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Abstract 

Talu Island in Prachuab Khiri Khan province is one of the protected area of the Plant Genetic 

Conservation Project under the Royal Initiative of HRH Princess Maha Chakri Sirindhorn. The island 

ecosystem is rich in biodiversity with a presence of important reptile, especially the hawksbill sea turtle, 

Eretmochelys imbricata. Currently, a sea turtle head start program has been established under the 

cooperation between the Royal Thai Navy and the private sectors. In this program, nesting beach on Talu 

Island is routinely monitored. Upon nesting, turtle eggs will be incubated ex situ in a semi-natural beach 

until hatch and hatchlings will be raised in a hatchery for a certain period before releasing to the wild. 

To monitor health of turtles in the head start program, the current study thus aims to evaluate 

correlation between stress and hematological parameters of the hawksbill turtle in captivity. Blood 

samples were collected from normal (n=28) and sick (n=31) hawksbill turtles raised at Talu Island in 

September and November 2016. All samples were subjected to hematological evaluation and 

measurement for plasma corticosterone level by an ELISA. The results indicate that normal and sick 

turtles showed significant differences in percentage of lymphocyte (70.85 vs. 63.95 in September and 

77.89 vs. 69.40 in November), percentage of monocyte (4.14 vs. 5.78), percentage of heterophil (23.91 vs. 

28.54 in September and 16.28 vs. 24.35 in November) and heterophil to lymphocyte ratio (0.34 vs. 0.46 in 

September and 0.21 vs. 0.37 in November). There was also a significant difference in plasma 

corticosterone level (9.64 vs. 21.87 ng/ml) with the general range of 3.51- 42.72 ng/ml. However, 

significant correlation between corticosterone level and hematological parameters was not found. These 

hematological parameters and corticosterone levels can be used for evaluation of stress and health of 

the hawksbill turtle in the future. 

Population of the hawksbill turtle in this area was initially estimated from the nesting incidence. 

During 2012-2015 nesting season, it was estimated that at least 6 female hawksbill turtles used this island 

as their nesting sites. However, it is still not possible to estimate number of male turtles. In this study, 

molecular biology techniques have been employed to estimate 1) number of nesting female turtles and 

2) number of male turtles that sired these hatchlings. Blood samples of the immature turtles hatched 

during the 2013 nesting season were subjected to DNA extraction, PCR and sequence analysis. Preliminary 

results showed that control region of the mitochondrial DNA can be used as a marker to identify female, 

while at least 3 pairs of microsatellite primer is feasible to be used to identify male turtles. 

Ke>'v:'ords: nesting ecology, hematology, packed cell volume, mitochondrial DNA, nuclear DNA 
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1. uV1u1 

:uffifl'l-1 fl11tnJi'n,.;i'U60')1>JV.-ile'UL ~cH>J1'11ffVl1::11'1li1~ i th::nelu~1m::uuilL 1f'lcl'U 
1 1 

~ I 4 - ~4 ~ .J-., " 
V1a1m,1a1clU1.:JLLU11::uum1f'lun 1::uum1f'lu1,1v1 LLa::wuuut1f'lvi::La 'Vlcl-Jfl.:J'1fl1V'lelvll.JalJu1ru 

' " 
((R·Hn11 BV'l.'16 ., 2554) ,11m-mn11Mni!t11 umf1'1'U1lJ~c-hu>J1V'!u11:umf11.:in111 uV1a1cltJ~L 1ruil 

C, '1 ,X I II -=CU ,JI A O QJ A 

m1>JV1a1nV1a1clV11-J'll1.n1V'l'llel.:J'1mLaelclfla1uflel'U'!l1-1~.:i >Jaui1LaelclRa1u'!luv1a1RqiV1a1cl'll'Uv1 

1v1moV'l1::mh.:i~.:inclm~hV1::La (e'U~U T estudines) zj,:iL tluavi1tJ11<1lJf11el-J ~-!'1lJfl11elV1.:J~.:J~,J::~el-l , ' 
el'4i'n"tt:'U~U~L1rui1l1 zj-lfl11tJ~V111iv1m1LLa::el'4i'n"tt'Vli'V'lcJ1fi1611lJ'll1~elci1.:i&.:iv'U~1LU'U~el-ltl1Plcl 

.. .,JI ..J ..J ., ., ., 1 JI ..I ..J ... ., ..I ., 
B.:Jflf111l-11V'l'U;i1'U'VILncl1'!l,NnuV11V'lc.11n1 'UV'l'U'VI 'l1-111>Jcw11el>Jmncl1nuR11lJV1mnV1a1cl'lJB.:J 

" ... " 
'Vl,rV'lcl1m~.:iil:S1ui LLa::~ni!tru::m-i:S11V1cl1~1u~h.:i 1 'llel.:J~-1il:S1ui1Yu 

., ., .I .,..,.., ".fl "'1 ,K .J.r ., ,., "" ., .,,j 
Lm::V1::a ,J-JVl1vl u1::'11Uf11'11'U6 L u'UVl'U-1 'UV'l'U'VI Lfl'l-1 fl11el'U1fii!tV'l'U6fi11lJV'l'llel'UL 'Uel-ll-11'11 n . , , , 

.. .,j., .. ~ 'l ..J, ,JI.J.; ... 
UL 1 f'l'Vl::La 'Vlcl-Jfl.:J'1fl1V'lelvllJ'1lJ\j1W ,11 mm n11r1ni!t1 b 1JmRa'tJ11J'Vli:J1'U>J1V'ltJ11V'IU'Vl LR 1-1 n11lJ 

iui1Lielclfl"1U'llilv1ri1~qiV1mcl'll'Uv1 1v1mom::elci1-i~-1L~hn1:: Eretmochelys imbricata zj-l'U'1'lU'tJ 

V1'W1cluru'l11n11a-iR1111wLf'li!t'Vl1.:JL~el nel-1L~elcl'Vl6n11 nB.:JVJV'IL~B LLa::mRLan'llu~lilLLmm:::'Vl::a 1~ 
V 1 ~ t 

I 4QJ A V J'_,,J '}II fl.I ~ OU 11 11 
'l11llJelfi'UU1V111'1vl n11V'l'U'VIVl11il'Vl'l1 cl'llel.:JLm::'Vl ::q b VIL Vll-11!:'111 nun11'11'U'V111-l11-I 'll'llel-1 Ltl.l LUl1 m:: 

,iutl1::aui:.iaa1L ~,J 1 'Ufl11L V'l1::~n 1 'llLLa::el'4U1a~m~h 1~L UU~1'U1UlJ1n 

el~.:i fl ru::~icl 1~L~11a111'1'1'llfl11:ma:::S11V1cl1 n11~U'W'U~'llel.:iiui1 Li el cl Ra1u 1 u~u~ 

1m-in11 elV'l.'16. V1l.iLm:::LLa::V1::La1'Vlcl ,1ui,Y-iLL~u-irn.h::mru V'l.f'l. 2555 L~11,i1naui-hielclRa1u1u 
" 

tl-iutl1::mru V'l.f'I. 25601v111.:itti:.iun11vh-11u11ilcl 1) b'ULn1::V1::mt1u:u~Pimn LLa:: 2) 1-ffL~1m::~ 
' 

1.,,Jf ..J ., ., .1 ...... ., .. .fl ,f ..J O ., 1 ' .fl I ., .. .11 
'llV'IU'VILm::'VI ::a '1-IV11 v1 u1:: '11U fl1'll'U6L u'UV'IU'Vl'Vl1'l-111.:J 'II L u'U na>Jam L uTVlll1 cl 

' ' V V t V 

1 'U n11Pi ni!t1 fl1.:JU ~-!~ el clellil-11'U1i cl'11 nm1lla1L ~,J L 'Uel.:J ~'U 1~ cl L 'U'Un11th:: LlJ'U'U,J i cl'V11-I 

:S1.nTv-i~i.hu€1n'1'llfl11:: LLa:: n11L,1~qiL~u L"1 uiaelv1,iutl1::tiJuamumV'!tl1::'ll1mL d€l-i~u 1v1cJ 1 ,if 

L 'Vlf1Ufl'Vl1.:J~11'Vlcl1 LlJLana zj.:J'U€lllavl1'U'UL 1f'l'1~11'Vl cJ1mv1,-, ::'lb cl 1 um 1tl1:: LlJ'U LL a ::ti i'rnL 'U1'Vl1-I f)1) 

' " 
U '/ ,f .,j _,j I U IJ • I ~ .,.,J O 'I V I 

,iv1 n11 b UV'IU'VILn1::V1::q ua:: LlJ€l'l1llntJ'llfll;ja'Vl1-i uW'll1 m'VI L~'!l-l '11ll1'l riu1 ll1 b 'llU.:JUel namwnV'l'll€1.:J 

L~1m:: 1 ue:l111 'Vlcl LLa::LntJ11U11lJeJV1-!~€JL ~tl-1'1::L U'Utl'l:: 1cl'll'IJ~€ln11&llilm1Jtlw'll1m 1 'U'l::cl::c.111 

..J 'l .,_ I 'i ~ ., ' ... 'I JI .,j I 1 I ~ "" 

L 'V'lel b 'll u'l:: bcl'll'U b 'Ufl11€11J1n'\!Jfl11lJVla1n'Vla1cl'Vl1-l'll1fl1'V'l b 'UV'l'U'VIVllJLn1::LLa::'Vl::La 'Vlcltlcl1.:JclW'U 
' " 

.d o.c:t."i" cv,u 4ud o-=i. 
2.1 L 'Vitl'1U €l.:J'Vi'rn11'll~11 bfl 'j.:J fl11€l'U1 ni!tY'l\Jfifl'j'jlJ'Vi'll €JUL 'U €l-lll1,J1 fl'V'l1:: 'l1'll lil1'l 1 ( el'Vi. '16 .) 

' ' 
4 ,.!/ A q A .. I I .JA' 0 IV 1 ' A X .J I 

2.2 L Y'lel'1111'1'1'llm1:: 'UL 1f'la111'Vlc.11 LLa::u1::'ll1m'll8-IL"11'Vl::La'Vl'IJ'tJ'Vl11.:J11-I 'IJU)L 10JV'l'U'VIVl11Lfl1:: 
' " 

1 'l ..,,.., Avd oA 
Lba::'VI:: La 'Vlcl'llel.:J bf11.:Jfl11tl'41 f)i!t'Vi'U~ fl111l'Vi'll el'UL 'Uel-llJ1,J1 fi'Vi'l ::11'llm1, 
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3. 16~1LU'Un111~V 

3.1 "Uel'UL "llfl"IJe){I Lfl1{1fl111~V 

-.-
.r::i,. ..:,., OU '11 

'UL1rlJ'Ylf.11f)J'j'Yl11-:i11-:iylJ a't.lm'J::Lta::n1'aLlil~ruL9i'U L\Jl amym'Wtl-a::·11101 
• w 

- n1':i'Vl1f-:i11-:i 1-ti'U'ULn1::'Yl::a , - f11m-:ifa\:;\Jl1'YIEJ1 - -;i1u1uLV'lf'lLih.1 ("llBlJ"1n1':itm1-:i1-ii) 

~ .Ju CV ,..., .:::I O V ( LL ) - ~B':iblJ'U'Yl'1lJV'l'Uofl'Ul'l11lJbmEWl - lil1'U1'UbV'lf'lf..J microsate ite DNA 
'IJ 

3.2 16n11filfl'l:>J1 

3.2.1 '1111lilrn1:n'uvh~-n1-:ihi'lJa-:iLLl!L~1m~ 1u~'Uvhfl1-:irn1, 

CV~ .c::i,Q.I -=::. d' SI o:::i., ct. CV ..::! V I ..:::i. .J 
3.2.2 tJ'UVlffW nvi.m.11311G'lmLbrl~'lJmJriV11-:i'UL 11311Vltl1 bbrl ~rin~ru~'lJ€),:jt)'U€l1131tl t1€ll:J'lJ€),:jtJ';ib 1 filVl'VitJ f111 

'U 'U 

:ff tJvht-:i11-:i 1 -ii 

3.2.3 Lf1tJ"UBl.lrl'lJ'U1Vl'1fil~1'U LLrl~ thvnrn 'lJB-:irim~1~eJ'UtJ1rl 1 n uum 'V'l1~Lit1-:i'lJeJ,:jbf11~Vl~rl L ~€) 1 -rr 
'U cQ " 'I , 

1 um1&ivi1,rn-1m1 L lil~qJL&itJ L\Pl 

3.2.4 LrhJ\9i'1eJci1-:iL~fovi'lla-:iL~1m~ (m.iL~1 bLrt~ rim~1) L~mh:i.n\Pl111ilG'lau~n~ru~vn'3Lrt~\Pl1Vlt11 
'U 

'lJB-:iLilm~m~avi L'U'W rhihn L\Plfl~\Pl, lil1'U1'UL611mh~m~eJvibbvi-3 LLri~ lil1'W1'UL61lri~L~viL~eJl?l'lJ11 

L~B 1-utl1~bil'U~'lJfl11~ lvit111l.l'll€l-'.JL~11 'Uti11l.J'IJ1&i • 

3.2.5 'W1\911eJci1-:iL~eJVll.lTU'UbbtlOL~BLnutl1L~eJVl:lJ1\Pl111ilG'l€lU1~1'1tJtmfll.l'U~~l.l'W'U6flUfl11l.lLfl~t.lVI 

(corticosterone) 1 'W'HB-3tli]~rn1 

~ ,~"' .d !'1 1v ,d1.,., 1" .I"".,"" 3.2.6 LnUL61lrlrlLlJl?'ILrl€lV!Vl\PIO\Pl~O€l'Ulil10f111u'ULLtln 'U'lJB 3.2.5 L'V'l€l 'IJG'lnvi DNA 'UVl'el-'.Ju!)U\Plf111 

3.2.7 m1lilG'IBU mitochondrial DNA LVlt1€l1Plt11Vl1L1.m1~1i11b'Vi1~~a control region 'lJeJ-:iL~1m~ 

.:J O O ,:::j ..d.J' 1 ' 
L Vi B'U 1m m1 lil G'1 au '11'U1'U L Vi l"1 LlJ tlVl'lJ'Ul-1111-3 'lJ 

3 

3.2.8 \Pl11'1G'leJU microsatellite DNA LVlt1€l1Plt11'V'l1LlJeJ1~1i11L'Vi1~flUL~1m~ eJci1'3'UeJtl 5 ri L~atl1m 
'U 

\Pl11'1G'IBUfl11~ multiple paternity 1'W~m~1~1~-;;;i1n1-u~-:iL~t.11fl'U 

3.2. 9 1Lfl11~~-ual.lr1~1-:i ., vfl~-;;;i1nm1?in~11u.n1flG'l'W1lJ LLrt~G11tli;.,1rim1f'in~1 .., I , 
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.Jo.._., dll 

4. fifl1UVIV11n1~'J'1UUa::Ln\J'U82Jil 

ri111,1mf!au111m1::Lnu-ii't111avi1.:in1EJmViLLat;g,mv.1u~uvITf!1.:im1au~mt\1'U6nn11vl'lle1u " . . 
.,I o.. I 'I ( &I _, ,J _ _, ') 0 V I 

L'U8.:!:IJ1,11nVi1't11'llvt11' Vll;JLf11tLLatVltLa mEJ Lf11tVlt~ ,J.:!Vl1VI W'11\Jfl1'lJ'U6 LLat'tJ1(,)18EJ1.:!1J1 

f'imflL~1JL~1J~.fl1fl1'll1'U11VIEJ1 fl0Jt1VIEJ11'11'1(Jl'i ~W1'1~n1'W1JV111VIEJ1"'EJ 

5. i(Jl1V1viaa~ 
'i St, I ,,I 'i ... ., ..i ..... 'i 
~fl1'.:!f111'tJL uua1uviu~'!la~ ~fl1~n111,1EJL 1a.:i "~'llrn,:: n11L'11"{UL(J}\J ~(JI LLa::amwnVi 

• I I • • .J ., ., ,J - ., ' ,,I '1 .,., 
u1::'ll1m'lJa.:iLmn-s:: Eretmochelys 1mbncata VILm::vi::~ ,i~vi,vi "St"11\Jfl"S'll'U6" 611.:!~vt"S'Uel'4{U1(1} 

1Vo tl .,I ti ', ' '°' ti ( .,!,! .J ., .J VIVl1n11 'ltlm Vitl 1:: ~EJ'll'UV11.:!1'll1f111'11nm11 1::11.:i Vl'lJ.:!'188'4{U1(J}L'1'lJVI 11/2559 a.:!1'UVI 23 

fl'UEJ1EJ'U 2559) LLa::-lf'U(JleJ'tJ1'Un11'm::vi1~m1(1}1'1.~t-h'Un11"fo1a.:i,11nf!ru::n111Jf111n11'flTUfl1JvtLLa . . " 
f111Li El.:! LLa::n111-ua(Jl1Lvla.:i1'UV11.:!1VIEJ1f'11'1(Jl'i flW::1VIEJ1f'11'1(1}{ "1W1a.:imru:1J'v111VIEJ1"'EJ (Animal • 
Use Protocol Number 1623013) 

.f .J ., .,.I .,,.,,., ' .J tJ 1•'" JI ..Iv ., ~ o 
'V'l'UV1Lf11::V1::~ ,J.:!Vl1VI u1::"11'Ufl1''lJ'U6 (ll1'V'IVI 1) 1::ffel'U uVl1EJ'V'l'U'Vl'U1'U'V'lnLLa::'1.:!el1'U1EJ 

1 1 ' '"' ' .f .J .'I "" .f ..1. I .!'1 m1:ua::mn 'Ufl11lJVILL'1'lJel.:!Lf11::'Vl::a €1'1LL'1'Uvt1'1€11VI 'V'l'UVIL'lJ1LLa::u161'1'lJ'll1(1} LLa::'V'l'UVlunun " , 
iuom111vl'll LR1.:in11 B'V'l.'16. ~.:i1 uu~L 1ruili1vi1vivi11EJ'lJu1viL~n~L~1m::tu:1J1vi1~.:i11.:i 1 'limJ~1EJ , " 

SI 1 ' ,q ' ~ 0 Ill 1 ' I I I ~ "i' ,J 1f1'lJellJ'1'lJeNLf11::'Vl::a €1'1LL'1'Uvt"S'1€1WI 'V'l'U f111'lJ'lJV111 .:111.:i 'lJ'lJe),:j L(Jl1n1'::t1EJ1,:j(lleJL 'Uel.:!:IJ1 ~VIEJ " , 
vlfltlvt LvlEJ1 'U'WEJ::LL 'mEJ.:i 1:w'11ilih::uun11L 'V'l1::~n 1uvnviV111EJ~.:!611:IJ'll1~ vh 1m"iiifo:uanTrnt1m tlu 

" 
~1LLa::eJvl'l1f1111tlVI ~t1:1J11uq~m111.:i1'liu 'V'l.f'l. 2553 'V'laL~€1LV11UEJ m=it1lJB'UV1{ LLa:: L~1VIU1~ 

vitl1EJuru'll1n11a.:im1:u-wLf'l~V11.:iL~t1 nt1.:iL~t1EJ'Vl6f111 nt1.:i;r'V'IL~t1 ~.:i 11ilL -ii'11 UTI(J).lt11LL t11vi1.:i 1 un11 ., , 

L Vi1::~n LvtEJ€111'1EJUW'1'Uf111ru,11nn11Pin~11iEJ 1 'tJL~11Jl'U:IJ1€1~1.:i~m ~ti.:! \11JEJ mltJlJB'U'Vl{ 2545) , 

i.:ilil1un11,1viuuvin-Ut1:umL1h~1 m161EJ 1 'liL~1,11nvi1vivi11EJ~11.:i 1 'lJL tJL 'V'l1::~mi.:ivnv1V111EJ~.:i 
" 
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u ~1'1J1'1Jf{l ~1'U1'1J1-tl ~1u1utu.iu,h 'Vlll1£JL'llllil • 
'Vi.Pl. 2553 NIA NIA NIA Lt1rn:m1uuL'V'l1:!Ylfl~Vl1li'IVl'nm~hi 'V'l'elnT)1umu 

t V CV J 
l'lel'U'!J1,Ul1fl eJ(fl11n111elli'l\911 

'V'l.1'1. 2554 NIA NIA NIA ..: .,1, Yl.,j "' mn1.:i1:!UU!'..11f.J 'Ui11L'V'l1:! flVIVl1li'IV111EJn.:J 

u11l.l'll1~ LL~B\9111n111eili'lv.:i 1:u~l!n 

'V'l.1'1. 2555 17 2,219 Ylv.:i 4 lll1 
Y1 ,,J .,j ~ 

L '\"l1:! flVIV11li'IV111f.Jn.:J511lJ'll1\91 

'Vtl'l. 2556 NIA 700 Ylv.:i NIA Yl"' .J ~ L 'V'l1:! flVIV11li'l'Yl11EJfl.:J511lJ'll1\91 

'V'l.1'1. 2557 7 f.:i 1,066 vl0.:i 1 \ll1 Yl.,j .J ~ 
L 'V'l1:! flVIV111i'i'Yl11EJfl.:J511lJ'll1\91 

'V'l.1'1. 2558 26 f.:i mnn11 3 \ll1 Yl.J d ~ 
L '\"l1:! flVIV11li'IVl11EJfl.:J511lJ'lJ1\91 

3,234 Ylv.:i 

'l''Ll'l. 2559 9 f.:i mnn11 
I V 

L m:!vl n~V11li'IV111EJM.:iu11l.l'll1~ e)f.)1.:j'lJe)EJ 

975 vlv.:i 1 \ll1 
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~1ffl1EJ-31'U u.:iutl1::mru 'W.131. 2559 'W\Jn1".i,'U11.:i1'1i'lla.:iL~1n".i:: 26 i'.:i 1'U".i::'11111.:iL~8'U 

... .. .... ~·· •• , ... ,3 VlflWJl1fl3.J CH Lvl8'U\Jl'11fl3.J 'W.131. 2558 LLa::3.J~1'U1'UL'll\Jl8'111'13.J 95-179 na.:i L118'11".i1Wl1fl'1'U13.J ., , ' 
Vl\J11'113.J1".i()".i::~vln~whLL '111tl.:ivlL11i1m:::ffm1.:i1 'llL~ 23 '111~3.J Lvlt1~hLmU.:i'H~1l8tj'l-h.:i~1n 

1:: ~u,l1vi::La:ff tJa.:iav1 2. 7 5-21.5 7 L3.J\Jl".i LLa::ilR1111a.:in\Jfl113.J'H'UL Vltl\J nui1LL '111U.:itl1V1::La('Ua.:ia\ll 
\I , " \J , 

fl O ., ., fl 
Lu'U 0.33-3.46 Ll.J\Jl".i Lrn:: 5.106-18.637 a.:il'11 \Jl111a1v1u anwru::vi1.:imt1m'Vl'll8.:i'H~11 Lu'U'H1vl'Vl'l1tl 

vliJa~Jl1flVl".i1tl'll'U1vl 1 '111ajn11 0.3 iiaaL3.J\Jl".i Ltl'Uri1'U1 'lll'Y LLa::iJfi1 pH 11\Jfl11l.JL~3.J'IJ8,:jVJ".i1tl L 'U~1-3 

o ., ,al .._ tl.J ti "' fl ., 1 I 6-7 LLflt 2-6 ppt \Jl13.Ja1vl\J L3.J8\Jlvl\Jl13.Jn1".i'L atl'ULL ri.:i~ru'VUJ11'1J8,:j\11vlVl11tlLu'UL1fl1 60 1'U 'U'll1-3 

'1 I I o I .J I .. lj I .q tl.J ti ""'1 I .q 'i' 
(]':]n1111.:i L'll Vl\J111111Lm'U.:iVJL\Jl1Lfl8n11.:i L 'll3.Jn1".ib fltl'ULL a-3~W'IIIJJ11 'U'll1.:iLLfl\JL'Vltl-3 1-1.8 °C Lvltl 

1m11a11in1LLVJ'U 5 'Hfl11 ilfi1aru'11111ii~1av1-a.:iav1Ltl'U 26.4-29.4 °c ~-3m111::a1111iam1L~'iru'lla.:i 
, , , '\I , " , " 

d. At I 4 0 II A ~ I ~ 0 QJ '1 I ,. ~ ~ U A .J 
Lel3.J\J".i L8L\Jl1Vl:: Lfl Ll.J8'U1'1183jflVl1-3n1t1Jl1Wllel-3\J".iL 1fil'VlL~1LflelnVJ11-311.:i L 'll L u".i tl\JL Vltl\JnUmL 1WVI 

Ll1i1 hltth1nvh{-311.:i 1 'livlacli-h-3 3 L3.J\Jl'j ~1ntl1n'Hfl3.J 1 tlvi1.:i~1'U\J'U-a1.:i-'li1t1-'ll11 W\JLL 'U1 t 'U3.Jfl11l.J 
\J , 

LL\Jlnl1i1.:i'llel.:!'ll'U1vl'el'UJl1flVl".i1tl tvic1i1LL 'lll'U.:!vlL11i1 hiLaanvi1{.:i11.:i 1 'liila'UJl1flVl".i1tl'll'U1vlL~n ( < 0.090 
' ' 

iiaaL3.J\Jl".i) 1m1v1ri1'Ul.J1nn'.h 'U'eln~1nd EJ,:jfl\J11~1LL'H'U.:!vlm.iLl1i1Laanvi1{.:i11-31'li ilm1Ltl~EJ'ULLtla.:i 

'el(\J'IIIJliiJ11t11'U'lllfl3.JLL\Jlnl1i1.:i~1nu'iL1ruvlLLl-iLl1i1hiLaam1.:i1'liacl1.:iilumhl'lni "li.:im~ih1tl1-iiLU'U , \I 'I •lj 

LL 'U1Vl1.:! 1 'Un11{ nW1'1Jl1VlLL 1v1a'ell.J'IJe),:j'\111vlVl".i1tl 1 ~L 'llllntG'll.J!Jielm".i11-31 'li'llel.:iLl1i1m:: L 'Uel'U1fl\Jl 

.al V 'I I .";1 ., .J .._ .";1 fl ., 1 ' ,... ' 1 '-' 
L3.Jeltn8 L 'lll.J1L Vl1::nmN'lll1vl'Vl".i1EJn.:iu".i".il.J'll1\Jl~'Unnaam uum Lm::vi::a aatLfl'Uvl".i&'lel".i'Vl vi 

' 11 I ... :;'1 I ti I 4 ,.J .._ I I .al 1 'j' ""' I 

Lflcl.:!el~\J1fll\Jl1n".it~'Ul.J'el1~ 1-2 u nau~:: fl'elEJl'l'UGJ61".i3.J'll1\Jlelt11.:!\Jlm'Ua.:i Lbflt 'ULeln1'1WLl'1W\Jl1.:! 1 

~~L Uvl foma1~LEJ11'1l'ULLflttl1t'll1'1l'U~11 til~L <u1miJa1ui111 i;J.:!n".i'Mfl".i.:!n1".itlaam!Ji1m:: 1 'U1'Uvl 5 

Q.I .d A q A d ti '" A A 

n'UtnEJ'U 'V'l.131. 2559 L'V'lmUa3.J'V'l1tLn8".i\JlW".i~\J1Vl'1l.JLvl~'V'l".itL~1elt1'1111Jl3.J'V'lfl'elvlfltlL\ll'll \J1l.J'U1tl\JW\Jl1 
\J \J ' 

.,j 1 'i' "' ... ., .,... :'1 .al ... ... ... "' 
L'U'el.:! 'ULeln1'13.J'V113.J.:!flflL&'lvl~Ltlfl.:!t11flcl11'11'13.J\J\Jlfl".i\J 70 u Lbflt L'V'18LUfll.J'V'l".itLnm\Jl '111Lvl~'V'l".it'U1.:! 

L ~1i11ni'V'l1~\J".il.J11'lf'U'U1tl L 'U'V'l".it\J1VIG'll.JL~~'V'l".i::L ~1acli1J1ii'V'lflel\llfltlbvl'll \J13.J'U1'1Uflm L ~el.:! L'U 
\J \J • 

'j' "' ( .,j ,!/., d _, I I 1 I 

Leln1G'll.J'V11lNflflLUfll.J'V'11t'll'Ul.JW11W1 7 ".iel\J Jl1'V'IVI 2) LLflt'Uan~1nut1.:iLn\J~1eltl1.:!L\Jl1n".it'll'U1\ll 'VlqJ 

(el1~ 3-4 u) H'11'U1'U'III~.:! L~mtlw,11acl1.:i&11"H{uPim~nm1L~\JL\Jl1'U'l.lmit1.:i LLflt ~vl\Jl13.Jn11el'V'lt1WL'U 

6113.J'll1~L'Uel'U1fl\Jl (tl~vl1 L~'iqiwn\Jl{ '111Jl1~ru) 
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u1iimriu~v11 LtieJ.:i lu LeJn1?1iJV11mA~L?l~'1Lt1i'i•m1m.111'!J?liJ'\J~fl'i'U 70 u LL~~ L ~mili'iiivi'i~LnE.J'i~ 

?ll.JL~'1Yi'i~'U1-:J L~1~~nivi'i~'U'il.J'i1~ti'U1tl 1 'UYi'i~'U1'Vl?llJ L~'1Yi'i~L ~1el~~1.fli'.JYi~ el~~ E.J L~'!J 'U'il.J'Ultl 
'IJ 'IJ ' 

"'d1'i "' 1"'.J., 'lJ'fi\,l'i L'Uel-:1 'Ubelf11?1l.Jv11lJ-:JA~Lil~lJYi'i~'!J'UlJYi'i'i~1 7 'iel'U 'Ul'U'Vl 5 f1'UE..11E.J'U Yi.Pl . 2559 

m Head start pros ram 1:11V1{UL~1'Vl~L~~nv11L'U'Uf11'itu1u'VlmmL'vi.:iv\'1 fan LL~~U'i~?l'UA11l.li.'11L~'1 

L'U'U mru'lJeJ-:JL~1 Lepidochelys kempii ~Lrn~ Padre U'i~L'Vli'l?l'Vlf.Jimii~rn (Bowen et al., 1994) 

LL~f11'i LiE.J.:i L~1'Vl~rn 1 mJmi E..1-:1 el1'1vi11 ~L~1 Lf1~f111l.JLA~E.J~ 1vi' U~~~,:i~~~el?l'lJ.f111~'lJel.:J L~1'Vl~ L~ f11'i 
' 

• I "' "" I 1 I ,% "" .:'1 d O ., d I .; • I :'l "' 1 
u'i~Ll.J'UA11l.JLA'if.Jvl U~~?l'lJ.f111~'lJel-:IL\,llfl'i~ 'U'UelL~E.J.:J'1.:JL u'UL 'iel.:J?l1Aru 'Vl'1~'!J1E.JL Yil.Ju'its1'Vlfi.f11Yi 'U 

' V 

rn1Li E.J.:i L~1m~ 1 ~~~.:i~u Aru~~i~E.J~.:il.l.:i L uurn1v111'1?1eJU?1V1iii~rnh~V111.:i m1ii LA~E.J~LL~~~1V11.:i 
" ' 

l~i;v11'VlE..11'lJel.:JL~1m~ 1 u-umiE.J.:i l~mnu4foiimi'n~ru~~ru,i1'U LL~~tI1wJn\911 (mvi~ 3) f1el'UL'11~ 
" "' 

L~elvl'11f11>i'1LL'VIU-:J subcarapacial sinus (mvi~ 4) L~m11mm1'1?1el'U69f1'\~ru~'Vl1-:JL~i;v11V1E..11 'lvi'LLn 

~1~m lv1A~v1 (hematocrit) LL~~ ~1mm'llmh~~L~el~'lJ11 (mvi~ 5) LL~~-r~u~mruAeJ{~lA?!LvieJ hu 

1uvim?1mv11m'VlA'UA enzyme-linked immunosorbent assay 



fl1'V-I~ 4: n1'Wil7tb~'el\i1':()7n"17bb'Vl'U-:Jbb~-:Jb~'el\i1L\Pln'Hl \i1el-:J'Vl~-:i (subcarapacial sinus) •1rn-:ib~1nw~ 

LiEJ-:i1uh-:ib~vuvuu1"1L~1mt bn7t'Vlt"1 ':() .tht':()'JU~~,rrul 
' ' 

8 



d ~ ., 'i Q Q 1 , d ,Ji 1 'i "" , 
.f11'W'VI 5: nTHn'\.J'1J€J:Ufl'Vl1-:J bfl'Vl(,l')'VIE.11 'U.fl1f'l~'U1:U'1J€J-:Jb\ll1n':i:::Vlbfltl-:J 'U b ':i-:Jb ';j€)'\.J€J'U'\.J1flb{;)1n'rn bf11::: 

" ' 
" I .tjc::j cu ' ( ti Q,I I c::I '1 Q, .c::, 1 ' Q.I I c:!t ~ 0 s 

VJ:::~ \I. u':i:::'<il1'\.Jrl':i'1J'U5 '1J1tl : f11':i1vlf'l1®'lJ1 b{;)f'l';i{;); '1J11: f11';jb(;)W:IJ~ i;,v](,1')€Jtl1-:Jbfl€Jvlb ~€J'U1:IJ1r1m~1 

~e:J 1 mfo:itll)'IJ&i rm) 

'<i11nue:Je:J'U'U11;11;1m~1m::: Ln1:::V1:::1;1 e11L.fle:J'U1-:i~:::~1m'.ie:Jt1 ~-:iV11v1tJ':i:::'<i11u~~-v'Ufi 1vimnulll1m.h-:i 
' " ' 

~-:JVl:Uvl 2 ri-f-:i 1m~€J'Ufl'Utl1tl'U ~.1'1. 2559 bbfl:::1'UL~€J'U~']l'l~f11tl'U ~ .1'1 . 2559 bb'U-:Jb'U'Ub~1~tln&i 

:S1'U1'U€JE!1-:J'U€Jtl 28 \ll'l bbfl:::b~1~i1€J1f11':iD'ltl zj,:iiJ€J1f11':i~vitJn&i~1-:i 67 b'U'U iiLL~flrlfle:Jn bb~flb~'tltl 

mrn':im:um:u~1'U~1-:i 61 '1Je:J-:i~1-:in1t1 Lrn:::V11-:i'1J1v1 L'U'UVJ'U :S1m'U 31 lll'l 

9 

'<il1nrn':iPim~1~1m':imLu-:illl1e:Jv1-:ie:Je:JnL'U'U 4 n~:u 11ilun L~1tJn&i1 'Ub~e:J'Ufl'Utl1tl'U L~1tl1t11 'U 
' 

.:::i,. ' I I ~ V c:::t I V t c:!t 

1 bf'l':i1:::Vlf'l11:U bb{;)n\ll1-:J':i:::V111-:i bvl'tl'U '11:Uf'l11:U bb{;) nm-:J'1J€),:)'1J€J:Ufl'<i11n'Vl-:i~€J,:JbvJ€J'U '<ii::: bb~vl-:J~flbb '\.J'\.J bbtl n 
" 

L~e:J'U 1vit1 Hiqi~n'l'}ru\il-:iu~vi-:i1 'Um~~ 6 LL~511ili1m1:ULL{;)n~1-:i'1Je:J-:J'U€J:l;jfl':i:::V111-:iL~e:J'U '<iJ:;LL~vi-:i~1;1 

LL '\.J'\.J':i'l:IJL~e:J'U 1vi tJ Hirn~ n'l'}rulil-:i LL~vi-:i 1 'U.fl1~~ 7 '<il1m!'U'U€J:Ufl'<il :::ri ni Lf'l':i1:::~m1:u LL{;) n~1-:i':i:::V111-:i 
·11 " " 

I d .. 1 .:::i,. I .d,,11 0 Q.I 

nfl:UVl u n {;) bbfl::: nfl:UVl Ud tl{;) 1:um vl'U 
' ' 

Y VY V YVY YY 
VYYVYYYYY 
VY Y V Y V VVV 

V Y VVVYV V V 
VV VVYVVVY 

V 'Y YYYVYYY 
YVYYYYYY Y 

Y YVVYVVY V 
Y VV V V V VV Y 

111111111111111 b~1D1 tl 1 'Ub~€J'Ufl'Utl1tl'U 

d Q.IQ.I ( I OQ.I .::it, ' -=I 

.fl1'W'VI 6: ~rim n'l'}nJ'1J€J-:Jnfl:U~1Vl':i'Uf11':ibb~vJ,:j~i;1 f11':i1bf'l':i1:::Vlbb '\.J'\.J bbtl nbvl'tl'U ., ' 

d QJQJ ' I O QJ q' .c!t 

.f)1'W'VI 7: ~qjfln'\'Jru'1J€J-:Jn~:U~1Vl':i'\.Jf11':ibb~vl-:J~flf11';j1bf'l':i1:::Vlbb'\.J'\.J';i1:1Jbv1€J'U 
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6.2.1 an\iru::V11•UinA_!11J1Vltl1 

~ ~.fo dv t" "( d '11 nn1'ir1 n~1fl'i~1J \'11 n1 'iLn\J'IJB11a F11111v11vi111 fl1111 ~fl~'IJ el~ n 'i::: \11B~Vla ~ curve 
\I 

carapace length) LLa:::-a'~ihvnrn 1~~am'iPin~1l'l~il 

~., ., .J 
6.2.1.1 f)11l,ltl11W1lJf)111hf')~'ileNOA:::vieM'Vlf); (1i11'i1~VI 2) 

'Uel1Jaiim1mLliln~h~n'U'i:::V111~L~1el1J 1'WL~el'Uf1'UV1V'Uhlwufl1111LLliln~h~'i:::Vl'h~Lw1m,11~ 
\I • 

,J 
... ., , , .J. 'I .J 1 ... ... , , , .J,J ... ... t ., 

nvinrnvi1mp.1viu1v (mwvi 8) LLa::: 'UL\11B'UV'l'Jf'l'1n1V'UW\J11LV11mprn nvi 11F11111m1V11l.lfl11lhfl~ 

., I I I .J.,, I q ., _9 U ( .J ) 
'IJB~m:::1i1B~V1a~mnm1u,11n~l.lV1u1vm.11~l.l'UV'11flqJ p<0.05, .f11V'lVI 9 

.J I t" U ( '°' ) I 1 I .f vn"a1~'VI 2: F11m1l.lv11vi1l.lm111~fl~'IJB~m:::\11B~'VIM L'll'UlilL1llil'i 'IJB~Lvi1m:: uumav~ ru Ln1:::vi:::~ 

~~'Vl1\11\J'i:::'11\Jf1~'U'U61'UL~tl'Un'UV1V'U LLa::: L~el'UW'Jf'l~n1V'U Yi.Pl. 2559 

-E 30· u -l: 
CD 

; 20 
Q) 
(,) 
Ctl 
Q. 

~ 10 
(,) 

"O 
Q) 

~ 
::J 0 
0 

"" ' L\1lel1J nqi1 

,Jn~ ., 
numvu 

U1V 

,Jn~ 
Yl()l'l~n1V'U 

U1V 

-

N 

18 

16 

10 

15 

--

Mean± SD 

17.9 ± 1.0 

17.2 ± 1.5 

24.4 ± 0.7 

21.0 ± 4.8 

Ea Normal-September 

IDill Sick~September 

Normal-September 

n=18 

Sick-September 

n=16 
.:I I "'\II CV t 1 I .,N V CL1 

111ViV1 8: mm111m1m11m1l.l ~fl~'IJB~m:::\11B~'Vla~'IJB~Lmm::: uummM ru Lm:::vi:::a '1~'1111\11 
' 

iJ1:::'11\J~~'U'lJfi 1uL~tl'Uf1'UV1V'U VI.Pl. 2559 ('Vlli1?itl\J~1V Student's t-test) 



* 

Normal-November Sick-November 

n=10 n=15 

1::1 Noonal-November 
l2ZI Sick-November 

.J I ~V 0.1 I 1 I ~ U IJ 

fl1'W'VI 9: mm11Jm1v111JR111J ~fl..:i'lJa,mrn~a..:i'Vlfl..:J'llel..:JLmm:: uummM ru Lm::'Vl::a '.il..:J'VI,~ , 

th::1i11ufi%'ui 1uL~el'U'W(ll'l~f11tl'lJ Vi.Pl. 2559 (V1~'1au~1t1 Mann-Whitney U test) 
• t.c:IU,..S0.1 I ,.J vcv..3v 

'Vll,l1EHVl(,J * LL'1~'1fl111JLL~fl!Jl1'1elt11'11J'Ucll.11flqji::'Vl11'1f1~1J'V11::~'U'Ucll.11flqj p<0.05 

:: .,.,( .J) 6.2.1.2 'I.J1'Vl'Ufivl1 !Jl1i1'1'Vl 3 

11 

II .ci I I 4 1 .. 0, 1 I I t I I .J .... I A 

'llel1Jfl1Jf1111JLL~f1~11'1i::'Vl11'1L~el'U 'IJL~el'Ufl'Ut11cl'IJ 1JVi'Ufl111JLL~f1~1..:J1::'V111'1L~1flfllJ'Vluflvl 
~ , 

fV I I .Je.11 .J ) 1 ,=!ii A I I I ..J_ I A .cl ~ QJ' I I I ..J 
fl'ULvl1f1~1J'Vlu1tl (fl1'W'Vl 10 LLfl:: 'UL~el'UVi(ll'l1ilf11tl'UVi'U11Lvl1f1~1J'Vluf1VI 1J'IJ1'Vl'Uf11J1flf111LVl1f1~1J'Vl 

u1c1a~1..:iih!m11fi'qJ (m'Wvi 11> 

vi111..:i~ 3: i!1'V11Jf1~1 (nfan~ll) 'Ua-.1L~1n·rn1"Uumic1..:i ru Lm::V1::a ~..:iw!m.h::1i11ufi1i"Ui 1m~au , 

fltJcl1cl'U LLfl:: L~el'UYl(ll'l~f11cl'\J Vi.Pl. 2559 .. I 

N Mean± SD L~el'LI mn.J , 

tJn~ 18 0.600 ± 0.085 ., 
fl'Ucl1cl'U 

u1c1 16 0.536 ± 0.112 

tJn~ 10 1.430 ± 0.183 
Vl(ll'l~f11tl'U 

u1c1 15 1.014 ± 0.485 



2.0 

_ 1.5 
0) 

.x: -:C 1.0 
a 
-; 

~ 0.5 

0.0 

. 

. --
Normal-September 

n=18 

--
Sick-September 

n=16 

E'2I Normal-September 
IIIII Sick-September 

d :: Q,I I 1 I 3 .., QJ .c:f.c:f .., '1 ..,. .., 
111'Vi'VI 10: tJ1Vl'Ufl'llB-IL~1m:: 'UUBlftE.1-1 ru Lfl1~Vl::ft '1-IVl11il1.h::'11Ufl1'll'Ufi 'ULlilB'Ufl'UE.11EJ'U 'VU"i. 

2559 ('Vllil'1BU~1EJ Student's t-test) 

2.0 

_ 1.5 
0) 
.x: -:C 1.0 
0) 
·; 
S: 0.5 

.,.,.yy .,.,., 
., ., y ., ., .,. ., ., ., ., .,, ... ., ... . . . .,.,.,,..,.,y.,., 
., ., y ... ... ., ...... ... ., .... ., ., .,, ., .... ., .... .,, .... .,.,.,,.,.,.,¥.,, 
.,,,..., ... ., ... .,y .... .,.,.,.,,.,., 
y y y V y ¥ y ¥ 

.,.,..,.,., ...... v .,, ., ., .,, .,. ., ... ., ., ., .. ., ., ., ., ., .,, ... ., ..... ., ... ,,. .,.,.,,..,.,.,.,., 
y ... ., ., ., ., .,. ., .,.,.,.,.,,.,.,., 
y ., .............. ., 

... ., ., y ..... ., ., .,, ., ... ., .,, ... .,. .,,...,..,,.,.,.,,.., ,,,,., . .,.,.,.,, ............ .,, ., ., ... ,, ., ,, ., ., ., .,, ... 

.,.,.,VY¥¥¥ .,.,.,.,...,.,.,., .,, .,, ., ... ,, ., ., .,, 
V ¥ y y ., y y y ... .,,. .,,. ... ., ., ., ., 

' 

** 

·.,:.,:•:v:•:•:v:•: 0,0...__...._;;.....;;,..;..;;..;....-. ___ ..&.o<.~"'"" ............. _ 
Normal-November 

n=10 

Sick-November 

n=15 

~ Normal-November 
IZZJ Sick-November 

12 

d ~ CV • 1 I 3 QJ .., .c:f.c:fU '1 ..,. "' 
111'Vi'VI 11: 'U1Vl'Ufl'llB-IL~1flW 'UUBlftE.1-1 ru Lfl1::'Vl::'l '1-IVl11il\h::'11Ufl1'll'Ufi 'ULlilB'UWC]l"i'1fl1EJ'U W.l"i. 

2559 ('Vllil'1BU~1EJ Student's t-test) 
I I ,::f,QJ O QJ I I ~ Q.J Q,J OU 

vtmmVI~ ** LL'11il-lfl11:l..lLL~fl~1-IBE.11-ll.l'UEJ'11flqj1::11111.:in"ll.lVlWlilU'UEJ'11flqj p<0.01 

1 'U L~B'UW fll"i:;s fl1 EJ'U L~h m:: nal.l~'Ufl~1iifi1m1l.l EJ11~1l.lfl11l.l Lfl-l'llB-1 m~lilB.:tVla'.:tl.11 flfl11 L~h nal.l~ 
·1 ' ' 

U1EJB~1.:tih!mh·i'ru (24.4 ± 0.7 LLft:: 21.0 ± 4.8 L'll'U~Ll.lm) LLft~L~1m::mil.l~'Ufl~i'hl1V1unmnn11 
u ' 

L~1nal.l~U1EJB~1.:ii1um11fi'ru (1.430 ± 0.183 LLft~ 1.014 ± 0.485 nfan-rl.l) B1'1.Lfllil'11fll~1~U1EJ1'U 
' u 

L~B'UWCJl"i~ fl1EJ'U1il1'U1'UV1ft1EJl'i'1 i1mm1tl; EJ &llilL :b'B LLft~fl11amG1umn vi'11 ~\1,h~th EJG11m1t1 

L~'U L~ 1~'U1fl11'Ufl~ L ~B-1'11fliif B.:t'UTV'l"'.:t-11'UU1-1'11'U 1 '\J1 m 'Ufl'i~'U1'Ufl1'i8flL'1U'llB-I LLi;.Jft ~ -ltlflB6U1EJ 
" 

1 it 'Ut111f'imnmfl11LLi;.Jft8flL'1U~e'.bvt1J.:tLL UU ulcerative dermatitis 1 'LIL~1~'U ~-IWU11L~1~i'imm1 
' 

UD '1~i1'll'U11ilL~flfl11L~1~'Ufl~ (Munoz et al., 2013) 1'LI'llru~~ L~1~U1EJ1'UL~B'Uf1'UEJ1EJ'U 1li 
'11l.111t1'1'-i Ln~ fl11l.l LL~ n~1-t'llB-t fl11l.l EJ11~1l.lF111l.l L1'1-t'llB-t m:: lilB-tvt"'" LL"::tl1V1u n 



6.2.2 thvn.:i 1~~~1'Vlv111D•n~hn"i~ 

~1nn11P1ni!t1il 1i,\'Ln\J"Ha11a1-11vt1~lai1ui1vtu1\'Y~V1l.lPJ 5 1-11 1"1LLn fl1~l.11 LUtfl~Ut R1,hu1u 
" 

L"llaadjPJLaeJPJLLPI~ fl1lij1'U'"J'UL'i!'1aL~PJLaeJPJ'll11 aPJ'11'UL'il'1aL~PiLa8Pi'll11LL~a~'lJUPI LL'1~8Uli1ri1'U 

Lmvtahw~~eJ~l.11vtl"lJ91 (H:L ratio) 1"1~rnn11P1ni!t1~~il 

'"' 'i" ... ( ..j) 6.2.2.1 flJellJ'.Jl,©fl'j© Ul1i1.:l'VI 4 

13 

1-11i1l.l1LU1fl~Ul'llel.:IL~1m~hiiim1l.lLLU1n~11~n'U1~Vl11.:IL~el'U LLa~hiiifl11l.lLLUtn~1.:in'U1~V111.:I 

I ..jtl ..,. U I ..j•'I ..j 
nal.l'VI nuinun~l.l'Vlu1EJ (ilTW'VI 12) • • 

,d I q '\" ,.::ii I , I 3 II U ti #:11.ciU '1 ... U 

Vl1"i1.:l'VI 4: fl1e'Jl.11bUlfliUl'llel~LUl1ni~b'UUelL~EJ~ ru Ln1~VI~~ ~.:IV11Pl 1~~1\Jfli'lltifi ULP!eltin'UEJ1EJ'U 

LLG'l~ L~el'UV'l(jf'l~n1EJ'U Vi.Pl. 2559 

"" Lftil'U 

., 
nummJ 

Vi(jf'l~n1EJ'U 

... 
i1l.lLP!el'U 

20· 

' --
16 

1: ' 

(.) 

0 
1u 10· 
E cu 
J: 

5 
' 

0 I 

Normal 

n=29 

I 

n~11 

tin~ 

'U1EJ 

tin~ 

'U1EJ 

'U1EJ 

tin~ 

N 

17 

15 

9 

14 

29 

26 

Mean± SD 

11.8 ± 5.3 

11.0 ± 3.6 

11.9 ± 5.9 

11.6 ± 3.3 

11.3 ± 3.4 

11.8 ± 5.4 

--

Sick 

n=26 

LLa~ L~e.JUV'l(lf'l~mEJ'U Vi.Pl. 2559 ('VIPJ'1e.JU~11:.l Mann-Whitney U test) 

i·=·=·='ii Normal 
Em1 Sick 
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0 ' " ... .J 6.2.2.2 511'.UJ\JL'ilflaLlJ~Latl~LWH (1Jl1'H-1VI 5) 

'11'U'J'UL 'Ila~ diflL~elflLLfl-:J"IJ,rn~1m:: 1""fl111J LL\Jln~1-:inm::vrh~ L~el'U LL a:: 1""fl111JLL\Jl n~1 -:i 

., I I .J,J .. ., I "".'I .J ) n'U1::V111-:ina11vi n\Jlm.Jna11viu1EJ (m-wvi 13 
' ' 

6-

- 'i:' C: (I) 
:::s j::! 
0-4 (,,) e . 
G) u 
%~ ' 
o= ... G) 
.c: u 2-
~ "b w~ 

0 

... I 

Lfltl'l.l n~iJ 

,Jnw ., 
nm.nm.J 

'U11:.f 

,Jn~ 
'W')l'l~n1EJ'U 

'U1EJ 

'U11:.f ... 
'i11JLflel'U 

,Jn~ 

--

1111,111 
I 

Normal 

n=B 

N 

5 

5 

3 

7 

8 

12 

Mean± SD 

2.9 ± 1.5 

2.9 ± 0.4 

3.6 ± 2.3 

2.5 ± 0.9 

3.2 ± 1.7 

2.6 ± 7.3 

--

Sick 

n=12 

II 

1❖;❖:1 Normal 
Em! Sick 

cl O ~r:l ~ t 1 Is OJ U,J q,qv ~1 
/l1Vi'VI 13: 'iiJ1'U1'UL'1lamllflL'1el{;]LLfl-:J"iJeNL\Jl1n'i:: 'U'UelL'1E.1-:J UJ Lm::vi::a 'iiJ-:JVl1{;1 1::'iiJ1'UR'i"iJ'Ufi 'U 

' 
L~el'Ull'U!:.111:.f'U LLa:: L~el'UYl')l'l~mc.1u YI.I"!. 2559 (Vlfl'18'U~11:.f Student's t-test) 

0 ' ~ .. .J 
6.2.2.3 SJ1'Y1'.Yb"l/mm.1rit(')t1rt'llJJ (1Jl111-:ivi 6) 

'11'U1'UL'11'1'1L~flL~el{;l'll11iifl111JLLIJln~1-:J'i::Vl'h~L~el'U LLa::1li'W'Ufl111JLL\Jln~'N'rnVl11-:JL~1naii 
' .J,J .. ., , , "".'I 1 , .. ..i 

VI fWln'UL\Jl1n'11JVlu11:J 'ULLt,m::L{;le)'IJ (fl1YIVI 14 LLa:: 15) 
' 



"' t~el\.l 

., 
O'UE.11Ell.l 

VH)Pl~fl1El'IJ 

16 

--

0 I 

Normal-September 

n=S 

I nq11 

tin~ 

tl,EJ 

tin~ 

tl,EJ 

N 

5 

5 

3 

7 

--

Mean± SD 

6.5 ± 2.6 

8.6 ± 2.1 

3.1 ± 1.5 

2.8 ± 1.0 

ES! Normal-September 
IIIIII Sick-September 

Sick-September 

n=S 
,J O ~ ~ ,di I 1 I 3 Cl.I Q.I .. I .:::!-=:IQ.I ~ 1 

ll1'W'VI 14: 'iil1'U'J'Ub'ilm'Hl.J~Laelvi'll1'J'lle).,:JL{,}10i:: 'UUelL{IEJ.,:j ru Lfl1::'Vl:m ,MVl'J~u·rn'iil'JUfl1'lll.lfi 'U 
' 

L~el'Ufl'UE.11El'U V'I.Pl. 2559 ('Vl~l:1elU~'JEI Mann-Whitney U test) 

.... 't:' 
C C> 

15 

::::, -
0 = 10 o e 
G> .2 
>-.€ 
0 -
~ -a; 5 ::::, u 
G> (') 

..J ~ -
Normal-November 

n=3 
Sick-November 

n=7 

~ Normal-November 
l2ZI Sick-November 

ll1'W~ 15: i1'U'J'UL'llmhil~L~elVl'll1'J'lle).,:JLv11m:: 1 'UumiEJ~ ru tfl1::'Vl::a i._:iwr~'l.b::lil'JUR'i'll'Ufi 1 'U 
' 

L~el'UV'l']Pl~01EJ'U V'I.Pl. 2559 ('Vl~l:1eJU~'JE.I Student's t-test) 

15 



6.2.2.4 ~\11~1'\.Jb'll1;1~b~\11b~'el\1l'lJ11bb~1;1::;'lJ'U\11 

~n,..,ru::;~ru.J11'Ll'llB.:Jb'll1;1~b~111L~B111'lJ11~v-n.J1'LlnT~~n,..,1rl.:id (m~~ 16) ijtK.:id 

16 

1. b'll1;1~b~\11b~'el\11'll11~:w1vJ1'1l~ b'U'Llb'll1;1~b~\11b~'el\11'll11'll'Ll1\11b~fl h]ij specific granule ij 

'IJ~mru1'1lL!i1~1;11i:16tl:WUmJ 'U1bfl~t.Ji:lmri~m~'Ll~'ll\1lbb'\.J'U bd'eJEJ'el:W~1t.J~ Giemsa 'U'Jbfl~t.Ji:l~\11~:l.b.:ivhJ 

2. b'll'f!~b~\1lb~'el\1l'll111:w L'Lll'll~ b'U'Ub'll1;1~b~\1lb~'el\1l'll11~i'ir111:wbb 'U~~'\.J'lJ'e].:j'lJ'\.J1\1lbb1;1::;~'IJ~1.:i 'lJ'e].:j 
" 

b'll1;1~bb1;1::;'U'Jbfl~c.)i;l~.:j 1:i.Ji'i specific granule 'U1bfl~cJ'G'lmri~m~'Ll~'lJ\1lbb'\.J'LIUm.lfl11~:W 1 vJ1'1l~ bd'eJEJ'el:W 

~1t.J~ Giemsa 'U1 bfl~t.Ji:1~.:i~111~:i.J1.:i\l1.:in11~:w 1 vJ1'1l~ 

3 . b'll1;1~b~\11 b~'el\11'll11 Lm 'Vl'el h~1;1 b 'U'Ub'll1;1~ b~\11 b~'el\11'll11'll'Ll11111 Vlaj ii fusiform specific 

granule ~EJ'el:W~\11~m111 l'llL!il~i;11i:l6tl:WEJ'el:W~\11~m111 bb1;1::;i'iu1bfl~tJ?l'el~:zi111'lJ'el'Ub'lli;1~ 

4. b'll1;1~b~\11b~'el\11'll11~,fo~fo~1;1 b'U'Llb'll1;1~b~\11b~'el\11'll11'll'Ll11111Vlaj ii specific granule ~tH1.:i 

b tim1.:i fl'fl:Wzj.:J EJ'el:W~111~m111 'U1 bfl~t.J?l1?l 1:i.J~\11~ bb1;1::;i'ju1 bfl~ t.Ji:l'el~:zi\11'lJ'el'Ub'll1;1~ 
, " 

10pm 
n . "11. 

.J ., ., ' ., .,, I ( "' 'l •• 1'l ' 'l 'l 'l ' 'l fl1'W'VI 16: i;jfl'\,Jf;\J::;i;lru,i1'\.J'lJ'el.:Jb'll1;11;1b:W\1lbi;1'el\1l'lJ11'lJ'el.:Jbmm::; fl . i;1:Wb11 'lllil 'll . b:Wb'U 'lllil fl . b!:lb'Vl'elb~ ... 
~1;1 .:i. ffi'el~L'\..1~1;1) 

V V 

v(.:im.J111 4 'lJ'U\11 tK.:iu 

~\11~1'\.Jb'lJ'ft~b~\11b~'el\11'lJ11~:W L vJ1'1l~ (!i11~1.:J~ 7) 'll'el:Wi;1i'if111:W bblilfl~1.:Jf7'\.J1::;Vl'J1.:Jb~'el'U 1 'Ub~'el'U 
" 

n'Ut.J1t.J'Ll~'U11L~1mi:w~'\.Jn~i'i~111~1u~:w 1 Yi1'1l~i:1.:in11L~1n~:w~lJ1t.JB~1.:ii'i'l!mi1ri'ru (70.85 ± 5.66 
'I 'U 'I V 

.J .,, "' I I I .J. I "' .. ., I "' 'l .,11 ' 
bb1;1::; 63.95 ± 7.13; p<0.01, m~'Vl 17) bb1;1::;b\1)'eJ'\.J~~l'l\lfl1t.J'U~'U11blil1fl~:W'Vlufllil:Wi:l\11?l1'\.Ji;1:Wbn 'lllil 

i:l.:Jfl11b~1fl~:W~1J1t.J'el~1.:Ji'i'Um'f1rlru (77.89 ± 5.75 bb1;1::; 69.40 ± 9.19; p<0.05, m~~ 18) fl1~~b~1 " , ., 

n~mJ n~i'i~111~1'\.JL'll'fl~ L~111L~B111'lJ11~:w 1 "i'Jl'll~i:l.:i n11 L~1~'t'.h t.JB ~1.:ii'i'l!mi1ri'ru J.:i L~B'LI num t.J'LI LL1;1::; 
' " ., 



17 

L~8\JYHll'l~n1EJ\J '18~fl'18~11\Jn1'jPl m~n nti\JVl'U1~'W\J'l1 ~~ri1U'!J8~~h.J '( v(l f/J!Jlii fl111l LMu1-U ti~ f1\Jn11 

.::ii, SI e.l 4 ,_ •'' q I I .cil U ,3 -., ,d U ~ "' cf 

~mum.1t1~'Vl1~'J1l~l.JnUL1lt1Ln~mn1'ju1EJ LLa:::11r11a~a~t1m.:i11UEJ'11flqjL1lti'1mLn~fl111lLfl'jEJ~ 

(Arikan and Cicek, 2014, Davis et al., 2008) 

.,J )!I ..J ~ d ... ... T •• 1'1 ~ I 1 I 1/ ., ., 
Pi1'j1.:J'VI 7: '1~'11ULf/JaaL1l~Laa~'!l11a1JHW1l\,l'!Jt1.:iLIJl1m::: uumau.:i ru Lm:::'Vl:::'l '.il.:JV11~ 

'l.h:::,11u~%'u51UL~eltl11\JEJ1EJ\J LLa::: L~8tl'V'l'Ji'l~n1EJ\J 'W.131. 2559 
... ' N Mean± SD L~tl'U mp, 

tin~ 18 70.85 ± 5.66 ., 
nmnuu 

u1v 16 63.95 ± 7.13 

tin~ 10 77.89 ± 5.75 
'V'l'Ji'lijmvu 

'IJ1EJ 15 69.40 ± 9.19 

100 
** Ea Normal-September 

80· I I IIJIII Sick-September 
Cl) --
~ --
0 60· 
.c 
Q. 
E 40 >, 
-cl 
~ 20 

0 
Normal-September Sick-September 

n=18 n=16 

,Jw,11\J~~-uwf 1m~B\Jfi\JEJ1EJ\J 'V'l.1'1. 2559 ('V1~'1eJU~1EJ Student's t-test) 
I I cl.U OU I I .J U Q.J o OJ 

Vlmm VIIJl ** LLG'l~.:ir11111LL\,ln1Jl1.:ieim.:i11uva1r1qi·rnwn.:in'l1J'Vl'j:::~uum'l1r1qi p<0.0 1 



100 

Cl) 80 

~ 
0 60 
.c 
a. 
[ 40 

"if-
20 

* 

Normal-November Sick-November 

n=10 n=15 

~ Noonal-November 

1ZZJ Sick-November 

,J ~ I f' " .oj ""' "i.,11 f' I 1 I ,3 _, ., 
fl1V.'VI 18: '1~1'1TLW11mmJviLrlelVl'!l11rl11Ln 'lWl'!lel·U~nnw 'UUelLrlc.l~ ru Lm::'Vl::ri ,J~Vl1VI 

' 
'lh::,i1ufl~'n'W61'WL~el'WV'l(Ji'l~mc.1u V'l.i'l. 2559 ('Vlvi'1eJt11111c.1 Student's t-test) 

I I -==IU O-., f I .J Ill t.l O CV 

Vltl]t!Ll:WJ * LL'1Vl~fl1111LbWn!Pl1~elc.11~11'Uc.la1flqj1::Vl11'1n'l11'V11::vit1'UcJ'11flf;\j p<0.05 

avia1'Ub'11r!~\~viLilelvi'!l111111'W1'11~ (w111~~ 8) 'nel11rl 1l-ii'lfl1111bbWn~h-:inm:::vi11~b~el'U bLri::: 
" 

18 

Ldm!1-nell;Jrl~~ael~ L~el'Ul.111 Lf111:::\.1'h11 nu V'IU11Llll1 ntj11~tl n&Ji'la Vl'11'U 1111 'LI 1 '11~ J1 n11 Llll1ntj11~th cl 

mJ1-:iihl'mh·1i;y (4.14 ± 3.57 LLrl:: 5.78 ± 3.36; p<0.05, fl1V'I~ 19) ~~'1elV1f1'1el~nun11P1n'lflf1e)'lJ 

·wu1il~V'IU11 aw1btelc.lflrl1'Uv:::i'lavia1u 1111 'LI 1'11~L ~11~~~'ULdeJi'lm n11\J1c.lbb uuarnau Vl~eli'ln11&lvi 
JI 

L'IJel (Campbell, 2015) 

... I 

N Mean± SD b~el'U mp.1 

tln&l 18 3.90 ± 3.13 ., 
nuc.11c.1u 

u1c.1 16 6.14 ± 2.91 

tln&l 10 4.57 ± 4.41 
V'lf."ji'l~n1c.l'lJ 

u1cJ 15 5.40 ± 3.85 

tl1cJ 28 4.14 ± 3.57 .. 
1111 LViel'U 

tln&l 31 5.78 ± 3.36 



10 

8· 
CD 

i 6 
0 
C 
0 4· :E 

';I!. 
2 

0 

I 

--
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.J ., ,.J '~ 4 'j 'j' ~ ' I 1 I ,!/ ., ., •' ..,,.., ' 
.fl1W\'l 19: a~r1,'UL'!lmm.1~Lr1el~'ll11blh'UL'!lvl'llel•nv11m:: 'U'UelLrtEH ru Lm::vi::'1 ~.:iV11~u·rn~1'Ufl1'll'U6 

1uL~el'Ufl'Uc.nt.l'U LLa:: L~el'UVi()131~n1cJ'U Vi.131. 2559 (V1~'1elU~1c.1 Mann-Whitney U test) 

MlJ1EJL'VI~ * LLa~.:im1l.JLLvlnvh-m~1.:iii,.Ymh19qi1::V111.:in~u~1:wi'u,.Ym111~1qi p<0.05 

a(jla1m'!lm1Lii(j}L~el~'!l11Lm'Vlelt1Yla (t,1111.:i~ 9) 'UellJrii'.im1l.lLLvlnvh.:iti'm::V111.:iL~el'U LLa:: 

J.:iael.:i L~el'UViU11 Lvh n~u~,J n~iia(jlcl,mm Viel 11YlaJ1 n11 Lvhn~u~tl1 Ern ~1.:iil,.Y m, 119 qi (p<0. 05, 

.,I )t ... ., ( ) ... "' ( .fl1ViVl 20 LLa:: 21 'Vl.:JL(jlel'IJn'UcJ1c.l'U 23.91 ± 5.37 LLa:: 28.54 ± 7.55 LLrt::L~el'UVi()131~tl1c.l'I.J 16.28 
.J V., ~ I v.J l~I 'i':.':I"" 

± 5.27 LLa:: 24.35 ± 9 .11) '1!.:i'1el~fl"1el.:JnUtl11l"lfflf1nel'U'Vl'U1VIViU11 '1~'11'U'IJeNLm Viel b 1 nrll.Jfl11l.J 

LM c.11'LJel.:J fl\Jfl11l.J Lfl~ c.l~'llel.:Ja vl1 Lielc.lflr11'ULLrl::avl1U n t(jl c.lfl11l.JLfl~c.l(jl '.i1::vi11 ~« vl1 vlelU'1'U el.:J~1 cl n11 

ii.K(jlcl,mii~Lael~'IJ11Lm Viel 11Ylaa.:i~'U '.il1nn111.J1Lm Vlelt 1Ylr1'.i11n 1 'llm::~m -u1am::LL'1Lael(jl LLa::a(jl 
V V V 

n1'lU1Lm Viel 11Ylaeleln'.i11nm::LLaLael~ (Davis et al., 2008) 

• 
~111~v1 9: i;1~'11'1.JL'!laaLii~Lael(j}'IJ11Lm'Vlelt1Ylrt'llel.:JLvhm::1mJmiu~ ru Lm::vi::a ~.:J'Vl1(jl 

' 

.,. I 

N Mean± SO L~O'U n~l.l 

tJn~ 18 23.91 ± 5.37 ., 
nuc.11c.1u 

'U1c.l 16 28.54 ± 7.55 

'lln~ 10 16.28 ± 5.27 
Vi()131~tl1c.l'U 

tl1c.1 15 24.35 ± 9.11 
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111vrv1 20: a111a1m'llamlJ111Lae1111'll11LHWm ~ivla'll,NLvnm::: uumav~ ru Lm:::vi:::'l "~mi;i 

'lh:::'1,Uft~'ll'Wfi L'WL~el'Wf1'1..1£J1£J'U VI.fl!. 2559 (vi111ae1u~1t.1 Student's t-test) 
I t q U O Q.J I I .J U U ,.9 llJ' 

Vll,11EJLVI~ * LL'1"1~fl11lJLLWnv11~eJ£.11~lJ'U£.1'11fltyWVl'l1~n'llJVli":::"1tJ'W£.la1flty p<0.05 
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* 
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Normal-November 

n=10 
Sick-November 

n=15 

c::J Normal-November 
l2ZI Sick-November 

~ Cl.II ~~4 4i'~I I 1'3 Q.lfl.l 

ll1W'VI 21: a111a1uL'llaaLlJ111Laa111'll11LHL'Vlel~ 1na'lleJ~Lv11m::: uumav~ ru Lm:::'Vl:::'l '1~'\111111 

th:::'1,Uft~-U'Wfi 1 'WL~el'WV'l()fll~mvu V'l.1'1. 2559 (V1111aau~1t.1 Student's t-test) 

20 



.,I ,!fl "-'"' ~~'j:et I~ I~ ., U 
fl111'3'VI 10: '1Vl'11UL61JflflL).JflLfl8\11'!1118~8m\Jnfl'!IB,m,nm:::~\J\J8LflEJ,:j W Lm:::vitq ,l,:j\111\11 

th:::,11um-nut51tJL~8\Jf1\JEJ1EJ\J ua::: L~8\Jfl')Pl~n1El\J 'W.PI. 2559 

-:E 

2.S 

2.0 

g- 1.S 
C 
'cii .fl 1.0 
';I?. 

o.s 

... 
Lfl8U 

., 
nuEJ1EJu 

'W')Pl~n1tl'U 

... 
11l.JL\118'U 

Normal 

n=28 

• N nqu 

tin~ 18 

tl1EJ 16 

tin~ 10 

tl1t1 15 

'U1EJ 28 

tin~ 31 

Mean± SD 

1.33 ± 0.93 

1.37 ± 1.17 

1.26 ± 0.56 

0.85 ± 0.76 

1.31 ± 0.81 

1.12 ± 1.01 

Sick 

n=31 

i•:•:•:-:1 Normal 
m:I Sick 
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.,I ., I ' " ... ~ ~'i' :;':I I 1 I .f .., ., • I .... ., ' 
.fl1'Vi'Vl 22: G'lflG'l1'UL61JaaLl.lflLaBfl'!l11eHBm 'I.Jy,a'!Ja.:iLmm::: uumaEJ.:i w Lm:::vt:::a ,1,:iv,1vi u1:::,11ufl1'll'Uo , 

1m~eiunmnm.J LLa::: L~eJ'UWCjl"l~mm.J 'W.l"I. 2559 ('Vlfl'1BU~1EJ Mann-Whitney u. test) 

6.2.2.5 eJ(,)11?!1'ULeJL 'Viel 11rla~eifa.11 Vil'lfw (H:L ratio, \,'1111.:i~ 11) 

,11n'UeJ).Jan11Pin'l!l-1rieiuv,u1ilwu-h·h H:L ratio ill'l11).!Lfim-uei.:inufl11mfl~EJVI Vl~elWvl\J 
'IJ 

e1eiftuuna 11-11-1e11~1'1BEJVl1 U'1\,'11Lieit11-1a1mta:::G1\,'11un LflEJ6"(,)1~iim1"Lfl~EJvi,1:::ih·h H: L ratio a.:i~u 
'IJ 'IJ 

(Davis et al., 2008) v1.:ii!un11Pin'l!l-1il~.:ivi,111ru1rh H:L ratio ~1t1 LLa:::,11n~an11Pin'l!l-1wu11rh H:L 

ratio iim1lJLLVlf1~1.:i1:::Vl'h.:JL~el'U LLa:::i.:iaei.:iL~el'U'W\J11L~1nal.l~tln~iirh H:L ratio J1n11L~1nalJ~ , , 

'\J1tlel~1.:Jiiumh~cy (p<0.05, mw~ 23 LLa::: 24) i.:i1uL~el'IJfl'UEJ1EJ'U (0.34 ± 0.10 LLa::: 0.46 ± 

0.17) LLa:::L~m.JWCjl'l~n1EJ'U (0.21 ± 0.08 LLa::: 0.37 ± 0.20) ~.:im,i1i~1 H:L ratio 1un11tl1:::Liiu~'ll 

m1::: LLa:::L~11d'.:i 111'11m~1m::: 1~L-iiunu 
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fl1"i1~~ 11: l'l1 H:L ratio 'i.18•U~hm::1-uumlEJ.:i w Ln1::Vl::q ,i'~,.,,-r~nJ-s::'11\Jm'IJ'UG 1'UL~el'Ufl'UEl1El'U 

LL~:: L~81JV'1']1'1~n1El'U V'l.1'1. 2559 
... I 

N Mean± SD L~il\.l nqi.i 

tlnw 18 0.34 ± 0.10 ., 
numEJu 

U1EI 16 0.46 ± 0.17 

tlnw 10 0.21 ± 0.08 
V'l'Jl'l~ n1 El'U 

U1EI 15 0.37 ± 0.20 

0.8· 
* E5! Normal-September 

I I IIIID Sick-September 
0.6· --

0 
:.:. 
f 0.4- --
~ 
:c 

0.2-

0.0 
Normal-September Sick-September 

n=18 n=16 

.n1v.~ 23: fi1 H:L ratio 'i.la.u~hm::1utlmlm1 w Lm::'Vl::'1 ,i'.:iV111iltl1::"'11'\J~'IJ1.Ji'i 1'UL~hrunumEJ1.J 

V'l.1'1. 2559 ('Vllil'18'\J~1EI Student's t-test) 

Vll,11EJLVI~ * LL'11il.:Jf111lJLL~n~1.:iav1.:iih!mh~'qi1::whm~ll~1::~uumh~qi p<0.05 

0.8 

0.6 
0 
:.:. 
f 0.4 
..J 

:c 
0.2 

Normal-November 

n=10 

* 

. ... 

Sick-November 

n=15 

~ Normal-November 
IZZI Sick-November 

,:t I • I 1 I q fl.I U 6 1 ..,,._..,,..., '1 .,i 

.fl1V'l'VI 24: fl1 H:L ratio 'i.18.:JL~nm:: 1.J'Um~t1.:i w Lm::'Vl::'1 "'1.:J'Vl11ilu1::"'11'\Jm'i.l1.J6 'UL!il81.J 

V'l91'1~n1tl'I.J Vi.1'1. 2559 ('Vllil'1BU~1tl Student's t-test) 
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6.2.3 ".i::iue:ra-fb.1uAai~lfti1Ltlla l ".i\J'tl8.:JLtihn".i:: (tll1".i1.:J~ 12) 

'11nm".iPim~nflf.:idV'I\J11".i::~u~rni1lJ'Ufl8'j~Lfl'1LtJl8L".i'UUfl11l.lLLIJlmh.:in'U".i::Vl11.:JL~8'U 1~uii 

fl18Ul 'U'U'N 3-43 'U11 'Un'ilJ~eJih,~~tJl",j 1~um 'UL~8'Uf1'Ut.11U'U hlV'I\Jfl11l.l LLIJl0~1{1".i::Vl11.:JL~1ncllJ~ 
'II , 

ti 
._ I .J.of .,j ) 1 .di q I I 

ntJILLa::nqlJVlu1U (21.71 ± 8.20 LLa:: 23.82 ± 10.50; fl1V'IVI 25 LLa:: 'UL~8'UV'IGPl'1n1U1.J V'I\J11L\111 

ncllJ~tln~ih::~\JH8Til.l'Ufle)'j~Lfl'1LtJl8L1'U~1n11ncllJ~tl1uatl1.:iiiirmt1i~rn, (9 .64 ± 4.18 LLa:: 21.87 , , -~ 
± 10.23; p<0.01, mV'I~ 26) ~.:JLLtJ1n~h.:i'11m::~uHai1lJ'Uflt11~1fl'1LtJ18L1'U'IJt1.:JL~1m::1'Um".iPin'l!f1 

'll8.:J Jessop et al. L'UU 2003 ~1Jl".i1'1"18\J~1U radioimmunoassay ~.:inu11iifl1t1~"lmh.:i 0-14 'U1 

L'Un'ilJ~eJila~~m (Jessop et al., 2003) el1'1Lf1~'11nL~1~P1n'l!f1iim~LLIJI0~1.:Jf1'U LLa::ii 
II .,J I ._, JJ 

amV'I LL 1i;iaal.lV1 LLIJl nm.:i n'Um u 

m".i1.:ivl 12: ".i::~UH8TilJ'Ufla1~1flmtJ1t1 hu'llt1.:JL~1m::1 'Uumiu.:i ru Lm::vi::q i.:ivi1i;itl".i::'1,UR~-u'uti 

1uL~a'Unuu1uu LLa:: L&fouwq111~n1uu V'l.f'I. 2559 
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• N mu.1 • 
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U1U 15 
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Mean± SD 

21.71 ± 8.20 

23.82 ± 10.50 

9.64 ± 4.18 

21.87 ± 10.23 

ml Normal-September 

IIICII Sick-September 

Sick-September 

n=16 

fl1Wvi 25: ".i::~\JHelTil.l'Uf18'j~Lfl?ILIJlelL".i'U'lle:ML~1m::1uumiu.:i ru Lm::vi::q '.ij{IVl')~tl".i::lil1\JR~'U'U6 

L'UL~8'Ul1'UU1U'U V'l.f'I. 2559 (VJ~G'lel\J~'JU Student's t-test) 
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6.2.4 a'Vli11~utf1:::\1111.:Jfl111Jtfl'ia~u~:::ri1'Vl1.:J l~i1~1\/la1 (~111.:J~ 13) 

Lda~11,i?1auG1V1a:wiwh:::vr11-:i-s:::~rnrnfb.1uf1a1~tfl?iL~at1uLLa:::f•hvn-:ifai;~1'VlcJ1v1'1.~,i1n 

n11~mi1 hlwu?ivia:wiwh:::V111-:ifi1~-rncl11 ~,:je)1,)~e),:jlJfl11~n~1L~:WL~:WL~mnfi1~'lJ 1 m1mu 

n11th:::Li)tJfl11:WLfl~EJ~'lJ8.:JL~1m::: LL 'Vl'Ul'i1'Vl1.:J fai;~1'Vltl1vfl m 'Ufl11~n~1fl?-:id 
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!llA, ..J 
C! c,JI ,:,. ...) 

E u, 
:SL ..... .... ::, 
~ ...) 

ce 
~ !),\ 
ee ~ 

.!l) 
~e 

~e ~, 
~ ~ 
~c c:/1, 

o.11 
c!.. ee 
o.11 ~ 
ee ..)_ 

parameter . Erythrocyte I Leukocyte I I I . I . . I . ICorticosterone Hematocntl %Lymphocyte %Monocyte %Heteroph1I %Eosinoph1I H:LratI0 
1 1 count count eve 

,, 

r=0.783 I r=0.246 r=-0.223 r=0.106 r=0.211 r=-0.060 r=0.213 r=0.033 
Hematocrit I I 

p=0.000 p=0.324 p=0.101 p=0.441 p=0.121 p=0.664 p=0.119 p=0.811 

I r=o.3ss r=-0.291 r=0.202 r=0.441 r=-0.143 r=0.368 r=-0.186 
Erythrocyte count 111111111111 

p=0.122 p=0.214 p=0.394 p=0.051 p=0.548 p=0.110 p=0.432 

r=-0.527 r=0.407 r=0.514 r=0.057 r=0.518 r=0.008 
Leukocyte count 11t•!lllllll\lllllll!IIIII . I p=0.017 p=0.075 p=0.020 p=0.811 p=0.019 p=0.973 

I r=-o.236 r=-0.907 r=-0.100 r=-0.928 r=-0.253 
%Lymphocyte 111111111111111111111--~, . 

p=0.000 p=0.452 p=0.000 p=0.053 p=0.072 

~ ...) 
,:,. ..) 
o.11 c= cc 

~i ::s>c c= c:!c ~ ~ C?) c:11, 
~ E° ~ 

SA ~ 
~ C?) C?) 

~ c,JI, 

~c ~ 
~ C? !),\ ...) .,.. 

C? :s 
~ 
~ 

~ o.11 
~ ce ::: 

r=-0.137 r=-0.209 r=-0.053 r=0.062 
%Monocyte 1•11111111H11il--lllUIIBIIIIIIII . 

p=0.302 p=0.112 p=0.688 p=0.639 
SA !l) 

ee 
C?) ~-
~ ...) 

r=0.068 r=0.987 r=0.235 
%Heterophil 

•111111111111 __ , _________ . 
p=0.607 p=0.000 p=0.073 

r=0.049 r=0.010 
%Eosinophil lllllllllmlll . 

p=0.714 p=0.940 
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~ c=_ 
C?) N 

u, 



26 

81fl1'i~vitln~~Vl'U 1m~h~tl1t11 tm11?ln,;1d ih11L'1,WILLU1n~h.:inu\ tl L -du LLf.l'1eJmauuu~1'VIU.:J • 
~ .J q ..J II U U &I .,._ ~ .qq ~ 

'V11.:J'IJ1v1 LLmmf.laanV1ui1 l.Jfl111JLnt11'llt1.:inum1nv1nu ua::uiviL "!leJLL 'UflVIL 1mLm1Jauu1.:i'lluv1 LLf.la'Vlql.J 
.J d .. .._ ,,f .. .. I u .J II u al ;;\ iJd II 

V1m::vit1.:i nm'1l.Jn1'iUJli'IL"!lmLufl'VIL'itl LLa::m1::vi11111lrnmau t11'1mt11•1.m.:inun11V1uu1"ui L uuiu 

i.:ii!u ~.:if111i1m1~ni;1L~l.JL~1JLv1t1~1Lmm~h~t11e.1mmYni;ru::mm1L~t1'Vl1f'l1vi1.:ilai;ui1vit111um1 

ti 
I ,q.J tJA 

6.3.1 'i::'ti1mtgi1n1::LWf1LlJtlVlel1f1tl\J'iL'U\.!tn1::V1::i! 

'11nit11Ja'llt1.:iLm::V1::a 1mfaau~~aeJ{'Vl (m11.:i~ 1) Vi'UL~1m::L Vil1!Lifo:ffuvi1-f.:i11.:i 1 ·focl1.:i 
'U • 

I .,J 'i 'i 1 'I I ::'I .. I I _,j,J' 'I I .. I ""• I I 

~mUeJ.:ll.J1~vltlUl'1tlvl ~Viti uq~n1'i11.:l~'IJ u Vi.I'!. 2555 llLLl.JLU11'Vl'IJ\Jl.J111.:J~'IJ fie) LLlJl'l'iu'i::'11'U LLl.J 

SJ I ,:f I ,i:::t ..J I IIJ '1 I O V ( O U ) 1 
'LlnLLn'l bLlJLVl'itl.:I LLa:: LLl.Jf'l'i'U1.:Ja::vnu "il.:!LL~'1::m11.:i~'IJ'111.J11.J 6, 4, 4 mi:: 3 'i.:J Ul1l.Ja1vl'U uq~ 

m111.:i1-li tJ Vi.I'!. 2557 V1un.:i1mn1::V1::~1m1LLau~~at1fof11v111\-li 6 1'.:i '11n 7 1'.:i~G'i111'1V1'U Ltlu1-li 

.J 'i I I .. ., .. .. I ... I 1 'I I ::'1 .J • ., 
'Vl11.:J ~VltlLLl.JLUl1L Vlcl.:1~1Lli'lcl1 fie) LLl.Jf'l'iu'i::'11'U LLa:: uq~fl1'i11.:! ~'ii u Vi.I'!. 2558 "il.:JV'l'Ufl1'i'Vl1'i.:I 

11.:i1'1ii1.:i 26 ½'.:i L~t111i1m.lL~h~:ffu1J111.:i1'1i fit1 m.if'!~tlw'11'U m.if'!~ac111J um: LLlll'l~iu'Vl{ ~.:1'11n 

ie11Ja1u'!l1.:i 3 flli'ln1'i11.:i1'1ii1 LLavi.:i1i1Lv1u11iJLLl.iL~1e1cl1.:iut1c1 6 i1 ~ml'!t1eJclu~L1rud LLa:: 1-&'Lm:: 
~ vi~ '\I 

iJ
d .J'.Jou 'I' 

'Vl::m 'U'V'lU'Vl'Vl1'i.:111.:i ~ 'll • 
'11n-ii'eJl.JaLLG'IVl.:!1l1Lv1'U11L~1 1 i1 a11J11m1.:i1'1l1~i1.:i 6 ½'.:i 1uLL~a::flvln1'i11.:!1'1i LLvleJcl1.:ihn 

'U ·1.., 

~ L ~eJ.:1'11 n~uuvi n 11l 1~Vlu ~1 LLilLv11VJn flf .:i~.:i eJT;ii1-if e1~viVimvi 1 un11uuvin ~.:it.i1'1:: '1it1.:iP1 mrn ~ll L~11 

~1cJL'Vlfltifl'Vl1.:!:U11V1t11 LllLana (mitochondrial DNA) L~eJUJ'i1'1at1u~1u1ULLl.iLv11~.ff u11.:i1-u~eJ 1tl , 

. 
6.3 .2 \h::'ti1n'iL~1n'5::L Vi fla°Vi tl1~ tl'U'iL 1WLn1::V1::a 

'U ' 

Lv11md'm '1'iUJ'W'Ll6 ilm'ieJVicJVI 1 Ull1'i::'V111.:JLL 'V1'1.:itl1'1tn'iLLa::~u~au-wul 1vimv11 L Vil1!~'1:: 1l.l u , , '\I 

i1n11.ffu111uuvi1v1'Vl'i1cJL'VlifouLvJ1LVif'1Li1t1 (Mortimer and Donnelly, 2008) vi11"Hm1P1n,;1 

'th::'ll1n'iLvl1L Vi1'1~vi11~ReJ'Ui1.:itnn eJV1.:J 11n~'11fflh1n!Jn1'iWl 1.J6'i'ill'll1~~Lvl1L VII'! Li'fovta1fl'lltili'I 

a11111mrn11-wu~nrn 'V'll'10i111nn11 1 i1 vi11"H~m~11 mLv1a::½'.:iLnvi'11nn11tlljau6'ileJ.:i 1 'li'11rn Yll'1Li1c1 

1 \911 fl'UeJ~~'ileJ.:ILVif'l~ll1nn11 1 ~1 (multiple paternity; Pearse and Avise, 2001) ~.:JL~eJ11n1'i~ 

L~1'Vl:: Laa 11111m1.:i 1 'IJ 1i~1'Ll1'Ull1 n 1 u LL~a ::½'.:i t.i1'1:: LOV1'11n n1'iLfl'U'1::G'llJ BG1~'11 n n1'if.l G'lll'W'U6'\lla1 cl , , 

flf .:i (Lee and Hays, 2004) 1'1ru::eJiic1~.:i11.:1LLf.l'Ll~'1~~vi~11J~'i1'1G'leJ'Ufl11:: multiple paternity 

~1m'Vll'ltil'l'Vl1.:!:U11'Vlt11L1JLana (microsatellite DNA) 1uLv11m::u'iL1ruLn1::V1::a 1vic11-ifi1e1cl1.:1Lv11 . , . 
m::m~ 1-2 tJ vtl-if P1n,;1~'ilm1::LLa::n11L~~t\JL~u1ui1u'!l1.:iL~m.JV1qf'l~mc1u-trm11'11J Vi.1'1. 2557 ~.:i 

Vi'U11L iJuLv11ffi~'11n 1-lii'.:iL~t11nu ~1mu 69 ~1 L ~eJ~'i1'1'1eJu11i1Lv11L Vif'l~eJ cl1.:i-ue1e.1M~1~f.l'11J'W'U6 
'U , 

fl'ULvl1L Vif'1Li1cJ~11.:J 1 'll½'.:id 
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6.3 .3 m':iRn'li1flu1u111wth::1J1n-n~1m::~-rnL 'Vlflilfl;J11'VI v1 liua~a 

fl1';j~ff\~1'1{11'\Ul1'V'l'lh:::'ll1n':iL~hm::: '11l.11':i{lVl';i1"'1B'lJL~EJn1':i'U1LaB~~m~hm:::l.J1'1f1~ 

DNA LLr1:::vi':i1"aouvt1'11':iw'Uqm'll.l'llB.:J"WmLr1:::mJ~1m 'Vlfl'Ufl'Vl1.:i-il11V1EJ11mr111r1 L~EJ 1 'll primer ~il 

fl11:l.1'11L'V'l1:::L"1:::".:i~o gene 1'UL~1L'V'IPl~LLr1:::L'V'IPILi1EJ 

Mitochondrial DNA Nuclear DNA 

Mitochondrial Primer Microsatellite Primer 

V1':i1"aouw'Ufifffil.lL'V'IP!~ L~EJ~"1nm1a.1 
i 1J '\I 

LLvin~1.:i'llo.:ia1':iw'U6n':i':iaJ'lJ'UG11EJ DNA 
' 

Ldoi11~1ocl1.:iLao~~m~1m:::man~ DNA LLa11.hhJL-ihm:::u1'Un1':i polymerase chain 

reaction (PCR) L~EJ1'U primer ~i1fl11l.1~1L'V'l1:::L"1:::".:inu~1ocl1.:i LLa1~.:i,h PCR Product vtl~hl 

vt':i1'1G'IBUVl1 DNA 1u-ih.:i'll'U1~'llo.:i primer (bp) ~~o.:im':i U'U 1 % agarose gel LLr1:::V11nV1':i1"aou 

'V'l'lJ DNA 1mh.:i~~B.:Jn1':iLLa1~.:iLVl~EJaJ~1ocl1.:iil1a.:i1Lfl''.i1:::'H~rl (sequence analysis) L~BVl1'11':i 

wu~m1ii riouv111"aou~r1 sequencing ~1EJ 1 i.hLLma.i MEGA6 LLr1:::il1l.l11Lfl':i1:::'H~rl~B 1 ti 

6.3.3.1 31501:mo~ DNA 

L~BVl116'1f1~ DNA 1m~flU.lfl1'V'l'11n~1e>v1.:ioonii1~~?1~ ~.:ivi1n11'Vl~?IB'lJ1fin1':i?lfl~ DNA 
' ' 

J.:ivta.i~ 316~1EJfl'U (ArchivePure DNA Tissue Kit; SPRIME,.2007) 1~LLri 

1) Lt1U~1ocl1.:i 1'Uil1fl?l'U1l.lf1B'U'U1l.11LL'ULL ~,:i 1 'U~B.:JU~'lJ°1in1':iml.ltl1n~ LLri::: 1 'U cell lysis 

buffer L 'U'UG'l1':i'll1EJclBEJ?lr11EJ~1Bcl1.:iL~B~LLrl:::?1n~L 'U'U DNA BBnl.11 
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2) Hf Proteinase K+PBS (Phosphate Buffer Saline) 1G1i;1-:J1ti\911€J81-:Jb~€JVl~'V11fl1jP!fl'l~n1t1 

Jl1flt'l'Ll1lJ f1€J'Ll'W1il1 b -u1rj m~'U1'Llfl1jt'j nvi DNA 1 t1Vl€J-:JUDU&i fl1j(,1€Jh.l 

3) b!l'U\911mh-:i 1umfl?lt!1lJf1€Jt!'W1mbb 'l1bb ~-:i 1 t1viB-:itlnu&\rnjv'l1lJ'Ujn&\ bblK1 Hf Proteinase 

K+PBS 1i:1i;1-:J1 t!\911eJ81-:Jb~e)Vl~bf1'UlJTil1n.ll1flt'l'Ll1lJbbi;1~b"U1i:1m~'U1t!fl1j?lflVl DNA (,le) 1tl 
" 

bd€Jv1jT'iJt1€Jrn,mmj?l/lvi DNA Jf-:i 3 bb'U'U '\l'l'U11fl1j1-U cell lysis buffer t'lliJ1j'1'l11tJt'lnvi 

DNA "il1n\911Bci1-:ib~Bvi 1~(;.J1;1~~~vi lvitJv'lj1"iJt'IB'U"il1nmjtJj1nnbb'1'Ub~B-:Jbbt'l-:J61.1€J-:J?l1j'Wt1~mjlJ~ 

bnvitu (DNA band) 'U'Ll agarose gel (#1-:im'V'I~ 27) 

fl1'V'l,vi 27: bb'1'Ub~eNbb?l-:J61.leN?l1j'Wt!6njjlJ (DNA band) ~Lnvitti"il1nfnj'VlVl?l€J'Ufl1j?lflVl DNA Jf-:i 3 
' 

15 (CD Hf cell lysis buffer; 0 Hf Proteinase K+PBS 1~\911€Jci1-:i1t!mr1?lt11lJ; @1i Proteinase 

K+PBS 1~~1€)~1-:J~bll'U 1-n t!Vl€J-:J'UDU~fl1j) 

6.3.3.2 fnjAfl'\:11 mitochondrial DNA 

f11jAmn Mitochondrial DNA b~eJv'ljl"iJ?lB'UVl1?l1j'W'Ll6mjm'\l'IALiltJ "il~~B-:Jb~Bn1i 
' 

mitochondrial primer ~ilfl11lJ'<il1b'\1'11~b"il1~"iJ-:J(,1€J~1B81-:J'U~b1ruM1bbVl'U-:J control region b~B 1vi 

?l1lJT'~mbt..1n?l7jl~t!finjjlJ~ilfl11lJbbv'ln~1-:i 1 'Llj~#J'U individual e:rnn"il1nnt1 Hi' 1 'Un1jAn'\'.JTdb~€Jn Hf 
' 

mitochondrial primer '<il7'U1'Ll 2 fl 1~Llf1 TCRS 1fo TCR6 (Norman et al., 1994) Lt,m.:: L TCM2 fl'U 
. " 

HDCM2 (Encalada et al., 1996) #i'-:ibb?lli1-:Jj1tJ1;l~b0tJ\9lL'W•11j1-:J~ 14 . 



vi1-a1-:i~ 14: a1~'UL\JaLLa~'llU1~'llcl-3 mitochondrial primer vf'lmum1Pln1!}1L~1m~~Lfl1~'\ll~~ 

i.:iV11v1tJ1~,J1Um'UU6 

Primers Primer sequences (5' ~ 3') Size range (bp) 

TCR5 F TTGTACATCTACTTATTTACCAC 400 

TCR6 R GTAGGTAGMGTAAAAGTAGGGTATGGC 400 

LTCM2 CGGTCCCCAAAACCGGMTCCTAT 510 

HDCM2 GCMGTAAAACTACCGTATGCCAGGTTA 510 

29 

,i1nm1'Vl~'1t1UV11 mitochondrial primer ~i1m1l.JL'Vll.J1~'1l.J~t1m1ti11.nl'Unuii'1c1~1-1 DNA 

'llt1'1b~1m~ b~El'1'1Ln~Lbfl'UL~c1'1LL'1'1'llcl-3"1!1T~,u~m1l.J (DNA band) ~Ln~~U\JU agarose gel Yl'U11 ti 
'llcl-1 LTCM2 nu HDCM2 i1m1U11n!) band 'llcl-1 DNA Ln~~u ~-1\11 primer 'llil~i1l.J11-nvna11 

'W'Ufinl1l.JL Ylf'ILlJEJfl'UL~cl~L~1n'Wnal.Jt11EJ 1-2 tJ '11U1U 88 ~1 LLa~L~1m~nal.J~iJmm1tJ1m.fsc1 , , , , 

el~thn~ '11U1'U 6 ~111l.J~-1iu 94 ~1 ~-1'11l.J11riti1mV11 PCR Product 1~~-1iu'11U1u 61 ~1 

LLmn1'1LU!-J'U~,J~'1'1il''Jcl~1'11tlvna1~'lJL'lJ"11L,vlt1'Vl11-111l.J'V1"1nVm1El'Vl1'1'W'Ufin11l.J'llt1'1 mitochondrial 
' 

ONA 'lleML~1m~n~l.JiJ1c1~1'1LV1a1i1~c1\tJ 

6.3.3.3 011Pim:1:1 nuclear DNA 

m1Plm:n Nuclear DNA L'rlc1~11,i'1c1'UV11"1!11i'Ufim1l.JLYlf'lc! ,i~~t1.:iL~c1nW microsatellite 
' " 

primer ~i1m1l.Ji1LVl1~L,!1~'1'1~cJa1~'UL'UG'l'lJ'U"1!1EJ DNA b~EJ~11'1'1cl'U'11nm1tl11nn'llc1.:JL'U"11~.J1n'U 

Ln~~'U 1'Um1Plmnif1~L~c1n1-u microsatellite primer i11..11u 10 d (Fitzsimmons et al., 1995; 

Miro-herrans et al., 2008; Zolgharnein et al, 2011) ~'1LL"11v1.:i11EJa~L~EJv11um11.:i~ 15 
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A1'i1"~ 15: "1~\JL\J'1 an~rutL~'IJ'llt1.:JL\J'1~.ff1t1'1JLLat'l.l'IJ1~'l.la~ microsatellite primer ~1'1J1'1J 10 

fl vi'lmunT~Pln~,L~1mt ~Lmtvtta i.:t'V11~\ht'11\Jm'U'IJ6 
" ' 

Primer sequences (5'~ 3') 
Repeat Size range 

Locus 
Motif (bp) 

F:GCCTGCAGTACACTCGGTATTTAT 
1. Cm 58 (CA)i3 124-142 

R:TCAATGAAAGTGACAGGATGTACC 

F:CTATAAGGAGAAAGCGTTAAGACA 
2. Cm72 (CA)33 231-243 

R:CCAAATTAGGATTACACAGCCAAC 

F:TGTTTTGACATTAGTCCAGGATTG 
3. Cm84 

R:ATTGTTATAGCCTATTGTTCAGGA 
(CA)1s 314-350 

F:TCTTTAACGTATCTCCTGTAGCTC 
4. Cc117 (CA)17 212-245 

R:CAGTAGTGTCAGTTCATTGTTTCA 

F:ATATGATTAGGCAAGGCTCTCAAC 
5. Ei8 (CA)19 194-222 

R:AATCTTGAGATTGGCTTAGAAATC 

F:CACGACGTTGTAAAACGACTCCI I I II ICAGATACATTTA 
6. Eim8 (GA)13 250-268 

R:CACTGCATGCATATTGA 

F:CACGACGTTGTAAAACGACGGCGGGTGTCAATATGAT 
7. Eim9 (CA)u 257-293 

R:CTGTAGAGGATCGGAGTTGTT 

F:CACGACGTTGTAAAACGACTGGGAGGGTCAATGGT 
8. Eim17 (GT)17 266-292 

R:CCTCCTTACAATGATACATGG 

F:ATCTGACTTGGGTGTGCATAC 
9. Eim31 (GT)17 314-342 

R:CACGACGTTGTAAAACGACATCAGCTCCAGGTGTCCTAA 

F:CACGACGTTGTAAAACGACGAAGTCCTTGGCATGCTT 
10. Eim41 (TG)9 335-355 

R:TCCTCAGCGTTGTAGTAGTCC 

1mdB.:i~u1111ih microsatellite primer -X.:i 10 ~ 11Tv1~aaunuLilm~a'l.la.:t'll1m~1m~'-il1n 

j1'U'VIVH~m1~'M'U ~1uam'l11a11 B1Lflai~'M'U ~-:m1~'llm.~~ L~BVl1 primer ~i1R11lJL'VllJ1~'1ll~B 

m1Pln~1a11W\Jim11l.JL'Vll"lm'UL~1nw 1~t1'lh1~1LR11~v1Nrt PCR Product ll\J'U~~VI t1vth.11a (lvw 
• \J \I '\J 

~) o cu d o .., ..J1v ~ ~ T o d ~ ..., 
LLft'U~ '11n~ LlJtl'U1'111'Vl'U6n'i1lJVI ~lJ11LR11~'VINa t~tl~11'1'1BU'11n'11'U1'UL\J'1Vl'll1n'U'IJ8.:J 

' 
reference microsatellite primer 'VlU11i11i11'U1'U primer -X~'VllJ~ 7 'll'U~~a1m1C1'U1lJ11LR11~v1'111 

W'U6n'i1lJL 'Vlf'lm~ 1~LLri Cm84 Cc 117 Ei8 Eim8 (m'Vl~ 28) Eim-17 Eim31 LLa~ Eim41 LLrt~i1 
' " 

primer 1 'll'U~ RB Eim9 vfhJ'11m1mL'1~.:J'111W'Uqm1lJBBnlJ11111 vh 1 ml.Ja1m1tl'U1lJ11LR'l1~v1Na 

~e11i.J1~ uan'11nd primer Bn 2 'll'U~ RB Cm58 LLa~ Cm72 ~11'-il'Vl\Jlil1'U1'ULU'1~.ff1nu1l.Jm~nu 

'UellJrt'l.lB~ reference LLa~rha.:teltlL'U1~'Vl11~n11Rn~1L~:UL~lJ (~111~~ 16) 
" " 
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Q..14QJ.c:I CV CV .c:I 

'VlV'IL ':ie)Givt'Vl'IJ ~~'Vl1vl"lfG'l'IJ';i 
' 

Locus Repeat Motif (reference) Repeat Motif (experiment) Size range (bp) 

1. Cm 58 (CA)13 (GT)9 ~50 

2. Cm72 (CAh3 (GT)9 ~140 

3. Cm84 (CA)15 (CA)20 ~90 

4. Cc117 (CA)17 (CA)6 ~180 

5. Ei8 (CA)19 (CA)16 ~180 

6. Eim8 (GA)13 (GA)12 ~190 

7. Eim9 (CA)11 N/A N/A 

8. Eim17 (GT)17 (GT)16 ~180 

9. Eim31 (GT)17 (GT)19 ~210 

10. Eim41 (TG)9 (TG)12 ~270 

10 20 30 40 50 60 
T G T T T C T A T T CA G A G A G >. G A G A G /. G <. G 4 G < G A G <. G • > G < G < A AT < T T T T G T T C T T G G T T G >. 

fl1'W.vf 28: vl1B~1~~fl't~ru~b'IJ61~"111nu~'lh1fl!)'U'U'11tl DNA "lfB~Lilm~B61l1flL~hm~~1~-ru~1flji1'W 

'Vl'WL~mlvt~'IJ ~~'Vl1vl"lfff4~ Ld01Lfl11~v,~1t1 microsatellite primer "lf'Uvl Eim8 

'UBf7~1flil 1~vt1nT'rnvlG'IB~b~:l.JL~h.Jn'UL~lelvlL~hm~mh.JB1tl 1-2 u ~18 primer ..S1u1u 3 , , 

"lf'Uvl f10 Eim9 Eiml 7 LLG'l~ Eim41 Ldm11~~vi1mh~ PCR Product nu'U~W'Vl LLtFll~fl 1"1lLB'W6/J '11nvl 

LLG'l~'Ll1r-JG'lffi~m1Lf\':i1~'\,1 'W'U11 Eim41 (m'W~ 29) '11:l.J1':ifl'Ll1:l.J11-u''Vl16'111'W'Uum1mvi1L 'Wflm~ bLvi , ,, 

Eim9 LLl;'l~ Eim 17 c1~hlmm1mL6'lv1~m1-w'u6m1:1..1~~~'U1m1Lf\11~v,e,mvi01~ , 



32 

10 20 30 40 50 60 
CTGTC•. T cc,G •CT TGTGTGTGTGTGTGTGTGTGT TTTTTGTTAA•.CATTTC•-CCACAGACT•-·· 

d .., .d ~ ... .dtl .., I .. I 

.fl1'W'VI 29: an~ru~L'Ui;'l'Vl6111f1U'Vl ';i1f1!)'\JUi;11tl DNA 6llel.:Jvl1eltl1.:JLfltl\91Lvl1m~ 'il1f1Lf11~'Vl~~ 

i-:ivt'J\91U';i~'il1Um-UU5 Lflt11Lfl';i1~~1111tl microsatellite primer '/Jim Eim41 

7. a1u~~n1-af1n~1 
Lfl1~'Vl~a ~-:ivt1\91tl1~'ilTUA~-uui L tluvt~-:i 1 u~uvhfl1-:im1auf mJiufim1i1~"1JaUL da-:im'il1n 

' ' ' 

Eretmochelys imbricata zj.:JU'iliUUvt'l.bmJqJ'IJ1fl11l;'(.:Jfl11lJ'WLfil~'Vl1.:JL~eJ na-:ib~t1~'Vlfif111 

f)e).:J'VJ'VH~tl LLa~m fl btl f)'IJU~\91 bbf!Lfl1~'Vl~fl (lJfl'U6~U~'Vlf 'l"lt11m'Vl~ bfli;'(tl1lJ bbfl ~ Lfl1~'Vl~fl 1m1 bbfl'U(;]~ 
'U , 'U '\J , 

i;'leJ{VJ) 1111~1iiiianuu~V111i\91f11';i~'W~Vl1\91'Vl';i1tl6llel.:JLf11~'Vl~~ 1 ~L VllJ1~l;'(lJ !l'Uf111tuvhf-:i11-:i 16ll6llt1.:JLl1i1 

m~ 'il'WU';i~i;'l'IJ~fl'11L ~'ii 1 um1L '1"11~~n 16ijbbfl~tl'W'IJ1flflnLl1i11111L'LJ'lJlij1'lJ1UlJ1f1 1\91t11 'W';i~Vl11.:JL~fou 
' 'U 

'1"19~.fl1fllJ 0-:J L~tl'W~fl1fllJ 'V'l.131. 2558 U 'V'l.131. 2558 'l"l'Uf111tu11-:i16ll6llt1.:Jbvl1m~ 26 f,:i bLfl~3Jlij1'lJ1U 

16llviav1aii 9 5-179 ~a-:i zj,:i 1111V11n11li'1t116llmL '1"11~~nEY-:iv11\91V111t1~-:ifi11ii-u1&i'ilu~naarn 'UU(,11 
' 
Lijt1'1111'il.fl1fli;'(U1lJ 'l"l'IJ11i;11lJ1';it]';i~'IJ'Wfl\91\,11bbVl'U-:J~Lvi1m~tu11-:i1"ll1111 23 VlfllJ 1\91tl 

' . ' 
IJ V 

i1LL v1ti-:iv1aiiaclv11-:i'il1m~l'i'uuTv1~La;ul;'l-:il;'l\91 2. 7 5-21.57 Lilvl1 LLa~ilfl11i1l;'l-:inum1i1-uUL vivunu 
, '\J \J , " 

i1Lmti-:it1Tv1~Latul;'l-:il;'l\91L'UU 0.33-3.46 bl.Im LLa~ 5.106-18.637 a-:ifil1 vl1mhl'i'u ~n~ru~V11-:i 
'U ' 

pH nuf111iiL~iJ"llt1-:J'Vl'nt11mh-:i 6-7 LLa~ 2-6 ppt vl1ii~11'i'u Lda&i\91vl1iin11Ltl~t1ULL tla-:i~ruvt.f,)iJ"lla-:i 

vt1\91V111m th.IL 1m 60 1u 1 mh-:in\9101111-:i 161) 'l"!u11i1LL vtu-:i~Lvi1L~am1-:i 16llilm1L tl~mm tla-:it1ruvtniJ 
Ql'U , V -

1mh-:iLLfl'Ub~t1-:i 1-1.8 °c 1\91t11uvtaiJ(,11LL'VlU 5 vtaii ilfi1t1ruvtniJ~1l;'l\91-l;'l-:Jl;'l\91L'Uu 26.4-29.4 °c zj,:i 
, , , 'U , 'U , 

L v1m~~iivit1m1 L 'il~ru6llt1-:iLaiiu~1mvi1V1~ La Lflml1-uaiiaV11-:i mt1.fl1'1"16llt1-:iu~L 1ru~Lvi1 L~t1nV11f-:i11-:i 1-tl 
V '\I 

L tl~t1UL vit1unuu~nru~Lvi1 hiL~t1nV11f-:i11-:i 16ll~t1clv11-:i 3 Ll.lvl1 'il1ntl1nvtaii 1 tlV11-:i1111uuu-~1-:i-i1t1-
" ' 

'Vl11tl'll'W1\91L~n ( < 0.090 iJa~LiJvl1) 1ml\91~1umnn11 ut1n'il1ni1 EY-:i'l"!u11i1Lmu-:i~LL~Ll1i1L~Bf1'Vhf-:i 

11-:J 16ll il f11';jb ti~ tlULl tla-:it1UJV1.fliJ.fl1t11 U'Vlflillbvlnvi1-:i'i11nu~L 1ru~mJLvi11~L~tlf111-:J 1-uB cl1-:iiltl't1t11 fi'ru 
'\ 'U 1 V 
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nTn1.:i1 ~'IJB•n~hnw L 'UB'U1fllil 

m11J111'.J,rnuaV1a1Jwu1h::V111.:im11J Lfl~c.J~ LLa::fi1vn.:i lai1w1'VlcJ1'1Je1.:iLgl1 m:: 1 uua Li 1:1.:i L ~ti 

wql'l~m1:1u w.l'I. 2559 il11J1w11'.Jaaufi1vn.:ilai1w1'Vl1:J1LLa::1~i.Jimome1{~1flaLwt111u1uwma1J1 

~1UL'Vlfltlfl ELISA wu11Lgl1m::na1J'l1n~ LLa:: mh.1~,hu ilfiTm.:ilai'.1w1'V1u1LLlilngl1.:itiuacl1.:iii • • 
umhfi'qi fle) faua::'lleJ.:iL61Ja~LlJ~Lat1~'1J11~1J1vfl61J91 (70.85 LLa:: 63.95 L'UL~el'Utl'UEJ1tl'U nu 77.89 

LLa:: 69.40 L'UL~el'UW(ll'l~01tl'U) fmm::'IJ8.:iL'lla~Li1~LatJ~'IJ11LUL'Ll1'1l9l (4.14 LLa:: 5.78) {aua::'llel.:i 

L61Ja~d1~Latl~'IJ11Lt!LVl8Livla (23.91 LLa:: 28.54 L'UL~tJ'Un'UU1U'U nu 16.28 LLa:: 24.35 L'UL~el'U 

wql'l~n1tl'U) Lbatellili1'11'UL61Ja~L"~Lat1~'1J11Lt!L'Vl8Livlaglt1~1J1~161J9l (0.34 LLa:: 0.46 L'UL~el'U 

tiu1:.111:1u nu 0.21 LLa:: 0.371m~auwql'l~muu) LLa::wur1111JLLwngl1.:i'lle1.:i1::~ur1t1{~1flaLlilahu 

(9.64 LLa:: 21.87 ng/mU 1~mgl1J.:ivi1.1~iie1t1ft1.11JL'U-il1.:i 3.51-42.72 ng/mL J.:iffiaJwuavia1.1wwf 

el cl1~iiumh fi' qi1::vi11.:iw~\Jf18{ ~1fl'1Llil81 i'Ur1\JR1'Vl1~ 1ai'.11i11'VI cJ1 'U83Ja'Vl1~ 1a-c;lil1Vlt11LLa:: eJelTilJ'U 

fle){~1flatvlel 11'Uvtl~,nnm1Pim.-J1il a11.111riil11t1,h::t1nlil'1 m 'Un1i'U1::LU'Ufl111JLfl~U~LLa::a'!lm1:: . , 

V • ., 1' I .J 1::'I t.::il \110'!JeJ1J'1n1iVl1i~11~ '!l'llel~Llil1ni::VIL01::VJ::a 'Uu W.l'I. 2555 LLa:: 2558 W\J111Jblil1m:: 
V • 

... I ., ., ,J.iv .f11 JI .Jo., 1' it' .,, • I ':'IV 
L'V'll'IL1JE.leltl1~'Ue)EJ 6 v\1 'VIL '!1Lm::vi::mu'UW'U'Vl'Vl11.:i11~ '!I LLlil 1.1a11.111m::urn'11'U1'ULlil1m::L 'V'li'lt.Jb~ 

• • V 

n11Pin,.-J1d~~ 1~W\lll'Ll1L 'Vlfltlfl'V11.:i'811'Vlt1111.1Lana (mitochondrial DNA) L ~t1lil11'.i!'1eJU'il1'U1'ULgl1m:: , 

L'V'll'ILiiu~(m1~ 1 ~ fl1U~Ltltium1fin,.-J1m1:: multiple paternity ~1ULV1fltlfl'Vl1.:i'811'Vlt111ma~a 
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