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highest in July, and there were surprisingly large changes 
in species composition between months. Species richness 
curves reached saturation, indicating that we detected most 
species present in the area, except for members of two 
families (Lycaenidae and Hesperiidae). Our results high-
light the importance of thorough studies using standardized 
methods, capable of detecting most species in an area, over 
a whole season. There are urgent needs to integrate but-
terflies into conservation programs and use their potential 
as indicator species of habitat degradation and land use 
intensity.

Keywords  Conservation · Environmental change · 
Disturbance · Monitoring · Montane forest

Introduction

Anthropogenic environmental pressures driven by intensi-
fication of human land use and global climate change are 
changing many natural habitats (Tilman et  al. 2001; Root 
et al. 2003). The rate of change is especially high in South 
East Asia (Sodhi et al. 2004; Venter et al. 2016), a region 
which harbours numerous endemic species and biodiver-
sity hotspots (Myers et  al. 2000; Laurance et  al. 2011). 
However, despite their global importance and threats they 
face, few ecosystems in South East Asia and other tropical 
regions have been surveyed sufficiently intensively to for-
mulate detailed conservation plans (Koh 2007).

Butterflies are sensitive to environmental pressures and 
thus highly suitable for monitoring the health and diver-
sity of ecosystems, and detecting indications of environ-
mental change (Hayes et al. 2009; Bonebrake et al. 2010). 
Furthermore, their taxonomy is relatively well known in 
comparison with other tropical insect groups, and data on 
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the geographic distributions and life histories of some spe-
cies are available (Spitzer et  al. 1993, 1997; New 1997; 
Suguru and Haruo 1997, 2000). A complicating factor is 
that seasonality of insects has been observed in all parts of 
the world, including the equatorial tropics. Thus, surveys 
should ideally cover many months to detect such seasonal-
ity, and taxa that may be missed by shorter surveys (Wolda 
1988). However, few datasets allowing analysis of the full 
diversity and seasonality of particular taxa, especially in 
South East Asia, are available (Vu and Vu 2015). Earlier 
studies in this region have focused on taxonomy or the 
habitat preferences of butterflies, and were often based on 
material collected over a short period of time with a focus 
on specific butterfly families (Spitzer et  al. 1993, 1997; 
Monastyrskii 2007a; Vu et al. 2015).

Sampling approaches used in ecological studies on but-
terflies vary greatly, especially in parts of the tropics where 
identification of species is problematic. Seasonality is often 
ignored and many studies rely on a limited field effort with 
long periods between the visits (Spitzer et  al. 1993; Wal-
pole and Sheldon 1999; Vu et  al. 2015). Sometimes sam-
ples are collected at regular intervals (once per month or 
per week), sometimes only on warm days, and sometimes 
irrespective of temperature and weather conditions (Wal-
pole and Sheldon 1999). For butterflies in subtropical or 
tropical regions there are no strict criteria concerning suit-
able conditions for monitoring butterflies, such as those 
available for temperate regions (Pollard 1977). In the study 
area, as in the tropics generally, daily rain, moderate tem-
peratures and high humidity make butterfly surveys very 
challenging. Many species are also difficult to identify 
solely on the basis of transect observations (Walpole and 
Sheldon 1999).

In this study, we focus on the butterfly community in a 
mountainous area in northern Vietnam which is in urgent 
need of butterfly conservation research since (as in the 
rest of South East Asia) natural habitats are disappearing 
at alarming rates (Koh 2007; Venter et al. 2016). Mountain 
forests bordering a tropical zone are particularly interesting 
in terms of diversity and seasonality as they include spe-
cies from lower latitudes without pronounced seasonality, 
species from higher latitudes with seasonality induced by 
environmental variation, and species with seasonal behav-
iour associated with their evolutionary history (particularly 
species originating from temperate monsoon environments) 
(Monastyrskii 2007a). This study had four main aims; (a) 
to describe the species composition of the butterfly com-
munity in the study area, (b) to assess current knowledge 
of the region’s butterfly fauna, (c) to explore variations in 
seasonality among the butterfly taxa and (d) to provide data 
(including pictures of all observed species together with 
information about their abundance and ecological determi-
nants) to contribute to a comprehensive database of tropical 

Indochinese butterfly communities that could facilitate 
their future conservation.

Materials and methods

Study area

The surveys were performed along a 10 km long transect 
(ranging in altitude from 1200–1700  m) in the surround-
ings of Ta Phin (latitude 22.397°N, longitude 103.842°E), 
a small village with about 300 inhabitants (in 2014–2015) 
located in Lao Cai province, northern Vietnam, 380  km 
north-west of Hanoi and 17 km south of the Chinese border 
(Fig.  1). Part of the study area is situated in Hoàng Liên 
National Park. The area hosts diverse habitat types, includ-
ing secondary montane laurel forest (30%), forest clearings 
(10%) and anthropogenic habitats such as secondary grass-
land (10%), rice fields (10%), shrub land (15%), cultivated 
areas (20%), and built-up areas (5%) (data from field visits 
in 2014 and 2015 and SPOT-5 satellite images from 2012). 
This type of land cover is typical of the general landscape 
in northern Vietnam and neighbouring areas in China. The 
area is biogeographically interesting because it is situated in 
a mountain range dividing the tropics and the subtropics—
a zone in which tropical, subtropical and northern temper-
ate species co-occur (Stott 1991; Bozano et al. 2016). The 
Hoàng Liên Son mountains are a small mountainous ridge 
in northern Vietnam forming the eastern extremity of the 
Himalayas (Fig.  1), covered by mixed landscapes of sec-
ondary forests and more disturbed areas and rice fields. The 
butterfly fauna in the region is known to be rich, compris-
ing more than 300 species, excluding Lycaenidae (Hill and 
Monastyrskii 1999; Monastyrskii and Devyatkin 2015), 
many of which are highly abundant (Monastyrskii 2007a; 
Vu et al. 2015). The climate has pronounced seasons with 
rainy summers influenced by the monsoon (May–August), 
and foggy, cold winters with occasional snowfall (Fig. 2a, 
b). The forest is typical of laurel forests with a high diver-
sity of tree and shrub species (mainly of the families: Acer-
aceae, Cupressaceae, Ericaceae, Fagaceae, Juglandaceae, 
Lauraceae, Magnoliaceae, and Pinaceae) (Thin and Harder 
1996; Averyanov et al. 2003). Human influences are appar-
ent both in the surroundings of Ta Phin village and Hoàng 
Liên National Park generally, with degrees of disturbance 
ranging from ruderal vegetation to agroecosystems in prox-
imity to secondary forests. There are no undisturbed habi-
tats in the study area.

Data collection

Intensive regular sampling was carried out between 3rd 
June–3rd November 2014 and 15th March–4th April 
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2015. During these periods, the weather was suitable for 
butterfly surveys on 121 days (21 in June, 25 in July, 13 
in August, 22 in September, 21 in October, 2 in Novem-
ber, 15 in March and 3 in April). Butterflies were studied 
using a modified transect method (Pollard 1977; Spitzer 
et al. 1993, 1997). Three teams of two observers walked 
together along approximately 3  km long segments of a 
transect extending over 10 km in total (Fig. 1), at a speed 
of approximately 100  m per 10  min. During the walk, 
they recorded all butterflies seen (Fig.  3a–c) in a belt 
approximately 20–40  m wide. The transect was walked 
during days with favourable weather conditions between 
the hours of 8 am and 4 pm, at temperatures <15 °C with 
some sunshine (<80% cloud cover). The transect was 
located along paths and small roads. At points where 
large butterfly aggregations occurred, e.g. where butter-
flies were searching for food or minerals, longer stops 
were required to count and identify all butterflies present.

We collected daily temperature data using an iButton 
data logger (model DS1922L), accurate to 0.4 °C, which 
was placed in Ta Phin village at a height of 120  cm in 
shade from June 1 2014 through to May 31 2015. Tem-
perature data were logged every 10  min. Precipitation 
data (based on monthly average data from 2000 to 2010) 
was extracted from the nearest weather station in Sapa, 
15 km north of the study area.

Fig. 1   Location of Ta Phin village and the butterfly transect in north-
ern Vietnam. Maps with permission from ©2016 Google image, 
CNES/Astrum

Fig. 2   a Climate data from Ta Phin 2014-06-01 to 2015-05-31. The 
filled bars represent daily average temperatures; checked bars show 
average daily maximum temperatures; empty bars show average daily 
minimum temperatures averaged for respective month. b Precipitation 
data (based on monthly average data from 2000 to 2010) from the 
nearest weather station in Sapa, 15 km north of the study area
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Butterfly identification

Since 2000, the knowledge of the Vietnamese butterfly 
fauna has increased dramatically (Uehara and Yokochi 
2001; Morita 2002, 2003; Seki and Saito 2006; Yokochi 
2010, 2011, 2012; Nakamura 2014). Thus, for a correct 
identification it is impossible to rely on older identifica-
tion books (D’ Abrera 1982; Chou 1994) and the butterfly 
fauna in Vietnam has increased with over 15 species per 
year from 2003 to 2015 (Monastyrskii and Devyatkin 2003, 
2015). This has been the result from a number of recent 
field investigations, taxonomic revisions and book projects 
(Monastyrskii 2005, 2007b, 2011; Bozano et al. 2016).

In northern Vietnam, it is difficult to record and iden-
tify butterfly species without catching them. Even among 
the largest species it is difficult to identify species correctly 
without closer inspection. For example, Papilio helenus 
may be easily confused with P. nephelus, P. memnon with 
P. protenor, P. doddsi with P. bianor, Graphium mandari-
nus with G. eurous, G. doson with G. evemon, G. leechi 
with G. chironides. Taxonomically complicated genera 
such as Euthalia, Mycalesis, Ypthima, and Neptis often 
require that specimens are collected for further exami-
nation. To identify and determine the sex, all individuals 
reported in this study were captured with a butterfly net. 
Butterflies high up in trees and shrubs were also caught 
with a long butterfly net. Species that could not be iden-
tified in the field were either photographed and released 
or collected for later identification. We also created a ref-
erence collection of voucher specimens from the area to 
improve the accuracy of identification in the field and to 
facilitate future taxonomic revisions (Online Resource 2). 
We have followed the taxonomy and systematics according 
to Monastyrskii and Devyatkin (2015) except for Kallima 
limborgi that follows Küppers (2015).

Data analysis

To study seasonal patterns, we analysed changes in the 
butterfly community between consecutive months. As a 
measure of monthly species turnover two types of inci-
dence-based (dis)similarity indices were calculated: the 
Jaccard index and a modified version of the Simpson index 
(Petanidou,et al. 2008). Both indices range from 0 to 1, 
where 1 equals 100% similarity. The Jaccard index is cal-
culated as:

where a is the number of “shared” species recorded in 
two consecutive months, while b and c are the numbers 
of unique species recorded in each month (thus the index 
is the number of shared species divided by total species 

j =
a

a + b + c

Fig. 3   Examples of three butterflies occurring in the study area. a 
Athyma perius (Nymphalidae), b Parthenos sylvia (Nymphalidae) 
and c Udaspes folus (Hesperiidae)
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richness). The modified Simpson index is calculated by 
dividing the number of shared species by the number of 
species recorded in the month with the lowest number of 
species (d):

Thus, this index distinguishes between changes in spe-
cies richness and changes in species turnover (Koleff et al. 
2003). For example, 96 species were detected in March and 
April, of which 20 were unique to March, 17 were unique 
to April and 59 were recorded in both months. The result-
ing Jaccard index is 0.61, indicating substantial compo-
sitional similarity, while the modified Simpson index is 
higher (0.78) because the large difference in number of spe-
cies between months does not affect the outcome.

We estimated the species richness of each family based 
on the daily samples using first-order jackknife, a nonpara-
metric resampling method using the software EstimateS 
9.1.0 (Colwell 2013). To explore fluctuations in species’ 
numbers we calculated coefficients of variation (CV) from 
the daily catch data, by dividing mean numbers (μ) with the 
corresponding standard deviations (σ).

Results

In total, we observed 26,332 butterflies belonging to 231 
species. Most of the species found (123) belong to the 
Nymphalidae family (Table 1, Online Resource 1, 2). The 
three most abundant species were Euploea mulciber fol-
lowed by Pachliopta aristolochiae and Papilio protenor, 
all of which were observed more than 2500 times. The 
species recorded on most days (>90) was Papilio prote-
nor, followed by Euploea mulciber and Papilio bianor 
(Online Resource 1). At least two species, Euthalia mon-
beigi and E. masaokai were never recorded in Vietnam 

S =
a

d
.

before. Small numbers of most species were recorded, 
including 52 only once and 100 species ≤5 times (Online 
Resource 1). Males dominated, accounting for 81% of all 
the butterflies observed, and all members of 84 recorded 
species, including some abundant species such as Polyura 
dolon, Zemeros flegyas, Lethe confuse, Lethe sinorix, and 
Cyrestis thyodamas (Online Resource 1).

Seasonality

On average 29 species were observed per day, but this 
number varied substantially (Fig.  4a, Online Resource 
1). The numbers were highest in late July and late Sep-
tember, peaking at 77 species on September 19. The most 
species-rich months were July and September (when we 
observed 147 and 143 species, respectively) and the least 
species-rich months were November and April (31 and 
79 species, respectively). Butterfly abundance displayed 
a similar pattern to species richness, with the number 
of observed individuals peaking (at 1064) on 1 Septem-
ber (Fig.  4b, Online Resource 1). As shown in Fig.  5, 
July and September were also the months in which the 
largest percentages of species peaked in abundance (24 
and 20%, respectively, compared to 9–15% in the other 
months). Only 15 species were found in all of the eight 
survey months (Online Resource 1). The similarity indi-
ces showed that there were surprisingly large changes in 
species composition over time; the Jaccard index ranged 
from 0.26 to 0.62 between consecutive months, and the 
modified Simpson index from 0.58 to 0.97 (Fig. 6). Num-
bers of many species fluctuated strongly between days; 
Lamproptera curius, Papilio doddsi, Vanessa indica, 
Athyma cama, and Hestina assimilis most dramatically 
(Online Resource 1). The species richness estimates indi-
cated that we found most species in the study area, except 
members of the two families Lycaenidae and Hesperiidae 
(Table 1; Fig. 7).

Table 1   Numbers of species 
and individuals recorded, by 
family

a According to Monastyrskii and Devyatkin (2015)

Family No. of species 
recorded from 
Vietnama

No. of species recorded 
from northern Vietnama

No. of spe-
cies in this 
study

No. of individuals No. of 
single-
tons

Papilionidae 69 59 36 11,989 2
Pieridae 57 47 27 1067 6
Nymphalidae 418 317 122 13,050 23
Riodinidae 31 18 6 84 1
Lycaenidae 318 160 22 67 9
Hesperiidae 288 193 18 75 11
Total 1181 794 231 26,332 52
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Discussion

Our survey of butterflies in a mountainous area of north-
ern Vietnam (spanning eight months in total) detected 

clear signs of seasonality in the butterfly fauna, with spe-
cies richness peaking in late July and late September. Our 
data also show that males are more readily observed than 
females, and there are large daily fluctuations in the abun-
dance of butterflies (visually observable), especially for 
some species. We also detected a surprisingly high diver-
sity of butterflies in the region and intensive sampling 
efforts are required to detect all species in an area, espe-
cially members of the families Hesperiidae and Lycaeni-
dae. Our study is one of few that present reliable abundance 
data collected over many months in a small area, enabling 
analysis of seasonality patterns in a butterfly community 
in Indochina. Butterflies have been studied in several areas 
of northern Vietnam, particularly Tam Dao National Park 
(Spitzer et  al. 1993; Vu 2009; Vu et  al. 2015). However, 
no previous study to our knowledge has examined the but-
terfly fauna in a limited area so intensively or over nearly 
a complete year. Indeed, our study shows such striking 

Fig. 4   Daily observations of butterfly species (a) and individuals (b). Observe that dates are from 3 June 2014 to 4 April 2015 in chronological 
order

Fig. 5   Proportion of species that peaked in abundance in each survey 
month
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seasonality among butterflies that conclusions regarding 
the abundance and seasonality of specific species may be 
drawn (Online resource 1).

When comparing the checklist of butterflies recorded 
from Vietnam from 2003 to 2015 (Monastyrskii and Devy-
atkin 2003, 2015), the butterfly species known to Vietnam 
have increased dramatically from 992 species in 2003 
to 1181 species in 2015. Intensified studies in the field 
together with taxonomic revisions have contributed to the 
recent high increase in species numbers. Several species 
have also been described new to science from areas close 
to our study area (Uehara and Yokochi 2001; Morita 2002, 
2003; Seki and Saito 2006; Yokochi 2010, 2011, 2012). 
At least seven species (Euthalia bunzoi, E. iva, E. pyr-
rha, E. khambounei, E. bellula,  E. masaokai  and Daca-
lana inorthodoxa) that we recorded have been described 
new to science since 2000 (Yokochi 2011; Monastyrskii 
2012; Monastyrskii and Devyatkin 2015). Euthalia mon-
beigi and E. masaokai were recorded for the first time in 
Vietnam in this study and we could not identify two speci-
mens to any described species. This is surprisingly given 
that many expeditions have searched for new and rare 

butterflies in Lao Cai province and surrounding areas in 
China (Chou 1994; Hill and Monastyrskii 1999; Vu et al. 
2015). Some individuals from the genus Eurema, Euthalia, 
Neptis, and Tajuria, remained difficult to identify to species 
level although they were collected and literature and but-
terfly experts were consulted (Online Resource 1, 2). For 
instance, Euthalia is a species rich genus that deserves fur-
ther investigation in the region and a taxonomic revision is 
impending (Takashi Yokochi pers. comm.). The study area 
with high elevational differences and species from the two 
biogeographic ecozones Palearctic and Indomalaya, might 
still harbour unknown butterfly taxa (Monastyrskii 2007a).

Many previous studies of butterflies in Vietnam inevi-
tably recorded much lower species richness compared to 
our study as they were based on lower sampling intensity 
(Leps and Spitzer 1990; Spitzer et  al. 1993, 1997; Hill 
and Monastyrskii 1999; Vu and Yuan 2003; Monastyrskii 
2007a; Vu 2009, 2011; Vu et al. 2015). Very intense stud-
ies in Northern Vietnam of Cuc Phuong National Park from 
1995 until 1999 revealed 150 species (excluding Lycaeni-
dae and Hesperiidae) (Ikeda et  al. 2002) and 147 species 
over a 5-year study in Tam Dao National Park (Vu et  al. 

Fig. 6   Number of species observed in each month, and number of 
species shared between consecutive months (except April–June, 
because there were no observations in May). The Jaccard and Simp-

son indices reflect similarities in species composition and species 
richness, respectively. The total number of species recorded was 231

Fig. 7   Jackknife species rich-
ness estimates (first order) for 
each butterfly family. Dotted 
line (······) (Nymphalidae), 
dashed line (- -) (Papilionidae), 
dashed line (˗˗ ˗˗) (Pieridae), 
blue/grey (Lycaenidae), red 
dashed line (˗˗ · · ˗˗ · ·) (Hes-
periidae) and black (Riodini-
dae). (Color figure online)
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2015). In 1998 Tordoff et  al. (1999) recorded 199 butter-
fly species in Hoàng Liên National Park along 24 transects 
ranging in altitude from 1000 to 2550 m. In our study, we 
recorded 231 species (191 excluding Lycaenidae and Hes-
periidae) and this is a higher number than any other study 
has reported from a relatively small study area that we are 
aware of in Vietnam. Compared to butterfly communities 
at lower altitudes in Vietnam there are distinct differences 
and members from many genera such as Byasa, Chilasa, 
Delias, Pontia, Ypthima, Limbusa, Chitoria, Sephisa, Hes-
tina, and Dodona were found in our study but are absent at 
lower altitudes. (Ikeda et al. 2002; Monastyrskii 2007a, b).

Many species in Hoàng Liên National Park seem to have 
a very small spatial distribution and seem not to occur in 
our study area or be very rare here (Online Resource 1). 
Some characteristic butterfly species of Hoàng Liên moun-
tain ridge such as members from the genus Aemona, Par-
asarpa, Limenitis, Neptis, Athyma, Tanaecia, and Cynitia 
(all Nymphalidae) were not found in our study (Monasty-
rskii and Hill 1998; Tordoff et al. 1999). Most likely, many 
absent species should have either preference for other habi-
tats/altitudes than we covered in our study or occur in small 
local population sizes with a low detectability that seems to 
be a feature among many tropical butterflies (Spitzer et al. 
1993; Walpole and Sheldon 1999; Bonebrake et al. 2010). 
In agreement with our species richness estimation many 
species from Lycaenidae and Hesperiidae are missing in 
our list but known from the region such as members from 
the genera Zephyrus (Lycaenidae) and Celaenorrhinus 
(Hesperiidae) (Monastyrskii and Hill 1998; Tordoff et  al. 
1999; Morita 2002).

Abundance and seasonality

Species richness and abundance patterns across the year 
depend on multiple factors such as climatic conditions, the 
availability of host plants and floral resources. These fac-
tors might also explain our findings regarding seasonal-
ity in butterfly populations in the region, with activity of 
some species peaking in specific months and surprisingly 
large differences in the composition of the whole butter-
fly community between consecutive months. For example, 
in September there are relatively high temperatures, low 
humidity and many hours of sunshine, which may explain 
the high butterfly abundance and species richness observed 
in this month. Our seasonal pattern is supported by previ-
ous studies suggesting strong seasonality among Vietnam-
ese butterflies in different climatic zones (Monastyrskii 
2007a; Vu and Vu 2015). The observed seasonality pattern 
may be driven largely by low temperatures during winter 
(late November–March) but also variations in life span, 
the availability of host plants and nectar for adult butter-
flies. It is known that the life span of adult butterflies varies 

considerable (Beck 2008), and this might influence detect-
ability and season patterns. Timing of adult emergence is 
an adaptive trait that depends on climate, nectar availabil-
ity, and host plant resources (Spitzer et  al. 1993). Thus, 
seasonal factors, including variability in food resources for 
larvae and nectar availability, may strongly influence pat-
terns of butterfly species richness and abundance in the 
area. During winter, temperatures can fall below freez-
ing and from June to September temperatures and rainfall 
are reaching their maximum in the region (Fig. 2), result-
ing in peak flowering of many tree, shrub, and herb spe-
cies (Suepa et  al. 2016). The abundance of weed species 
adapted to rice paddies also peaks during the rainy season, 
providing additional food resources for butterfly species 
(personal observation). The flora of the region is especially 
rich in tree, shrub and herb species (Fried et al. 2017) with 
many floristic elements characteristic of temperate regions 
and a high proportion of epiphytic orchids (Rundel 1999) 
and shrubs such as Rhododendron spp. (Thin and Harder 
1996). The forests include evergreen broadleaved trees, 
conifers and mixed conifer-broad leaved forest (Thin and 
Harder 1996; Averyanov et  al. 2003), which may explain 
the high levels of butterfly diversity observed. Flower-
ing events of some plant species coincide with patterns in 
the butterfly population, so we suggest that the peaks in 
observed butterfly activity in July and September reflect the 
high accessibility of flowering plants, despite the rather wet 
and humid conditions, in these months.

We found that numbers of many species in the area were 
very low. This might be due to their high mobility, small 
local population sizes or low detectability. Many Pieridae 
and Nymphalidae butterflies are also highly mobile (Ste-
vens et al. 2010), and many species of these families were 
represented in our sample by few individuals which prob-
ably entered the study area from the surroundings. This is 
consistent with expectations of high degrees of exchange 
with species from the surroundings as there is an extremely 
rich variety of habitats and climatic zones, ranging from 
lowland habitats at 200  m.a.s.l. to mountain habitats at 
2600 m.a.s.l., within just 10 km of the study area. Only on 
some days we observed many individuals of highly mobile 
species, which were probably visiting the study area tem-
porarily, perhaps due to favourable weather conditions or 
dense local populations in the surroundings prompting dis-
persal events (Sparks et  al. 2007; Stevens et  al. 2010; Li 
et al. 2013). Other species, such as Teinopalpus imperialis, 
might naturally occur in small population sizes locally, as 
this and other rare species are declining and under threat 
due to their diet specialization and habitat fragmentation 
(Spitzer et  al. 1993). Unpredictable weather events can 
also potentially reduce the size of butterfly populations. 
The study area was hit by severe storms and heavy rains 
from 1st to 14th June 2014, which might partially explain 
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the low abundance of butterflies in June and early July 
(Fig. 4b). Although it is well known that weather influences 
butterfly and moth population sizes (Roy et al. 2001; Fran-
zén and Nilsson 2012), we currently lack information about 
how extreme weather affects butterfly population dynamics 
in tropical and subtropical areas. However, it seems very 
likely that heavy rains and storms increase the mortality of 
caterpillars, pupae and adult butterflies. Measures of daily 
fluctuations in abundance are difficult to interpret, but it 
may be that highly mobile species that often are visiting 
flowers tend to vary most between days, resulting in high 
coefficients of variation in numbers of individuals observed 
per day such as Papilio doddsi, Lamproptera curius, and 
Vanessa indica. The dominance of males in our data also 
reflects well-known difficulties in observing females, rela-
tive to males, possibly because they hide during egg laying 
or because they naturally expose themselves less than males 
who are searching for females (Fromhage et al. 2016).

Sampling requirements and butterfly monitoring

Generally, large charismatic flower-visiting species (such 
as many in the Papilionidae family) are much more detect-
able than small, non-flower-visiting species. Accordingly, 
we detected almost all species in the area from the families 
Papilionidae, Pieridae, and Riodinidae (Fig. 7) and our spe-
cies list includes all species that are considered to be com-
mon in northern Vietnam (Monastyrskii 2007a, b). Most 
species of Papilionidae, Pieridae, and Riodinidae were 
detected after about 10 sampling days. Detection of most 
Nymphalidae species required about 30 sampling days, and 
many members of the Lycaenidae and Hesperiidae families 
apparently remained undetected in the study, as their spe-
cies richness curves did not level out even after 121 days 
of sampling. Lycaenidae and Hesperiidae are known to 
have low detectability because of their small size, localized 
appearance (Kery and Plattner 2007), and strong habitat 
preferences (Spitzer et  al. 1993, 1997). We only recorded 
about 10% of the species known from Northern Vietnam 
from these two families (Table  1). A separate targeted 
study may be required to find all species in the area of these 
families, which are often excluded from ecological studies 
because they are so demanding to study in the wild (Spitzer 
et al. 1993).

Conservation implications

Only three species (Troides helena, T. aeacus, and Teino-
palpus imperialis) are present on both the Convention on 
International Trade in Endangered Species of wild fauna 
and flora (CITES) and the Vietnamese Red List (Vat 2007). 
South East Asia has the highest relative rate of habitat loss 
and degradation in the humid tropics (Koh 2007; Venter 

et al. 2016), and it is urgent to extend the red data book and/
or develop new lists that highlight a number of narrow Viet-
namese endemic butterflies that face a high anthropogenic 
pressure and declining populations (Leps and Spitzer 1990; 
Monastyrskii 2007a). Many South East Asian butterflies 
are endemic to the region and will face global extinction 
if current levels of deforestation and environmental change 
continue (Koh et al. 2004; Koh 2007). Hence, repeated sur-
veys of species richness and abundance are vital for assess-
ing the current status and trends of butterfly communities. 
There are also urgent needs to integrate butterflies into 
conservation programs and use their potential as indicator 
species of habitat degradation and land use intensity (Kre-
men 1992; Fleishman et  al. 2005) and for assessing and 
prioritizing investments in conservation efforts (Bonebrake 
et al. 2010). Surprisingly, very few earlier studies have pro-
vided data that can be used to track responses of indicator 
taxa to environmental changes that are occurring at alarm-
ing rates across South East Asia (Hector et al. 2011; Lin-
denmayer et al. 2012). We hope that our study will provide 
useful baseline data for further studies on butterflies and 
their ecology in the context of environmental change in the 
region, and for conserving both butterfly habitats and the 
butterfly fauna of northern Vietnam.
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