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Differences in Breeding Bird Communities by Post-fire Restoration Methods"
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ABSTRACT

Post-fire restoration can affect breeding bird communities and species compositions over a long-term period by
determining pot-fire succession, and a long-term monitoring is therefore required to understand its impacts on forest
birds. This study aimed to document the effects of post-fire restoration methods on breeding bird communities
in three areas: unburned and two burned (nonintervention and intervention with clear-cut logging and planting)
stands 13 years after the stand-replacing Samcheok forest fire at Mt. Geombong in Samcheok, South Korea. According
to 108 point counts during the breeding season from April to June 2013, we found that the number of individuals,
observed bird species, and species diversity index in intervention stands with clear-cut logging and planting were
lower than that in nonintervention and unburned control stands. Foraging and nesting guild analysis also showed
a lower abundance of foliage searchers, timber drillers, primary cavity nesters and secondary cavity nesters in
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intervention stands than in the other stands, while no significant difference was detected between the nonintervention

and unburned stands. These results imply that an interventional restoration method may deter the recovery of avian

breeding communities after forest fires, and also suggest that non-interventional restoration methods may be an

effective way to benefit the species diversity and density of breeding bird communities.
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A S Ar A E Al ol 23 W wk(disturbance) 5 Sk
2 A4A Fxeh Ao A4S HAA AR A
23 447 088 24AE F83 14| th(Gramstrom,
2001; Smucker et al., 2005). AtE9] WAL dHtA o7
nu s Ao, AL, B 5o] Ao EE5te EAfol2 1
H-S 97| 9(Tumer et al., 2003), B2 W 2192 7|2
I oE Wger9 X“’IHW = A "o AE & o]t
79| Wt A oA Y o] AT} Tk ol ¥
Fol 1 AY %'*—1” T A & 9Fe vAA "o
(Smucker et al., 2005; Choi et al., 2007).

*P% 2= AAAQ &4 35T} wHA QL AYH
Aol ERL UAES A ASHE A Y-S dY
A A A HE}(Sessmns et al., 2004). o]t A=
S W S A 3 AL, LAl FAA
& Ii]% AoZ Huwi glow, 53] A A9
ARRQl 27 AT ol Al 2% Fol B
W HE 4bE S EY WY BEE 279
Tkl Hig @& AFEol 3= ok (Hutto
Gallo, 2006; Saab et al., 2007). @A FU A=
T ARt o g A E= A Y AdEY Wo] AHE
Az FFol tigt azo]l Faste], 20009 7=
AHE o] % U] @A 4HE A9 AL =
A AHE TR el A Ao AV E At AE
19 tH(Choung et al., 2004). o]% & AL ES =3
of AA & AA7F AAE= dREAS] 4HE & A
o] o} ':XIX}"J—J Fa, AARE Y ook &
Qe 257 ATl -‘:’r;ﬁﬁ‘i FEFS 7NAA
e E%ﬂo 5 9 gokd 312 HeiA = g
274 Aol A A = U tH(Choi ef al., 2007;
Lee et al., 2009; Lee et al., 2011; Choi et al., 2014).

Choi et al. (2007)2 54 A GoA ¢~3qH ALE 3,
Hafmg WA A B AbE & 5~6d At 27] A
ojeA Y 27 A Wi vlHs|A ol Hlsf FARE Ft
SR Ag 2ol wasA ol Hlsf =rhal shglch 1
% Lee et al. 2011)2 AHE WA 7~81 & S U3E 2] o)A

4rl_,

P

1

-

EL
|
4

iy

jQOROEl-ﬂJFUIO
l-Ho;’L’u:Em

ok
o e

1]

)
A

ML &

o PN oft EL L omx gt Lo 22 B i of o o [0 e
Oll

J S lOo?fL:.O‘:oZiELOBL’
Jl'ﬂ

19[4_“1'“-1['10

bl AN [
A4gE Holn, o5 HA 92 7% A|(open habitat)
£ A3se $o8 WIS st A & B
of W& Moz s 2F F A ¥e S HofF
Ak o]t AFLER | AHE TR 9] EUTH L HA
7] 2R3 F A B2 WEsS Fuhsl(Raphael
et al., 1987), AHERE 1t Mol of&] W Fof 9t
+ Zo] gl =t

wtebA AR T e 2] o] EUH ol %k ke Kt A
Aol A&AQl IS 5ol & 1A HES god g
4ol Qloug, 2 A3 FYE Ao AR WY
13 do] A3t A FofA] BUYH O zfo]7} WA7] 2F
MAEI F-o vA= FFS gotretaat Ao

ol e

AT 20004 49, 907 ¥
hae) ARTSE e AU AHA
(129°16' E, 37°13' N)& tjAbo.& A A] 5] 9 th(Figure 1).
A7 g E Husao] Zl2AE A2 ones 7
Stal Az Highg Skl AbE Tl B4R W1R
o 457172 GHOR Qld) BAL BFOE AL W
sjo] QJgrem Fusla Aolo] mahst wastel FujolA
HAlsE o] AHE R 7] 25 9 th(Choung et al., 2004).
Eg SUSE AR ARHE WAL Ao9] BHE A
N2t 3918 92 A elo] HSRCHChoi e al, 2014), 1%
A 70%7F AbEo] F ok avFel Tay 28%, 49
3%z 4 E] ST el AuTEeL AFHA FA
29 Ao] SO Q3| AL WA F v 54 314
7F EAste mAol2 FEHE WA = Ah(Choung et al,
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Figure 1. Location of the study area on Mt. Geombong,
Samcheok, Gangwon Province, Korea (CO:
control, NI: nonintervention, IT: intervention)
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Table 1. Differences in environmental variables among the control (CO: unburned forest) and the burned stands —
nonintervention (NI: burned) and intervention (IT: burned and logged) — after 13 years of the Samcheok
forest fire at Mt. Geombong in Samcheok, Gangwon Province, Korea

Unburned forest

Burned forest

o NI T P value
No. of trees (>8m) 2.17+0.23 0.56+0.12 0.31+0.09 <0.001
No. of subtrees (2-8m) 1.67+0.30 1.65+0.24 0.63+0.20 0.004
No. of shrubs (1-2m) 21.98+1.11 16.25+0.85 24.65+1.13 <0.001
No. of snags (DBH>6cm) 0.08+0.05 0.77+0.13 0.08+0.07 <0.001
No. of CWD* (DBH>6cm) 1.54+0.31 5.44+0.36 2.83+0.56 <0.001

*CWD: Coarse woody debris

Table 2. Differences in the number of bird species, individual, and bird species diversity (H') in unburned (CO) and burned
(nonintervention: NI, intervention: IT) stands after 13 years of the Samcheok forest fire at Mt. Geombong in
Samcheok, Gangwon Province, Korea. Different letters represent significant differences (P<0.05)

Unburned forest

Burned forest

P value
CO (n=6) NI (n=6) IT (1=6)
No. of species 13.33+1.02° 14.33+1.20° 7.83+1.35 0.003
No. of individuals 30.50+2.66" 28.67+2.76" 13.50+2.57" <0.001
Species diversity index (H') 2.40+0.09° 2.38+0.11° 1.90+0.17° 0.025

B REAs Woon o JALE 9 4HE gxBo] £
Stal Qiek. wells Al AL A 5 AHAIYS AAR A
AQELAE v 2] W W% ofWERSE Hel Hh,
2 BESE BYoH, AR o5 AEFY A9 A
AEAAof v W ghe YERTh B iR & S
o AA7E o] FolFAE AR A AL ol ofsf v UE
of 2URe} FURTt stFo] EAshe FHE EActaL
A

2. 28 24 10|

AHE T AAEYA, AFRA YDA, AHE v EiA] 5
3R Ao F 31F 43670 A9 277F BEEGT A 9E
B2 HEAX ) 24F 172704, AAHA G E QAo 14F
SI7HA] Le|ar vjujsf A 25% 1837047} w2k =| }lct. B
+ Z4(no. of species), 7| A 4>(no. of individuals), Zt}oF
L (species diversity index)= R 2t EA X7} A A Y
EQA o vle =A Uetgtew, sz el AAEAA =
o7 Apol5 HolA| ¢ktth(Table 2).
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g xio|

AA Aol A wad T 31500 it 24 9 A4 2=E
Hargk 23}, 8F0] fofdt AolE Hiri(Table 3). 1 5 Woie]

W37 (Cuculus saturatus), LS TILE](Dendrocopos major),
A& M(Luscinia cyane) 5 352 A GHZ o5& Hof,
AARLA Y A4 D= vjo]ef x|} FASF O AlE
T A A Y-S AN Aol BE fgadsts A0R U
EVtth(C. saturatus: P=0.004; D. major: P=0.006). HFH
WA (Embriza cioides)= THE 5 A 9ol vl AFAI Y5
Aol =& g Holz ZACSRE YEHTHP=0.022).

ZZHo|(Parus varius, P<0.001)2} 9 A\(Parus palustris,
P=0.001)= &9 o] Aerglo] wajafAl ol w2 e
& H4d. $HM(Halcyon coromanda), 2-E-=0(Aegithalos
caudatus), S| (Parus major)= A& & A8 X of A
AFRAA A E LA oF m s A ol HF w& WEE Hole
Ao R YelYtHH. coromanda: P<0.022; A. caudatus:
P<0.001; P. major: P<0.001).

4. ZEO| ME =& ZH 10|

>~

R EEDERL SR FER L L
A mA= 93 T3 g % R(foliage
searcher)?} 7+ 9 URZ7] AF ZE(timber driller)=
AHE S AN SR S AAEAA G n| w5 2] o
of Hla| W& A4 WEE 9 rHTable 4; foliage searcher:
P<0.001; timber driller: P=0.006). Y2} 4=54 ZH(primary

cavity nester) 9 o]z} =54 dA X F(secondary cavity
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Table 3. Mean detected individuals of birds species

in unburned (CO) and burned (nonintervention: NI,

intervention: IT) stands 13 years after the Samcheok forest fire. Different letters represent significant

differences (P<0.05)

Unburned forest

Burned forest

species FG* NG** CO (n=6) NI (n=6) IT (n=6) P value
Accipiter soloensis HP C 0.17+0.17 0.0+0.0 0.0+0.0 0.391
Falco subbuteo HP C 0.1740.17 0.33+0.21 0.0+0.0 0.342
Falco tinnunculus HP CL 0.0£0.0 0.0+0.0 0.33+0.21 0.116
Bonasa bonasia GF GS 0.33+0.21 0.0+£0.0 0.0+£0.0 0.116
Streptopelia orientalis GF C 0.0+0.0 0.50+0.34 0.33+0.33 0.446
Hierococcyx hyperythrus FS BP 0.17+0.17 0.17+0.17 0.0+0.0 0.616
Cuculus micropterus FS BP 1.17+£0.48 0.83+0.17 0.67+£0.21 0.537
Cuculus canorus FS BP 0.83+0.17 1.83+0.40 1.00+0.89 0.102
Cuculus saturatus FS BP 0.83+0.17° 0.67+0.21° 0.0+0.0 0.004
Caprimulgus indicus Al GS 0.17+0.17 0.0+0.0 0.0+0.0 0.391
Halcyon coromanda GF H 0.0+£0.0° 0.50+0.22° 0.0+£0.0° 0.022
Eurystomus orientalis Al H 0.0£0.0 0.17+0.17 0.0+0.0 0.391
Dendrocopos kizuki BG P 1.00+0.52 0.50+0.34 0.0+0.0 0.176
Dendrocopos major TD P 1.00+0.26" 1.17+0.31° 0.0+0.0° 0.006
Picus canus TD P 0.17+0.17 0.0+0.0 0.0+0.0 0.391
Motacilla cinerea GF H 0.33+0.33 0.0+0.0 0.50+0.34 0.446
Hypsipetes amaurotis FS C 0.83+0.40 0.67+0.33 1.50+0.34 0.255
Luscinia cyane GF GS 2.17£0.70° 1.33£0.21% 0.00.0" 0.009
Phoenicurus auroreus GF GS 2.33+0.76 1.50+0.43 1.50+0.43 0.496
Zoothera dauma GF C 0.50+0.22 0.33£0.21 0.0+0.0 0.162
Turdus pallidus GF C 3.17+0.31 3.17+0.48 1.83+0.48 0.068
Aegithalos caudatus FS GS 0.0+0.0° 1.67+0.42° 0.0+0.0° <0.001
Parus vaarius FS S 4.33+0.56" 1.67+0.56" 0.33+0.21° <0.001
Parus palustris FS S 2.000.45° 0.50+0.22° 0.0£0.0° 0.001
Parus ater FS S 0.50+0.22 0.17+0.17 0.0+0.0 0.116
Parus major FS S 4.83+0.31° 7.50+0.85" 1.83+0.40° <0.001
Sitta europaea BG S 0.17+0.17 0.17+0.17 0.0+0.0 0.616
Emberiza cioides GF GS 0.0+0.0° 0.0+0.0° 0.50+0.22" 0.022
Emberiza elegans GF GS 2.33+0.67 1.33+£0.50 2.00+0.52 0.462
Garrulus glandarius GF C 0.67+0.42 0.67+0.33 0.50+0.34 0.934
Corvus macrorhynchos GF C 0.33+0.21 1.33+0.21 0.67+0.49 0.131

*FG: Foraging guild (FS: Foliage searcher, GF: ground-shrub forager, Al: aerial insect pursuer, TD: timber driller, BG:

bark gleaner, HP: hunting predator, DI: diver)

**NG: Nesting guild (C: canopy nester, GS: ground-shrub nester, P: primary cavity nester, S: secondary cavity nester, H:

other hole nester, CL: cliff nester, BP: brood parasite)
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Table 4. Differences in the abundance by avian foraging and nesting guilds in unburned (CO) and burned
(nonintervention: NI, intervention: IT) stands 13 years after the Samcheok forest fire. Different letters

represent significant differences (P<0.05)

Unburned forest

Burned forest

Guild Variables CO (n=6) NI (n=6) IT (n=6) P value
Foliage searcher 15.50+0.62° 15.67+1.73" 5.33+0.56" <0.001
Ground-shrub forager 12.17+1.89 10.67+1.38 7.83£2.21 0.277

Foraging Aerial insect pursuer 0.17£0.17 0.17£0.17 0.0+0.0 0.616

guild Timber driller 1.17+0.31° 1.17+0.31° 0.0+0.0° 0.006

Bark gleaner 1.17+0.65 0.67+0.33 0.0+0.0 0.183

Hunting predator 0.33+0.21 0.33+0.21 0.33+0.21 1.000

Canopy nester 5.83%0.60 7.00+0.89 4.83+1.38 0.342

Ground-shrub nester 7.33x£1.71 5.83+0.95 4.00+1.00 0.209

, Primary cavity nester 2.17+0.79" 1.67+0.49™ 0.0+0.0 0.031

Ig\fiigng Secondary cavity nester 11.83+0.87° 10.00+0.73" 2.17+0.54° <0.001

Other hole nester 0.33+0.33 0.67+0.21 0.50+0.34 0.741

CIiff nester 0.0+0.0 0.0+0.0 0.33+0.21 0.116

Brood parasite 3.00+0.58 3.50+0.76 1.67+0.42 0.119
FauR A % 0y, B Ade A 399 98N AuFio eamtRe, ANt 247 203 Aol 2
ol ©h=3te] YQlo] Hof 27 A 4R o] & AHFstA T (foliage searcher)$} BF&h(brood parasite), 4~7F 9 U5
Aotd Zlor YZEY. o= AbE A Ao F4of ) &7| A-&(timber driller) 5 Y2}/ (primary cavity) Z
A, FHFEs dell5o AA 2 AAE & Aol b E, 223 AR B sk Aol dEste da W Aol A=
5 Aodo] w3 e ghe ekl 7129 dReh FAT Stk eAgriels A 5 nARw 2D o3 o

Ao th(Choi et al., 2007; Lee et al., 2011; Choi et al.,
2014). 7] 2005~20061 &} A-tolA] A B YR A 9| F
GFEe] e, vy A Aol v &2 B Holthrt
(Choi et al., 2007) 2007~2008'd-2 1= 3 7] o] ua]
o AL 2ol F(Lee ef al., 2011), 201399 7S 1] )5
A3t Aol 5 HolA gtk AbE & A= ATo] A
HetHA S99 Wk, A i o B W
2 747 ¥t (Raphael ef al., 1987), £ AL oA A
= F "ol 27] GA o sjst= 2005-2006E 77t 5 2

H AAEAA A £& F TS ABR AT A4S
Ao g S A2 9 fder A% Aol
(Choi et al., 2007), ©]% ==o] »# %7} Yoo 7z,
Aol of Aol et Abgol IEHIL AYAE dEshe
9 279 a2 Qs 2007~2008 9] F thFdof Ha
2 olofxl &, Ake ¥ 13do] Ad 59 & Aol A A
EUA G2 Holo] whE FH 9 27 A4 @ 5ol
njm a2 o]l skl Hlm A HA3t GAlo] Hole AL
2 A€

2. ZE xt0

0 5 A9 o gol B olzo] AR Hiu), A2
BEEI B AASHE A euuthe o) vo)
14900) A2 oloiA oMuThTeld UE Zhhof
F= & Zlolt AZHth(Murphy and Lehnhausen,
1998; Choi et al., 2007; Nappi et al., 2010). 1 o] mIL7]

o Hor ©
N

=
)
K

o 4% 5wz Ao AEEA Ho| HAL S1A ofig
33 BES 39 ol BEHAY A F A5het
7130l 28 2 Bd7), AR AYS AF AR 3919
GHekR ofo]d Wole Mol Aol AT %S B
A% 243t0] Wro] ol Hel Aolet YLk E3
A AYOR QAT IR W ol MY Fo g
%9l £MF(Tojo et al, 2002) 5 A el WA
4% 259 go2 olo|d A% 2 9P & Ao By

k. 9rH fAReE get $AE Hole A5 Ar|(C
micropterus)?} WIL7|(C. canorus), W AZ(Hierococcyx
hyperyhrus) A S A4 BEe| A HolE Holx] g A

o moa F) WP Rt GRFOR HEHE £
F 9 W4 Bl A 2y R B ohet Fos
BR7\9 uALE 5 £ HEc} vhol BAK 94
2 32T & QoW AR FHHH, o|F gt 250
ANA AEES 43 AE F A4S T BAgE ang
WeA Aol 73] Sla 744 A7 e Ao
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2 AZE A9t A4 D SFEAHeIA Yol g 7
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2ol Q19149 B AYOR AT v AAe] 4yt u
O CREE L T P
ST Tel 42 T AAANARAA AN B2 U=
Bel WAl A4 R SHEelAl Hol TSt FA4UL

et al., 1987; Choi et al., 2014)
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3| &-stch(Hutto and Gallo, 2006; Bellia ef al., 20
o AFolA WA F= HHA G & BeE
W(Choi et al., 2007; Lee et al., 2011), & o] A= BFA|
O A AARLA A & s G, L&
JJHVH“ oo s A oA 7HE w& WEE HAATh Lee
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and Kim (1996)& #4)7] 5 £Euoli 22 24
Ao AN A ol &5} wﬂ% S0 9AE 4
g AEAS F2 olgathe A AW WEstgon,

ol BA 9o A7) wE AL A —‘,’—%j I (social dominance)
of ggolet Aotstict. £33 uhAjof TEubo]= U
W o)A YS F438 8 Z(Lee and Kim. 1996) o] &3t A}3]
2 oA o «A-=HZA AEZH A $(ecological
niche)] o] o] WAT 540l Yo A=A o
3 o m A Lol A 7ol el Holeh Az r(Alatalo
and Moreno, 1987; Jablonski and Lee, 1999). &4} 9]
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glong unsedy £ UES uel Ao
Hth(Kang and Cho, 2006; Hinsley et al., 2007)
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2011).

U8 F USSR DR do g 2o
Wit £EAoI 27 B URET] AF A=l MARG
glo] o] Alx % T o2 SHE0] FA4Eof it
(Lehmkuhl et al., 2003; Saab et al., 2007; Lee et al.,
2009). E Ao AE 7 U JRE7] A 4ol oo
2} X /\4 AL u§ &) _Tr_/\].E_4 HAY R o A A=
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(Hutto and Gallo, 2006; Choi et al., 2007). o]5 F&] 9
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£ Z7b] 3AAY AL F 5 UL Ao 4zHT
(Twedt and Henne-Kerr. 2001).
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L& HH(Choi et al., 2007; Lee et al., 2011). 13
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