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N2V (Quercus mongolica) 5°] A3t gl AR & Fr|H oz
B 7HA A 7] & FSARE el s Al 9tk (Figure 1, Table 1).

2 Ao A= 4HE W] I3 A (UN: unburend)et ]3] AW =<1 5%
(BL: burend with damaged trees left) 2 Z# X (BR: burned with
damaged trees removed)E A3 ATE ZF ZARA Fol 4871¢] AFTAH
(& 14470)< 201230 AAskslen, 20139l = 144705 F7F AA 8t
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D 0.3750.75 15 2.25 3
e e Kilometers

Figure 1. Location of the study area on Mt. Geombong, Samcheok, Gangwon
Province, Korea (UN: unburned, BL: burned with damaged trees left, BR: burned

with damaged trees removed)
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Table 1. The geographical information of the study area

Factors

Stands

UN

BL

BR

Coordinates
(N 37°, E 129°)

Altitude (m)

Dominant
tree
species

Dominant
understory
species

14°15.6”, 16°55.4”

430 ~ 470

Pinus densiflora
Quercus variabilis
Quercus mongolica
Quercus mongolica

Quercus aliena

Lespedeza bicolor

13°52.3”, 16°37.3”

390 ~ 430

Quercus mongolica
Quercus variabilis
Pinus densiflora
Quercus mongolica
Quercus variabilis

Lespedeza bicolor

13°43.9”, 17°05.17

480 ~ 510

Pinus densiflora
Quercus variabilis

Pinus densiflora
Quercus mongolica

Lespedeza bicolor

_11_
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Table 2. Description of the environmental variables measured in this study

Variables

Description

Overstory cover

Suboverstory cover

Midstory cover

Understory cover

Coarse Woody Debris

Snags

Coverage over 8m on scale 0-3 within 2.5m
radius circle

Coverage over 2-8m on scale 0-3 within 2.5m
radius circle

Coverage over 1-2m on scale 0-3 within 2.5m
radius circle

Coverage over 1m on scale 0-3 within 2.5m
radius circle

Number of downed CWD within (=10cm in
diameter) 2.5m radius circle

Number of snags within 2.5m radius circle

- 14 -
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and Weaver 1949).

S

H' = 2 (-Pi) In(P1)
=1

WA F 4% (Figure 2)¢] A9 B xpolZ mlotstr] 93k Wx Al
2 5o F24& o] &3t ALeA . (Reynolds et al. 1930)
D = (n/ (m”C))10000

o714 D& Z2FEENo. of birds/ha), n> A Yo A #2H F
X =

MAS, r& ZAME (m), CE ZAME S e
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A e RS ALl VS SREn e FRAT A

2718 A5+ Xﬂﬂ sttt FAEAS 98 A A
Julian date= ¥3F ¥ Kruskal-wallis testE ©]&3t31o™ A}
#3] Mann-whitney testZ ©]-&3} 3t}
ZLZukol o Aj 7| FA, F-H G Aol&

1398744 19 4o AAES 285

!

o

OFO
= i’ﬁ Qb o
2 ol

B

A2 (spring scale/Pesola, #Aww O25g)a o]
s o]= Y X ¥ 72| 3 ~(electronic calipers/Fowler,
ww 0.0lmm)E ol-&stel FAskqlvt. Ao A7 A, FH, E

= 3§ 5~13d®8 A 2 AR JHAE A sto] SA 6
oA AR ke AAAE AL Aols JJr Lé} ] 913l repeated
measure ANOVAE o]-&3to] SAEA sl =3 FAE ol &3 A
F HEE gofstr] 918 37842 (Ricklefs 1967; Starck and Ricklefs
1998)< ol&3ste] 7 /MAIY WA, AHE g, A2AHAE =585
o] 2 t}A] Kruskal-wallis test?} Mann-whitney testZ o]-&3f

=
A5 A 8], one-way ANOVAZS o] 83t HZAE X9 a n

i,

2

W(X) _ A/(J_‘_e(*k(t*ti)))

g
1M
X

AARARNA W xdAel A7 RA, AH2A (), G
(day), K= 348 4% (day) & vhehaleh,
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2 AFEH 1 9l oW (Beuchat and Chong 1998; Ardia 2005), ®]7}4 %4
A7 B E7] Aol WekA] o= s iAo A7

75—1]
A9l WYY BES FAFFSY 279 A A AAYZRY ol

3-5F Foto % IF#S FA 75 (Andersson and Gustafsson 1995)38}F
oz 2Fdlole] & K3l § 4-74 Ato] F A AFURHFE 25-30Y
Abololl ®2 JHAIE EFete] AW/ Akekg W (brachial vein)oll A A
o dAS AFHEFAL S 7] WA FRo JFAHE FHI7] 9
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1. AR AG8A Aol

A4 F T4 B TS Feotsty] 98 ma A o AdEAA, =9
A5 X]Q%“?‘é ZH 487, T 14470 A Al 2AME AAIG 23 F 19F
281270 ] A A Fo] FAFATHTable 3). A9 F £ 2 AAFE=
nysfA F 15% 1230704, AAEEA 15F 897KAl, =HA 17F
1,22370 A1 71 &<l H Aok SAEE Hug A3 53 (O8m) 7] I &)
A7F 4% 1040A = 7HE =en, ofulES(2~8m)2 AAd5dA 7} 4
T BANAZ 7V =% 355 (1~2m) ZHA 7 17F 117970 A =
7HE =%

ZF AR W g5 JEFd FELES, IAHE E5o] ZolE 9o
g A, YEFY FEIEE, TAME BF {§Fo% 2polE B A HTable
4; one-Way ANOVA). 2t zfo]E Holx= 2lo td] Bonferroni
multiple-comparison test& ©]-83}o] Al¢ A3 Ay J3d I
T AR vy A7t 7HE E=kom (F=108, P<0.001), 4%
of vlal ZHA7F 9A YEFSTH(E=37.70, P<0.001). ¥
g TTIEFS AAELATE & F A " =A dEhd vk
A7} 7HE =4 YERS tH(Figure
A7 & F A v =

rlo

H1 of

ot

o &
f

N

12

2o ARG = AHE o] F - tﬂ%ﬂ—v‘i‘—A 1“011*1 Xl**“ﬂ I & & A
o] o] Fo]HtH(Choi et al. 2014). AH&-2]
L& #AE st £E59 S

= 5 2]
2 oAg B b 83 vnge I3 48 zds A
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Table 3. Tree species composition and abundance at each foliage layer in the unburned and two burned (damaged trees left and

removed) stands on Mt. Geombong, Samcheok, Gangwon Province

UN BL BR
(n=48) (n=48) (n=48)
T.L St.L Sh.L T.L gt. Sh.L TL St Sh.L T.L St.L Sh.L

Total
Scientific name

Larix leptolepis 3 19 22
Pinus densiflora 70 9 6 21 10 47 12 18 181 103 47 71
Betula platyphylla 8 14 22
Betula schmidtii 4 15 3 22
Quercus mongolica 6 23 137 1 16 51 280 7 39 188
Quercus variabilis 21 38 36 17 48 141 3 1 18 41 87 &5
Quercus serrata 7 3 3 29 7 35
Prunus sargentii 4 5 2 11
Lespedeza bicolar 308 113 370 792
Lespedeza maximowiczii 63 156 219
Robinia pseudoacacia 4 4
Rhus javanica 1 7 10 18
Rhus trichocarpa 10 10
Acer pseudo-sieboldianum, 1 9 2 12 24
Fraxinus sieboldiana 28 32 48 108
Rhododendron mucronulatum 289 108 83 480
x:x_'i O

I
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Table 3. Continued

UN BL
Scientific name (n=48) (n=48)

BR

(n=48) Total

TL StL Sh.L TL StL  ShL

TL StL  ShL TL StL Sh.L

Rhododendron schlippenbachii 132 1 75 208
Styrax obassia 3 45 4 52
Lindera obtusiloba 26 54 30 110
No. of species 4 4 15 3 4 15 2 4 17 4 3 19
(No. of individual) (104) (75 (1055) (39 (78) (780) (15) (30) (1178) (158) (173) (2481)
Total No. of speices 15 15 17 19

(Total No. of individual ) (1230) (897) (1223) (2812)

Abbreviation of layers, T.L: tree layer, St.L : subtree layer, Sh.L : shrub layer

_22_
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Table 4. Observed values for the stand structural variables in the unburned and two

burned (damaged trees left and removed) stands on Mt. Geombong, Samcheok,

Gangwon Province

Stands (Mean+SE)

Variables UN BL BR F value P value
(n = 48) (n = 48) (n = 48)
>Im  1.96+0.10 1.73+0.10 2.56+0.09 19.235 <0.001
I2m  1.06+0.12 2.13+0.10 1.54+0.16 16.522 <0.001
Coverage™

2-8m  1.54+0.08 1.70+0.11 0.63+0.09  37.703 <0.001

8m 2.194+0.12 0.58+0.12 0.19+0.06  108.000 <0.001

No. of snags 0.08+0.05 0.77+0.13 0.08+0.07 19.105 <0.001
No. of CWD** 1.54+0.31 5.44+0.36 2.83+£0.56  21.767 <0.001

*Coverage value: 1=1~33%, 2=34~66%, 3=67~100%, **CWD: Coarse woody debris
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Figure 2. Summary of stand-structure attributes, coverage index with result of
Bonferroni multiple comparison test for the unburned and the two burned (damaged
trees left and removed) stands on Mt. Geombong, Samcheok, Gangwon Province.
Vertical lines on the bars indicate SE (standard error) and different letters represent

significant differences (P<0.05)
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Figure 3. Differences in number of downed CWD, number of snags in the unburned
and the two burned ((damaged trees left and removed) stands on Mt. Geombong,
Samcheok, Gangwon Province. Vertical lines on the bars indicate SE (standard

error) and different letters represent significant differences (P<0.05)
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2. 2RFR L MAF IE Zol

T 2AF A3, F 31F 4367019 2/7F #EEAC A
AR vug A mysAE 25% 183704, AAEAAE 24F 17270
A, zHA = 14F 8I/AAIY =77F #FHNeH, & TH=e T, F
Odd B AGER fFod AolE BJATHF=851, P=0.003; F=12.28,
P<0.001; F=4.77, P=0.025). T3t AF5#4 A3 (Bonferroni multiple-
comparison test), & TH L FE, TUYAH EF v A e AAE
A7 - A vl& =& ghel YEwtH(Table 5). 249 Fx9 &
T 2R AAA AddgES AAs= 52 2<lol#(Hobson and
Schieck 1999), Alzt Ao wWE Hole Z{ & WHIAZIGH
(Schieck and Song 2006). =¥ o}

g g FE7 A Ao ® deEste] B A vl X279
T, TTFE7E A UEwoen, o= olde A A
Aol th(F B 2007; Lee et al. 2011; Choi et al. 2014).
A A Gl M e & 48l et 2k Fo G+ AEs vugt 4
I, 9Fo] AgHE=R {Fo3 Ao]E K AtHTable 6). P ofg| A7
(Cuculus saturatus)S} 2. A= T}-2] (Dendrocopos major)e] 2 E+E 1| 3] 3
Aot AAELA7E 2@ Aol Hl& A VeSS (F=8.08, P=0.004;
F=741, P=0.006), WA (Halcyon coromanda)®} L 5 °|(Aegithalos
ccaudatus), TN = AAHELA 7} 2 F AFd vHlF = UEE HS
CH(F=5.00, P=0.022; F=15.63, P<0.001; F=24.80, P<0.001). %3} 2]
M (Luscinia cyane)®t +=8ro], vl = wgs|x|dA v F X H
Hlg =2 #F WeE HYNF=6.65 P=0.009; F=1867, P<0.001;
F=13.00, P=0.001). "€ X = "N (Emberiza cioides)?} t+& F Aol
HE e #ENEE BY(F=5.00, P=0.022). AHES o]l A2 std

A
257 A B Fol AEAE AdEs ZYsARE, AR Fol 1

=
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& Bol/ Hvh(Huff and smith 2000). °l& AHE
9 F ZTHT thAe ZAaEw A4 HA gor ¢
A

=5 %
sl A o] e B e § e A T xe udds S
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Gallo 2006; H & 2007). vt&, #WAj e} FxFo], FA, =27 59 =
Tt ol A = A AddA HolE F-3li=(ground and brush
foragers) TLo=A NEAE ANHezE HAsete AFs Hol7] Wi
of, A A LE7F =A YetyEs Ao=Z A7 ¥t (Raphael et al.
1987; Choi et al. 2014).

>

AA #2F T AR Addste] A vl { " Aol & Wl
g A vl F A "E Aol m s A of AARAA A FoE
ol & HolA] ¥y A= F Ao HlF w2 s vElH
(Table 7; F=50.65, P<0.001). BAlF+= ¢35 Aol Hd =l F Ao o]x}
P drie dTete ToE AR JAME HAd Z JFS v
Aol th(Hutto and Gallo 2006). "] I3l A&} AAH LX) w2 e+
Abd FAA F9e g R g Holge FUHF WA wethe] F&
&% A (home range)S Holx Hdelom #HL3dlo] =& WLES H A
o2} It th(Virkkala 1990; Seki and Takano 1998).

EE
R S I A E RO SR R R P I o B =R )

o] HATHF=24.8, P<0.001). T3 =ZHol9} uba=

;

o] & WEE HYthTable 7; F=1867, P<0.001). A5 ellA u}
A 7E ma s Ao A 2EEte]7h e MRS Bl e o]xef Aol n|

3 Algolth A 5 (000wl AS 15 a ol A

El
Ol
J|m
S

QL
rEI



=2 MAlFE AL 2Eols Fo3 Afo]E HoA]
Fath 2@y o oF A(1996) A ellA W7

| 59
2 A9H ol AL AAYHAZ ol ahul, A

82

2 oA
Iz

o
kl
s

offt
0,
Ik
o
rlr
N R

ol

A I s
JEd AAE T2 o]l &3vhes A7Z23E Lxsto] LFuboloh A
of Az v A ol&e] 7tedE HoAAFA EI o] F T2 H|
"7 Eetel= Fel(flock)E Ao AZsHAIRE WA 7] Fetell= e
o] Fo] WA M H A (breeding territories)S FAJsFEE W27 Fldd=
T e Y AtHGosler 1993). &EHto] ¢} ©

R FA-FE A A A 9l (ecological niche) ©]F o] WA Hrh
(Alatalo and Moreno 1987; Jablonski and lee 1999; Jablonski and lee
2002). & ATolA muA Abgl WRFd ZEHol o] mgsx] HEz et
Had emEelm AAA Aglel g uAe] AARAH HEE A
AA AEA o] go] We U (niche) AE] @ Aoz AztETH(o]

9} 71 1996; Jablonski and lee 1999).
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Table 5. Differences in number of bird species, individual, and bird species diversity among the unburned and the two burned

(damaged trees left and removed) stands on Mt. Geombong, Samcheok, Gangwon Province (one-way ANOVA and Bonferroni

multiple-comparison tests, n=number of transect surveys, different letters represent significant differences)

Stands (Mean+SE)

i |
Variables UN BL BR F value P value
(n = 6) (n = 6) (n = 6)
Species richness 13.331.02° 14.33£1.2° 7.83+1 .35 8.51 0.003*
Abundance 30.5+2.66° 28.67+2.76" 13.542.57" 12.28 <0.001*
Species diversity 2.4+0.09° 2.38+0.1° 1.9++0.17° 477 0.025*
index (H")
¥ ] '\-:.‘: ]
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Table 6. Mean detected individuals of birds species among the unburned and the two burned (damaged trees left and removed)
stands on Mt. Geombong, Samcheok, Gangwon Province (one-way ANOVA and Bonferroni multiple-comparison tests, n=number

of transect surveys, different letters represent significant differences, *=No. of bird/15min/1.2ha)

Abundance* (Mean+SE)

Scientific name UN BL BR F value P value
(n=6) (n=6) (n=6)
Accipiter gularis 0.17+£0.17 - - 1.00 0.391
Falco subbuteo 0.17+0.17 0.33+0.21 - 1.15 0.342
Falco tinnunculus - - 0.33+0.21 2.50 0.116
Bonasa bonasia 0.33£0.21 - - 2.50 0.116
Streptopelia orientalis - 0.50+0.34 0.33+0.33 0.85 0.446
Cuculus fugax 0.17+0.17 0.17+£0.17 - 0.50 0.616
Cuculus micropterus 1.17+0.48 0.83+0.17 0.67+0.21 0.65 0.537
Cuculus canorus 0.83+£0.17 1.83+£0.40 1.00+0.89 2.67 0.102
Cuculus saturatus 0.83+0.17° 0.67+0.21° b 8.08 0.004
1-'; 9o
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Table 6. Continued

Abundance* (Mean+SE)

Scientific name UN BL BR F value P value
(n=6) (n=6) (n=6)
Caprimulgus indicus 0.17£0.17 - - 1.00 0.391
Halcyon coromanda - 0.50+0.22° = 5.00 0.022
Eurystomus orientalis - 0.17+£0.17 - 1.00 0.391
Dendrocopos  kizuki 1.00£0.52 0.50+0.34 - 1.96 0.176
Dendrocopos major 1.00+0.26" 1.17+0.31* > 7.41 0.006
Picus canus 0.17+£0.17 - - 1.00 0.391
Motacilla cinerea 0.33+0.33 - 0.50+0.34 0.85 0.446
Hypsipetes amaurotis 0.83+0.40 0.67+0.33 1.50+0.34 1.50 0.255
Luscinia cyane 2.17+0.70° 1.33+0.21% R 6.65 0.009
Phoenicurus auroreus 2.33+0.76 1.50+0.43 1.50+0.43 0.74 0.496
-
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Table 6. Continued

Abundance* (Mean+SE)

Scientific name UN BL BR F value P value
(n=06) (n=6) (n=06)
Zoothera dauma 0.50+0.22 0.33+0.21 - 2.06 0.162
Turdus pallidus 3.17+0.31 3.17+0.48 1.83+0.48 3.23 0.068
Aegithalos ccaudatus - 1.67+£0.42° - 15.63 <0.001
Parus vaarius 4.33+0.56" 1.67+0.56" 0.33£0.21° 18.67 <0.001
Parus palustris 2.00+0.45 0.50£0.22° > 13.00 0.001
Parus ater 0.50+0.22 0.17+0.17 - 2.50 0.116
Parus major 4.83+0.31° 7.50+0.85° 1.83£0.40° 24.80 <0.001
Sitta europaea 0.17+0.17 0.17+0.17 - 0.50 0.616
Emberiza cioides - - 0.50+0.22 5.00 0.022
Emberiza elegans 2.334+0.67 1.33+£0.50 2.00+0.52 0.81 0.462
3
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Table 6. Continued

Abundance* (Mean+SE)

Scientific name UN BL BR F value P value
(n=6) (n=6) (n=6)

Garrulus glandarius 0.67+0.42 0.67+0.33 0.50+0.34 0.07 0.934

Corvus macrorhynchos 0.33+0.21 1.33+0.21 0.67+0.49 2.33 0.131

Table 7. Mean density of tits (Parus sp.) in the unburned and the two burned (damaged trees left and removed) stands on Mt.
Geombong, Samcheok, Gangwon Province (one way ANOVA and Bonferroni multiple-comparison tests, n=number of transect

surveys, different letters represent significant differences)

Density (Mean+SE)

Scientific name UN BL BR F value P value
(n=6) (n=6) (n=6)

Parus palustris 0.38+0.85 0.11+0.48° 0.0+£0.0° 12.17 0.001

Parus ater 0.11+0.47* 0.06+0.35% 0.0+0.0° 2.5 0.116

Parus major 1.03+0.07° 1.59+0.18° 0.39+0.09¢ 24.8 <0.001

Parus varius 0.92+0.11% 0.35+0.29° 0.07+0.04° 18.67 <0.001

Parus spp. 2.4840.17 2.09+0.16° 0.46+0.16° 50.65 <0.001
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HAl A= 9.85+1.57(n=7)2 YERT  ZEdole=  m I s A ol A
6.14+1.667l (n=20), ApA - A o] A 6.33£2.3571(

7.00+1.0071 (n=3)= YEFSTE A9 wAje} tFubo] o] ghujikeg A}
olE Hwg Ay A P AAXE {Fogt XolE: HolA Fdtt
(Table 9). Arriero et al. (2006)2] <ol Al BFA]F<] Shujiket
21 A 2 A (breeding territories) ] A 2% AT+ Zx L EA wr}
o] }o](Dhondt 1989)¢} A 74AHel(body condition), %% =4 (genetic
quality)ell @3S W=tz B a9 thH(Price et al. 1988; van

Noordwijk et al. 1981). #Xx¢ A% AeHE o %48 (nutritional
J

1=
Fow F4o] sl B ATE @ Yme AZAHE g9 3
1% wolx ol A% FuWs: A£H ATV} LY AOE AU

.
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Table 8. Differences in ratio of nest box used among the unburned and the two
burned (damaged trees left and removed) stands on Mt Geombong, Samcheok,

Gangwon Province

Ratio of nest box used

Year Total
UN BL BR

2012 16/48 9/48 6/48 27/144
2013 16/96 12/96 3/96 31/288

1.0

. 2012

08 =1 2013

0.6

04
>
2 o2
=
w 00
0
[o]
S -02 IH H
e

-0.4

-0.6

-0.8 o

-1.0

UN BL BR UN BL BR
Parus varius Parus major

Figure 4. Jacobs' Index represents preferred habitats between two species (Parus

varius and P. major) from 2012 to 2013

g5 - :_..E



1.0

0.8 4

0.6

0.4 4

0.2 4

-0.2 4

Jacobs' Index

0.4

-0.6 A

-0.8 A

'10 T T T
UN BL BR

Figure 5. Jacobs' Index represents Artificial nest box preference according to density
of Parus spp. among the unburned and the two burned (damaged trees left and

removed) stands
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Figure 6. Differences in laying date with the standard deviation (SD) among the
unburned and the two burned (damaged trees left and removed) stands in 2013.

Dates (1 January = 1) are expressed as Julian dates
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Figure 7. Differences in Hatching date with the standard deviation (SD) among the
unburned and the two burned (damaged trees left and removed) stands in 2013.

Dates (1 January = 1) are expressed as Julian dates

Table 9. Summary of a two-way ANOVA performed to identify the effects of
habitat and year on the clutch size of Parus major and varius among the unburned

and the two burned (damaged trees left and removed) stands from 2012 to 2013

Species df F p
Habitat 2 0.750 0.487

Parus major Year 1 3.901 0.064
Habitat x Year 2 1.967 0.169
Habitat 2 0.198 0.822

Parus varius Year 1 0.808 0.380
Habitat x Year 2 0.219 0.806




4.1. L=vtol e} ¥hAf A} 7] 9] AlF

SLZuke] A|719] V(5 F 4~159) Fere] FAE Hlad A
A BE fod Aols B (F=7.82, P=0.008) #AdE-21x]2] A
7h wsajA el Azl vlel s=E A et (Figure 8).

J

BERA A4S ol gaol AAAEE BBl AAle 47 AR oo}
g A, WMIPA ATAANA T AY 7 fF AolE man
(P<0.001;  P=0.027). AAELA(5.7910.85)¢] WA 7w I3} A

(7.39+1.15)° ®laf w=A YGepti o= AAFRAA ] x-F7] A5
g iAo HlEl §43 7SS ovlske, m 98] %] (18.20+1.69) 2
Atdol AAELX(16.90+1.24)0] B3] =A vERG AL I3 A Al
7 HF FAY AAFLA vlEd =4 45 doe As u
(Table 9).
w719 AET(F8E 3 5~13Y) Feke FAE 29 Ao R |
3 Azl Az 2 F93 AolE B o (F=13.11, P=0.001) A%
A A 2 AL Alste]l mgs Aot AARAATE w=A UEW
(Figure 10; P=0.023; P<0.001).
A= AE ol &3]l AMAAEE Bby Aj7]e] g sEE shofdh
A, Was A A2 BE O A9ER §9%8 ztols
(P=0.014; P=0.001; P<0.001). A<d5L7](5.59+0.72)¢] ¥ =352 w33
2] (6.37£0.65)92F = HA(6.831.16)° H]ste] LA YERG AAELA] 9
| Aol waafz| e 7R ol vlste] 438 Frtstdnh A4
AL 591 2](2.36£0.65)7F 1] 3] 8] #] (2.69+0.47) 9} ZH %] (2.93+0.51)°
A YEbgon ol AARLXIF thE T Ao Hgte] 4%
Hs oujgith A2 Egh AAE9A(14.8141.35)7F 7] &
(15.79+1.12)°F Z=¥A(15.72+1.5D) H]ste] A e 2 E- =] 2
THAE o8 F Al vlste] wA ¢ SE vk (Table 11).
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vk F = A A 2 F(altricial bird) 24 W A7) B0k theksta o=
HES AA Dh(Perrins 1991). o]#l3k Holo] ok}

T (Johnston 1993; Dias and blondel

o
a HolgFo] BE3E Aol = AMNES 2T
] HolA HArHWiggins 1990; Gebhardt-henrich
and van Noordwijk 1994). ¥=2r7d o] A& AX|ol| H|s] B4 Z=A U
bt m sl of @A o] Ay Ho] shEge] FHo R Qe A=Al
of zFolE el Zolgt Azt w2 AFAES ) A7 E 1 AA
o Astel x2e] 93 FUh A AR AN A yEe @4l
H(Lack 1968; Halupka 1998; Royle et al. 1999). w3 &} x| e} Z & A|
AMA e wAle] Be =& AGES Ho XA AR =&

AT AR Ade] A JEhdoeE S t
doE Ae gujsiy, o]ihAl AlFo] w2 FE AE

H el th(Krementz et al. 1989)
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3 4 5 6 7 8 9 10 11 12 13 14 15 0
Age(Days)

Figure 8. Changes in body mass of Parus varius nestlings from age of day 4 to
day 15 between the unburned and burned with damaged trees left stands on Mt.
Geombong, Samcheok, Gangwon Province. Vertical lines on the bars indicate SD

(standard deviation)

Table 10. Mean asymptotic growth and constant and inflection point of Parus varius
nestlings in the unburned and the two burned (damaged trees left and removed)
stands on Mt. Geombong, Samcheok, Gangwon Province

Stands (Mean+SD)

Variables P value

UN BL BR
Asymptotic Growth 18.2+1.69 16.9+£1.29 - 0.027
constant 2.7320.61 2.53%0.75 - 0.154
Inflection point 7.39%1.15 5.79+0.85 - <0.001
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Figure 9. Changes in body mass of Parus major nestlings from age of day 5 to
day 13 among the unburned and the two burned (damaged trees left and removed)
stands on Mt. Geombong, Samcheok, Gangwon Province. Vertical lines on the bars

indicate SD (standard deviation)

Table 11. Mean asymptotic growth, constant and inflection point of nestlings' body
mass of Parus major in the unburned and the two burned (damaged trees left and
removed) stands on Mt. Geombong, Samcheok, Gangwon Province. Different letters

represent significant differences (P<0.05)

Stands (Mean+SD)

Variables P value
UN BL BR
Asymptotic Growth 15.76£1.23* 14.81+1.35° 15.71+1.51° 0.014
constant 2.69+0.47% 2.36+0.65° 2.93+0.51° 0.001
Inflection point 6.37+0.65° 5.59+0.72° 6.83+1.16° <0.001




e EHF=11.91, P<0.001).
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Figure 10. Changes in tarsus length of Parus major nestlings from age of day 5 to
day 13 among the unburned and the two burned (damaged trees left and removed)
stands on Mt. Geombong, Samcheok, Gangwon Province. Vertical lines on the bars

indicate SD (standard deviation)
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Figure 11. Changes in tarsus length of Parus varius nestlings from age of day 4 to
day 15 between the unburned and burned with damaged trees left stands on Mt.
Geombong, Samcheok, Gangwon Province. Vertical lines on the bars indicate SD

(standard deviation)

Table 12. Mean asymptotic growth of nestlings' tarsus length of Parus spp. in the
unburned and the two burned (damaged trees left and removed) stands on Mt.
Geombong, Samcheok, Gangwon Province. Different letters represent significant

differences (P<0.05)

Stands (Mean+SD)

Asymptotic Growth P value
UN BL BR

Parus major 19.5£1.06° 19.3£1.04° 18.6+0.84° 0.017

Parus varius 20.8£0.22 19.8+£0.18 - 0.001
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4.3. HhAj o} ko] Af 7] o] dri o]

WAl A 71 o] o) HolE Ml A, A HE Fog 2ol 7t LERR
TH(F=20.53, P<0.001). AbF &4 23} AAEAA] =

S e B om(P<0.001, P<0.001) vlusxe} 2HEAE zo]E Kol
A ekt (Figure 12; P=0.988). 134l vlxf Aj7]e] drfdoe]E vl
af A AAHRAAZE e F A v =2 s WY
(Tablel4).

zutol Aj71e] g Aol Tk folgk xolE: KoM (F=20.84,
P<0.001), AAAE-QAx 7} vyl s =|ol] Bl AA g7 Fore] G Ao
7V AA YERstH(Figure 13). 159389 A7) Ej Aol & wlas]E A
AAF AR 7F w a2l el vl&f =A e e (Table 13).

ok A9 YABIE FAHse] o]k F AXNL BI) YTES L
o Aol A ALl B @ 2E AA B AEES W
? Aew JETHDhondt 1979). ¥ AT A%, F7+ kel A w
o A e F Aol e} FADE nHBL U EES YT
&2 nd § gokn Az
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Figure 12. Changes in wing length of Parus major nestlings from age of day 5 to
day 13 among the unburned and the two burned (damaged trees left and removed)
stands on Mt. Geombong, Samcheok, Gangwon Province. Vertical lines on the bars

indicate SD (standard deviation)
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Figure 13. Changes in wing length of Parus varius nestlings from age of day 4 to

day 15 between the unburned and burned with damaged trees left stands on Mt.

Geombong, Samcheok, Gangwon Province. Vertical lines on the bars indicate SD

(standard deviation)

Table 13. Mean wing length of nestling at the 13th days of Parus major and

nestling at the 15th days of Parus varius in the unburned and the two burned

(damaged trees left and removed) stands on Mt. Geombong, Samcheok, Gangwon

Province. Different letters represent significant differences (P<0.05)

Wing length of

Stands (Mean+SD)

] P value
fledgling UN BL BR
Parus major a b a
+ t *
(at the 13th days) 41.7£1.88 44.2+2.24 41.0£1.97 <0.001
Parus varius 49 14245 51.742.37 - 0.003

(at the 15th days)
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Gt A (HbAle)E o83 FFdto] RO ¢ 4 Hi(nutritional
condition) & AAAEZ EA% A3, FAHCE {FosA ¥ o=
WEFTHE=1.99, P=0.072). 59 Fdd F45 A& A4 F2 A
o] F(fat score)s Sk WRlo]l ol & EASH FF o AFL A
o] F oA A e tH(Riddington and Gosler 1995). 9] H-=4
& A71(body size)E Ietst Ay AFy Gdo], B4
of, megldo] RF XJgH=E {3 zlo]E HolA A dtH(Table
14). Riddington and Gosler (1995)% ¢J¥#9] A< oy
At fEoA & Aow YegAT ok
, AT 52 Zol& HolA ¥t skt g AA4d 7 3
EH 2o A7]e] zolE Hotetr] A= B Adstar A &2l
A7 o] FojAof & Aow FehET
AbEA 7] 9F FatE et e] FHRAAE A% A dA Abeks o
= A

)2 gale M il 2o kS Ho

re 0-|>L o7

g

(
==
_—

7Hx 2]
H(Figure 14; F=9.68, P=0.008). o]&= 4% W2 x| Lz}slo

S Al Z3E Collared Flycatcher (Ficedula albicollis) 7§ & 2]
St M A7F wrhes A7A43 8 dAstes 238 A4E NAVE e
S A&ttt AZbE o (Andersson and Gustafsson 1995).

(ol I
1> io; 1> ;R
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Stands (Mean+SE)

Variables ¢t value P value
UN BL

HbAlc 4.88+0.15 (n=9) 4.38+0.18 (n=4) 1.99 0.072
Body mass 17.25+0.41 (n=10) 17.05+0.53 (n=5) 0.29 0.779
Wing length 78.90+0.92 (n=10) 79.20+0.8 (n=5) -0.21 0.838
Tarsus length 19.67+0.36 (n=10) 19.58+0.21 (n=5) 0.15 0.883
Bill length 13.40+0.14 (n=10) 13.86+0.13 (n=5) -2.10 0.056
Tail length 56.50+0.72 (n=10)  55.00+2.61 (n=5) 0.73 0.478

Table 14. Mean HbAlc and body mass, wing length, tarsus length, bill length, tail

length of Parus varius parents in the unburned and burned with damaged trees left

stands

5.8

P Y=-0.042x + 9.393

HbA1c

38 T T T T T T
95 100 105 110 115 120 1256 130

Laying date
Figure 14. Correlation between glycosylated hemoglobin (HbAlc) of Parus varius

parents and laying dates. Dates (1 January = 1) are expressed as julian dates
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EA T 2 BF s A A% H(habitat quality)®] oAl &
e Fo) AEEN W2, o8 E, Uk o 58 T8 H7t shesttt
(van Horne 1983; Donahue 2006; Johnson et al. 2006). 53], 2&A =%
F+(insectivorous birds)®] 74-F &+F& Ho|Z o] &sl7] wfiLo] 2]
TEY diEe Aske mE 9IS Bo] wA #Fh(Cody 1978; Cody
g o] A AHER o) JE Fxd
Hsk 2007), AHE = 11 &<k ZA

“
o] o] ol A A2 v g WA B2 Ay} [ Do Aol &

L =
HolAl o2 whd, YA = ¥R BT diHos v dEs
e At AABAAY A 2YAe] v Yol TEHOR F
warste] A4 dol FrlH o ¥7] W o AzE
=1 ]

e
By

>
N
Lo
iy
%
o

et al. 2006) ©] 2] A (quality and heterogeneity)o] ™
oo FHLE} =& FdddAAe] JiaZ(Martin 1987) o]t Ho] FHE
= ARV IS FE FL% Q9] i °] H(Perrins 1970
Martin 1987; Zandt et al 1990; Arriero et al. 2006). T3k 2FghA] 7] 2]
AR = oju e o %dAH (energy or nutritional condition)”} S 83 <
&5 3™ (Price et al. 1983) 53] Abeh o] d o] ojn] A= AHeA
71E AAs= T2% @907 #&3tH(Svensson and Nilsson 1995;
Arriero et al. 2006). ¥ A7+ 23, AAELAA= v x| Hste] 4k
HA| 718} FEA717F =2 A o2 UEE

ST

T [¢)
g2 R EF AL BE AALDFE JYPEL T o
Ueth ol qite] H4E Aol Qg Abetoldle] Ho|skgA Ao

|
7F FEOl A E A dEFE Fo AR UE - Ao dddEy
(Blondel et al. 1987; Arriero et al. 2006).
A9l v F e 2 AFANH AEEE val-FA3

2
o A WAlFe Bl HlE £2 o]&ES Ho] & F A v
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Abstract

Differences in the breeding ecology of tits
Parus spp. by post-fire restoration

methods in Samcheok, Gangwon Province

Kim, Jin-Yong
Major in Forest Environmental Science
The Graduate School

Seoul National University

This study was conducted to clarify differences in the breeding
ecology of tits (genus Parus) in one unburned and two burned (with
and without salvaging treatments) stands after a stand-replacing forest
fire at Mt. Geombong in Samcheok, Gangwon Province, Korea. The
densities, laying dates, hatching dates, growth patterns of nestlings and
nutritional conditions of Parus spp. as well as vegetation structures
were estimated between March 2012 and July 2013.

There was no difference in the density and the rate of nest use of
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Parus spp. between the unburned and the non-salvaged burned stands.
This is probably due to well developed overstory and sub-overstory
canopy coverage in the non-salvaged burned stands. Whereas the
density and rate of nest use were lowest in the salvaged stands after
a forest fire, due to a relatively simple vegetation structure.

Naturally restored, non-salvaged stands had a tendency to have
higher nutritional conditions in parent tits than unburned stands. Also,
there was a negative relationship between the laying date and the
nutritional condition of parent tits. This suggests that different forest
structures and nutritional conditions of parent tits may result in a
difference in laying date and hatching date.

More tits preferred to in artificial nest boxes in the unburned stands
than burned stands. Tits inhabiting the non-salvaged burned stands
with fire-damaged trees avoided artificial nest boxes. However, there
was no preference for or avoidance of artificial nest boxes in the
salvaged burned stands without fire-damaged trees.

The density of Parus varius was highest in the unburned stands, and
the density of P. major was highest in the non-salvaged burned
stands. P. varius nestlings in the non-salvaged burned stands showed
more rapid body mass gain at the early and the middle stage and
higher body mass throughout the nestling stage. Also, It was found
that the body mass of the fledglings and the expected survival of P.
varius nestlings were lower in the non-salvaged burned stands than in
the unburned stand. While, there was no significant difference in the
expected survival rate of P. major nestlings between the unburned and
non-salvaged burned stand. Also, the habitat preference and the

density of P. major were highest in the non-salvaged burned stands.



Therefore, using a naturally-restoring method on forest stands after
forest fire would positively affect the breeding ecology and provide
suitable habitats especially for P. major. On the contrary, the density,
habitat preference, and expected survival of tit nestlings were lowest
in the salvage-logged stands after forest fire.

Natural restoration may be an effective way to increase the habitat
heterogeneity and maintain forest biodiversity for the restoration of the

tit breeding populations after forest fire.

keywords : breeding ecology, density, fire, nestling, tits
Student Number : 2011-23501
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