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Abstract: This study investigated the diversity of butterfly communities inhabiting
agroecosystems and examined the effect of latitude and longitude. The ecological
characteristics of butterflies inhabiting rural ecosystems, such as habitat preference and
food plant range, were also examined. This study was conducted from 2019 to 2022,
selecting 10 locations nationwide and conducting line transect surveys every two weeks
for four years, confirming a total of 112 species and 21,901 individuals. There was no
difference in the number of species and individuals by region, but there was a clear
difference in community composition. The most abundant species in rural ecosystems
were Pieris rapae, Polygonia c-aureum, Zizeeria maha, and Colias erate, in that order.
There was no significant difference in the number of species and individuals by latitude
and longitude, indicating no peninsula effect. Habitat preference showed that butterflies
preferring grasslands and forest edges were much more common than those preferring
the forest interior, and the food breadth was mostly oligophagous, followed by
monophagous and polyphagous. Butterflies inhabiting agroecosystems had ecological
characteristics that preferred open spaces such as grasslands and forest edges or
relatively diverse foods, due to the similarity of the environmental characteristics of the
survey points. Through this study, we believe that continuous monitoring is necessary
to determine whether climate change, which is currently underway and habitat change
are affecting butterflies in agroecosystems.
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FTUOR AR Q1= AR HAL A AA S ERF
o] oF 11.6%E AHAIokLL Qlom futatolAE 15.9%
£ AT A2 FEAHNA 2 HF-Z AA|skL §)
T}H(Choi et al. 2022). ‘5 FBE A= AHAAE A SH
A 2, g2 d, IgEE <8 EY AU v
A 2 Y 35 5 ohdR AEA 715 Al
Fol= Aoz delA QITh(MEA 2005). SHA]9H A8 E)
Ae 2= AT 7S AMSS S8R ok 1914 AH
AZ 5 S50 SV FEET It Aot vm g
5 AME To= AETHF} olet AvhE A A H]
2of B g kS 3t (Foley et al. 2005). 594y
BiA F8 AT 2o EAL Akt A7 oY 20
9k A A2 = &

ol2|gh it = ETFES Aot AT a40lth
(Saunders et al. 1991). SHA|TF Uz} 2| HE =2 zjo]7} 1}
25t S ot AARQ] 27, mek, widyt 2
4840 vE T2 sAYHANA HETFESS 2H
she ol 595 AT 2t (Paoletti 1995; Weibull et al.
2003; Tscharntke et al. 2005). 2Uet= 227 A =S 8E
O] 70%E AAL A r Aol Hal 11 FHOE FULET
o] FAEUA F& FT2 =3 T FHOZ oy
74229t mhg FH o] Q13’E uhE% (maeulsoop; village
forest) 12|11 4tglo] AAH tiA BT 1XE AYA
QIT}(Park 2006).
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H| o] Aejaba] -2 offde] 7|7t F1t theket AlES
£ ZALZOR T80 ZFoIU M, ZH{F 59 Hol
o] H|HA dF o= 3Rt F £ HEste] Z7FEE 1l
7ok g-2rf7RAt= 288tk (Gilbert and Singer 1975).
F3E U= AAIZ R SHE RIS el X 2F

rr
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o =2 wol o] 85|11 gt} U EA A = UH]= v
& 5 AARhLe] siEolu Hel siFe 2k A 9l
29t 450 A% HE, oy, g E tges W
2 Fo| FERE S8t £ HEohs AF0H & o
o A= vl ] (Pieris rapae)= Z= = 58 TO=2
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A2 2UTH(Choi and Jung 2015).

o] Ao A= A ZAMH (line transect method)S 55+
vt AR A AAsHE UH] Fdo] YRR
T8 BEEE ojuyet S Wil YT otk
of A ZAPES SAAH A A4S UHEIFE tde
2 7|3l o e WS arEo s moft &
U= A o2 A|QFSESITH(Choi 2019). ¢-2]uret L
H| & 232+ ds5% 25| Sl BEARE 20

2 Fol=E vt § S YR 2ITh(Choi 2004). WH]
Z B3t QAL 22 " H AejA oA o]
St Bt g3 Yet=7EE E]lsh] flote] f1d 11
2|1 A £ 4 Wl AuHEIT T3 A A
EAAA =3t i T ey e JiubE FIte R A
Eo] Q7] wf2of o]ejt AEfA FFoll AAlst= T/t
ol 3t Aefshd] EAS A U=A] A42] AEAat 9ol
HAE Foto] Lottt

2. s 3 Yy

2.1, A XM

201995E 20223712 4 53t FA YA Ol siEst
+ S A4 o2 10243S AA5HATh (Table 1). £
AF AL = T oy B o7 o] R0zl Y (F
A opth o= (1HA]) 2 kAL glon Ab
A2+ oF 1km Helolt}, o] & A X3S o= 25
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Table 1. Summary of the number of species and individuals collected from 10 sites from 2019 to 2022

Region Sites Longitude Latitude Number of species Number of individuals
Ansung (AS) 127270036 37070688 24 1,818
Namyangju (NYJ) 127304194 37558502 58 3,657
Middl Paju (PJ) 126.898080 37905827 57 1,567
iddle
Eumsung (ES) 127681194 36.937902 39 2,360
Danyang (DY) 128.344880 37155950 58 2,040
Yangku (YK) 127939050 38.066616 60 1,758
Muan (MA) 126.423038 34.929369 38 2,519
Sacheon (SC) 128.150741 35.096116 46 1,738
Southern
Haenam (HN) 126.526047 34.379655 48 2,250
Younggwang (YG) 126.480125 35.238222 35 2,294
Total 12 21,901
sto] ottt 747 AP HEE2 PAleontological Kim and Seo (2011)E FZ5HtE AFEEAofl= Tukey

STatistics (PAST) Z=2 135 o]-85t9tH(Hammer and
Harper 2001).

ZAF A1 7ol U] 23 ol el 7t QlEA] dobk
7] 95t NMDS (nonmetric multidimensional scaling)
S8 RS AASHIT. A o ARERE Hlo]
© 1071 Aol A A Ue] T e 2424
SkQATt. o 7]of| A AMERE A= Z|4= Sorensen (Bray-
Curtis)©|3lth. NMDS 24104 @izl ATE Higo
B AR R SRECR U o] UH] 24
Z FrARgoll #Fel7t Q=215 #4157 f1ste] Multiple

HA0 X /\]

)
= =2

st t NMDS®F MRPP £42 PC-ORD Z 213 (Ver.
7.08, McCune and Mefford 2018)= ©]-&35}3it}.

A= om ZATN Yu[E9| AA1Z] A2 e} Blo]4
He FdS olgsto] EAT 447 fde Aot
A 22ar olf’t A7t @] wet o7t Y=TtE
golst7] 9J519] nested EAMHEA (Analysis of variance,
ANOVA) BH& &3 AAstArh(a=0.05). A4
£ N8 A2 7F 2] (grassland, GL), & 7Pt
(forest edge, FE), < W (forest interior, FI)°ll wa} -
wotglon HolAlE Hel= ofde HolAEo] g &
o] &3h= 7% (Monophagous, Mono), g+ 2ol &5}=
73-%(Oligophagous, Oligo), = 7 I} ©]/F<! -9 (Poly-
phagous, Poly) & F&5t30H of7]of Aget HH =

o

A

A

response permutation procedure (MRPP)

rr o
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2023) o]-&skTh

g olgstiler A

=
A2 R (ver. 4.2.3, R Core Team

20199 FE 20228744 43 Bt M=t 1070 2|4
G U= & 112 21,901 704 S TH(Table 1). & 59}

iz Jd O 31O
TR =2 X2

=

WOk 585 35577419 THoF 58%

2,04071AFe. F= 60F 22 7Y WA A=

1,7587RA| 2 FH35}A]

= QGlh WA Qg Fo

= 217} 35, 3852 & WA 7N A= 2,200~2,50071
A2 wol SISk o] XA A 71 F Tt /o] ¥
2 X2 o2 24F 1,81870A =2 YERTE ZF 2] -l
A FRIE F o} A= A e u AR
o &2 §9J6}2] ¢kSkth(correlation r=0.83, p=0.08). 7HA|
ot F 75 HQER RIS A WA= FHRAT o]
2,200.3 (£164.96) 22 FHEA 2,183.3 (£296.25)ECt
OFZF WA A 2+ 2ol 7k yrEhtA] 9ESkTh (1=0.04,
p=097). T 5 A FHATL 49.33 (£5.98)F = o
4175 (£3.12) B} @SIA|RE A A 0 & 2jol= Y
Z] &ATH(t=0.96, p=0.36).

FAEACNA 7H B2 AR ERlE F2 WS
YU (Pieris rapae) ATh. 1 th3 2 &2 YIUHH] (Poly-
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Fig. 1. Number of butterfly species along latitude (A) and longitude (B) in 10 study sites of agroecosystems in Korea.
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Fig. 2. Number of individuals of butterfly species along latitude (A) and longitude (B) in 10 study sites of agroecosystems in Korea.

gonia c-aureum), 'FYFHLH] (Zzzeerza maha), ‘r=gt
H| (Colias erate) <01t AFH2 = FHATo A= Hf
F2], SR u], e ‘%Hl H Y Y] (Eurema
mandarina), U'EHH] =02 Lepd §hH FHE ]
A vl FUE] ], R U] e guE], 2
Z2IUH] (Pieris melete) =02 YRt HF A 2po]

7t vepstth gRA o= EAESHA| T 7*151'01]% N
£ 2 AN (Ypthima multistriata) ‘5 14%, 554
dof| = BEokA FREA = fle T2 S’J HFERA

W] (Celastrina oreas), BAUHH] (Parnassius stubben-
dorﬁz) 50&01041:]- 143—7(4 oz Biugle o 48501

o
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2 fAstgA SAH o2 FofStAlE et (Al =
3,224.5-28.39x 9|, t=0.19, p=0.85, correlation r=
-0.07). FEHEELE & 5o g FEe Lokt 2
B AEERE §oF gol Lhehbx T (F 4=
-777.53+6.47x A, t=1.16, p=0.28, correlation r=
0.38; WA 4==27405-198.07 x A&, t=0.72, p=0.49,
correlation r= —0.25, Fig. 2).

Z Ade dRe SRE Yol Edshe Fol =
w3 o] AolE dokd At F I Aol F3eH T
E5= AE 2lslth(Final stress 5.12, 40 number of
iterations, MRPP A=0.13, p<0.001, Fig. 3). Final stress
7F5~10 Atolofl Sl Ao = veht 424 Aite] 41F]
E7F =2 A0 2 UERRTH(McCune 1999; Dexter et al.
2018). A Ao 19 F2 A Ah=.o] 74% 2
FEe 7 2 52 18% A ES 7L e e
2 et A4 A2 92%0ll siddtet. 19 St g
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Fig. 3. NMDS graph for 112 butterfly species across 10 study sites
of agroecosystems in Korea (Final stress 5.12 after 40 number of
iterations). See Table 1 for site abbreviations.

£ W7t YRS ASshes SO A g2 Aoz b
Ehton AQHREE MAZE D oh= AdFolA Aol
= e A] okt (Table 3). T3t offde] Ho]A S0 W
5 ]It A3t &2/ (Mono)2 43F, 414 (Oligo)
2 59, THA4 (Poly)2 10522 ERIx]o] A4 9
o] HlE Ad WHF7L s A= 7P Bol &

st A, A =412 U TH (Fig. 4B). 2 ©]
H9] Zo] o] oA AelWa i 2ol S LepA) gokeh
(Table 3).
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Fig. 4. Average numbers (+ standard error) of butterfly species
in habitat preference (A) and food breadth (B) that were found
in 10 study sites of agroecosystems in Korea. GL. Grassland,
FE. Forest edge, Fl. Forest interior. Mono. Monophagous, Oligo.
Oligophagous, and Poly. Polyphagous. Alphabets above the bar
indicate a significant difference at p<0.05.

Table 2. Summary of the numbers of species for habitat preferences and food breadth across 10 sites in Korea. GL. Grassland, FE. Forest
edge, Fl. Forest interior, Mono. Monophagous, Oligo. Oligophagous, and Poly. Polyphagous. Total is the total number of species occurring

in each ecological trait

Habitat preference

Food breadth

Region Sites
GL FE F Mono Oligo Poly
Ansung (AS) 15 8 1 7 15 2
Namyangju (NYJ) 25 22 N 20 32 6
] Paju (PJ) 24 23 10 20 33 4
Middle
Eumsung (ES) 17 19 1 24 4
Danyang (DY) 24 25 26 28 4
Yangku (YK) 25 23 12 19 34 7
Muan (MA) 20 13 5 9 26 3
Sacheon (SC) 21 16 9 13 28 5
Southern
Haenam (HN) 24 18 6 13 31 4
Younggwang (YG) 19 12 4 10 22 3
Total 46 40 26 43 59 10
716 (©2023. Korean Society of Environmental Biology.
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Table 3. Nested ANOVA analysis results of preference of butterfly habitats and food breadth across 10 study sites in agroecosystems of

Korea
Variable df Sum of squares Mean square F p
Habitat 1 1036.8 1036.8 49.48 <0.001
Habitat Habitat: Region 1 44.8 44.8 2.14 0.16
Residuals 27 565.8 21.0
Food breadth 1 561.8 561.8 5.50 <0.05
Food breath Food breadth: Region 1 171 171 0.17 0.69
Residuals 27 2756.4 102.1

4.1 %

S-2juhetel] Exst= UHF 2009] F (Kim and Seo
2011) ¥ 56%°] SFsh= 112501 o] FAtA gl
o], AN E B2 Y77t AAleh= Ao = LE
Wk ZAF 292 F 1070 AH e &2 FRe FRAY] £
AL 213 W7t a7iet 6702 R ZAAAITE ZF HeE
T o} WA= FAR SR Z 2polE YERRA] ettt
T2 ZF YoM St Aok UHe] TRU &
AF Aol7t AA Uehten A4 AaelA e F
Heo| A &L apol7F AA ettt = HAe A o]
2t 2 4 2ol E UEUA §F 2912 U '
Hog2 A7 Mol Qli= A2 £ o= glsto] vH] Fo
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J
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A 2-gs}7] wfEof (Steffan-Dewenter and Tscharntke
2000; Thomas 2000) ‘5 A At 22 mhH3E7} Ho] o]
Fol7l oA HAA R A4 UHIZE o o] &
A5t 7 0 2 o AFS 2= 9Ir},

FHE A Edoh=s & F M S0l E 4 e T2
HiF=2IUbH] 2 et} Bl 2 um]= ohefet 2= 9ol
A 2 5 QleTl 16.5°ColA 30.5°CollA AEEETH S
7Fate] 30.5°ColA H 98-S Hral ot (Gilbert
and Raworth 1996), &2 717t 5% 35°C7HA| = A7 0]
o|FofXrtal A 2= He| Fo]l Y2 A og o 59l
o} (Kingsolver 2000). SFA|9F 112 SH oA &2 A
Al 7B oA Y2 Holal A2H = a2

A AEgfo] B 37 28]ttt (Kingsolver 2000) 1 &
A 2T 71Tl & 2olA ujFduE] 7S] o
o]— Z]_J_FGO] EL]E—"E]O] HJ_Q_O]_]j‘l- _Q_E Oﬂo]:_x,]- 1 0115
T =@3lpol disiM e 7285 9t dve Ae

ol 1940t F=ollM= i 32] S@brh d=A QL
TH(Richards 1940). S-2jHetel A o] wet @Sl
7HEebd 4= qlof ofofl thigt A7} B @ shriar AJztsict.
7| Hste] ot oheFdt EFS AxFo= A4t
o] 715 st RYUE S MUYPsta Arh(Dennis 1993;
McGeoch 1998; Holt and Miller 2011). $2U=te 5
Al AAshE e dlde s ZIeHsA aES A
APt WHIREE diFduE], S|, amru] o
g ube]7E A = QAT (Kim et al. 2021). FH gy

—

= o9l ZAOAE Aol U E Fo2 o
2 7)50sle] ntet FRAYNAY Fd o] oo
A 7P54o] Ak olARI, o] o] 2le] BAIE v
R 1452 SRR BAHAD FOZ o} F
o 5@ PP A4H0E BUHIT B} ek BH
Aol Bmshs SOl o] 2AA

BRI %
BRI WA T FEA PO BHo] o Hlgl
o SR SAYRANAT Bo] o 5l o574
A7) wste] oJe 914 A 2} Bt

718 (©2023. Korean Society of Environmental Biology.

A EskE 2Rt e 0 ¢ =

T itk o] AFtolAe A 2AMHE %—5}01 %%ﬂ‘“Eﬂﬁl
of AAsh= vl 24 e &

7ol whet ojm et S Wil ek ot ith &
A Al AAshs YHIEY] AAA deda) o
o|AlE W9 5 AEHTH EAL dotE It o A+
+ 201997 H 202297k 418 F¢F A=A o= 1044
= AAsto] 25 7tAC 2 A 2AMS AAsteH &
112 21,9071A1E lstet. A= 3 A=
Zpol & UEt 2] ghgtout 3] FAolA = SFEiRt Aol
7F At AR AN Y B2 AR ERlE F
< Bl ¥ (Pieris rapae) 3.2™ HIHH] (Polygonia
c-aureum), B HFHAUH] (Zizeeria maha), = UH] (Colias
erate) Otk A=, FEERE F ot Al Woh=
frolgt A3E UehdiA] ghob W a vt vrehA] 98t
ok AAR] Ao ks 229 & 7FAEE A2ste U
7t UWRE ﬁiﬁ}b THo Y g2 Aos Yee

= BAel Y kA, o
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