, 

rtn.~t uu~~9n.~t-t1t-Gri.n.cm1,1,r,~uL(!LIUM.t-Ln.t-I:t-L}1J9n.~t-t1 G~ LIUM.t-Ln.t-I:N3 ~1:::LM., 11 r,~n. tN!9n.~t-t1 I l'I l'I l'I l'I II f'I 

. ,. . t-G ri.t-1: 11n.~1,, rtt ~ ~,, ~ Wt-xtn.,ti, Ly., 9 n.~ t-t1 n. G n.1,1, r,~ u LI! L m M. t-L n.t-1: t-L} 1J9n.~ t-t1 L u1.M.t-G ~ ~ 1M. LU u LI! 
l'I I 11 11 l'I l'I II 

(t-1:~QP.~~~,m tt-fG~r,~ 9 n.@n.1,1,r,~n.r,n.Lf! t-f zi = 11~t-1:~~mtM. lt-t1 ~n.~t-t1t-@ri.n.@n.1,1,r,~ 
11 11 11 11 11 

t-f li = LfuM.t-Ln.t-yt-11~i~LM. itLUrL 1.S-~9n.~t-yt-f) t-11~1~LM. iG~ i~n.~t-yt-Gfl.t-f rL tt-~~t r,~ii t-yrtn.~ftt 

~LfuM.t-Lm!:rn ~, ~LM. rnr,~n. tt-~rt~t-!:~m,t-!.M. lt-!: 9n.~t-!:t-Gri.n.@n.1,1,r,~E, t@~iLfuM.t-Ln.t-!:t-L}k!!.LU 
I 11 11 II 11 11 II I II 

tt, • • tt, 

LfUM.t-Lnt-f':l:;LM. H.Lun, JmM.t-f':lt-@n.t-!.11,,, m~, f!nM.f3L~ltLU.LfUM.t-Lnt-f':lt-L!.~!.LU~f':I £'17 f' t.; ,. f' ,.,. I. ~ ,. "' f' "' 

t-!.M. lt-yLfuM.t-Lmyt-@ri.11111~,r,~n.1;, LrtUGG~l!~n.@µ 
f\ f\ f\ 

~~JM~G~1,1,n.111umGIA.~,,u~~l1~!.IJLfl.11A.t-!.M.lN:lt-Gri.n.Gn.1,1,r,~~11~!. 8l IA.n !. ,, I ~l'I l'"O I /'I ~ ~ l'"O ~IO 

~~JM ~G~l,1,U Ll!UGG~n.~t-y t-Gfl.rLGrLl,1,l~t-~t-!.M. l t-y ~n.G µ 
,. I\ I\ I, I\ 

UUM.t-Ln.t-l':l~~JM~G~1,1,n.tl1LlJl1GIA.~11U~:;11 :;!,IJLfl.11A.gn.Mt-1':lt-Gfl.rLGrLl,1,C,~:;11 :;!, L l IA.fl!. ~,, 1 ~l'I l'"O 1 11 F'-' n ~ n ~I" 

f\ 

t-im11um 1..~~JMU Ll!UGG~i,u~:;11 :;!,~~ m~ ,~n.GrLl,1,C,~11 L~L.tAt-~r_~,,~~Rs, 
f\ f\ • 

~un.l!r@t-y11n.~~t-11i, :;LM., 11(,~fl. 1,,11@~9n.~t-yn.@n.1,1,r,~µ,, t-yrtn.¾1-t !.LU~t-!.M. 1t-yL~n.M.~,, l1L~wt-11i1:;LM., 
. ,. 

11 r,~n, tt-~t-!.M.1 t'!: t-G fl.t-!: rtn.~p I! rcii t-12 rt~t-1::; ~,, ¥f1.~t-!:t-G fl.fl.G n,1,1,r,~u LI! L IUM.t-LM.t-!: t-L}IJ ftt t-!.M.1 t'!: 
II II /'I /'I II II II 

L~n.M.rtL~W!. tt-LrG %L l ·17 t-y11n.~1.ft~t-11i1:::LM. rnl~L~UULl1t-~rtn.~t!.LU~~t-11i1:::LM. rnr,~ULl!LfuM.t-Ln. 

t-~ !.LU~11~1 n.rLY., t-Gi t-!.M. lt-~t-Gfl.fl.Gfl.1,1,(,~M.Q, ~t-11i, ~ LM, 11 C,~ULl!LfuM.t-Lm~t-L}IJ!.LU~t-!.M. lt-~ 

111 
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fl-:ii-:iV11J(;) 35 i11cl '17n 46 i11clA(;)LU°IJ 76.09% zj,:i111nn-11L~v1llijm':i1'1"1J11fl-:iG1{1-:ifl-:im-:i-w{!J1 29 

n1cl '17n 46 n1cl A(;)LU°IJ 63.04% 

fl-:1"W°IJITTllijn1':iG1{1,:i\;\1V1°1Jv°IJfl-:irl'111 ~L1il~ru 1 i.J L tl°1Jfl-:i°IJ1-:i'Wru1i-:iffi'1 LL~~ 111L'1°1J11fl-:i'lm-:ifl-:i"W°1Jtfo-:i , u u , 

1 °IJ()1cJL'W7~LicJ-:ifl-:i LLvifl-:i'Wwmm':i 1 ~°IJ1Jfl-:i LLfl\;\l'Vl°IJv°IJ'IJB-:Jfl-:i L 'W':i-:1 Lim1~1 °IJ()lcJL 'W7~LicJ-:i~ij°IJ1Jfl-:i1il°IJ , 

tl(;)'Vl~el(;)L'l!~'1°1J7-:J'Wru7 ~7°1J1°1J 4 ()1 cl A(;) L U°IJ 8.69% .fl7 cl'Vli-:ifl-:i-wwsvh~1 cJ(;)l'Vl°IJv°IJ'llv-:Jfl-:i L 'W':i-:J~vci 
" , V 

m cJ 1 °IJ'Vl~v~ L'l!~'1fl-:i°IJ1-:i'Wru1 ~-:i'1':ii.J1~11fl-:i-w"1JITTliG1{1,:i\;\1V1°1Jv°IJ'llv-:ifl-:i L 'W':i-:i 1 ~L tl°1Jfl-:i°IJ1-:i'Wru1 u , , u 

., 
'1.fl71~ 1 °1Jn7':iVl(;)~eJ-:J L i.Jv1 L ~°IJ ~ m ':iG1{1-:im-:i'W {1!7 '17 n'Vl°IJv°IJ'llv-:itl-:i LL vi~ ~'ll'U~ 

., ., ., ., 
d OJ ,-

tl-:i 1-w':i-:i 
d c, 

i;.J-:J'W°IJi:i i;.J,:j1J1J , 
I .J 

n~11m':iV1~~v-:ivi 1 63.04 0 0 , 

(111 L'1°1J1l fl-:i'llmfl-:i-w°!Jtfl °1Jn1 m -w1 ~ Li cl-:!) 
I .J 

n~1ln7':iVl~~v-:ivi 2 76.09 0 0 , 

(l'1"1J11 fl-:i'llv-:ifl-:i'W°IJITT °lJ n1 m 'W7~ Li cl-:i) , 

fl-:i'Wwm n7':i'1{ 7-:J fl-:i°IJ7-:J'Wf;U7'17 n(;)l'Vl°IJv'U~ L U°IJfl-:i-w°IJts L~clijn7':iG1{1-:ifl-:i°IJ7-:J'Wf;U7'17nf;l1cJ L vn ~ 
, u , "' 

°IJ1-:i'Wru1ffi'1°1J1J fl-:1111 n n11 n1clffill1lii1'1°1J1l fl-:i 13. 05% °IJv n'11 n-d'fl-:i-w°IJ5ij m ':i Li cl-:J(;)l'Vl°IJv°IJ'llv-:i fl-:i L 'W':i-:i ., , 

':ii.J~ 19 LL?l~-:i fl-:i-:11'\.J'llv-:1fl-:i-w°1Jthn1~m-:in1 m -w1 ~ Li cJ-:i'I.J1-:i-wru1~ij\;\1V1'\.J v'\.J'llv-:ifl-:i'W'I.Jfi L 1il~ru L~'\J L\;l 
'\I , u , u 

L tl'I.Jfl-:i'I.J1-:i'Wru1 L ~v 1 ~v1V11 ':i LL~~?1{1-:i 1 'llfl-:i L ~vtl(;)'Vl~v~ L 'l!~'1fl-:im-:i'Wru7 L 'V7'1':i~ cl~~ rnL~ ., ., V 
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e-m n11vi \il'1el-:J?11tfl~--.h 1lJijn1•rn{1.:ifl.:i'U1.:iwru1i111?11 cJTI'U51~V111.:i'll'LI\il ~el fl.:i LL~'1~'1l'LI\il ?111.:i fl.:i ' ., ' 
'U1-:J'Y'lfy1'11 n~1'Vl'Uel'U'll'U\il L~cl1 nU'll'U\il'Vel-:J~ .:ivrl m 'U f11':iL 'Y'l1~ Liv.:ifl.:i'U1-:J'Y'lfy1 L Yl':i1 ~.f11 cl 1 'W~-:J fl.:iij f11':i 

1 -uffi ':i 111'U1 'Uf11':i~el?l1':i fnUflllf11':i'Vl1J1~ f11':ivi1-:J1'U.f11cJ1 'U~-:J ffi 11ll'U'Vel-:Jfl.:iij'Vlmn'Vl'11cl'll'U\il 'li.:iLL~'1~ 
' 

'll'U\ilij\Jl•1U1Vl'V11J1~~1-:Jn'U 'Uel n'11 nilvJ1 ':i 1ll'U'll'U\il L~ ell n'Uij?l1':i Lflij~ L 'Vliiel'ULL'1~ LL\il n~1-:J n'U':ilm~,:i 

el-:J flU )~ n elU'Vel-:J?l1 ':i Lflnt'U el~ nu 'll'U \il'V el-:J ~,:j Yl1) 111'U~'11 ~ ru ~ el Yl1) 111'U 'Vel-:J ~1 Bel 'U ( Brood 
~ ., 

pheromone) L Yl':i1 ~ijUV1U1Vl~el'Y'I~~ n':i':ill'tJv-:Jfl.:i.:i1'U1 'Uf11':i~ LL'1 n111 ~el1'Vl1':inU~1'Vl'Uel'U f11':itl\il 
,d I.I I Q./ II . .c:J 

'Vl'1el\ilL"lffl'1LYlm'V1?1':i~cJ~\ilnLL\il (Conte et al., 1990 ; Sagili and Pankiw, 2009) f11':iV1 brood 
~ 

pheromone n?111 Lfln~ L 'Vliiel'ULL'1~~1-:J n'U ':i'Jll~-:Jel-:J flU':i~nelU'Vel-:J?l1':i Lfln~ LL\iln~1.:in'U~1 cl vi11 ~fl.:i 

'11'Uijf11':i'1\il'il1ffi ':i 1ll'U~1Bel'U'Vel-:J'll'U\il L~cl1 ci,:ie.m 1 ~~'1'11'U\il LL'1~1'Vl'Uel'U 1 'W'll'U\il L~cJln'UnU fl.:i.:i1'UL 'V11\!'U 
~ 

~-:J\!'U~1'Vl'Uel'U'Vel-:Jfl.:i~LlJ1 'ti'll'U\ilL~ cl1 nu ~-:J-:J1'U\!'U 1lJ1~~U f11':i \ilLL'11 ~v1'Vl1 ':i 'Vl~elU1-:Jfl?.:ifl.:i.:i1'U~-:J~1 
~ 

'Vl'Uel'Ueleln vi11 ~~l'Vl'Uel'U~elcJL 'U'11 m 'Y'l1~Lt cJ-:Jm cl c.mf111Vl\il'1el-:Jffi~ilnrn111?1el\ilfl~el-:Jnu.:i1'U1~ cJBn 
~ 

'Vl'11 v.:i 1'U~'Y'lu111lJ?11m n ?1{1-:i ~.:i'U 1.:i'Y'lru1 i111?11 cJTI'U51~V111.:i ~.:i 1 'Y'l':i .:i LL'1~ ~.:i.:i1'U 1~ L 'Y'l':i 1 ~ ~l'Vl'Uel'Ut:l n ., ' ~ 

'Vl1'11cl'1-:J (Dhaliwal and Atwal 1970; Adlakha and Sharma 1971; Oku and Ono 1990; 

Potichot et al. 1993) ?11L'Vl\il~'11~ru~1lJ?11m1t:1?1{1.:i~.:i'U1-:J'Y'lru1i111?11cJTI'UITT~L Yl':i1~fn1ll'11L Yl1~ 
, 9.1 u , 

L'11~'1-:J'Vel-:Jffi11ll'U~1Bel'U (brood pheromone) 1'Wfl-:JLL~'1~'1l'U\il (Potichot et al. 1993; Ayasse and 

Paxton 2002) 'U'1~cJ~ci.:ic.manV1i1.:i'U'1~cJ ~el 'Ull~.:i 'Ull~-:JL'U'U?l1':i~c.J~\illl1'11n~elll 1e11 uv-h~.:ifl (hypo­

pharyngeal gland) 'Vel-:J~-:J-:J1'UL ~el 1 -UL 'U'Uv1'Vl1':i1 ~nufl.:i 'Ullfl-:J'Vel-:Jfl.:i LL~'1~'1l'U\ilijfl11llLL\iln~1.:in'U 

(Takenaka and Takenaka 1996; Su et al. 2005) f11':iV1\il'1el-:Jijn111-U'Ullfl.:i'1m.:ifl.:i'll'U\ilL~cJ1nU~L'U'U 

~-:J'11'Vl~\JL Yl1~Liv.:i~-:J'U1'1Ylfy1'1-:J 1 'U'11 cl L 'Y'l1~ Liv.:ifl.:i'U1-:J'Y'lfy1f1el'U 1ci~l'Vl'Uel'U'Vel-:J~,:j LL~'1~'1l'U\il'1-:J 1 'Wfll cJ 

L 'Y'l1~ L ~m 'U'Uf1'1elU1cl 1 ~fl.:i.:i1'U LicJ-:JLL'1~ \ilLL'1~1'Vl'Uel'U'Vel-:Jfl.:i~1.:i'1l'U\il fl.:i.:i1'U'Vel-:Jfl.:iTI'U6nf111\il LL'11 ~ 
'I \J , \J 
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1 w-:i.:in~'Vlnv~ L'1rn~fl.:i'U1.:ivmn LLn~'Vl1n1 tl\Jll'Vl'Uv'U 1 'U.fl1tl'Vl~.:i L ~'UL~v1n'IJ d.:i.:i1mm.:id.:i 1 'V'l':i.:i~~ LLn LLn~ 
u " 

Li v.:i ~ \Jll'Vl'U v'U'U r:i.:i d.:i TI'Ui:5'1 'U b~11 b -u1 ~ ':i ~ v ~ ~ n Lb~w { r:i11 n'I.Jtl ~'Vin r:i ~ b 'l!n ~ d.:i'U 1-:iwru 1 nr:im1n'Vl 1 m v 1 'W 
'U , 'U u 'U 

mv'Vl~.:i m'1b 'U'UL 'V'l':i1~ L 'U'U11fl.:i'Ur:i.:ifl.:iTiwfon~fl.:i 1 'V'l':i.:iffi ,.h~'W~'V'l'IJ~.:i 1 'Ufl.:iTI'UfibLn~fl.:i 1 W':i.:i~ L 'Vlile:i'Un'U 
' ' 

bb~v.:irii.h~ne:i'I.Jhkvhn'U 'V'l'IJ'"J1 MRJPs b'U'Uhh~'U'Vl~n'Uv.:l'U1Jd.:i zj,:i MRJP1, 2, 3, bbn~ 4 b'U'Uhh~'U~ 

W'IJL 'U'U11fl.:i'Ue:i.:i~.:i 2 "llu~ 1~t1W'IJ111 'U'U11fl.:i'Ur:i.:id.:ii'Ufi:WU~111ru'Ur:i.:i 1 i.J-:i~'U~m~11111111nn11'U11fl.:i'Ur:i.:i • 
fl.:i 1 'V'l-:i.:1 bb~ffi U':i~'U'IJ1.:1"1JU~~W'IJL 'U'U11fl.:i'Ur:i.:ifl.:iTI'Ulfo~11i'V'l'IJL 'U'U1Jfl.:i'Ue:i.:ifl.:i 1 w-:i.:i b ~'U Peroxiredoxin • 
2540, glutathione 5-transferase S1 Lbn~ MRJP5 'V'l'IJLO'V'11~L'U'U1Jfl.:i'Ur:i.:ifl.:iTI'U~ ~l'U MRJP7 W'IJ 

bu'V'11~'U1lfl.:i'Ur:i.:ifl.:i 1 'V'l-:i.:lb 'U'U~'U (Yu et al., 2010) ~ltlb'VI\Jl~n'Uv.:i 1 U':i~'U~W'IJL 'U'U11fl.:i'Ur:i.:ifl.:i~.:i 2 "IJU~ • 
~r:i d.:ii'WfiLLn~ fl.:i 1 w':i.:i:w~.:i"llu~ 1 i.J-:i~'U~L 'Vlilv'Uf1'UbLn~ Lb\Jln~1.:in'U ~.:iil1'1~'Vl11 ~fl.:i.:i1'W'Uv.:ifl.:i-w'Ufibbn~fl.:i • • 
1 'V'l-:i.:ibi v.:i bbn~ 1 ~v1'Vl1':i'Uv.:I\Jll'Vl'UeJ'U~1.:i"1lu~n'U L 'U'til.:l':i~ v~ b 1m'Vl~.:i ne:i'U~\Jll'Vl'UeJ'Ufln'V11 m v LL~11i 

" 
W'IJ'"J1fl.:i.:i1'U'Ue).:lfl.:i 1 W';i.:lbbn~fl.:ii'U'B~bbnbbn~ 1 ~r)1'V11';ibbfl\Jll'Vl'Ur:l'U'Utl.:lfl.:irl11 L 'U'UW~ b~ cnn'Ufl.:i.:i1'U'Uv.:lfl.:1 . " 

n~'UU~~.:i:w~n~r:ln7':ii;'1{1.:i'U1.:iV1ru1-u111l;'l1t1TI'Ufi (Takenaka and Takenaka 1996; Su· et al. 2005) 
u • 

'11nn7':i'Vl~ne:i.:i'Ue:i.:i Tan bbn~ flW~ (2005) i.J-:i~i;'l'I.Jfl111l'11L ~'11 'Un7':ii;'1{1.:i'U1.:iwry1fl.:i 1 'V'l-:i.:1 Lde:i L-U\Jll 

'Vl'Uv'U'Ue:i.:id.:i 1 TI':i.:ln.:i1 'Utlltlb w1tLit1.:ibb~11~n.:i1 i.J1 'Uf .:ii1'Vlf'I.Jb w1tLiv.:i~ih~.:ifl.:i.:i1'U'Uv.:i fl.:i-w'U'BLbmJ.:i • 
1 W':i.:ie:icl~1c.1n'W v1'1 b 'U'Ub w':i1~:wn1':i~i;'l1J~i;'l1'U':i~'Vl11.:i'U11fl.:ivtl off L 'U'Uv1'V11':i':i11J~.:in1':i~i;'l1J~i;'l1'U'Uv.:iffi ':i 

" 
11l'W\Jllelv'U (brood pheromone) b 'V'l':i1~:wfl.:i.:i1'U'UeJ.:lfl.:i 1 W':i.:ie:itj1 'U{.:i~b w1:::Lic.1.:ifl.:i'U1.:iwry11ii'1 cJ 

'Utln'11 ni1m'1b 'U'Ub 'V'l';i1~fl.:i 1 TI':i.:lbbn~fl.:i-w'Ufi b 'U'Ufl.:i~:wm1111n~-B~n'U\Jl11Ji;'l1 cJ11~'U1 n1';izj.:lb 'U'Ud.:in~1J • • 
L~c.11 ~e:i L'U'Ufl.:i'U'U1~nm.:i i;1{1.:i':i1.:if.:i'VlmcJ':il.:lbbn~vtj\Jl1111 W':i.:I (cavity-nesting honey bees) zj,:iij 

~ni;'lr:J~fl~mnm1'U1-:5'c.1 Koeniger bbn~flru~ (1996) TI'IJ'"J1fl.:i.:i1'U'Uv.:ifl.:i 1 W':i.:l:Wn7':i~bbnbbn~ 1 ~m'Vl1':if1'1J 

\Pll'Vl'Uv'U'Utl.:lfl.:i A. koschevnikovi ~v c.1'1 'Ui\'1 m w1 ~ Lic.1.:i'U1wru1'1'Um~vi'.:i:wn1-:itl~'Vlnv~ b'lln'1 bbn~ 
" u 

r:ir:in111L'U'U\Pllb~l.lltl'Uv.:!d.:i'U1.:iwru1 LW';i1~e.:i~.:i 2 "1JU~i1Ltl'Ufl.:i~i1m1:w1n~-B~'Vl1.:111~'U1n1';i ~r) b'U'U u 

fl.:i'U'U1~nm.:ii;'1{1.:i~.:i'Vln1cJ':i1.:l~.:I ( cavity-nesting honeybees) bbn~fl.:i~:W~'Uf11 bu~ 1 'W'Vl1Ub~cJ1!1'Ubbn~ 

U':i~b'V11'1b~cJ1f1'U ~r:i ~'ll1'1J1"1 U':i~b'Vll111J1bm61ic.1 (Koeniger and Koeniger, 2000) ~.:i11i:w~,Ji;'l';i-:ifl1'W 

L~r:J.:l'Ur:l.:l~.:in~'Ul.:l'Vl1.:I.IJ:i11111i;'I\Jl{L 'U11l1 b~cn-um ( geographic barrier) ~.:l'V111 ~d.:i.:i1'U'Uv.:id.:i 1 W':i.:!:Wn7 ':i 

i;1{1.:id.:i'U1.:iwru1'11n1J1l'Vl'Uv'U'Uv.:ifl.:i A. kschevnikovi L 'U'UW~~d.:i.:i1'U'Umfl.:i 1 W':i.:l:Wn7':iLic.1.:i~bbn~ 1 ~ 
u " 

v1'V11';i bbfl\P11'Vl'Ue)'U'LJe),:j d.:iw'U6'1'U b 'U1 '1-:i ~ cJ ~ ~ n bbli1 bb~fl n'V11'11 cJ fl e)'U~'1 ~ b 'U'U d.:i'U1.:iwru 7zj,:iij ~n b 'Vli'.leJ'U 11'1.J 
, 'U 'V u 

t.:i.:i1'U'Uv.:it.:iTI'Ufi~ Li c.1.:i~ bbn~ 1 ~m'Vl1':if1'1J\Jl1'Vl'Utl'U'Ue:i.:id.:i 1 w ':i.:1'1'Ub "LJ~':i~cJ~~rnL~ bb~l~.:i 1~'U'Vl1mc.1ne:iu . " " 
b'U'Ufl.:i'U1.:!Wqj1v1'1 b tl'Ub~tl.:l'Utl.:l~.:in~'U11.:l'V11.:I.IJ:i111!1i;'I\Jl{ ( geographic barrier) b W':i1:::fl.:i 1 W-:i.:ii1~'W 

n1bu~ 1u'Vl1i.Jbm:1fo bb~fl.:1TI'U6i1~un1Lu~ 1 'U'VllUcJ hi.J bbe:iv-l~m btl'Ufl.:i'll1b i1111'Vl1i.JLm~fo i1.:ibLlJ11fl.:i~.:i , ' 
2 "1JU~-:5'~e:ic.11 'Wn~1Jb~cJ1!1'Ufl\Jl11J 1'LI'UW~~t.:i.:i1'U'Ue).:le.:irl1111ii1n1-:ii;'1{1.:ifl.:i'U1.:iwnn bdv 1-UIJll'Vl'Ue)'U'LJe),:j " , -
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ti11Vl'UffU'LJel-:Jfl-:id:w~elti1TVl'Uel'U'1n'Vl1~1 cJ'Vli-:J'11flb W1~ Li cJ,:J.fl1 cJ 1 'U 2 1'U L W11~ fl-id:wL 'U'Ufl-:i~~(;lelcJL 'U 
~ ~ 

n~:wd-:i'LJ'U1 (;I L~ni1m1G11{1-:i11-:i{-:i L~ cJ161i-:i1-n1:w 1n"=iJ(;IV11-:i11W.J'U1v11-:i'11 nd-:i 1 w1-:i LL~~ fl-iTI'U'BV111,~'hJi1m 1 ' . 
c.m:w{uti11Vl'Uel'Uzj-:Jn'ULL~~n'U '11n-:J1'U1~cJ'LJel-:J RaYudin LL~~ Crozier (2007) LL~~ -:J1'U1~cJ'LJel-:J Arias 

LL~~ Sheppard (2005) 11ilPimnm11Lr111~'1-1G'l1cJ11W.J'U1'1JeJ-:JW~~m1:w l(;lcJ1'tiLVll-1'Ul-1~1 l:WL~~~ wu11 

m1:w 1n"=ii(;lv11:WG'l1cJ11W.J'U1 m1 d-:id:wi1m1:w 1n":a(;l~1:WG'l1cJ11W.J'U1m1v11-:i'11nd-iTI'U'B LL~~d-:i 1 w1-:i V11 • 

'U1-:JWf!.J1'11nti11Vl'Uel'U'LJeJ-:Jd-:i A koschevnikovi ~-:ii!'Um1:w1n"=ii(;!Vl1-:JG'l1cJ11W.J'U1n11el1'1:We.J~~eJn11 

G11{1-:id-:i'U1-:iwry1-u1:wG111 cJTI'U~ 'UeJ n'11 n-d'm'1:WU'1~ cJV11-:i m cJmw um~w ~~ m1:w~ LL~ n~ 1-:i n'U'LJ eJ-id-:i LL~~~ 
"ll'U(;l~i,'1,:Je,,J~ 1 ml.li1m1G11{1-:i d-:i'U1-:JWtU1'LJ1:WG'l1 cJTI'U'B 

., ' 
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.,j ,J II 
'UVl'VI 5 fl"a LLi'l::"tleHfl'IJeHL 'IJ:: • 

(Conclusions and Recommendations) 

L vn~ Li cM t.:i.:i1'Uiin1 'H'lf 1.:it.:i'U7.:J'l"lt1j7 '<il7 n'11 cJ L '1"17 ~~iin1'~1~m.Jt.:i flv'UcJ7 cJl'11'Vl'Uv'Un.:i1 'U'11cJ 

'17'U1'Ul.J1 n n11 Lde:i hJ1~'Ul.Jt.:in.:i 1 'Utll m '1"17~ &11V1-ri.J-um11i.Jm·H'l~1.:it.:i'U1.:i'l"lru1-u1l.J?11 cJ~'U'B'l"li.J17 hJ , ., , 

'Ul.Jt.:i1~".:i1 'U111 m '1"17~ t.:i'U7.:J'l"lt1j7tlv'U1~i1V1'Uv'U'llv.:ifl.:i LL\,1"~'1Jii~ ".:i1 'U111 cJ nT~~hJi1m1?1~1.:ifl.:i 

'U7.:J'l"lru1-u1l.J?11cJ~'U'B1~V111 fl.:iJ.:i 3 'lJii~d m'<i!L 'll'U L '1"111~ 1. m1l.l'11 L '1"17 L'<il7~'<il.:i'lJe:i.:ivJb Ll.J'Ui1e1e:i'U 
., ' 

'llv.:ifl.:iLL\,1"~'1Jii~ (brood pheromone) 'Vl71 'l,1fl.:i.:i1'UhltiJLL" 1 '1,1v1'V17111l.JJ.:iV11"1cJi1V1'Uv'Ufl.:i(,17.:J 

'1Jii~ni.Jfl.:i.:i7'U~L tl'U-r.:i1 'Uf111i.'1~1.:J LL"~ L'\"11~LicJ.:ii1'Vl'Uv'U1 'l,1L 'U'Ufl.:J'U1.:J'\"lt1j1 2. fl11l.J LLl,ln(,17.:J'lle:l.:Ji.'111 

~e:itj1'U'Ul.Jfl.:i (royal jelly) 'llv.:Jfl.:JLL(,)"~'ljij~ iJ?111~L'Vlije)'ULLn~LLl,ln(,17.:Jf1'U 11l.JJ.:ie:i.:i1-1tb~nm.J~ 

LLl,ln(,17.:Jn'U L ~e:l.:J'<il1 n'Ul.J fl.:i L tl'U v1'Vl11'11'Vl,ri.Jt,11'Vl'Ue:l'U LL"~ fl.:i'U 1.:J'l"lt1j1~ ~~ l,ll.J1'<il1 n(,1 e)l.J 1~ b ,J l'J7 ~.:Jrl 

(hypo-pharyngeal gland) 'llv.:ifl.:i.:i1'U 3. m1l.l1m1:ii~'V17.:Ji.'17cJ11W.J'U7f111 (phylogenetic tree) fl.:i 

i1l.JL 'U'Ufl.:i~e:itj1 'Un~l.Jfl.:J'll'U7~L~ni.'1~7.:i11.:i-r.:iL~cJ1 ( open-nesting honey bee) ;.:ii1m1l.l1m\':ii~'V17.:J 

?11cJ11W.J'U1n11vi1.:i'<il 1 n t.:i L '1"11 .:i LL"~ t.:i~wf ~ L U'U t.:imJ1 'LI mil.l t.:i'll'U7 ~ n" 1-:ii.'1 f 1 .:i11.:if .:iV1m cJ.ff 'U , " . 
(cavity-nesting honey bees) 'Vl71 '1,1t.:i.:i1'U'lle:J.:J t.:ii1l.Jhfoe:il.l-ri.Ji1'Vl'Ue:J'U'llv.:Jt.:i b '1"11.:J LL"~t.:i~'Uq 

11l.JJ.:ifl.:i.:i1'U'lJe).:Jfl.:i b '1"11.:J LLm~fl.:i~'U'Bfihfoe:il.Jfi.Jil'Vl'Ue)'U'lJe).:Jfl.:ii1l.JL 'U'UL~cJl n'U ii.:i LLlJ11fl.:i b '1"11.:JLLmi , 

fl.:i~'U5:5'~vcJL 'Un~l.Jfl.:i L~cJ1 n'U LL(,1~.:Ji1m1l.J 1m\':ii~'V11.:Ji.'11cJ11W..l'U1n71~ e)1'<i) ~.:i hn m\':ii~ L y:J cJ.:J'l"I e)~'Vl1 
' 'IJ ' 

1 '1,1iin11?1f 1.:it.:i'U7.:J'\"lru7'U1l.Ji.'11 cJ~'Uii1~'Vl11.:Jt.:i b '1"11.:Jfl'U t.:i~wn~ e)1'<il L U'U L '1"11~iiil'<il~cJ5'U~l.J1 ., ' , 

L~cJl"Ue:l.:J L 'U'U ~.:i n~'lJ11.:J'V11.:J~iJl"11 i.'11,l{ ( geographic barrier) L '1"11 ~fl.:i~'Uqii~'U f11 L ii~ 1 'U'V11U 

LL e:i'rl~ m cJ htJ LL(,)fl.:i 1 '1"11 .:iii~'U n1 L ii~ 1 'LI 'V11U L m iicJ 'Uvn'<il 1 nd e:i1 '<viii:! '<il~cJ'V17.:J ~ 7'U n1 cJ i17 'l"I LL"~ 
' 

II 

"tleHfl'IJeHL 'IJ:: 

1. n71?1~1.:ifl.:i'U7.:J'l"lt1j1'<il1 m11'Vl'Ue:l'U'llv.:Jfl.:i'tlii~ L~icJ1nu-r.:i~1 "UL '1"11~ LicJ.:J'U1.:J'l"lt1j1 m1i1f1111~ 

'Ul.J fl.:i 1 'U111 cJ L '1"17 ~ Li cJ.:i n v'U {h cJl'11'Vl'Ue:J'U".:i 1 'U111 cJ L '1"17 ~ L '1"111 ~ t.:i.:i1'U?1~1.:i'11'U1'Ufl.:i'U 1 .:J'l"lt1j7m nn11 

Ldm vi cJ'Un'U 1lJi1m 11~'Ul.Jfl.:i".:i 1 'LI111 cJ L '1"11~ Li cJ.:J'U1.:J'l"lt1j1 

2. m1i1m1L(,)~cJl.J,r,:j'l]e).:Jfl.:i&11V1-r'U f111L '1"11~ LicJ.:ifl.:i'U7.:J'l"lt1j11 '1,1 L 'U'U-r.:i~i1n11~i.'ll.Jf1'U'l]e),:j fl.:i.:i1'U 

(,11.:J't!U~n'U L'U'U t.:i.:i7'U'lle).:Jt.:i b '1"11.:J LLn~t.:i~'U'Bv~1 'U-r.:iL~cJ1f1'ULL'11i1.:i'<il~i.'1~1.:J'U1.:J'l"lru7"LJ7l.Ji.'11cJ~'U'B 
'I 'U CV 'I 

1~l·'l11.:Jfl.:i1w~.:iLL"~fl.:i~'U'B L'U'UL~cJ1f1'U.:J1'U1:5'cJ'lJe),:j Tan LL"~ mu~ (2005) , 
1,1' 1,1 I lJ 

3. n 11?1 ~1 .:i ~.:i'U1 .:i'l"I ru 1-u1l.J?11 cJ~'U ie:i 7 '<il'<il ~ <;{ e:i.:i L~ e:i n'tlii ~'ll e:i.:i ~ .:ivi'<il ~ ?I ~1.:i ~.:i'U 1.:i'\"lru1-u 7l.Ji.'17 cJ ., , ., 

~'Uq~i1m1l.l1n'1:ii~'V17.:Ji.'17cJ11W.J'U7f111 L'ti'U fl.:irl'l.J (A. florea) LL"~fl.:ii1l.JL~n (A. andreniformis) 

4. n11?1~1.:ifl.:i'U1.:i'l"lt1J1 fa cJ 1lJ1 -u-r.:iu11l.J'lJ1 ~&11V1-run11 L '1"17 ~ Li cJ.:ifl.:i'U1.:i'l"lt1J7 m '<ili.'1~1.:ifl.:i 

'U7.:J'\"lru1-u1l.J?11 cJ~'UITT~ 'Ui.'li111~n1 cJ 1<;{i}\mur1l.lvru'VlniJ 
.., , 'U 'I 'I 'U 
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