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Breeding Ecology according to Altitude and Temperature Variation in Titmouse'
Dong-Min Kim’, Hong-Shik oh™
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FAS BYR, TEAS] TE 7 87a7t o] dFS AL A0 ehiThp<0.05). 215 £
B, WA714-62)0] Bat/| 03 A ol §olT AU ol AL YSTHp005). AFFA ol §HE o3}
A= Aol 9l WA (Parus major)sh £Eo|(Parus varius)  E7elE Aozt G AOR pehe,
IR S0l Rol} 900009 REst AR Aol HATE005). FAYTE, o253, 845
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ABSTRACT

This research was carried out from March 2009 to July 2012 to explicate the height change based
breeding-ecological characteristics of Titmice that were breeding in the artificial nests installed in the Halla
Mountain. The first egg-laying day was delayed as the height of the area under investigation increased, and it
turned out that the decrease in temperature due to the elevated height had influence on that delay (p<0.05).
Generalizing the annual results of the analyses, we see that there was no significant correlation occurring
between the average temperatures and egg-laying days in the breeding season (April~June) (p>0.05). The rate
of artificial nest use was not different among areas and among year, but between the species, Parus major and
Parus varius. There were differences in clutch sizes among species (p>0.05), but no differences in heights and
years (p<0.05). The hatching-, fledging-, and breeding-success rates were 67.3%, 99.5%, and 67.0%
respectively in 2011, and 71.3%, 96.8%, 69.0% respectively in 2012, from which we can tell that the
fledging-success rate was high but the hatching- and breeding-success rates were similar. Though we confirm
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that temperature changes due to height differences had influence on breeding periods, but we cannot identify

a significant correlation with other breeding-ecological characteristics. Thus, in order to more precisely

explicate the influence of temperature changes due to heights on Titmice's breeding, long-term research is

needed in terms of the investigation of microclimatic factors and food resource.

KEY WORDS: ARTIFICIAL NEST, EGG-LAYING, GREAT TIT, VARIED TIT, HALLA MOUNTAIN
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2009) XM 100?_1 1+(1906~2005) #| -3
A+23}9] © H(Solomon et al., 2007), ] =&t
HStE Qlsto] AlA| koA TEEY FF I YEhd
I 9tk A 309 7H(1981~20104) stz o] sy 7]
2 1.27C A(0.41C/109)81g 0, BE A-gA A
St A Bk ®3 Nte uE 7] EHsE Ay
B 37 3047t I35 AroA Uefue 2dst gk
21008744 F-23] Z]éE‘ Aoz 0‘11”8}1 ‘A’lE}(KMAa

2012) 1920t o]& o2 16U Z7I3t §HH AL 19
d Fagt Aew LPEMOF% a1 A X@@zi opAY
%%%4 ol 3 JHEI & 59 WA HEE AgAr A
ol W3S HolFe AZ|7F Ha Qirh 27 9] ¥t
RBEFTEAA mA= 033&% - EFskaL oheFe Aloln,
AARE 71333 ofdt= vE AHA 549 Wabrt
mo] HHAE 31 Q) THNIER, 2009). o] st Wsto] ¢S
Qs 471 Seide e ByEgor AT HFA
& TofsfopstA|tt, A7) A AR BEOR V]SSl
AEF mAls A T efoll ool Ath=H
A &AL NIBR, 2009).

A= W A=A o] =dshs ASdME BT 2

UEE gt Ao A= 2 119 7F ALE 7]20] EolA
WA AT dEcte AN S0 A7
48t= Agko] 9lth 3¢ thOh et al, 2010). 7] S ¥ 3}
e 2719 o AT 279 Ak, AAjols 22
2% AMA Y= ANE 5 e *171&4 i 3}olt. Ol
2ek A|7]14 wWate Solr| gzt 5, SANA 715
Helon, nl=a ke 2% Zl"ﬂoﬂfﬂ 1959~1991d
7HA S AA WA A G A Y5A| B|(Tachycineta bicolor,
Tree swallows)2] At vl 599] HF7|-L 7hof| Egat At

WA §lew, 32d 7F 99 o] ehgA £thDunn, 1999). 214
ﬂ]éﬂﬂ 7| (Sturnus vulgaris, Buropean Starlings)7} A] 2]}
BEA0 LES WEAA 779 oo 270 £Y
2 ao B IS Sadte, Ardes 4
A719 2k F7be A S50 H B YRS AHE
5} HJA‘ A7} ek T} 69l o (Meijer et al., 1999). of
AzEL AN A F2 02 L A5t (Schulze et
al., 2004), 7] W 35lol ArutabA 7} 9lo] 7|TWsle] A FE
o] 7hestth(Kim et al., 2010). =A% AHl= 7]
Fa5 Qo ohet Uz, Dol e Hore of
Yot A R2A &4, A, 424, vl8 5ol I
ol Aok gk B3] AEATE BEYo] ZHo]7] o
Bo] muUge AR 7+ Zastth(Lee, 2010).
WPV R(Tit, Parus spp)= AFRIOIA 5] BT 4 et
o) Bl RE BEATY TEFAY Lo yATAS
Holl Fx3tth 54 559 Sguetol= ¥ (Great tit,
Parus major), FZ4}o|(Varied tit, Parus varius), 22
(Marsh tit, Parus palustris), Q8 A(Coal tit, Parus ater)
5 4%0] A A‘ﬂﬂ-(Lee et al., 2000).
S $3 B15S S0 BRe, AYstyes
V4 gol @7 5 72 sl Aol ) 2
o] oA HlaA] FHSHA AAste Qgor ThEofE
S 1 14017 A 4 S5 o 440
A Bo] SolatT, AT F717h B th] 4G A
Asho 2 chopat Abetd HaS AFekrle] Aaes o
o] o] Fol tlg ke A7} 495 % UsiTHGosler
1993; Harrap and Quinn, 1996; Hur, 2008). 3} Bl A=
20109 s AL TR =7t 7| FH3E AEA
3 100%(National Climate-sensitive Biological Indicator
Species) o]l 3= 2F(FE)0]7| = strt. o]¢ HE o
AR A 285l 104 o]AFe] Eolgh AL 97
= A71EUEHTY AR SolA = 1999978 AgYEal 9l
Ad 25 A AA2L7F ITHNIER, 2009). ERF =
T = 715 A nA= GF
4 %B‘H A4k, E‘i"&“}E aEiAE, B Rkl A]
olo] WAAZIS AT o L, A ALY T
= 2009%_ Bl HpA 9 7114 HzArd o #A
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HYE s QI tHKNPS, 2011).

A4 7SS RgeHA whEste WARY A=
o} 7] 2stol wE WA £ Be ofRR{Y
e d A3 Fs wole d 288 A& AFs7] 9
sto] o] Fo it

Sl
1. ZAXIG & 72t

B Aol B I WAMEES 243 9%
MAT A9e A A3 600m, C), of 2% Ao

(900m, B), %41 2] ¢1(1300m, A) A o2, sHepAte T
o Woll A5t HRA o) WAo] 7]& ¢ (Kang ef al.,
2011)0)| A} Eolgl AFAo]th(Figure 1). A= 2009 &
20126970 4 7 SRS WA 2 38R 74
THA] 2~49 7tA O & o] FolFtt

A: Yeongsil site (1,300m),
C: Kwaneumsa site (600m)

B: Eorimok site (900m)

Figure 1. The study sites in Mt. Halla

2. ZANHEG 2 W

HMH(P. major)g} LZ2YN(P. varius)©] 2FE O R
gatglom, Alg-FAoA MAo] TaE oy A, A
"'X]ﬁzg S 2 Aol 9 A= A=t nRek e
TES AYstleh. 2AAGYE 19 Zpole FARRE A
7b A E AL e At As tiEF 500m Ak zpolE

ol At o & dAoA = 300me 1= Afo]E F
2 S HARAT. AFFAS %-H, F-9 2
30m 279 27 Yo A8ESNH BT AR

2
f

A ARG AG, Ay o E A9, By A A9,
C)Oﬂ 144705 AT A5 Ae ZAAI O A4

Pt z,\_%g o] g5to] 2 WO REE oF 25m oo Rz
A

LE(100x0] A3t
SFgt Aj 7]/ Rl ke, ]i*é
st Al E 7| 235k ¢ 9
Kwon ef al.(2006)9] 8#< %16}04 E}%ﬂ z
2 A4 1) AFeg (missing); &o] Qx4
2E| 7] oke AL 2) E%Qﬁﬂ(incubatlon failure); &
AN AT EA gL A Ao o i
2. 3) :.i“(predatlon) gtof Z+o LHo] Q= AL E
Aol AUt 08 Ages AR 1)
Xkt missing): A1717F o & 75 94 o) Aol o1

A ol A AR ok 7§—°r, 2) 2% (pecking); A 7] A}iﬂ
of 22l &2jo] gel¥= 4, 3) obik(starvation); A 7] €]
A A&H R ZAstAA AFESE A folth H2A
TS 7t 19 ofyf QAFEA FolA 7 As Abghol
AH A T EE 1%2?: sttt A HA

Fo]A FA9 12 HA] FolA A AU 7|Ed

gt IR A 3P°1 AbEskelo.

02O 0.2 7|ZA(HOBO U23-001, Onset Computer
Corporation, Porasset, MA,. USA)S Z} ZAXGEHZ 17
¥ % )2 AXsHT 20E Lxdolg: ARRIle
3 2720 eo R elatel BAsGT 2AH
2o e 9 WA ARE dARAEA Oneway
ANOVA)S & AR 9Y o4 o815 HAsot A
M )eBRAY JTREG A g ARE 0RAY
ol Kruskal- Wallis A4 02 ZAIR A9 §oX 5 EA }
. 2 A% R 0 U8 Y 90
Mann-Whitney 7742 A A
19.0 T2 WS o] &35}t
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dat o nF
1. 712
ub 5o 0 way|ol 48004 67 AEY He

7122 MY 20099 11.9~14.8C 0] ¢ 1 (Figure 2), 1%
H P& HEAHC, 600m) 14.8+4.5C, ol 2= (B,
900m) 13.4+5.1C, GA(A, 1,300m) 11.9+4.7CE Z}o]7}
912 th(p<0.05). 2010¥ = 9] H#7]& Wl 113~14.5C
gom, 1= HF7|2S FIFAE 14.5+4.2TC, ofg
1224527C, 94 11.0+5.1CHHp<0.05). 2011 =+
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11.5~144C %0, 1= 7|2 FH2AF 14.444.77C,
ojg] & 13.1+4.97T, ¥A 11.5x48TE zto|7h Utk
(p<0.05). "o @ 2012 % HH7]L& oL 12.6~
152C%t. 24 129 Hat 7|22 JSAF 15.343.6C, 9
2l 14.2+4.0C, 94 12.6£4.0C S 21, 2009~20011
3 oA R DT} ol Ss Bity]eo] wolx A
S Bt (p<0.05).

=Y 4d g7l ZEx= #EAKC, 600m)
14.4~15.3°C(p<0.05), ©]2]=(B, 900m) 12.2~14.2°C(p>0.05),
FA(A, 1,300m) 11.0~12.6C(p>0.05) 3] th(Figure 2). T
MO = A= 7)o S7Fske folgt Zhol7t 1Sl
2(p<0.05) o2 E5B)F FHO)I= drd 7129
ol W AP Holk o3 Aozt gt
(p>005). 2] 3 7 Amol sjgets A 2AA S A
9 Hat7]2e] wste] fisjrs Axd 7|20l Frtet=

o) 2ol 7} UERETHp<0.05). 2AFX| ¥ 414zt 7]2
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Year(Site)

A: Yeongsil site (1,300m),
C: Kwaneumsa site (600m)

B: Eorimok site (900m)

Figure 2. Variation of temperatures of each site

in Mt. Halla during April-June in 2009-2012
(Mean temperature by site: one-way ANOVA, F=36.958 P<0.05
Mean temperature by year: one-way ANOVA, F=4.484 P<0.05)
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2009\ 5B 20119 Afofof] kel HhAjSRof zAbTHY

2 B AKC, 600m), o 2]E(B, 900m), A(A, 1,300m)
Al AGelA L7t =&45 ARAI7]7F ZolA|= A0R
e TE 20099 9] FAtetd Bxzof= Zpolzt ARk
(p<0.05), 2010 (p>0.05), 2011 (p>0.05)0] = B At
d B2l Aozt Yl BT 2009~2011L% L Zulol 9}
B = F7E0 ARt TEAL ofel s, GA, BE XA
Ao FoTk Aol gle Aer 1%E}ﬁu}(p>o.05)(1<ang
et al., 2011).

20129 &
Z)E 49 18, 94 4Y 26
‘C‘ 7<01 U:] ‘g‘&ﬂ’%
(p<0.05). E3}F HFAf 9 34
o] &0l A 49 18% 4
= A7) = 01?‘11‘3 At
Ath(p>0.05). 12|al HA 7
o] pol= 7)o EopAH Ateh = o3t
AFHHAT A5 2elsk A THp<0.05)(Figure 3).

oAt B2 E JEHE s, L5l
= AHPp<0.05)2} 01 2] F(p<0.05)° A sfjuttt =ojA= A
2 e, gA(p>0.05)As 2384 et bt
N BAHP<0.05), ©] 25 (p<0.05), % (p<0.05)°A
gutrt =oljz2l= AL R e th(Figure 4).
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Elapsed Days

(A, 1300m) 2009
(A, 1300m) 2010
(A, 1300m) 2011
(A, 1300m) 2012

(B, 900m) 2009 E—————

e

:ﬁ:, (B, 900m) 2010 HVaried Tit

-

£ (900m) 2011 OGreat Tit
(B, 900m) 2012

(C,600m) 2009 L
(C, 600m) 2010 - E————

(C, 600m) 2011
(C. 600m) 2012 E——

A: Yeongsil site (1,300m),
C: Kwaneumsa site (600m)

B: Eorimok site (900m)

Figure 3. Comparison of the first egg-laying day
in 2009-2012
(The fixed date is March 30, each year)
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(A, 1300m) 2009
(A, 1300m) 2010
(A, 1300m) 2011
(A, 1300m) 2012

2 @ 50m 2000 W Varied Tit

£ (8. 900m) 2010

£ 900mzon O Great Tit
(B, 900m) 2012

(C, 600m) 2009 -
(C, 600m) 2010 -
(C, 600m) 2011
(C, 600m) 2012

A: Yeongsil site (1,300m),
C: Kwaneumsa site (600m)

B: Eorimok site (900m)

Figure 4. Comparison of the average egg-laying day
in 2009-2012
(The fixed date is March 30, each year)

Bl 2011 A7 A= H2AM Y} Pataketdo] sintot =7
A th7H(Kang et al., 2011), 2012 o= AW Eo] H|5}o
A= e Eoth

A4k 2ol A 5 7H2006~2010) A BHAF2
At R D1k wE AJolrt QLo AR EE Aol
7} Qithal B 18 TH(NIER, 2009; 2010). & AFoA =
A O] Al Rael e MAE O Aol =T}
EOHA LT ARIA7|7L 2ol A= Ao R YEH O, &
gho] = HFAHO)Y of g5 (B)ollA x4t o] sfjmtrt
=ojA& Aoz yegi, JHA) s 42 o
Bl tH(Table 1).

HRAR O] F AR HZAHC), o2 =(B), YA (A
A efutth ZolA= Ao w eyt weba ko o
7|23k WA A qlen, 715 WSt 9

Table 1. Comparison of first egg-laying date of each
site in Mt. Halla, 2009-2012

Species  Year Kwaneumsa Eorimok Yeongsil
(C, 600m) (B, 900m) (A, 1,300m)
2009 04/01 04/10 04/25
Varied Tit 20107 04/11 04/16 04/27
(P. varius) 2011°  04/25 04/30 05/09
2012 04/08 04/18 04/26
2009  04/13 04/13 04/28
Great Tit 2010°  04/07 04/06 04/25
(P. major) 2011°  04/24 05/02 05/10
2012 04/08 04/18 04/27

"Kang et al.(2011)
“A: Yeongsil site (1,300m), B: Eorimok site (900m)
C: Kwaneumsa site (600m)

3 £zl AWEch Aol gAY Aol oS
& oltk. e B ATl 4 ekt Ay 7Lzt o
£ Al Wste] A1 4T3 wobE Aof opeh, 3
F A&HolT 474 BUHY 42T gustolof mr}
N ol ARE shorsiol & Aol

713 uste} SAIEO] o]tz 7| LW ofo}H 25l
Ak Ao 1449l A% v]A7] % Feh(Forchhanmmer

et al.,, 1998). HA 9 2=F7h= WS 2T 35 A
E(Order Passeriforms)®] ZFoJA HzAHLS o7
= AUHAE Hol=8th(Dolenec, 2005). 7] #3
81|t A FA A9 7] 2¥3}e] S04 AB 7|22 F
7betqlon, 53] 8o 7 FREHA 71257 4
UEFTHKIm et al., 2006). }A] 7|7 F3He] 7|23
Ao A E O] P wA Aoln, IFolAE
Uo] FFE vjA= oA 8% FoAA A A F &
W75 v o & A5ttt 24 ol g7} thar
St 20099 7} 2010 7] 22w 5 A skl 2HQlgt 2011
W 2, 399 ghebabe] HH7] &2 -2.044.5T, 20124 2,
349 shetikel B 7|22 -1.6£5.6Collth. AW dt vl
sko] ghebabe] 20124 2, 399 HH7]22 F7bstgl o
SAHOE FoT Aol= YATHP>0.05). A2H R ¢
TFE Soto] At A 7| 23St wE ARt 9] Wt o
gk FAA Q] AEEAE FelskA] Kokl ol Hestv)
Asl AE AE2A Y] AR A E Fl S 7
I} Al o] W3t digt ARS Yt o] E EHE 4
HHAE SAT 4= oty opg R wAFol Hiet 7] 2®

ghof wE A g0l et Bde AlE & e A

=

o o,

2wy AR MU BRARAS vl
Y, 2009958 201137 Al A9 BEOA] HEA
Bo] LHAL FAS HYT, 20129 HEARAL A
dmet wmstel Al el 4 BT 20119 Hr} wepgo

U 93 Aol7} gl Ae= UehythFigure 3)
S, 419 P. palustis®] W14 E o] Tig Aol Al
712 ol9)9 gForE Jo W MAA7|7 57135 =
HAMS B 1 5+ 0 1 (Wesolowski, 1998), 1L kof wE A
=9 MFAI7I= 9 ashd, Ze4 $sto] e} ¥ska,
olg|gt Wst= 279 Yo7t He 259 £ e o
Al F8kS Fohal g A 9l th(Feeny, 1970; Suzuki, 1998;
Park, 2011). A%, T3} 259 45IAZ S0H 4%
HGA7] AdL 279 HAAT O Y-S F= AR
R glct(Jarvinen, 1993). 27+ ¥4 fl8f 2ol el
£59 Wstol| wel w27 4 -3-sfofgkth(van Noordwijk
et al., 1995; Murakami, 1998). AA 2 LZ48lo]e} HAj=
2 fzo Wolz 2o $3& Fojapl uo|
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(Royama, 1970; Perrins, 1991) ¥ A 3o 93-S ©S A
o] ot Dunn(1999)e] tof Atk Fof|2]7he} Lp
AH]7E 713k A Adddol dFAAH, o] 59 Hol7t
He doldye 2579 M4 Asdte w2 229
Y= 7] weolkal Hargh vp qlk. gFepibA] o A
ZF A9 WA e Bl Ao Wt
sieh AodAet BEAES HolA o2 AL Visser et
a1(1998)°] Hugh AAY AR olgo] HAstE Al
710 it FAIE Y AoloA 7]t Aom AYZbET
AL 7|5 Heke] g 54%1‘1—&1 gel 2 2as
A= Belstz] ol FA, A A Ao uhg
I o] mE HMAH ﬁ%k,% &l mhefo] 7k shth(Lee,
2012). wpebA Akt o] 7] &Sl xAbek ol v
Ae ¥l deixe A2 sl 24 +3€ #A=2S vig
o2 A £AE vasjord Ao, 27 Al ES
AA AR S skl Hashs e L6
7 U Aolth A o] A7l 7] 213
o] Wigle} Zo] vl R AE]A HElo| & A Al

Al
4
WAL Q5T B4R, 49U, FUAA, A

% 2]

LN
-0,
=

>i

z om

>

ol ol oft JE
2 1o e o e

2009%—‘7'4—3 2012G747] 497 ZALE A oid oL
o] §E& 4 H H(Table 2), XA]—Z]OﬂHﬂ 0] _g_%x] o]
e %%%O](IPO.OS), 1A (p>0.05) %
= A0 Yehgoy, dxd ?_I—TOL‘:x]o]jl o=
(p>0.05), B (p>0.05) 5T o] =
E71% 2 25 E A st Fof 2 o]%%%
A}, Ebo|of vhAf Tholl [-oJ3k Apol7t §le ALR
EF TH(p>0.05).

20124 ¥i4jFd o]§

g
T oo o O o= >

Ane 2 A TAH 22
o] P. varius7} 287), BtA} P. major7} 287, Ll_‘ﬁﬂlﬂﬂ
Ficedula zanthopygia7} 77, u|5A4 9 257} 24719 Q¥

EAE o]g3}5tt 2009 o= ZuA] Zosterops japonicus

711} AFEAE o] &Y Aoz FeAE
20099 0= 847 Ol ZEA| oA "] M2 A E7}
A= olF ofgFolA= 35749 ¢ Eiag!
7P e AoE YEN L, ISl A 267), FAlA 23
7H94 AFEA A FAo] T Gt} 2010 of = 877]<
e AolA HAjo] o]FojF o, ofgjo] 3674 Q¥
WXIE 7 Wk, ohE o2 TgAbll A 2978, Al oA
22719f QlgE A ol Al #A]5FGITH(NIER, 2010). 2011 of
L 8679 ol LERE o]sle] WAEY =, ojgEe] A
S 33709 AFSAZ 7P ok, 3oz g4 307,
FEAE 23749 QAFFAE ol &atolth 20121 o &= 874
O] QlFFA o)A HAo] o] FojF=H], At 37t A}
= g2 TSAVL 342 TP weked, o2 E 31,
A 22719 QIFFAE o] &3 AR YEETH(Kang er
al., 2011).
HhA MA 2579 AAE agsto] QFF
et AR AAE wiAe o] e Ao, i
%’3} ol E}E‘ AFFA ol EES Fo3t 7\}01
Sz Yeton, 201149 ¢FsAol&Es AlQs

A EAE ol &

A 018
, A=,

1.
e

1

l‘_‘EL

7W e LM AFFAOIEES] FA Uty &
A%t FuEAE HolAe et oY A 1EE

AL 9 B4 220 HaT AGS 240 4
stpoU SIS MABAE She Rlo] 414 Wk, A
A WES A7 Aol o) Buee A=} e}

m?L'>

20091—331]- 201048 ZAFO A e 1= (20099 TS AN}
7k LEQ01049 o} g =)ol A 714 Wkt A ol
(1"”01 p>0.05; BHA) p>0.05)%= Lrebiha] 9FSETh(NIER,
2010). 20118 RAPIA & Fe (TS ANoA 71 &
groi}, gubolot uhy BT 2AA A folat Aol
UEbURA] 9L (p>0.05), £ ghefjAtst e 2Edto] 3
o+ 6.23+1.47), BFA HF 8242578 §-05 2ol & HY
tHp<0.05)(Table 3).

Table 2. Numbers of used artificial nests and rates of utilization

Year Varied Tit (P. varius) Great Tit (P. major)

A, 1,300m B, 900m C, 600m A, 1,300m B, 900m C, 600m
2009° 18.8% ( 9/48) 22.9% (11/48) 20.8%  (10/48) i 14.6% ( 7/48) 33.3% (16/48) 29.2% (14/48)
2010° 12.5% ( 6/48) 14.6% ( 7/48) 27.1% : (13/48) 10.4% ( 5/48) 25.0% (12/48) 20.8% (10/48)
2011° 25.0% (12/48) 39.6% (19/48) 18.8%  ( 9/48)  29.2% (14/48) 25.0% (12/48) 25.0% (12/48)
2012 16.7% ( 8/48) 18.8% ( 9/48) 22.9%  (11/48) 83% (4/48) 229% (11/48) 27.1% (13/48)

Kang et al.(2011), ~A: Yeongsil site (1,300m), B:

Eorimok site (900m), C: Kwaneumsa site (600m)
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Table 3. Comparison of clutch size of Varied Tit and Great Tit in 2009-2012

Year Varied Tit (P. varius) Great Tit (P. major)**

A, 1,300m B, 900m C, 600m A, 1,300m B, 900m C, 600m
2009 5.7£1.0 5.8+1.4 6.0£0.7 7.7+1.4 9.242.0 10.5+1.4
2010 4.5+1.0 6.0£1.5 4.6+1.3 7.842.2 8.9+1.5 8.4+1.2
2011° 6.5+1.2 6.0£1.6 6.3+1.1 8.3+1.6 7.4+1.7 8.9+1.1
2012 5.6+1.4 6.5£1.0 6.2+1.0 10£1.4 9.342.1 8.7+2.0

"Kang er al.(2011),

2012\ LEHo]of A Y ghufAtgtp= AfolE B
o[ A AT (p>0.05), B} FARA A FHufjAbeta o
Al 2ol 7h L ATHP>0.05). HA| AR o] GlofA = Fol
wret Zpo| 7k QIglaL, stEurolof nlsf uhAjof ghufikek7t
g "re AL FAFHTHp<0.05). E3F 2009¢F
2012 7HA) 4d 7+ ARE £3ete] EA3 Ai(Figure
5), 9= 2pol9 Fo g A Y Aol Gl AL
Z YEETH(p>0.05).

ghufAbgha=ef 1 oko] Aol tisiAl= ofe] 7hA o ¢
FANEo] Rt Weathers e al (2002) 1%=7} =
ool wet f W M71E ol 59 E7E FH5H
Fozn A& Aol tet o]dE Tl SujiEtert S7b
Shepal Huskqich HhH, Zang(1988)2 iLk=7} wobf] 9
uret A AR O] Hol wolA Hrt A2 A E Pa}ﬁ}ui
St Ar 7 ZHASoh T R st g o, Lu(2005)= ¥
N9t & LEOA Apol7h glrpal Huskqich 1eal
gt Abetr= AT Y] YE=eF A4 9] Ao S We
th= B EE QI tH(Gosler, 1995a; Both, 1998). HIH %
AFdABoA e L=l FAO]EEY 2o]7t UrEWer %
gomE AAZC 27 HRol = AR HHEHTh
ojgl AAJRY] HL ojn| o] HEM} A7 Y&E AT ¥
ol ¢ut A Al Aol Q17| wiizoll AAA]&) Ho] HHoH
ShafjAkgk4=7} Z}o}x] 31 (Christians, 2002), HHtj 2 A7) &

o AFol FALLE AEFELS  EobHdH(Gosler,

Varied Tit(Parus varius)

-
=

Clutch size
w N w
e
e
.
——s
——s
e
e
et
—e—
e

(A, 1300m) 2009
(A, 1300m) 2010 {+—=—
(A, 1300m) 2011
(A, 1300m) 2012

(B, 900m) 2009

(B, 900m) 2010

(B, 900m) 2011

(B, 900m) 2012

(C, 600m) 2009

(C, 600m) 2010 {—e—s

(C, 600m) 2011

(C, 600m) 2012

Year(Site)

TA: Yeongsil site (1,300m), B: Eorimok site (900m), C: Kwaneumsa site (600m)

1995b).

@= Wytham AF ol Al o] BpA|(P. major)] ghufiAbetp
© 897t Y & T BREE Hol: AR Hugt
Hh Qlok 9 s e A7leeE A= A H A A
M4t s-louelz SRS 0w, ol A ¢ 5

A 71E ¢ e JY A7eds ®asth(Perrins,
1965)

BEA Y ol | A 7HEAd0] 2t AT A w4 Y
e A4 Fd &4 20 whef 279 Akt
°M5%?%UTVHQQ@MMI%®ﬂlaﬂiﬂgﬂﬂ
of & Al FFEh= A A HolFH9
=7t w RO %78_34 S4% Hrgstu] A S Abgkrb
theFstA Uehd Ao s shetEch whebA dhA RO gt

9] BsppAe FAT AGo whE A3k & vk
O AI Hol Yo MIAAE 58 4 e oY

A7h A& s ojof & Aol

SHEpAE ZAFR| Gof| A Alekgl vhAf =
o] AbgA] AL EAl(predation) L ‘—%’}j_‘uﬁ(lncubatlon
failure) 50|tk Eq A719] WA U] elo 2 Abeky
(missing)¥} 2 ¢(peaking)©] ZAIS E3f Q}?_]QCHE]- ol

Kwon et al.(2006)0] 213t AT Q¢ & Arebd, Z&
Great Tit(Parus major)
L 1 E }
N
O { 1
s 7 } I }
5
S 5
3
2 8 2 o 2 2 2 H 2 8 & #
(=] (=] (=] (=] (=] (=] (=] (=] (=] (=1 (=] j=]
~ ~ ~N ~N ~N ~N ~N ~N ~N ~N ~N ~
E E E E E E E E E E E E
g 8 8 8 8 8 8 8 8 8 &8 8
2 z ﬂ 2 0'!. 0\. 0\. 0\. @. \9. o \D.
£ £ £ <€ Q@ 9 o g g ¢ ¢ e
Year(Site)

A: Yeongsil site (1,300m), B: Eorimok site (900m), C: Kwaneumsa site (600m)

Figure 5. Comparison of clutch size of Varied Tit and Great Tit in 2009-2012
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s, 24, 2ee 91901 oftstarvation)= THAE ]

ot SAIFO] HEH ER(O73%)% HAHT
£(99.5%)°l el AR 23]
£ B §tH(Table 4).

ESF 2012 o) YERG B 29 B3 FE(71.3%)2
HAAFE(69.0%) 1 L3 =25 YEYoH, o]z w2
o] AT E(96.8%)% RHFet ZAutet & 4= qlth(Table 5).

F4Y AAZA oA A5 A (natural nest)&} Ol L=
(artificial nest)7e] AYEEL A% FA A =4 UEbd
A= Q) O U(King ef al, 1999; Zanette, 2002), ¢4 1}
oA FIFEC A Ued AL AF3FAE o] E&F
A olaA7] oo WY 4= = A7 FACE T}
Tt gl RZAR P WA AY a7l AT

Mol DT AFHE s
ATE B A3 4o Bay .

20124 JA(1,300m)A o} 2] TEtol9] o] £HFEL
100% A A 5 F3H 352 24.4%= 9 2A ekt
FAA AN 2AHE 87)9] ELEHo] FA| FolAl 57 FA
© HALSE 0%, 270 TA= 50%m|eh, 17] SA[uto]
100%z SHlE| 9], o)t F 2o A4ah uiafeh &
gl Lo Al 5ol Hol, &&=, FF 59 dFo| e
olz\]ﬂo] H;<40 oz Hp;} 4%1 ] 7]0:]%1- _/,\_ ol% 3= O
AR E shA] ZatdAY, FAT 42 Fde 7he

g 4 gk At AZoly ARt FHd o3
gho] A7 FARSH IS T s Hoof & A
gkt

= ot R FEC] A UEhd Aol woE oo AFAHE SR U =7} Fopglol wet
3ol 2AA o] whet R TRE<0.05), o]k 7)ol BobE AL st WAFE nEo 1
HETEE<0.05) D HAHTEE<005) BE $013 Holg B 7L 2 - (Ml JFL wol HzAberdlo]
Bolct 7, 2= *}Zl‘%“ﬂ utef F3HE-E(p>0.05), S YEUH, AAR Y] Bat7]&o] F7HE4E Abghglo]
o 44 FE(>005) % AABEE00) B SAT A g Atk 0] g 40 24200 2 o
ol7F {ISiTt. uhebAl % Hro of W Ao thslo] A 42|99 & A& AAStE BARE Sl 7] Abolof whE A
A9 AT Sl li"ﬂTJ- oLt uhAf o] H A o T o H37l fogt ARBAE Evhe dats 710
AL AT Aolo] TESE 4HEA St A& WMol QRS oAt Swska ongs At
HojErhal & 4= Qv ofAl Eel], LEHo] o HAHH o BT HAF O] A9 7] ste] e AE
BaEol =7k wobgof wheh Wolxlthe AS ov|shH, Yol dole =Fo] d Aolgt AALY 5 AL E
SRS AR ABEE BE BE FARS Hold  BAow Haste] 788U ohlet 443 vel€o] o
ot ko mE WANH AEEe deiAe B ut HEA o] WA A EAdwstel BeE AudA S 1Y
Table 4. Related to breeding success rates of Titmouse in Mt. Halla, 2011
. Kwaneumsa C*, 600m Eorimok B*, 900m Yeongsil A*, 1,300m
Analysis Varied Tit ( Great Ti)t Varied Tit : GreatT)it VariedgTit( Great T)it Total
Hatching 57.9 62.9 553 64.0 83.3 79.5 67.3
success (%) (33/57) (66/105) (63/114) (57/89) (65/78) (93/117) (377/560)
Fledging 93.9 100 100 100 100 100 99.5
success (%) (31/33) (66/66) (63/63) (57/57) (65/65) (93/93) (375/377)
Breeding 544 62.9 55.3 64.0 83.3 79.5 67.0
_success (%) (31/57) (66/105) (63/114) (57/89) (65/78) (93/117) (375/560)
A: Yeongsil site (1,300m), B: Eorimok site (900m), C: Kwaneumsa site (600m)
Table 5. Related to breeding success rates of Titmouse in Mt. Halla, 2012
. Kwaneumsa C*, 600m Eorimok B*, 900m Yeongsil A*, 1,300m
Analysis Varied Tit : Great Ti)t Varied Tit ( Great 2l"it VariedgTit( Great T)it Total
Hatching 84.1 85.1 66.2 71.4 24.4 67.5 71.3
success (%) (58/69) (97/114) (45/66) (75/105) (11/45) (27/40) (313/439)
Fledging 100 100 84.4 97.3 100 96.3 96.8
success (%) (58/58) (97/97) (38/45) (73/75) (11/11) (26/27) (303/313)
Breeding 84.1 85.1 55.9 69.5 244 65.0 69.0
success (%) (58/69) (97/114) (38/66) (73/105) (11/45) (26/40) (303/439)

N Yeongsil site (1,300m), B: Eorimok site (900m), C: Kwaneumsa site (600m)
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