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The research aims to investigate the nesting factors of the red dwarf honeybees, Apis florea and the 

black dwarf honeybees, Apis andreniformis in Kanchanaburi province from May 2007 to April 2008. In rainy 

season, the mean of diameter of nesting branch were 1.23 ± 0.55 cm (n=51) and 0.89 ± 0.31 cm (n=9) in A. ftorea 

and A. andreniformis respectively which was significantly differences (p=0.035) between both species. The 

degree of nest shelter of A. florea was 3.91 ± 1.85 in rainy season and 4.42 ± 1.5 (n=105) in dry season. The 

degree of nest shelter of A. andreniformis was 5.1 ± 0.87 (n= 10) in rainy season and 3.81 ± 1.6 (n=ll) in dry 

season. The comparison of degree of nest shelter in rainy and dry season showed the Significantly different in A. 

andreniformis (p=O.035) whereas in A. florea was not significantly different (p=0.074). 

In dry season, the mean of distance from nest to water sources from A "orea (48.24 ± 41.79 m, 

n=105) was Significant shorter than A andrenifonnis (81 .81 ± 65.45 m, n=ll) (p=0.019). The related 

characteristics, canopy area, diameter of host tree and the height of the host tree, were not Significant difference 

between rainy and dry season in both bees species (p>0.05). The results indicate that A fIorea and A 

andreniformis have some overlap of nesting factors. These reflect that the competition of both species possibly 

occur when the resources of nesting are limited. 

The development time of two dwarf honeybees, A fIorea and A andrenifonnis were studied in 

Kanchanaburi province during March 2008 to July 2008. A "area and A andreniformis were used to observed 

development time of egg, larval and pupal stages of worker, queen and drone. The egg, larval and pupal stages 

of worker were 3.02 ± 0.57, 4.07 ± 0.64 and 9.57 ± 0.5 day (n=loo), respectively in A"orea and 2.82 ± 0.38,3.9 

± 0.3 and 7.27 ± 0.83 day (n=loo), respectively in A andrenifonnis. Queen developmental stages of egg, lava 

and pupa of A"orea were 3.06 ± 0.76,5 ± 0.67 and 7.19 ± 0.59 day (n=32), respectively and in 

A andreniformis were 2.85 ± 0.54, 4.61 ± 0.5 and 7.38 ± 0.5 days (n=21),respectively. The development time of 

egg, laval and pupal stage of A "orea and A andreniformis drones were 2.99 ± 0.39,6.72 ± 0.45 and 12.73 ± 

1.03 day(loo) and 2.99 ± 0.5, 6.63 ± 0.49 and 12.13 ± 0.97 days (n=loo) respectively. The total development 

period from egg to adult of worker, queen, and drone of A "orea were longer than A andrenifonnis. The 

development time of A andrenifonnis from this study is the first report in Thailand. ~~ 
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'LI'V1'V1 1 

x ~ ....l ..I"" • ., I ... 

~~ LuU LL).J tN'JIUC;)l-1U~V1).J fII'l1).J t'l1 fII cy (;Itl fII'l1).Jl-1~1 nl-1~ 1tJ'lJtl~ 1~lJlJUL 'l f'I (ecological 

diversity) LVltJn11'l1'ltJ~t'l).JLnMllXnlJ~'lI~ilc;)tln Yi11lXLiiVln1~r.t1tJliufU~~t'l11~fII'l1).Jj~uu 
llXnlJfII'l1).Jl-1~1nl-1~1tJVI1~liU~n11).J (genetic diversity) LiiVlLilUfII'l1).Jl-1~1nl-1~1tJ'lJtl~'JIilc;) 

(species diversity) 0~V1f llJl~, 2548) Utlnr.t1nd~~u~LiluLL).J~~Lf'l11tlih'llilVll-1ii~~il 
~ ~ 

lJVllJ1V1~1I'lCY U~~ Lilutl1~ LtJ'JIUj;}tl).J~1tU).J1~~ LLj;}lUtl ~ (;Ir.tuii~i1r.t'uu \i'~ 1 U1f1U'fl(;lt'l1l-1n11).J 

tl1l-111 LfII'"4tl~~1tl1~ n11Ln1t(;l1 n11UV.V1U LL~~~~U'lc;)~tl).J ~~V11~1l1f11Ll-1iltl'lJtl~1.h~LVlf'llV1tJ 
~ ... "" • x~t1~ 1 ~"'I .J.J ~ - !'l 
LVl).Jn11U1~~ L L~tJ~ Ut'l'lU~~ L).J(;I1~ 1 LWtlll'ltJ~t'l).JLnM LV.).J~~~~(;IVl1~n11Ln1t(;l1 LL~~LuU 

n1n111~ Vl11'l1UfII'l1).J L~tl,rullX nlJ ~lJ1Ln fII LLt'l Vl~t'ht'l'lU~~ l~Ju hjiln11lif~11ri14' c;) LL).J~~ ~~ 
~ ., i1 .,..1 "". 1.1 _.....x ""1.1 ~... I ... 

fltlVlfll~tl~nlJfJfII r.t,1.JUVI).Jn11V11Ln1t(;l1 fltlVlt'l11V.1t tNLL).J ~~r.t~).J 1~ LtJ'JIU).J 1 m.J 1tJLL(;I tl1 
~ ... _ _ "" _ J' X... I ~ I ..I. ... 

'lJ1 c;) fII'l1).J l L UVl1UU L'l f'I'l VI tJ1 LLfl ~'11 'l'l V1tJ1V.U l1U'lJtl~ ~~ LL~'l tJtl).J L).J fl1).J11tlVlr.t ~U1 fII'l1).J l 
~ 

Ll-1fi1l!ult1tl1~fJn(;l1fllXLiic;)tl1~LtJ'lIU~~~c;)luVl1~n11tl~fn1fVlfv.tJ1n1fi1nJ'lI1~1~ 

lutl1~LVlf'llV1tJv.1.Jd~ 5 'lIilc;)r.t1n 11 'JIilVl~tl11n!JluL~n (Lo et al., 2010) l~LLri d~ 
X ~ ~ 

l-1~'l~ Apis dorsata Fabricius, 1793 ~~LV.N Apis cerana Fabricius, 1793 ~~ij).J Apis 

florea Fabricius, 1787 LL~~~~~1U Apis andreniformis Smith, 1858 ~~ 4 'lIilc;)dLilud~ 
~ULijtl~ (native species) 'lItl~V1~t1LtlL~tJ ri'lu~n 1 'lIilc;)~tl~~~uf Apis mellifera L. ~~iln11 
U1L;r1).J1r.t1nj;}1~t11~LVlf'llutl1~LVlf'I(;I~1'U(;In (western countries) (Oldroyd and Wongsiri, 

• .,X X~ Xo!' I "" ~tl ~ IX ... 
2006) fl1l-111.J~~l-1~'l~ ~~ LV.N LL~~~~).J).J v.1.J'l1).Jn1m1~r.t1tJVI'l 1~LVlf'I LVltJ LL(;I~~).J1U 

~ ... I I::' ,~.. .,.,..1 X... J' ..I..1!'l .~ 
V.1.J Lc;) LilV.1~1.J1~ LL\-1~ LVl1UU tltJ1~ L1n(;l1).Jr.t~l-1'lC;)V1V.1.J~~).J1U r.t~V.1.J LilV.1~1.J1~V.UVIVI LuUu1 

I::' X ... " ...... ., ... ~... 1.1 
LL~~1JL'lJ1LVl1UU Utln'"l1n~~).J1U'"I~V.1.J LVltJ1n LL~'ltJ~).J LLU'l LU).Jn11~Vl~~'lJtl~ 1~'lI1n1 

.,::. ..I - tl..l tl ....J., ~ .... (Wongsiri et al. 1990) C;)~UU~~V1LnC;)'"I1nn11L ~tJULL ~~fl1l1V.LL'lVlfltl).J blU n11(;1c;) L).JVl1~1tJ 

th n11liffl11ri14'c;)~j;ll~'lI n11L~1th LL~:;n11Liic;)fl1l1'l~L~n1tlU tl1'"1ri~~~j;}tln11~C;)~1U'lU 
.J. -.......: .. ':'1" .J. I.....: .: cJ... tl.,., 

LL~~ L~ tJ~ (;Itl n11~ CYV.U~'lItl~ ~~'lIUVlU Lc;) 'lI~'"I~j;I1~n1.J ~~).J).JVI).Jn11 11.J (;I'l LL~~~1).J11tl 

n1~'"I1tJliu~1~~'l1.h~LVlf'I (Wongsiri, 2009) 



2 

~ "... - ~ ... X ..I , ::'.1" ~ 1 x ., .. 
m'll'lm~nVl1'1 ~1UUL'H'I'lVlm LLfl:::"J)'l'lVlm'!Jfl'l ~NVl f.J1UtJ1UUf1'1 L uum'll'lnl!t1 Uf.J'IVlUfl 

'!Jfl'l ~ L 'lU LLfl:::* L uuP1 nli'11 u~ 1um 'lU'l:::~ n lJlL ~fl n 1'l~ Iij.JU1 L;'I~ Ult"I1"'n1'ltJ LLfl::: Lf'I 'lM'lii"l 

0.., ~ ....,..,.r ,! ..r" ...... ,",0 ~ 't"''' 
t"I1"''lU m 'In nli'1 m 'l Lflfl nt"l 'l1'1N'!Jfl'l f.J'I tJ tJ LLfl :::f.J'ItJ 1U !NtJ ",Vl1 m'll'l nM'1 LLfl :::'l1U'I1U ~ 'lUflU 

~ ... ., , .J 1.,., ..... · x" ~ ' .,'t, ... 
tJ1n ~~ UL 'UVl1 :::'l:::U:::L'lfl1 m'lL''l'lOJ'lU LLUI fl :::11 'l 'I U'l!l"l n'l"ll'l UI'!Jfl'lf.J'ItJ1U"lI'IU'I ~tJ Lf'lUtJ'l1 U'I1U 

.. "X" X 
tJ1r1flU (Oldroyd and Wongsiri, 2006) li'li1f.J'IijtJLLfl:::f.J'I,j'1uilf'l'l1tJ1nt\'L~u'Inu1u£h~u 

t"I1u1t)Iij.JU1m'l LLfl:::'!Ju1~lnt\'L~u'Inu (Oldroyd and Wongsiri, 2006) LL~d'l,j'1Uhit"l1tJ1'ln 
,.,.. .,'t"'" X':.J.",.J..I, 1 1 ~ -., ... 

LL Vl'lVlUfl LLfl:::n1:::"I1UUI'l ~ mtJflUf.J'ItJtJ "lI'I LuUL'lfl'lVlU1t"1U "ItJ1n Un1'ln nM'1'l"lUm'lLflfln 

"., .,., ..... x.: x" 1x..I ... ., ... .Jx,~, ... 
t"I'l1'1N LLfl:::'l!l"ln'l"ll'l UI'!Jfl'l f.J'ItJtJ LLfl :::f.J'ItJ1U UVlUVl L~mnu "I1nt"ltJtJUll1U'I'If.J'I L "'fl1UU1"1:::tJ 

'.Of" 1 ..y.' I .... ~ aI .J ••• ....... ..r ~ 
n1'lLLU'I uUVl 'lVl mn1 um 'lfl1nUfl'J'l'l tJ nu L Vlfl"'fl n LflU'Im'l LLn'l LLU'I LL '!J'I'!JunU'l:::"''l1'1 f.J'ItJtJ 

., X " 0 ...... , 't'" 't.1 ... ~ ......... ... ..I ... ~ ~ 
nUf.J'ItJ1U LLfl:::t"I1tJ1'lnmN'lI'lUlfl'J'lfl~ ~Ulfl u"l1nVlqM'!l'!Jfl'ltt'ltJ'lI'lUi 2 'lIU~VltJnUfl1nU 

mi1flunu"I:::ilm'lLLr1'1LLtl'lLL~'Iiunu1u =ilVl~iu (nich) L~mnu L"lIU L~flnUa'lLUI Li]U~U 

~'I;rfl~ fl L ",ri 10t"l1tJ1 'lOl11 'tu1, Lilu;rfl ~ fl~Ul1U~ 1'" fun 1 'l'l 1'1 LLf.JUm 'l4' ~m 'l1 U~1Ufl~fmf 
., ... ~.Of ~ ... 1 

mVlmn1fi'l'ltJ'lI1 UI LVlflfl ~u OJVl1f'1'l1tJ~ OJ LrlUf'I'l1tJ"'fl1 n"'fl1 UVl1'1'l1 'l1l1Vl Ufl'U1f'1 UI 

~~ .. "., x.: x" . . 
1. LVlflnnl!t1m'lLfl'tlnt"l'l1'1N'!Jfl'lf.J'ItJtJ A. f/orea LLfl:::f.J'ItJ1U A. andren/formls 

2. L~flP1nM'1'l:::u:::m'lL1it10J (development time) LL~fl:::"lI'l'llut)!l4'n'lirlUl~'ILL~'l:::U::: 
't~IitUn'l:::~'IflflnLilU~'lL~tJt)U'!Jfl'ld'lrl'tJ A. f/orea LLfl::: ~'I,j'1U A. andreniformis 

... ..1"., .. x.: x" 1.1..10'" 
m'lLflflnVlt"l 'l1'1N LLfl:::'l:::u:::m 'lL lit 'lOJ'!Jfl'l f.J'ItJtJ LLfl:::f.J'ItJ1U UVlUVlUl1Ufl"''lU L '!JU'I 

-el1 L1lflVlfl'lf.J1IJii ~1Ufl 'tm LUf'I LLfl:::~1uflt)'Im:::LL'''I::: t11 L1lfl'tm LUf'I 4''I",t)~mOJIitU1.i1 

't 
"" .1 " ...... x .: x" X 1. ~'!Jfl~flVlUl1UVl1'1~1U'lI'l'lVlm'!Jfl'lf.J'ItJtJ LLfl:::f.J'ItJ1UtJ1n'!JU 

.J 0" ..11 !"!. 1 , ... 0 1.1'I~'" ., 01. 1..1 " 
2. LViflU1'!Jfl~flVl ~ ~uLf.JmLVi'l"''lflU1 u ~'11 ~um'lL'lUUm'lt"lflU flUIit:::U1 u"Jf'I'l1tJX 

"'I '1"". 1 cr 'I .. ." ~. 'to 1'1 ". 1 ~ .. f'I'l1tJL'!J1 ~Iit nfl "'Ln~u'l:::L~U LUm'l'l"lUUlflUfl~LViflU1 u ~'lIU'l:::LU'lI'U LLfl:::m'l 

'l1'1 LLf.Ju4'~m'lfl'lffm;VlfVlmn'lfi'l'ltJ'lI1~~fl 'tu 
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tJVI'VI 2 

~1'[ij.J\nm1'IJfl~LL),JtNri'~fl),Jij),J1U1u'JJ~1n~1 300 fl1UU i~m~'Yn::Ufl'ln 4'~Lilu'Yi'ln 
..J... .r "... ..J_., ,., 1.1 ... 
Yl),J1::UUri~fl),JLLYl ),JU11'Yi~11iYl),J'l'l[ij.JU1m11'l),JnuUn'Yi~11iLL),Jfl~t't1U 1 (Brian, 1983) ),J),J1 

ri'tlU~u11n!llu LL),Jfl~ri'~ fl),J'lJfl~d~ i1"l'UUdH'ihj1\H~' n l1U"l1n"JI1n~ n~1U11lf),J1l-ifflfiu1U 
.?I - ., ~ ........" - X..J ''I fl'l1),JLuU),J1'IJfl~'l'l[ij.JU1m1ri~WJl'lUl m'1flU'YiU"JI1nU11'Yi"JI'lU (fossils) ~~YlflfJ LUt't1l1'Yi 

t't),J\I'1nr),J1mh'ufi"l1'1nr~flYl1~~1'[ij.JU1m1'tlfl~~~t'tf1flLf.l~t't',;\'flth~1..hL~f.lnf.l iJ"JI1nU11'Yiilu 

..J .1.'1". ., .. ,_..J ..J ' ' '. .. '" ),J1n),J1UYlt't'lU~1),J\lnunufl~~'ltlf.l1'YiU l-1'1f.l U~Ul-1U (1l1'YiYl 1 LLfl::1l1'YiYl 2) ~\lnU1),J1LnU 'l 

!'I ., ' 'I ~ ..I" ~..J, , ..J ..... 
LuUUl'l'tlU1~ LUm1,,1n1i1 (Seeley,1985) L),Jf.l 120 fl1UuYl~1U),J1 Ll-1fl1LL),Jfl~YlUlf.l),J'Yi"JI),J(;lf.ln 

lU~fl~),JLL'1nLilULL),Jfl~~1'Yi'lmifl (wasp) ~iJ~uiu (short-tongued) unfl~),J'U~'lU'!JU LLfl:: 
, " 

f.l1f'1U'tl~Ul1),JiViN'~ r;i'lL~),J1'U"l::~~~~f.l1f'1u~fln1~Lmhuu i~uflfln1uLliuf.l1l-11'1"l1n~f.ln1~ 
..I ".1..('" .J..J.!'I ~ ., #"..1 ~ ., 1".?I 

~flnl-1U~ LU\lfln~flnl-1U~ "JI~LuW;1'l1),Jri),JViUfiLLUUVi~'Yi1'tl1nUnU (Engel, 2001) ~'tln ),JLuU 

I .r .r .. .,..,"'y' III" 0., CI' 

LLl-1fl~f.l1l-11'1'1J'tl~~~ (bees) LLfl::~~),Jm'1'Yi[ij.JU1fln1iru::rirul1U1l1uufln Ll-1Ll-1),J1::fI),Jfl1l-11ULnU 

1" , ., ::. J' ..... ...... ~., #"., i J' .J 
LnM~fln ),JUl1~ 1 (Michener, 2000) ~~UU~~ LLfl::Vi"ll),J~f.ln"l~),Jfl'l1),Jri),J'YiUfinU ~U~~"l::lI'lU 

t.Jt't),JLnMl""~fln1~~LtJuLLl-1~~f.l1l-11'1).,J1~~LL~lufl~Ulmfl (Crane, Friis and Pederson, 1995) 

..J 'l"" ,X"" J .. ., "l1n1l1ViYl 3 LLt't~~ l-1mU'l1t.J~ L~LLUn'tl'tln),J1"l1n'l~n'l1U'l'l[ij.JU1m'1 (phylogeny) '!Jfl~ 

LLUlU (sphecid wasp) 'lU~flfl1LY1L:nUfI'li'l~ 120 - 130 fl1UU (Engel, 2001) d~U1~"lIil~ijfl'l1).,J 
., - oil 'l .,,,., ... J' _..I ..l" ' ., .. 

L'ilVi1::L"l1::"l~nU"JIU(;l'IJfl~Vi"ll UYl1~UlNnU'lJ1),JU~),J~~"lIU~flU 1 Yl L),JL'il'Yi1::L"l1::"l~nU"lIU(;l'!Jf.l~ 

.. .J "."f" , ... J' - .J." ,..I ..J .1 " " X..J... " 'Yi"llL"lIunu u"l'UU'YiU'l1).,Jt.J~ 17,000 "lIU~ 'l!~UflUn'l1flN"l1nYlLfltlu'1::),J1ru L'l ~~Yl).,JUl::n'11 

" uiULnM (corbiculate bees) '~U'11n!l~u'lu'li'l~ 90 - 100 fl1UU 4'~fl~'lU'l~,.rtiflU(sub-

family) Lfltl~ (Michener, 2000) ~-lLl-1fhdil~UU1'l (long-tongued) ijUl::n11LnULnM (pollen 

. ).J.."l ..J .. .., ... J'.J .?I ,-
baskets or corblculae 'l!~LuU'lJUYlLL'lJ~LLN LriUL~U'l ViUYl1flU 1 LuUl-1~).,J flfJU'1L'lru'lJ1 (tibia) 

,..J 'I'" ., '" .. ..J..., ".. X..J... " .. '!]Yl 3 L"lIfl1l-1'1ULLYl~LnM~fln ).,J l-1'1'tlYlL'1Un'l1Ul::n'11LnULnM (pollen basket) ~~Yl).,JUl::n'11LnU 

... J'''X" "". .. X.J. . LnM).,J 4 'l~nU'tlUfl'tlt.J~nfl'lU L).,J (orchid bees: Euglosslnl) t.J~l-1~ (bumble bees: Bombini) 

., t X 
"lIU N (stingless bees: Meliponini) LLfl::t.J~ (honey bees: Apini) (Oldroyd and Wongsiri, 

2006) 



4 

1l1~v11 'li1n1JjjYl:n'1t..!tt!t~ Lvll:J'lJ'tl-l Apis henshawi Cockerell (c;)Vl LLtl~-l"l1n Engel, 1998) 



5 

111~v1 2 d..:j')..:jpfL'i)tJ~~'i)~lU~1~U (A) ~1t11v111 ~rlLiltJ Boreal/odape mOl/yae Engel 

(8) te:Jt~1vll1~,)LiltJ B. baltica Engel, (C) te:Jt~1'Yll1~rlLiltJ Electrobombus 

samlandensis Engel , (0) ilt'i)1'Yll1~,)LiltJ Protobombus hirsutus Cockerell , (E) 

te:Jt~ 1v111~') LiltJ E. samlandensis, (F) te:Jt~ 1'Y111~') LiltJ Thaummastobombus 

andreniformis Engel (Engel, 2001 ) 
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10 ~l 
~ 
::il 
~ 
:!l. 

...a J ... ., ...l'..J 1 ...... ., 1.1 
111~VI 3 'l-3rt'l1U'l'lIijJU1n11~'fl-3(Nf'lcNYlm.Jn'fltln"J1 U!JfIlfll1LYlL'lIU~ (~~LL fN"l,n Engel, 

2001) 
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.r " 'I" iJ % -I"., 'I" '1 "J' ... ~-:Jnfl'lU U.J (Euglossini) L ULLl.Jfl-:J'Ci-:Jfll.J'VlM1-:JN"t1nU1-:J Ll.JtlfJ (;1~Uc;jU ~Un11 

n1~"t1U(;j''l'Vl1-:J (;1tlu1Llf Ufl~(;1tlUnfl1-:JlItl-:Jlh~L 'Vl1'I~"'1ltl Ll.Jln1 tc;juvr'l hJ(;j''l LijU U(;jfl~(;j''l''t~uun 

1-:Jtltlnl.J1~ Ufl(;j''ltitlUlItl-:J(;j''lLtl-:J (Michener, 2000) tjn(;j''lLiju (daughter) ~tltlnl.J1"t~'li'lm~u-:J 

~(;j''ltitlU fl'lU(;j''l~''t~tltln'''1tl1'''11''t1nc;jtlnnft'lu1'! LLfl~U"'fl-:J~1"'11~U 1 (Robinson, 1984) 

~-:J~-:J (Bombini) LiJuUl.JMi-:Jfll.J~-:J~U L~~1~lu111f'1 miltllltl-:Jtl1~L 'Vl1'l1 'Vluil f'I'l1l.J 

f1ft1Uf'lfl-3nU LLl.Jfl-:J~ U(;jijfl'l1l.J U(;1n~1-:Jnu Ul.Jfl-:J~tlU1-:JijUU~1,r C\l LLl.Jfl-3~~~U~-:J 1U111f'1 L,..iltl 

tl 
'I ... ., ¥ ... " .,.,J'.J t ., ... 

Ufl~111f1nfl1-:JlItl-:J 1~L'Vl1'I L'VlU l.Jflm~tru~'Vl1-:J'Cirul1U'l'VlU1f'1fl1UnUnU~-3"'-:J c;jU,..fl-:J"t1nm 

... J' .J 'I "., ... .. J( • ".oJ ~ ." 
Ll.JUlItl-:J~-:J"'-:J Lc;j1Un11~~l.J~U~Uti'l "t~'Vl1"'U1'VlLflU-3~(;1'ltltlU'c;jU1mtl-:J (Alford, 1975) ~Un11 

.,-1" 1 ... ... ttl .. ..~ n1~"t1U(;1'l'Vln'l1-:J1I'l1-3 ULLnUtlLl.J1n1 LtlL"lIU ~ 1 Ufl~'Vl1-3(;1tlUL"'Utl'!ltl-3Utln1n1 (Goulson, 

2000) 

iutN (Meliponini) LiJUUl.Jfl-:Ji-:Jfll.J~ijfl'l1l.Jflfl1Uflfl-:JnU~-:J (honey bees) u(;jhiil 

L'-'ftn1u 1l1u1u1-:Jijtl1~"lI1n1 500-100,000 (;j''l(;j'fl1-:J U1-:J~C\l1ij'!lU1c;j 1,..qj~~c;j1l1u1u1-3 LLfl~ 
hiil(;1~n11LriULnM tl1~Utl~lut~N (1l1~~ 4 (e» ~Un11n1~"t1u(;j''lluu(lULLtlmn1 LtlL;U 

'fl'fl~L(;11L~U 1'll.Jii-:J(;1tlunfl1-3LLfl~(;1'flu1Llf'1l'fl-:JtlLl.Jln1 (Oldroyd and Wongsiri, 2006) 



.1 • ~ x 
n1::LjnLnlJU1lN 

'bl 

1.IUflU 

... ., ,., ., J'.J~ ".. ::. J' ) 
111YWI 4 lWl'1ltl1-lftn1iru::N'1I'1l-lt.J-.lVl~VI::n11LntJLnMVI-.l 4 'Nl"ltI'1ltl (A Euglossini, 

(B) Bombini, (C) Meliponini LLft:: (0) Apini (~(;\LLUft-l~1n Fernando, 2000) 

8 
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." ~ ~t1~" J..... 'I .r .J... ".. :::. J I 

1l1'WVI 5 fl'l1)J Lu1..!L LIn'1J'tl-l'l-ln'l1'W'l'l~'W1n11 L'Wc.J-lYl)JIFI~nn lOU Lma Yl-l 4 'l-lnU'tlU 1F11)J 

'fi'm~1 a-i (Atsushi et al., 2008) 
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J -.., , J'..J... ".. .., ~ ..J'i'''''' .., 'i' 1"'" 
(NI"I'l1'W'l'lIij.J\.nn11'lJtl,:mfp.H.J~Yl~ In :;n11 Lnu Ln~ l£J~ Lu'WYl Lin LClU~ n'W L(;lU "II fl n1!tcu:;Yl1~ 

... - 'i' .., ~ - _.J., J' .1 ~ 
"II'l'lYlU1 L~ Lfl'1fl nUnCUS1'W'lYlU1 LLfl:;Yi'llnn11~ "II~YiU'l1U11YilH1!t'lJtl~~Nu11n!)L~tl 35-45 

" ~..J, 1 - 'i' 'i' ~ 1" 'i' -'i' ... .. 1 'i' .....J .. fl1'WuYlC.J1'W~1 'Wtl'WL(;l-fJ L1LuU'W LLfl:; 'W~~U Ltlfl Ln'll'WtN ~ Ltl'll'W (111YiYl 6) tl1n1P1~'W1'lLU'W 

LiI'WL ~"lltXd~~ t1J~'WfL'W~ bu LL~U~tl~1~'WL'lJln1tl'W~'WLLClU Ltl'L;U U11YilJl1!td~f~ L~U'l u'l1n!) 

1 .J .1' ~, .., ::. ,,~ , J' 'i' ..J '1 'i' 1" 'i' - .. 'i' .....J ... 
'W1I'l~ 10 n1'Wuntl'W ~fl~"I1n'W'W 6 fl1'Wulntl~1C.J~ LYiNYltlfJ 'WLYiN ~ LYiN~'W ~1tl LYiN(;l'W Yl~ 

~fl1Uf~'tl'Wn'WG~u11n!)1'W~~1fl1U'W LLfl:; 1~ LLYi1n1:;"I1U 1UYl1~Yi PlIn:;t)'Wtltl n LLfl:;Yl1~Yi flU ~i1tl 
I I " Sf 

"I'Wm:;vl~YiUm:;LLYi1m:;'1m''lvl~LtlL;U (Oldroyd and Wongsiri, 2006) 'Wtln"l1n\1u~n 

1 ,.. ~ ~ ...... J' , ... ..,., 'i' '1 ... 
11U~1'WYiU~'1fl ~~I'ltl Cretotrigona 'II~LuU'll1nU11Yi"ll'l'WC.J~n~~Lt1\U'lnU"ll'WLN tlfJ 'W~f'l1'l1LYl 

L;U~ (Engel, 2000) 

MoDUK. 

OalllPtapil. 

OLlGOCDlI Olu:dcohomlnu. 
PrI}{qbomlJfU. 

Eocsn (no f088il. known). 
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'.s' ,.1' %."' ..I '"'1'i'''' ."1"' n1'tLLU~'l~1'1V11~ 111tNnq~fNml'1l1flm=tru::VILLVlnm~nu ULflNM1~11111UtlnLuU"'fln 

L1uLt\'ufl111un in1!tru::thn Ufl::"'U'lj;\ ~1U'lUlIU Ufl::~lItl~fl1~'ln~ in1!tru::lItl~1I1",i~ Ufl:: 

• ",.1' .J "' 'i' i1.r .. II ,,,, .. II ' ,~ .1' l' ~ ., 
lIU1j;\fl1V1'lfN LlIU "lIULNL UfNlIU1j;\Lfln Ufl::L~~L"'fln LU UVlU~fl~lJLUUfN'lJU1j;\ "'CYLuUVlU 

~ .... ...... ..r. t . .1' .., 
Utln"1nUUlI~tl1 ,rllfln1!tru::Vi~Vln11~Vl1~i~fI~ L 1U fN Li]uu~fl~i~fI~"lIU~~ UVI fJ~nj;\ 1u (leaf 

~.r.J ,..I _"' ¥.r %. "' .. "' 
cutting bees) LuUfJ~VltlfJLj;\lI'l1 'l'lIijJU1n11V11~¥'I~fI~f.I~ Vlfltlj;\"UfI'l1~¥'I~ViUfiVl1~Viu~nn~ 

1~ Utl j;\~ 1.rL ULLf.lUlJil'l~ PI'l1U'lt) IijJU1n11 li11~Vl11u'lt)IijJU1 n1111tl~ n~"1 nVi'ln~1~j;\ 1t1i1~Vi'ln 
.1' .J .... 'i' ., ¥ ..I ."'.s ' 
fJ~VI~ LflNM1~¥'I~fI~~~VI~j;\Vl1~fl1j;\U'l~l'1m~ 1 (Morse, 1975) 

Vl1i1~vl1 LL~fl~i~fI~lu'fiu~u111i1UtlViLVI11 (Mt)(ij.jU 'l~1fm LLfl::Lv.cyri1 ~~flru::~~~ , 2529; 

Michener, 2007) 

,)~I~'h,~ (Super families) 

t\tl'l~flm~tJ (Scolioidea) 

L'lt\tJflm~tJ (Vespoidea) 

t\~l'IfltJL~tJ (Sphecoidea) 

LfltJfltJL~tJ (Apoidea) 

')~~1Ji1~ , '!Iil~if~ (Families) 

f'lfl~L~~~ (Colletidae) 

1I1~f'lli~ (Halictidae) 

LLflUL~rll~ (Andrenidae) 

L~n1~~fl~ (Megachilidae) 

L~~l'l~~ (Melitidae) 

Ufl~ij~ (Bombidae) 

Lflil~ (Apidae) 

t\L~ tULl'l1;i~ (Stenotretidae) 

, ... 
~~ l'lfl U~::LLl'lULUtJU 

~fl,x'lL~fl ~fl"'fl~ LL~::~flLL~.:J).j~ 

~fl"'~1i1 LL~::LLl'lU 

J' '!I. "''!I .j.'1" ~... '!I'" 
~.:JI ti~1 ~ti'1l1'l1'l1~Ylufl.:JYlfl.:J "''l~LLClUtiL'''~fl.:J 

J' '!I'" _ .... .. cr 
~.:JltiL'1ItJ'l'l1'l U1.:J'IIU~~~1 'IIflU~1l'lfl~L"'.:Jfl LLfI::'IIfl.:JLI'I~ 

J' '!I r .. ~. I ... "... J' 'l' 
~.:JI\'iU1l'l1fi 1~~u1n~tiL"'fifl.:J ~.:Jl'1IU1~",CV 

~.:Jn~ 'lu ij'llU1111 'lVIC1.l~,j1 Yffl.:JtJflfl.:JLL1n~'111'l u1.:Jl'lf.:JViU~'l;n ~L~tJ'l 
J' v '!I. .. 
~Nlmtilll1'11U1111Lfin 

~.:J~.:J'IIU1111 'l"'cU'1Iu~n* 
v 'i' J' J'../ 'l'.1 .1 ' J' 'IIULN LL~::~.:J ~.:J"'.:J'IIU1'" "'CV'llU'-In'-ltJ LL~iWJ ~.:J'l~l 

~.:JI 'YiU'lUYl~tJflflt\LV11L~tJ Lyh,r,j 

II .,~ .. "' %. - ..1..1 ., "' Oldroyd et al. (1998) Lj;\l'1n1!t1Vi~Vlnn)J Ufl::fln1!tru::Vl1~¥'Irul1U'lVlll1V1Lnll'l"lltl~nu 

n11f./tl)J~uilltl~~~ 1Utl'1fl Ltl~ tl LLfl'ltl1)J1tl11~ LLf./U1l1Vi'lt) IijJU1n11"l11~~Ui (cladogram) 

(1l1Vi~ 8 ) tj;\lItl1Lmim=tru::'iltl~n11hjrJiCYCY1Un11f./tl)J~ui (mating sign) ~~Lih.l~'lUlItl~ 
... ~ ...... J' _ ..,...J........ ... ..... ... ~ II ~ _ ~ ..J 

tl'lll'l::~UViU~lItl~ f./~ VI'l ~VI VI j;\)J1nUU1~Vi CY1",fl ~"I1 n f./tl)JVi U~ LM"I LLfl'l LuUfln1!tru:: LU 11 ru VI 

1 '"' 'i' .J ~ .1' 1 ,,,, .. 1 ..11 '"'... ",.1' 'I ... 1.1"' II "' .. ViU unq)J'lIULN"lI~LuUfJ~ )J)JL",fln UVI nflLfllI~nUfJ~ LUtl'1fHtlVitl n11 1unfl Lnn11fJtl)JViU~ 
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.I' ,~ ~ .J ..: 0 .., ~.." .J .., ~, .J~, .., 
"lItN~-lnfPJULuUUWl'Vl1-l'Vl LVUJfl'l11Jfl1L1"'1 Un11~fl1J'nU~ 'nU Unf!1J'Vlfl11-lN U'Vl Lt'l-l LL"'I-l 

'I"".r~.r.,.r .r ... ~ .. ::. ... ~ 
Lj;\Un~-l1J1J ~-l1J1U Ut'l~~-l""t'l'l-l U1-l'n(lJ1~-l"'l~1Jn11~fl1J'nU~""t'l1UflN Ut'l~1Jn11"l11Htl1 

:"t".J" ~ ~..., ~ ~ ~ .J.r,.J... .., ~ ::. 
flLu11J¥'t'lULnUflfln t'lm~m.l~Unfl'l1LuUt'lmit1.l~LU11CU ¥'t'lU~-lnf!1J'Vl1Jn11f111-lN""t'l1U'1IUUt'l~ 

"~ ....1' ~.. .I' ~ . ... ..: 1..1 ':I..' ~ !Y .J ... .J ~ 
flfJ UL'nNflfl ~-l'nU~Ut'l~~-l LViN "'I~1Jn11L'n1J 1~¥'t'VlfiI11'n"llfl-ln11~fl1JViU~ Lj;\Un11'Vl1JlIfl-l1U 

\'Htlf1J (penile bulb) "lIU1j;\ '''''cYvh '~fl11J11nri-ll1iflfl Ltlf1J dh~tl-l LnUfI Ltlf1J'ut-lU1-l'n(lJ1 

Lj;\Uj;\N ~-l ~t'ln11,;rfln1it1.l~i-lnri1'l LrlflU11J1f111~ U~UI11'n'l-lrf'l1U11 lij,IU1n11ViU~1 t-l~1J 
.l' .., .l' ... _ ~ .J ~ ,.I' ~.. .l' ~ ~,.., .., ~ 
~-l1J1U Ut'l~~-l""t'l'l-l 1J'l'llij,lU1n11'Vl(;l1n'l1'-1-l'nU~Ut'l~'-I-l L'nN 'n-lflflU"lI1-lflflj;\flt'lfl-lnUfl1U 

11lij,1U1n11"l1'fl,:j Engel Ut'l~ Sholtz (1997) ~H' RNA LLt'l~fln1iCU~'Vl1-liCU31U~'VlU1i'l1Jnu'lu 
.., .. ~ .l' , .I' ~ .I' ., .I' '" .J ..... ~ 

n11f111~fl1U'l'llij,lU1n11"l1U1J1ViU'l1tN1J1J '-I-l1J1U Ut'l~'-I-l""t'l'l-l flfJ unf!1J'Vl1J'l'llij,lU1n11 

'l 
"od., .... CIIo .... ~. ..t .... r J' ~ I ., Cf _ .. " . 

nt'lLflU-lnUUt'l~1J'l'llij,lU1n11tJ11n'l1'-1-l'nU~Ut'l~'-I-l L'nN flU1-l L1n(;l11J"'I1nn11'lLfl11~"""lIfl~t'l 

.1'::' _ .J 0".., . ' ,.I'': 
'Vl1-l DNA "lIfl-l'-l-l'Vl-l 9 'lIUj;\ (111Vi'Vl 8) 'Vl1 L"" Oldroyd and Wongsin (2006) nt'l1'l'l1 '-I-l1J1JLLt'l~ 

.1'.., ..... ~ ,.I' ~ .. .r~ 
'-I-l1J1U1J'l'llij,lU1n11~-lm1'-1-l'nU~ Ut'l~~-l LViN 



A .f/orea 

A. andreniformis 

A. dorsata 

A .Iaboriosa 

A. mellifera 

A. koschevnikovi 

. A. nigrocincta 

A. nuluensis 

A. cerana 

tl10Wvl 7 'l~f'f'l1'Wi)1'lij,Jlnn1"'lI'tl~d~ 9 "lIil~ (Oldroyd and Wongsiri. 2006) 

d~~1l-l1"[1'~' ~~1 u'Wnln1l-l~ miru~Yl1~'fl~ml-li)111'Wl~~~d 
mru1{n,. (Kingdom) Ll-lmi'l (Metazoa) 

1v.j~l-l (Phylum) mfLYI,.LtJ~1 (Arthropoda) 

" 1'1..1 (Class) tl'WL"lirlln1 ( Insecta) 

t1'W~1J (Order) lt1iJ'W'tlvHYl11 (Hymenoptera) 

'l~f'\1,."t1l (Super - family) L'fltl'tlm~t1 (Apoidea) 

'l~f'f ( Family) L'flU~ (Apidae) 

'l~f'fti'fltl (Sub - family) 

~rJfl (Genus) 

L'tluil (Apinae) 

L'fl~~ (Apis) 

13 
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.Of ..,.r • . ~ ,... .r "' . .r ..J ., .., 
u~.,UwtNtJn~1LLUnflflmuU 3 nql-J fIlfltJ.:J'tIU1j;l L"'C\j (giant honey bees) tN'VlM1.:JN 

lutViN (cavity-nest honey bees) LLfl~t.:J'tIU1j;lLfln (dwarf honey bees) (Oldroyd and 

Wongsiri, 2006) 

.r ..' ~.r...l.. .., 'I ' ., .., ...I,., 'I ~ , ., 
tJ.:J'tIU1j;l L"'C\j LuUtJ.:J'Vll-J'tIU1j;l1Wl L"'C\j tU1.:JNLLUU1(NL~f.l'l flfJ(;l1l-JlJIULl-J L"'C\j ,..U1tJ1 

... ~ • I ., .. ... ... .r • I . . ~.r ...I... 'I ' 
,..ffifl1f1l11fi.:JUfJnM1.:J l-J 2 "lIUlJIfIlfl tJ.:J1JL'D1LUu1fl Apls lobonosa LuUtJ.:J1JL'D1'Vll-J'DU1lJ1 L,..t\j 

..J.. .r ::. ..., ...... .., 
'Vlt1lJ1 LUUl1j;l1tJ.:J'Vl.:J,..l-JlJI ViUU1L'lCU1JL'tI1~.:Jm1 1500 Ll-JlJI1 LLfl~ViUl-J1nU1L'lCU~UL'tI1"'l-J1fltJ 

• ..,.r . ~ .r ..J... " ., ~ 'I. I ... .., ... 'I" 
fl1,..1UtJ.:J,..fl'l.:J Apls dorsata LuUtJ.:J'Vll-J'tIU1lJ11fl.:Jfl.:Jl-J1 ViU LlJI'Vl'l Lu'Vl1.:J'VlflllJl~'lUflflm'iltJ.:J LlJI .. 
'1lfl.:JLflL:ntJ~uCi.:JtJ1~L'Vlfll~UL~tJ 1'll-J~.:JLn1~WfltJilul LLfl~t1fl1L'l~ (Oldroyd and Wongsiri, 

2006) d.:Jmri1niiil~tJfl1'l11'l fl1~Ldfl.:Jl-J1~1nn11fl11.:Jf.:Jlu~tri.:J hjil~.:JUj;lu.:Jf.:J~1n~ri1,..ffi 
PllJIl d.:J'Vl"'1~.:Jilfll'l1l-JVJ11tJ L~flilfl.:Jnuf.:J~1nPllJlI (Wongsiri et al., 2000) 

o A. dorSilla 

• A. dorsala breviligula 

• A. dOTSala binghami 

~ A. /aboriosQ 

o 

...a ..,.r, 'I....., .. 'I" 
ll1V4V1 8 n1m1~~1tJlWl'tl'fl.:JtJ.:JflflfltJfltJ Megapis LUL'flL"lltJlJI~'llJ'fl'flnL'iltJ.:J LlJI 

(Oldroyd and Wongsiri, 2006) 
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X..r" "'''t ... "'.1 .. ,X "'" %. ' ~-.3V1M1-.3N LU YiN ).J'lI'W1(;lJ;l'lu1'Wnfl1-.3 Lflnn'l1~-.31-1fl(N ~11-.3N1-1fl1l11(N tl1nlltlfJ 

t 
""t .. t ...... " .. ... .. .. X '" .. ... Vl1).J YiN L).J YiN(;lU YiN1-1'W 1-11tlVl1).Jtl1f111U1UL1tl'W).J 5 "lIU(;lfltl ~-.3YiU~ Apis mellifera ).J 

..:. .... t . I .,~.oI, ... ' ''' '" .r t ... ,., " ... 
tlUn1L'W(;lVl1-.3~ 1u LLfl~LLtln1n1 L"lItl'l1).JU11Yi~t];,1'l).JnunU~-.3 YiN'IItl-.3LtlL"lIlI LLVI L(;l).J 

'~ ~ 

ijr)' (ij.J'W1n11LLlIn~1l1tltln lUtl1';lItl~L 'WVl1UQ t1U LLfl~LLtlmn1 1-1fl-.3fi11nUuH'\lm11 dh).J1 Lflll-.3 L 'W 

.... I ... " ..r .'1' "'... .: , .,. I ~ t ~ . I ., VI'luLtlL"lIlI LUf'lJ;l'l11];,VI 19 - 20 ufil,U'W).Jn11Lflll-.3LLYi11-1fl1l1 LUVI'l £'In 1'l).JVI-.3u1~LVlf'I LVllI 

(Mol(ij.JU 'l-.3];'mLLfl~LYiC\Jf'l1 i-.3f1ru~a-.3tX, 2529) ~-.3tYiN Apis cerana YiULLYi1n1~fil1l1LiitlU 
YJ nU1~ L Vlf'lLUVl1U L tl L;lI fiI 1 n VI~olUVlmltl-.3U1~L VI f'ltl Yi n1il~ tl1Un-.3U1~ L Vlf'I~~Utl'WtfLLfl~L1-1iltl 

.. "' ..... ,," ... "".1" .:..r t t1(;l fltltl~1 L1l1fi1Utl-.3 LVlt1 (;l'lltl-.3 Ln1~"lI'l1 LLfl~VI).Jtl1 L Uu1~L Vlf'I L VllIYiUYJnYiUVI (;lllL'ilYi1~Ln1~~~lI 

"'''' ..... .r A'k h 'k'..r ........ X fiI-.31-1'l(;lt111];'!J1fi1U ~-.3"l11U1 pIS osc eVnI OVI YiUVI ).J1 Lfl L"lIlI LLfl~Utl1LUlI'l ~-.31JL'II1 

..... .....r ..... . .1' t -t ........ .1' ...... 
Utl1LUlI'l Apis nuluensis ).J11l1-.31UYiUVlUtl1LUlI'l LLfl~ ~-.3 YiNtlU (;lUL"lIlI Wltl~-.3t1fl1'lL"lIlI'W 

Apis nigrocincta YiUU1L'lru t1fl1L'lft ~1ntX LLfl~ijU(;l1L'W1 (Oldroyd and Wongsiri, 2006) 

o A. urana 

~ A. kosch~vn;kovi 

~ .A. nigrodnctQ 

• A, nuluensis 

12 
.~ 

f 

... '" .r..r" "'''t " ... "' ... "" 111 Vi VI 9 n1m1~fil1l1V1'l'lltl-.3~-.3V1~11-.3N L'W YiN LULtlL"lIlIVI~'l'Wtltlm'illl-.3 LVI (Oldroyd and 

Wongsiri, 2006) 
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.., ., ..,-1... I Gr" ....- ... ..r,:. ... .... 1 ' 
'IJ'fl-3V1'\.HlJYllJYlNfp.J'IJ'W1~Lfln"l'Wt1-3'IJ'W1~n£n~ lJ 2 "JI'W~f'I'fl ~NlJlJ Apls fforea lJ'IJ'W1~VI'l \oIClJ 

n~1~-32!1'W Apis andreniformis LflnU'flU Yl'fl-3Ufl'fl-3LL1ni1~L\oI~'fl-3 ~m~'flLil'WUfl'fl-3~1'i1~flU 
'IJ1'l; ~ L"l'W i1 L'lJVln11U fl1n1::"l1u1'WLLt1uu1:: LYI f'I~'WVI'fl'W1Uf t)'WL~UVI::1'W'fl'fln LLfl::L'fl L;U 

VI::1'W'fl'fln L ~U-31Uf ri'l'W1 'WU 1:: L YI f'lL YlUflU m::"t1U 1Ji''l~'lvr-3U1:: L Ylf'I U~t1-3 hli111u-31'Wn 11flU~-3 
~ 1 " . I .. ... t .... .. .. ~ .... I!"t J .J x" ... 
lJlJYl1-3V1'fl'W VI'IJ'fl-3u1::LYIf'1lJ1LflL'lIU 'fl'W ~'WL'lIU U'fl1L'WU'lLLfl::nfluu'W\'i n'l'WtNlJ1'W fln1!tCU:: 

0 ... or ,x ~ .. " 1.1" ~0.J" .1" .J .. il ~ .... x" il 
fl1V1'l Lflnn'l1'-1-3lJlJ Ufl::lJYI'fl-3 fl'fl-3 U1n\'i~1 n'l'WYI'fl-3ufl'fl-3Y1 L\oIfl'fl L 'W\'i'IJ1'l~flU~1 '-I-3lJ1'WL 'W 

.r .J 1'" U 1" .J.. .. , ::. ... 1" '-I-3Y1flUL'tlfl1:: 'WU1L'lCU 1 nfl1JL'lJ1Y1lJf'I'l1lJ'q~lJ~lJ\l1CULYI1'W'W flUn11m::"l1UVI'lYl1-3V1'fl'W VI 

'IJ'fl-3L'flL;U (M1tij,JU 'l-3HmLLfl::LViClJf'I'1lJi'-3f'1CU::~-3\f, 2529; Oldroyd and Wongsiri, 2006) 

~ A..Jlortt1 

~ !It 4;,dr~niformi$ 

. . 

(Oldroyd and Wongsiri, 2006) 

o 
~ 
/~ 

.~ 

(i;~ ·0 

~ 

~1P 
~~~"'~'.c 

1'W'fl~Vlun~"JI1n11l'Wu1::LYIf'1LYlUL;;1h~1~-32!1'WLu'W"lI\l~L~U'ln'WnU~-3~lJ "t'Wm::~-3 
Wongsiri et al. (1990) L~11U-31'Wn11flUd-32!1'WLu'Wf'lf-3LL1n (new record) 1'Wu1::LYIf'11Y1u ~-3 
iJ 11 U-31 'W~ 1 flU ~4'-3 \011 ~ 'tl:: L 1-3 L Yl11 4' 'WYlli'1 In 11 ~ LLfl::U l' L'l CUU1 L 1 -3 L'IJ 11 'W4'-3".1 (1) Yl1-3 
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1l1flmUtllltl-ltl1::LVlf'lLvlU ft'lU1Wl1fl~~1U~U~{-lWr~Ufl'111'l1~l-I1 ~tll-l1n ~.f'I.2546 ~U 

~U1L'lCUlh{-lWr~ L~'lIn{1IJLiiVl ~-l-l1 LLfl::Q11li!lffi1U (Rattanawannee, 2007) ufl::1u 

'H"'l~mOJ~u~1~~1Ufl,x'lEJLlIU-l t11L1ltlVltN~11Ji1 (~Vlfi~-l1f 'l-lmfl1f'1, 2550) Vi11,xVl11U 

.. ., .r.....:".. ~.r ..I" ..... ,.r.: 
fI-l'JJtlUL'tlVlm1n1::~1fJVI'l'tltl-l~-l'llU~U LULl-Itl-l LVlfJl-I1n'tlU '"l1nIl1~Vl 8 U~~-l L"'L"'U'l1~-ll-ll-l 

.r .......... ., ..I"Jf ... .,. .., .r':"t1 ~ .... 
Ufl::~-ll-l1Ul-I~1fJ'l'l~U1m1Vl LnttLflfJ-lnU LLVlm1n1::~1fJVI'l'JJtl-l~-ll-ll-l LU 1:: LVl f'I LVlfJl-Il-I1nn'l1 

.l" .J '1"0"- ., ... .., .... I ~ ........ 

~-ll-l1U ~1nIl1~Vl 12 U~~-l L"'L"'U'l1l-1m1n1::~1l1V1'l L~lI-lU1-l'H"''l~LVl1UU ~-lll-l Ll-IVl11U 

..I., .".. ..: %. .r::. .... .r::. .... %. 
~1mJJJVl'll~L~UlIfl-lm1l-1LLVlnm-l LUm1LflflnflUfl1nllllfl-l~-lVl-l 2 'lIU~ "'1n~-lVl-l 2 'lIU~ fl1nll 

. ., ..t .J 0II:II ..,. cal • I • .., .. CII 1.1...., ~ ..,..,,, " 
flfJ LU~UVlL~fJ'lnUU1'"l::l-Im1LLn-l UlI-l LL'tl-l'tlU ".1tll-lm1 1UVI'lL~flfl~m1LLn-lUfJ-l LL'tl-l'tlUfl-l L'" 

~1l-111f1fl~ 1'll-l nu 1~ LL~ (11 ~-l,j' 1Un fl'l1l-1 L 'il~1::L'"l1::'"l-l ~fl m1L~fl n~ 11-l1-l Ufll-lft-l ~fl ~fl m1 

. .r.....I . . '" ~t1 .r.J": %..... 
tlfJ 1fl ~'JJtl-l ~-ll-l1UVltl1'"l'"l::fl ~'"l 1U'lUfl-l LLfl ::fl1'"l \I n m'"l ~tlfl n L '"l 1n~UVlflUfl1nll L~l-I"'1fl~ OJ 

~utfl~ 
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··5IiIje!ijl 

-+ 

-+ 

"+ 

1~ 

tl1~Yl11 n11m~r.t1t1j;J'l'lJ'a-.3~-.3~1U~'Vlutu1.h~L'Ylf'lh1EJ (Wongsiri et a/., 1990 ; Rattanawannee 

,2007; ~'Ylfi'Vl-.3li '1-.3 pf'hn f'I , 2550) 
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~1'1ij.J'U1n1'1'l1'tl-3LLtJtN~uLrt'tl,n.J1~1nf'l'l1tJiA''tl-3n1'1tr~~u 3 t1'1~n1'1flt.Jriu;i'tl n1nn 

'tl1l-11'1 n1'1il'tl-3riwiu LLfl~n1'1LLyd~'U{ fh;~{l-Ifl1U'JIil~ t~m~Vi1~iIWf~1Vi'lnUn l-I\i LLfl~ 

... 1'" ..: %.' ... ... .. 1" 1..1'" LLtJfl-3 tJf'l'l1tJL~Vi1~L~1~~-3 Un1'1Lfl'tlnn'Utl1"U'tlU1-3'1~tJ~'1~'l-3 LVitl l-ILl-ItJ1~~tJLLfl~ fltl~IlU 

1 .:.... , x U .r..J... ... " ... U ~ ..J , ~ 
U'lIN~LflU-3~~'l'tltl'U (Lack,1968) tNL 'ULLtJfl-3'Ci-3f'ltJVltJf'l'l1tJ'lIU'lItl'UtJ1n ~-3L 'U'Ci-3Vl'U1"nl:t1 

fl'Uf'lt)1Vi~ ~n'1'1tJ Ll-Ifhd ~-31 U~hUf'l'l1tJ~1tJ1'1n 1'Un1'1t11U~'l'jJtl-3 d-3riuilL'lf'l~VlU1 Li]u~-3~ 
i-3Ln~1c1l~1u~tln1'1~n1f1 ~-3t!'UVi~~n'1'1tJ~-3iJtJfl~tln1'1t1fu~'ltlti1-3iJuUft1f'1qj~~~'ll'lu1~ 
.r" ,.: ... ..J " ..J'1 ' '1" '11..1 '1 -'Cimmfl1U~1tJ1'1nl-lflnLflU-3~1n~1l1ViLL'l~fltltJVl1-3n1UIl1ViVl LtJ~1tJ1'1nVl'U L(;I L 'tlfJ 'UU'1L'lru 

..J..., ..I ,. .'1...... "'''.r .."... x.. U ~ ..I 
VltJ LL l-Ifl-3tl1l-11'1Vl~tJ1J'1ru LLfl~utl-3n'U1lm 1n~fl1l-1'1tl" ~l n1'1Lfl'tlnM1-3N'lItl-3tJ-3"N L 'U'Ci-3Vl 

, 1" x ~ .r ..I" 1 "x " ... 1 ~" .J ... 'U1~U ~ L'Utl-3~1ntJ-3LuULLtJfl-3'Ci-3f'ltJ Vl~tl-3 'JItN-31'Ul-Ifl1U'1'tlU~'l 'Un1'1L~1~l-I1'Ci-3LL'l~fltltJVl~ 

x t 1..1 - , , ..I ," ... oJ ...... ,.....1 U 
'lJtl-3tJ-3 ~u n~~~ViUtJ1nn'l1 20 LLl-I-3VlLl-ItJ1~~tJ~tln1'1M1-3N 'lI-3~~tJLViU-3Lm-3L~U'lVlL U 

... .. "0...... .J...J ~.,! x. ~ 
mLfltlnfi~Vl1U~1l-1'1Un1'1Lfltlm'W1UVlVl~~LUun'U'tl1t"lu (Seeley, 1985) ~1nn1'1"n1f1m'1 

...,.., .t..: . I .J "'" ... J' .1''': ~ '11..1 I" .... '1' 
U1UN'lJ'tl-3tJ-3tJtJViU'l1 ntlUVl~~U1UN tJ-3-31U'lJtl-3tJ-3tJtJ~~u'Utltln L l-I1 LLl-Ifl-3M1-3NLmfl-3 l-ItJ 

::. - ... .J".,./.r " ... 1....t ... oJ '1 ,,- '11..1 
~1n'U'U~~uunflutJ1LVitl L~Un'Ci-3'Ciqjqj1UU1UN l-ItJ-3mtlu 1 L~u'UmtJ L (Oldroyd et al., 

2008) 

m'1R'Ul-I1~Utl1~U~1'v1fu~ 11-31-3 LUU~-3~iJ f'l1J1tJ ~ 1f'1qjtlti1-3tJ1n 1 'UnqtJ'lJtl-3 LLtJfl-3i-3f'ltJ 

oJ 1" ... 1..1 ... 1 ... x ..I... , ... t X.J ::. 
LVitl 'v1n1'1'lJU1UN '1~~Uf1'l1tJ~1L'1~ umruVi'UVltJf1'l1tJmtJ1~~tJ~tl'lJU1~N ~UViUVlUU 

" '1'" - '11..1 t .. "..I ".... ~ "... ..I ~~(;ltl-3 LtJLfln~ULn'UL (Franks et al., 2002) ViN LtJVl~~~n-3N~1Lu'U(;ltl-3tJ'lJU1~VlmtJ1~~tJ 

~tln1'1'lJU1U'lJ'U1~f-3 'lIru~~1-31u~tti-3LL~-3f'1'l'1iJ'lJU1~L~nVitltl'1~tJ1N~1'v1fU'v1flU"lltlu1u~tJll! 
oJ.J .'1 ...",... -'1 " ..: .r 1 
LVitlVl~~Utl-3n'U~fl1LLfl~IlU~1nfi'1'1tJ'JI1(;l L~ (Seeley and Buhrman, 2001) nUtl1"U um'1 

~11-3f-3iJf'l'l1tJ~1f'1qj~tl~-3iJ=tl~'v1fl1U'JIil~ ~-3~~iA'tl-3iJtl-3,.rU'1~ntlUl-Ifl1U~-3'lJtl-3~Utl1~ut!u 
LU'U 1 un1'1iltl-3 riU1-3 l-ItJ1Uf'l'l1tJ~1~-3iJ=tl(;l m~hd~ ~~-3f-31u LdtlulL'l rut!'U'lJ1~tl1'v11'1LLfl~ hi 

~1tJ1'1niltl-3riwiulmln (Seeley and Morse,1976) m'1~n1f1f'l1J1tJLL~n~1-31uc1l1UilL'lf'l1VlU1 
... - X .. "... 1": X .J ~.J ....r -

LLfl~'JI'l'lVlU1'lJtl-3tJ-3 L~'1Uf'l'l1tJ~U ~LVitJtJ1n'lJU L-uU m'1"n1f1LnU'lnU'Ciru~1U'lVlU1 

(morphology) d-3 ftn1!tru::m'1~11-3f-3 LLfl~'l-3~rn~(;lLLfl~Vi~~m'1tJ~1-3 1 LUUiA'U (Seeley.1985) 
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.. , , 
'Utln"'1ni1f'l'l1J,1iJ,l~'Ufi'!ltl~~~ilftll1lt'Ui~f'lJ,l~~ilftll1ll."ltlU5iJ,l~'Ufi1::l-1~1~U1::"lI1n1 

t 'Ui~f'lJ,l~~il;'l11l ~1J,111nr.t1 u. 'Un 'l~l-1ft1l1 u.uu LLft::il f.lftrntl f'l'l1J,1l-1ft1 nl-1ft1l1'!ltl~i~ f'lJ,l~~ilftll1l 

m1LLri~ LLU~ u. ,j~,r'U1::l-1~1~"lIUC1I (interspecific competition) Ln'Uf'l'l1J,1iJ,l~'Ufi U.UUl-1rt~~ Ln"'~'U 
~~ritlH'LnC1lm1u1utJi''l'!ltl~i~f'lJ,l~~il;'l11l LrltlVl1Yill1miltlU1~'·hnC1lt'U·mlJ::~~~ilftll1l~~u.r;i 2 

"l!UC1I ;rtl,m11t;{Vl1Yill1mLl-1ijtl'Un'U "'::Ln C1Im1LLri~ u.u~ LL'Il~,r'Un'U~'U m1LLri~ u.u~ U.'Il~,r'UdLU'U 
."1....... ....."1.... ~.J.J 'I " ... - .... .J,...::,,, x -
u"'~ lIVl1~"lI'l1l1Yil-1ft n u"''''IlIl-1'U~Vl¥'l~ ~ ft L l-1J,1'l'l (ijJ'U1 m1Vl u.l1ln 11l1~ n'UVl~Vl1~ C1I1'U¥'I CU l1'U'l'Vlll1 

~'h'l'Vlll1 LLft::Vi'l;; n11J,1 LC1I m~Yi1::~~il;'lI1l~ilf'l'l1J,1tnM C1In'UVl1~~1l1~'Ui U.ft::tl1~lItl~t'U 
... ... .... ..J 'I ~ ... - - ~ 'l' 1 ~ U1L'lCULC1Imn'U (Premo and AtmowidJojo, 1987) tl1"'¥'I~f.lft Ll-1~~J,I"l!'lI1l"l!'UC1Il-1'U~l-1J,1!i1 u LJ,ltl 

Vl1Yill1milr.t1n C1I Ldtl~"'1n LnC1l m1LLri~ LLU~ LL'Il~,r'UtlU1~1'UU.N vh t~;rtl~il"lluC1It!il"llu!ill-1d~tJn 
ri14'!iltltln'lu"'1n~'U~tl~tl1~mr'U l-11tl~nnnill-1rt~~tl~~ilftlI1lLl-1fhtI'U~1J,111nu1utJi''ltl~ 
1'lJ,l n'U'l~ u.~", ::il'Vl1Yill1 mr.t 1 n C1I ~~il;'lI1l~~ ;rtl~il'l1' 1ijJ'U1 m1 L ~tlt ~~1J,111ntl ~1'lJ,l n'U'l~ 
Ii' ......., %....J, .... ..I 'I..... 'I".... ..I , .... 
LC1IlIJ,ln11J,1~ n1iCU::Vl1~¥'I CU l1'U'lVlll1Vl LLl1ln11l1~ n'UL Vitl Ll-1J,1n11 L'lI'Vl1Yill1n1'Vl LLl1lnI1l1~n'U 

(character displacement) t'UU1L'lCU~tl~tl1~m~mrlw l-11tlilf'l'l1J,1LLl1lnrn1~'Vl1~~1w;jYi~ill 

(n iche different) LC1IlI u.ti~U'Um1 H''Vl1Yill1 m~~ ~fttl1"'1"'1 ::ritlt ~ Ln C1Im1;{tlwy)un'U'!ltl~;jYi~i II 

(niche overlap) LL~::m1U1ULu~lIw;jYi~ill (niche shift)'l~ m1il;Yi~ill~LLl1lnrn1~rlW'JItl~ 

~~ilftll1l LU'Uf.lftJ,l1"'11nm::U'lWm1I"1C11 L~'tln LC1IlIfi11J,1'l11;; L~tl LUWm1ft C1IYifl~~1W~"'I::H''Um1 
, , ,.........;:t........ ... ~ 'I ... .J.... !"I": • 1 ~.. 'I 

LLn~ LLlI~ u. 'Il~'JI'Unu¥'I~J,I'lI'lI1l'll'UC1ItlW L 'Un1CU'Vl'Vl1Vill1n1'Jl1C11 LLf'lft'U LLft ::Lu'Um1LVUJu1::¥'I'Vlfi1l1Vi L'U 

~ ...... ....J % ~..I. 1 .;:t ... - 'I ... 
m1l-11tl1l-111 m1~UYi'U~LL~::l-1~m~lI~nl1lt LYi'tlVlu1::'lI1m'JItl~¥'I~J,I'lI'l11l L'Ufi1nJ"lI111l~1J,111n"'l:: 

tl~1'lJ,lrlw'l~'tlU1~Ll-1J,11::~J,I (Hardin, 1960) 

Hardin (1960) mh'l~1 ~~iJ:n'lI1l~m~lItl~1'lJ,lnwtwulL'lru.~ilu"'I4'mh~ 1 ~1rlC1lLLft::il 

f'l'l1J,1;rtl~ m1U"'I4'lI L l-1thtI'UL ~'tl m1~1N:n'l11l LC1IlIil:nYi~ ill~ L l-1jjtl'Url'UVJ nu 1:: m 1"'1 :: hJ ~1J,111n 
tl~1'lJ,lnw'l~ ~~tI'U~~il1'lI1l~~;r'tl~iJ'l1'IijJW1n11LLft::m1u1utJi''lt'U~1wrn1~ 1 L~tlt~~1J,111ntl~ 
1'lJ,lnw'l~ m1 LU~lI'ULLU~~:nYi~i lIl-11'tlilm1LLti~iJWn11t1'Vl1Yill1m1'lJ,l rlwvh t ~~1l1Yi LL'lC1lt\'tlJ,l 

l-1d~ 1 ~1J,111m'tl~1Uf'l'l1J,1;rtl~n11'J1tl~~~iJ:n'lI1l'l~'L~J,I~ n11HVl1Yill1m1'lJ,lrl'ULilwf.lftt~LnC1l 
m1;tl'Uy)unw'JItl~;Yi~ill~~vh t~~~iJ;j'll1lt'UulL'lcuL~mn'U~1J,111ntl~ 1'lJ,l nw'l~ vh t~ LnC1l 

m1LU~lIWLLU ft~ Lf'l N~11~'lJ'tl~~~iJ:n'l11l LL~:: Lf'lN~11~~~il:ni)11l LLrn ft::"lIilC1l~:: U.11l n rn1~tltl n'lu 

J'.... ".1 -' ... 'I.J .... 
'JI'Unutl~ f'lu1::n'tlU'JI'tl~'lI'UC1I LL~::"'I1W'lW LLUULLf.I'Un11m::"'I1l1 n"'ln11J,1 L'UlI'l~'l'U LLft::'l~n1ft .. 
~1~u,rW'Vl1~ml-111 LL~:::nYi~ill (Connell, 1961) 
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~U~'l'nCU 1JqJ~1 (2538) nri1'l~1n11t'l11'11'1U1.Jl1ful~'tltNa'lLL~~:;'lIUtJI1Wl1f'l 
., tI 'I'" ,."., ~ ,J' J'~ J'~ 

~:;'lUtltm'tltl'l 1:;LYlf'l LVlU)..I f'l'l1)..1 LL~n~1'1nUtlU1'1'l1tJ1L"lU~tJlU'YiU'l1~Nvt~'l'l ~'1 ~'YiN ~'1)..1)..1 LL~:; 

a'l~1uil,h ~"JIi1f'l'l1)..1 miltlu (sim ilarity index) LL~ :;n11'D t1Ul1U nu 1 uII1u;'Yi~ i U'tltl'l'llUtJI rJfu 1~ 
..J"., ,., '"'1''' _... '.,'I tl1 .r , -.!' .J J' 
Ylt'l11'1N LYl1nU 0 'YiU'l1~U L)..I LL~~:;'lIUtJI"l:;)..If'l'l1)..1 Lvt)..l1:;t'l)..lnU L U~'1 LLfl~:;'lIUtJI"I'lU L'1IU ~'1 

... "., "'1" 1 ,J'~ "., 1~ • "'11:'"1 , ... 1'" 
vt~'l'l)..ln11t'l11'1NUU~Ul)..l'tlU1~ vtqJ ~'1~'YiNM1'1NI11U U~'YiN~1~ULtJ lvtqJvt1t1111U U)..I 

~ ..J _ J' _ J' ~ J'" "., "" "..J ... ..: .. ~ , 
~ 'YiNYlLntJI'tlUm)..lfi11)..1'l11~ ~'1)..1)..1 LL~:;~'1)..11Ut'l11'1NUU~U L)..IYl)..ln'l'tlU1c;\ L~n "lI'If'l'l1)..1 LL~nm-3 

- """ J'., ." '1 - .,..J .. - ., - " ... 'tltl'l"llUtJI ~u L)..ItI1"l"l:;'tlUnUt'l111'Yi'tltl'l u1'l1t1fJ UU1L'lCUu1Ylt'l)..l1J1CU U1L'l CU"ll1Uu1tJ1U LL~'1 vt1t1 

1 ., ..J. .,...Ii; ., d ., 1 ,- ... ., ..J ,.,,, "., " 
Uu1Yln1~'1~Um L UtI'I"l1nu1 ULL~~:;U1L'l CU"l:;)..I~n1icu:;Yl LL~n~1-3nU LC;\1U f'l'l1)..1 L 'tl)..l LLt'l-3 

."1' ., ,..J,.".r J' ~ J' ~ .r 
m:;LLt'l~)..I LL~:;u"l"lUYl1'1n1W11'Yim'l 1 Yl LL~nm'lnU'YiU'l1 ~'1vt~'l'l ~'1 L'YiN ~-3)..1)..1LL~:;~'1 

~ 1uil fi 1 "'''lI Uf'l '1 1)..1 vt~ 1 nvt~ 1U'tltl-3 Shannon-Weiner LL~ n ~1'1nU ttJIU'YiU~1 a'l~)..Iil fi1"''lIU 

" 'I "..J1""., ,J' - ~ ..., ~ ~ ..J , ~1" or ,.r ~ ... 
f'l'l1)..1vt~1nvt~1U'tltl'l~U L)..IYl 'lIM1-3N~'1n'l1~'1'l1UtJltlU "l'lU1"l:;LuUf1'1YlU'I"JI vt mU'l1~-3)..1)..1)..1 

" ... -%, 1'" "., - " 'I" ,J' - ~ f'l'l1)..1 n'l1'1'tltl'l"ll'Yi'Yi f1 U (niche width) Un11L~t1 nM1'1NUU'lIUtJI'tltl'l~U L)..I)..I1 nn'l1 ~'1'l1UtJltlU 

..J .r... ~'I" ... ! "t1 ' .r" ~ " ., 'I " 1'" ..J 
LL~:;t'l1)..111nYl"l:;'YiWN"JIUtJlU LtJlU'lL'lCUYl'l 1 L )..I1nn'l1~'1)..11U 'lI-3M1'1N LtJlL~'Yi1:; UU'lL'lCUYl 

., 
Lilu1.h~ULl'huu 

~20 c::J A. florea 
CJ) 
W ~ A. cerana 
Z 15 I!Im A. dorsata LL 

~10 
w 
m 5 ~ 
:::> 
z 

5 10 15 20 25 
NESTHEIGHT(m) 

..a .,,, .,.r.r~ .r':- 1t1 'I 
1l1Vf'VI 12 n11m:;"l1UmtJl1Uf'l'l1)..1~'1'lJtI'IN~-3vt~'l'l ~'1 L'YiN LL~:;~'1)..1)..1 U 1:;LYlf'l LYlU 

(SeeleY,1982) 
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. .., ~.... . '"'" .. ,,·.4t ." 
f'l'l1lJfl11'lC\j1.J1n LU'fl\l"1nNfl1lJ11ntJnYl1fl1tJ L'WilmJ1~ L~\l1mlJ'fl ~UfllJ~~'fltJ1\1lULLN 

(Oldroyd and Wongsiri, 2006) 

., ..t_ ..t ..t X t ' ..t., "..t ..... 
1'l'l1l-J~\I'1I'fl\lN"1n~Uj;lU'1I'fl\l~\I'-'fltH ~\I'-'fl'l\l ~\I ~N Ufl:::~\llJ1U LUCN 3 'lIUj;I lJfI'l1lJ 

LLVlnJ;i1\1nU (1l1~~ 13) a\lt~NJJnilm1uri\l UU\I U;\liU~\lmt;Hd'fl\llJ1"1n tfiN1Ufi11lJ'lI1iiil'fl~ 
'flU1\1~1n~ (Seeley, 1982) 'flu1\1hrimlJm1fl11\1f\llut~NU'fllJ'~LtI1tJulum1f1'lu"llJ 

- "., ,..t _..01 " t ., - ..1'1 "'" ., ..01 
~n.m1JlJIl1tJ LUNm1~\I'lIU~'flU L~11::: LU ~N":::fl1lJ11Cl1mf1~N'-'1JlJl'l\lVl L'l L~ 'lI\lL'-'lJ1:::fllJ 

, - ." 'I"'" ,X..I ., .,,, ..I t' ., 1] • I ., .. 
VI'flm1L"1C\j'1l'fl\lVl'l'fl'flU L~j;ln'l1~\lVlfl11\1N LUYl fl\I U,,\I L Un11fl~1l11:::m1u1lJ~N'-'1JlJ 

"., X X t ...... ... ,X..I 'l..1
t
,.,... ., 

1l1tJ LUN'Il'fl\l~\I\l1Ufl\l ~\I ~N"\llJmfJtJum1~\lYl'flfJ UVI fl\lU,,\I LLfl:::lJm1n1:::"1tJVI'lVl1\1V1'flU 

" .,..1... ., X , 1 ..01 1] ..1'1' X X .!' x., 
LVlVllJ L'IlVlffiU'lIU lJ1nn'l1 UL'IlVl'-'U1'l'll\l L UL'IlVlYl LlJ~lJ~\I'-'fl'l\l ~\llJlJ Ufl:::~\llJ1U (Dyer and 

Seeley, 1987) ~'ltJiJ,,4'tJ~1n~'1I'fl\lt~N~U t~N'~ ,-,1'fltfiN~U m1fl11\1f\l'll'fl\ld\l~\lI'i'fl\l 
, , ,.,., .., 1] ..01 ..IX... - ., 'I. 1..01 ... ..I 

LLn\l LLU\I LL 'Il\l'1lunu~\I ,,\lU1":::L UL '-'~~ fl'-'U\lYl ~\llJfl1U'l'llijJU1m1LLtJn'fl'fln LU L ~'fl'-'flnLfltJ\I m1 

LLri\lLLU\lLL;\I-nut~tJfl11\1f\llUlJ1L'lN~tfl\l LL,\I (Dyer, 1991) U'flnr.nnd~1U'lU'Il'fl\l1'l\lJ;i'flf\l'1l'fl\l 
X

t 
... ..1 ,.,..01 ,X.!' X • ""X

t 
... ., "'''t 

~\I ~NlJL'ilflU 5.6 'f'l\lVl'flN 'lI\llJ1nn'l1~\llJlJ Ufl:::~\I'-'fl'l\l Yl1 L'-'CJ\I ~NlJN'1IU1~ L'-'C\j LU ~N 

..01 ... X ..1..1. ... , 'I" ..t..l ... ::. "X X t - 'I' 
'lI\ll-J~UYlVl"1n~ (Seeley,1982) 'fl£11\1 L'fnVl1lJ~UYl'1l'fl\l'f'l\lNYl\l'-'lJ~ LUCJ\I'-'fl'l\lUfl::CJ\I fiN LlJ 

, ., , ... .,.... ,..01. I':!! ... .,../., 1 ..It'" X .: X 
LLVlnm\lnU'fltJ1\1lJUUfl11'l C\j UVI Ll-J'fl LU'fUlJL V1UlJNVlfl11\1 Uyl fl\l LL'"I \I '11 'fl\l CJ\llJlJ LLfl ::CJ\I'-'fl'l\l 

, ... J' ../ ."." ... ., '" ..01 ... X ../... 1" ,,~ , 
~lJ'l1lJ~UYl'1l'fl\l'f'l\lNVl1\1nU'fl£11\1l-JUUfl11'lC\j LU'fl \I '"I 1 nN'1I'fl\l CJ\I'-'fl'l\lYll-J'IlU1 ~ '-' C\jVl1 L'-' LlJ 

.J 'I" , 'I .. X ., ... " - ., '1"..1 ~ ".J .1 
fl1lJ1'fn'-'fllJ-u 'fl U L~ 'fl £11\1 L 'fn Vl1lJ"i ::~lJ CJ\I'-'fl 'l\lM1\1N L UlJ 1L 'l NVI U LlJYl Vl1 L U'o 'l\l ~ ~ wU 

(Morse and Laigo,1969) 

~\lill1~ VI~ill'l'l1lJlnt\'; ~ nUYl1\1 fl1U~1' lijJU1 m1 '"I:: Ln ~~um1 uri \I UU\I LL ;\I-nU'fl U1\1 

1UUN'-'1nil m1 HYlf~£11n1'flU1\1 L~ U'lnu m1LLri\l LLU\I LL ;\I-nU1::'-'~1\1'l1il~~\I L1]U~'fl\lU1flU 1,,~ • 
"i::~mt1m'fLLti\liJuVlf~£11n1 (Beebee, 1996) m1'fl~i'llJnu'1I'fl\la\l il 3 U1::m1 ~'fl m1 

, 'l.J..J.. ...... J' .... ".., , I" ..J..,.., 
LLn\l LLU'l U'o'l\l L'lfl1YllJU'tI'tInCJfllJ~U~'1I'fl\lCJ\lVI'l ~nlJU1\1~C\j1 m'fLLn\l LLU'lU1L'lNYlfl11\1N LLfl:: 

I I . .:..r I ..........-eII....J 
m'fLLn'lLLU\lm'-'11 (Koenlger and Vorwohl,1979) U'tIn'"l1nUCJ'lLLVlfl::'lIU~U\llJnfl'l1mflnLflU'l 

., ... ~ X ... ., ... ., ~ ... r.J " ... r..l,., 
n11CJ fllJ'1I1lJ~U~ L~U CJ\I VI 'l ~"i ::l-J'fl'lU'l::~ lJ~U~ LLfl ::"o'l'l L'lfl1 L un 1'fCJ fllJ~ U~yl LLVI n VI 1\1 nu 

(Patinawin and Wongsiri, 1993) 



n1furl-l~d-l~1~iue1~1f 

f~wh-l"il" 

O1furl-l~d-l~1i-liu 

t'l'lNL~eft~1-lf-l 

"u1"1Ii'l~lI01nrkl-lnU 
J' 

"tN~N-l1U 

rI'I1JJlI01nPi1~ 

"e-l:'ifiile-lnu 
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rI'I1JJ~IInPi1-l"e-l 

1. rI'I1JJ~-l"e-lf-l 

2. rI'I1JJft1JJ1folun1f 

JJe-lL\4uf~ 

3. O1fOf~"1U"e-lf-l 

4. O1ift~1~a-lile-lnuJJ" 

5 . uf~1nfn1uluf-l 

6. rI'I1JJn1'1f1'1"e-ld-lluf-l 
_4 

7. f')tuftJJulleu 1 

"'" ...... .... , 'I ...... U ........ J' J' ~ J' .! 
1l1~VI 13 ~l-Jl-J(;J"1U'lIJ~U1n11f'1'l1l-J LL(;JnVl1~ LUlJfi 'fl~nUNlI'fl~~~".ftlJ~ ~~ LY4N LLft::~~l-Jl-J 

lU1.h::LVlf'llVlu (~c;) UUft~"l1n Seeley et al., 1982) 
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1..1 
... .r ..11.1 ... ~ .r ..1..1... ..... ~ ~ ..I 

~J1n 'l~nflUnUVf\..l'Vl 1'Vlfl-3 ~11Jl-J Lu'UYfl..l'Vl'Vll-J f'I'l1l-J\Hnn'\l!ft1EJ'Vl1-3'11'l1l1n~-3 '"1-3 LU'UTi-3'Vl 

lb~'Ul'"ll 'Um'lil1m!t1 '"I1nm'lLmEJUL VlEJU r1U" 1nn1'lil1mi1ulL'lcu1.111l1 f'lVI~.r'Uflfln'l!lU 1 
_ ... .,rr..... ,... ... J' ... J'~ J'" ... ,.J 

f!I'UEJ'l"t EJTi VI'l u1 'il~ L'M L 'Vl'l1YlU'l1 'l~VlU f'I'l1l-1 ~-3'11!l-3 N'"I1 nYl'U~'U'1If)-3 ~-3l-1 l-J LLft ~~ -3l-11 'Ul-I f'l1 L'il ft EJ 

2.22 ±1.69 Ll-IVI'l LLft~ 2.69±1.13 Ll-IVI'l Vl1l-1~1~U f'I'l1l-Jn11-3'11!l-3:nY-l~tfEJlutJl1'Uf'I'l1l-1~-3'11!l-3 
X~ J'" . ., • ., .... . X':.... II 

~-3l-Jl-ILLft~~-3l-11UL'Vl1nU 0.2291 LLft~ 0.0857 Vl1l-1ft1~U LLft~EJ-3Y-1U'l1~-3l-1l-1l-1f'11f'1'l1l-1m1-3 

'1I!l-3m'lLfl!lnHfi-3~il'1l'U1~r;i1-3 1 r1'Ul-I1nwhd-3J!1'U (~Uft'l'l'lCU l.ltlJ~1, 2548) 

~ ~"'-.:5 ...... ~..1 v..r 
Ll-Ifl f'I.f'!. 1971 Edward O. Wilson L~",n1!t1LLft~L'1IEJ'U'\I!'U-3\'iflLnEJ'lnUTi-3f'1l-J'1I!l-3LLl-Ift-3 

~fl-3 "The Insect Societies" ltJll~ph~1r1~f'I'l1l-J'1I!l-3 LLl-Jft-3tf-3f'1l-1~'U '\I!l-I1EJn-3 LLl-Ift-3'11il~ L~EJ'lr1'U 
~ilm'lv11'N:ntlVlhl-lr1'Ufl~1'U1-3L~EJ'lr1'U'\I!ft1EJ 1 ~'lilmrJI'lEJ~~'l'iifl'U ilm'lLLU-3'\1!U1~r1'UVi1-31'U 
L'll'U '\I!1fl1'\1!1'l ~11-31-3 LLft~ilfl-3r1'U1-3 il'l'l'l(u~~uri''U{ Vi1'\1!U1~~~l-Jri''U{ LLft~'l1-31'liL~flm'l 
'lIEJ1EJri''U{ LLfl~ LL Y-liri''U{ LU'UIA''U LLl-Ifl-3~~ ~ L if1'l~vlU LLl-Jfl-3tf-3 f'll-J llA' LLn l-I ~ r;if) LLVI'U d-3~-3 i'U L'N 

x::. J'~ 'Ivv~'" ,~"",,,,..r ..I ....... 
LLft~~-3 'Vl-3'\1!l-I~'ULu'ULLl-Ift-3 L'Ufl'UVlU LlIl-I'UflY-l L'Vl'l1 !lEJ1-3 L'lnVl1l-1EJ-3l-J LLl-Jfl-3Ti-3f'1l-1Vl~1f'1tlJ!lnY-l'ln 

.J. ell 1..1 ''I ... ... ~ .J. "'!'I ..I~... ."1 ..r..l r 
'\I!'U-3f'1fl fl'ln!lfJ L'U!l'U~U Lfl"ll!lY-lLVl'l1 "lI-3'"1~Lu'UY-I'lnVll-l'l'l~'U1m'lLu'ULLl-Jfl-3ti-3f'1l-1'Vl~l-I1J'l(u 

L'll'Ur1'U (~'H~u 'l-31!tmLLfl~L~tlJf'!r ~-3f'1(u~~-3lf. 2529) 

d-3 LU'ULLl-I~Ntf-3f'1l-1 LL ~i'U~-3!l~ LiI'Uf'I'lflUf'I 1'l1 '\I!C\i'\l!1fl Lu'Unql-J ~l-I1:nnIl1EJ1 '1..11-3 UVlfl~N 
~..J. ... 1..1 ... . ..J' X 

'"I~Lu'U'\I!'U-3f'1ffiUf'I'l'l (colony) 'l~n!lUVI'lEJ 3 'l'l'l(u~ f'lfl~-3'U1-3Y-1tlJ1 (queen) ~-3-31'U (worker) 

X ... ... .J. 'I...... X ..J.... v'" ...... . X 
LLfl~~-3V1'l~ (drone) "lI-31l1EJ L'U'N'"I~l-I~-3'U1-3Y-1tlJ1'\1!'U-3V1'l VI'l~'\I!ft1EJ'lflEJVI'l LLft~~-3-31'U'\I!ft1EJ 

..J. v ::'J'. "" 1 ... xx ...... X ... 
'\I!l-J'UVI'l 'Vl-3'U'"I1'U'l'U'1Ifl-3~l-I1'11n 'U'N~-3'11'UnU'1I'UVI'lJfl-3~-3LLfl~'lI'U1~N (Oldroyd and Wongsiri . 

2006) 
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.¥ .. 'I ,.I ... ~ ~ ~ .J ... ... ,X ... 
eJ~~1'\J L~1C\1"1n L"lJVltJm./~~ LL~:;~ Lfl1L~ L'lI~ 2n LlIUL~lI'lm.JU1-3ViC\l1 LL[;UN-31U~ 

.. , ... ... , J' ..01 .J'" , "'I X..oI" .J 
"lJU1~L~nn'l1 ~tl'lll'l:;u~n~1-3~1mN'll1nJ:;tlU 1 LlIU ~~tl~M1-3 L"lJtNLVitlM1-3U~:;lItl~U'll~ 

1'l-31-3 vitl~t./fl~~1nvJ'tlL1t~utl1:;"h1-3 ~ri'lu";tl-3 (Nassanoff's gland ,...1'tl scent gland) ~ 
I - ...... .....,J '" .eII .J 
~tl~t./~~~1n~tlWlU (alarm pheromone) LL~:;~1:;UUVl1-3L~U'tl1""11¥'i'lU""U1"lJtI1EJLuUt1-3LVitl 

o 11..1 G' ~ ..,... I CI' ~..r " .... I ~... 0 ... 

Vl1,...U1Vl LnUU1""'l1U~1n~'tln 1~ L1Um1n1:;L Vi1:;LnUU1 t./-3 LUU~U tl'lll'l:; L""~1U~fI'l1~~1f1 C\I 
I ".I J' .J " .J .... .... ~ il ...... 

~'tl""U1Vl"lJtl-3t./-3-31U LlI'll ~11-3LL~:;"DtlWL'lI~N Vl1f1'l1~~:;'tl1~N ""1'tl1""1nL~:;U1 tl-3nUN 

" .!'I X ... ell X , ...... 'I ' .. 'I ' " 'I ''I ~ 
"1~"1 LL~~:;LuUt./-3LVif'lu.JEJL""~'tlUt./-3U1-3ViC\l1 LL~~:;~N L"lJL~n LL~:; L~~1~11nM1-3 L"lJ L~ LU~1l1'l:; 

tl
.. " , ... .1 ... ::. X J'......;, ... X.I" 1 

n~ UnL'lU LUn1nJVlNUU"lJ1~t./-.3U1-3ViC\l1 t./-3-31u~n~'tl1fl¥'iULViU-3 1 0-12 ¥'iu~1"" U~~""1 

.dI Q' ~.t IX . _qq,.eII ~ .: 
'tl1""11mtl~ ~ LnUU1t./-3 LL~ t./-3,nu 1 UL 1J~""u1'lViu'l11u~~""u1'l~ :;~"lI'l ~'\.1~1EJL~tlU Vl-.3UL Vi 11:; 

X X... 0 1 ".J. 0 __ ell ;" " 

'tl1fl'll'tl-3 t./-3-.31U"lJUnUn11V11-31U U~~ 1tlU'lI-.3" :;Vl1-.31U~1n'll'l~"-.3 ¥'iU~-3 1:;""'l1-3 ~ ~'\.1U1'l LL~:;~U 

1 '1'" X .J. tl ...:.r""1" 1'1"" 1 ~~ U L~1'l-3 t./-3-31U~:;~1U~1nLVi'tl~~1JU1~ 1:;'lI1n1 LL~:;~:;LVi~1JU'tln U~U~~ U L~t./~ U 

tl 'I.J.J "'tl J'" tl ...: 1 .I.. 'Itl" 1:;LV1f'1 LVlU'II'l-3~~Vl'll1~LnM~:;~ 1:;'lI1n1t./-3-31UUtlU LL~:; 1:;'lI1n1~:;LVi~ U~~VlL~~ L ~'lU 

Ln~1~'tlnl~ (mt)(ij./u 'l-3Hm, 2532) 

.¥ ..,.,.. 'I ,.1'1 ' ... ~ ~ ~ ...... l' " 0..." 
eJ~11I1~ L~1C\1"1n L'llVl L~tJnt./~~ ~ LfI'J'L~ L'lI~ n L~lI'l ~1JU1~ '\.1C\1LL~:;tl'lU ~1~'lm1-3 

, X x... l' .J ... .r."I - ..01"': 
n'l1 t./-.3U1-.3ViC\l1 LL~:;t./-3-31U ~ ~11'l~ '\.1 C\I LL~ :;""U'l~VlVi (ij./U11JULuUVi Lf'lliLVi'tl LVi~ fI'l1~fl1~11n 

0.... CI' ....!.,J.... ~.. ~ ,. .J . .... ... .,.r 
fl1""1U~'tl-3mULL~:;1un~u 'lI-3~n1inJ:;L'ilVi1:;u~tl'J':;LU'lIULVitln11t./~~Viu~nut./-3u1-.3ViC\l11u~~ 

" "X t./fI~~u~Lyhuu tl~1uVf'tl-3~u hj~ L,...~n 1 U~1",,1Uiltl-.3nuli1'l iJflu~1'\.11U1U'tl1'\.11'J'~1n t./-3-.31U 

LL~:;~~~1n,...~'tl~'J''l-3~1'\.1'l1ulu1-3 hiiJmj1~'tltln""1'tl1'\.111 hjiJ~:;n11LriULnM hj~vitl~fl11-3 
'I J' .r ... ~ 'I ,... ".I 0 1 ... .. 'Itl ..... ... .r 
L1Jt./-3 t./-.3~'l~"-.3 L~~'\.1U1VlVl1-.31Wl1U UN U'tln~1nUUtl'tln L t./~~Viu~nUt./-.3U1-.3Vit1J11l1UU'tln 
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'" .d ..1' "''' • ~ ..1' 'I" • '" '" N LlJflCJ-3(;J')~'.n.JC'lf'l'l1lJ"l1LuU CJ-3-31U"l~\U~C'I ~1t1'il11t11'1LLfl~n1"lC'lflflnUflnN (Oldroyd and 

Wongsiri.2006) 

d~"'ft'N' 2.9 4.6 10.9 18.4 2 4.5 7 13.5 2.9 4.6 14.3 21 .8 

~~trtNb 3 5 11 19 3 4-5.5 6:7.5 13-16 3 6 14 23 
..t .. 
INjj~l 

~~liuf 
3 6.4 11 .2 20.6 

3 6 12 21 

a. Qayyum and Nabi (1968) 

b. Rahman (1945) 

3 

3 

7.5 

5.5 

8.3 18.8 

7.5 16 

c. Lekprayoon and Wongsiri (1989), Sandhu and Singh (1960) 

d . Mrl".n! 'N1:tm LLfl::LYirym ~~rlcu::~~tf (2529) 

3 

3 

5 13 

6.5 14.5 

21 

24 

.d " .... ~ ..... -1 1"..1' ... 
LlJfl ~1l1'l~ LL'lC'lflfllJ L 1t1lJ1~~lJ lJU11t1'l1ULLfl~ Ln~ nuU"l1U'lUlJ1n "l ~fi-3CJfl 1t1e.J-3lJf'l'l1lJ 

".J.., IX" Ie.. "I ' V 

Yi'1tl2-l'Vl"l ~LLtJnN U'1'1C'11 L1t1fl1 e.J-3-31U"l ~~11-31t1fltlC'lU1-3YiqJ1flfJU'1L 'l ruC'l1Ufl1-3~ C'I'1Jtl~'1'l-3N 

1t1ft-3"l1nU1-3Yit\j1'l1-3L,i1U1t1flflC'lU1-3YiqJ1 3 t)ul'll"l~L"l1qJLtlu[;J'l1t1UtlU UnC'l1~-3~1U"l~L~U-3[;J'l 
" '" ... 41 ..1' - ... t " aI 1t1UflU'1Jfl-3U1-3Yi qJ1C'1'lU'J'flUfi LUfifi 1t1ffiUlJCJ-3 j;Jflfl C'I'1~U~n11L"l'1qJ Lj;JU j;J"lU1t1UflUL '1J1 \11~U~ 

'" " 1 ..I ~ '" 'I ...1... C6 • ~ 
C'lnLL'" LLfl~tltlnlJ1"l1n1t1flfl"''1'l-3 U'Vli1'" nfl1ULuUU1-3YiqJ1j;J'l ~1t1lJ 'VllJf'l'l1lJ LL'lJ-3 LLNLLfl~'lfl-3 L'l 

'I ",.l' ..!... ..01 % • • '" 1 '" ..I • 
2-I1n 1l1U ~U 2 'lU CJ-3U1-3YiqJ1"l~L'1lJflflnUULYiflfi-3Lnj;JmLL1t1U-3'1Jfl-3N U'lU'Vl 5 j;JflUU1U 1 

~iJ'il1n1P1~ fllJ~-3U V1fl-3vh LLr.ilJ1~ Jl'U"l~flflnuuhle.JttllJ~ufnu[;J'l~1.h~lJ1ru 1 0-17 [;J'l "lUn~1 
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~ J' • .. .,.1 'I'"'' 't J' ., ... ., ~ nlnZ~,,:j~1~1'lfl"'1LLUn L~ 3 u'l~UWl L,"'Y 1 L~LLn 'lfl~,,:j In'lL1JtlULLfl~In'l,"1 (Morse, 

1980; Oldroyd and Wongsiri, 2006) 

t .6... ..., x .. ., ...... J' t.1t., -.J 
~fleJ~ ~~1L,"(;J~1 L~"'1t:lL'D'il L'l'l~ LLUflVlL'ltl L'D'il'l1 LLfl~ u'l 1n"JI'lU1,,:j'DU~ tt'lU 

'I' '1....1....: J' .J t - x 
L,",y",~~u~1n LUU'lL'lfIJVl~n1'lLfltl,,:j~,,:j L-lIU 'lflLL"JIflUZ~ (sac brood disease) Ln~"'1m"ll'il 

b1~, t'lfl'ilL~1nUyh'lflUZ~ (American foulbrood) Lii~"'1mf'ilLLUflViL1t1, t'lf'!'lI'ilflflUZ~ (chalk 

.. J' t t'" . " J' t· 1 t ., ~ ., brood disease) Ln~"'1m'll'il'l1, 'If'! U"JI~1 (Nosema disease) Ln~"'1m"ll'il u'l 1n"JI'l LuUlnU 

., 
~'lm.m ~ln1~~LViUU1~~LViuun LUUlXU 
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Martin et al. (2002) V.U~1~'N1lJ1Jtl-3~-3~1t1ri'lJ{ Apis mellifera capensis ~1~11Cl 
../ " ". I '1 .... X ....... . " '.1'1 X ...... "" Y1"t::;L1J1 Lutl~ lJN~N~1t1V.lJll Apls melllfera scutellata Ufl::;t'l1~1'lm1-3 L'J1LulJ~N-31lJmL~tI LI1I 

~" ... GlJ' .,.. ..r I~ 0., 

"tlJYI-3N LUlJ~N-31lJ1Jtl-3~1t1V.lJll A. m. capensls LLfl::;~-3-31lJL"'fl1lJlJ"t::;n1"tl1llJ1-3V.C\J11Jtl-3 

x...... ",.01 " X 1 '.1'1 ...... 
~-3~1t1V.lJll A. m. scutellata Ufl::;'l1-3 L1JLVitlt'l'l1-3lJ1-3ViCY1'!1lJ~1 ,..tJLulJt'l1t1V.Ull'!ltl-3 A. m. 

capensis 

,X l .... x.:'../ .............. ";,, , 
Nanork et al. (2005) V.U'l1CN-31U UN~-3~~Vl1J1I11U1-3V.CY1~tlln'l1n1'lV.lmlJ1N L1J L~ 

Lvhr1u U~I1I-31~L\1U~1~-3-31U~Liil1l"t1nyjtl~1-3r1U iif'l'l1~~1~1'lCltUn1'l1Uln1n1111"'1t1LtJ'!Itl-3 
•• 1 'i' 'i' ... , ,... ~ ... , 1 ... X .:' ../ ... 

Ll1tl L'lL~U"t1nU1-3v.CY1 LLfl::;In'ltltlULLlnnln1-3nU Utln"t1nUtI-3v.U'l1 UN~-3~~Y1'J11c;JlJ1-3ViCY1 ~ 

" • ..." ... '" .. I ... G' ... .. I ... ct.. ......1.... _ J' ., .J 
L'!ILLfl::;c;JmLI1IIn'l~ (35 Lutl'lL'IIUlnLLfl::; 25 Lu'fl1L'IIUlnln1~fl1c;JU) Y1~mLlJc;J~1"t1n~-3-31U'!Itl-3NtlU 

.,,,~ il ....... Xl" "", " .. , ... Seeley (1982) Lc;Jrm1f1n11 'fl-3nUN1Jtl-3~-3 "'1tlc;Jv.u"t1n~fl1LLfl::;V.1'l1 L'II1n V.U'l1~ 

,..fl1t1ijfi L~)tJn flLnm 'liltl-3r1U1-3 ~tl n1 'lLft'fln~11-31..:J, n1 'liid..:Jiltl..:Jr1u1..:Ju1L'lCUVl1..:J dh'fltl n'!ltl..:J 

1'1, m'lii L ,..~n LU, n'l::;U'lUn1'lri1fc;J~'l"'u'flU~ LUUL1f'l, m'lu~tlm~'fl L1L~uiltl..:Jr1untl, m1 

il ........ 'i' X ..., " ,"" " ~ ""../" ...." l' .01 il .... tl..:JnUN Lc;JtI~..:J..:J1U"t::;LnUtI1..:J L~~1,..tl~~ L'l'ltlU 1 n..:J L~Y1~'11..:JN L'J LVitl tl..:Jnu~11I "t1n 

m'l~ n1f1m~ijfilun1'liltl..:J r1U 1..:J'!I'fl..:J~..:J luu1::; LVI P1h1tJ v.u~1iif'l'l1~ LLIn n~1..:Jr1U LLfl ::;HlL~Utl 
~ ~~ ~ l1Uj;J1 ~,..~ n'ltj' ImU1 m 'l'!ltl..:J ~..:J~ 1 ~..:J LL~fl ::;"JIilc;J iJ nflilfilum1iltl..:Jr1u1..:J Uln n ~1..:Jr1U LUU 

.01 , , ,.... X 'I " 'i'../ " ....... • 'I "X ... 
~HH U'fl..:J~1"t 1n m'lun..:J Utl..:J LL '!I..:J'!IU'!I'fl..:J~..:J L U11I1Utl1,..11 LLfl::; L VlNVI~ 11..:JN ~ ~fl1'l1 L"'c.J..:J~ 

ijtj' ImU1m'lL~tlflc;Jn1'lLLri..:J UU..:J LL ,j..:J1luLl1Itlii'!lU1 c;lih ~'l LLfl::;iJulL'lCU~~11..:J1..:J~ LLc;Jn~1..:Jr1U 
~ - il ........ X X'i' X.:' X" ,.t ... 

LLfl::;"t1nm'll'1n1f1Vl~lnnl'l~ 'fl..:JnUN'1l'fl-3~N"'fl'l..:J~..:J LVlN ~..:J~~ LLfl::;~..:J~1U VlU'l1 ~..:J"'fl'l..:J~ 

'!IU1I11fl1~'l1,..qJ ~11-31..:Jlu~L~..:JtL~-3 U1L'lru~-3'!1tl..:JUfuLm,..qJ iJ~..:J..:J1ULn1::;f'lq~1-3tJ'l::;~1ru 3-6 

~ .01 il ...... - t ...... -~ ../" " 1" .. " ' ~ "JIU LVitl 'fl..:JnUNLLfl::;f'l'lUfil~'tlru"'1J~111t1 UN ~U'Citll'lm'l'l1'l LLfl::;"t::; "JIL,..fln LUlntltlnc;Jl 

../ .J X 'i' ...." .... 'I ../:-1 ... - .oI.J .... ... il'" ~ 
VI~1lJn~n 'Ci'lU~..:J L VlN~nM1..:JN LUl'lul1l~ c;J"JIc;J LVltl·D'ltlm1f1'tlCU"'1J~ LLfl::; tl-3nUnlnl"t1n 

111t1U'fln U1L'lcutJ1n1..:J"t::;iid..:J..:J1Uf'l'flm~1H l';'1~~~1hl~1~1'lm;r1~1..:JL~ ~1"'1Ud..:J~~ Li'lu 
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J' .J J..t ....... .J~ I 1/ I ..... ..::i cr I J' J' .!' t1.... 4I:::t,.... f.J 
c.J'IYlMI'1N L'WYl Lfl'l LL"I'I LL(;lNl-l'lJ'WI(;l Lflnn'll c.J'IVlfl'l'l c.J'Il-ll-l~1l-l11f1 1lJ'flruVlfll-l'lJ'fl'lN'fltlYl 

." " 
1::~lJ 33-38 'fl'lPlIL"llflL~ml1'W'lJru::~nl~'1L~tI'IIK'l'tlmJ (Free and Williams, 1979) ~IVl1lJ 

1K'l L'fl'l (Akaratanakul, 1977) 

" 
Yl'lIl-l mi1tJ'l9'1L1t1nLLfllJi1~1 "sticky band" (Seeley, 1982) 

I J' ..!' f} I X.Jq tI r a r 1/ 

Duangphakdee et al. (2005) 'Y'llJ'lIc.J'Il-ll-l L'WlL(;lfl::'Y'l'WYll-lL 'flrL"ll'W(;lmUln'l sticky 

I -C\' x..!' .:.I 11 ",.Jell 
band LL(;lnm'ln'W L(;ltlc.J'Il-ll-l"l::l-lm1MI'1 sticky band n(;l'flLl-l'fll-lm1\lmlJn'l'W"Ilnl-l(;lLL(;l'l 

Oecophylla smaragdina ;'1'Y'llJ~I~'1£l-l;:Jm1~rl'1 sticky band 70 LtI'flfL.:n'W~ 

~Ylfi'Y'l'l~ 'l'lPl1fllP1 (2550) h1~nl!t11'W~'W~j;jllJfl,x'ltIL'lJtJ'I 't11Lfl'flYl'fl'lc.Jlfl~ 4"'1Wl(;l 
" 

ell t J' "" q '" _ I J' '" I 

mt1J"I'Wl.J1 'Y'llJ'lIc.J'Il-lI'Wl-lm1MI'1 sticky band YJnNLL~(;l'l'lIc.J'Il-lI'W'WI"1::\lmlJn'l'W"Ilnl-l(;l 

" " .J" Lth..!~IU'lUl-lln U'fln"llni1'Y'llJ~1 60.87 LtI'flfL.:nU~ 'lJ'fl'l ~'1l!IU\lmlJn'lU"Iln~L~'fln'Wl'lJ~'1 

'lJul(;llmu Galleria mellonella ;'1n'fll~~ILUu~m~~lflru~n']jU(;lVlrt'l'lJ'fl'l~'1l!IU Morse 
~ " ~ 

I I d J' - 1 J' I ~ 1 I .JQJ' -
(1976) nfll'l'l1 c.J L~'flnU 'lJc.J'I'lJUI(;llVlt1J'Y'llJm::"IIt1Yl'l UYJnLL Vl'lYll-l c.J'I L(;l t1L'il'Y'l 1:: LLflUJ;J l-ltl 1:: LY1 PI 

1 UL'lJ (;l r'flu VlT'fl ~'1 L'lJ (;l r'flu LLfl ::111 Yl'lIl-l L~ tlVlIt1 [;]'fl1'1 ~'1 LUU'fltJl'1l-lln ~ LUUL 'llun'flI"1 LUU 

" " " 
L Y'l n::~1 ~ L~'fl n'W 1 'lJ ~'1'lJUI (;l1 Vl nj ;:J'lr) (;l,J'W1 nI11um1~IN~'l (;l LUU'fltJl'1 ~ 'i'll-l nunlJ ~'11 U LLfllJ 

I " 

L'fl L~tl1~l-l1 LUUL'lfll'WIU LLfl::"IlnfllY'lVl16 LL~(;l'll,x L1~'W~I~'1l!lu;:J'Y'l~~nnl-l[;]'fl~IUm1 

111 fll tI'lJ'fl'l1K 'l Vl'W'fl'W~ Lt'fl1'll n U~'1 L(;l tI n1 n.11 tI 1 'Ill! l-l1 tJ (;llJ rL'l ru ~ 1'1 fI nl11 fll tI LLfl ::,xl-l 1K'l " . 
" " VlU'flU~ L~ 'fl ~ 'l tI LL~ (;l'l ~ 1 ~'1'11U~ 1l-l 11f1 1lJ n~~1 1'1 nl ~'1"1::fI n 111 fll tl9 '1'Y'l til tIIl-l 1nl!t1 1'1l.)t(;ltl 

" " 
I " 

m n11 ~11lJl'1'fl tJ I'1Vl;:J~ 'lUc.J ~ l-l'lJ'fl'l1 'lJ ~'1l-l 1'illlJU (;llJ rL 'l ru~'1 n 'i"l1'l 
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~ .: X.!' J'~.J ddl1 
'i'1t1'11'\.mlrYUJ~~j;]mn,J'Wlwt.J,n.,J~ LL~ ~t.J'I'lI'WI?l'tl'W 1 "li'lfl'tl ~~1 Ltl'W~~~mr~l'Wntril'tl'ln'Wf'l 

1~ LLlJlJ~~'1~tJ'I hli:J rlt1'11'W~1 ri'tl'W~i11n"lJ'tl'l ~'1 ~1'W 

" ~'1LL~~~'lIi:JI?l'tlni:J';)t)j;JJ'Wlntr1')~n'W'tltll'1L~~I~~~ tl?ltl~'lIIil~ufml')l,xi:JnHl'1 "lJ'Wll?l 
" 

" " " ~ "lJ'tl'lI?l'tln j;]~'tlI?lIil'Wt.J~t.J~j;]lillnl?l'tln1m'W~,)'W"lJ'tl'l111~'1LL~~~~'tl'tl'lm~ ~,)'W~'1Iil~i:JntruflJtil') 
" I " I 

l,xi:J~'W"lJ'Wll?lvll'1 1 Y1 L~~I~~~nlJl?l'tln 1~ LLvl~~'lIUI?l ~1 til') "lJ'tl 'I ~'1i:J"lJ'WL~'tll,x~~'tl'tl'l Lr,\+~1?l1~ 
I .... ~ '1 1.1 I .... .d _ ",.::.I II a 11.1.J !.I a 

'11t1 ~~'1lilln'W'WIil~ b'll"lJl~~~'1Y1~ j;JJ'Wlr1~It1~') r,)lJr')~~~'tl'tl'l Lr,\+LL~,) LnlJ ,)Y1j;]~n'i'1 LnlJ LnM 

LL~')1111ULlilJH~~~'tll?lr')'1 (Wilson, 1971) Ld'tl'tll~lr~ LfilJ~~~~1.n'Wf'li:Jr1,)I~~I?l~~~1Jmr 
II I '" I 

~'1Iil~~I'tll~lml~I~lilln I?l'tln 1l!Y11,x'tll~lrr1ruJll~~'1 LL~~i:Jm~lru~1 n LyltU'W LLvll'WMll,)~Y1 , " 
'1 ~ J' .d • ".d , ~ .d'l " 

'tl1~lmlt1 b'WN"lJll?l LLr1~'W t.J'IYlYlI~'W1Y1~I'tlI~lrlil~~I'tl1~lrlilln LL~~'1'tll~lrYl'lYl b~'tll~lr 

" .d'l " J.. '1 " .. ,~ 'I ~ • ~ 'I 
'W'tltl LL~~Y1 b~'tll~lr~ln L~'tlLnlJ~~~~ bm~tI'I~'tlLLn~~I'l1nJllti b'WN 'W'tlnlillnr1,)I~~Ir1ry b'W 

1"" ", J'.! .'"1 J'.J.. .. , .. "'.. • '" '1 " 
ntrt.J~~~~'tl'tl'lLr,\+I?l'tln ~ LL~,) LL~,)It.J'I~~Iil~LlJ'Wt.J'IYI~"lJ'Wll?l L~n LLj;]ntl'l~r1,)I~~Ir1tlJ b'WI?lI'W 

ntrl,xt.J~t.J~j;]Jl~'1~')tIL'll'Wn'W (Lord and Nagi , 1987) 
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~lnnl1~n1!tIVilJ'h~'l'lI'W'lJ'tl'l ~'lnl-J LYlrJ'l 20 LtJ'tl,:fL;'W~ Lvht!'W~'tl'tlmn'tll'l..\11 9'lVh 

1~iJ'tll'l..\11'l..\r'tlJl~'l~~~l-Jl'W1'liJ'tlrJt~m'U~mYlrJ'l 400 n1l-J~'tl1'l (Chaudhary, 1994) LL~~~'1 
"" " ..! " ~l-J~'liJil~rJ~'l1'l~lrJ 9'lUll-J1 LftrJ'l LL~~4'~nlnVi'tl e.J~e.J~1'I LLUU~I'I~I'l..\nnl-J1~mn l1"i'1U'W~'l 
" ..J " ..! " J' " 
~l-JhJ LU'W'VlilrJl-JUll-J1 LftrJ'l LVi'tl LllU e.Jft e.J~ 1'1 L 'l..\~'tl'W~'l~'Wf LL~1(N1'l e.J'l~l-J~'liJ ~U ~tll fI rl'W'tlE11'l 

l-Jlnl-JlrJ ViUl-Jlnl'W1l1f1L'l..\i1'tlLLft~1l1f1I'1~rJ'W'tl'tlm~rJ'lmi1'tl (Chen et al., 1998) LL~~ViU~1 
" I , 

'lI1'JU1'Wl'W'lI'WU'VlilrJl-J~~'l LVi 'tlUll-J1 LU'W'tl1'l..\11 Li'lJlrJl'lll-JVl'tl'll'lftl~ LL~~l'Ill-J;rl'ln'W'W (1l1ViYl 

17) e.Jft e.J~ 1'I~lm'J'l1'l'lJ'tl'l ~'lnl-J Lu'W~ilrJl-J'tlE11'l LL Vi1'l..\~lrJl'Wl'lftl~~U~Lllfll'WL~'tl'l1'VlrJ~'l 
" tI II I tI 

tJ1~l-Jlru1~~1 1'J'l1'l~'l~l-J\lnUll-J191'l..\tllrJl'WI'I~I~hJ~ln~1 50,000 1'J'l1'l~'tltJ t~mrmh~'l 

~~(;] ~ L'tl1~'l1'J'l1'l ~'lnl-Jl-JluuJI ~'l1~'lJ'J~ L~'tlUl1tJu~'i:Jl f1'l..\r'tl e.J ~l-Jm LLe.J'W Lunru ,rn~1 ~'lUl'l 
J' 1" ".. ,~ 1· I ..., ..J1 " 1· I " .. , .'"1 f1'W"i~LL'lJ'J'We.J'l 'Ju'Wl'I~nn'l..\1'tl~1 Lmm'l..\IU L1'lJlrJ'Vl'J lJ 1'I'J'tl'tl'W'Vl ~"i~ lJl'Il-J'l..\1'tlm'l LlJ'W'tl1'l..\11 

LtJ1~'W (Wongsiri et al., 2000) 1'WtJ~'tlln1f'\LLtJ1tJ1'J'Wl'W~'W~1l1f1L'l..\i1'tl'lJ'tl'ltJ1~L'VlPl1'VlrJ~~~ 
'l..\'Wl'JhliJ-n'J'l~ruWJ~~ln~1 15 'tl'lPllL'l!~ L;rJ~ LU'We.Jftl~ih1mLft~~'W~1),]'tl'tln~'tln e.J~e.J~1'I 

I.t '" II '" I '" II I 

Ul ~'l'lJ'tl'l ~'l~l-JYl1~"i 1 nrJl'lViI 11 1 'WIll fI HUh ~iJu'Vlul'Vll 'Wl'lftl ~U 1 ~'l L Vi'tl n111J~LIl fI 

(Wongsiri, et al., 1999) 

" nlt1J~'W1.i~ iJnl1HtJ1~LrJ'lIt1~ln~'l 
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'I " ~ ., .. .,J .J .. X .!' • t X .J 'I ".,,, "'I.J 
Uft~ L"lILlJ'Wtl1~11 LLft~U-l).!"lI1'ln1~m1U-l'VllJltJ-l~ft'NLLtI'l'W1'W1tJ-l)'!1n-l'IJ1U L~nU11'Wfl1 L'W"J1'N 

... ~ ~ ., .1 ., , X 'I "'::. " ... 
L~'fl'WL)'!1i1U'W'IJ'fl-lVJnlJ L~ULilYi1~~ft-l"l1n~).!~Cl~w'IJ 'Wnft1tJ-l L'WU1L'lN'IJ'IJ"l~'fl'flnfl'IJ~1LLft~lJI 

X ...r. • , 'I"" ." .,J ~. ", .. .,J '" X ~ 
tJ-l LYi'fl'IJ1)'!1"l1~'lJ1U L~nU'lJn'Vl'fl-l LYlEJ'l LlJ'IJ"l1U'lU)'!1n U)'!'l1n1nnU LnU'l tJft tJft lJI"1ntJ-l)'!)'!"l~ 

;jU'fluhiLYiU-lYi'fl~'fln11U1)'!1t;j1~'hutUL::n-l~lJIt\1~n11)'! . U~d-ln).!J-lt\1)'!11t1t\11-l11ul~ 
'I " ., 'I.J"; • 'I' ~...r ."'1 .J "X ~ ... 
L~nU'lI1'l'llUUYI LUlI'l-l~ft-l"1nnU~{;ICl~n1ft'Vl1n11Ln1ilJl1 LUUlJIft~lJ'II-l LlJ'lJlI'l-lCl'O LLfl-l tJ-l)'!)'!'"I-l 

n'fl~1;j fl'l1)'!~1 ~ t1I L{;IUt\1)'!11t1vh LUUtl1;1Yi Lt\l)'! llXriU'l11'l'llUU'Vl L{;IUhli1f'fl-lft-lVJU)'!1n~-l~1-l 
.: X ., ... .,J" 'I"" , 

r.nnn11LftU-ltJ-lYiUflYllJl'fl-l L"JIlJIUVJU~-ln'l1 



... 
UV1'VI 3 

X.! 
tN).J).J A. f10rea 

X" A d .~ . t.J,UJ1lJ . an rem/ormls 

L 'ltl fLilU-FI11fl1.JLUtl f 

(;IftUL).J(;I1 

~1U1'~ 

L;J).Jl1f'i 

llJLmnL(;ItlfLLuum::Lu1::Ltlun- m::LU1::LLlX-l 

~ '" os 
LFI1tl-l'l~f'I'l"').JL1'lfl).J (Wind Meter) 

~ '" 
Lf'l1tl-l'l~ LL~-l (Lux/Fe Light Meter) 

~ '" "'I" Lf'l1tl-l'l~f'l'l1).J~-l(;llJ L).J (Haga) 

Lf'li-'tl-lt)~~ri~UlJ~lJLfln GPS ( Global Positioning System) 

n~'tl-l'hUlU 
os '" , X 

'tl'l~LnU(;l'l'tlm-lt.J-l 

m11mvl~~-l 

LL~lJ'rU'l1~~n l~ 

(;I1~1Ufl'l~ 

~~-l{u LL).Jfl-l 

m::u'tl-lf'lt)lJ (Smoker) 

". , 
'l-l t.J1 (;I1'JJ1U 

nri'tl-llri LL).Jfl-l 









38 

~ ..".... X ~ X" t. .." .. 1. m1,.m1f1m1L~f.mtWNN'lI'tN~N~~L1~~~-3~1U (;'IUl'l1m1Ln1J'!IfI~~VJn 1 L(;'IflU 

iI ~t· .. ..I".... X I .. ..I • 
L UL'l~1 1 lJ (;'IUi111'l"'l1J1L'lru'VIi111-3N'lIfI-3~-3U(;'l~~"JIU(;'Il'lYi1J 

1.1 m1~11'l"'l~UfI1~U t(;'lUl-DL«Ul'l1-3~11'l"'l 3 L«Ul'l1-3lUL1~~~~11J~ih~U~l'l1-3 

l.h~~1ru 5 nt~ L~1ij1 LiluL«U'VI1-3~f1~lU1~"JIUU~~L«Ul'l1-3~1'l1f1-3tl1'l1f1-3f'1Ulu'Il~"JIU~-3f1~ 
1J1L'lru"JI1UL'!I1 LL~~~UL'lI1 

" ""..IX " .... IijU L~'VI~-3M1-3N 

1.1.2 'lIU1(;'1L«u~h~uun~1-3'l1f1-3~-31~~i111-31-3 
• I .... X 1 I " "" t I ..:. .JX 1"" .... 1.1.3 1ij1 LL~U-3'l1f1-3N~-3 Ul'lN~~'lIfI-3IijU L~ (;'IU L11J-3n-3'V1~-3 "JIi111-3N 

f1f1nLilU 3 1'l-3LVi11 nu "'I1ntf'lu~-31~;i(;'ln1Jft1~ui1-3U~1U~-3 (~1J~'lnru ~t1J~11 2548) t(;'lU 

n1~u(;'Il,x 

.. .:. '" ..J .... ., 0 .., 

1 f'lfl 1/3 'lIfI-3n-3 Ql1Ul'lfl~(;'I(;'In1J~1IijU 

2 ~f1 1/3 'lIfI-3~-3 1J1L'lru~'lUn~1-3'1JfI-3~-3 

3 ~fI 1/3 'lIfI-3~-3 ~1U~f1~U~1U~-3 
.1'..1.1 """t .. """.... . 1.1.4 YiUl'llJnf'l~~'1JfI-3IijUL~ "'U'1JU1(;'1L1f1UUfI(;'I'1JfI-3IijUL~ 'l(;'l'1JU1(;'1'V1NYi~ • • ., 

... ..:.. 0" ..... 
'1JfI-3L1f1UUfI(;'I"'I1n'VIP! N-S LL~:: E-W f'l1U'lruQl')U~j;)1(;'1-3U 

X ..J l'" -m1~1YiU'VI'l-3mm umru 'VIP! N-S = E-W 

X ..J 2 
YiUl'l'l-3m~~ = ,-rr 

r = (N-S)/2 

~1ij1 m1~1~u~'l-311umn1 ~p! N-S # E-W 

X ..J ... 
YiU'VI'l-31 = ,-rab 

a = N-S 

b= E-W 
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~ "".J": 'I ... .. 'I'" ... 'I ... ..IX ... .,.. ....... '1.'1 
1.1.5 ti-1tJ~tJ-1N LlIU n-1 L1.JUfl~ LtJ L1.JlIt!-1(;lUL1.J'VI~Nfl1~-1N LtJ~'lJ1 ~1t! LtJ U-l 

LL~-1~tl~U-1f-1 ~-1ri1~u~t~-1tJ~U-1f-1iJf'l1~-1U~ 0 - 6 ~-1n (~tJfl'l11ru ~'lJi1. 2548) 

o ~t!llJiJ~-1t~tJ~U-1f-1~11.J11C11.Jt!-1L~Ul~i~Llilju 
.... ~..I ..,..,... .., 

1 flt! 1.Jti-1'V1tJ~tJ-1N LYUJ-1 1 ~1U 

2 ;It! iJ~-1tJ~U-1f-1 2 ~1U 

3 flt! iJ~-1tJ~U-1f-1 3 ~1U 
4 flt! iJ~-1tJ~U-1f-1 4 ~1U 

5 ~t! iJ~-1tJ~U-1f-1 5 ~1U 

6 ~t! iJ~-1tJ~U-1f-1YJn~1U 
.,X .,x ... 

1.1.6 fl'l11.J~-1'!Jt!-1N~NIilj1n1~~tJViU~U 

1.1. 7 Lt\'U~1u~uunfl1-1Uful,j' fi1U'lru~1nLt\'U1'fltJ'l-111t!-1Uful,j' t~t1t-if~(;l1 

Lt\'U1t!tJ'l-1nfl1.J = 21Jr 

1.1.8 fl'l11.J~-1L1'flUtI'fl~'JJ'fl-1Uful,j' .. 
1.1 .9 1~t1~~1-11ilj1nLL~ft-1U1 

.. .,X 
1.1.1 0 'VIf'1'V11-1'!J'fl-1N~N 

1.2 n11F1n1i1;r'fl);!fli1~4't1~-1 LL'l~~t!1.J 

1.2.1 i1~4'tIYn-1n1Wl1Vi l~uri 

- ~ruWJi1 
X ~ ., .. 

- fl'l11.J'lIU¥'i1.JVi'VIfi 

- fl'l11.JL;r1.J LL"'-1 

- fl'l11.J L1'lfl1.J 
.. 

- m1.J1ruu1~U 

1.2.2 i1~4't1'V11-1~'lJ)1Vi l~LLri 

40 
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~ ... .1'o!' .1'''1 ' ::., ~, 
2 . n11rln1!t11~U~L,}~1n11L"l1qj'lJ'fl-l~·nJl.JLLfl~~-ltl1U U1~U~UI1-l 1 (;HLLj;)1~U~ L'lJ 1~U~ 

.... ....".1'::. .. .1'.1' .1' .... ,,\' 
ml.1U'flU LL~~1~u~~nLL~ 'lJ'tl-l~-lVl-l 3 ,}11(u~f'l'fl~-l-l1U ~-lU1-l~qj1 LLfl~ ~-lj;)')~ ~~U 

~1n11P1n1!t1'J1,}-l~~L~U'lriU 
.. .....1' ~ 1". .... ~ 2.1 n11LmUtlN~-lL~'fl 1I~1wrurln1!t1 

.1' .J. ......,.1' • .....1'.J '1 -~ !!"I 
2.1 .1 'fl'fln~UVl~11,}"l LnUj;),}'flU1-l~-lLLfl~U1N~-lVl'flfJ Ufi11t1111j;) L'l ~U 

_..I , ~ 
U1L,}(uVl~~~'lnj;)'fln11rln1!t1 

• ,,,. 1.J1 .... .1' ::..... ~ 1.,J' ". 
2.1 .2 Vl1n1mUU1l.1'l1U ¥'t UN~-lVl-lN L~'fl l.1~-l-l1U~~U1l.1'l1ULLfl~fl~ 

"" .1' f'l'l1t1n1,}11'l'lJ'fl-l~-l 

1 ~ " , 1.1.1' ~t1 ,..".J. .... ~ , .. .1' , 2.1.3 'II Ltlf'l'flU 1 1~~-l L 'flfJ'fln~1Ul.1U-l'lJ'fl-l1'l-lN "lULtltI~-lLn1~'flfJ 

~ 1" , • ~ 
L~'fl l.1~~~'lnj;)'fln1m1n11rln1!t1 

2.2 n1'lP1n1!t11u~-l-l1U 
2.2.1 ~1j;)1t1;r'fl 2.1 

~ ."1.1' ~t1 ,.." .J. ...." , ... .... 2.2.2 LtI'flu~~-l'fl'fln L 'tlfJ'fln~1Ul.1U-l'll'fl-lNLL~,} ,}1-l LL~u~~1~j;)mLuuuuN 

.1' "..J. "1.1 '1 ..:.... ~ ,., ::. ~ ~ '.~ ... ..: 
~-lLL~'lVl1Lf'l1'fl-ll.1t11U~,}U 1nn1UULL~U ~ L1t1UU"l1n L'lI'lULL'ln "nnUULtI'fl L'lJnn'fl'flntl1"l-lL1t1 

UUl.1U'flut)u LL 'In"l un 1~vf-ll.1u'tlun~ 1 U LtlU~ n LL~ LLfl ~UU ~ n LL~t)U LL 1n"lUn 1~vf-l ~-l-l1UVl n'fl'fl n 

"l 1 n ~ n LL~ i-l Ln j;) LL~ ~UU ~ n 1~U ~ L'l fl1 n11L"llqj'lJ'fl-lloti (;]') l.1U'flU LLfl ~~ n LL~'VJ nt)u 

" ~1n11P1n1!t1'flth-lu'flU 20 l.1fl'tl~1'l-llULL(;jfl~'l11(U~(;j'fl1-l t~u~1'flth-lU'flU 5 1-l ~1'fltlYi'-l 
.... ... 0 I.J 
UUVln~ fl LLfl ~U1t11l.11f'l1 L ~~ U 

.1' 
2.3 n11~m~11u~-lU1-l~qj1 

2.3.1 rh~~u1-l~qj1'tl'tln"l1nf-l1l1u1u 1 t)U ~-l-l1U"l~~11-ll.1~'fl~ 

2.3.2li11111l.Ji'fl 2.1 

~ ."1 .1' ~t1 ,.." .J. .,,, ..:., ~ ,., 
2.3.3 LtI'flu~~-l'fl'fln L 'tlfJ'fln~1Ul.1U-l'lJ'fl-lNLL~'l L1t1UU"l1n L'lI,}U 

LL'In "l1mrULrl'flL 'liVln'fl'tl ntl1~-l ~t1UUl.1U'tlUt)ULL'In"lUm~vf-ll.1u'flun~ 1U Ltlu~n LL~ LLfl~uu~n LL~ 
t)ULL1n"lUm~vf-l~-l-l1UVl n'tl'tlm1n~n LL~ i-l Lnj;) LLfl~uu~m~U~L'l~1n11L"llqj'lJ'fl-lL'Ii (;]'1 

l.1U'flULL~~~n LL~'VJnt)U ~1n11~m~1'flU1-lU'tlU 3 l.1fl'tl~1'l-l(;j'tl1-l t~U~1'tlU1-lU'tlU 5 1-l 

~ 1.1'.,,, 
2.4 n11rlnl!t1 U~-lj;)'l~ 

2.4.1 rh~'~U1-lYlqj1'tl'tln"l1n1-l 1l1ulu 1 0 t)U~-l-l1U"l~~t1'l1-lL'Ii 
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2.4.2 vi1(;)1)Jif'fl 2.1 

.. ."f X 'l' I ,..,..!' .. ....!' ' .. 2.4.3 L)J'fluUl~-3'fl'fln u'flfJ'flnVI1U'WlWlI'il-3'NUtI'l 'l1-3LL~U~fl1~(;)nLLUUUU 

... X "... ". I '1":'" 'l ,... ::. .. 'l '.~ .. 'N~-3LLfI'lYl1Lfl1'fl-3~)J1UUI'lUu1nn1UULL~U t1 L1)Juu"t1n '1I'lULL1n "t1nUUL)J'fl '1Inn'fl'fln)J1"t-3 

(j)Juu~U'flu1'uLL1n~Un1~-3~U'flUnfl1uLi~ul'inLL~LLfI~uul'in~1'uLL1n"tum~i-3d-3(;)'l~Vfn'fl'fln 
~ 1 n l'i n LL'" i -3 Ln (;) LLfi ~UU Vi n 1~U ~ L'l fl1 n 11L"tlCV '11 'fl-3 'l1l (;) '1 ~Utl U LLfi ~ l'i n LL"'l'J n 1'u 

., 
~i1n11~n1!t1'fl!h-3u'flU 20 ~fI'flUl1'l-31ULLulfl~'l11n.1~ul'fl1-3 tUlUvi1'fl!h-3U'flU 5 1-3 ~ffi)Jvl-3 

... .." 3. n11'l Lfl11~~'1I'fl'olfi 

3.1 ilLf,11~~~Utl1~U'1I'fl-3d-3 
. ..." 'l "..IX " ... ~ "''' ",..I'l ' .. 3.1.1 (;)1'l"tt1'flU"t1U'lU"JIUUI(;)U )JYI~-3M1-3'N ~UlU(;)U L)JYI )JYl11U"JIUUI 

"t~U1'lUL1J1UULVluu riU(;)'l'flU1-31U~'il~11n.1'l14 m)Jlh'l14 

• I ...... "''' ",..IX .: X '" "'... • 3.1.2 ~1Lu'fln"JIU(;)'1I'il-3(;)UL)JYI~-3)J)J LLfI~~-3)J1UM1-3'N LLfI~Y11 

... ... X 1 .t ..I..1~ 
LL~U~-3n11n1~"t1U'1I'fl-3'N~-3 u~UYlYlt"In1!t1 

3.1.3 ilLfl11~lfif'il'olfln11L~'flnt111-31-3'11'fl-3d-3'l~LLri '1IU1U1Lt\'U~h~uUnfl1-3 
'1I'il-3~-3'l14 ~t111-31-3 ~1LmU-3~11-31-3UU~-31-31UYI'N~)J ~u~unflq)JYlN~)J ~-3UUlU-31-3 
fl'l1)J~-3'11'fl-31-3"t1n~U~U Lt\'u~hu~uUnfl1-3~U fl'l1)J~-3~U'l14 1::U~lA1-3"t1n LL~ri-3J1 );PI'1I'fl-3 

"' ... X :: "''l'''..IX "'''''\' 1".1""'" ..I,.J 
~U1N~-3 LLfI~fl'l1)J~-3"t1nU1Y1~LfI'1I'il-3(;)U )JYI~-3~11-3'N ~UlU "JILu'fln"JIU(;) fl1L'tlflU fl1LUEJ-3LUU 

)J1(;)1l1U LLfI~ t-test 

3.1.4 ,,)1U'ln.lfl1fl'l1)Jnt)1-3'11'fl-3~~~iu (niche width) LLfI~n11 

''flUvlU'1I'fl-3~~~iu (niche overlap) LUlUtfl1-3(;)1)J Krebs(1998) 
., 

t1(;)1,,)1U'ln.lfl1fl'l1)Jnt)1-3'11'fl-3~~~iEJl'i-3il 
v 

B = 1/ LPl 
Ld'fl B = fl1fl'l1)Jnt)1-3'11'fl-3;!~~iEJ (niche width) 

Pi = iUl~'lU'1I'fl-3LLulfl::(;)'l~HYl1~U1m i . 
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.. ..... 1 ... .JJ' ~ J'... ...., 
Ul1'11~'VI 2 'JIU~j;\U lJl1~-:JlJlJ LLfl~~,nJ1U~'11-:JN 

x! x 0-

~·u.n./ ~·U./1U 

'lil,,~uUj A. norea A. andreniformis 

~1u'luf~ Hltlft:: ~1u'luf~ 
0-
1tltlft:: 

)./::111)./ Tamarindus indica L. 16 10.06 0 0.00 

2 nr::Ciu Leucaena /eucocepha/a 14 8.81 4.76 

3 'l~tfl Bauhinla purpurea L. 13 8.18 4.76 

4 1Iliu Artocarpus hererophylus lamk. 9 5.66 4.76 

5 fl1ULfttl Chromo/eana odoratum L. 8 5.03 4.76 

6 in Tectona grandis L. 6 3.77 2 9.52 

7 )'/::U1'l~ Atalantia monophylla (DC.) Correa. 5 3.14 0 0.00 

8 )./::1I1)./LVIri Pithecellobium dulce Benth. 5 3.14 0 0.00 

9 t1tlfl1 Broussonetia papyrifera (L.) Vent. 5 3.14 0 0.00 

10 Uju,,~ Xylia xylocarpa Taub. 5 3.14 4.76 

11 f~ Shorea siamensis Miq. 4 2.52 2 9.52 

12 ~~'liiu~~ 4 2.52 0 0.00 

13 ).J::LnfttlLfttl" Terminalia mucronata 3 1.89 0 0.00 

14 I1l::LA" Catunaregam longispina 3 1.89 0 0.00 

15 utlmn.h Annona squamosa L. 3 1.89 0 0.00 

16 UJr'ln Thysostachys siamensis 3 1.89 0 0.00 

17 )./::nt" Citrus hystix 3 1.89 0 0.00 

18 4'uVlfn1::~tl Vatica diospyroides 2 1.26 0 0.00 

19 ft).Jttl Citrus maxima (Burm.) Merr. 2 1.26 4.76 

20 )./::~.l'l~ Mandifera indica L. 3 1.89 4.76 

21 ).J::1I1).JUtl).J Phyllanthus emblica L. 2 1.26 0 0.00 

22 • .J Z' h LftUL"'tltl'l IZyp us oenoplia Mill. 2 1.26 0 0.00 

23 1'11ftLatlU Pouteria siamensis Baehni. 2 1.26 0 0.00 

24 'YjVlf1 Zizyphus jujuba Mill. 2 1.26 4.76 

25 L~tl~f11 Bougainvillea hybrida 2 1.26 0 0.00 

26 ).J::U1'l Citrus aurantifolia Swing. 2 1.26 0 0.00 

27 ).J::L1itlLtln:: Chionathus parkinonii (Hutch.) Bennet & Raizada 2 1.26 0 0.00 

28 ).J::~.l'l~i4).JYl1U Citrus aurantifolia Swing. 2 1.26 4.76 

29 t).Jmju Wrightia arborea (Dennst.) Mabb. 0.63 0 0.00 

30 4-u Milletlia brandisiana Kurz 2 1.26 0 0.00 
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... . ..." 1 ".IX .! x" " ... Ul1'i1-11V1 2 (j;J'fl) 'JIU(;lj;JU ~Y1~,nmLLfl::~'1~1UM1'1N 

l' : l' " u,nJ~ U..!~1U 

'IIU",r;uUj ·A fiorea A andreniformis 

"'1U'lUf..! HJUfI:: "'1u'Iuf..! HJUfI:: 

31 1.jUU1r1 Mesua ferrea L 0,63 a 0,00 

32 ;tlU Streblus asper Lour, 0,63 a 0,00 

33 1Il::1IU Mutingia calabura L 0,63 a 0,00 

34 titl Phragmites australis 0,63 a 0,00 

35 v ~ " 0,63 a 0,00 LCl1'1f1UU"'..! 

36 Utl""'''! Sterculia guNata Roxb, 0,63 a 0,00 

37 mvh Terminalia alata Heyne ex Roth, 0,63 a 0,00 

38 n::~~ Anthocephalus chinensis 0,63 a 0,00 

39 ~::~h..!th Mangifera coloneura Kurz, 0,63 a 0,00 

40 ft::L"'1 Azadirachta indica A,Juss, siamensis Valeton, 0,63 a 0,00 

41 'W11I..! Dendrocalamus asper 0,63 a 0,00 

42 Luth1",tY Croton oblongifolius Roxb 0,63 a 0,00 

43 ft~tli1L1ln Terminalia bellirica (Gaertn,) Roxb 0,63 a 0,00 

44 ii",ij Cleidion spicinorum (Burm.f,) Merr. 0,63 a 0,00 

45 ~L"'fin Cassia siamea Lamk, 0.63 a 0.00 

46 uii..! Shorea obtusa Wall. 0,63 a 0.00 

47 Utlfl1U Grewia eriocarpa Juss. 0,63 a 0,00 

48 lJ::fI::ntl Caricaceae papaya L, 0,63 a 0.00 

49 11l::1IUt.h Flacourtia indica (Burm.f,) Merr. 2 1.26 a 0,00 

50 ftlJtl Terminalia chebula Retz, 0.63 4,76 

51 1!.ith Bambusa bambos L 0.63 a 0.00 

52 l1l::rltl..! Ziziphus cambodiana Pierre. 0.63 a 0.00 

53 thlu Dimocarpus longan 0,63 a 0,00 

54 \;In'l1..! Terminalia catappa L a 0.00 4,76 

55 Uft~ft1f Senna garrettiana (Craib) Irwin & Barneby, a 0.00 4,76 

56 n::fI::l1'n Diospyros cartanea Fletcher. a 0.00 4,76 

57 fn1",tY Gluta usitata (will) Ding Hou, a 0.00 4,76 

58 ~::\.I1'" Artocarpus lacuc Roxb. a 0.00 4,76 

59 1~u1n Gigatochloa hasskarliana (Kurz) Backer ex KHeyne, a 0.00 4,76 

60 1m Ficus benjamina L a 0.00 4,76 

1'l~ 159 100,00 21 100,00 
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..I ..01 - 1.1 , .. , " ... ~ -.r. i1'" " ... .t ... 1nI1l111-3Vl 4 UJtlW~11ru1L tl1L"JIUI1In1rJ1~UVlU'1ltl-3"JJ~~rtU'lI~-3 ...... Un11M1-3NtJ-3 

nlJUft:::t-3~1U~U~1~1LL\.nl-31-3luVlN~lJiJf'i1tl1n~q~ 94.36 Ltltl1L;Uj;J 1tl-3ft-3lJ1fi~a-3U~U-3 
" 1-3iJf'i1Ll'hri'u 90.82 Ltltl1L;Uj;J Uft:::~U~11:::~Uf'l'l1lJ~-3"'1mj1Vl:::LftiJ Ltltl1L;Uj;Jn1n~UnU 

.:I -~" .J 1.1 ,.. , 
'lI~-3'l1~~rtUUtlUVlq~ 28.32 L tl'J'L"JIUI1I 

o I" ... 'l I J' ~ .r" . , .... I ... • .... 

1111 LmU-3M1-3N UVlNyt lJ'1ltl-3 tJ-3lJlJ Uft:::tJ-3lJ1U~U'l1 lJlJ f'l'l1lJ UI1I n 1111-3 nUtlU1-3lJ 

UU~1f'lryVl1-3t\n~ t",u~1u\.nl-31-3'l1tl-3t-3vr-3t\~-3"J1il'" tl~lUfi1L~;U''lI'l-3~ 2 ~-3Ut\"'-3lUIfI111-3~ 5 

... lli .. - ..I" ... .t.! .t" 1 ~ "l'll" 11I1'l1~VI 5 L 1UULVlUUU1L'lruVlM1-3N'lI~-3tJ-3lJlJUft:::tJ-3lJ1U U~~ ULLft:::~~Uft-3 U 'l-3L"'~U 

~~1t1l1f'llJ 2550 - UJ1t1uu2551 

tl~~U tlCOu.t\'~ 
~.: x .. x.: x .. 
~oIIJJJJ ~oIIJJ1U ~oIIJJJJ ~oIIJJ1U 

A. florea n A .andreniformis n A. florea n A. andreniformis n 
i 

Lt\'U~1U~u6nfl1011iioll 

('IJJ.) 1.23 ± 0.55' 51 0.89 ± 0.31
b 

9 1.19 ± 0.38 ' b 97 0.97 ± 0.45 ' b 10 

Pi1U\.IUoIIfollLUVlN'iJJ 1.98 ± 0.66' 57 1.7 ± 0.82' 10 1.82 ± 0.72' 101 2 ± 0.47' 10 

..r '\J -"UYl nf1~JJU1L'lru 

~fthollfoll(LJJj;\1) 17.5 ± 13.97" 47 10.39 ± 5.45' 9 16.47 ± 20.18' 92 10.62 ± 15.66' 11 

~oIIul'luollfoll 3.91 ± 1.85' 57 5.1 ± 0.8l 10 4.42 ± 1.5' b 105 3.81 ±1 .6' 11 

f1'l11J~oIIl1flollfoll 3.39 ± 2.09' 57 3.45 ± 1.34' 10 2.82 ± 1.69'b 105 2.14 ±1.15
b 

11 

Lt\'U~1U~u6nfl1011 

lIlul,j ('1JJ.) 1.01 ± 9.01 ' 57 10.12 ±4.48' 10 8.76 ± 6.88' 105 7.67 ± 7.72' 11 

.. hj.l ... -
f1'l1JJ~oIIj;\U Ylll11011N 

(LJJIIl1) 5.96 ± 3.43' 57 5.55 ± 1.77' 10 5.28 ± 2.63' 105 5.15 ±4.13' 11 

" 1:U:~1011~1nU\.IftollU1 

(LJJj;\1) 39.35 ± 35.09' 57 47.4 ± 31 .95' 10 48.24 ±41.79' 105 81 .81 ± 65.45
b 

11 

" f1'l1JJ~'U:~UU1Y1:Lfl 

(LJJIIl1) 1 05.43±20.68 ' 47 94.11 ±4.76
bed 

9 111 .56±36.94 ,b 111 156.19± 71.48 , bd 16 

~lJ1UL ~~ : t1n1t11l11t1t1-3n~1tIK'l L~ n L~UtllK'l Lft'lJ 1'i1-3ri'uluLLU'lUtlU'lI~-3 LLI'i ft:::~~ Ut\ ~-3n-3f'l'l1lJ LLl1InI'i1-3~U1-3iJ 

UU~1~ryVl1-3t\nl1l (p<0.05) t",uH't\n~ t-test 
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~1lt"U,.uJil~~l~ tlJltJilVi~~mnm11Lft'flnt'l11~f~lJ1L'lt"U~il~~ijlJlu~2.J1n 1 LL~::Lrl'fl L;r1~~~l-1'U1'l 
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L 'fl'lL'I'U1n LJ..I'flVi"'l1'1't"U1L 'fl'lL'I'UIn'N~~ 'U~~w'ULL~::~~LL~~VilJ'l1'l~w'U"'l::J..IL 'fl'l'L'I'Ulnm'l'VilJ 

.... .1' , .1'..i 1 .J II ... .. 1.1 ."1 0 0 111.1' ... 
'N~~~~n'l1~~LL¥'l~ L'U'fl~"'l1n 'U·D'l~~~LL~~J..Im1'fl'flnlJl'fln'IJ'fl~Vi'l! 1Lu'U"'l1'U'l'UJ..I1n Vl1 l-1~-:JJ..I 
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m'l''flVitJVi tJ~lJ'lL'lt"UVlJ..l LLl-1~~'fl1'M1'1'J..I1nn'l1 LVi'fl ~ IJlm1~ C\J L~tJViM~1'U LL~::'M~n L~tJ~m'l' 

LLri~LLU~ Ll'1i-:J']'Ul'Um1'M1'fl1'M1'1' Seeley et al. (1982) 1~~nl!t1n~i)fil'Um1u'fl~n'Uf~d~1'U 
tl1::L Vl Pll VltJ LL~ ::l~ Lt'l 'U'flVl ~l!tDi)1' (ijJ'U1m 1'IJ'fl-:J d~~1 n~i)fil 'Um'l'U'fl~ n'Uf-:J~ LLlnn~ 1-:J n'U d:l'Ut.I~ 
J..I1"'l1nm'lLLri~ LLU~ LL '1i~,]'Ul'U~1'U'fl1'M1'1' LL~::~'U'fl1~tJ 
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I.J I % ..t I .J 'I ".1 ..t 'i' ..t".J.,j 
'El1~11LL~~ LL ~fl~~~fJ~1"IU'!J~~~~ U'El~~~ ~fl L~u1~'1n1~~fl ~fl-.l L~UL~~1~~-.l~1U~~ 

F1'l1~~1L~1~11i'El~U'fl1~U LLfl~LL~ri-.l'El1~11 



71 

· 1" ~ ..... ":.r.:.t... il 
~tn~ 1nlJm.Jn11I"1mf1n11Lfl~nt'l11\1 Ufl~1~tJ~n11L"'t1ry'D~\I~\I,.n.J Ufl~~N).J1um"'t L U 

~ 1 ~ ......... oJ': .... ...... .... ..11 !"ttl,), 
UU'l'Vl1\1l-tU\I Un11I"1n1i1'l"'ttJlJI~tJ~lJIL~~L~1~LfltJ\lLLfl~1JtJ1tJ~U~ tlU"'t~U1'D~l;lfl'Vl lJI L \ln11 

tI !"I"'~ 1 .......... oJ 1....... ... ... ,,~ il .... 1· .... 
1~~nlJl L'lIL~~n11'l1\1LL~U UL'lI\I~~1n1i L~~ l-tLnlJln11t'l11\11).J'lIULlI).JLL1J\I,\lL Ul-t'l "'t~1f\ry 

1I'fl\ln11ri' ~u1~ti'\lUU1JU31U~ lJILLUU LPl11i3ih ~tl L f4tJ\I lK\ltiU'Vl1~tJ1 n 1fil1).J'lI1~~\I Liluri'lU 

,J '" ~ .J., I fJI _..I. .., II .:. ........ 

l-tU\l1J~\I'Vl~\I nu '\lUU'l1 LuU'Vl U'Vl1\1fil1).J'lI1lJ1'Vl~1 f\ ryll~\l1 ).J'lIU'Vl~\I nu L ~ 11 ~'Vl1~tJ1 nT'll 'l1l1~ 
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111f1~'U~n n. 

(;11'i1~vI n. 1 Lt\''Wc.h'WI:\'WUn~1.:J~.:J~.:J~1'W 
Frequency Percent Valid Percent Cumulative Percent 

Valid 0.5 2 0.90 10.50 10.5 

0.6 3 1.30 15.80 26.3 

0.7 2 0.90 10.50 36.8 

0.8 2 0.90 10.50 47.4 

0.85 0.40 5.30 52.6 

0.9 0.40 5.30 57.9 

4 1.80 21 .10 78.9 

1.2 0.40 5.30 84.2 

1.5 0.40 5.30 89.5 

1.6 0.40 5.30 94.7 

1.9 0.40 5.30 100 

Total 19 8.30 100.00 

Missing System 209 91 .70 

Total 228 100.00 
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j;J1'l1~VI n. 2 L UCJ1U~Utlnfl1-3n-3tNl-nl 

Frequency Percent Valid Percent Cumulative Percent 

Valid 0.3 0.40 0.70 0.7 

0.5 4 1.80 2.70 3.4 

0.6 4 1.80 2.70 6.1 

0.7 7 3.10 4.70 10.8 

0.75 2 0.90 1.40 12.2 

0.8 16 7.00 10.80 23 

0.85 0.40 0.70 23.6 

0.9 8 3.50 5.40 29.1 

21 9.20 14.20 43.2 

1.1 10 4.40 6.80 50 

1.2 17 7.50 11 .50 61 .5 

1.3 13 5.70 8.80 70.3 

1.4 0.40 0.70 70.9 

1.45 0.40 0.70 71 .6 

1.5 12 5.30 8.10 79.7 

1.6 7 3.10 4.70 84.5 

1.7 4 1.80 2.70 87.2 

1.8 8 3.50 5.40 92.6 

1.9 4 1.80 2.70 95.3 

2.1 0.40 0.70 95.9 

2.2 3 1.30 2.00 98 

2.7 0.40 0.70 98.6 

2.8 2 0.90 1.40 100 

Total 148 64.90 100.00 

Missing System 80 35.10 

Total 228 100.00 



Valid 

2 

3 

Total 

Missing System 

Total 

Valid 

2 

3 

Total 

Missing System 

Total 

Frequency 

6 

11 

3 

20 

208 

228 

Frequency 

49 

78 

31 

158 

70 

228 

Percent 

2.60 

4.80 

1.30 

8.80 

91 .20 

100.00 

Percent 

21 .50 

34.20 

13.60 

69.30 

30.70 

100.00 

...I ~ ""X" &;I1'i1~'VI n. 5 -3lJC;}lJ-3N~N).J1'W 

Frequency Percent 

Valid 2 3 1.30 

3 3 1.30 

4 3 1.30 

5 6 2.60 

6 6 2.60 

Total 21 9.20 

Missing System 207 90.80 

Total 228 100.00 

Valid Percent Cumulative Percent 

30.00 30 

55.00 85 

15.00 100 

100.00 

Valid Percent Cumulative Percent 

31.00 

49.40 

19.60 

100.00 

Valid Percent 

14.30 

14.30 

14.30 

28.60 

28.60 

100.00 

31 

80.4 

100 

Cumulative Percent 

14.3 

28.6 

42.9 

71.4 

100 

81 



82 

... ~ ",,,,.t.t~ 
(;I1'i1~t1 n. 6 ~Uc;jlNN~~tN),n.J 

Frequency Percent Valid Percent Cumulative Percent 

Valid 0 3 1.30 1.90 1.9 

9 3.90 5.60 7.4 

2 16 7.00 9.90 17.3 

3 26 11.40 16.00 33.3 

4 17 7.50 10.50 43.8 

5 45 19.70 27.80 71 .6 

6 46 20.20 28.40 .100 

Total 162 71.10 100.00 

Missing System 66 28.90 

228 100.00 
Total 

... '" .t .. .t" 
(;I1'i1~t1 n. 7 FI'l1)..J~~"1Jfl~Nr.t1nYfUc;jU~~)..J1U 

Frequency Percent Valid Percent Cumulative Percent 

Valid 0.1 0.40 4.50 4.5 

0.8 0.40 4.50 9.1 

1.5 2 0.90 9.10 18.2 

2 3 1.30 13.60 31 .8 

2.1 0.40 4.50 36.4 

2.3 0.40 4.50 40.9 

2.4 0.40 4.50 45.5 

2.5 0.40 4.50 50 

2.7 0.40 4.50 54.5 

3 2 0.90 9.10 63.6 

3.5 4 1.80 18.20 81 .8 

4 2 0.90 9.10 90.9 

5.2 0.40 4.50 95.5 

6 0.40 4.50 100 

Total 22 9.60 100.00 

Missing System 206 90.40 

Total 228 100.00 



83 

... ... J' .. J'~ 
1Jl1'l1.:1V1 n. 7 f'\'l1).J~-3'11'fl-3'N,,\1n~U{;\l..lrNtJtJ 

Frequency Percent Valid Percent Cumulative 

Percent 

Valid 0.07 0.40 0.60. 0.6 

2 0.1 5 2 0.90 1.20 1.9 

3 0.23 0.40 0.60 2.5 

4 0.24 0.40 0.60 3.1 

5 0.25 0.40 0.60 3.7 

6 0.28 0.40 0.60 4.3 

7 0.3 0.40 0.60 4.9 

8 0.4 0.40 0.60 5.6 

9 0.5 2 0.90 1.20 6.8 

10 0.6 0.40 0.60 7.4 

11 0.7 2 0.90 1.20 8.6 

12 0.8 0.40 0.60 9.3 

13 8 3.50 4.90 14.2 

14 1.1 0.40 0.60 14.8 

15 1.2 3 1.30 1.90 16.7 

16 1.3 4 1.80 2.50 19.1 

17 1.4 0.40 0.60 19.8 

18 1.5 10 4.40 6.20 25.9 

19 1.6 3 1.30 1.90 27.8 

20 1.7 2 0.90 1.20 29 

21 1.8 2 0.90 1.20 30.2 

22 1.9 0.40 0.60 30.9 

23 2 10 4.40 6.20 37 

24 2.1 2 0.90 1.20 38.3 

25 2.2 2 0.90 1.20 39.5 

26 2.3 3 1.30 1.90 41.4 

27 2.35 .1 0.40 0.60 42 



84 

... I ., -" • .l'.!' 
"1'i1~VI n. 7«(;I'il) fl'l1l.J~-l1l'il-l'N"l1nVn..l(;\UeJ'UUJ 

Frequency Percent Valid Cumulative 

Percent Percent 

28 Valid 2.4 2 0.90 1.40 • 43.2 

29 2.5 9 3.90 5.60 48.8 

30 2.7 3 1.30 1.90 50.6 

31 3 10 4.40 6.20 56.8 

32 3.2 0.40 0.60 57.4 

33 3.3 3 1.30 1.90 59.3 

34 3.5 12 5.30 7.40 66.7 

35 3.7 0.40 0.60 67.3 

36 3.8 2 0.90 1.20 68.5 

37 3.9 0.40 0.60 69.1 

38 4 14 6.10 8.60 77.8 

39 4.2 0.40 0.60 78.4 

40 4.4 0.40 0.60 79 

41 4.5 4 1.80 2.50 81 .5 

42 4.6 0.40 0.60 82.1 

43 4.7 0.40 0.60 82.7 

44 5 8 3.50 4.90 87.7 

45 5.3 0.40 0.60 88.3 

46 5.5 2 0.90 1.20 89.5 

47 5.6 0.40 0.60 90.1 

48 5.9 2 0 .90 1.20 91.4 

49 6 3 1.30 1.90 93.2 

50 6.5 4 1.80 2.50 95.7 

51 6.8 0.40 0.60 96.3 

52 7 3 1.30 1.90 98.1 

53 8 0.40 0.60 98.8 

54 8.5 0.40 0.60 99.4 

55 9 0.40 0.60 100 

Total 162 71 .10 100.00 

Missing System 66 28.90 

Total 228 100.00 



85 

... «" .. ... 1 ... .J ...... J' ... 
fl1'M~VI n. 8 L 1Jt.l11J~1JUmn.1(;l1J ).JV1~'J'1-.1'Nt.l.u.J11J 

Frequency Percent Valid Percent Cumulative Percent 

Valid 1.27 0.40 4.50 4.5 

2.23 0.40 4.50 9.1 

2.55 0.40 4.50 13.6 

3.5 0.40 4.50 18.2 

4.14 0.40 4.50 22.7 

4.78 0.40 4.50 27.3 

5.1 2 0.90 9.10 36.4 

5.41 2 0.90 9.10 45.5 

6.37 0.40 4.50 50 

7.32 ' 1 0.40 4.50 54.5 

7.64 0.40 4.50 59.1 

8.6 0.40 4.50 63.6 

9.24 0.40 4.50 68.2 

9.87 0.40 4.50 72.7 

12.74 0.40 4.50 77.3 

14.33 0.40 4.50 81 .8 

15.92 3 1.30 13.60 95.5 

27.71 0.40 4.50 100 

Total 22 9.60 100.00 

Missing System 206 90.40 

Total 228 100.00 



86 

...a ~ I r ., ,.,../ ., ... J' .: 
j;l1'i1~'V1 n. 9 L 'UtJ1'U,:!'UUnfl1-3(;J'U J.J'VlM1-3'NtJ-3J.JJ.J 

Frequency Percent Valid Percent Cumulative 

Percent 

Valid 0.32 2 0.90 1.20 1.2 

0.57 0.40 0.60 1.9 

0.64 2 0.90 1.20 3.1 

1.27 5 2.20 3.10 6.2 

1.59 6 2.60 3.70 9.9 

1.91 4 1.60 2.50 12.4 

223 4 1.80 2.50 14.9 

2.55 2 0.90 1.20 16.1 

2.87 2 0.90 1.20 17.4 

3.18 6 2.60 3.70 21 .1 

3.34 0.40 0.60 21.7 

3.5 0.40 0.60 22.4 

3.82 3 1.30 1.90 24.2 

4.14 2 0.90 1.20 25.5 

0.40 0.60 26.1 
4.36 

4.46 6 2.60 3.70 29.8 

4.47 0.40 0.60 30.4 

4.78 10 4.40 6.20 36.6 

5.1 3 1.30 1.90 38.5 

5.41 6 2.60 3.70 422 

5.5 0.40 0.60 42.9 

5.73 5 2.20 3.10 46 

6.05 0.40 0.60 46.6 

6.37 7 3.10 4.30 50.9 

6.69 0.40 0.60 51 .6 

6.96 0.40 0.60 52.2 

7.01 3 1.30 1.90 54 

7.32 4 1.80 2.50 56.5 

7.64 3 1.30 1.90 58.4 

7.69 0.40 0.60 59 

7.96 6 2.60 3.70 62.7 

8.28 2 0.90 1.20 64 

8.6 0.40 0.60 64.6 

8.92 3 1.30 1.90 66.5 

9.55 0.40 0.60 67.1 

10.19 3 1.30 1.90 68.9 

10.51 2 0.90 1.20 70.2 

10.83 2 0.90 1.20 71.4 

11 .15 2 0.90 1.20 72.7 

11.46 2 0.90 1.20 73.9 



87 

... I ~ I r "1"-1" .,.l~ ut1'i1~VI n. 9 (uti) L U~1Uf:lUllnfl1-3j;JU 2-JVl~rNN~-32-J2-J 

Frequency Percent Valid Cumulative 

Percent Percent 

Valid 12.1 2 0.90 1.20 752 

12.74 0.40 0.60 75.8 

13.06 0.40 0.60 76.4 

13.38 0.40 0.60 77 

14.01 0.40 0.6j) 77.6 

14.33 4 1.80 2.50 80.1 

15.61 0.40 0.60 80.7 

15.92 2 0.90 1.20 82 

16.24 0.40 0.60 82.6 

16.56 2 0.90 1.20 83.9 

17.2 0.40 0.60 84.5 

17.52 2 0.90 1.20 85.7 

17.83 0.40 0.60 86.3 

0.40 0.60 87 
18.47 

19.11 0.40 0.60 87.6 

20.38 0.40 0.60 88.2 

20.7 2 0.90 1.20 89.4 

21 .66 0.40 0.60 90.1 

22.29 2 0.90 1.20 91 .3 

23.57 0.40 0.60 91 .9 

24.2 0.40 0.60 92.5 

24.84 0.40 0.60 93.2 

25.48 2 0.90 1.20 94.4 

26.75 0.40 0.60 95 

27.39 0.40 0.60 95.7 

27.71 3 1.30 1.90 97.5 

28.66 2 0.90 1.20 98.8 

29.62 0.40 0.60 99.4 

38.22 0.40 0.60 100 

Total 161 70.60 100.00 

Missing System 67 29.40 

Total 228 100.00 



88 

... " 1 ".J " ., J' " 1JI111~'VI n. 1 0 f'I'l1tl~-l'JJfl-lt;l'U tlYlM1-l'N t.J-ltl1'U 

Frequency Percent Valid Percent Cumulative Percent 

Valid 2 0.40 4.50 4.5 

2.5 0.40 4.50 9.1 

3 0.40 4.50 13.6 

3.2 0.40 4.50 18.2 

3.5 2 0.90 9.10 27.3 

4 3 1.30 13.60 40.9 

4.5 3 1.30 13.60 54.5 

5 0.40 4.50 59.1 

5.5 1 0.40 4.50 63.6 

6 0.40 4.50 68.2 

6.5 3 1.30 13.60 81 .8 

7 0.40 4.50 86.4 

9 0.40 4.50 90.9 

11 0.40 4.50 95.5 

17 0.40 4.50 100 

Total 22 9.60 100.00 

Missing System 206 90.40 

Total 228 100.00 



89 

... "'''.../ " ... .r ~ Ul1'i1~VI n. 11 f'l'l1l.J~'1"11fl'l(;1'U l.JYlt111'1'N~'1l.Jl.J 

Frequency Percent Valid Percent Cumulative Percent 

Valid 0.75 0.40 0.60 0.6 

0.9 0.40 0.60 1.2 

1.5 6 2.60 3.70 5 

1.6 0.40 0.60 5.6 

1.7 0.40 0.60 6.2 

2 7 3.10 4.30 10.6 

2.1 0.40 0.60 11.2 

2.3 0.40 0.60 11.8 

2.4 0.40 0.60 12.4 

2.5 11 4.80 6.80 19.3 

2.7 0.40 0.60 19.9 

3 9 3.90 5.60 25.5 

3.4 0.40 0.60 26.1 

3.5 16 7.00 9.90 36 

4 5 2.20 3.10 39.1 

4.5 6 2.60 3.70 42.9 

4.6 0.40 0.60 43.5 

5 19 8.30 11 .80 55.3 

5.5 3 1.30 1.90 57.1 

6 9 3.90 5.60 62.7 

6.5 4 1.80 2.50 65.2 

7 12 5.30 7.50 72.7 

7.5 2 0.90 1.20 73.9 

8 15 6.60 9.30 83.2 

9 13 5.70 8.10 91.3 

9.5 0.40 0.60 91 .9 

10 5 2.20 3.10 95 

10.5 0.40 0.60 95.7 

11 4 1.80 2.50 98.1 

13 2 0.90 1.20 99.4 

19 0.40 0.60 100 

Total 161 70.60 100.00 

Missing System 67 29.40 

Total 228 100.00 



Valid 

5 

10 

15 

20 

40 

50 

53 

60 

80 

90 

110 

120 

240 

Total 

Missing System 

Total 

Frequency 

4 

2 

4 

2 

22 

206 

228 

Percent 

0.40 

0.40 

0.40 

0.40 

0.40 

1.80 

0.40 

0.40 

0.90 

1.80 

0.40 

0.40 

0.90 

0.40 

9.60 

90.40 

100.00 

Valid Percent Cumulative Percent 

4.50 4.5 

4.50 9.1 

4.50 13.6 

4.50 18.2 

4.50 22.7 

18.20 

4.50 

4.50 

9.10 

18.20 

4.50 

4.50 

9.10 

4.50 

100.00 

40.9 

45.5 

50 

59.1 

77.3 

81 .8 

86.4 

95.5 

100 

90 



91 

... ~ .... J' ~ .... ~ 
j;J111~'VI n. 13 1::U:: 1'11::'l1'1Nf.J'Un.Jn1Ju.\U~'1U1 

Frequency Percent Valid Percent Cumulative Percent 

Valid 0 6 2.60 3.70 3.7 

0.40 0.60 4.3 

2 2 0.90 1.20 5.6 

3 4 1.80 2.50 8 

4 2 0.90 1.20 9.3 

5 7 3.10 4.30 13.6 

6 4 1.80 2.50 16 

8 3 1.30 1.90 17.9 

10 3 1.30 1.90 19.8 

15 14 6.10 8.60 28.4 

16 0.40 0.60 29 

20 14 6.10 8.60 37.7 

21 0.40 0.60 38.3 

22 0.40 0.60 38.9 

25 0.40 0.60 39.5 

28 0.40 0.60 40.1 

30 12 5.30 7.40 47.5 

35 5 2.20 3.10 50.6 

40 20 8.80 12.30 63 

50 4 1.80 2.50 65.4 

59 0.40 0.60 66 

60 9 3.90 5.60 71 .6 

65 0.40 0.60 72.2 

70 3 1.30 1.90 74.1 

80 21 9.20 13.00 87 

85 2 0.90 1.20 88.3 

90 2 0.90 1.20 89.5 

100 8 3.50 4.90 94.4 

110 0.40 0.60 95.1 

120 4 1.80 2.50 97.5 

150 2 0.90 1.20 98.8 

200 0.40 0.60 99.4 

240 0.40 0.60 100 

Total 162 71 .10 100.00 

Missing System 66 28.90 

Total 228 100.00 



Valid 

Missing 

Total 

75 

78 

95 

96 

97 

98 

196 

198 

207 

220 

229 

247 

261 

Total 

System 

Frequency 

2 

2 

2 

16 

212 

228 

Percent 

0.44 

0.88 

0.88 

0.44 

0.44 

0.44 

0.44 

0.44 

0.44 

0.44 

0.88 

0.44 

0.44 

7.02 

92.98 

100.00 

Valid Percent 

6.25 

12.50 

12.50 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

6.25 

12.50 

6.25 

6.25 

100.00 

92 



93 

.. vJ'': ... ~ 
911Tl.:lVl n. 15 f'I'l1~~-3'IJ'tI-3NeJ-3~~"'I1m'~C;}1JU1l'1~Lfl 

Frequency Percent Valid Percent 

Valid 71 2 0.88 1.27 

73 3 1.32 1.90 

74 0.44 0.63 

75 0.44 0.63 

78 ·1 0.44 0.63 

79 0.44 0.63 

80 0.44 0 .63 

83 2 0.88 1.27 

85 2 0.88 1.27 

86 3 1.32 1.90 

87 0.44 0.63 

88 0.44 0.63 

89 2 0.88 1.27 

90 0.44 0.63 

91 2 0.88 1.27 

92 4 1.75 2.53 

93 11 4.82 6.96 

94 9 3.95 5.70 

95 7 3.07 4.43 

96 8 3.51 5.06 

97 6 2.63 3.80 

98 3 1.32 1.90 

99 4 1.75 2.53 

100 5 2.19 3.16 

101 2 0.88 1.27 

102 5 2.19 3.16 

103 3 1.32 1.90 

104 2 0.88 1.27 

105 4 1.75 2.53 

106 0.44 0.63 

107 0.44 0.63 

108 6 2.63 3.80 

109 5 2.19 3.16 



94 

... .,J'': ... ~ 
pnf1~VI n. 16 f'1'l12J~~'1Jtl~'NCJ~2J2J"'1n1~C;\lJ\J1Y1~Lft 

Frequency Frequency Percent Valid 

Percent 

Valid 109 5 2.19 3.16 

110 6 2.63 3.80 

111 4 1.75 2.53 

112 5 2.19 3.16 

113 0.44 0.63 

114 0.44 0.63 

115 2 0.88 1.27 

116 2 0.88 1.27 

117 0.44 0.63 

118 2 0.88 1.27 

121 0.44 0.63 

122 0.44 0.63 

123 0.44 0.63 

129 2 0.88 1.27 

0.44 0.63 
131 

141 0.44 0.63 

142 0.44 0.63 

147 0.44 0.63 

150 0.44 0.63 

160 0.44 0.63 

164 0.44 0.63 

175 0.44 0.63 

179 0.44 0.63 

184 0.44 0.63 

188 0.44 0.63 

190 0.44 0.63 

207 0.44 0.63 

213 0.44 0.63 

218 0.44 0.63 

225 0.44 0.63 

242 0.44 0.63 

243 0.44 0.63 

246 0.44 0.63 

Total 158 69.30 100.00 

Missing System 70 30.70 

Total 228 100.00 



95 

... .t ../u " 1 "../.1'" "., 
1J1''i'~VI n. 17 vnm nflqJ.JIJ1U J.Jl'1t.1-3J.J1U~'n-3N 

Frequency Percent Valid Percent Cumu'ative Percent 

Valid 

0.2 0.4 0.7 2.9 

0.79 14 6.1 10.1 12.9 

0.94 2 0.9 1.4 14.4 

1.18 2 0.9 1.4 15.8 

1.57 3 1.3 2.2 18 

1.77 3 1.3 2.2 20.1 

1.96 0.4 0.7 20.9 

2 0.4 0.7 21 .6 

2.2 0.4 0.7 22.3 

2.36 0.4 0.7 23 

2.51 0.4 0.7 23.7 

2.94 0.4 0.7 24.5 

3.14 4 1.8 2.9 27.3 

3.45 0.4 0.7 28.1 

3.93 2 0.9 1.4 29.5 

4.71 7 3.1 5 34.5 

4.91 0.4 0.7 35.3 

5.89 3 1.3 2.2 37.4 

6.28 0.4 0.7 38.1 

6.87 0.4 0.7 38.8 

7.07 4 1.8 2.9 41 .7 

7.85 0.4 0.7 42.4 

8.24 3 1.3 2.2 44.6 

9.42 5 2.2 3.6 48.2 

9.81 0.4 0.7 48.9 

10.6 0.4 0.7 49.6 

11.78 2 0.9 1.4 51 .1 

12.56 6 2.6 4.3 55.4 

12.81 0.4 rJ.7 56.1 

14.13 2 0.9 1.4 57.6 

15.11 0.4 0.7 58.3 

15.19 0.4 0.7 59 



96 

.a ..t .J tl ... 'l ... .J.t... ...., 
1J11'11~t'1 n. 17 (j;Jfl) 'Yi1JYI nl'l~J.Jj;J1J J.JYI~.:IJ.J11JM'1.:1N 

Frequency Percent Valid Cumulative 

Percent Percent 

Valid 

15.7 5 2.2 3.6 62.6 

15.9 0.4 0.7 63.3 

16.49 0.4 0.7 64 

17.66 0.4 0.7 64.7 

18.84 5 2.2 3.6 68.3 

19.63 6 2.6 4.3 72.7 

20.66 0.4 0.7 73.4 

21 .98 2 0.9 1.4 74.8 

23.55 2 0.9 1.4 76.3 

27.48 0.4 0.7 77 

28.26 3 1.3 2.2 79.1 

30.03 0.4 0.7 79.9 

31.64 0.4 0.7 80.6 

32.03 0.4 0.7 81 .3 

32.97 7 3.1 5 86.3 

35.72 0.4 0.7 87.1 

39.25 0.4 0.7 87.8 

41.21 0.4 0.7 88.5 

42.39 0.4 0.7 89.2 

43.96 4 1.8 2.9 92.1 

44.16 0.4 0.7 92.8 

49.46 0.4 0.7 93.5 

50.24 3 1.3 2.2 95.7 

56.52 0.4 0.7 96.4 

59.66 0.4 0.7 97.1 

70.65 0.4 0.7 97.8 

77.72 0.4 0.7 98.6 

84.78 0.4 0.7 99.3 

90.67 0.4 0.7 100 

Total 139 61 100 

Missing System 89 39 

Total 228 100 



97 

.. .r .JtJ ., 1 .,.J.r ~ ., .... 
1J11'i1~'VI n. 18 vnm nf'lq~(;l1J ~V1~..:J~~M1..:JN 

Frequency Percent Valid Percent Cumulative Percent 

Valid 0.79 4 loB 20 20 

0.B6 0.4 5 25 

1.lB 0.4 5 30 

1.77 0.4 5 35 

2.36 0.4 5 40 

6.59 0.4 5 45 

7.07 0.4 5 50 

9.42 2 0.9 10 60 

9.93 0.4 5 65 

10.99 0.4 5 70 

11 .7B 0.4 5 75 

12.56 0.4 5 80 

21 .59 0.4 5 85 

23.55 0.4 5 90 

35.33 0.4 5 95 

42.86 0.4 5 100 

Total 20 B.B 100 

Missing System 20B 91 .2 

Total 22B 100 
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... tJ ...... " .... l~ .... .1'.! .1'" 
~1'1~VI 'D. 1 L 'll1L'lIUUln11t'111.:JN U .:JlJC;)lN'Il'll.:Jc.J.:J).J).JLLfl~c.J'U.l1U 

<i1U1tuhu 
l' ! l' .. 
~~)J)J ~~)J1U 

n ft'JUfl= n ft'JUfI= 

0 3 1.85 0 0.00 

9 5.56 0 0.00 

2 16 9.88 3 14.29 

3 26 16.05 3 14.29 

4 17 10.49 3 14.29 

5 45 27.78 6 28.57 

6 46 28.40 6 28.57 

f1)J 162 100.00 21 100.00 



... • I r-.. r- ..I ... J' ..I "... "'I "..I... .l' I r- " 'I" 
P11'i1~'VI 'D. 2 Lu'tl1L'UP1F1'l1~n'JI'tl~'N~~'Vl~11~'N1JUP1tH~'Vl~·l.n..l1C;)L\'lU~1Uf!lUUnfl1~P1UL~ 

"',)11J,~,tI~f~ 

(IIJ":) 

0.07 

0.1 
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