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Fig. 7. Artificial nest.
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(mean=SD)< 134C-165C= e a(Table 1), #HSAF 1653£5.10C, o2&
15.03+5.29C, 924 1340+497C=2 %7}t E=olA4= 7] 2o] rolA th(one-way
ANOVA, F=10.184, p<0.001). 201012 H3t 7] 13.0C-166T, FAF 16.554.8
2°C, olgl¥ 14234566C, 9A 13.00+559CE e L(one-way ANOVA,
F=12.828 p<0.001), 201192 3 7] 13.3T-159T, ¥SAF 15854528°C, ol 2] &
14.20+5.23C, 924 13.25+528CZ E}(one-way ANOVA, F=6.956, p=0.001), 3
W3 27}t Eold 45 7)20] YrolH thone-way ANOVA, F=29.528, p<0.001).

S s
XE= #HSAF 1569T-166T(one-way ANOVA, F=0.723,

BN

AR 393 72

p=0.486), 125 14.2C-15.0TC(one-way ANOVA, F=0910, p=0.404), 94 130T

M

-13.4C (one-way ANOVA, F=0.186, p=0.845)% YEI}, BE ZALFo|A A= 2}
o] &= 91 tHone-way ANOVA, F=1.124, p=0.325).
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Table 1. Mean and daily temperature range of each sites at Mt. Halla in 2009,
2010, 2011.

Mean temperature Daily temperature range
Site Year y . .
(£S.D.) MeantS.D  Minimum-Maximum
2009 16.53£5.10 7.59+3.14 0.5-16.7
Kwaneumsa ) 16.55+4.82 6.15+2.84 1.1-13.0
(600m)
2011 15.85+5.28 6.51+£3.32 0.8-15.1
2009 15.03£5.29 8.70£3.53 1.3-15.6
Foriomok o) 14.23+5.66 6.99+3.63 1.6-15.9
(900m)
2011 14.20+5.23 7.24+4.27 1.1-15.7
2009 13.40£4.97 6.95£3.58 1.0-16.0
Yeongsil _
(1300m) 2010 13.00£5.59 6.62+3.34 1.1-15.8
2011 13.25+5.28 6.22+£3.53 0.7-14.4

* Mean temperature by site : one-way ANOVA, F=29.528, p<0.001.
* Mean temperature by year : one-way ANOVA, F=1.124, p=0.325.

2009 2010, 2011 ERAlo] A7) & =AM A VeRE A
Figure 7-9¢ A|Alstth. 200902 49 24-2697d o] 3AL Aol 13] vewe

20109 3 20119 = 49 5 o] A A2 dAto] 3-43] ey 1 o] %9l 5¥Y
ZTHFE TEA = HA Y T HA 7S Agete 720 3@ BF H] 528

vhebat
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Table 2. Closest tree from plot center of each site at Mt. Halla.

Site Shrub, closest(%5) Tree, closest(%)  Snag, closest(%)
Kwaneumsa Viburnum erosum(26.7) Quercus serrata(21.4) Not identified(60.0)
(600m)
Eoriomok ) o
Viburnum erosum(21.3) Quercus serrata(22.6) Not identified(60.9)
(900m)
Yeongsil

Acer pseudosieboldianum(47.1)  Pinus densiflora(41.7) Not identified(45.5)
(1300m)
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(Kruskal-Wallis test, p<0.05).
oA BEFE o umA T A9 Fog Aozt A A ¥HMann-Whitney  test,
p<0.05), ¥SAReE oY &S HXERE e FYeA FS AR e
(Mann-Whitney test, p>0.05).

Table 3. Stem count of radius 5m.

Stem count(ea)”

Site Shrub or Perimeter of _ :

Sapling breast height(cm) Perimeter Perimeter

<2.5cm >2.5cm

Kwaneumsa  Shrub 4.2+4.04 14.3+9.45 224301
(600m) Sapling 9.7+7.22 195+11.16 4.2+3.80
Eoriomok Shrub 4.9+4.33 15.6+9.62 2.9+3.24
(900m) Sapling 12.9+8.18 29.7+16.36 9.3+7.87
Yeongsil Shrub 10.0+4.48 24.8+12.42 8.345.18
(1300m) Sapling 19.0+10.98 36.5£13.5 13.046.77

* Stem count by site : Kruskal-Wallis test, p<0.05.
* Stem count by Yeongsil for Kwaneumsa and Eoriomok : Mann-Whitney test, p<0.05.
* Stem count by Kwaneumsa and Eoriomok : Mann-Whitney test, p>0.05.

B 11.3m el s asS Fasde wet A EFTe® o] AR 2
3= Table 49 AASATE. FaEd 8-23cmet 23-38cm EFolA M= £
& 747 gy, AU F 5 (Taxus cuspidata Siebold & Zuce)™ A of
T, BEE U, EUYFoR A AN 2 Ao]lE HolA gtoyt 38cm ©
A A, BEAbek ofelE AN = E3ek A
oAuF7E FASAN Fd A= avel A d Y (Quercus mongolica

Fisch. ex Ledeb)7} $#3sl= zpo]lE wHoJF1 gt}

o
Sh
=il
M
=2
o)
o
jutn)
_OL
rlr
o\

o
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Table 4. Tree proportion of radius 11.3m.

Tree proportion(%)

Site Perimeter of Perimeter of Perimeter of
breast height is breast height is breast height is
8-23cm 23-38cm >38cm
Kwaneumsa Sapium japonicum Lindera erythrocarpa Quercus serrata
(600m) (23.2) (25.0) (12.5)
Eoriomok Acer pseudosieboldianum Acer pseudosieboldianum Carpinus laxiflora
(900m) (27.2) (30.3) (24.4)
Yeongsil Acer pseudosieboldianum Carpinus laxiflora Pinus densiflora
(1300m) (37.0) (31.3) (54.3)
AT FROA BEE W& dEo] figh AESES Table 5ol AlASHAT
w3 &3 #HEolo] wWm7|(Duchesnea indica Focke), HFA(Arisaema

amurense for. serratum Kitag), 71 2 (Pseudostellaria heterophylla Pax ex Pax
& Hoffm.)¥} 2& ZEF, ZAYF(Damnacanthus indicus C. F. Gaertn), A&
(Ardisia japonica Blume) & AlFxzdle] 7te] A #&ZHA = &, 59
(Hedera rhombea Bean), >4 (Celastrus orbiculatus Thunb), vAt=

(Trachelospermum asiaticum Nakai var. asiaticum) 52 W=2E5E50] A&

o] FaL ATt
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Table 6. The list of collected vascular plant at Mt. Halla.

Scientific name

Korean name

Pinaceae A5 3}

Pinus densiflora Siebold & Zucc.

Pinus thunbergii Parl.
Taxaceae 5

Taxus cuspidata Siebold & Zucc.
Fagaceae 53}

Quercus serrata Thunb. ex Murray

Quercus mongolica Fisch. ex Ledeb.
Betulaceae A}=u}+-2}

Carpinus laxiflora (Siebold & Zucc.) Blume
Lauraceae =53}

Lindera erythrocarpa Makino

Lindera obtusiloba Blume
Sabiaceae W =W}

Meliosma myriantha Siebold & Zucc.

Meliosma oldhamii Maxim.
Daphniphyllaceae & 7 &) u5 3}

Daphniphyllum macropodum Miq.
Ulmaceae =545}

Celtis sinensis Pers.

Zelkova serrata (Thunb.) Makino
Moraceae %53}

Morus bombycis Koidz. var. bombycis

Ficus erecta Thunb.
Ericaceae 7 & @)1}

Vaccinium oldhamii Miq.

Rhododendron weyrichii Maxim. var. weyrichii
Styracaceae =y}

Styrax japonicus Siebold & Zucc.
Symplocaceae =& A L2}

Symplocos chinensis for. pilosa (Nakai) Ohwi
Saxifragaceae H <] 3}

Hvydrangea serrata for. acuminata (S. et 7.) Wilson
Rosaceae “v] 2}

Pourthiaea villosa (Thunb.) Decne. var. villosa

Prunus sargentii Rehder

Prunus yedoensis Matsum.

Sorbus alnifolia (Siebold & Zucc.) K.Koch

Prunus maximowiczii Rupr.

Prunus pendula f. ascendens (Makino) Ohwi
Leguminosae &3}

Albizia julibrissin Durazz.
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Table 6. Continued.

Scientific name Korean name

Alangiaceae BF 53}

Alangium platanifolium var. trilobum (Miq.) Ohwi uh 3 o
Cornaceae %5453

Cornus controversa Hemsl. ex Prain o

Cornus kousa F.Buerger ex Miquel Abgh

Cornus macrophylla Wall. - o] ==
Celastraceae =54 = 3}

Euonymus hamiltonianus Wall. var. hamiltonianus I \ES g B
Aquifoliaceae 7%

Ilex crenata Thunb. var. crenata S
Euphorbiaceae =3}

Sapium japonicum (Siebold & Zucc.) Pax & Hoffm AL
Rhamnaceae Zujj L5}

Rhamnella frangulioides (Maxim.) Weberb 7k w7 ] 7
Staphyleaceae 131} 3}

Euscaphis japonica (Thunb.) Kanitz oo Zuj

Staphylea bumalda DC. A F
Aceraceae g U5}

Acer palmatum Thunb S U

Acer pseudosieboldianum (Pax) Kom. T

Acer pictum subsp. mono (Maxim.) Ohashi EIA=E RB A
Anacardiaceae <53}

Rhus javanica L. U
Rutaceae <3}

Orixa japonica Thunb. Ak

Zanthoxylum piperitum (L.) DC. Z I U

Zanthoxylum schinifolium Siebold & Zucc A
Araliaceae 5 U5

Kalopanax septemiobus (Thunb.) Koidz U
Verbenaceae v} % 3}

Callicarpa japonica Thunb ESEAQR A

Callicarpa mollis Siebold & Zucc A H] L

Clerodendrum trichotomum Thunb ] g
Oleaceae &3 U2}

Ligustrum obtusifolium Siebold & Zucc HAEFU
Caprifoliaceae 2%~

Viburnum dilatatum Thunb 7k A

Viburnum erosum Thunb ERCAR S
Gramineae 4 ¥}

Sasa palmata (Bean) Nakai A 25 )
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=
(Parmesan, 1996; Forchhanmmer, 1998). #<* 7]% W3alo] tsh Aefd 23 A+
2 H|F&to] Be A7t JdAtH(Walther, 2002). 715 W3} £= gtu: #Hsls
71 W3R olojXA, FFY Abgt A AFAA dFe A= I
(Forchhanmmer, 1998). o]& % oA ZfF+= 374 W3] st A FxFo= g X

3}o] (Schulze, 2004), o]# 3 AG-E0o] Wa ¥ L )

Aaagol 5SS B, 20090 = 8470 Aol A

1=

Al WA AT
=, olF o FelAE 3B AFS ol&dte] MY B Aow UEWI, v
o8 FFAblA 2670, @AolA 23709 Aol Al WA o] QI 2010 el = 8770
o] 2sgol A Wale] o]FoH =, olgFo] 69 2R M B, el
2 Aol 297, FAA 22709 AAdelA WA s Th 2009 7 2010 WA
71el ZALE 1A ol &ES BF olEl&Fo] MY mal, =W A4 of
kel Aoz Aot HAl o] &Eol doAe Aolrt YIATHE HEAE A,
2010).
20110l = 86709 &S ol&ste]l A=, ofeEe A 33709 &4

, e om gadA 3070, BeAt

X
I\
w
=
Lo
B>
oz,
o
©
o
ol
ob

B, BeAHSd A 2Eutolel WAzt Ztzt 979}
12719 248 o] &1, o2 Bel At @Eute] 127), WAl 127, @4lel A
Zukol7h 1271, WAE 14NE ol HAT. T v g A9t gAleh ol Fol A
271, 4ol 4 4707 A TH(Table 6).

[
K
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Table 6. Use of artificial nests of each sites at Mt. Halla in 2009, 2010, 2011.

Varied Tit  Great Tit White-Eye Unidentified Sum of

Site Year (Parus (Parus (Zosterops . .
L e L . . species utilization(%)
varius) major) Jjaponicus)
2009 10 14 - 2 26/48 (54.2)
Kwaneumsa
(600m) 2010 13 10 6 29/48 (60.4)
2011 9 12 - 2 23/48 (47.9)
2009 11 16 1 7 35/48 (72.9)
Eoriomok

(900m) 2010 7 12 17 36/48 (75.0)
2011 19 12 - 2 33/48 (68.8)
2009 9 7 - 7 23/48 (47.9)

Yeongsil B
(1300m) 2010 6 5 11 22/48 (45.8)
2011 12 14 - 4 30/48 (62.5)
2009 30 37 1 16 84/144 (58.3)
Total 2010 26 27 - &7/144 (60.4)
2011 40 38 - 8 86/144 (59.7)

* Sum of utilization by site : Kruskal-Wallis test, p>0.05.
* Sum of utilization by year : Kruskal-Wallis test, p>0.05.
#x Sum of utilization by species : Mann-Whitney test, p>0.05.

FAR AT AAHT = AGE A9 ol §ES 20063 454 v E5to]
200811 5270, 20094 8470, 2010 S470= H+t 58.75+17.277/ME o] &3ttt gepit
AA AR 3dZE b o] &ES 85.67x1.537HR e, A Al Ao HlE =&

2o 2 et (Mann-Whitney test, p>0.05).
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= AAA o el w

1) 21 ¥ (Badyaev, 2001), & 4]

e
J

oFA

o] Att.

Wbk o ol glE &

il

o]
4

oF

]

el e shepo

]

=59 74}

’

1l

ol

< ¥ (Bombini)

=
K3

7}(Apidae)

H
=

oI% Agst #
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237k o

At

o3}
P
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2]
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10. The nest of disappeared parent bird after hatching(A) and dead

Fig.

chicks(B).
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Abell A 4

o
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3k Th 2009

date] Azl

Godl

o
i)

A= Ao Z et Table 7). =3 AT A A

2] 8+t (Kruskal-Wallis test, p<0.05).
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Abeh o2l =ol A 49 13

2 e BgAtsh ol g 2o

o
> Ao
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]

[e)
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]
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fe]

O 2 LER)

AFe Eupolsh uhA 2%

10 2 YERGTHT-test, p>0.05, Fig. 11).

ol

.W,A

HA e

A}E

Hone-way ANOVA, p<0.05, = 427 v}g}

[e)
IT

A e

, 2009).

A

SEE

.

- =X

-
1

1ow eyt

~X

(one-way ANOVA, p>0.05, =

AL Apol= gle Aom YEtHT-test p>0.05, Fig. 12).

EUA]

A el

o
h

}

!

2 YElytHone-way ANOVA, p>0.05).

Apel A 49 249

i+

el

e

, g 5

—

S
=

Fol 7} g1 th(one-way

I
i

ol

ANOVA, p>0.05). E3

EbETH(T-test, p>0.05, Fig. 13).
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Site

Site

Yeongsil
1 1300m )

Eoriomol:
{900 )

Kwaneumsa
{B00m)

2009 - Varied Tit{ Parus varius)

3. 29 4 5 412 4,19 4 26 5.3 E.10 &K 17 & 24 & 31
Date

B,

7

Yeongsil
1 1300m)

Eoriomol
1900m)

Kwaneumsa
1600m)

20089 - GreatTit {Porus major)

* LA L ] L L L

Fig. 11

Date

. Breeding date of titmouse with elevation at Mt. Halla in 2009.
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Site

Site

Yeongsil
1 1300m )

Eoriomol:
{900 )

Kwaneumsa
{B00m)

2010

- Varied Tit{ Parus varius)

- LR Ld L

4 5

4,12 4,19 4, 26

Date

Yeongsil
1 1300m)

Eoriomol
1900m)

Kwaneumsa
1600m)

2010

- GreatTit {Porus major)

L] "RE & &8

Fig. 12
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Date

. Breeding date of titmouse with elevation at Mt. Halla in 2010.




Site

Site

2011 - Varied Tit{ Parus varius)

Yeongsil
1 1300m)

o

s

£ E

c g

EQ T *® S0 RS AE
s Z

m

w

E.,—..

s E

28

g:—l—— *a & " o9
"

4 22 4 20 £ 5 £.13 5. 20 5. 27 g. 10 17
Date
= = 2011 - GreatTit {Parus major)
5
g% - ses & - - & ®
U~
Bl L
EE
g3
O Shbbh o W ] -
Lol
E
E.,—..
3 E
g8
IS T eee ss . = =
I I I I I I I I I I I
4,22 4,29 5 B 513 520 527 63 G610 6,17 6 24 T,

Date

Fig. 13. Breeding date of titmouse with elevation at Mt. Halla in 2011.
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aleo] wE AEe] AJAIZI= 1] FehA, S A wstel met ®ekal, o] %

H3le= 279 Holrt HE 2Fo X "o Al 9SS F=thH(Feeny, 1970;

Suzuki, 1998; vFx-&d, 2001). o3t A& 2% X7/ FE A uol A&
MAA 7] AL 272 WA 7] 8-S v Zti(Jarvinen, 1993). 3 27+ A

AAZ FZFutol= A7 A UHlE FF5& Hel7] wol (Perrins, 1991) 2 <

Table 7. Compared to the first egg-laying of each sites at Mt. Halla in 2009,
2010, 2011.

Varied Tit(Parus varius) Great Tit(Parus major)
Site
2009 2010 2011 2009 2010 2011
Rwaneumsa o060 o411 0425 0413 0407 0424
(600m)
Eoriomok 04/10 04/16 04/30 04/13 04/06 05/02
(900m)
Yeongsil 04/25  04/27  05/09  04/28  04/25  05/10
(1300m)

37 AmE B e 2Fdole o E g ZATOIA dxW 2 f
o]gt Afo]lE B ot (one-way ANOVA, p<0.05), #FAF ZAFFAA = o8k 2
ol7b ek EF HhAE Al ZAFFOIA RF AW folg Aolvt fle Aow
e tHone-way ANOVA, p>0.05).

A2k A e 5l 7H2006-20101) As (A 24b 71 E AT, 2010094 L%
WoatolE i, xR Aol glttsidith wEkAd 2 AFE B JEhd 2=y

ole] A=W Apol= F ¥ AVHQ EYUHIE Fl EAsjRole & ZlofE A

P
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(3) ghulj o] Abghse
200932k 2010 ZAFel A A= (2009 -TH-SAH S T (20101 o 2] &) ol A
7FE wkoy dx xpo](Mann-Whitney test, <£=49Fo] p>0.05 ¥ p>0.05)+=
Uelg A« koo (= d e ye 2010, Fig. 14, 15). 20119 A ol = A (3
SADCIA 7R weto, EEutolol Bl RF AR fo| gk Aol YERLEA

& otil(one-way ANOVA, p>0.05), ¥ 3shujo] Aebg= 2&vto] Ht 6.23+1.39

rid

N

N, ¥ it 8184245712 &gk Afol7t A tH(Mann-Whitney test, p<0.05).
20099 F-H 20119744 39zt ARE FFete] A A, A= Aolok 4 F
of W& A ol ¢l al(one-way ANOVA, p>0.05), ZF A9 AA| *
Abre]l e T Aol e AL E YERE TR (Mann-Whitney test, p<0.05, Fig.
16).

dalabaael mmelel ol dalAE olel sk Atk &, nEsh ol
Weh o e A7E 2ol B 978 FATOEA AL fAsE AL A

Shuf a7 AR TE A8 (Weathers, 2002)9F ol¢F @8] ne7l olfol uhe}
M A Ao Aol vrol A2 NAE AtdstER bl Folxlth= A §) (Zang,

1988) & o 3w el o LA o]z} gltkE A (Lu, 2005) Ho] Atk L

glar AR el e = vt goldes A2 AAEE, 5 Z57 vEo
doid ez A (Janes, 1994). Fhufitekes= JHA|TS] DRl A x e Ao o

U
o

(

©

:',:

< W=t Gosler, 19955 Both, 1998). & A2 HoA+= e FA o] § &9

fol7b glomz A4x An dwo] g

AANA FFE ol Ast AP Aol gof, AHA Wo| o Fujitets
=

7} #robA 31(Christiams, 2002), ¥FZ 7159 AV BEALS52 AEdES

o} tH(Gosler, 1995).
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2009-Varied Tit(Parus varius)
8 4
7 -
i -
B
0
L B -
= ® ®
=
[
5 -
4 -
C( 600m) B(200m) A(1300m)
Site
14
2009-Great Tit (Parus major)
12 -
10 4
& .
n
5 e
—
E 1
)
ﬁ =]
4 -
2 i i v
C( 600m) B(900m) A(1300m)
Site

Fig. 14. Clutch size of titmouse with elevation at Mt. Halla in 2000.
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Clutch size

2010-Varied Tit(Parus varius)

12

T T T

C{ 600m) B(900m) A(1300m}
Site

11 4

10 4

Clutch size

2010-Great Tit (Parus major)

T T

C( 600m) B(900m) A(1300m)
Site

Fig. 15. Clutch size of titmouse with elevation at Mt. Halla in 2010.
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Clutch size

Clutch size

84 2011-Varied Tit(Parus varius)
?'_
.
'
G [ ]
5_
ﬂ_
[ [ [
ClE00m) B{900m) AL1300m)
Site
114 2011-Great Tit (Parus major)
104 — S
g -
.
*
B_
= ]
?-_ —
E_ PR WF—
5_
I I I
ClE00n) BO900m) A01300m)
Site

Fig. 26. Clutch size of titmouse with elevation at Mt. Halla in 2011.
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+ HARDS §e A= AA AT
st ekl 2010, 248t Ao A ] A dF A(1)
, ME A, HEA, Add. 2006, AFAY 712 FrFge F wHE
54, =335 A 27(2): 188-197.
AAA, e, FAQL 2010. 611 Tk ofAxF Wstet vz BAAT. g
= 3H 7 A e ek 3] A] 24(3): 227-234.

AL 2001 M4 7] HA ol 23 A= dEgkE UEAAS Aedista At

©FA, A, WA, 1999, AFEe] Eests WERFY AF. FTEFHIA
6: 35-45

©FA, WYE, ALY, 2002 Fehde] 2R TPl B AT, FREFIA
9(2): 85-104

©FA, AW, NS, ST, HS, d9E, $4E. 2010, 71F A ©E A

o], A2, o]l WrF Yy s, shrlE, vhEE. 2007 A AE A HoA 1
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, AR 2000, A G=dstrE AbRHAE AN v A= FgE AdEE 1L

AFE-AA =, 2009. 71543t GFH7E 2 A4S i 51-106%.
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<Summary>

Breeding Ecology of Titmouse in Mountain Halla with
Altitude

Taek—Joong Kang
(Supervised by professor Hong Shik Oh)

This study was conducted from March 2009 to August 2011 to identify, in accordance
with altitudes (Gwaneumsa: 600m, Eorimok: 900m, Yeongsil: 1300m), the breeding
ecology of titmouse that breed in artificial nests installed in the Mt. Halla. The findings
showed the following: there were differences in the regional average temperatures during
the breeding season between April and July for Titmouse with 16.30£5.07C in
Gwaneumsa, 14.50+5.40C in Eorimok, and 13.21+5.28°C in Yeongsil; however, there were
no differences in terms of years with 14.99+527C in 2009, 14.53+5.57C in 2010, and
14.64+5.40C in 2011. Among the 48 artificial nests at various survey locations, ones that
were used for breeding were 27.67+3.28(57.7%) artificial nests in 2009, 29.00+4.04(60.4%)
in 2010, and 28.67+2.96(59.7%) in 2011; in terms of altitudes, 26.00+1.73(54.2%) artificial
nests in Gwaneumsa, 34.33+0.88(71.5%) in Eorimok, and 25.00+2.52(52.1%) in Yeongsil.
The utilization rates based on species that bred were 10.67+1.28(22.2%) artificial nests for
Parus varius and 11.33t1.17(23.6%) for Parus major, respectively where in it was shown
that there were no differences in utilization rates in terms of years, altitudes or species.
it shows that the first date of egg-laying is tend to be delayed in the higher altitude;
comparing the average egg-laying timing distributions by converting in to the number of
days elapsed from a standard date, it showed 40.60+3.48 days in Gwaneumsa, 45.90+2.75
days in Eorimok, and 55.00£2.34 days in Yeongsil for Parus varius, and 45.28+4.19 days
in Gwaneumsa, 45.61+3.10 days in Eorimok, and 55.78+3.26 days in Yeongsil for Parus
major, where in all showed differences. Compared by using the same method, the
distributions of average egg-laying timing based on years showed differences in terms of
species and survey regions, there by not displaying any constant tendencies. Clutch sizes
were not found to be different in terms of altitudes or years. The resulting differences
in the breeding ecology of titmouse showed that the higher altitude, the later egg-laying
timing, which can be attributable to the temperature differences based on altitudes. As
such, in order to identify the year-based differences that were shown in some survey
regions and species and also the reproductive ecological aspects of forest bird species, a

long-term monitoring is deemed necessary.
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