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Abstract: Global warming has a significant impact on diverse ecosystems including
agroecosystem through; changing of phenology, physiology and distribution. Monitoring
of biological responses emanating from global warming is required to understand the
challenges of biological diversity conservation posed by climate change. The Korean
government selected four butterfly species as indicators of climate change in agroe-
cosystem: Papilio xuthus, Pieris rapae, Colias erate, and Eurema mandarina. The aim of
this study was to investigate the different monitoring methods of the butterflies in Korea
and suggest a suitable monitoring method to track the population trends of butterflies in
the agroecosystem. Butterfly monitoring was conducted in eight sites throughout Korea
from April to October, 2018 using three survey methods: point census at rice paddy area,
point census at the border between rice paddy and hill and line transect along the rice
paddy and hill. Each method took approximately 30 min. to count the butterflies. A
total of 4,691 butterflies and 92 species were counted: The most dominant species was
Pieris rapae with a total count of 1,205 individuals followed by Polygonia c-aureum,
Zizeeria maha, Colias erate, Cupido argiades and Papilio xuthus. Among the three
census methods, the total number of species and individuals when using line transect
method was statistically higher than in the other methods. However, the numbers of
the four butterflies indicators showed no difference throughout three census methods.
Based on the number of species and the total individuals butterflies in agroecosystem,
we advocate for the application of line transect method as it can find more butterflies in
agroecosystem. In addition, we advised for the implementation of education programs
on the line transect method in butterfly identification to participants of the national
monitoring program.

Keywords: agroecosystem, global warming, indicators, butterfly, line transect

82 ©2019. Korean Society of Environmental Biology.



MNoB

AEdol st F vddel Hon of FAou 1

gholl tigt Aol mi-¢ 2 S4e A4

1969). ZA17-4%] 59 SHle A4 A4A] Gk ub s}

s AEA A FFe AT FAHAE T
s
=

(Séderstrom et al. 2001; Westphal ef al. 2003; Tscharntke et al.
2005; Moonen and Barberi 2008; Garback et al. 2014).

T A|F-2detm Q1% 7]k AEA ol B
2 G v Tk (Vitousek 1994; Traill et al. 2010). 2]
= Neket F=0 E9, oI5 A9t 22 A B
o] Wgk= e A 248 25 M le
Aoz A4 St} (Andrew et al. 2013). 5 AYEHA L A
TF2dstz Qlste] QEiEAEe] A, ¥als St 7
do] EolAHA 2= Al e AW A=, &S
TE A Fs8F HE ST 22 AAA w5
7¥stal Qlet. A2 d3stE 1%t 71 skt 5 A e A ol
ougt JFE A =rtE GHH R TAEH] %
To = 7|FRsle] Blw A WA Wt 1% AR
T2 A5l o]5S "o ® H7]Holal HA
B ZAE AAID Bo/do] A AAA R ol Ut
(Asher et al. 2001; Thomas 2005; van Swaay et al. 2008). RoRS)|
et FEXTANAE 20178 SARRE 71 $RS} ]
% 3052 AA5IH T (Kim et al. 2018), ©] & UH]F=
U] (Papilio xuthus), Bi5=SUHH] (Pieris rapae), =% HHH]
(Colias erate), ‘B =] (Eurema mandarina) 40T}

Monitoring butterflies in agricultural landscapes

(Fig. 1).
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Fig. 1. Four butterfly indicators of climate change on agroecosystem in Korea. (A) Papilio xuthus, (B) Pieris rapae, (C) Colias erate, (D) Eure-
ma mandarina.
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Table 1. Summary of number of butterfly species (and individu-
als) at eight sites of agroecosystem in Korea. Point (Agr.): point
census method at rice paddy site, Point (Mixed): point census
method at mixed site with rice paddy, orchard and hill, Line tran-
sect: line transect method at mixed site with rice paddy, orchard
and hill.

Point Point Line Total

(Agr.) (Mixed) transect
Hongcheon 11 (32) 22 (75) 29(106) 39(213)
Danyang 17 (59) 37(137) 35(339) 48(535)
Jaecheon 15(94) 28(81) 23(216) 38(391)
Yangpyung 15(294) 28(235) 34(321) 40 (850)
Namyangju 18(144) 26 (157) 31(341) 37 (642)
Ansung 9(157) 18(88) 21(982) 26(1,227)
Muan 7(123) 13(91) 19(182) 21(396)
Haenam 4(39) 19(166) 24(232) 28(437)

Table 2. ANOVA analysis results of three survey methods to total numbers of species and individuals counted from eight agroecosystem

sites in Korea.

Variable Sum of squares af Mean squares F 9}
Between groups 1002.08 2 501.04 12.72 0.00024
Species Within groups 826.88 21 39.38
Total 1828.96 23 0.0002
Between groups 250758 2 125379 4.45 0.024
Individuals Within groups 591976 21 28189.3
Total 842734 23 0.002

84 ©2019. Korean Society of Environmental Biology.



p<0.01)°l4 2to]7t Y= Ao & Ueith AL HAE 4
W FA] A FARE thE AP Zol7t Sl Ao ' U
ettt U ZRAoll tiolA s AT (Fy 21=445,
p<0.05)°llA ZFol7} Qli= AL 2 YEFITh(Table 2). A
FTHAAT TR} AR A ZAR= A ZARR} AFOI7F Sl
20 & Ut (Fig. 2).

FAYEHA 71 FHI A BF 452 o= AP
7t 2folE ot At F4 (Fp=0.86, p=0.43)2} 7HA|
T (Fo20=3.05, p=0.07) 5N A x}e]7} 2] ¢ Ao
2 UEFSITH(Table 3, Fig. 2).

A ZAPEE At AL o] FoZItkd ofe]d

®1(A) b
30

25
20
15
10

Number of species

Point (Agr.)  Point (Mixed) Line transect

700 (B)
600

500
400
300

200
0

Point (Agr.)  Point (Mixed) Line transect

Number of individuals

Monitoring butterflies in agricultural landscapes

A A AT S e BBE ARAT ZATA o
£ A7} HES wES 48 75 2

els 2w g A8 2ol Foldfol 1

ot5lal 1Tt (Anderson et al. 1979). ©]#$H A ZAPH2 2
2 Aussist 2o HAEst S Felg mUET

Bl AEFLS0] Szt 2AS Avte 7] T
A B2 AELE Yeile dlolle o U2 29k &
ZEo] UH] RYE PSS 915 Bl o AAH
1 1Tt (Dennis et al. 2017). 7 AP AA] ofelefl Al 7]
AREE 4= Sl ZAM O R 425 ALY 27]7F Bl A
2 A AU oAM= aedor AL 7FESt

“1(C) a

Point (Agr.) Point (Mixed) Line transect

180
160 (D)

140
120
100
80
60
40
20

o

Point (Agr.) Point (Mixed) Line transect

Fig. 2. Average number of butterfly species and individuals (with standard deviation) counted using three survey methods across Korea.
Different alphabets above error bars indicate the statistically difference at p<0.05. (A) Total number of butterfly species, (B) Total number of
individuals, (C) Number of indicator species, (D) Number of indicator individuals.

Table 3. ANOVA analysis results of three survey methods based on four butterfly indicators counted from eight agroecosystem sites in

Korea.
Variable Sum of squares df Mean squares F p
Between groups 1.22 2 0.61 0.86 0.44
Indicator species Within groups 14.09 20 0.70
Total 15.30 22 0.44
Between groups 16900.3 2 8450.14 3.05 0.07
Indicator individuals Within groups 55336.6 20 2766.83
Total 72236.9 22 0.60
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