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ABSTRACT: We investigated the moth diversity on an island of southern sea of Korea. We collected moths
at three sites on the island of Bogildo, Wando-gun, Jeonnam using a 22-watt ultraviolet light trap from May to
October, 2008, and identified a total of 272 species and 948 individuals in 13 families. Species of Noctuidae was
the most abundant, with 107 species and 318 individuals, followed by Geometridae (62 species and 147 indivi-
duals) and Pyralidae (53 species and 269 individuals). The graph of the estimated species richness in Chao 1
(432.25 + 37.39) did not reach an asymptote, which suggests that more moth species could be identified on the
island through further sampling. An arctiid moth, Milfochrista striata, was the most abundant species captured
in this study. Monthly changes in moth species richness and abundance formed M-shaped curves, with peaks in
early summer (June) and late summer (August). Cluster analysis of seven sites on three islands (Aphaedo Island,
Sinan-gun, Oenarodo Island, Goheung-gun and Bogildo Island) divided the sites into two groups. Distances among
sites and habitat types may play an important role in determining the similarities of moth faunas among sites.
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INTRODUCTION

Islands play a prominent role in ecological and biogeographic
studies, since they are numerous in number and vary in size and
degree of isolation. In addition, the characteristics of islands' biotas
are relatively easy to observe and quantify (MacArthur and Wilson
1967, New 2008). The Korean peninsula is surrounded by more
than 3,100 islands mainly in its western and southern seas. How-
ever, most of these islands are small in size: about 75% of the
islands are less than 0.1 km” in area (Korea National Statistics Office,
2005). While the Korean islands are attractive to taxonomists and
ecologists, relatively few faunistic studies have been done due to
difficulties in accessibility and logistics (National Institute of En-
vironmental Research 2002).

Arthropoda, including insects, comprise approximately 2/3 of the
known organisms in the world. They are suitable as indicator or-
ganisms because they are both abundant and diverse, and different
species have adapted to different environmental conditions (Sam-
ways 2005). Lepidoptera (moths and butterflies) are one of the
mega-diversity groups with more than 120,000 species worldwide.
Moth and butterflies are noteworthy for their wings, which show
vivid colors and a multiplicity of forms, providing advantages in

identification. They also serve as major herbivores, linking primary

producers and consumers in ecosystems (Scoble 1992). Moths and
butterflies have been widely used in ecological and conservation
research worldwide (Kitching et al. 2000, Summerville et al. 2001,
Summerville and Crist 2002). On islands, moths and butterflies are
well-suited as indicators of habitat change and environmental gra-
dients on many scales, including geographic scales across and wi-
thin islands and temporal scales across seasons and years (Miller
1997, Dennis et al. 2008, New 2008).

The purpose of the present study is to understand the moth fauna
on Bogildo Island, Wando-gun, southeastern Jeonnam province. In
addition, we compared moth diversity on Bogildo Island to that of
neighboring islands to investigate patterns of similarity among

islands.
METHODS

Study Sites

The study area, Bogildo Island, Nohwa-myeon, Wando-gun, is
located in the southeastern part of the Dadohae Ocean National
Park (Fig. 1, N34°20', E126° 42'). Wando-gun has 201 islands (147
uninhabited and 54 inhabited islands) and Bogildo Island is famous
for its cultural and natural resources. The climate is the typical
southern coastal type, with annual precipitation of 1,417.5 mm and
an annual mean temperature of 13.9°C (Korea Meteorological Admi-
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Fig. 1. Map showing the study sites, Bogildo Island, Wando-gun.
Black dots indicate the three survey sites (Bogildo 1: N 34°
08'46.8", E126°32'40.6" 85 m, Bogildo 2: N 34° 08'48.3" E
126°32'49.0" 79 m, Bogildo 3: N 34°09'38.4", E 126°33'
10.9" 22 m).

nistration 2007). The total area of the island is about 33 km” and
the coastline is about 41 km long. The highest peak on Bogildo
Island is Mt. Bojuksan, at 425 m above sea level (a s 1), and the
island also has many low hills <300 m a s L. Is. Bogildo is covered
with a subtropical evergreen broad-leaved forest, including 54 plant
families, 91 genera, 113 species, 9 varieties and 1 forma (Kim et
al. 2000). Many plant species (45 species) are evergreen species,
and six tree species are abundant (Camellia japonica, Ligustrum ja-
ponicum, Eurya japonica, Smilax china, Trachelospermum asiat-

icum var. intermedium, Carex lanceolata) (Kim et al. 2000).

Sampling and Statistical Analysis

Moths were sampled once per month from May to October,
2008 using a portable light trap (22-Watt circular black light ope-
rated by a 12 volt battery, BioQuip, USA) (Table 1). To reveal the
total fauna of the island, we sampled the moth fauna at three di-
fferent sites. We selected sites that were different in forest type and
close to the road for ease of access: Bogildo 1 (N34°08'46.8",
E126°32'40.6", 85 m) was mainly covered with conifer trees and
low vegetation; Bogildo 2 (N34° 08'48.3", E126° 32'49.0", 79 m)
was covered with a mixture of deciduous and conifer trees; and
Bogildo 3 (N34°09'38.4", E126°33'10.9", 22 m) was covered
with a relatively dense evergreen forest.

Sampling was carried out approximately 5 hours after sunset. We
avoided sampling under conditions of heavy rain or strong winds

and during the full moon because the activity of moths is influenced
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Table 1. Dates of surveys on Bogildo Island, Wando-gun, Jeonnam,
Korea. Sampling was carried out at three sites at the same

time

Year Month Day
May 12
Jun. 30
Jul. 2

2008
Aug. 2
Sep. 18
Oct. 17

by weather and moon phase (Yela and Holyoak 1997). All of the
specimens that we collected were identified to species and are
preserved in Mokpo National University.

Since three sites were sampled, we examined the diversity and
richness of each site. Simpson's Indices of heterogeneity and even-
ness were calculated using Species Diversity and Richness (ver. 4.0,
Seaby and Henderson 2006). Magurran (2004) noted that Simpson's
Index of heterogeneity is one of the most meaningful and robust
measures available, although this index is heavily weighted towards
the most abundant species in the sample. Fisher's alpha was also
calculated to measure local diversity. The Berger-Parker dominance
Index (d) was calculated to determine the dominance of the most
common species (Southwood and Henderson 2000). The numbers of
species and individuals by families did not show a normal distri-
bution (Kolmogorov-Smirnov minimum Z =0.311, each p <0.05).
To compare the total species richness (number of species) and
abundances (number of individuals) of moths among three sites, the
mean numbers of individuals and species in each family were com-
pared using the Kruskal-Wallis test (SPSS Inc. 2003). Monthly
changes in moth richness and abundance at the three sites were also
examined to determine whether the patterns were different at
different sites using #-tests (SPSS Inc. 2003) since they showed a
normal distribution (Kolmogorov-Smirnov Z, p > 0.05).

Since moth sampling was conducted in only one year, the total
number of species was estimated with the Chao 1 estimator, using
Estimate S (Ver. 8.0; Colwell 2006). The Chao 1 estimator is the
sum of the observed number of species and the quotient a’/2b (a,
the number of singletons and b, the number of doubletons). The
Chao 1 estimator is widely accepted as reliable, although the esti-
mated richness increases with increasing observed richness at some
sites (Beck and Linsenmair 2006).

We used cluster analysis in PC-ORD (Ver. 5.12; McCune and
Mefford 1999) to investigate the similarity among sites on three
different islands. Moth data from three sites on Aphaedo Island,



May 2009

Sinan-gun (Lim J-T, unpublished data) and from one site on Oena-
rodo Island, Goheung-gun (An et al. 2008) were compared with that
from the three sites on Bogildo Island. Aphaedo Island is located
about 72 km northwest of Bogildo Island, and Oenarodo Island is
located about 91 km northeast of Bogildo Island. In our analysis,
we used a semi-metric distance measure, the Serensen distance with
flexible beta, with 5 = —0.25. To reduce the effects of large num-
bers of rare species, we analyzed the data matrix after deleting the
species that occur exclusively in one site.

RESULTS AND DISCUSSION

Throughout the present study, we identified a total of 948 indi-
viduals and 272 species in 13 families from May to October in
2008. The attraction radii of light traps for moths is small, less than
30 meters in most situations, which suggests that inter-site com-
parisons of night-flying insects provide valid results as long as the
sampling method is standardized across the habitats to be compared
(Beck and Linsenmair 2006). In the present study, we sampled
moths at the same time at three different sites at least 1 km apart
to reveal the total moth fauna of the island and to compare the
diversity at each sampling site characterized by different vegetation
structure.

The total numbers of species and individuals were the highest at
Bogildo 1 (152 species and 428 individuals), followed by Bogildo
2 (140 species and 405 individuals) and Bogildo 3 (71 species and
115 individuals), but the mean richness and abundance did not
different significantly among sites (Kruskal-Wallis test abundance
2> =2.525, p=0.283, richness x°=1.097, p=0.578). The family
composition differed among the three sites. At Bogildo 3 site, no
species in the families Lymantriidae and Sphingidae were collected,
and only one species of Epiplemidae, Dysaethria moza (Butler),
was collected. These differences could have resulted from differences
in habitat characteristics such as forest structure. Bogildo 1 and
Bogildo 2 were covered with mixed forest of deciduous and conifer
trees, whereas Bogildo 3 was covered with evergreen Camellia
Jjaponica trees.

The estimated species richness did not reach an asymptote (Fig.
2), which suggests that our faunal survey of Bogildo Island was
insufficient because of the short survey period.

We recorded thirteen families of moths on Bogildo Island (Table
2). The family Noctuidae was the most species-rich group (107
species), followed by Geometridae (62 species), Pyralidae (53 spe-
cies) and Arctiidae (13 species). For the number of individuals
collected, Noctuidae (318 individuals) was also the most abundant,
followed by Pyralidae (269 individuals), Geometridae (147 indi-
viduals) and Arctiidae (119 individulas). The observed pattern of
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moth dominance on the family level is similar to the results of

previous studies on island and mainland communities (Lim et al.
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Fig. 2. The observed and estimated species richness (number of spe-
cies) plotted against abundance (number of individuals) on
Bogildo Island, Wando-gun in 2008. The estimated species
richness was calculated with the Chao 1 estimator.

Table 2. Summary of the number of species and individuals at three
survey sites on Bogildo Island, Wando-gun, Jeonnam, Korea.
Each site refers to Fig. 1. Differences between sites were not
significant for numbers of species (K-W test = 1.097, p=
0.578) or individuals (K-W test y°=2.525, p=0.283)

Bogildo 1  Bogildo 2 Bogildo 3 Total
Family  gpe- Indivi-  Spe- Indivi  Spe- Indivi- ~ Spe- Indivi-
cies duals cies -duals cies duals cies duals

Arctiidae 10 35 7 77 3 7 13119

Drepanidae 5 17 5 34 2 2 g8 53
Epiplemidae 0 0 0 0 1 1 1 1
Geometridae 29 63 35 60 15 24 62 147
Lasiocampidae 1 2 1 1 2 3 3 6
Limacodidae 1 3 2 2 2 2 5 7
Lymantriidae 1 1 4 4 0 0 5 5
Noctuidae 66 145 53 132 26 41 107 318
Nolidae 4 5 1 3 2 2 6 10
Notodontidae 2 2 3 3 1 1 5 6
Pyralidae 32 152 26 85 17 32 53 269
Sphingidae 1 3 1 1 0 0 2 4
Thyrididae 0 0 2 3 0 0 2 3

Total 152 428 140 405 71 115 272 948
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2007, Park et al. 2007, An et al. 2008).

The Noctuidae are the most diverse group of Lepidoptera and are
highly mobile, being found in a wide range of habitats from the
lowlands to montane forests, as well as both undisturbed and dis-
turbed habitats (Kitching et al. 2000, Abang and Karim 2005). The
Geometridae are also among the most diverse moth groups and are
distributed worldwide (Holloway 1984). Colonization of true islands
in archipelagos is generally assumed to occur from a common spe-
cies pool on the mainland, and hence the probability of colonization
of a particular island by a particular species should primarily de-
pend on the distance of the island from mainland in relation to the
species's capacity for movement (MacArthur and Wilson 1967, Nie-
minen and Hanski 1998, New 2008). The most abundant moth fa-
milies observed in the present study were the Noctuidae and Geo-
metridae (Table 2). Their dominance could result from the biology
of these taxonomically and ecologically diverse groups and the short
distance from a species pool (the distance from the nearest mainland
area, Haenam, Jeonnam, is only about 12 km). Many insect species
on oceanic archipelagoes are restricted to single islands (New
2008), but the distribution patterns of insect species on offshore
islands are different, with the ranges of species not generally being
restricting to single islands (Kotze 2008). Many species from large
families can colonize offshore islands relatively easily, which is
reflected in the dominance of species from large families on islands.

Indices of heterogeneity and evenness for each locality on Bogildo
Island are shown in Table 3. Heterogeneity (Simpson's D), local di-
versity (Fisher's alpha) and evenness (Simpson's E) were highest at
Bogildo 3, while Berger-Parker's d was highest at Bogildo 2 (Table
3). These results show that the total richness at Bogildo 3 was low,
but that the composition of moths at this site was relatively even.

The percentage of singletons, species for which only one indivi-
dual was captured in the total sample, at the survey sites varied
from 51% (Bogildo 1) to 68% (Bogildo 3). This value was similar
on neighboring islands: the percentage of singletons on Aphaedo
Island was 45~72% (Lim et al. 2007) and the percentage on Oena-
rodo Island was 60% (An et al. 2008). When a fauna (or a flora)
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is sampled, few species are represented by many individuals and
large numbers of species are represented by only few individuals.
These relative abundances must be considered as representative of
the basic pattern of niche utilization in the area (Southwood and
Henderson 1999). On the other hand, rare species are of particular
interest to conservation biologist because they tend to have small
ranges, small populations, or both (Rabinowitz et al. 1986, Gaston
et al. 1995). The percentage of singletons on Bogildo Island was
higher than those on sites from mainland (Park et al., 2007, Choi
et al. 2007). The factors leading to high rates of singletons on
offshore islands will require further examination to determine the
pattern of distribution of rare species and the mechanisms promo-
ting rarity in island faunas.

The ten most abundant species on Bogildo Island are listed in
Table 4. An arctiid moth, Miltochrista striata was the dominant
species. Among the ten most-abundant species, the family Pyralidae
was the most abundant, being represented by four species followed
by the family Noctuidae (3 species; Table 4). The food preferences
of moth species could be one of the most important factors affec-
ting their ability to colonize islands. The greater diversity of host
plants consumed by polyphagous species should facilitate their abi-
lity to colonize new areas and buffer their populations against ex-
tinction (Nieminen 1996). Pyraloid caterpillars are very diverse in
what they eat (Solis 1997) and this wide breath of diet could ex-
plain their dominance on Bogildo Island.

Monthly numbers of species and individuals showed an "M"-
shaped pattern, with peaks in June and August and a low point in
July (Fig. 3). The two peaks at Bogildo 3 site were relatively low,
but to the graph still follows an M-shaped pattern. Monthly changes
in the number of species and individuals did not statistically differ
among sites (¢-test, number of species = 0.251~1.624, p > 0.05,
number of species ¢=0.076~1.643, p > 0.05).

The M-shaped temporal pattern observed was similar to those
found on Oenarodo Island (An et al. 2008), Mt. Duryunsan (Choi
and Na 2005) and Mt. Seungdalsan (Park et al. 2007), but the ti-
ming of the two peaks on Bogildo Island, Mt. Duryunsan and Mt.

Table 3. Indices of heterogeneity, diversity (Fisher's alpha) and evenness from three sites on Bogildo Island, Wando-gun. Sites refer to Fig. 1

Bogildo 1 Bogildo 2 Bogildo 3 Total
Number of species 152 140 71 272
Singletons 77 (50.65%) 83 (59.28%) 48 (67.60%) 136 (50.0%)
Simpson's D 51.54 26.15 78.98 55.78
Fisher's alpha (+S.E.) 84.17+9.867 75.77£7.776 79.09£20.57 127.6+10.45
Berger-Parker dominance 0.09579 0.158 0.05217 0.08017
Simpson's E 0.3391 0.1868 1.112 0.2051
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Table 4. The 10 most abundant moths on Bogildo Island, Wando-gun, Korea
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No. of individuals

Family Scientific name (% of total individuals) Food preference Flight period
Arctiidae Miltochrista striata 76 (8.01) Lichen May, Aug.
Pyralidae Oncocera semirubella 50 (5.27) Polyphagous May, Jun, Aug, Sep
Drepaniidae Macrocilix mysticata 39 (4.11) Oligophages May ~Oct.
Pyralidae Endotricha olivacealis 37 (3.9) Unknown Jun. ~Aug.
Pyralidae Nacoleia tampiussalis 32 (3.37) Unknown Jun. ~Aug.
Pyralidae Herpetogramma luctuosalis 26 (2.74) Oligophages Jun. ~Aug.
Noctuidae Paragona inchoata 20 (2.10) Unknown Jun.~Sep.
Arctiidae Spilarctia seriatopunctata 18 (1.89) Polyphagous May, Aug, Sep.
Noctuidae Anachrostis nigripunctalis 18 (1.89) Oligophages Jun, Aug, Sep.
Noctuidae Athetis albisignata 17 (1.79) Polyphagous Aug.

Seungdalsan showed an one-month delay relative to Oenarodo Island.
The cause of this difference warrants further study.

Raimondo et al (2004) noted that Lepidopteran species appear to
be synchronized by local weather conditions and larval plant qua-
lity, and that climatic factors such as temperature and relative hu-
midity are closely related to moth abundance and richness (Choi
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Fig. 3. Monthly changes in the number of species (top) and indivi-
duals (bottom) at three different sites on Bogildo Island,
Wando-gun, Korea in 2008. Differences in monthly changes
in the number of species and individuals were not statis-
tically different among sites.

2008). The M-shaped pattern of richness and abundance observed
in our study may have resulted from long-term evolutionary adap-
tations to local macro-climatic factors like a heavy rainy season
(i.e., a monsoon), rather than short-term responses to current wea-
ther conditions (e.g. Choi and An 2008). However, recent climate
change may lead to dramatic and unexpected changes in the timing
of seasons and patterns of precipitation (Korea Meteorological
Administration 2007). In the future, we will focus on short-term
changes in moth diversity on islands in Korea’s southern seas to
determine whether moths can adapt to recent climate change.
Our dendrogram recognized two clusters with relatively high
information contents (about 35%; Fig. 4). Among the three islands,
the three sites on Aphaedo Island were clearly separated from a
group comprised of Bogildo Island and Oenarodo Island. The dend-
rogram showed that the distance among sites played an important

Information Remaining (%)
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Fig. 4. Dendrogram of dissimilarity of moths among seven sites on
three islands. Moth data from three sites of Aphaedo Island,
Sinan-gun (Ahpael-3) and one site of Oenarodo Island, Go-
heung-gun (Oenarol) were compared with data from three
sites on Bogildo Island. The data matrix of 7 sites and 349
species were analyzed by Serensen distance measure with
flexible beta (8 =—0.25).
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role in grouping the moth faunas. However the distance among sites
on islands did not always predict the distance between faunas.
Bogildo 3, which was characterized by evergreen forest, was sepa-
rated from the other two sites on Bogildo Island, which were co-
vered with conifer and deciduous mixed forest. The site on Oena-
rodo Island was also covered with conifer and deciduous forest (An
et al. 2008) and was clustered with two sites on Bogildo Island with
similar habitat type even though the distance between two islands
was large. We plan to examine the underlying mechanism leading

to similar moth faunas on different islands in the future.
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