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Abstract. The aim of the present study was to find groups of moths suitable for estimating changes in the abundance and richness of
local and regional biodiversity in a temperate forest. We captured macro-moths from May to October over a S-year period
(2005-2009) at various sites in Mt. Jirisan National Park (JNP) in southern Korea. Six taxa were selected based on a strong correla-
tion between the number of species in these taxa and total number of species of large moths: Ennominae (Enn), Arctiinae (Arc), Her-
mininae (Her), Notodontidae (Not), Drepanidae (Dre) and Ophiderinae (Oph). Of these, combinations of four groups were found to
have the best predictive capability. We determined whether these indicator groups could be used to reveal mean differences in spe-
cies abundance according to spatial (forest type, altitude) and temporal variables (monsoon season) since moth composition and
abundances were closely related with these variables. The mean differences in the groups of moths in the two types of forest (Arc,
Dre, Enn, Not), two altitudes (Dre, Enn, Her, Oph) and two seasons (Dre, Enn, Oph) were significant. Overall, it was revealed that a
set of four groups, including two taxa (Dre and Enn), could be used to show differences in local and regional biodiversity of moths in

southern Korean temperate forest.

INTRODUCTION

Insects comprise approximately two-thirds of known
organisms in the world and are viewed as good indicators
of ecosystem biodiversity because they are abundant,
diverse and adapted to different environmental condi-
tions (Samways, 1994). Insect ecological monitoring is
important for several reasons (Spellerberg, 2005). First,
many ecosystems and communities remain poorly under-
stood and data gathered in the process of monitoring can
add substantially to our knowledge of these systems.
Long-term data are also needed to understand how
human-induced change is affecting insect diversity and
the environment. In addition, information gathered from
monitoring can be used as an early warning system to
alert conservationists to the types and sizes of changes of
significant concern and catalyze political and manage-
ment action to retard or prevent adverse changes. Moni-
toring also provides information that can be used to better
understand the implications of a changing environment
for the things we care about; i.e., insect biodiversity and
our quality of life (Spellerberg, 2005).

Given that more than 80% of the species on Earth have
not yet been described (Hawksworth & Kalin-Arroyo
1995), the importance of biodiversity indicators in con-
servation is pivotal and their use constitutes one of the
basic tools of conservationists for quick action against
biodiversity loss (Caro & O’Doherty, 1999; Lindenmayer
et al., 2000; Soberon et al., 2000). Conservation practitio-
ners attempt to identify taxa that are well known, can be
readily surveyed and have the potential to be used as indi-
cators of the distribution patterns of other un-surveyed

taxa or of overall biodiversity at different spatial scales
(Noss, 1990; McGeoch, 1998). If such indicators can be
established, this eliminates the need for biodiversity sur-
veys, which are expensive and time-consuming, particu-
larly in cases where the biota is not well known or
described. Therefore, the use of indicators can greatly
simplify the steps required for making good ecosystem
management decisions (Kati et al., 2004).

The validity of using biodiversity indicators for dif-
ferent taxa has been widely debated. Several researchers
record a positive correlation of species richness across
taxa among vascular plants, tiger beetles and butterflies,
and suggest the use of a specific group as an indicator
(Pearson & Cassola, 1992; Crisp et al., 1998; Pearson &
Carroll, 1998; Pharo et al., 1999). In contrast, other
researchers record only weak indicator relationships
across different taxa (Saetersdal et al., 1993; Van Jaars-
veld et al., 1998; Part & Soderstrom, 1999; Ricketts et al.,
1999; Vessby et al., 2002) and suggest their combined
use as biodiversity indicators. These contrasting results
indicate that the adoption of biodiversity indicators across
taxa requires rigorous testing before implementation
(Gustafsson, 2000).

Lepidoptera are one of the most diverse groups of
insects, with more than 157,000 species described world-
wide (van Nieukerken et al., 2011). They are noteworthy
for their wings, which are often vividly coloured and have
a multiplicity of forms, facilitating identification. These
insects are also major herbivores, thereby linking primary
producers and consumers in ecosystems (Scoble, 1995).
A typical lepidopteran insect community has (1) a species
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TaBLE 1. Review of taxa of Lepidoptera selected as indicators of the biodiversity and environmental conditions in temperate and

tropical forests.

. Predictor
Moth Taxonomic Biome i i i References
assemblage level Specws Elevation Habl.tat 'Habltat
richness quality  disturbance
. Burford et al. (1999)
) Subfamily Temperate v v Summerville et al. (2004)
Arctiinae Subfamily Tropical v Kitching et al. (2000)
Tribe Tropical \% Hilt & Fiedler (2006)
Subfamily Tropical v Axmacher et al. (2004)
Geometridae Family Tropical v v Beck & Chey (2007)
. . Kitching et al. (2000)
Subfamily Tropical v Brehm & Fiedler (2005)
Noctuidae Subfamily Tropical % Kitching et al. (2000)
. Burford et al. (1999)
Notodontidae Family Temperate v Summerville et al. (2004)
Tribe Tropical \% Hilt & Fiedler (2006)
Pyralidae Subfamily Tropical \% Kitching et al. (2000)
Lo Family Tropical v Ignatov et al. (2011)
Sphingidae - -
Subfamily Tropical v Beck et al. (2006)

diversity and composition that varies over broad spatial
scales; (2) species dominance and evenness within a com-
munity that is determined at fine spatial scales; and (3)
changes in species richness across all spatial scales, with
unique species encountered at each sampling level (Sum-
merville et al., 2004). For these reasons, moths have been
widely used in ecological and conservation research
worldwide (Table 1; Kitching et al., 2000; Summerville et
al., 2001; Summerville & Crist, 2002).

Mount Jirisan National Park (JNP) is the highest moun-
tain range on the mainland of South Korea (highest peak:
1,915 m, area: 440.517 km?) and the first national park
established in Korea (Fig. 1). As part of the Korea Long-
Term Ecological Monitoring scheme, we have been moni-
toring the moth populations at different altitudes and in
different vegetation types. However, large numbers of
moths were captured at several sites in the NP and a sub-
stantial amount of time and expertise was needed to iden-
tify the moths. Therefore, we needed to identify surro-
gate taxa that could be used to track changes in moth
populations in mountain forest areas such as JNP.

In the present study, our goal was to identify groups of
moths (e.g. family or subfamily) that could be used to
estimate the total moth biodiversity in JNP and predict
changes in the local and regional biodiversity of INP. We

investigated whether a few groups of moths could be used
to predict the total moth biodiversity and which combina-
tion of groups was the most suitable for estimating total
species richness. After selecting indicator taxa, we deter-
mined their effectiveness in monitoring biodiversity.

MATERIAL AND METHODS

Study sites and moth sampling

Temperate weather is typical of the Mount Jirisan National
Park (JNP). The annual average temperature is 12-13°C and
annual precipitation 1,200 mm, most of which falls in summer.
The vegetation is divided into three main zones: subalpine
(> 1,400 m), cool temperate (400—1,400 m) and warm temperate
(200-300 m on southern aspects) (Yim, 1977). Six sites in JNP
were sampled for five years (2005-2009) (Fig. 1, Table 2). Site
selection was based on forest type and altitude and the six sites
sampled categorized in terms of these two factors. The vegeta-
tion of JNP is mainly deciduous broadleaved forest, but conif-
erous forests are present at high and some low altitude sites that
were disturbed and artificially transformed into pine forest. The
vegetation at each site was categorized as either coniferous-
dominant or deciduous-dominant. The vegetation at CE and AK
consisted mainly of coniferous trees, namely Pinus densiflora
and Abies koreana. BS, SSA, HY and QM are covered with
hardwood deciduous trees (Quercus mongolica, Q. variabilis, Q.
serrata, Stewartia pseudocamellia, Ulmus davidiana) with little
understory vegetation beneath a closed canopy.

TABLE 2. Description of the sites sampled in the Mt. Jirisan National Park (JNP), South Korea.

Site Location Altitude (m) Forest Aspect
CE 35°16°36"N, 127°28°41"E 295 Conifer South
BS 35°22°33"N, 127°34’58"E 518 Mixed deciduous North
SSA 35°17°31"N, 127°29°39"E 660 Mixed deciduous South
HY 35°21718"N, 127°38°08"E 760 Mixed deciduous North
AK 35°18713"N, 127°33"34"E 1320 Conifer North
oM 35°18°02"N, 127°33°09"E 1372 Mixed deciduous North

510



Jirisan
National
Park

5km

Fig. 1. Location of Mt. Jirisan National Park (JNP) in South Korea and location of the sampling sites in the National Park. See

Table 1 for geographic information of sampling sites.

Of the six sites CE was the site at the lowest altitude (295 m)
and QM at the highest altitude (1372 m) (Table 2). Altitude was
found to be one of the important environmental factors associ-
ated with moth assemblages in JNP since change in altitude is
closely related with many abiotic conditions such as tempera-
ture, precipitation, relative humidity, solar radiation, wind and
soil condition (Choi & An, 2010). We divided these six sites
into low and high because the moth species richness showed a
hump-shaped pattern with the highest peak at 760 m (Choi &
An, 2010).

A light trap consisting of a 22-watt ultraviolet light and a 12
V battery (BioQuip co., USA) was used to collect insects at
each site. Moths were sampled once a month from May to
October from 2005 to 2009. At each site, samples were col-
lected 27 to 30 times (a total of 173 trap nights). This difference
in the numbers of samples among the five years was caused by
the failure of sampling due to coldness at the high altitude sites.
We avoided the effects of weather or moonlight on moth catches
at each trap by sampling simultaneously at all six sites. Moth
sampling continued for six hours after dusk.

The main species of Lepidoptera included in this study
belonged to 19 moth families traditionally classified in the
informal category of macrolepidoptera and several more readily
identifiable families of microlepidoptera (Cossidae, Limacodi-
dae, Thyrididae, Zygaenidae). Moths were identified to species
and were lodged in the entomological collection of Mokpo
National University, South Korea.

Estimation of total species richness and selection of indicator
taxa

We examined the current level of moth biodiversity by esti-
mating species richness (Chao 1) at each sampling site. The
Chao 1 estimator works well when samples contain a large
number of rare species (Chao, 1984) and generates the sum of
the observed number of species and F,*/2F,, where F; is the
number of species with a single individual (singleton) at each

site and F, is the number of species with two individuals (dou-
bleton) at each site. Chao 1 was calculated using EstimateS
(Colwell, 2009).

To determine the most effective combination of candidate
taxa we used the following three arbitrary criteria. We first
screened the taxa based on their species richness (number of
species) selecting those which made up more than 3% (27 spe-
cies) of the total number of species. Second, we reduced the
number of candidate taxa by only keeping those taxa with a
Pearson correlation value of more than 0.7 between the species
richness of the candidate taxon and the total species richness.
Third, we again examined the correlation value between all pos-
sible combinations of candidate taxa and total species richness.
Pearson correlation analysis and group comparisons using the
Wilcoxon test were performed using the SPSS software pack-
age (SPSS Inc., 2009).

RESULTS

A total of 18,447 individuals and 903 species in 19
families were captured from May to October over a
period of 5 years (2005-2009) (Table 3). Moth species
richness and abundance were the highest at HY (533 spe-
cies and 3,809 individuals), followed by BS (532 species
and 3,662 individuals) and then SSA (432 species and
3,329 individuals). Species richness of Noctuidae was
highest, with 398 species and 6,883 individuals, followed
by Geometridae (295 species and 7,337 individuals) and
Notodontidae (58 species and 1,032 individuals) (Table
2). Because Noctuidae and Geometridae were species-
rich groups, we divided them into subfamilies based on
Kononenko et al. (1998) and Kim et al. (2001). The rare-
faction curves indicated that the estimated species rich-
ness at most sites was asymptotic (Fig. 2), suggesting that
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TaBLE 3. Summary of the number of species (individuals in parenthesis) of moths collected from 2005 to 2009 at six different
sites in Mt. Jirisan National Park. Bold indicates the 11 taxa selected on the basis of the high number of species collected (more

than 3% of the total number of species).

Family / Subfamily CE BS SSA HY AK QM TOTAL
BoMBYCIDAE 1(1) 3(8) 1(2) 2(4) - 1(2) 3(17)
BRAHMAEIDAE - 1(1) - 2(2) - - 2(3)
CoOSSIDAE - - 1(1) - - - 1(1)
DREPANIDAE 12 (44) 17 (178) 17 (274) 16 (154) 18 (86) 14 (73) 28 (809)
ENDOMIDAE - - - 1(2) 1(5) 1(2) 19
EPIPLEMIDAE 2 (25) 1(3) 1(1) 1(1) - - 2 (30)
GEOMETRIDAE
Ennominae 52 (511) 96 (965) 85 (844) 97 (999) 57 (744) 62 (601) 138 (4664)
Geometrinae 1121 16 (43) 11 (59) 13 (69) 6 (13) 7 (23) 26 (228)
Larentiinae 12 (272) 37 (179) 30 (133) 62 (443) 33 (267) 32 (196) 96 (1490)
Oenochrominae - - - - 1(1) - 1(1)
Sterrhinae 16 (120) 21 (358) 16 (203) 16 (149) 5(79) 3 (45) 34 (954)
LASIOCAMPIDAE 4(17) 4(15) 6 (34) 6 (61) 3(23) 4(26) 10 (176)
LIMACODIDAE 6(23) 8 (44) 6 (31) 8 (47) 4(13) 4(39) 11(197)
EREBIDAE
Arctiinae 12 (35) 13 (92) 16 (230) 19 (258) 11 (204) 9 (194) 29 (1013)
Lymantriinae 11 (18) 16 (100) 14 (237) 18 (93) 6 (14) 3 (16) 24 (478)
Hermininae 22 (94) 33 (473) 24 (234) 30 (449) 12 (708) 11 (987) 43 (2945)
Hypeninae 6 (19) 12 (36) 5(11) 9(19) 6 (16) 4(12) 17 (113)
Hypenodinae - 2(3) - 1(1) - - 2 (4)
Rivulinae 1 (6) 2 (4) 1(1) 2(3) - - 4 (14)
Catocalinae 6(8) 12 (39) 13 (30) 10 (78) 24 3 (15) 20 (174)
NOCTUIDAE
Acontiinae 19 (197) 28 (174) 20 (84) 23 (99) 4 (56) 8 (108) 42 (718)
Acronictinae 6 (43) 14 (43) 10 (127) 15 (42) 11 (34) 13 (34) 27 (323)
Agaristinae 1(1) 2 (8) 3 (26) 2 (58) 1(1) - 3(94)
Amphipyrinae 25 (74) 41 (143) 29 (97) 36 (133) 20 (46) 24 (60) 79 (553)
Chloephorinae 2(2) 8 (30) 6 (56) 7 (30) 34 3(5 9 (127)
Cuculliinae 3(12) 10 (56) 8 (73) 8 (49) 6 (136) 7 (131) 19 (457)
Hadeninae 5(57) 14 (28) 8(12) 8 (33) 5(25) 10 (53) 21 (208)
Heliothinae 1(5) - 1(2) 1 (1) 1(1) 1(1) 2 (10)
Noctuinae 7(11) 17 (176) 10 (41) 23 (84) 16 (99) 20 (155) 32 (566)
Ophiderinae 20 (133) 30 (151) 15 (52) 29 (116) 4 (10) 9 (14) 53 (476)
Pantheinae 1(3) 2 (11) 3(7) 1(2) 39 3(11) 5(43)
Plusiinae 1(1) 8 (17) 3(6) 8 (10) 3(6) 7 (10) 15 (50)
Sarrothripinae 1(2) 2(2) 1(1) - - - 3(5
EUTELIIDAE - 1(1) - - - 1(2) 2(3)
NoOLIDAE 1(3) 5(61) 4(7) 6 (18) 1(4) 2 (10) 10 (103)
NOTODONTIDAE 16 (60) 35(163) 32 (306) 35(194) 19 (135) 18 (174) 58 (1032)
SATURNIIDAE 303 3(6) 4(29) 2 (6) 23) 1(1) 4 (48)
SPHINGIDAE 1(4) 14 (45) 14 (60) 12 (95) 7 (43) 7 (30) 20 (277)
THYRIDIDAE 2(2) 3(5) 4 (15) 2(4) - - 5(26)
URANIIDAE - - - 1(2) - - 1(2)
ZYGAENIIDAE - 1(1) 1(3) 1(1) - 1(1) 1 (6)
TOTAL 289 (1827) 532 (3662) 423 (3329) 533 (3809) 271 (2789) 293 (3031) 903 (18447)

a S-year faunal survey at JNP was sufficient for deter-
mining species richness.

Completion of the first step in the selection of candi-
date taxa based on the samples collected over a period of
5 years at six sites revealed that 11 taxa comprised of
more than 27 species made up 3% of the species (Table
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3): Arctiinae (Arc), Drepanidae (Dre), Ennominae (Enn),
Larentiinae (Lar), Sterrhinae (Ste), Acontiinae (Aco),
Amphipyrinae (Amp), Hermininae (Her), Noctuinae
(Noc), Ophiderinae (Oph), and Notodontidae (Not). We
calculated the Pearson correlations between these 11 can-
didate taxa and the total number of species.
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Fig. 2. Rarefaction curves of observed and estimated numbers of species at six sites (a—f) in the JNP. Filled dot (e) indicates the
species richness estimated based on Chao 1 and unfilled dot (o) indicates the observed species richness.

The next step was to reduce the number of candidate
taxa; to do this we adopted a cut-off value correlation
value of 0.7. As a result, six taxa were selected: Enn, Arc,
Her, Not, Dre and Oph (Fig. 3). A total of 63 combina-
tions of these six taxa were investigated to determine if
there was a correlation between specific combinations of
these taxa and total species richness. We determined the
suitable number of candidate groups by comparing the
average value of each group. When we used only a single
taxon, the average correlation value was 0.789 (£ sd
0.048). An increase in the number of combinations of
candidate taxa increased the average correlation value.
However, the value for a combination of four taxa
(average 0.949 + sd 0.015) was not statistically different
from the value for a combination of five taxa (average

0.966 + sd 0.009) (Fig. 4; t-test, p > 0.05). Therefore, we
decided to use a combination of four taxa. Among the
combinations of four taxa, the combination Her, Oph, Not
and Enn gave the highest correlation value of 0.971, fol-
lowed by the combination Arc, Her, Not and Enn (0.967).

We determined how the biodiversity of indicator
groups varied in response to spatial and temporal vari-
ables. To do this we investigated the mean differences in
species abundances of these six indicator groups
depending on spatial (forest type and altitude) and tem-
poral (season) variables (Table 4). We used two sites for
forest type and altitude based on site characteristics and
proximity of locations. The coniferous forest sites were
CE and AK and the mixed deciduous forest sites were
SSY and QM. The high altitude sites were AK and QM
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Fig. 3. Pearson correlation » between the selected eleven taxa
and the total species richness. Cut-off line was 0.70. Arctiinae
(ARC), Drepanidac (DRE), Ennominae (ENN), Larentiinae
(LAR), Sterrhinae (STE), Acontiinae (ACO), Amphipyrinae
(AMP), Hermininae (HER), Noctuinae (NOC), Ophiderinae
(OPH) and Notodontidae (NOT).

and the low altitude sites were CE and SSY. Early season
refers to the species abundance found in May and June
and late season to species abundance in August and Sep-
tember. The paired Wilcoxon test showed that four taxa
(Arc, Dre, Enn, Not) differed statistically between forest
types, while a different set of four taxa (Dre, Enn, Her,
Oph) differed between altitudes and three taxa (Dre, Enn,
Oph) between seasons (Table 4).

DISCUSSION

In the present study, based on 5 years of sampling
moths, we estimated that the total moth biodiversity in the
JNP was 903 species, belonging to 19 families (Table 3).
This species richness (> 900 species) represents
approximately 1/3 of the known number of species of
Lepidoptera in South Korea (NIBR, 2008). Based on our
5-year survey, we are confident that the total moth
biodiversity in the areas surveyed was recorded because
the rarefaction curves used to estimate species richness
were asymptotic for most of the sites (Fig. 2).

Wiens et al. (2008) suggest that the greatest value of a
surrogate or group approach is that it reduces the com-
plexity of a species-rich system to a more tractable
number of dimensions for analysis, planning and manage-
ment. Summerville et al. (2004) selected four moth taxa
(Notodontidae, FErebidae: Catocalinae, Geometridae:
Ennominae, and Arctiinae) as indicators of species rich-
ness and habitat disturbance in temperate deciduous for-
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Fig. 4. Mean (£ standard deviation) Pearson correlation (r) of
different number of taxa in combination. Different letter above
each dot indicates it is significantly different (t-test, p < 0.05).

ests in North America. The first question addressed in the
present study was how to reduce the number of moth taxa
that need to be identified in the future when monitoring
biodiversity. The number of taxa (19 families and 24 sub-
families) recorded at the six sites in the JNP was too large
for simple biodiversity monitoring. Summerville et al.
(2004) compare moth groups based on six criteria: rea-
sonable species richness, well-known taxonomy and life
history, ease of identification and sampling and habitat
fidelity. However, we couldn’t adopt these criteria in the
present study due to lack of information (life history and
habitat fidelity). Thus we adopted a few of these criteria
such as species richness, taxonomy and level of identifi-
cation. In addition another question addressed was how
many taxa need to be identified and counted in terms of
benefit (e.g., estimating total diversity) and cost (time and
expertise required for identification).

In the present study, we used species richness, the cor-
relation value and comparison of mean difference of this
correlation value, to select the indicator groups. Six of the
groups [Arctiinae (Arc), Drepanidae (Dre), Ennominae
(Geometridae, Enn), Notodontidae (Not), Hermininae
(Noctuidae, Her) and Ophiderinae (Noctuidae, Oph)]
were equally diverse and abundant at all the sites sur-
veyed (Table 3, Fig. 3) and a combination of four groups
was the most economical (Fig. 4). Also, we tested the
sensitivity of these indicator groups to spatial and tem-
poral variables and showed that each candidate moth
taxon was differently identified by the spatial and tem-
poral variables and two groups (Enn, Dre) were com-

TaBLE 4. Z-value of paired Wilcoxon tests of abundances of species recorded for each of the six moth groups associated with the
three environmental variables. Forest type denotes the difference between conifer and mixed deciduous forest, altitude the differ-
ence between low (< 700 m) and high altitude (> 1300 m) and season that between before and after the monsoon. * P < (.05, ** P <

0.005.

Arctiinae Drepanidae Ennominae Hermininae Ophiderinae Notodontidae
Forest type —2.381* —2.385% —2.892%* —0.698 —0.983 —3.664**
Altitude —-1.250 -1.974* —2.055* —2.643%* —3.178** -1.956
Season —-1.391 —2.126* —4.429%* -1.075 —2.745%* —-1.835
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monly identified (Table 4). Therefore, we answered the
two questions posed in the present study.

In addition, moths with large wingspans that are rela-
tively easy to identify (Bombycidae, Brahmaeidae, Satur-
niidae, Sphingidae) and often sensitive to environmental
change were not included in the candidate group. Beck et
al. (2006) show that the diversity of sphingids in tropical
regions is affected by temporal (sampling time and
regime) and spatial (altitude) factors. However, in the
present study none of these groups were included because
they were not sufficiently abundant (e.g., one saturniid
species in QM, one sphingid species in CE, no bombycid
moths in AK) in the forest studied.

The six groups identified in the present study were also
identified as a good indicator group in other areas (see
Table 1 for review). Arctiinae (Arc) and Notodontidae
(Not) are known to respond adversely to the effects of
logging and habitat loss (Holloway, 1985; Burford et al.,
1999; Kitching et al., 2000; Summerville et al., 2004).
The numbers of two tribal groups, the Phaegopterini and
Ctenuchini, are correlated with habitat disturbance and
forest habitats, respectively (Hilt & Fiedler, 2006). In the
present study, we found that the abundances of Arctiinae
and Notodontidae in the deciduous and conifer forests
differed significantly. For example, three arctiids (Par-
aona staudingeri, Bizone adelina and Miltochrista
striata) were more abundant in the mixed deciduous
forest and one arctiid (Lithosia quadra) more abundant in
the coniferous forest. Several notodontids (Lophocosma
atriplaga, Peridea gigantea, Cnethodonta grisescens and
Urodonta branickii) were dominant in the mixed deci-
duous forests and none in the coniferous forest. Although
we did not examine the effect of disturbance on the num-
bers of species in these moth groups, it is likely that
adverse changes in the forest would reduce the species
abundance and richness of Arctiinae and Notodontidae.

In addition, we identified Drepanidae and Ennominae
as good indicator groups in terms of high species richness
and effective change due to spatial and temporal variables
(Table 4). Axmacher et al. (2004) show that the assem-
blage of geometrid moths is closely related to the compo-
sition of the vegetation and environmental factors
associated with changes in altitude. Brehm & Fiedler
(2005) record a high diversity of geometrid moths at dis-
turbed sites. Many geometrid moths occur at disturbed
sites that offer appropriate habitats for a number of spe-
cies and provide early successional stage plants that are
good larval food resources. However, the proportion of
each subfamily differs between sites: Ennominae are low
in species richness at disturbed sites but there is high spe-
cies richness of Sterrhinae, Geometrinae and Larentiinae
(Brehm & Fiedler, 2005). Kitching et al. (2000) record a
marked decrease in species richness in subfamilies of
Geometridae (Ennominae, Geometrinae, Larentiinae and
Oenochrominae) with increase in disturbance in an Aus-
tralian rainforest. Our results are consistent with their
findings. The composition of Ennominae was signifi-
cantly associated with type of vegetation (Table 4) and
several ennomines are characteristic of different altitudes:

Odontopera arida, Deileptenia ribeata, Godonela
liturata, Pseudepione magnaria, and Godonela notata
were abundant at the high altitude sites and Alcis angulif-
era, Rikiosatoa grisea, Hypomecis roboraria and
Parabapta clarissa at the low altitude sites.

Drepanidae, including Thyatirinae, are easily recogniz-
able and separable from the Noctuidae and Geometridae,
and their larvae feed on trees and shrubs (Laszlo et al.,
2007). Interestingly, many thyatirine moths fly during the
cold period of the year and in forests at high altitudes
(Laszlo et al., 2007). In the present study, four drepanid
moths (Tethea ampliata, Ditrigona komarovi, Episestis
nikkoensis and Nordstromia japonica) were dominant in
mixed deciduous forests and Habrosyne aurorina in
coniferous forest and at the high altitude sites, but Nord-
stromia japonica, Tethea ampliata, Episestis nikkoensis
and Oreta pulchripes were highly abundant at the low
altitude sites.

In addition, Hermininae and Ophiderinae showed high
fidelity with altitude. For example, a detritivore noctuid
moth (Hydrillodes morosa) was very abundant at high
altitude, but Paracolax contigua and Paracolax pryeri
were only caught at low altitude. Ophiderinae species
were more abundant at the low altitude sites.

In Korea, the monsoon season lasts for a month, from
late June until late July. Monsoons cause fluctuations in
the moth populations before and after the monsoon
season in the southern part of Korea (Choi & Na, 2004;
Park et al., 2007; An et al., 2008). Species abundances of
three groups (Drepanidae, Ennominae and Ophiderinae)
varied significantly with season. The life history pattern
of these three groups showed an almost equal ratio of
mono and bivoltine species: of the 26 species of Drepani-
dae, 12 (47%) are univoltine and the remaining 14 bivolt-
ine. Sixty (48%) of 133 ennomine moths recorded are
univoltine and 73 bivoltine. Twenty-five (48%) of 53
ophiderine species recorded are univoltine and 28 bivolt-
ine. However, all three groups were more abundant
before than after the monsoon season. Previous studies in
tropical and temperate forests (Kato et al., 1995; Intachat
et al., 2001; Choi, 2008) show that heavy rainfall influ-
ences moth behaviour and survival by discouraging moths
from flying and increasing larval and pupal mortality. Our
data suggest that moth groups such as Dre, Enn and Oph
in Korean temperate forests avoid the negative effects of
heavy rainfall during the monsoon season by flying
before the onset of the rainy season.

Finally, the use of these six groups of moths to charac-
terize habitats needs to be validated by practical studies in
diverse areas. In the future our intention is to test the
utility of these groups with respect to ecological research
in temperate forests in Korea.
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