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ABSTRACT. Ecological indicator role of butter-
flies was assessed in Tam Dao National Park, Vietnam
from May to October over three years from 2002 to
2004. The transect method was used to collect data.
Thirty transects representing five different habitat types
were set up at the altitude of 900950 m a.s.1., from the
natural closed forest to the agricultural land, with a
length of 100 m for each transect. Indicator values were
quantified for each butterfly family, genus, and species.
The results showed no any butterfly family could be
used as ecological indicator for the natural closed for-
est. Among many genera and species of butterflies
recorded along thirty transects, only three butterfly
genera and three butterfly species can be used as eco-
logical indicators to assess the impact of disturbance on
the natural closed forest. Genus indicators are Ragadia,
Neope, Stichophthalma; species indicators are Ragadia
crisilda, Neope muirheadi, and Stichophthalma howqua.
Satyridae and Amathusiidae are characteristic butterfly
families for the forest, but they are only can be used as
ecological indicators for forest in general (the habitat
inside forests, including the natural forest and the dis-
turbed forest), not for natural forest. Although butter-
flies are sensitive to forest disturbance, very few butter-
fly species can be used as ecological indicators to assess
the impact of disturbance on the natural closed forest.

PE3IOME. Ha ocHOBaHMH TpEXIETHUX COOPOB C
Mas mo okTsa0ps 2002-2004 rT. mpoBeeHA OLEHKA
poiu 6abodek KaKk SKOJIOTHYSCKUX HHINKATOPOB B yC-
JOBUSIX HanMoHanbHOTO mapka Tam J[ao (BeeTHam).
Jlyist cOopa MaTepuaa UCIOIb30BAJICS METOI TPAHCEKT.
B sty tunax mecrooburanuii Ha Beicote 900-950 m
6puT0 3amokeHo 30 Tpancekt mmuHON 100 M OT ecte-
CTBEHHOT'O COMKHYTOTO Jieca 110 arpoianamadTos. s
Ka)X/I0TO CeMEWCTBA, pojia U BuIa 6aboduek OBIIH Orpe-
JCJIICHBI KOJIMYCCTBCHHBIC IMOKA3aTCIIM HMHAUKALWUHU.
YCTaHOBJICHO, YTO HH OJHO M3 CEMCHCTB YCIIyCKPbI-
JIBIX HE MOKET OBITh HCIIOJL30BAHO B KAUECTBE HHHKA-

TOpa E€CTECTBEHHBIX COMKHYTBHIX JiecoB. M3 Bcero
MHOT000pa3us 6aboduek, OTMEUYECHHBIX Ha TPUIIATH
TpaHCeKTaX, TOJIbKO TPU POJIa M TPU BHJA MOTYT OBITh
WCIIOJIb30BAaHbl B KQUeCTBE MHIMKATOPOB JJISl OLICHKH
HapyLIIEHHOCTH €CTECTBEHHOT'O COMKHYTOTO Jieca. DTO
poasl Ragadia, Neope, Stichophthalma v Bunst Ragadia
crisilda, Neope muirheadi n Stichophthalma howqua.
Takue xapakTepHbIe JeCHbIEe ceMelicTBa Kak Satyridae
n Amathusiidae MOryT ObIT HCIIOJIb30BaHbI B KAUECTBE
9KOJIOTMYECKUX UHMKATOPOB JJIsl JIECOB B 11EJIOM (Kak
HEHapYIICHHBIX, TaK U HAPYIICHHBIX), HO HE IS eCTe-
CTBeHHBIX. He cMOTps Ha TO, 4T0 6ab0YKHM YyTKO pea-
THPYIOT Ha HApyLICHHs JICCHOTO COOONIECTBa, JIMIIb
HEMHOTHE BUJBI MOTYT OBITh HCIIOJIB30BAH B KAYECTBE
9KOJIOTMYECKUX MHIUKATOPOB JUISi €r0 OLEHKH, 0CO-
OCHHO B €CTECTBEHHOM COMKHYTOM JIECY.

Introduction

Ecological disturbance is a frequent and important
process in tropical forest ecosystems, especially in de-
veloping countries such as Southeast Asia. Tropical
forest communities have changed in composition and
abundance over time due to forest succession, weather
conditions as well as habitat fragmentation and distur-
bance [Erhardt, 1985; Lawton et al., 1998; Debinski et
al., 2000; Summerville & Crist, 2001; Kruess & Ts-
charntke, 2002]. Butterfly fauna is usually associated
with its corresponding vegetation types. Although many
butterfly larvae feed on a variety of plants, a small
number of butterfly larvae feed on only a single plant.
Forest disturbance obviously causes changes in vegeta-
tion types that consequently affect butterfly fauna. Any
changes in the forest can lead to changes in butterfly
communities because they are highly sensitive to chang-
es in habitat disturbance or habitat quality [Collinge et
al., 2003; Shahabuddin & Terborgh, 1999; Spitzer et al,
1997; Vu & Yuan, 2003]. The response of butterfly



480

communities to habitat changes is probably one of the
most conspicuous; moreover, the butterflies are ob-
served easily and the species are better known than most
other groups of insects making them good subjects of
study.

Assessing the environmental impact on plants and
animals is usually difficult and expensive. One rather
easy and cheap way to monitor and assess environmen-
tal impacts on animals and plants is to use indicator
species. Identifying and developing eco-indicators is
considerably recent among ecologists and biologists in
conservation of biodiversity. Attention has focused on
the use of terrestrial invertebrates as bio-indicators
because of their dominant biomass and diversity and
their fundamental importance in ecosystem function
[Disney, 1986; Rosenberg et al., 1986; Majer 1989].
Indicators have been used to assess ecosystem respons-
es to environmental disturbance that are often associat-
ed with human land use [Noss, 1990; Mc Kenzie et al.,
1995]. Indicators are also used to assess rapidly the
environmental status under stresses of human activity
[McKenzie et al., 1995; Noss, 1990].

Effect of environmental changes to backboned an-
imals usually takes a long time to realize [Struhsaker,
1997] and is difficult to detect compared to inverte-
brates [Murphy & Wilcox, 1986]. Certain groups,
such as butterflies, which are known to include many
species dependent on forest [Collins & Morris, 1985],
are better choices than others [Kremen, 1992]. It is
suitable to use butterflies as eco-indicators of forest
disturbance because they are sensitive and quickly
react to changes of habitat and environment, fly during
the day, are rather diverse and in relative abundance,
and have short generation times. Among insects, but-
terflies that are sensitive to habitat change are widely
recognized as potentially valuable ecological indica-
tors [Brown, 1991; Erhardt, 1985; Gilbert, 1984; Kre-
men, 1992; Kerr et al., 2000; Sparrow et al., 1994;
Sutton & Collins,1991].

Although butterflies are widely recognized as good
eco-indicators, there is limited research work to define
butterflies which can be used as indicators to monitor
and assess the impact of human being on tropical forest
systems. This paper presents the result of study to define
butterflies as eco-indicators of the tropical forest of
Tam Dao National Park, Vietnam in family, genus and
species levels. This is perhaps the first work to define
different ecological indicator taxa of butterflies in trop-
ical forests of Southeast Asia.

Research methodology

Research site

Research was carried out in Tam Dao National Park,
Vietnam (21°21°-21°42’ North and 105°23°-105°44’
East). The park consists of 36.883ha of natural forest
and 15.515ha of buffer zone. The forest is evergreen
tropical rain forest. The study was carried out on moun-
tains at an altitude of 900-950 m a.s.l.
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Thirty transects representing five different habitat
types were chosen, with a length of 100 m for each
transect. Transects are separated from each other by least
50 m. The vegetation of the five habitat types in the study
is summarized below, with the identification and nomen-
clature of vegetation following Pham [1999-2000].

Natural closed forest (S1): closed forest with a variety
of plant species with diameter from 10-50 cm, canopy
height of 8-15 m. Main plant species are Castanopsis
fissa, C. hytrix, C. cerebrina Quercus bambusaefolia
(Fagaceae); Litsea afglutinosa, L. baviensis, L. lencilim-
ba, L. verticillata, Machilus grandifolia (Lauraceac);
Asarum maximum (Aristolochiaceae); Bridelia monoica
(Euphorbiaceae); Sapium discolor, Musaenda dehiscen,
Anthocephalus indicus, Wendlandia paniculata (Rubi-
aceae); Mallotus cochinchinesis (Euphorbiaceae); Man-
glietia hainamensis, Manglonia sp. (Magnoliacea); Schef-
fera octophylla (Araliaceae); Camellia pubicosta, C.
rubiflora, C. caudata (Theaceae); Cylindrokelupha sp.
(Mimosaceae); Gironniera subacqualis (Ulmaceae) and
Acer wilson (Araceae).

Disturbed forest (S2): canopy height of 5-10 m with
shrubs and small to medium trees and bamboo. Main
species are Castanopsis fissa, C. hytrix, Quercus bambu-
saefolia (Fagaceae); Manglonia sp. (Magnoliaceae); Mu-
saenda dehiscens, Wendlandia paniculata, Anthoceph-
alus indicus (Rubiaceae); Melastoma spp. (Melastomace-
ae); Pygeum arboretum, Rubus alaefolius (Rosaceae);
Ficus sp., F. vulga (Moraceae); Litsea baviensis, L. lencil-
imba, L. verticillata, Machilus grandifolia, Cariodaph-
nopsis tonkinensis, Cinnamomun tonkinensis (Laurace-
ae); Camelia sp. (Theaceae); Mallotus cochinchinensis,
M. barbatus, Sapium discolor, Macaranca denticulata
(Euphorbiaceae); Musa cocinea (Musaceae); Rubus alae-
folius (Rosaceae); Acer wilson (Aceraceae); Indosasa cras-
siflora and I. hispida (Bambusoidae).

Forest edge (S3): vegetation consists of small trees,
shrub and grass. Main vegetation species are Litsea
lencilimba, L. verticillata, L. baviensis, L. cubeba, Cin-
namomum iners, Actnophne pilosa (Lauracaeae); Im-
perata cylindryca, Centotheca lappaceae, Eagross
unionoides, Thysanolea maxiam (Poaceac); Ageratum
conyzoides, Artemisia vulgaris, Xanthium strumarium,
and other small plant species of Fagaceae, Magnoliace-
ae, Moraceae, Rosaceae, and Rutaceae.

Shrub and grass (S4): some shrubs with height of
20-50 cm and tall grass with height of 100-200 cm.
The main grass species are Euphobia thymifolia, Cen-
totheca sp., C. lappaceae, Eagross unionoides, Imper-
ata cylindryca, Saccharum arundidinaceumi (Poace-
ae); Melastoma normale (Melastomacaea) and other
shrub species of Lauraceae, Theaceae, Rosaceae, Fa-
gaceae, Araliaceae and Sapindaceae.

Grass and agricultural land (S5): short grass with
height of 10-50 cm and agricultural plants. Main plants
are Sechium edule, Saccharum arundidinaceum, Imper-
ata cylindryca, Thysannolena maxima, Melastoma to-
mentosa, M. cnadium, Centotheca sp., Rubus alaefolius,
Dahlia pinnata, Ipomoea blatas, Ageratum conyzoides,
Dichrocephala spp., and Eleusine indica.
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Forests have been disturbed as a consequence of
selective logging, bamboo shoot taking and other activ-
ities in the past as well as present time.

Sampling method

The butterfly transect methodologies which were
used, were developed in England by Pollard [1977], and
Pollard et al. [1975] for monitoring changes in a butter-
fly population (of a single species) over time and study-
ing differences in the butterfly communities of different
habitat types. This method was used in Vietnam [Spitzer
etal., 1997; Vu & Yuan, 2003].

Transect work took place during 9:00am to 4:00pm.
It took 68 minutes for each 100 m transect. The times
for each transect were altered from day to day to reduce
the effect of different times of day on recorded data. The
recorders walked at a uniform pace and recorded all
butterflies seen within prescribed limits in an imaginary
box about 10 m x 10 m % 10 m. The transects were re-
stricted to roads and paths, the boundaries of which
were generally obvious.

The study was carried out from May to October over
three years from 2002 to 2004. The study period lasted
5 to 7 days a month.

Butterfly habitats were divided into five habitat
types as described above; in addition, habitat types were
grouped into three habitat types that are the habitat
inside forests (three transects of the natural forest and
three transects of the disturbed forest), the habitat along
forest edge (six transects), and the habitat outside for-
ests (three transects of shrub and grass habitat, and three
transects of agricultural land).

Identification and nomenclature of butterflies fol-
lows Chou [1994] and D’ Abrera [1982—86].

Indicator values of butterflies

The indicator values of butterflies were calculated
for the five and the three habitat types. A method used to
quantify the “indicator value” of a range of taxa is the
indicator value (/ndVal) method developed by Dufréne
& Legendre [1997]. This method combines measure-
ments of the degree of specificity of a species to an
ecological state, for example a habitat type, and its
fidelity within that state [Dufréne & Legendre, 1997].
Species with high specificity and high fidelity within a
habitat will have a high indicator value. High fidelity
(frequency of occurrence) of a species across sample
sites is generally associated with large abundance of
individuals [Brown, 1984; Gaston et al,. 1997]. Both
these characteristics facilitate sampling and monitoring,
which is an important requirement for a useful indicator
[Kremen et al., 1994].

The IndVal method has numerous advantages over
other measures used for ecological indicator [McGeoch
& Chown, 1998].

The individual numbers of each species recorded
during the course of the study period (2002—-2004) were
summed for each habitat type. The indicator value
method is used to study whether an individual butterfly
species would show indicator value for any of the five or
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three habitat types. An indicator value for each species
i in each group j of sites was calculated according to
Dufréne & Legendre [1997]:

IndVal;;= A;; < By; x 100, where

IndVal — indicator value for species i in group J,
A, is specificity measure as:

Ajj = N individuals;/Nindividuals; and where

Nindividuals, — individual number of species 7 in 6
transects of habitat j,

Nindividuals,— total individual number of species i in
30 or 18 transects (each habitat type consists of 6
butterfly transects).

By; is fidelity measure as:

Bij = Nsitesi//Nsitesj and where

Nsites; — number of transects of habitat j as species i
present,

Nsitesj — total number of transects (6 butterfly transects)
of that habitat.

Percentage indicator value was measured for each
butterfly taxa from species to family. Species with
indicator value of greater than 70% [McGeoch et al.,
2002] are regarded as characteristic indicator species
for the habitat. Species with IndVals from 50-70% are
regarded as detector species [McGeoch, 1998].

Results

Indicator values of butterfly famlies
in five habitat types

To assess the indicator role of butterfly families for
different habitat types, indicator value was calculated
for each family. Table 1 shows that almost all butterfly
families have low indicator values (less than 50%) in all

Table 1. Indicator values (%) of Lepidoptera families in
five different habitat types.

Tabama 1. Koanuecrsennnie rnoxasaream muaanxanum (%)
cemerticte Lepidoptera B matu pasamusbix

MeCTOOGVITaHVl}IX.
Butterfly Habitat types
families s1 | s2 | s3 | s4 | ss
Amathusiidae 5743 2277 1584 395 0
Satyridac 5378 29.63 558 9.87 143
Riodinidae 1473 3.16 4947 2632 632
Nymphalidae 529 13.04 37.80 2630 17.56
Lyceanidac 534 1335 3500 25.01 11.28
Danaidae 3.00 531 57.09 15.94 18.65
Papilionidac 230 17.56 43.04 1692 32.11
Pieridae 1.67 22.18 4154 25.89 2530
Hesperiidae 134 929 31.00 27.97 3038

Note: S1 — natural closed forest; S2 — disturbed forest; S3 —
forest edge; S4 — shrub and grass; S5 — agricultural land.

Tpumeuanust: S1 — ecTecTBEHHbIH COMKHYThIH Jiec; S2 — HapyLIeHHbII
nec; S3 — kpaii neca; S4 — KyCcTapHUKH U TpaBa; S5 — arponasmadr.
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habitat types. Only three families have indicator value
greater than 50%, of which two families are in the
natural closed forest (S1) (Amathusiidae and Satyr-
idae), and one family is in the forest edge (S3) (Danaid-
ae). Indicator values of butterfly families (except fami-
lies Satyridae, Amathusiidae, and Riodinidae) are low-
est in the natural closed forest (S1), higher in the dis-
turbed forest (S2) and highest in the forest edge (S3).
They are lower in the shrub habitat (S4) and agricutural
habitat (S5). Riodinidae family also has the highest
indicator value in the forest edge. Families Satyridae
and Amathusiidae have the highest indicator values in
the natural closed forest and decrease with increasing
forest disturbance (from the natural forest to the agricul-
tural land).

No butterfly families can be used as eco-indicators
for habitats that are divided into small scales of distur-
bance (the five different habitat types). Families Satyr-
idae and Amathusiidae are characteristic for the natural
closed forest; and family Danaidae is characteristic for
the forest edge. These three butterfly families have
indicator values greater than 50% but less than 70% so
they can be only used as detector taxa for the natural
forest and the forest edge.

Indicator values of butterfly genera
in five habitat types

Using indicator taxa at the family level has some
advantages because the taxonomy is simple, easy for
monitoring. Nevertheless, not all species in the family
have the same habitat preference, for instance, species
of Ypthima genus (Satyridae family) usually live in
disturbed forests or shrub and grass lands, and thus,
indicator value of the whole family is not high. Another
taxa level is genus. Indicator value of genus enables the
researchers to identify indicator taxa more specific than
family level; in addition, the advantage of genus is to

Table 2. Indicator values (%) of Lepidoptera genera in

five different habitat types.

Tabanya 2. Koanuecrsennsie moxasatean maanxanmm (%)
poaoe Lepidoptera B st pasamyHbIX MeCTOOOUTAHMSIX.
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reduce limitation of taxonomy of some difficult species
in the field, such as species of genera Ypthima and
Mycalesis (Satyridae family).

Indicator value of some butterfly genera (genera
with indicator values greater than 50%) in five different
habitat types is presented in Table 2. In the natural forest
(S1), the genera with indicator values greater than 70%
that can be used as eco-indicators for this habitat are
Ragadia, Neope, and Stichophthalma. The genera with
indicator values from 50-70% that can be used as
detector genera for the natural forest are Mycalesis and
Mandarina. In the forest edge (S3), all four genera of
Danaidae family that can be used as detector genera of
the forest edge are Euploea, Parantica, Tirumala, and
Ideopsis. The other genus of Nymhalidae family that
can also be used as detector of the forest edge that is
Stibochiona.

Indicator values of butterfly species
in five habitat types

More specific than genus and family levels is spe-
cies level; the indicator value of species is taxa that are
used the most frequently in identifying indicator species
[Dufréne & Legendre, 1997]. The advantage of indica-
tor taxa at the species level is simple, easy to use and
monitor, and highly accurate. However, identification
of indicator species in the field is sometimes difficult,
especially for species difficult to identify.

Indicator values of species in five different habitat
types are presented in Table 3. Almost all species have
indicator values less than 50%. Among 173 species
recorded along five habitat types, there are only nine
species with indicator values from 50-70%, of which
two species are in the natural forest (S1) (Mycalesis
misenus, Mandarinia regalis), one species is in the
disturbed forest (S2) (Ypthima imitans), one species is

Table 3. Indicator values (%) of Lepidoptera species in

five different habitat types.
Tabamya 3. Koanuecrsennnie noxasaream muankagum (%)
BrpaoB Lepidoptera B msTM pasAMYHBIX MECTOOGUTAHMSIX.

Habitats types

; Butterfly species

Butterfly genera Habitat types P S1 ‘ S2 ‘ S3 ‘ S4 ‘ S5
S1 S2 S3 S4 S5 Ragadia crisilda 72.16 3633 1.67 037 0

Ragadia 721613633 1.67, 037, O Neope muirheadi 71.63 14.89 085 378 0
Neope 71.63| 16.67| 1.98| 4.94 0 Stichophthalma howgua  70.06 19.12 796 255 0
Stichophthalma | 70.06| 19.12| 7.96| 2.55 0 Mycalesis misenus 60.62 30.05 3.89 544 0
Mycalesis 58.60130.09| 498! 634 0 Mandarinia regalis 51.85 25.19 0 0 0
Mandarina 51.85| 25.19 0 0 0 Ypthima imitans 3.18 68.75 0 23.81 0
. . Tirumala septentrionis 034 1.58 60.14 14.19 22.30
Stzboch-lona 13.92]25.95|53.16| 1.27| 3.80 Zemeros flegyas 0 027 58.06 30.65 968
Parantica 7021 6.06)64.01) 7.95) 1467  “p i cq mulciber 416 6.18 56.24 17.48 15.93
Euploea 4.021 6.36|56.36| 18.31 | 16.07 106/ similis 0.81 285 5528 19.92 11.65
Tirumala 1.63| 2.00] 65.10| 14.98| 22.48  yipochiona nicea 13.92 2595 53.16 127 3.80
Ideopsis 0.81] 2.85]55.28|19.92| 11.65 Astictopterus jama 0 1169 13.53 5572 2.65

Note as for Table 1.
IIpumeuanns xax x Tabmume 1.

Note as for Table 1.
ITpumeuanns xak x Ta6mume 1.
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in shrub and grass habitat (S4) (Astictopterus jama),
and five species are in the forest edge (S3) (Tirumala
septentrionis, Euploea mulciber, Ideopsis similis, Stib-
ochiona nicea, and Zemeros flegyas. There are three
species with indicator values greater than 70% that can
be used as eco-indicators for the natural forest, they are
Ragadia crisilda, Neope muirheadi, and Stichophthal-
ma howqua. In the shrub and grass habitat (S4), and
agricultural land (S5), all species have indicator values
less than 50%. In the previous research work, Spitzer et
al. [1997] and Vu & Yuan [2003] also mentioned that
Ragadia crisilda and Stichophthalma howqua can be
used as eco-indicator species for the closed forest of
Tam Dao.

There are differences in butterfly abundance of indi-
cator species between five different habitat types. The
result of one-way analysis (ANOVA) indicated the sig-
nificant differences in butterfly abundance of indicator
species between habitat types: R. crisilda (F, ,,,=22.75;
p<0.001), N. muirheadi (F ;.= 3.89; p<0.01), and S.
howqua (F, ., =13.20; p < 0.001). Otherwise, there are
not significant differences in butterfly abundance of
indicator species between transects of the natural forest
habitat: R. crisilda (F, ,,,=0.89;p>0.50), N. muirheadi
(F,,;,=0.90;p> 0.50), and S. howqua (F,,=1.10;p>
0.30). These three butterfly species can be confidently
used as eco-indicators of the natural forest of Tam Dao
Mountain.

Indicator values of butterfly families
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than 70%) in the habitat inside forest, lower in the forest
edge, and lowest in the habitat outside forests. Satyridae
and Amathusiidae are very characteristic for habitats
inside the forest and can be used as eco-indicators of
this habitat. Butterfly families that have indicator values
from 50-70% are Danaidac in the forest edge, and
Hesperiidae and Pieridae in the habitat outside forests.
These three butterfly families are characteristic for the
forest edge and the habitat outside forests respectively.
However, butterfly families have indicator values less
than 70% so they are not used as indicator species, but
as detector species of these habitat types.

Indicator values of butterfly genera
in three habitat types

Indicator values of some butterfly genera with indi-
cator values greater than 50% in three different habitat
types are presented in Table 5. There are six butterfly
genera with indicator values greater than 70% which
are Ragadia, Neope, Mandarinia, Mycalesis, Stichoph-
thalma, and Thaumantis. They all belong to families
Satryridae and Amathusiidae. Three genera of Satyr-
idae family have indicator values less than 70% and
greater than 50% which are Neorina, Lethe, and Mel-
anitis. Six butterfly genera with indicator values great-
er than 50% and less than 70% in the forest edge are

Table 5. Indicator values (%) of Lepidoptera genera in
three different habitat types.

Tabanya 5. Koanuectsenusie nokasatean mupnkagum (%)

in three habitat types poaos Lepidoptera B TpEX pasamuHbIX MeCTOOOUTAHMSIX.
Indicator value of butterfly families in three differ-
ent habitat types is presented in Table 4. As in the five Habitat types
habitat types, butterfly families have the highest indica- Butterfly genera Inside Forest | Outside
tor values in the forest edge (except Amathusiidae and forest edge forest
Satyridae), the lowest in the habitat inside forests. The Ragadia 04.07 4.48 0.20
families Satyridae and Amathusiidae differ from other N 2580 .78 541
families. They have the highest indicator values (greater cope : : :
Mandarinia 83.33 0 0
Table 4. Indicator values (%) of Lepidoptera families in Stichophthalma 80.25 7.96 I
three different habitat types. Mycalesis 79.60 14.02 6.33
Tabanya 4. Koanuecrsenusie nokasarean nHanxagmun (%) Thaumantis 71.67 0
cemericte Lepidoptera B Tpéx pasamuHbIX - .
MECTOOBUTAHMSIX. Neorina 66.67 0 0
. Lethe 61.20 16.18 22.62
Habitat types -
Butterfly families Inside Forest | Outside Melanitis 57.21 16.58 19.07
forest edge forest Euploea 10.60 55.69 33.71
Amathusiidae 80.20 12.67 3.17 Tirumala 8.80 53.74 37.45
Satyridae 76.26 11.50 12.23 Stibochiona 39.87 53.16 5.80
Riodinidae 20.00 42.35 37.85 Ideopsis 10.94 53.13 29.95
Lycaenidae 18.69 37.09 4421 Zemeros 0.32 51.08 47.00
Nymphalidae 18.47 38.42 43.11 Parantica 13.84 51.00 36.16
Danaidae 11.13 52.70 36.17 Pelopidas 0.06 31.22 63.33
Hesperiidae 10.79 31.40 57.81 Parnara 0.01 35.12 63.78
Pieridae 7.19 41.92 50.90 Argyreus 0 37.92 62.08
Papilionidae 8.05 46.54 45.41 Zizeeria 0.39 42.97 54.69
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Euploea, Parantica, Ideopsis, and Tirumala (Danaid-
ae), Stibochiona (Nymphalidae), and Zemeros (Riod-
inidae). In the habitat outside forests, four butterfly
genera with indicator values less than 70% and greater
than 50% are Parnara and Pelopidas (Hesperiidae),
Argyreus (Nymphalidae), and Zireeria (Lycaenidae).

Indicator values of butterfly species
in three habitat types

Indicator values of butterfly species with value
greater than 50% in three different habitat types are
presented in Table 6. All butterfly species with indica-
tor values greater than 70% in the habitat inside forests
belong to families of Satyridae and Amathusiidae;
they are Ragadia crisilda, Neope muirheadi, Manda-
rinia regalis, Mycalesis misenus, M. inopia, Stichoph-
thalma howqua, and Thaumantis diores. There are
seven species with indicator value greater than 50%
and less than 70% in the habitat inside forests, which
are Neope bradha, Neorina patria, Lethe syrcis, Mel-
anitis leda, Ypthima imitans and Lethe insana (Satyr-
idae), and Enispe euthymius (Amathusiidac). There
are five species with indicator value greater than 50%
and less than 70% in the forest edge which are Euploea
mulciber, Tirumala septentrionis, ldeopsis similis
(Danaidae), Stibociana nicea (Nymphalidae), and Ze-
meros flegyas (Rodinidae). In the habitat ouside for-
ests, nine species with indicator value less than 70%
and greater than 50% are Astictopterus jama, Parnara
apostata, P. guttata, P. bada, and Pelopidas sp. (Hes-
periidae), Eurema hecabe and Pieris canidia (Pieridae),
Stibochiona nicea (Nymphalidae), and Zizeeria maha
(Lycaenidae).

All butterfly species, which can be used as eco-
indicators for habitats inside forests, belong to the fam-
ilies Satyridaec and Amathusiidae. Among six butterfly
species with indicator values greater than 50% and less
than 70% in the forest edge, three of them belong to the
Danaidae family. Among the nine butterfly species with
indicator values greater than 50% and less than 70%,
five species belong to the Hesperiidae family and two
species belong to the Pieridae family. The Danaidae
family are characteristic of the forest edge, and Hesperi-
idae and Pieridae are characteristic of the grass and
agricultural land. Families Satyridae and Amathusiidae
are very characteristic for the forest habitat and are good
eco-indicators for monitoring changes of tropical for-
ests. This result corresponds to the result of Keith &
Brown [1997]. Among insect groups, the Satyridae
family has very high indicator value that can be used to
monitor the changes of tropical forest environments.

Indicator species should be easily observed and
identified, if difficult to identify they can be only mon-
itored by specialists and entomologists. In general, but-
terfly species, which can be used as eco-indicators in
this study, have large wingspans and relatively easy
identification in the field, especially S. howqua and T.
diores (Amathusiidae). Species R. crisilda, the wing-
span is not large but the species is one of the most
common butterflies in the forest of the studied area, and
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Table 6. Indicator value of Lepidoptera species (%) in
three different habitat types.

Tabanya 6. Koanectsennsie roxasarean nuankagun (%)
BuAOB Lepidoptera B Tpéx pasamdHbIX MecTOOGUTAaHMIX.

Habitat types

Butterfly species Inside | Forest | Outside

forest edge forest
Ragadia crisilda 94.07 4.48 0.19
Neope muirheadi 85.11 3.07 1.89
Mandarinia regalis 83.33 0 0
Mpycalesis misenus 80.31 14.25 2.72
Stichophthalma howgua — 80.25 7.96 1.27
Mycalesis inopia 76.58 0 2.70
Thaumantis diores 71.67 0 0
Neope bradha 66.67 0 0
Neorina patria 66.67 0 0
Lethe syrcis 61.48  15.85 18.90
Melanitis leda 57.21 16.58 19.07
Enispe euthymius 56.00 1.33 1.33
Ypthima imitans 50.79 0 11.90
Lethe insana 50.00 0 0
Euploea mulciber 20.69  58.04  33.4l1
Tirumala septentrionis 8.45 55.07  36.49
Ideopsis similis 1094  53.13 29.95
Stibochiona nicea 39.87  53.16 5.80
Zemeros flegyas 032  51.08 47.00
Parnara apostata 0.56 3540 6349
Argyreus hyperbius 0 3792  62.08
Pelopidas sp. 3.21 32.05 61.54
Eurema hecabe 0 17.78  61.11
Astictopterus jama 11.69 14.10 59.70
Zizeeria maha 040 4297  54.69
Pieris canidia 0.68  48.57 50.61
Parnara guttata 0 0 50.00
Parnara bada 0 0 50.00

its appearance differed from other species. Only two
species M. misenus and M. inopia, as well as other
species of Mycalesis genus, are relatively difficult for
identification in the field. Nevertheless, M. misenus is
very common and has a large wingspan compared to
other species of Mycalesis genus in Tam Dao. Species
Mycalesis inopia, although their wingspans are smaller
than Mycalesis misenus, are easily distinguished from
other species of Mycalesis genus. In general, butterflies
used as eco-indicator species in this study are relatively
easy to identify so they can be used for monitoring
rather easily.
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Conclusions

Butterflies are sensitive to forest disturbance, al-
though, there is not any butterfly family that can be
used as ecological indicator to assess impact of distur-
bance on the natural forest. Satyridae and Amathusi-
idae are the most characteristic families for the natural
forest but not all species live in the natural forest.
Some species of these families only live in the dis-
turbed forest or other habitats. These species made
indicator values of these families not high, but still
greater than 50%. Indicator values of other butterfly
families are very low in the natural forest (less than
15%). At the genus level, only three butterfly genera
are very characteristic for the natural forest, with high
indicator vales greater than 70%, can be used as eco-
logical indicators of the natural forest, they are Raga-
dia, Neope, and Stichophthalma. At the species level,
among 173 species recorded along transects, only
three butterfly species with indicator values greater
than 70%, can be used as ecological indicators for the
natural forest, they are Ragadia crisilda, Neope muir-
headi, and Stichophthalma howqua. These indicator
genera or species can be used to assess impact of
disturbance as well as other human activity on the
natural forest. As other authors indicated that indicator
species can be used to assess ecosystem responses to
environmental disturbance that are often associated
with human land use [Noss, 1990; Mc Kenzie et al.,
1995].

There is not any butterfly family can be used as
ecological indicator for any of five habitat types;
nevertheless, at division of three habitat types (the
habitat inside forest, the forest edge, and the habitat
outside forest), Satyridae and Amathusiidae families
are very characteristic for the habitat inside forest,
with indicator values greater than 70%, can be used
as ecological indicators for this habitat. A research of
Bobo et al. [2006] indicated that the abundance of
butterfly spcies with small range of distribution, es-
pecially spcies of Satyridae and Amathusiidae fami-
lies are good indicators to assess and monitor distur-
bance on forest. More butterfly genera and species

485

with indicator values greater than 70% can be used as
ecological indicators of the habitat inside the forest.
The indicator genera are Ragadia, Neope, Mandarin-
ia, Mycalesis, Stichophthalma, and Thaumantis; the
indicator species are R. crisilda, N. muirheadi, Man-
darinia regalis, Mycalesis misenus, M. inopia, S.
howqua, and T. diores.

Butterflies are flyers. They can fly from the natural
forest to the distubed forest or the forest egde. It does
not matter with many butterfly species whether they live
in the natural forest or in the disturbed forest. Neverthe-
less, for some butterfly species, they are very sensitive
to even light disturbance of the natural forest. This kind
of butterflies are very good indicators for the natural
forest. Butterfly species live in habitats outside forest
such as forest edge, shrub and grass, and agricultural
land are widely distributed so that can live in a variety of
habitat types, not characteristic to any particular habitat
type. This kind of butterflies are not indicators for
habitats.

It is the best to use indicator species of the natural
forest to monitor and assess impact of disturbance as
well as other human activity on the natural forest.
However, the use of indicator species in assessing the
forest status need to base on individual density or
abundance of indicator species in particular time and
scale. This can be a threshold, below the threshold, the
natural forest may be disturbed. The threshold or indi-
vidual density of each indicator species are presented
in Table 7. Below the individual densities of indicator
species in the Table 7, the natural forest may be
disturbed. Individual densities of different species are
differed. Because butterflies fluctuate strongly over-
times. The individual densities of species are also
different from month to month of the year. Their
populations are high in some months but very low in
the other months, even though they are absent in a
period of the year. For instance, R. crisilda flies from
April to November, S. howqua only flies from May to
October.
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Table 7. Individual density of indicator species for the natural forest.
Tabanyga 7. TTaoTHOCTD 0COOET BUAOB-MHAMKATOPOB AASI €CTECTBEHHOTO AeCa.

Indicator species Month

P v [ v Vi [ vil [ vil | X | X | X
Ragadia crisilda 1.0 3.2 0.2 — 2.9 1.2 3.0 0.8
Neope muirheadi 0.2 04 2.2 — 0.3 0.5 0.2 —
Stichophthalma howqua — 0.1 6.4 1.6 0.6 0.1 0.1 —

Note: Individual number/observation/100—m transect.

Ipumeuanune: KomuuectBo ocobeii/Hadmronennii/na 100 M TpaHCEKTHI.
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