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Abstract

The differentiation of sex isimportant for species preservation. However, Fairy Pittais sexually monomorphic and
sex of an individual is indistinguishable with its external characteristics. We determined the sex of Fairy Pitta through
DNA anadlysis and investigated the causes and time of injury and mortality and the size based on sex. We collected 21
samples at Jgju Idand, Korean Peninsula from 2004 to 2013 and extracted DNA from them and amplified chromo
helicase DNA-binding gene from Z and W chromosomes through Polymerase Chain Reaction (PCR). We confirmed
their sex with the banding pattern through Agarose gel electrophoresis, i.e. male (ZZ): one banded and female (ZW)
two banded. We distinguished the sex of 17 of 21 samples resulting in 9 males and 8 females. Most casualties were
recorded in adult of both sexes. Causes of injury and mortality proved that female casualties occurred from window
strikes, dehydration, car accident, predation by natural enemies, and male occurred from window strikes, car accident
and dehydration. The time of injury and mortality in adults differ by sex. There was no difference between sexesin any
of the six size parameters. As the time of injury and mortality differ by sex, the survey on the role and ecological nature
by sex in breeding season must be carried out in the future. External measurements may not be reliable for sexing of
Fairy Pittaand other traits such asvocal or characteristics are required to identify the sex of individualsin the field.
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Tz S vlEsle] F3, ok, U 5o
Al RIALRE she HEu| QoA 5 ok 2Folth o]
£ AR FRokrlolel] AlglEo] Qo] Hxo] Ft}
(BirdLife International, 2001; Brazil, 2009). 18]l
Aol M= 1947 dmg-0=, 204|710l At S|
ojido] Adaysto] A7} o] FoHaL AAlIA 71 HiA]
sk B9k 3 R o 2AE Sis) A
AAP7F FEEQIAL tiRkE E2u; | 5 s AAIN
2 Qs AAFo] AlFxlch 194)7], 2041715 AXH
A B AR Stal AR AAA IR o=
10,0000} ojs}e] AL sk k= AOR 3
T glon] R WS % HIFOR BR
o] AMEZ0 3£31E|o] QIt(BirdLife International,
2001). Tzo| BEL upr) e BRI Aake
2} S7jatc) HEdjRkS wlst gk Wit ofjel u)
92 P4 T3 A1 7h W ek Ak gl

it Fcho]] theh AtoflA] Adulof gt ¢t
$=2o|g} & 4= it (Doublex} Olsen, 1997; Komdeur
5 1997). 53] EE7100 A3l Q= o YRR B
e % BAS 95 FRskiuAn 5, 2007;
Robertson 5, 2006) 3% A=) 7IXE =olH
(Fletcher} Foster, 2010), 7iAl2] Al 3l
FA3 YRE drRit(Huang 5, 2012). A4 BF
1% T2 S1gH 0 2 QR Ho] ofR] thi
of|(Lambert2} Woodcock, 1996) AJefje} Heisto] =
O] /ol MAIHY & el 9T Ajo] T AHuh o
ok Pl Ry} REsE Aol

EHR2) AR X} Y e} Te] 25] 49
A= ZoF W AAA| = ZISIUCH(Ellegrene} Carmichael,
2001). QHAL- o] o] ARl 2o} WRMAZ 71|
9l 5L B HYMAI Z GAAE T A 7
Aat lei(Handley -5, 2004). o] =2 A @A
Aol & 215l DNARA]S] 272] Ad7E-S f18f o]-85
31 QT Griffiths 5, 1998; Ito 5, 2003).
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o] Ao o]-833irt-

H

2.2, Genomic DNA £&

AR AN FlE 59 AlRs -20T ¥Eal
ofl genomic DNA &] 5= AJ7H4] Haksleirt. Genomic
DNA ] %2 48 kitE AR5t high quality DNA
£ 5&313/t}. DNeasy Blood and Tissue kit (Qiagen,
Germany) 9] A1 o= oo} 2.

ollof] 20 ¢ proteinase K H7Fskar 2219] 7
£ 200ul 2] ATLOJA] pestles o|-&3f a2 3 20 w
proteinase K& 271513t} 1831 200 pf ALS 47}
3 3 56CollA] 105-2 F9iek 15 200 pf ol ehe (3
AESH)E FaL 28] 4lo]A| vortexingstol] 47
NS Columnoz 7T 71 4714 6000 gofl A 1
=1 dAlERskoinh dilEelE ke collection
FE A HEar A FEof %71 842 500 wt AWLS
31 6000 goflA] 181t latefsisict. HalEe]si
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3120000 gollH| 38 LlRelsiRon golo] WA
Qp=E Folakan ol gl A9 thA] etk
Columng- 1.5 ml FEof 271 3 200 ¢ AE &7} 15
6000 gollA] 187 H4lEelsto] DNA &3 9=
3Ht} 225 genomic DNAL -20°C WAkale| Eat

slack

2.3. PCRE St = IE

2 AP FAFEE AJEMA|IS] CHD (chromo
helicase DNA binding) gene® &, o] &7+ SE37|
23l Maxime PCR PreMix kit(Intron biotechnology,
Koreg)9} 31 #2] Zajo] p29f(5-AAC AGA GTM
CTG ATT TTC TCW CAG AT-3)<}plongr(5-CCT
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TTT ATT GAT CCA TCA AGT CTC TAA-3)E A}
2319THNIBR, 2012). PCR 5E2 913t 24 2742
Initid denaturation2: 94 Coll4] 5%, denaturationS
94°CollA] 30%, anneding- 55CojA] 15, extension
& 72CoA 1Ee= 34 cydess AHARE 7, find
extension> 72°Cof|A] 7H7F AAJsHlct 555 PCR
ARELL. 204 agarose gel of|A] 50 V& 6057t 17| 95S
ala M=E 2Rlskleh B AE(J1, J8)l taii=
pseudo gene- odx|, Wet Z7} F-aj=]%] pfoba] it
9] band= Holi= 7 opdA] EkIs}7] £15f gel cutting
% &}t purification, sequencing T8-S A%tk

24, 2M
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AlEd 34 9 AR)et A SRb7|(6Y ' ~ 7
A7 7192 A7 D)= Ui 240l o] 8=t oF57
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(mm), FFdo)(mm), F2(mm) AL A= 27l 5
2 Qe HAE 8l - - AT el Sk
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of BluLoflA] AIAIFA. A =7] o] 54 (%SSD)2 o
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4.8 SPSY(v. 12, SPSS Inc., Chicago, IL., USA)E
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AbE0 24 Qi o] 7RsakAlT S AL o
2A5he Sk 39 BIRSSII) Eeh 2z
A2 HEL715017] wizel ZH2te] ZiAE F2
HE5S 27| Slol F-ash weba] AAE iAol dish oF
T TS Flel ok WRe] Basialon 2t 7MY
ol o} gE|1 7P AankAl WRo] PCRE 53k 24
o]tk 2t PCRE fJalf dHH o= o] gk= FHut
2, 8- A1Z S(Wellbrock 5, 2012)-2 o2 1
AU 27 apgela] AR wimell AE AHFA A
Fof| S wIF|A| ol FHr} w|wA] golslic). st
Ak A AR e B, 218 S0 A A
Apdgolut Aol 59 21e) 9Jake n]u(Sheidon 5,
2008; Voss 5, 2010; McDonald9} Griffith, 2011) %]
< Cliff Swallowszk= ol thgt oA o ZJ37}
TO] Wt AHEES 21-33% Atk BHark Qlo]
(Brown®} Brown, 2009) A55k= & AlRtsI3itE 5
5] AA ooz Qlsf F2EUE AAEC]7] uheol
e b R I EL R E R ESE
G A ORA 4 RGBS SR 59l
& BANSE T 9 7} Qi
Z50] Azhaz) elst ATy HEH R P2o}
P8 primer&] 232 o835}t Cerite} Avanus, 2007;
Griffiths %, 1998). 3}A|3t o] 3k LS v|5E3}
o] ofa}=, v 5 ofe] Bl 288 ¢ AR 2t
A gh= dllEo] WoKChang <5, 2008; Ito 5, 2003)
Ajzo] Agholie HATSIGCE 1el3 7% gol
01831 P2-NP-MP primer =3 T3+ 53151 W= oF
Aol UpehibA) eloleh. weta) 2ol Solaoz 7
9] CHD primer setQl P29f, Plongr& o]-85}o] 249
& AEBI3 o H(NIBR, 2013) 72 27H9) HET, 4=
AL 1740 vt sel=iole(Fig. 1),

go] 2Rl & 17704 % 87417t A0, 974
7k l0 = Utk 250] glo] ezint 4310 vig
2 AR 2 TS Wolglar go| FalE=
Ao 7S] FAIE WUz oaAFolA 5 A
T7F o] AN 2 A28 Al LdERl Al AL
SItiMayr, 1939; Donald, 2007; Becker 5., 2008). 1
23 el Anlis op R Wkl A] Eahe] Al K]
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Fig. 1. Agarose gel electrophoresis at 2% of the CHD gene fragments amplified by PCR with the primers P29f and Plongr.
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/gio] gl WA 5 =27t 1271401, 5271 2
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S o8 AXE N F2 FE A = T UL
ARl a]le] o3t Fae} 2pA A o 2 WAYEt waf] Alo]
of| -9-2J3} 2o]= 1 th(x%=0.152, P=1.000>0.05,
Fig. 2). 4% & 4312 %5 2 Al HE Wolshe
A7 ol FE YU UL iR AWIE 719=
w4 SR geiE 42 A o2 ERIEI SAH
O 2§t polE YEPHTH(x?1=4.482, P=0.015<
0.05, Fig. 3). o[ A7tollA maiE 2 Tz 5 &
A} 710] vl mls U1 vt AT T 5] A7
ol zfolE Hetlth. e fElFER gk gs
7F 7P WOkAL 11 v 0 & Elo] QAN A R
5= A FE, gXlo] 2 vleE sl o
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2 o] AL g di A7) A7HA ofofHTt

2 Ofemalke

Ao

Window strike dehydration  Car accident  predation Unknown

Fig. 2. Cause of injury and mortality by sex.
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Fig. 3. Time of injury and mortality by sex in adults (EB:
the early stage of breeding, MB: the middle stage of
breeding).
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(Erritzoe, 2004; Lambert2} Woodcock, 1996; Lok 5,
2009). W427] 5A9] Tk gk 2 Ml ol
o 7o) 9he 7RsAo] ok ok el WAy
o So7ki BuzIe] 2FE P ol U
31 A& HAtKErritzoe, 2004; Kemp<} Bruce,
2003; Lambert} Woodcock, 1996; Kim 5, 2012). 5}
ARt ol A= e F= AR 319 ezt 21
o0 o= ok F= T e oIt o]
ozt BlSo] the 4= Sld= AR ok 1ot ¢F

A A7IE 7194 WA Fublel Aol Tt B
SRt ol AIE 719 TP QB S5to]
Aol sl FFshe St sol 5 9t o
2 4 9lee PAIFHE SO go MAEel Bl
slo] o7} W asfela ek

3.2. U 37| xjo| Y

Sjshe Wt BAE F ORAEGA 670, U 3
Aol tsh 2 2715 S7dskeiek Hlagt o F 4%
% 9= Zols vEhRR] gl Al =27 ol
(%SSD) & AR Z27] 2o )= 0.1%)|4] 5.1%(absolute
value)= 27| UehgtTable 1). FAIZ0] o543
£ vt 7|2 AmE HHA gl Fe, mejolx] 471
o] tha: Z31 BHL glo] ki AN 7] Holr} 1
mmA3 =2 vju|HcKErritzoex} Erritzoe, 1998). 18]
3L oRtollA] e drfdolof] sl et =27] Aol
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Z(Z22)3} band7} <1 YHEZW)S EoIskgIc) & 21
7He] MZ - 1778] WEoA b= AHS s 4= o
otk Ado] ERIE & 17744 2 874A7} Ao, 9
M7} A0 Yepgth T 2 s Jxot 3=
2 "afs Yock Fslel ool e feldEE
2 71 o] 2= B, A5 FE, 14 52| 1)
2 = Ao RIET e 2 flY FE,
NF2E, B S0 7 ol LRECh A% F oo
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Zhe 4 mmAER S7lo] Tk A QAU B o vl ZHblo] mehe gl FAe FE A
of &Jal] U5 FHEShe A F-85HA dthe Hart Z710]| WiE Y Aoz ERIFIt RS A=
S1giek(Mees, 1977). ol 27 Aukz 7)ee] Bueh gz Aol gigick ol AT AT 4 sl A
Table 1. The external measurements of Fairy Pitta Pitta nymphain Republic of Korea
Made Femae
Mean+SD Range N CV® Mean+SD  Range N cv t P %SSD’
Total length(mm) 202.8t40 199.0-2080 5 20 200.7440 197.0-20560 3 20 0.732 0492 -11
Maximumwing(mm) 127.3+1.8 124.0-1200 6 15 1294405 129.0-1300 3 04 -1.940 0.094 18
Tail(mm) 414+1.4 40.0-44.0 6 37 413+15 40.0-43.0 3 37 0240 0818 -0.7
Tarsus(mm) 42,014 40.0-43.8 6 36 420+19 39.9-43.3 3 44 -0.047 0.964 0.1
Head(mm) 54.7+0.8 53.8-56.1 6 17 549+16 53.2-56.4 3 29 -0294 0778 05
Bill(to feather)(mm) 24.0£0.9 23.2-25.7 6 40 23007 225-23.7 3 29 1924 0.103 -5.1

# CV (coefficient of variation)=[(SD/mean)x100]
b %SSD(sexua size dimorphism)=[((fema e mean/male mean)-1)x100]
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