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ABSTRACT: The effect of habitat disturbance and
altitudes on the diversity of butterflies was assessed in
different habitat types and at different altitudes in a
long-term and large-scale study of butterfly diversity in
the tropical to subtropical forest of Tam Dao National
Park, northern Vietnam from 2002 to 2009. Lowlands
yielded more butterfly species than highlands. Species
diversity increased along with forest disturbance rates,
yet dropping both when the forest was heavily disturbed
or transformed into agricultural land. The rarity of
butterflies (the proportion of rare species) was the highest in natural closed forest, the lowest in agricultural
lands. The rarity of butterflies decreased while the
commonness (the proportion of common species) increased with growing forest habitat disturbance. The
rarity of butterflies was also higher at higher altitudes.
Species composition (363 species) varied between different habitat disturbance levels and altitudes; the highest faunal similarity being between agricultural lands at
both altitudes considered, the lowest between the natural closed forest at high altitudes and agricultural lands
at low altitudes. Species with small geographical ranges
were most often found in forested habitats while species
with wide geographical distributions occurred in nonforest biotopes.
ÐÅÇÞÌÅ: Îöåíèâàëñÿ ýôôåêò íàðóøåííîñòè
áèîòîïà è âûñîò íà ðàçíîîáðàçèå äíåâíûõ áàáî÷åê
â ðàçíûõ òèïàõ áèîòîïîâ è íà ðàçíûõ âûñîòàõ âî
âðåìÿ äîëãîñðî÷íîãî è øèðîêîìàñøòàáíîãî èññëåäîâàíèÿ â òðîïè÷åñêî-ñóáòðîïè÷åñêîì ëåñó Íàöèîíàëüíîãî ïàðêà Òàì-Äàî (Ñåâåðíûé Âüåòíàì) â
20022009 ãîäàõ. Íà íèçìåííîñòè âûÿâëåíî áîëüøå âèäîâ áàáî÷åê, ÷åì â ãîðàõ. Ðàçíîîáðàçèå áàáî÷åê ðîñëî ñî ñòåïåíüþ íàðóøåííîñòè ëåñíîãî áèîòîïà, íî ïàäàëî ïðè âûñîêîé ñòåïåíè íàðóøåííîñòè

ëåñà èëè ïðåâðàùåíèÿ åãî â àãðîöåíîç. Ðåäêîñòü
áàáî÷åê (ïðîöåíò ðåäêèõ âèäîâ) áûëà ìàêñèìàëüíîé â åñòåñòâåííîì ñîìêíóòîì ëåñó, à ìèíèìàëüíàÿ
 â àãðîöåíîçàõ. Ðåäêîñòü áàáî÷åê ïàäàëà, à èõ îáûêíîâåííîñòü (ïðîöåíò òðèâèàëüíûõ âèäîâ) ðîñëà ñ
ðîñòîì íàðóøåííîñòè áèîòîïîâ. Ðåäêîñòü áàáî÷åê
ðîñëà è ñ âûñîòîé. Âèäîâîé ñîñòàâ (363 âèäà) âàðüèðîâàë ñðåäè ðàçíûõ óðîâíåé áèîòîïè÷åñêîé íàðóøåííîñòè è âûñîò, ïðè ýòîì ñàìîå âûñîêîå ôàóíèñòè÷åñêîå ñõîäñòâî îáíàðóæèâàëè àãðîöåíîçû íà
îáåèõ âûñîòàõ, à ñàìîå íèçêîå  åñòåñòâåííûé
ñîìêíóòûé ëåñ íà áîëüøèõ âûñîòàõ è àãðîöåíîçû
íà íèçêèõ âûñîòàõ. Óçêîàðåàëüíûå âèäû ÷àùå âñåãî
íàõîäèëè â ëåñíûõ áèîòîïàõ, à øèðîêîðàñïðîñòðàíåííûå  â íåëåñíûõ ñòàöèÿõ.

Introduction
Insects, as well as plants and other animals, are
unevenly distributed on the earth, most of their diversity
being usually observed in the tropics. Tropical forest
harbours a great diversity of plants and animals, with
insects playing highly important roles in forest ecosystems. However, large portions of tropical forest are
allocated in developing and undeveloped countries,
currently being disturbed, fragmented and reduced both
in quality and quantity. Large forested areas have been
converted to agricultural lands and this problem is
expected to continue from the present into the future.
Negative impacts on natural forests lead to changes in
composition and abundance of animals, including insects and butterflies [e.g. Bobo et al., 2006; Roy et al.,
2001]. In general, insect diversity is the highest in
habitats with the highest plant diversity, the lowest in
shrub, grass and open areas [DeVries, 1992]. Different
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insect groups show different diversity trends. Some
groups such as beetles and moths tend to demonstrate
high diversity levels in natural forest, versus low in
secondary forest [Morse et al., 1988; Barlow, 1989].
However, butterflies show low diversity rates in natural
forest, versus higher in disturbed forests [Brown, 1996;
Blair & Launer, 1997; Schulze et al., 2004; Fermon et
al., 2005; Bobo et al., 2006]. Some other studies have
also indicated that the numbers of butterfly species and
individuals are high in secondary and regenerating forests and low in natural forest [Spitzer et al., 1993; Vu &
Yuan, 2003], being the highest at the forest edge, the
lowest in agricultural lands [Vu, 2009]. When natural
forests are disturbed, the species diversity and abundance of butterflies increase, but their diversity is at its
highest in moderately disturbed forests, decreasing rapidly in urbanized forests [Brown, 1996; Blair & Launer,
1997]. There may also be large differences in species
composition along disturbance gradients from forested
landscapes to agricultural environments [Vu, 2009].
Natural forest supports fewer butterfly species, but most
of them are endemic and show the most restricted
distributions; these species decrease with increasing
habitat disturbance and disappear when forests are urbanized [Brown, 1996; Blair & Launer, 1997; Vu,
2009].
The effect of habitat disturbance on butterfly communities and/or their diversity rates on small scales has
already been studied in tropical forest [e.g. Spitzer et
al., 1997; Vu & Yuan, 2003; Vu, 2009]. However, there
have been no explorations in tropical forests of Southeast Asia concerning the diversity of butterfly species in
different habitat types and at different altitudes on a
large and long-term scale. Previous investigations in the
area were usually conducted over short times of 23
years and in small areas [Spitzer et al., 1993, 1997; Vu,
2009]. Studies on different area and time scales are
important because large-scale and long- term research
may add more species and reveal more comprehensive
results.
The study aims to examine how the rates of forest
habitat disturbance and altitude affect the diversity,
rarity and similarity of butterfly species in a long-term
and large-scale study of a tropical forest in Vietnam.
The project also focuses on the relationship between
geographical distribution of species and habitat disturbance levels on a large scale. Even though some studies
on short-term and small scales have been conducted and
appear to support some of these issues, long-term large
scale investigations are likewise needed to check and
verify the obtained patterns.

Research methodology
Study area
Research was carried out in Tam Dao National Park,
Vinh Phuc Province, Vietnam (21°2121°42N, 105°
105°44E), with an area of 36,883 ha of natural forest
and a 15,515 ha buffer zone. The park is an isolated

island of natural habitat surrounded by areas of agriculture. The park is a small ridge (80 km long and 1015
km wide) with altitudes ranging from 100 m to 1591 m
a.s.l. The vegetation is tropical to subtropical rain evergreen closed forest exposed to a seasonally wet tropical
climate. The rainy season is from April to October when
over 90% of the annual rainfall occurs. High altitude
climate differs from that at lowlands. Highlands receive
more rainfall and rainy days than lowlands; vegetation
at higher altitudes is less diverse than that in the lowlands [Vu, 2008].
Altitudes of studied sites were divided into two
altitudinal belts related to vegetation. Tropical forest
was mostly found at low altitudes (below 700 m a.s.l.)
while subtropical forest occurred at altitudes roughly
above 700 m a.s.l. [Thai, 1978]. Plants were identified
by Pham [1999, 2000].
Natural closed forest at high altitudes (NFh): forest
canopy reaches up to 25 m and the vegetation cover is
over 70%, consisting of natural forest with some small
natural gaps, characterized by the presence of trees of
various families in the climax forest. The forest canopy
is uniform, almost without dominant canopy trees. The
closed forest was only disturbed by illegal selective
logging. Most of the common plant species are in the
families Lauraceae, Fagaceae, Theaceae, Magnoliaceae, Hamamelidaceae, Ericaceae and other needle-leaf
trees. On the mountain ridges and tops, trees are chiefly
short and small, belonging to the families Magnoliaceae, Illiaceae and Ericaceae.
Disturbed forest at high altitudes (DFh): the forest
was disturbed by illegal logging of timbers and bamboos, widening and improving the road in the forest and
other human activities. Plant species are diverse, containing plants of the natural closed forest along with
those grown in open areas such as Litsea cubeba (Lauraceae). The main plant species are in the families
Fagaceae, Magnoliaceae, Rosaceae, Moraceae, Lauraceae, Theaceae, Euphorbiaceae and Aceraceae.
Shrub and grass at high altitudes (SGh): the habitat
is characterized by the presence of shrubs and grasses.
The main species are in the families Poaceae, Melastomaceae etc. Common plants are Euphorbia thymifolia
(Euphorbiaceae), Melastoma spp. (Melastomaceae),
Centotheca spp., Saccharum spp. and other grasses of
the family Poaceae.
Agricultural lands at high altitude: the area is in the
local tourist resort. The main vegetable plants are Chayote (Sechium edule), Luffa operculata, and Cucurbita
spp. (Cucurbitaceae), and some kinds of vegetables
such as Brassica spp. (Brassiceaceae). Grasses are also
present, such as Saccharum arundidinaceum, Imperata
cylindryca, Thysannolena maxima and Eleusine indica.
Natural closed forest at low altitudes (NFl): the
forest canopy reaches 35 m and shows storeys with high
vegetation diversity. The tallest are species of Dipterocarpaceae. Most of the species in the dominant layer are
in the families Lauraceae, Fagaceae, Myrtaceae and
Rubiaceae. Plants in the undercanopy are shade-preference species with most of them in the families Myristi-
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caceae and Anonaceae. Forest cover is above 70%, with
the diameter of trees from 20 cm to 80 cm. There are
many plant species in the families Dipterocapaceae,
Lauraceae, Fagaceae, Myrtaceae, Rubiaceae, Annonaceae, Myristicaceae, Magnoliaceae, Theaceae, Fabaceae etc.
Disturbed forest at low altitudes (DFl): vegetation
consists of small trees and bamboo, with bamboo dominating in some places. The forests were heavily disturbed in previous years as large timbers were logged.
Plant species are diverse in different families with many
of the same species as the natural closed forest; in
addition, more open area and flowering plant species
are present in the openings.
Shrub and grass at low altitudes (SGl): the habitat is
characterized by the presence of shrubs and grasses of
the families Caesalpiniaceae, Melastomaceae, Myrtaceae, Acanthaceae, Poaceae, Asteraceae, Euphorbiaceae and Rubiaceae.
Agricultural lands at low altitudes (AGl): a variety
of planted trees and crop plants from rice, vegetables
and other cultivated plants in the families Euphorbiaceae, Fabaceae, Musaceae, Rutaceae, Cucurbitaceae. Common plants are Brassica spp., Cucurbita spp., Luffa
operculata (Cucurbitaceae), Manihot sp. (Euphorbiaceae), Musa spp. (Musaceae).
Sampling methods
Individual butterflies were counted during surveys
to provide both species presence and relative abundance in different habitat types and at different altitudes. Most of the butterflies were identified immediately by sight in the field. However, a number of individuals (ca 1000) were collected for identification, especially small butterflies of the families Lycaenidae and
Hesperiidae. Sweep nets and baited traps were used to
collect butterflies as well. Identification and nomenclature of butterfly species followed Chou (1994), DAbrera
[1982-86], Monastyrskii and Devyatkin [2003], Lekagul et al. [1977], Osada et al. [1999].
The study took place in several different areas (24
sites) of the park from the buffer zone to the core area,
from lowland (100 m a.s.l.) to the mountain top (1,591
m a.s.l.), during the years 2002 to 2009. Each surveyed
area was from 4 to 8 km in length and 12 sites could be
surveyed on a given day. The study sites consisted of
different habitat types, from maximally disturbed (agricultural lands) to undisturbed (natural closed forest).
Typically, surveys took place from April to November,
although occasionally sampling took place in other
months as well. Sampling occurred on 46 days per
month and between 8:00 am and 5:00 p.m. Bad weather
was avoided. A total of more than 1000 person-day of
surveying butterflies was implemented.
Data analysis
The similarity of species composition between different habitat types and altitudes (Bray-Curtis similarity) was analyzed with Cluster Analysis using Similarity
Tree software [Primer, 2001].
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Information on the geographical distribution of each
species was taken from Chou [1994], DAbrera [1982
1986], Devyatkin & Monastyrskii [2002], Hill & Monastyrskii [1999], Lekagul et al. [1977], Spitzer et al.
[1993, 1997], Vu [2009]. The geographical distribution
ranges (R) of species were categorized on a scale from
1 to 5 (smallest to largest): (R1) Endemic: East Himalayas, South China, North Indochina; (R2) Southeast
Asian mainland; (R3) Indo-Malayan region; (R4) IndoMalayan and Australasian regions; and Palaearctic, extending into the Indo-Malayan region; and (R5) Old
World tropics, Holarctic, or Cosmopolitan.
The relative abundance of species was counted as
rare species (up to 2 individuals), uncommon species
(more than 2 to 4 individuals), and common species
(more than 4 individuals). Individuals were counted for
10 survey days. This was used as an ad hoc measurement only.

Results
A total of 363 butterfly species in 11 families was
recorded in Tam Dao National Park. The species list
and their relative abundance are presented in Appendix.
Six of these species are of special concern and are listed
in IUCN or CITES. Among them, Teinopalpus aureus
are listed in Appendix II of IUCN; in addition, this
species and two Troides (T. helena and T. aeacus) are
listed in Appendix II of CITES; species listed in IUCN
as being in need of a study are Meandrusa sciron, Byasa
crassipes, and Papilio noblei [New & Collins, 1991].
Butterfly distributions differed between habitat types
as shown in Table. The distribution of butterfly species
by habitat types depended on their habitat preferences.
The disturbed forests (DFh and DFl) supported the
greatest number of species (240 and 272, respectively),
followed by shrub and grass habitats (SGh and SHl)
with 168 and 196 species, respectively. The natural
closed forests (NFh and NFl) ranked third. The agricultural lands (AGh and AGl) show the least number of
species (88 and 97 species, respectively). Low-altitude
species numbers were consistently higher than highaltitude ones for a given habitat. Almost all butterfly
families contain species recorded in disturbed forests,
as well as shrub and grass habitats, namely, Hesperiidae, Lycaenidae, Nymphalidae, Papilionidae and
Pieridae. The families Amathusiidae, Satyridae and Riodinidae encompass most of their constituent species in
the natural closed forests and in disturbed forests, as
well at both altitudes delimited. High-altitude natural
and disturbed forests contained 73% of species in the
family Amathusiidae, 82% and 73% in the natural closed
forest and in the disturbed forest at low altitudes, respectively. The family Satyridae contains 74% of its
species diversity in the natural closed forest and in the
disturbed forest at high altitudes, and 76% and 73% in
the natural closed forest and in the disturbed forest at
low altitudes, respectively. The family Riodinidae shows
75% of its species in the natural closed forest and in the
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disturbed forest at high altitudes, and 62% and 75% in
the natural closed forest and in the disturbed forest at
low altitudes, respectively. Shrub and agricultural lands
supported very few species from these three families.

(59% and 52 %, respectively), their proportions being
higher than in other habitats. The agricultural lands at
both altitudes harbour the lowest proportion of rare
species (20% and 16%, respectively). The natural closed

Table. Species number in different habitat types and at different altitudes in Tam Dao National Park.
Tàáëèöà. ×èñëî âèäîâ â ðàçëè÷íûõ òèïîâ áèîòîïîâ è íà ðàçëè÷íûõ âûñîòàõ â Íàöèîíàëüíîì ïàðêå Òàì-Äàî.

Butterfly family

High altitude
NFh

DFh

Acraeidae
Amathusiidae
Danaidae
Hesperiidae
Libytheidae
Lycaenidae
Nymphalidae
Papilionidae
Pieridae
Riodinidae
Satyridae

0
8
10
24
0
17
28
18
9
6
30

1
8
14
46
0
26
56
29
24
6
30

1
1
13
30
1
20
44
19
22
2
15

Total species

150

240

168

Low altitude

SGh AGh

NFl

DFl

SGl

AGl

1
1
8
18
0
12
18
10
13
1
6

0
9
9
29
0
20
51
18
17
5
31

2
8
14
51
0
33
73
31
24
6
30

2
1
13
38
1
25
56
22
20
1
17

1
1
9
19
0
15
19
11
15
1
6

88

189

272

196

97

NOTE: NFh/NFl: the natural closed forest at the high/low altitude; DFh/DFl: the disturbed forest at the high/low altitude; SGh/SGl: the
shrub and grass at the high/low altitude; AGh/AGl: agricultural lands at the high/low altitude.

Rare species make up the highest proportion of
species richness (46.0%) in Tam Dao National Park.
Common species (15.4% of the total) compose the
lowest share. The proportion of uncommon species
comprises 38.6% of the total species diversity. Species
abundance levels (rare, uncommon, and common) are
different in different habitat types and at different altitudes. Fig. 1 shows that the natural closed forests at both
altitudes (NFh and NFl) support most of the rare species
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Fig. 1. Proportions of species abundance by habitats. Note:
Habitats as in Table.
Ðèñ. 1. Ïðîïîðöèè îáèëèÿ âèäîâ ïî áèîòîïàì. NB: Áèîòîïû
êàê â Òàáëèöå.

forests at both altitudes reveal the lowest share of common species (6% and 7%, respectively). The agricultural lands at both altitudes support most of the common
species (25% and 36%, respectively). The proportion of
rare species tends to decrease from the natural closed
forest to agricultural lands. That of common species
tends to increase with a growing forest habitat disturbance (from natural closed forest to agricultural lands).
Nevertheless, the share of uncommon species seems
similar between habitats and altitudes (varying from
35% to 48%). A decreased proportion of rare species
and an increased one of common species with increasing forest habitat disturbance was significantly related,
amounting to r2 = 0.949; p < 0.01 at high altitudes and r2
= 0.986; p < 0.01) at low ones.
Similarity of species composition between habitat
types
Species composition similarity between habitats with
different forest disturbance levels is shown in Fig. 2. The
similarity of species composition in all habitats was
rather low (43%) and divided into two groups. Natural
closed forests and disturbed forests at both altitudes make
up one group (61%) while the other habitats at both
altitudes form the other (63%). The greatest similarity is
observed between agricultural lands at low and high
altitudes (89%), followed by shrub and grass habitats at
low and high altitudes (81%). Disturbed forests of low
and high altitudes were also similar (77%). The similarity
of species composition in natural closed forests between
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both altitudes considered is also rather high (66%). The
largest difference in species composition was between
the habitat types that were the most disparate, that is, the
natural closed forest at high altitudes and the agricultural
lands at low altitudes (22%). Species composition was
similar between comparable habitat types (forested habitats versus non-forested habitats).
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altitudes; r = 0.980; p < 0.05 at low altitudes). The
share of species distributed in the Indo-Malayan region is almost the same among habitats (from 41% to
72% at low altitudes and from 58% to 72% at high
altitude). There was no significant difference in the
proportion of species in the Indo-Malayan region (r =
0.823; p = 0.20 at high altitudes; r = 0.673; p = 0.40 at
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Fig. 2. Similarity of species composition between habitat types
and altitudes. Note: Habitats as in Table.
Ðèñ. 2. Ñõîäñòâî âèäîâîãî ñîñòàâà ïî òèïàì áèîòîïàì è
âûñîòàì. NB: Áèîòîïû êàê â Òàáëèöå.

Geographical distribution of species in different habitat types and at different altitudes
The geographical distribution ranges of butterfly
species from the smallest (R1) to the largest (R5) in
different habitats with different disturbance levels and
altitudes are shown in Figs 3 and 4. Consistent with
both altitudes, butterflies with the smallest range (R1)
decreased in proportion to increasing forest habitat
disturbance. Species with the smallest range (R1) are
absent from agricultural lands. The share of species
distributed in the Southeast Asian mainland (R2) also
decreases gradually with increasing forest habitat disturbance. The proportions of species with the most
restricted (R1: Indochina) and larger geographical distribution range (R2: Southeast Asia mainland) decrease with increasing forest habitat disturbance: Indochina species (r = 0.950; p < 0.05 at high altitudes;
r = 0.960; p < 0.05 at low altitudes) and Southeast
Asian mainland species (r = 0.948; p < 0.05 at high
80
R1

Proportion

60

R2
40

R3
R4

20

R5

0
NFh

DFh

SGh

AGh

Habitat types

Fig. 3. Geographical distribution of species in different habitat
types at high altitudes. Note: The smallest (R1) to the largest geographical distribution ranges (R5); habitats as in Table.
Ðèñ. 3. Ãåîãðàôè÷åñêîå ðàñïðîñòðàíåíèå âèäîâ â ðàçíûõ
òèïàõ áèîòîïîâ â ãîðàõ. NB: Ñàìûå óçêîàðåàëüíûå (R1) äî
ñàìûõ øèðîêîàðåàëüíûõ âèäîâ (R5); áèîòîïû êàê â Òàáëèöå.

0
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DFl
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AGl

Habitat types

Fig. 4. Geographical distribution of species in different habitat
types at low altitudes. Note: The smallest (R1) to the largest geographical distribution range (R5); habitats as Table.
Ðèñ. 4. Ãåîãðàôè÷åñêîå ðàñïðîñòðàíåíèå âèäîâ â ðàçíûõ
òèïàõ áèîòîïîâ â íèçèííûõ ìåñòàõ. NB: Ñàìûå óçêîàðåàëüíûå
(R1) äî ñàìûõ øèðîêîàðåàëüíûõ âèäîâ (R5); áèîòîïû êàê â
Òàáëèöå.

low altitudes). As species ranges increased (> IndoMalayan region), the proportion grew with increasing
forest habitat disturbance (e.g., species distributed in
the Indo-Malayan and Australasian regions, and Palaearctic (r = 0.997; p < 0.05 at high altitudes; r = 0.980;
p < 0.05 at low altitudes). The results indicate that
there was a positive correlation between the size of
species geographical distribution and the rate of increasing forest habitat disturbance.

Discussion
Natural closed forest shows fewer butterfly species
than disturbed forests. The latter support more species
than shrub and grass habitats and agricultural lands. The
agricultural lands yield the least number of species, a
result consistent with previous observations [Vu & Yuan,
2003; Vu, 2009]. Unsurprisingly, disturbed forests harbour a greater diversity of plants than natural closed
forest while the higher the diversity of plants, the greater
that of insects [Price, 1975; Spitzer et al., 1987]. In
addition, disturbed forests have more openings that
provide more light and space to attract more butterfly
species than natural closed forest [Hill et al., 2001;
Spitzer et al., 1997]. Disturbed forests also show more
flowering plants which obviously support more butterfly species than natural closed forest. Other studies have
likewise indicated that the diversity both of species and
individuals in butterfly communities increases when
natural forests get disturbed; the diversity reaches the
highest in moderately disturbed forests, but drops rapidly in urbanized forests; endemic species disappear when
their habitats are urbanized [Brown 1996; Blair & Launer, 1997].
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Natural forests are richer in abundance of rare
species and this metric decreases with increasing forest
habitat disturbance levels. Conversely, common species increase with growing forest habitat disturbance
levels. Altitude also plays a role, with rare species
abundance being greater at high altitudes compared to
low ones. The greatest proportion of rare species is
found in natural closed forest in high altitudes while
more common species are yielded in agricultural lands
at low altitudes. These results correspond well with
those of Lewis et al. [1998] who found that most of the
rare species are found in natural closed forest at high
elevations; altitudes being equal, most of the rare species are confined to natural closed forest, their proportions getting lower in secondary forests to become the
lowest in cultivated lands. Thus, high-altitude forest is
particularly important for conservation of rare butterfly
species.
Overall species diversity is higher at low altitudes
than at high ones. This result corresponds well with
theory and practice as well, since previous work indicated that the diversity of insects or butterflies alone decreases with increasing latitude or altitude [e.g. Price,
1975; Sparrow et al., 1994; Vu & Yuan, 2003]. High
altitudes receive more rainfall and rainy days than lower
elevations. In addition, vegetation at low altitudes is
more diverse than that at high altitudes. All these factors
support higher levels of species diversity of butterflies
at low altitudes compared to higher ones.
The butterfly species composition differed between
habitat disturbance levels and altitudes. This result is
similar to those obtained by Steffan-Dewenter & Tscharntke [1997] and Vu [2009]. Nelson & Wydoski
[2008] also showed that the butterfly community composition changed between different habitats. It was
highly similar between comparable habitats (natural
closed forest and disturbed forests; or shrubs and grass
and agricultural lands). The greatest differences are
those observed between natural closed forest at high
altitudes and lowland agricultural lands. The species
composition of forested habitats (natural forest and
disturbed forests) differs from that of non-forested
biotopes (shrub, grass and agricultural lands). Whether
a habitat was forest or non-forest was a major factor
while altitudes were a minor factor in deciding the
similarity of butterfly species composition between habitats. Species composition is similar between forest
habitats or between non-forest habitats. Hill et al. [2001]
and Schulze et al. [2004] also showed that the species
composition of butterfly communities is dissimilar between the natural forests and the agricultural lands, and
between forest canopy and openings in the forests similar between natural forests and old secondary forests.
Habitats influence the similarity of butterfly compostion between areas [Posa & Sodhi, 2006].
The proportion of species with the most restricted
distributions is the highest in natural closed forest,
dropping with increasing forest habitat disturbance.
The most characteristic species of natural closed forest
are endemics that show the smallest geographical rang-

es. They are forest species and many of them live under
forest canopy. When forests are urbanized, the forest
species tend to disappear due to the lost of their unique
habitat [Brown, 1996; Blair & Launer, 1997]. They
show low tolerance to forest destruction and a decreased ability to live in disturbed forests. Examples
include Stichphthalma howqua, Neope murrheadi, and
Ragadia crilsida. These are forest indicator species
[Vu, 2007]. Thomas [1991] also indicated that butterfly species with small geographical ranges have less
ability to live in modified habitats than species with
wider distributions. Lewis et al. [1998] emphasized
that most of the widespread species follow humanimpacted habitats. The species found in agricultural
lands tend to have the largest geographical ranges.
They are open-land or non-forest opportunistic species. The high proportion of endemic species in natural
closed forest shows this undisturbed forest habitat to
be of high conservation value, although its species
diversity is low compared to those in disturbed forest
habitats and shrub and grass biotopes. This result also
agrees with previous work [Spitzer et al., 1997; Vu,
2009].
The results of our long-term and large scale study
support the earlier views derived from short-term surveys [Spitzer et al., 1997; Vu & Yuan, 2003; Vu,
2009]. However, we have detected many more species
than did the previous short-term investigations conducted on a small scale, with less than 200 species
involved, as in Spitzer et al. [1997], Vu [2009] and Vu
& Yuan [2003].
More species live in lowlands than in the mountains. Some species appear to be restricted to lowlands, some others to high altitudes, some are being
found only on mountain tops, such as the rare CITES
species Teinopalpus aureus (found on mountain tops
of more than 1,200 m elevations) [Vu, 2005]; a IUCN
species restricted to lowlands is Papilio noblei. When
temperatures at higher altitudes increase, lowland species could expand to higher altitudes, similar to some
butterfly species of England extending northward due
to global warming [Pollard & Yates, 1993]. Does
global warming affect the vertical distribution of butterflies? Perhaps in the future more lowland species
will expand to highlands and there result in greater
species diversity levels. Global warming will likely
threaten the existence of insects beyond butterflies.
Can they adapt to global warming? Long-term monitoring of butterflies can perhaps shed some light on
these questions.
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Appendix. Abundance of butterfly species in different habitat types in Tam Dao National Park
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