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Z7o WA e AdE A7l A e Rgow
MATS FAdst=d vbEe]l ®oh(Gill 2006; Comizzoli et al. 2009).
T AL WA A2 ol AV 9§ 22 AES HEdE F U

T A HelX = 2 ARAS WA Ay AR ALY At
das AAsH v oy d WA e ARE SE, 1k, 7], Ho

4 5 AEA A EA adlelA ox 34 wsle dFE e
207 Y S (Moreau 1994, Badyaev 1997, Birkhead et al. 1983,
Brooke 1978), Z#+ colelsh 7 wisle] dis) Mz v& W4
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1966; Brooke 1978; Birkhead et al. 1983; Bears et al. 2009) A=
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FHAQl T4 ofA ErE Rl vyl At (Schemske 2002; Chase &
Leibold 2003).
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MAskE T e WA dEks ol & Aol HAY WA AEvs
oAl ¥t (Badyaev 1997; Badyaev & Ghalambor 2001). A3 <1
Ax Fo y%o AMAFE £L AF oz AAFY (fecundity) S
¥ duldor W AT E VMY, 12 ke MAske T2
= 20 ol FAete] Fxo oA A
wTAIgE A= T oola Al Fx29 A(quality) = Fole AlE
Uebg o (Krementz & Handford 1984; Badyaev 1
AEolA ®AskE Fo Ae, ke W AE UE $4 S v
HEg 3150 ¥ v 1 Ashe F R okt F
ol = 288 4 vt wepd F e = WA deke] wshrt
YEtY ™ (Dunmire 1960; Zammuto & Millar 1985), °©]&st 15=H
A Agke] Aol F ol shufjAbeks, o] AfrZ, olh Al &
5o W2 A e WMEE yehd ZoF HAlth

A2 7] Fb FE7F fxolAl woldhs Bl ¥ AL f=
de AAske Aow delA 3o (Pollock et al. 2017) FE2 WA
Aads UAstA A#AH(Seki & Takano 1998; Naef—Daenzer et al.
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FHeA AFHE A ofHEE (Perrins 1976) XAl Al¥she
Holel WA Ay o= ®o] 7HEA (food availability) 2] Al 574
Hslel] wep g@epA Al "ok wepa Hol 7hgAdE FRA WA

AlZIof el A4 W WA T2 Ao thek YRE AlFstke] (Martin
1987) R A oFE Adses 2 29 F SHE A3
HAt}(Noordwijk et al. 1995; Verboven et al. 2001). #o] 7}-g4 o]
sobd A FxolA AFE HolE 3] o) (Perrins 1976;
Garnett 1981) ©]|& w3|sl7] 93 HE7F HolEs 3 d o B
s FASIAY O29A X8 B fxo ddEg WA 439
AstE of7]gt 4= AtH(Seki & Takano 1998). T3+ o] 7184
et ghejakek, EEY] SF7] 5 WA ARV WEke Jow
el (Martin 1996) o]+ & afje] WA 7]ERE ofye} /2] AxkAQl



At e v Hol 7HgAd wE WA 23] At Aol
vebgd o2 #ukE ol (Ruffino et al. 2014).
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1. 1= 279 W2 A

Mz o axelM Wyshs T2 ddder A2 33t R
Hele e w08 34 =de vhFetAl Hw (Bears et al. 2009)
e A AAske Folu AT 1 FRfE AEAE wWskE
Ueb Al gk (Martin & Wiebe 2004; Zammuto & Millar 1985).
dA A= Ag 7hed Aol 2thA R o AghE 1k efA
FAH A delA WAGE T 2diA e FERU WA s

T ®I97F B F2 Ao ® YT (Ghalambor et al. 2006).
Mool Fxetes dF FolAe JHA 1 AAE TE dEse
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Hol 7FgAS Alstew e 17t FoldgE shujildrt AR
Zolgta FAsY. 18y 1R SR sk A Wk f%
Y=o E2 kA ZHE-8 (Clutton—Brock 1991) B EE AW71S =H 1,
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Sk dl o @ol FASHAl Ho] Cody (1966)¢ F33= v
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AaS AAst= a91o =z #g-3 (Martin 1987 ;Noordwijk et al. 1995)

|3 A2 A7), AA e e BAE Fetetr] E ATt
o] Fo] & g2t} (Holmes & Schultz 1986; Siikamiki 1998; Johnson &
Sherry 2001; Crawford et al. 2006). Seward et al. (2014)+
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UEL Tl Parasitic  Jaeger (Stercorarius parasiticus)®l Tl
AFeME Hol 7hgAol weE WA AHIEC] HoeE o=
1 E gk (Davis et al. 2005). Perrins (1970) ¢ Verhulst &
Tinbergen (1991)& Al7]|A oz A WA3 X9 o|ixfx49

Fx9 ola & AEE (recruitment rate)o] WFe AL WA A7)
Xa

ATkl Fgekivh. wEbA wol JHEA S JFS F, WA T
ol wet gEA ZEets Ao® yEy o] F wofatr] fs AE5A <l
A7 Besithal sdEn

AT FEelAl ublE 5% (Lepidopteran  larvae) & 5
ol o F Fo|dtt(Perrins 1991; Naef—Daenzer et al. 2000; Wilkin
et al. 2009) YH|E {5 NG A7lel 9H HshaE] ofddS
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2011). =3 B A F= 3 A SRt b s B R X 4 Ads
8l oule] mAgoe] Huidex Fast v 5 (altricial
bird)ol#ak 670 o3 we sujAtssE ZteEn wiid fEE
S8ty HolE o= H B2 "ol H Q3o (Perrins 1991,

Tinbergen & Dietz 1994) UH]|E H§F9] 718AE vhaFeo] WAl
o

HOgstedt 1980; Seki & Takano 1998). Fx& A3 o= &F5H3H7]

e YulE fFol EXE AVe] WA skt Ro] felah] 53

22 Hol Huf Q- A[7]g ol Hof A A7]E SEe Ao
Q3% Ao7 FFoly At (Hinks et al. 2015). #+x2 Ho] Ho &+
AZIE Holdel FHo 2 Ao wrEA] EE Ae, s F5F
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et (Verboven et al. 2001; Tremblay et al. 2003; Visser et al.
2006).
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approach)©] & Q3&th(Pollock et al. 2017). &y} oo A3
Aol M= Hol 7ROl f2e] Blo] o] § T 3 a1y WA AH
7] #AINHS tF At (Siikamaki 1998; Johnson & Sherry 2001;
Crawford et al. 2006; Heiss et al. 2009; Seward et al. 2014; Gladalski
et al. 2015). T fFxoA Folgt HolE wfetstr] s Fheet
2YH ZE& ol Yol IFH WM AES collar method) &
710l AT 2 A g2 7IXE EQE o] &3t Holds ol =
2 HI7FskAY (Votier et al. 2001), #EAO Fo] ¥H= =7
Holgloze] AFH F4Ho] olFojd = Ut (Curri et al. 1996;
Margalida et al. 2005). webx wlo] 7FgAd3 Blal{ W2 Ae 3F
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B Qs 8ot ol ArHAEAL 1A W 23k An[RFEA]
Mol FES % £A AE (Fujita & Takahashi 2009) ¢ AHA
239 MATE =4 (Dickson et al. 1979)3tH FA}o A& v &
AEA "ol W AT FAFEE, A9 EAAER olofX=

FFAA Tad ddug A4S FI I FEHo|=

SUle] Fo Ao $@3sky] wiEel] Zuolo] A AT A
AEjA S 729 7l @ A ARAE fASHE | 2 98-S S
H}(Gaston & Fuller 2008; Sorte et al. 2017). I8y ZLEHlo| =
S gEs 23 A2 For AFo Aase Folalofel AleHA o ®
F3xakar 9lo (Mckay et al. 2014; Gosler et al. 2019) th& v Fo
Bl R o k=

TEdol= BEO 5 B2 A9 dielA olFojxon,
L=uto) o] Fx} AFE (Sakakibara 1989), 3% H  (Higuchi 1976) 3
29 (Higuchi 1976; Yamaguchi & Kawano 2001), <1& Ho]
9] (supplement food)®ll W& 7RAl+ 2 H2 & W o] #A (pair
bond) ¢] M3} (Nakamura & Kubota 1998), "Ml&F 3+ 528 4l
F 3t z}o] (Urata & Ueda 2003; Mizutani &Hijii 2002; Nomi et al.

2017), S.v.variuse X3$Fst o}F(S.v.sunsunpi, S.v.namiyei, S.v.orii

)2 W24 Ze] (Higuchi 1976; Higuchi & Momose 1981)% thaFsh
Aed 5ol A7HEAT. el A o] Folxl ZEubolo] WA A
ATEs WY "R 2% % AEY S FAEel w9
ARk 200D, ERAlRE #Fx29 AAECd vAe A=

2013), #122 & 38 (body condition) o] w& ¥4 W5 o] (FdF

2017), AAFAFAS o] &3 LEE0lY ol A5 FFde fid
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59 F7HAQ 2AbE A Euk WEd uxe JF ot deds
A A BFA T

ZZuto] Fx2] Yol o] g gt A= A Eguchi (1979) 2}

Mizutani & Hijii (2002) 7}, =ule|A= Won et al. (1965)°l 2|3
o]|Folxth. Eguchi (1979) 9 Mizutani & Hijii (2002)7} Zhvg}t=

g3te] 2Eubo] {0 Ao mE o] o] WItE #|EAT Ay
SEHol= AR Al FE UHE fKFS& olfste o=

UEl o™ Eugchi (1979 &=vlol7b vH|E  FF9 A
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ol o Av S, Mizutani & Hijii (2002) = w5755 oA
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method) & ©o]&3dte] IEuol= FE UHE {FS HIlA
wolsttt dAwo] wopddel wt AvE T tE 2T HlEo] Fokxle
g2ttt (Won et al. 1965). $19 Aq& L=vro] -39 Hol
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Figure 1. Varied Tits (Sittiparus varius) incubating its eggs in a nest box (left), and bringing caterpillars
to its nestlings (right)
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2. AT AA

2 AT A= e FE YA dEbgdn Foke] § A
WAl 2193 (35° 07' 01.18” N, 127° 36' 10.43” E)°o.2 AAZ}ES
Atoleof Fa1 AgAty FEo 2 X|E] Qlrk. wWARe] Abe WA
9.74km? oW, FAF|7F Eek o
2,060mmoe] (7] A4 2019). AN AV (Quercus  mogolica) &
ZZUH (Quercus serrata) 7} o 3 4]l TS o] F 11
VE2H YW (Acer puctum var.mono), <Y (Cornus controversa)
59 TFo] oA A O F & = o om, =t
Y359+ (temperate  deciduous forest)oll £33kl 19939
AFAYE A B A S 0 2 A= o, 19463 &9 A&

grsegor AFHWA o ARd wE Ad Agel @

>

QA A A

be] A @R-eteEd U 1% 200m,
400m, 800m, 1,000m¢! 47§ ZAFfFolth(Figure 2). AA ZAFl
ARE AFANHLE F= 2482 7+ FAFFol 4870(6x8  grid) 9
A1FANA o] AF 7 kAol 15-20m7F HEEH Aol om 800m
ZAME "ol 7MY JFE TetatuA JdRE VEoR 4
2+7} 4870 (6x8 grid), 5671 (7x8 grid)® A 2] &} o} (Figure 3).

ZF A B ASFe sker A4 Adde 4 1,000m

ZAFEY AT Rl AZURIE SFHels AHE % (Rhododendron

Mo

vedoense f. poukhanense), x® AT (Symplocos sawatutagi,
FAEFUF (Acer pseudosieboldianum) 7} $-7383ka, 800m A+
AERo ANDUE u|5(Lindera erythrocarpa), %9 (Styrax
obassis)©|, stEiole H|E, A% FHFwlo] 9skal ith. 400m

ZARY AR e 3 YY (Quercus  variabilis) @ ZF U7
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Figure 2. Location of four study sites at Mt. Baegunsan: 200m,400m, 800m,
and 1,000m above sea level.
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Nest box

Figure 3. Two grids showing the arrangement of artificial nestboxes in stalled
at 800m elevation. Each intersection of grids is a position of an installed

artificial nestbox.
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Table 1. The description of study sites in differenct elevation.

Parameter 200m 400m 800m 1000m
Latitude N 35° 01' 50.58" N 35° 04'53.69" N 35° 07'1.09" N 35° 06'57.16"
Longitude E 127° 36' 18.68" E 127° 37' 2.89" E 127° 36'9.69" E 127° 36' 41.50"

Elevation (m)

Dominant tree

Dominant shrub

115—-186

Quercus variabilis

Rhododendron yedoense f.

poukhanense

Fraxinus sieboldiana

398—-452

Quercus variabilis

Quercus serrata

Lindera erythrocarpa

729—-858

Quercus mogolica

Lindera erythrocarpa

Styrax obassis

Lindera erythrocarpa

Rhododendron yedoense f.

poukhanense

Styrax obassis

1,024—-1,064

Quercus mogolica

Rhododendron yedoense

f.poukhanense
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3.3 9o 7t8dol UHE To] o] g3t fx AR W
331 YU E 43 QAR 2 4% 24}

JulE gFe WAyl Bd fEelA Folde  F

T35 ENFE 539 5 AHHAE 714 (Seki & Takano 1998),
s e Hd AT, AVE s T AEAEE 5AES
o A s+3lct (Perrins 1965; Van Balen 1973; Tinbergen 1960).
s, UEIIKE FAHSAY(branch  sampling) W RI7MAE
A (beating) WHIH FF= AR FHe= Rl wvlal FAFSH
P 2bE W2 AL 7heshr] wjZel (Zandt 1994) 2 A=
e = 59 il ISR = A&7 (Biomass) &
F74 3} (Tinbergen & Dietz 1994) UvlE HF2 AEAZAAY
7H3 & Thotakdit.

TR A A AAY H(felh S olg3dte] FH 50cm2
4% Fez AR on, 1ha G 1871(3x6 grid) % F 367012 &4
TGS AAste] EA o] o] &3 th(Seki & Taka 1998; Figure 4).

GHIE 3o B S O 0 3 WA BAY awd olFa
H o

OFOEL kR

o
ol

AAFG W e A9 o] o % & &
% 9lel (Southwood 1978) BI7b & A% FAH AEL AL &
3-79 14749 123 ¥% ol g3 lm 2719 A o] §3fe] £AH
mRe|A o, & A, BF A F A/ 2 RS AAT A

%
dAvl4e Bl 300m ol ulH 3o BUS BRAYL ERE

o1 x:x_'i _u:, 11



Takano1998; Zandt 1994; Hinks et al. 2015). Yo & §F3& 7]&9
WAsHA HEgsh7] wtel 2529 S TS ofgl o] 2] (Tinbergen
& Dietz 1994)& o]&3ste] Un|E BEHFCZRYH {359 AEZFS

Biomass (mg/day-m’) =24.38xF—-0.767xEFxT

(F: Weight of frass(mg/day-m), T: Temperature(C))

A=

=
TR AT

.

o

of o]&H &+ 13 x¥o] FHE 7|3t Hit

4

o

1)

of AA¥E A3 %A (Thermochron iButton
DS1921G—F5; Maxim Integrated products; USA)olA =43 S
ol gatom, i FHAAGAR FALL Fd G FHE JH|E
BEFS zZhethal 7 sl

s 75 A= A4 WstE getstr] fleke] R version
3.6.2 (R core team 2019) X =Z 13X gamm4 package (Wood &
Scheipl 2017)9] dnst v AE RS o] gagitt. SHWTE #9
T AEdH ALY FHa GAE olgepdlon, 49 1dS 19=
= &9~ AU (B H, Julian date) 2 Fd GRS AAsATh e
ZAA el lhete 38 = Qe 2 R Fe] EWE AolE

welste] Ee

=

Jo
o



Figure 4. Locations of frass traps (yellow trianlges) and artificial

nestboxes (white circles) at 800m study site in 1 ha
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332 44 AL FHS A% FAY Hold B I 57

A2 & A4 (mass number) 2Fo] 2 3F8HA] HE-S oA F UL 712
A 3lA ©th(Inger & Bearhop 2008). ©]23t 34 &

TN ¥94 29 (isotopic discrimination) ©]2kal sh 2]H g 3o oS

AzAvit A2 g8 A4 94 HEE 2 Ho olE E3
o] 8 HoldS FES 4 9Jt(Inger & Bearhop 2008). Tt AEA)
Yol zZe] e s kg E99U94 HSo] s &£rz 3y u

A =7] wEel vhFs 2Ae o]gste] sk Al7]el Au|A7b
o] g3 wolel shoto] 7hs3tth(Hobson & Clark 1992). FEgH 4
F(eF Img)loEE #40] 7hgdl 2+ AFelrEs EEdo] {x

J &

i
gole olgsle] gy F99s BHS ANFomA wo] o

]
=

shot ah9]
EEuels F wolflom T §3% olgsAw, uug

19659 AA #E(: collar method)S HlEFO R UH|E §=,
. AuE, s A0S #FAE goldow AHAsto]
AF 717F FoF ARSI A 71F U A AR UHE §-5 9

Z
B Fgss Bgeld  weld AWE #A A

aFolom,
HE7 5 YRS 15 F=8 (tree beating) F538 Holgds F7l=
ANA3FATH(Table 2). AHH FAZ Holde A IR} Frs

SHA 71Fskglow JiAEE 1.6ml wlo]HAE FHe| Yo <A
AL B AAK —20CA m@Edth olFe i, Ak

94 x:x_'i _u:, 11



Y T EACAME AP FAH Hol
Adeisto] Aol o] g3kt (Table 2).

A LA FAS S8 FAH Hold A A F3heA
13d & Fx1393)2HH s AF AT ZE9o] 32 G
kol 9%k AFg @ (Brachial veins) <2 4 < o
30G  (0.14mm)  d3]§ HaFAHOR
A2}t (puncture) &tof dlatdo] Al A o2 2 EA¥ (Heinz micro
hematocrit capillary tube 75x0, Non—heparinized) & ©]&3f ZA} 7|7+

2E FXEFYH S 70-100e] s AHASH. A
ulo] 3 239 (Micropipetter) & ©]&3] 1.5ml vlola=2 FHE HAA
A A7bA —20ColA BaE Qi

o,
of\
ne
I
i

o
1o

B>
i
Y
EN
>,
N
4

=
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Table 2. collected and analyzed samples of potential prey species for stable isotope analysis

Category

Sampling period Number of

collected samples

Number of

analysed samples

Lepidoptera (larvae) 2018 April 3" — June 3" 89 32
2019 May 3™ — June 27"

Orthoptera 2018 April 30" — June 3 56 31
2019 April 30™ — June 28"

Araneae 2018 April 30" = June 3" 55 41
2019 April 26™ — June 6™

Lepidoptera (moth) 2018 — 54 19
2019 April 6™ — June 25"

Total 264 123
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333 ¢ FHAEA A5 AAE E Y THdL A

FREFE Fo] © FEuol

FAA Hold 12371, ZEHo]

o o] &¥th(Kelly 2000). webx C3, C4, CAM 2=° A= oE
FEd Ao wEk 2 A 1 AR g8 g2 Y T9d9a v&o]
A9 AGF DA 7FA] A EH A H ok (Kelly 2000; Pollock et al. 2017).
A A TR A ol& molde 4 dAE Fobsk= b
5 Holgdo FaHgelr she NS Ax wdE FHE
w7 GoF GAVE Eotd s o w2 A4

27 Bk webd 9 @At Folds

42 A
s9Ea BlEs A "W ¥ dA P 2~4%9 AL HEA

Azxd A7 FA7 ol Hitd AHRIZA 7HE o] 835k

afske] A slskol T
gy FAd Hold AR Y= Iso—Analytical® A4 -
TALAAZFEA 7] (Elemental  analysis—Isotope  ratio  mass
spectrometry:EA—=IRMS) & AF&sto] #4s AAlsith _F/_‘ri e
o7 =N
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Z24] (Peedee belemnite, PDB) ], &4 <F4

2 AR 2} (Craig 1957; Ehleringer & Rundel

1989).
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&3l 19l (Bayesian isotopic mixing model) & ©]-&3}dtt. 7] <94
2994 A8 &3 ®d(linear mixing model) & A3 2

<N
=
FAA vold wigel g AFY e At LAe] o §F

Ao Holde Frt AlstEo] . FAgkel digt AlFE FIHE
Ayl FA+ FEetrk= A 7F Atk (Inger & Bearhop 2008). H]o]A] gk

o] Ae APgE FAF Holde MEA sHdAa #oeEiRY
A £ gl &v A o] &3 A

del o] g vEEY ExE Aol WHoE v A
ol el HlEel tisl FAA AlF
old¥ #H & (discrimination
effect) ol ™id EFAA (uncertainy) = 2HE F Qe Ao
ATt (Inger & Bearhop 2008). whebA] 2 Aol A= wlo]AqE Fod4
Sk 2dle nlg o 3 R version 3.6.229 MixSIAR (Stock &
Semmens 2016; Stock et al. 2018) 3|71 & o]§-3to] W24 7]z U
29 A wold nEs MHAEE FAsAh

&

FAA o] qlo] mEuto] fz9 2A o
£

hyA
-

g
(o,
M

Hojdol w4, HAA FAY s9d
Ao REFEA "ok A AFelx] 2Edolo xZ, "ol o] &
2 & (discrimination rate)©] A58 vh7F 9131, ohFs EFT2
e & F fARSE AHEES A E A 2® Yl (Hobson & Bairlein
2003) & <AFelA+=  Garden Warbler (Sylvia borin) Z5-F
HAAHo = = HEo R A Holde w4 H|Eo=
L.7% #H2 vl&el 2.4%< dalgo £ Edol o] &3ttt (Hobson
& Bairlein 2003).
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Table 3. Generalized linear mixed model to explain the effect of Lepidoptera (larvae) availability and estimated proportion of
Lepidoptera (larvae) in diet on the weight of fledglings. Rate indicates the Lepidoptera (larvae) proportion of nestling’s diet, while
Biomass (mg/day m’) represents the averaged food availability in one nest during breeding season. Nestlings represents the number of
hatched nestlings in each nest and Nest ID was used as random effect.

No. of model Fized effect parameter Random effect parameter Type of model N
1 Rate + Biomass + Nestling Nest ID Gamma GLMM 67
2 Rate + Biomass Nest ID Gamma GLMM 67
3 Rate + Nestling Nest ID Gamma GLMM 67
4 Biomass + Nestling Nest ID Gamma GLMM 67
5 Rate Nest ID Gamma GLMM 67
6 Biomass Nest ID Gamma GLMM 67
7 Nestling Nest ID Gamma GLMM 67
8 - Nest ID Gamma GLMM 67




AAete] A

2 dato] A Az-9HA AEE
2 NAAE 7 AolZ FHad A
15

B3gx4, dejarase dx b Fo3k Ajole uEhA
T} (SHul Akt x12=4.326, df=3, p=0.228; F3}HFxT
22=2.559, df=3, p=0.465; o]AG%F: x2=1.355, df=3, p=0.716)
(Table 4). o]&uwFAE A% F Fod zbo]7b YER(22=35.219,
df=3, p<0.001) (Table 4), °]% JAEE 49 &= Y& duts)
A Bdg o]gste] kel mE olhk wiAY ATFE Tt
ZF fa A e diste] kst vy BElg o] gste] kel upE
B orst Ay, dwjatdre FikhERee 1k wE fo
WHsl7F e Rk (Sl AbskS: R? =0.024, F=1.708, p=0.217;
R84 R2=0.055, F=3.48, p=0.054) (Figure 5). ol&xHZF=
nxof wE Fesk My UEbg e (R2=0.103, F=6.441, p=0.006)
ojAEFAl EI  uke] wE  {oF WIE e Jlow
e H(R2=0.076, F=9.268, p <0.001) (Figure 6).
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Table 4. Result of Kruskal-Wallis test of clutch size, the number of hatched nestlings and fledglings, and fledglings’ weight.

Parameter x? df D
Clutch size 4.326 3 0.228
The number of hatched nestlings 2.559 3 0.465
The number of fledgings 1.355 3 0.716
The weight of fledglings 35.219 3 <0.001
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Figure 7. Change in the biomass of Lepidoptera (larvae) during the breeding
season of the Varied Tit (Sittiparus varius). Yellow point represents an
averaged biomass of Lepidopetra (larvae) when a breeding nest at 800m
elevation in 2019 has 13-day-old nestlings. Black line is regression line of

GAM and dashed line is 95% confidence interval range.
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22 ¢FY FH94L B4 9 Hold vl& F3

kA T BA Az, 2Edolo ®A AL <kgA
=994 HEE FHF —-24.62+0.44% Median: —24.67, Min: —

25.73, Max: —23.81), 1.63%+0.42%, (Median: 1.65, Min: 0.82, Max:
3.12) 2 uebsth FAA Holdo] A5, &4 A Foda vE
GHE QE), B 43 dFE, AvE edm %
Uebgth A4 8 998 A AvE, UelE A4S, JHlSE
%, w%)

L
—

P Edr WAL Bd Qe FAH Holdd mEuol
e

o

1

1)
Fxo  ®B4, AHAA HFA FHY4A vlEed dske 2
Al (discrimination rate) & #-83te] 2019 HA st dAl] LFvto]
F-z2o thete] 2 "ol thet H&ES B4t (Figure 8) YH|E

% Hl&S 55.01% (CL:49.53~51.58)2 FAH HHold F &g
HolZ 7bg wo] o]fst= Aow yeyth yHE §F tgow
W7 52 30.54% (CI: 29.64~31.44), AvES 1455% (CL
13.70~15.40) o]gstH ynl&H AFE 4.35% (Cl: 4.18~4.52) = 74
A o] g3dt= Aoz EFRTH(Figure 9).
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Table 5. Carbon and nitrogen stable isotope values of Varied Tits (whole bloods), potential prey species

Category n Mean SD Median Minimum Maximum

Carbon (8 1°C)

Varied Tit 67 —24.62 0.44 —24.67 —25.73 —23.81
Lepidoptera (Larvae) 32 —-27.35 1.70 —-27.4 -30.87 —-24.96
Orthoptera 31 —-25.81 1.04 —-25.59 —28.46 —-23.49
Araneae 41 —25.60 0.71 —25.56 —26.93 —23.93
Lepidoptera (Moth) 19 —28.08 2.75 —27.71 —-31.54 —22.55

Nitrogen (8 '°N)

Varied Tit 67 1.63 0.42 1.65 0.82 3.12
Lepidoptera (Larvae) 32 —1.06 1.42 -1.17 —-3.65 1.52
Orthoptera 31 —2.16 1.65 —2.2 —5.73 1.87
Araneae 41 2.10 1.28 2.25 0.22 4.28
Lepidoptera (Moth) 19 1.38 2.26 0.995 -2.11 6.45
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Figure 8. Distribution of carbon and nitrogen stable isotope values of Varied
Tits (grey circle), and their potential prey species: Araneae (black circle),
Lepidoptera (larvae) (black triangle), Lepdioptera (moth) (black square), and
Orthoptera (black cross). Discrimination rate is applied to carbon, nitrogen
stable isotope values of potential prey species. 1.7% and 2.4% were added to

the carbon and nitrogen stable istope values of potential pery species,

respectively.
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Figure 9. Scaled posterior density plot of the proportion of diet on Varied Tit nestlings at 800m elevation
in 2019. Each black, grey, light grey, and white graph indicates density of the proportion of Lepidoptera

(moth), Araneae, Orthoptera, and Lepidoptera (larvae).

42 A



23 1B % 71839 f29 #o] 0§

ol

o

o]

A A

Hr

0.078) (Table 6). 1]

(p=

[e1 K]
S

2 Xtk (Figure 10).

Ao

43



Table 6. Result of generalized linear mixed model on the effect of averaged
food availability (Biomass) and the number of hatched nestlings in each nest

(Nestling) on the proportion of Lepidoptera (larvae) in the nestling’s diet

Parameter Estimate Standard error t D

(Intercept) 3.8876 0.189 20.531 <0.001
Biomass 0.00025 0.00014 1.765 0.078
Nestling —0.0073 0.031 —0.236 0.813
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Table 7. Top five models according to the Akaike’s Information Criterion adjusted for small sample sizes(AICc) about the effect of the

averaged food availability (Biomass) and the Lepidoptera proportion of nestling’s diet (Rate), and the number of hatched nestlings in

each nest (Nestling) on the weight of fledglings. Nest was used as random effect. 4AICc, AICc weight, and degree of freedom (df) are

given for each model.

No. of Model Fixed effect Random effect df AlCc ~AlICc AlCc weight
1 (Null) Nest 3 181.6 0.00 0.330
5 Nestling Nest 4 182.8 1.19 0.183
3 Rate Nest 4 183.4 1.81 0.133
2 Biomass Nest 4 183.5 1.91 0.127
6 Biomass, Nestling Nest 5 184.7 3.10 0.070
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Table 8. Averaged model (JAICc <2) for the effect of the averaged food availability (Biomass), the Lepidoptera proportion of nestling’s
diet (Rate), and the number of hatched nestlings in each nest (Nestling) on the weight of fledglings.

Parameter Estimate Standard error Adjusted Standard error z D
(Intercept) 2.827 0.1232 0.1248 22.653 <0.001
Nestling —0.0065 0.0171 0.0173 0.378 0.706
Rate —-0.0004 0.0015 0.0015 0.242 0.809
Biomass 0.00001 0.00005 0.00005 0.236 0.813
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o] o] gt or thyoE WEIES 30.54% (CI: 29.64~31.44),
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Abstract

The effect of elevation and food availability
on the breeding performance of diet use

of Varied Tits (Sittiparus varius)

Eun—jeong Kim
Major in Forest Environmental Science
The Graduate School

Seoul National University

Avian reproduction is often affected by diverse biotic and abiotic
environmental factors, and birds use different breeding strategies to
adapt to or overcome many constraints from environmental gradients.
Elevation and food availability are key environmental factors that
determine life histories of birds, cause changes in breeding strategies,
and control breeding performance. This study aimed to investigate
the influence and the relative importance of elevation and food
availability on the breeding ecology of Varied Tits (Sittiparus vairus).
Therefore, the detailed components of their breeding performance
including the clutch size, the number of hatched nestlings and
fledglings, and fledglings” weight were monitored from 2016 to
2019 at four study sites in different elevation (200m, 400m, 800m,
and 1,000m above sea level) of Mt. Baegunsan, Gwangyang, in the
Republic of Korea. In 2019, the biomass of lepidoptera (larvae) was

estimated by frass traps to estimate the availability of the main prey
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of Varied Tits in the study site. In addition, carbon and nitrogen
1sotopes in bloods of the nestlings were also used to estimate the
proportion of major food resources in nestlings’ diets.

According to the field data from 105 active nests out of a total
248 installed nestboxes, there was no significant change of clutch
size and number of hatched nestlings along the elevation. However,
the number of fledglings and fledglings’ weight changed along the
elevation; the number of fledglings increased and then decreased as
the elevation increased, whereas the weight of fledglings showed the
inversed pattern of the fledglings’ number. The availability of
lepidoptera (larvae) ranged from 78.54 mg/day-m’ to 485.62
mg/day-m’, showing a significant temporal change in the availability
of lepidoptera (larvae) in a breeding season. However, interestingly,
there was no significant linear relationship between the availability
of lepidopteran larvae in the study site and the actual use of
lepidopteran larvae or the weight of fledglings, and according to the
proportion of major food resources estimated by carbon and nitrogen
stable isotopes, nestlings used lepidopteran larvae as main prey
source and orthoptera as an alternative prey of caterpillar.

In this study, there was no change in the breeding performance
of Varied Tits according to the food availability, but the breeding
performance changed along the elevation. This means that the effects
of food availability can be offset by parental investments and
additional efforts feeding relatively large amounts of lepidopteran
larvae to the nestlings, and when environmental conditions along the
elevation adversely affect avian reproduction, birds may take an
alternative breeding strategy increasing the quality of nestlings
rather than raising a large number of nestlings. Therefore, the

elevation is a more important environmental factor than food
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availability on the breeding ecology of Varied Tits, and the ecological
effects of elevation on the breeding ecology of Varied Tits are
probably greater in moderate elevation zones. This study emphasizes
that various abiotic and biological factors affect breeding ecology of
Varied Tits, and that the impacts of such environmental factors may
occur non—linearly along the environmental gradient. It is necessary
to monitor a combination of more factors in order to fully understand
the breeding ecology of Varied Tits and their ecological services in

forest ecosystems in the Republic of Korea.

Keywords: breeding performance, breeding strategy, diet use,

elevation, lepidoptera availability, Varied Tit (Sittiparus varius)
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