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Impacts of Selective Logging on Tropical Butterflies in Sabah, Malaysia
M.Sc. thesis submitted by Joseph Tangah, 2000

ABSTRACT

This study investigated the impacts of selective logging on tropical butterflies in the lowland
dipterocarp rainforest of Sabah (Malaysia, Borneo). Walk and point-count transect methods were
used to survey butterflies in unlogged forest and forest that had been selectively logged 10-11 years
previously. The study focused on butterflies in the sub-families satyrinae and morphinae
(Nymphalidae) and the family Riodinidae. A total of 1825 adult butterflies was recorded from 34
species at 80 observation stations on 8km transects repeated four times per month for a period of
one year (March 1999-February 2000). Most of the butterfly species that were present in the
unlogged forest were also present in logged forest. There was little difference in numbers of
individuals or numbers of species recorded in logged and unlogged forest. However Shannon-
Wiener and Simpson’s diversity indices (species evenness) were significantly higher in unlogged
forest than the logged forest, although there was no difference in Margalef’s index (species
richness). These results show that selective logging affected species evenness of tropical butterflies
more than species richness. Vegetation structure in logged forest was significantly different from
that in unlogged forest >10 years after logging. However changes in vegetation structure were only
weakly related to butterfly diversity. There was no strong evidence that selective logging
contributed to the loss of butterfly species with more restricted geographical distributions. Seasonal
effects in terms of monthly rainfall did not relate to seasonal changes in diversity of butterflies, but
there was a relationship with sunshine. Fruit-baited traps were used to investigate vertical
stratification of butterflies in unlogged forest from ground 1o canopy levels. A total of 542
individuals from 40 species were captured in traps. Low-level (2m) traps caught species with more
restricted distributions than medium-level (20m) or high-level (40m) traps (31, 19 and 12 species
repectively). Adult longevity showed that individuals could survive up to 164 days. Movement of
butterflies between traps at different heights was relatively low. Data from traps confirmed that

species of satyrinae can be recorded reliably using ground-based transect techniques.
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Chapter 1 General Introduction

1.1 Tropical Rainforest

Tropical rainforest is a complex community and is probably the most diverse terrestrial
ecosystem on earth, with the greatest numbers of co-existing plant and animal species
(Whitmore 1984; Marshall 1992). The term ‘tropical rainforest’ was first described by
A.F.W. Schimper in 1898, as “evergreen, different in character, at least 30 m high, rich
in thick-stemmed or woody lianas as well as herbaceous epiphytes” (Schimper 1903).
There are two major kinds of tropical humid forest, tropical rainforest and monsoon
forest (Collins et al. 1991). Rainforests occur in per-humid climates where rainfall
occurs throughout the year, although it may not be uniformly distributed. Rainfall in
these areas averages 100mm or more per month, although there may be drier periods in
certain months (Whitmore 1984). Tropical monsoon forest occurs where there are long
dry seasons, usually with more than three months with less than 60mm rainfall (Collins
ef al. 1991).

Globally, there are three major regions of tropical rainforest; South American rainforest
covers the largest area, followed by Southeast Asian rainforest, and African rainforest.
South American rainforest covers an area of approximately four million km?2
concentrated around the Amazon and Orinoco river basins. Indo—Malayan rainforest
occurs in the eastern tropics (SE Asia and NE Australia) and covers approximately 2.8
million km® (Davis ef al. 1995). The smallest tropical rainforest area is the African
rainforest with approximately 1.8 million km?, mainly centred in the Zaire basin of
central Africa. Temperature in these regions is invariably above 18°C, even during the
coldest months, with the exception of some tropical montane forest (Whitmore 1990).
Average temperatures are usually between 25°C and 28°C. There is a strong influence
of the surrounding seas on total rainfall received in these rainforests (Whitmore 1984).
SE Asia is more influenced by the surrounding oceans (Indian Ocean to the West and
South, and the Pacific Ocean to the North—East) compared with the two rainforest
blocks of Western Africa and South America. In this respect, the tropical rainforest of
SE Asia receives more uniformly distributed (on a monthly basis) and higher rainfall
compared with other areas (Whitmore 1984; 1990). The most arid climates in the Indo-
Malayan rainforest are confined to parts of central Burma and Australia.



There are various forest formations within tropical rainforest and monsoon forest
depending on local condiﬁons of soil, topography, climate and groundwater (Collins et
al. 1991). Forest formations differ from one another in physiognomy (forest structure),
and floristic composition (Whitmore 1990). The existing tropical rainforest formations
in SE Asia are lowland mixed-dipterocarp forest, peat swamp and freshwater swamp
forest, heath forest, ultramafic forest, limestone forest, montane forest, mangrove forest,
and beach forest. In Borneo, at least eight major forest formations are recognised
(Whitmore 1984,1990; Ashton 1995). These are:- littoral forest (sandy and rocky
beach, and mangrove vegetation), peat swamp and freshwater swamp forest, lowland
and hill mixed dipterocarp forest, forest on limestohe hills, forest on ultramafic soils,
lower montane forest, upper montane forest, and subalpine woodland. Depending on
the topography, altitude and soil types of a particular locality, there may be a wide range
of variation in term of species richness within each type of these forest formations
(Whitmore 1990).

Borneo is the third largest island in the world and covers a total land area of
approximately 740,000km” within the latitudes of 7°15°N—5°45’S and longitudes
119°15°E-109°15’E.  Tropical rainforest on Borneo is shared by three countries;
Malaysia (States of Sabah -73,710km® and Sarawak ~124,499km?), Indonesia
(Kalimantan —534,490km?), and Brunei —5765 km? (Collins et al. 1991). This study
was conducted in Sabah (4°05'N-7°15°N latitude; 115°05°E~119°30°E longitude)
located at the Northern tip of Borneo (Tangah & Wong 1995).
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Figure 1.1: Map of South East Asia; insert: State of Sabah, Malaysia.

1.2 Biodiversity

Biodiversity can be defined as the variety and variability of plant and animal species
(IUCN/UNEP/WWF 1991). It refers to the range of biological differences within the
living world. Biodiversity is usually defined in terms of species, genes and ecosystems,
corresponding to three fundamental and hierarchically-related levels of biological
organisation (Groombridge 1992). There are three different scales of biodiversity,
namely alpha (), beta (B) and gamma (y) diversity (Heywood & Watson 1995). Alpha
diversity is the local diversity of a given sample representing a community regarded as
homogenous (Whittaker 1977). Beta diversity is a measure of between-area diversity,
which represents the variability in species composition among local sites. Gamma

diversity is regional diversity because it is refers to overall diversity within a large

3



region (Cornell 1985). It is the product of alpha- and beta-diversity (Whittaker 1960,
1972; Harrison et al. 1992; Hutson 1994; Mawdsley 1994), that is:
y=axp

where y = regional species richness, o = local species richness and p = beta diversity.

Although it is difficult to quantify the economic value of biodiversity, the genetic
variation within species, the variety of species, and the existence of diverse and
productive ecosystems are undoubtedly of economic importance (IUCN/UNEP/WWF
1991). One important aspect of biological diversity may be the conservation and
preservation of biological ecosystems to meet needs which are as yet unforeseen (Evans
1976). Biological diversity comprises species richness and species evenness (Begon et
al. 1996). The more species there are and the more nearly even their abundance the
greater the diversity (Pielou 1975). However higher species diversity does not
necessarily entail more endemic species compared with lower species diversity

(Spellerberg 1991).

1.3 Biodiversity in tropical rainforests

Tropical rainforest is probably the richest terrestrial ecosystem ever to have existed
(Marshall 1992). Although it covers only 6% of the carth’s total land area, it contains
approximately half of the world’s animal and plant species, including 70-75% of all
known arthropods (Mabberley 1983). Borneo covers less than 0.2% of earth’s land
surface, yet it contains 5% of all known birds and mammals (MacKinnon ef al. 1996).
This region also contains one of the richest tropical rainforest habitats (Whitmore 1990).
For example, the flora of this region is estimated to comprise 25,000 species of
flowering plants which is about 4-9% of the world’s flora (Whitmore 1984). Within
the state of Sabah rainforests are typically diverse, with some 10,000 species of
flowering plants, 449 species of birds, 189 species of mammals, 89 species of
amphibians and a large number of other plant and animal species (Rajaratnam 1997
Andau 1998). Sabah’s rainforests contain 174 (65%) of 267 species of dipterocarps
found in Borneo, more than half of all Bomean rhododendrons and pitcher plant
species, and perhaps as many as 1,500 of approximately 2,000 Bornean orchids (Wong
1992).



May (1990) estimated more than 750,000 insect species while Hammond {1992)
suggested 950,000 specie;. globally of which over half are in tropical forests (Wilson
1988). In Borneo, there are more than 900 butterfly species (Otsuka 1988), and 8,500
species of moths (Robinson & Tuck 1993). In Sabah there are approximately 103
species of termites (Thapa 1981), whilst, more than half of the 1,711 beetle
morphospecies collected are not known taxonomically (Chung 1999). This high

diversity corresponds with high levels of endemism (Holloway 1987).

The occurrence of high diversity of plants and animals in Borneo may be attributed to
the conducive paleoclimates during the Tertiary (2-65 million years ago) and
Quaternary (up to 2 million years ago) periods (Morley & Flenley 1987), coupled with
the availability of diverse types of natural habitats (ranging from mangrove and other
coastal habitats to the highest mountain between continental Asia and Papua New
Guinea) resulting from recent geological history (Whitmore 1984, 1990; Ashton 1995).
Although tropical rainforests are diverse in species richness, they are among the most
threatened of all habitats because of exploitation of forest for timber and development
(Whitmore 1984; Wilson 1988).

1.4 Forest disturbance

Throughout SE Asia, much forested land area is either being fragmented or converted to
other land uses such as agriculture, human settlement, recreation, amenity or industry
(McNeely ef al. 1995). Cultivation and logging have been practiced for centuries, but
have increased dramatically in the twentieth century (Collins 1990). However, data on
effects of this forest disturbance on insect communities are still lacking (Hill ef al. 1995;
Hamer et al. 1997; Hill 1999). Clear felling and conversion of forested land areas to
agriculture normally leads to a decrease in insect diversity (Holloway 1987; Holloway,
Kirk-Spriggs & Chey 1992). However, less severe disturbance may have only a small
effect on species richness (Wolda 1987) or may increase diversity of insects (Blau 1980;
Janzen 1987; Raguso & Llorente-Bousquets 1990; Wood & Gillman 1998). Selective
commercial logging has been shown to affect insect diversity, in particular affecting
species with more restricted geographical distributions, and thus greater conservation
value (Hill ef al. 1995; Hill 1999).



Selective commercial logging of timbers in SE Asia has led to major destruction of
forested land areas, proBably due to the limited implementation of silvicultural
management systems designed to ensure sustained yields (Poore ef al. 1989; Collins et
al. 1991). In this system, all commercial timber trees (on Borneo, mainly dipterocarps,
Dryobalanops spp., Shorea spp., Parashorea spp., and Dipterocarpus spp.) with a
diameter at breast height (DBH) greater than 60cm are harvested in a single operation
(Poore et al. 1989). Normally the extraction rates of selective logging are relatively
high in Sabah i.e. about 8~15 trees per hectare (Marsh & Greer 1992; Pinard & Cropper
2000). However, although relatively few trees are taken, associated damage can be
severe with up to 80% of remaining trees damaged (Lambert 1992). A major impact of
selective logging is the destruction of canopy, and subsequent invasion of logged areas

by dense re-growth of pioneer trees such as Macaranga sSpp-

Selective logging also causes the removal of topsoil at timber collection areas (log
landings where logs are debarked, stored and loaded on to trucks for removal) and skid
trails (trails used by bulldozers and other heavy machinery to extract logs). This
continuous disturbance of topsoil results in soil compaction and causes removal of soil
nutrients which retards the recovery of vegetation (Nussbaum ef al. 1995; Pinard & Putz
1996). Besides forest floor and canopy disturbance, selective logging also increases the
risk of fire due to a combination of drier conditions, increased presence of dead wood
and greater access by people, who accidentally or deliberately start forest fires (Beaman
et al. 1985; Payne 1996).

The continuous destruction of tropical rainforests in SE Asia may contribute to the
extinction of many invertebrate species (New 1991), and the most affected groups of
insect are likely to be the endemic and highly specialist species (Hill er al. 1995; Spitzer
et al. 1997; Hamer et al. 1997). In 1953 more than 86% of Sabah (then British North
Bomeo) was covered by forest (Collins 1990), but by 1992, only about 45%
(approximately 33,486km”) remained covered by natural forest (Sabah Forest
Department 1992). However, most of these forested areas have been selectively logged,
and the unlogged forests within the commercial production forest reserves in Sabah
decreased by 90% from 1970 to 1995 (Sabah State Government 1998). These figures
show that the tropical rainforest is depleting at a rapid rate. With the exception of
protected forests (approximately 342,216ha or about 9.5% of the total forest reserves in

Sabah), all forested areas on Sabah may be selectively logged within the next decade.



Thus, there is an urgent need to understand the impacts of forest disturbance on the flora

and fauna of these areas.

1.5 Impacts of forest disturbance on insects

It is estimated that over half of global diversity in terms of the number of species is
represented by insects (Stork 1991), and probably Lepidoptera form a rich component
of the tropical rainforest insects. Insects are the most diverse fauna on earth, and
respond to disturbance more rapidly than other fauna, and butterflies in particular are
extremely sensitive to environmental changes resulting from disturbance (Janzen 1987;
Kremen et al. 1993). Comparative studies have been conducted in Sabah on various
invertebrate groups (Burghouts et al. 1992), butterflies (Lim 1996; Hill 1999), moths
(Holloway ef al. 1992; Chey 1994), dung beetles (Davis 1993), termites (Eggleton et al.
1997), ants (Chung & Maryati 1993, 1996) and Coleoptera (Chung 1999), and these
generally concluded a decrease in species diversity following forest disturbance. Table
1.1 summarizes results of studies investigating impacts of different kinds of forest

disturbance on insects in Sabah.

Table 1.1: Type of forest disturbances and their effects on insect groups in Sabah.

Insect group Type of disturbance Effect Reference

Ants Selective logging decrease in species richness Chung & Maryati {1996)

Beetles Selective logging decrease in species diversity Davis (1993)

Beetles Conversion to oil palm decrease in species diversity Chung (1999)
plantations

Butterflies Selective logging decrease in species abundance  Hill (1999)

Butterflies Selective logging no effect on species diversity ~ Willott ef al. {2000)

Moths Conversion to agriculture  decrease in species diversity Holloway et al. (1992)

Moths Forest plantations decrease in diversity Chey et al. (1997)

Termites Selective logging decrease in species diversity Eggleton et al. (1997)

Invertebrates  Selective logging decrease in diversity Burghouts et al. (1992)




1.6 Butterflies in tropical rainforests

Butterflies are ideal for the type of study described here because they are comparatively
easy to sample (Holloway 1984; New 1991; Sparrow ef al. 1994) and their taxonomy is
well known (Spitzer ef al. 1997; DeVries et al. 1997). Therefore, the study of butterfly
assemblages in unlogged and selectively logged forest may be useful to investigate the
impacts of forest disturbance. Several studies have investigated effects of forest
disturbance on tropical butterflies, such as the effects of selective logging (Hill er al.
1995; Hill 1999; Willott et al. 2000), effects of small-scale disturbance (Bowman et al.
1990; Spitzer et al. 1997, Wood & Gillman 1998) and the effects of forest
fragmentation (Daily & Ehrlich 1995).

In general, these studies recorded a loss of species following disturbance, in particular
among those species with restricted distributions (Spitzer et al. 1993; Hill et al. 1995;
Hamer ef al. 1997). However, more data are still needed especially data on the effects
of forest disturbance on foodplants and habitat requirements of butterflies (Hill 1999).
To date, a total of 938 butterfly species has been recorded for Borneo (Otsuka 1988:
Maruyama & Otsuka 1991; Seki er al. 1991; Hauser er al. 1997), which is
approximately 7% of the world fauna of around 13,000 species (Corbet & Pendlebury
1992). This indicates that the Bornean rainforest is an area of high diversity of

butterflies.

This study concentrates on two groups of butterfly, Nymphalidae (subfamilies Satyrinae
and Morphinae) and Riodinidae. These groups were chosen because they are well
known taxonomically, are relatively easy to identify in flight and can be reliably
surveyed from the ground. These groups also contain many species which are forest or
shade dependent and are thus likely to be affected by forest disturbance which opens up

the canopy (Holloway 1984).

This thesis describes the effects of selective logging on tropical rainforest butterfly
assemblages. The study areas include logged forest which was selectively logged in
1988/89, approximately >10 years prior to this study, and unlogged forest within the
largest Protection Forest Reserve-Class I (approximately 428km?) in Sabah, Malaysia.
Chapter 2 describes the methodology and data analysis used in this study. Chapter 3

describes the impacts of selective logging on vegetation structure and butterfly diversity



in selectively logged and unlogged forest. This chapter discusses species diversity of
butterflies in relation to ve-\getation structure, and describes the use of several diversity
indices in measuring species diversity. Chapter 4 describes the biogeographical effects
of logging on tropical rainforest butterflies. Chapter 5 describes the seasonal changes in
butterfly assemblages in unlogged and selectively logged forest. Chapter 6 describes
the vertical distribution of fruit-feeding butterflies using fruit-baited traps at three
different heights (low-2m; medium-20m; and high-40m). Finally, Chapter 7 discusses
the findings of this study and suggests some recommendations for future studies of

tropical rainforests butterflies.



Chapter 2 General Methodology
2.1 Study sites

The study site was located at Danum Valley Conservation Area (DVCA) which is a
Class I (Protection) Forest Reserve covering approximately 428 km’ of undisturbed
forest and surrounded by the Ulu Segama Commercial Forest Reserve (203, 808 ha). It
is situated approximately 80 km west of Lahad Datu, Sabah, Malaysia at 5°01°N;
117°47°E (details of site in Marsh & Greer 1992).

The study was carried out in two different forest areas, unlogged and selectively logged
lowland mixed-dipterocarp forest. The two study areas share the same general
topographic features, with altitudes ranging from about 150m to 230m as.l. The
logging technique used was conventional selective logging where timber trees above
0.6m diameter at breast height (dbh) were cut in a single operation (Poore et al. 1989).
Trees of less than 0.6m dbh were retained as seed-bearing trees and for subsequent
rotation crops. The logged forest was selectively logged in 1988 and 1989, and the
volume of extraction for coupes 1988 and 1989 was 2262.7m> ha and 2728.2m’° ha
respectively (Costa & Karolus 1995). Although only about 7-10% of trees were taken
per hectare, associated damage was severe (Lambert 1992), as heavy machinery was
used where bulldozers and tractors used skid trails (networks of bulldozer paths) to
extract logs, and at the log landings (timber collections or log yarding areas) where logs
were debarked, stored and loaded on to trucks for removal (see Chapter 1). The study
area receives average mean annual rainfall of 2822mm with a mean annual temperature

of 26.7°C (Marsh & Greer 1992, Walsh 1996).
2.2 Butterfly survey methods

Prior to the study, I spent three months familiarising myself with the butterfly fauna of
the area. Most of the species under investigation can be identified in flight or when
perched on vegetation. However some species cannot easily be identified on the wing
and I attempted to catch those individuals when possible. Nevertheless, in two cases,
species could not be separated in flight (Mycalesis anapita and M. patiana) and these

cases were combined for analysis. Individuals that were not seen clearly were recorded
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as unidentified. Voucher specimens were taken during the study and these specimens

will be kept in the entomology collection of the Forest Research Centre, Sandakan.

The species richness, abundance and evenness of butterflies in the two habitats
(unlogged and selectively logged forest) were assessed by surveying species along trails
and paths. Two transects were set up in each of the two habitats (four transects in total)
and each transect had 20 observation stations (total of 80 stations in the study).

Location of the study area is shown in Figure 2.].



Figure 2.1: Location of study areas (after Hill 1999), transects 3 & 4 located in
selectively logged forest and transects 1 & 2 in unlogged forest. Year refers to year of
logging. All areas west of Segama River lie within unlogged forest (DVCA). Star

indicates the location of the Danum Valley Field Centre.

Each observation station was 100m apart and the total length of each transect was 2km
(total of 8km). Butterflies were recorded on transects by using walk and point-count
methods (Hill ef al. 1995; Hamer ef al. 1997; Hill 1999). Surveys were carried out four
times a month, by two observers (myself and M. Dawood) on each transect (2 repeats
per observer) from March 1999 - February 2000. Following Hamer e al. (1997), data
were then summed for the four repeats each month. Total numbers of butterflies
recorded at each station include all butterflies seen within Sm of the path, while the

recorder walked at a constant pace of approximately 1.2km per hour between stations.
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Butterflies seen within in 10m radius of each station during a 5 minutes period were

also recorded.
2.3 Measuring vegetation structure

In order to relate any changes in butterfly diversity to changes in vegetation structure
following logging, a total of seventy-seven measurements from 14 variables were
recorded at every station (see Chapter 3). These data were then analysed using a
principal component analysis (PCA) to produce a small number of independent factors
from a large group of closely correlated variables, ahd relate these factors to butterfly
diversity. In addition, daily rainfall and sunshine data throughout the study period were

obtained from the meteorological station at Danum Valley Field Centre.
2.4 Fruit-baited traps

The vertical distribution of fruit-feeding butterflies was investigated using a tree
platform constructed around a Shorea johorensis tree in primary forest approximately
lkm from the field station. Two butterfly traps were fixed at 40m (high-traps); two at
20m (medium-traps) and two at 2m (low-traps). The design of the butterfly traps is

shown in Figure 2.2.
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Figure 2.2: A butterfly trap.

Traps were deployed for 14 days continuously every month (March 1999 - February
2000). Two bananas were put on the lower plate of the traps on the first day of the
trapping period and fresh fruit was then added every second day. Occasionally, the fruit
became too dry or was taken, and on these occasions it was replaced with fresh banana.
Data collections were carried out each day at 16.00~18.00h. All butterflies captured
were marked on the underside of the forewing with a permanent coloured marker
according to height of capture (green for 40m, blue for 20m and red for 2m). Butterflies
recaptured at a different height from where they were originally caught were given an
additional mark for that height. Large butterflies were individually numbered, whereas
the small ones were marked with a dot. Specimens for unidentified species such as
Tanaecia spp. and FEuthalia spp. were taken for subsequent identification in the

laboratory.
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2.5 Statistical Analyses "

Statistical analysis and data manipulations were carried out using Microsoft Excel,
Statistics Package for Social Sciences (SPSS) version 6.1 for Windows, and a computer
program on “Species Richness and Diversity” (Henderson & Seaby 1998 version 2).
All data were tested for normality (using Kolmogorov-Smirnov one-sample tests)
before applying parametric statistics. Non-normal data were either transformed
(including arc-sine transformation for percentages) or analysed non-parametrically.
Species diversity was calculated using an array of non-parametric indices that took

account of both species richness and species evenness.
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Chapter 3 Impact of selective logging on vegetation structure and diversity of

tropical rainforest butterflies
3.1 Introduction

Selective logging at Danum Valley follows methods described in detail in Chapter 1,
where all commercial timber trees (on Borneo, mostly dipterocarps) with a diameter at
breast height (dbh) greater than 60cm are harvested in a single operation. Selective
iogging can have a number of different impacts on the forest depending partly on timber
volume extracted, the harvesting system used (in this case conventional selective
logging), the extent of damage to residual trees (such as small trees, saplings and
seedlings), and also damage to the soil (Pinard & Cropper 2000). For example,
bulldozers and other heavy machinery used during the logging operation can remove the
topsoil particularly along skid trails and log landings (see Chapter 1), and also damage a
large portion of remaining vegetation structure when saplings and other non-timber
trees are indirectly smashed or hit by falling logs (Nussbaum ef al. 1995). Apart from
generating logging debris, selective logging also causes the removal of topsoil which
through erosion can reduce the nutrient content of the soil (Nussbaum 1995; Pinard es
al. 2000). Continuous disturbance of topsoil by machinery results in soil compaction,
and retards the recovery of the vegetation (Pinard & Putz 1996). Therefore, forest
disturbance due to selective logging can cause major changes in vegetation structure and

the forest environment (Sayer & Whitmore 1991).

The disturbance caused by commercial selective logging can affect numerous aspects of
forest structure, such as species composition and microclimate (e.g light penetration to
the forest floor, humidity and temperature; Lovejoy et al. 1986). It is likely that changes
in vegetation structure caused by forest disturbance will affect plant species
composition in the logged areas, through changes in canopy cover due to removal of
large timber trees. This in turn is likely to increase the abundance of pioneer trees
which become established in disturbed areas after logging (Corner 1988; Whitmore
1991). Changes in canopy cover are thought to be the main factor determining the
amount of sunlight penetrating to the forest floor. Thus, the formation of gaps and loss
of canopy cover following commercial logging may allow invasion by a wide range of
plant species such as weeds and lianas which may dominate logged areas for many

years (Fox 1976, Chai & Udarbe 1977). Vegetation structure is therefore an important
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factor to measure in order to quantify the degree of forest disturbance in logged areas,
and to compare logged a.nd.'\unlogged forest (Newbery et al. 1996). Vegetation structure
is likely to be an important factor to butterflies because it is likely to affect the
availability of adult and larval resources (Owen 1971; Corbet & Pendlebury 1992; Kooi
et al. 1996). In addition butterflies are known to be sensitive to local weather, light
intensity and humidity in both temperate and tropical regions (Watt ef al. 1968; Owen ef
al. 1972, Ehrlich er al. 1972; Weiss et al. 1987; Pollard & Yates 1993). Therefore
changes in vegetation structure may also directly influence species composition of

butterflies (Owen 1971; Ehrlich & Raven 1964).

Conversion to agriculture and clear felling generally results in decreased insect diversity
(Holloway ef al. 1992) but impacts of less severe habitat modification are less clear
(Wolda 1983; Barlow & Woiwod 1989; Eggleton ef al. 1996; Hill 1999). There are a
growing number of studies describing effects of forest disturbance on butterfly
communities. These studies have shown different results with both decreased and
increased diversity of butterflies in response to disturbance (e.g. Raguso & Llorente-
Bousquets 1990; Bowman ef al. 1990; Kremen 1992; Hill er al. 1995; Spitzer et al.
1993, 1997; Hamer ef al. 1997; DeVries et al. 1997, 1999; Lewis ef al. 1998; Lawton et
al. 1998; Wood & Gillman 1998; Hill 1999; Willott er al. 2000). The aims of this
chapter are as follows,

. To measure vegetation structure in unlogged and selectively logged forest.

. To measure butterfly diversity in unlogged and selectively logged forest over a

period of one complete year.

. To relate changes in butterfly diversity to changes in forest structure.

3.2 Materials and methods
3.2.1 Vegetation data

Transects were established in unlogged and selectively logged forest (total length 8km).
The logged area had been selectively logged >10 years ago, in 1989 (coupe 89) and
1988 (coupe 88). Observation stations were marked at 100m intervals along cach
transect (80 stations in total) and vegetation structure was measured at all stations. Each
station was divided into 4 quadrants and the 2 nearest large (> 0.6m girth at breast

height (GBH)) and small (>0.Im GBH) trees were measured in each quadrant, up to a
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maximum distance of 30m from the station. The total number of trees, circumference at
breast height, point of invefsion (whether the first major branch was above or below the
mid height of the tree; Torquebiau, 1986), height of trees, type of trees
(dipterocarps/non-dipterocarps or Macaranga spp.), and distance from the station of
each of the trees was recorded. Estimated vegetation cover (%) at ground (<2m), mid-
level (2-5m), understorey (5-20m) and canopy (>20m) was recorded by two
independent observers and the mean value was used. Total vegetation density at each
station was also measured using a spherical densiometer (a concave mirror with an
engraved grid and held horizontally; Lemmon 1957). Four densiometer measurements
were taken by 2 independent observers at each station facing north, south, east and west.
These data were used to quantify canopy openness (gaps) where the mean value of the
two recorders was used. All these measurements (summarised in Table 3.1) were used
to calculate 14 variables which were normalized using arc-sine transformation of
percentages and log,, transformation, and analysed by a principal components analysis
(Norusis 1990). Principal component analysis (PCA) is a data reduction procedure used
to analyse variables that are highly correlated. The aim of the PCA was to produce a
small number of independent factors from a large group of closely correlated variables

and to allow ordination of stations with respect to these factors.

18



Table 3.1: List of measurements taken during the study.

Variables Measurement Precision

Vegetation density /canopy openness  Spherical densiometer 1%
(measurement of total vegetation (measured by 2 observers)
cover of the station)

Canopy cover (>20m) Estimated by 2 independent observers 5%
Understorey cover (5—20m) Estimated by 2 independent observers 5%
Mid-level cover (<5m) Estimated by 2 independent observers 5%
Ground cover (<2m) Estimated by 2 independent observers 5%

8 large trees ( >0.6m GBH)
(2 per-quarter)

type Dipterocarp/non-dipterocarp/

Macaranga spp.
point of inversion Above/beiow mid part
girth Measuring tape lem
height Estimated by two observers 5m
distance from station Measuring tape 10cm

§ small trees ( >0.1m GBH)
(2 per-quarter)

type Dipterocarp/non-dipterocarp/

Macaranga spp.
girth Measuring tape lcm
height Estimated by two observers 5m
distance from station Measuring tape 10cm

3.2.2 Butterfly data

Butterflies were surveyed in unlogged and selectively logged forest over one year
(March 1999 to February 2000). Survey techniques followed transect methods used by
Pollard (1977) in temperate forest and the walk and point-count transect methods used
by Hill et al. (1995), Hamer et al. (1997) and Hill (1999) in tropical rainforest.
Butterflies were recorded up to 5m either side of the path while a single observer was
walking at a constant rate between stations, and for 5 minutes at each station. Two
transects were set up in unlogged forest (Transect 1(T1)-west trail, Transect 2(T2)-rhino
trail) and two transects in selectively logged forest (Transect 3(T3)-coupe 89, Transect
4(T4)-coupe 88). All transects were walked by two observers (myself and M.Dawood)
twice every month. Two groups of butterflies were studied; Nymphalidae (subfamilies
Satyrinae and Morphinae) and Riodinidae. These groups were chosen because they
contain many species which are forest or shade dependent (Corbet & Pendlebury 1992),
and can be reliably surveyed from the ground. In addition, these groups are well known

taxonomically, and they are relatively easy to identify in flight. Apart from these
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groups, Idea stolli (Danainae} was included in this study because this species is also

common in closed-canopy forest.
3.2.3 Data analysis

Data for butterflies were analysed using a computer program “Species Richness é.nd
Diversity” (Henderson & Seaby 1998 version 2). Pairwise randomization tests based on
10,000 random samples (Solow 1993) were carried out to test for significant differences
in species richness and evenness. Goodness of fit tests were also carried out to assess
whether species abundance distributions of butterﬂies in logged and unlogged forest
best fitted a log-normal or log-series distribution. This analysis used chi-square tests to
compare observed distributions of species with those predicted from log series and log
normal models. Following Magurran (1988) I used Shannon-Wiener (H’), Margalef’s

and Simpson’s indices of diversity.

Shannon-Wiener index

The Shannon-Wiener index (H’) is an estimate of species diversity which
incorporates richness and evenness into a single measure.
H = ~J3'p Inp
where, p; is the proportion of individuals found in the i species.

Margalef’s index

The Margalef index is an estimate of species richness.
D= -1yInN where,
§ = species number
N = total number of individuals in the sample.

Simpson’s index

Simpson’s index is a measure of species evenness.
D=1/C where
C=2Xp’, and p=(N/Nr)?

Spearman Correlation Cocfficients were used to test whether there was any relationship
between butterfly diversity and vegetation structure (PCA factor scores), in selectively

logged and unlogged forest and on different transects.

20



3.3 Results

3.3.1 Vegetation structure in unlogged and selectively logged forest

A total of seventy-seven measurements of fourteen variables (Table 3.1) were taken at
each observation station in unlogged (see Plate 1) and selectively logged forest (see
Plate 2). These variables were used to measure vegetation structure at both sites. Table

3.2 shows mean values for each variable at both sites.

Table 3.2: Mean scores for fourteen variables relating to vegetation structure in
unlogged and selectively logged forest. Normalized where appropriate by arc-sine
transformation with number of cases =80. Means were compared using t-tests, and

asterisks denote significant differences at 5% (*), 1% (**) and 0.1% (***) levels.

Unlogged forest Logged forest

Variables (40 cases) (40 cases)

Mean Sd Mean Sd
Point of inversion 1.18 0.37 1.05 0.36
Proportion of large dipterocarps* 0.63 0.38 0.46 0.31
Proportion of small dipterocarps* 0.18 0.29 0.08 0.15
% Canopy openness 0.03 0.04 0.03 0.03
% Canopy cover (above 20m)*** 0.41 0.17 0.15 0.12
% Understorey cover (5—20m) 0.68 0.24 0.66 0.20
% Mid-level cover (2-5m)* 0.61 0.19 0.70 0.19
% Ground cover ( <2m) 0.40 0.23 0.45 0.29
Proportion of large Macaranga spp.*** 0 0 0.26 0.33
Proportion of small Macaranga spp.** 0 0 0.12 0.23
Girth of large trees (>0.6m)* 134.28 35.77 117.52 29.55
Girth of small trees (>0.1m) 23.44 4.03 23.02 3.87
Height of large trees*** 32.18 4.87 27.57 5.10
Height of small trees** 8.57 2.04 9.81 1.89
Number of large trees 7.82 0.59 7.98 0.16
Distance to large trees* 0.10 0.03 0.12 0.03
Distance to small trees 0.29 0.07 030 0.09
Factor 1 *** 0.51 0.77 -0.51 0.95
Factor 2 -0.08 1.08 0.08 0.92
Factor 3 -0.007 0.87 0.007 1.13
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Plate 2: Logged forest in the study sites, mostly dominated by pioneer trees such as,

Macaranga spp.
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3.3.2 Principal components analyses (PCA)

The PCA extracted five factors from 14 vegetation variables, which accounted for
66.6% of the variability in the data set. Factors 4 and 5 explained only 13% of the
variance and so were excluded from further analysis: the remaining analyses consider

only factors 1, 2 and 3 (Table 3.3).

Table 3.3: Factors from PCA of vegetation structure. The percentage of variance

explained by each factor (eigenvalue > 1) is shown.

Factor Eigenvalue Percentage of =~ Cummulative
variance percentage
1 4.35 25.6 25.6
2 2.71 15.9 41.5
3 2.06 12.1 53.7
4 1.19 7.0 60.7
5 1.01 6.0 66.6

Factor | accounted for 25.6% of the variance in the data, and increased with increasing
canopy cover, girth and height of large trees and proportion of large dipterocarps, and
with decreasing distance to large trees and decreasing proportion of Macaranga spp.
Therefore a high score for factor 1 could be considered to represent a vegetation
structure characteristic of primary or undisturbed forest (Table 3.4). Factor 2 accounted
for a further 15.9% of the variability of the data set and increased with increasing
understorey cover and height of small trees, and decreasing mid-level cover. Therefore
a high score for factor 2 indicated a vegetation structure characteristic of secondary or
regenerating forest (Table 3.4). Factor 3 accounted for a further 12.1% of the variance
in the data set and was characteristic of forest with low vegetation density (i.e. large
percentage of gaps) and a high density of small trees, particularly Macaranga spp. This
vegetation structure is characteristic of heavily disturbed forest (Table 3.4). There was
a significant difference between logged and unlogged forest in Factor 1 (Table 3.2; t-
test, 1=0.1, df=1, P=0.001). However there was no significant difference between

logged and unlogged in either Factor 2 or Factor 3 (P>0.05 in both cases).
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Table 3.4: Factor weightings from PCA.

Variables Factor | Factor 2 Factor 3
Point of inversion 0.42 0.38 0.02
Proportion of large dipterocarps 0.73 0.16 -0.09
Proportion of small dipterocarps 0.11 0.12 0.03
Canopy openness -0.04 -0.31 0.69
Canopy cover 0.65 0.25 -0.26
Understorey cover 0.00 0.68 -0.29
Mid-level cover -0.10 -0.65 -0.09
Ground cover -0.42 -0.35 0.54
Proportion of large Macaranga spp -0.72 0.17 0.33
Praportion of small Macaranga spp -0.42 0.34 0.58
Girth of large trees 0.80 -0.09 0.11
Girth of small trees 0.11 0.44 0.51
Height of large trees 0.84 0.08 -0.19
Height of small trees -0.12 0.74 -0.05
Number of large trees -0.06 0.20 -0.02
Distance to large trees -0.52 0.25 -0.28
Distance to small trees 0.07 -0.01 -0.76

3.3.3 Species abundance of butterflies in unlogged and selectively logged forest

A total of 1825 individuals of 34 species were recorded during the study of which 902
individuals were recorded in unlogged forest and 923 in selectively logged forest. Ten
individuals (1% of the total) were unidentified due to poor sightings and were not
included in further analyses. Two butterfly species that are difficult to separate in flight
(Mycalesis anapita and M. patiana) were combined for the analysis. Over the study
period, 29 species were recorded in unlogged forest and 30 species in logged forest
(Table 3.5).

In unlogged forest, the highest numbers of individuals recorded (>50) were Ragadia
makuta (367 individuals), Mycalesis anapita/patiana (93), Idea stolli (85), Ypthima
Jasciata (67) and Paralaxita orphna (52). In selectively logged forest, four species
recorded >50 individuals; Ragadia makuta (439), Ypthima fasciata (85), Idea stolli (82)
and Xanthotaenia busiris (85). The numerically dominant species in all transects was
Ragadia makuta with Transect 3 (62%) recording the highest percentage, followed by
Transect 2 (42%), Transect 1 (40%) and 30% in Transect 4 (Table 3.5).

Rank abundance plots for butterflies in unlogged and selectively logged forest are

shown in Figure 3.1. Both unlogged and selectively logged forest were dominated
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numerically by Ragadia makuta which made up of >40% of total individuals in both
habitats. Figure 3.2 shows species accumulation curves in unlogged and selectively

jogged forest on a monthly basis.
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Table 3.5: Butterflies sampled in unlogged (UL) and selectively logged (L) forest.
Data are shown separately for the four transects (T1 & T2 in unlogged forest, T3 & T4

in logged forest).
T T2 UL T3 T4 L Total
(T1 &T2) (T3&T4) (UL&L)

Nymphalidae

Danainae
Idea stolli Fruh. 33 52 85 35 47 82 167

Morphinae
Faunis canens Fruh. 13 7 20 15 7 22 42
Faunis kirata De Nic, ] 0 1 1 0 1 2
Faunis stomphax West. 3 1 4 3 0 3 7
Xanthotaenia busiris Stich. 13 20 33 30 26 56 89
Amathusia phiddipus Linn, 0 0 0 0 1 1 1
Zeuxidia amethystus C&R Fel, 0 1 I 0 0 0 |
Thaumantis odona Fruh. 2 4 6 10 4 14 20
Thaumantis nouredin Fruh. | 0 1 0 0 0 |

Satyrinae
Melanitis leda Linn. 0 1 | 0 1 | 2
Neorina lowii Doubl. 3 12 15 3 6 9 24
Lethe chandica Stau. 0 0 0 1 0 ] 1
Mycalesis anapita/patiana 27 66 93 19 23 42 135
Mycalesis fusca Fruh. 0 0 0 0 ] ] 1
Mycalesis kina Stau. | 4 5 0 0 0 5
Mycalesis dohertyii Fruh. 4 5 9 4 0 4 13
Mycalesis horsfieldi Fruh. 1 4 5 0 0 0 5
Mycalesis orseis Fruh. 2 5 7 5 2 7 14
Mycalesis maianeas A. & U, 3 2 5 6 19 25 30
Mycalesis oroatis Hew. 13 13 26 3 4 7 33
Erites argentina Butl. 15 14 29 14 14 28 57
Erites elegans Butl. 7 8 15 8 i3 21 36
Ragadia makuta Fruh. 136 231 367 320 119 439 806
Ypthima baldus Fruh. 6 12 18 2 7 9 27
Ypthima fasciata Hew. 31 36 67 8 77 85 152
Ypthima pandocus Fruh. 0 1 1 0 2 2 3
Riodiridae
Zemeros flegyas Fruh. 0 1 1 0 1 1 2
Zemeros emesoides Fruh. | 5 6 3 3 6 12
Abisara geza Fruh. 0 0 0 0 2 2 2
Abisara kausambi Benn. 0 0 0 1 0 1 1
Paralaxita damajanti De Nic. 6 5 11 3 2 5 16
FParalaxita telesia Fruh, 8 5 13 6 5 11 24
Paralaxita orphna Boisd. 12 40 52 17 13 30 82
Taxila haquinus Fruh. 1 0 ] 0 1 1 2
Unidentified 2 2 4 4 2 6 10
Number of species 25 26 29 23 25 30 34
Total number of individuals 345 557 902 521 402 923 1825
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Figure 3.1: Proportional abundance plot in unlogged (open bars) and selectively logged

(closed bars) forest.
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3.3.4 Species diversity in unlogged and selectively logged forest

Table 3.6 shows Shannon, Simpson and Margalef diversity indices in unlogged and
selectively logged forest, plus goodness of fit for log-series and log-normal
distributions. Butterfly assemblages in unlogged and selectively logged forest were not
significantly different from either log-series or log-normal distributions (P>0.5 in all
cases). Shannon’s and Simpson’s indices showed significantly higher species diversity
in unlogged forest compared to logged forest (delta=-0.18, P=0.01 and delta=1.06,
P=0.004 respectively), but there was no difference in species richness (Margalef’s
index, delta=-0.14, P=0.76).

Table 3.6: Species diversity of butterflies in unlogged and logged forest. Indices with
asterisks are significantly different (* P<0.05; ** P<0.01).

Unlogged forest Logged forest
Number of species 29 30
Number of individuals 899 916
Shannon Wiener index (H”)* 2.25 2.07
Standard error (SE) 0.01 0.01
Simpson index** 4.98 3.92
SE 0.58 0.44
Margalef index 4,12 425
SE 0.38 0.38
Fit to log series Yes Yes
Chi-square = 7.03 Chi-square = 3.94
df=8 df=8
P=0.53 P=0.86
Fit to log normal Yes Yes
Chi-square = 4.96 Chi-square = 3.20
df=8 df=38
P=0.76 P=0.92

I also examined differences in species diversity among transects. Shannon-Wiener H’
and Simpson D were significantly lower on Transect 3 (logged forest) than elsewhere
and Simpson D was significantly higher on Transect 4 (logged forest) than elsewhere.
There were no significant differences among transects in Margalef’s index (P>0.1 in all

cases).
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Table 3.7: Diversity indices for each transects. Index values for each measure

followed by different letters are significantly different (P<0.05).

Measurement Transect 1 Transect 2 Transect 3 Transect 4
Number of species 25 26 23 25
Number of individuals 343 556 517 399
Shannon Wiener index 228a 2202 1.67b 2.33a
SE 0.14 0.12 0.14 0.13
Simpson index 532 ac 478 a 253b 6.62¢
SE 0.97 0.66 0.31 0.90
Margalef index 411a 1%a 352a 4.00a
SE 0.44 0.33 0.33 0.43

3.3.5 Relationship between butterfly diversity and vegetation structure

I'used Spearman correlations to investigate relationships between diversity of butterflies
and vegetation structure (PCA-Factors 1-3). Species evenness (Simpson D) and species
diversity (Shannon-Wiener) were negatively correlated with Factor 1 in selectively
logged forest (Simpson: r;=-0.35, P=0.03; Shannon: r,=-0.37, P=0.02). However both
these relationships were quite weak (Figure 3.3 and 3.4) and there were no other

significant correlations with vegetation structure (P>0.05 in all cases).
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Figure 3.3: Species richness (Simpson index) relationship with vegetation structure

(PCA - Factor 1) in selectively logged forest.
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3. 4 Discussion

3.4.1 Collection of data

Walk and point count methods were used to survey butterflies in logged and unlogged
forest (Hill e al. 1995; Hamer ef al. 1997; Hill 1999). The use of this method in
tropical forests has been criticized because of difficulties in species identification
(Walpole & Sheldon 1999). To avoid this problem, I restricted the study to groups of
butterflies that can be reliably recorded from the ground. I also spent three months
familiarizing myself with these butterflies before starting fieldwork. In this study, only
10 individuals (<1%) were unidentified from the total of 1825 individuals sampled. A
total of 384km was walked on transects and time spent sampling was approximately 770
hours (10.00-14.00h on each transect) over a full year (to minimize seasonal effects;
DeVries et al. 1997; Willot et al. 2000). Thus this method resulted in a large and
reliable dataset for comparison between study sites. Some Satyrid butterflies (e.g.
Melanitis leda) would not have been observed during this sampling because they are
crepuscular species (active only during dawn and dusk; Corbet & Pendlebury 1992).
Nevertheless, this is a relatively small number of species and their omission is unlikely

to have had a significant effect on the study.

3.4.2 Impacts of selective logging on vegetation structure

The measurement of vegetation structure was carried out in unlogged and selectively
logged forest in order to quantify the degree of forest disturbance in the selectively
logged area (see Hill 1999). This is also because forest disturbance might affect the
availability of resources to butterflies (Owen 1971). Fourteen variables (see Table 3.1)
relating to vegetation structure were measured for this study. All measurement was
taken as accurately as possible, and estimates of forest cover and heights of tree taken
by two independent observers were generally in close agreement (5-10% of each other).
In addition a densiometer measure for vegetation cover was also taken by two

independent observers to estimate the total vegetation density for all stations.

Comparison of vegetation structure in unlogged and selectively logged forest showed
significant differences in vegetation structure >10 years after logging. Unlogged forest

typically had larger and taller trees (mostly dominated by dipterocarps) with greater
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canopy cover (Whitmore 1990). Previous studies by Nussbaum et al. (1995) on growth
of indigenous trees, and by Pinard et al. (2000) on effect of logging on dipterocarp
forest, both showed that the impacts of selective logging on vegetation structure are still
evident >6 years after logging. The occurrence of a low density of trees, low vegetation
cover at canopy and understorey levels, high vegetation cover at low level and a high
proportion of trees with points of inversion in the lower half of the trunk, are all
characteristics of disturbed forest (Oldemann 1983; Torquebiau 1986; Hill ef al. 1995;
Hamer ef al. 1997; Hill 1999) and were characteristic of selectively logged forest in this
study. The logged forest generally had lower canopy cover and included a high
proportion (25%) of large trees of pioneer species such as those in the genus
Macaranga. Similar changes following logging have been found elsewhere (Fox 1976;
Chai & Udarbe 1977; Nussbaum et al. 1995; Pinard & Cropper 2000; Willott et al.
2000).

3.4.3 Impacts of selective logging on butterfly assemblages

The Shannon-Wiener index (which incorporates richness and eveness into a single
measure) and Simpson’s index (species evenness) both indicated that species diversity
was significantly higher in unlogged forest than in selectively logged forest (Table 3.6).
This result is in agreement with a number of others studies on insects showing decreases
in species diversity in response to selective logging (e.g. Collins 1980; Wong 1986;
Holloway 1987, Holloway et al. 1992; Davis 1993; Chey 1994; Hill et al. 1995; Chung
& Maryati 1996; Chey et al. 1997; Eggleton et al. 1997; Spitzer et al. 1997; Lewis ef al.
1998). However there were no differences found in this study in the number of species,
and Margalef’s index (species richness) also showed no significant difference between
habitats. Thus the main impact of logging was on species evenness rather than species
richness. Comparison among transects showed that Transect 3, in logged forest, had the
lowest diversity and Transect 4, also in logged forest, had the highest. This may be
attributed to the degree of forest disturbance and topography among transects in the
logged forest (Marsh & Greer 1992; Hill 1999). Transect 3 passed through a river
catchment containing areas of less severely logged forest (Douglas et al. 1992), whereas
Transect 4 was in a more heavily disturbed area of forest, as indicated by vegetation

structure.
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The results of this study contrast with some other studies where forest disturbance
resulted in an increase in species diversity of butterflies (Lovejoy et al. 1986; Janzen
1987; Raguso & Llorente-Bousquets 1990; Spitzer et al. 1993; DeVries ef al. 1997;
Wood & Gillman 1998) and with some other studies which suggested that there was no
difference in species diversity between undisturbed and moderately disturbed forest
(Wolda 1987; Willott er af. 2000). Hamer & Hill (2000) found that the recorded
impacts of disturbance on diversity are heavily dependent on the spatial scale at which
data are collected and analysed. The results of the current study support the idea that
whilst disturbance may increase diversity over small spatial scales, diversity at large

scales is decreased by disturbance.

In this study species abundance (Table 3.6) fitted both log-series and log-normal
distributions in both logged and unlogged forest. However in unlogged forest,
abundance fitted the log-normal distribution much better than the log-series. This may
be because the unlogged forest consists of a relatively complex assembly of species
(May 1981; Hill & Hamer 1998). This was also shown by two recent studies in
selectively logged and unlogged rainforest elsewhere (Hill et al. 1995; Hamer ef al.
1997). However in the current study the species abundance distribution of butterflies in
selectively logged forest also fitted a log-normal distribution (Table 3.6). These result
suggest that selectively logged areas in this study may be approaching similar
conditions to those in unlogged forest, provided that there is no further disturbance
(Willott ez al. 2000). However the potential effects of further selective logging are not
known (Pinard et al. 2000).

3.4.4 Relationship between vegetation structure and butterfly diversity

Shannon-Wiener and Simpson’s index were negatively correlated with Factor 1 in
logged forest (Figure 3.3 & 3.4). Although the relationship was weak, it suggests that in
logged forest, butterfly diversity at a small spatial scale increased with increasing
disturbance to the vegetation, as indicated by a low score for Factor 1. This agrees with
the scale-dependent relationship between disturbance and diversity proposed by Hamer
& Hill (2000). The lack of a relationship in unlogged forest probably reflected the
smaller range of values for Factor 1 in that habitat (Table 3.2; variance=0.59 in

unlogged forest, variance=0.90 in logged forest).
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Chapter 4 Biogeographical effects of logging on rainforest butterflies

4.1 Introduction

The Malesian Archipelago is located within the Oriental region, and stretches from
Sumatra in the west to the Bismarck islands (off the north-east coast of New Guinea) in
the east (Figure 4.1). It consists of three faunal sub-regions, Sundaland, Wallacea and
the Australasian region (Cox & Moore 2000). The Malaysian state of Sabah is located
at the northern tip of the island of Borneo, in the biogeographic region of Sundaland,
comprising Sumatra, Peninsular Malaysia, Java, Borneo and their surrounding islets,
which are connected by shallow seas (Otsuka 1988; Cox & Moore 2000).

During the late Pliocene and Quaternary, falling ocean levels exposed land connections
between these major islands and the Asian continent. The formation of these land-
bridges (which were last breached approximately 10,000 years ago) may explain why
the flora and fauna of the Sundaland islands have much in common (Inger 1966;
Whitmore 1984; Morley & Flenley 1987; Ashton 1995). For example, out of 358
species of resident land birds in Borneo, 306 (85%) are shared with Sumatra and 297
(83%) with Peninsular Malaysia. In contrast, Sulawesi (to the east of Borneo), although
very close to Borneo (approximately 100 km), is not part of Sundaland and had no land-
bridge connections, and is separated by deep ocean and has only 63 (26%) bird species
in common (MacKinnon ef al. 1996). Similarly for butterflies, out of 336 species
recorded for Borneo, 209 (62%) are shared with Sumatra whilst only 4 (1%) occur in
Sulawesi (Otsuka 1988).

The pattern and duration of land connections have had other effects on the present
distribution of species and the occurrence of localized endemic forms in Sundaland
(Morley & Flenley 1987). There are a large number of butterfly species that are
endemic to Borneo and thus have high conservation value. It is important to investigate
the geographical distribution of species and also their responses to forest disturbance

such as selective logging (Hill e al. 1995).
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Figure 4.1: Map of South East Asia; dashed line shows the extent of the Sundaland

region.

The geographical ranges of butterfly species are closely related to their life-history
characteristics, and many endemic species are very specialised (Thomas 1991). In
addition, specialized species are generally restricted to dense forest habitats (Thomas &
Mallorie 1985; Hamer et al. 1997; Spitzer ef al. 1997; Lewis et al. 1998). This suggests
that forest disturbance such as selective logging that opens up the canopy (see Chapter
3), may affect butterfly species with narrow geographical ranges (Thomas 1991; Spitzer
et al. 1993; Hill et al. 1995; Hamer et al. 1997, Spitzer et al. 1997; Hill 1999). Recent
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studies by Hill er al. (1995) and Hamer et al. (1997), show that selective logging results
in the lost of species with narrow geographical ranges. Although species loss and
extinction is a natural process (Darwin 1859), it is occurring at a rapid rate particularly
in tropical rainforests, probably because of the rapid loss of natural habitats (Sayer &
Whitmore 1990; Collins et al. 1991; Chapin er al. 2000). Furthermore, tropical
rainforests are very diverse ecosystems with large numbers of rare species, many of
which are likely to be threatened with extinction (Janzen 1987; DeVries ef al. 1997).
The aim of this chapter is to investigate impacts of selective logging on butterflies in the

context of their biogeographical distribution.

4.2 Materials and methods

Butterflies was surveyed along four transects in unlogged and selectively logged forests
(total length 8km). Butterflies were surveyed at 80 observation stations along these
transects.  All transects was surveyed twice by 2 recorders (myself and M.Dawood)
each month (total of 4 repeats per month) using methods described by Hill et al. (1995),
Hamer et al. (1997) and Hill (1999) in tropical rainforest (see Chapter 2 and Chapter 3).
All adults butterflies of the subfamilies Satyrinae, Morphinae, Riodinidae, and Idea
stolli was recorded within a 10m radius of each station and 5m either side of the path

between stations.

Geographical ranges and distribution records of butterflies follow Otsuka (1988). The
study was carried out for twelve months and monthly data were combined for analysis.
Each species was ranked according to its geographical distribution (see Hill ef al. 1995;
Hamer et al. 1997). Species endemic to Borneo i.e. Mycalesis kina, were given the
highest rank (ranked 1), and widespread species such as Melanitis leda, the lowest rank
(ranked 34). No attempt was made to split species with very similar ranges (e.g. species
confined to Sundaland) and these were allocated tied ranks. Table 4.1 gives
distributions of all species recorded during the study, and their ranks.

Habitat preferences in relation to rank were then assessed in terms of the site where
each species attained highest density (Hill e of. 1995; Hamer ef . 1997; Willott er al.
2000). Butterfly species with the same density at both sites were excluded from the
biogeographical analysis (see Hill ef al. 1995). Non-parametric tests, Mann-Whitney Z-
test and Kruskal-Wallis one-way analysis of variance (ANOVA) were used to test
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whether there was any significant difference in biogeographical distribution between

butterflies in logged and unlogged forest.

4.3 Results

4.3.1 Biogeographical distribution of rainforest butterflies

Altogether, 1825 individual butterflies from 34 species were recorded (see chapter 3).
One hundred and thirty-five individuals (7%) of Mycalesis anapita and M. patiana
could not be separated due to difficulties in identifying them in flight and were
combined for the analysis. However their biogeographical distributions are almost
identical and they have the same biogeographical rank (rank 2). Ten individuals (<1%)
were unidentified due to poor sightings, and were excluded from the biogeographical
analysis. There were approximately equal numbers of unidentified individuals in
logged and unlogged habitats, therefore their exclusion from the analysis was unlikely

to affect the results.
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Table 4.1: Butterfly species recorded on transects, with habitats (1-unlogged; 2-
selectively logged), and ranked scores for geographical distribution.

Distribution of species Habitats  Rank

Nymphalidae

Danainae
Idea stolli Java, PEN, SUM 1,2 11

Morphinae
Faunis canens SDL, THA 1,2 18
Faunis kirata PEN, SUM 1,2 2
Faunis stomphax SUM, PAL 1,2 2
Xanthotaenia busiris PEN, SUM, THA 1,2 18
Amathusia phiddipus BUR, THA, IDCH, PEN, PH}, SUL 2 28
Zeuxidia amethystus PEN, SUM, PAL, MIN, BUR, THA 1 23
Thaumantis odona PEN, SUM, Java 1,2 11
Thaumantis nouredin PEN, SUM 1 2

Satyrinae
Melanitis leda Oriental region, Australia, Africa 1,2 34
Neorina lowii PEN, SUM, PAL 1,2 11
Lethe chandica SUM, Java, PEN, PAL, PHI, S China, N India, Taiwan 2 32
Mycalesis anapita/patinana PEN, SUM L2 2
Mycalesis fusca PEN, SUM, Java 2 11
Mycalesis kina Endemic to Bomeo 1 1
Mycalesis dohertyii PEN, SUM 1,2 2
Mycalesis horsfieldi SUM, Java, PAL, Bali, SUL 1 28
Mycalesis orseis PEN, SUM, PAL, BUR, THA 1,2 18
Mycalesis maianeas PEN, SUM 1,2 2
Mycalesis oroatis PEN, SUM, Java 1,2 11
Erites argentina PEN, SUM, Java 1,2 11
Erites elegans PEN, SUM L2 2
Ragadia makuta PEN, SUM, Java L2 11
Ypthima baldus SDL 1,2 18
Ypthima fasciata PEN, SUM 1,2 2
Ypthima pandocus Java, SUM, PEN, PAL, MIN 1,2 23
Riodinidae
Zemeros flegyas PEN, SUM, Java, Sikim, S China, BUR, THA, IDCH,

PHI, SUL 1,2 33

Zemeros emesoides PEN, SUM 1,2 2
Abisara geza PEN, SUM, PAL, Java 2 18
Abisara kausambi Java, PEN, SUM, SUL, PAL 2 28
Paralaxita damajanti PEN, SUM, BUR, THA 1,2 23
Paralaxita telesia PEN, SUM, BUR, THA 1,2 23
Paralaxita orphna PEN, SUM, BUR, THA 1,2 23
Taxila haquinus N India, BUR, THA, PEN, SUM, Java, PAL 1,2 28

The underlined habitat has the highest density of butterflies. Classification and distribution follows
Otsuka (1988). SDL, Sundaland (includes Sumatra, Peninsular Malaysia, Java, Borneo); SUM, Sumatra;
PEN, Peninsular Malaysia; Java,; PAL, Palawan; THA, Thailand; SUL, Sulawesi; PHI, Philippines; MIN,
Mindanao; IDCH, Indo-China; BUR, Burma.

There was no significant difference in biogeographical distributions of butterfly
assemblages in unlogged and selectively logged forest (unlogged, median rank=11,
number of cases=135; selectively logged, median rank=18, number of cases=12; Mann-

Whitney Z-test; Z=-0.75, P>0.46). There was also no significant difference in

38



biogeographical distribution among transects (Kruskal-Wallis one-way ANOVA of
ranks; chi-square=3.27, number of cases=26, P>0.35).

Four species occurred only in unlogged forest from a total of 34 species. These were
the endemic species Mycalesis kina (ranked 1, total individuals (N)=5), plus Mycalesis
horsfieldi (ranked 28, N=5), Thaumantis nouredin (ranked 2, N=1), and Zeuxidia
amethystus (ranked 23, N=1). Five species occurred only in selectively logged forest;
Amathusia phiddipus (ranked 28, N=1), Lethe chandica (ranked 32, N=1), Mycalesis
fusca (ranked 11, N=1), Abisara geza (ranked 18, N=2) and Abisara kausambi (ranked
28, N=1), whilst twenty-five species occurred in both habitats (Table 4. 1).

In this study 22 of the 34 species recorded on transects (>60%) were restricted to
Sundaland (rank 11 or higher in Table 4.1). Eight of these species occurred at highest
density in unlogged forest, whilst seven occurred at highest density in the logged forest.
Two of these species occurred only in unlogged forest (Mycalesis kina and Thaumantis

nouredin), and two only in logged forest (4bisara geza and Mycalesis Jfusca).

4.4 Discussion

The abundances of species may be described in terms of their geographical ranges,
habitat types, and population density within habitats as well as by species richness
(Spitzer et al. 1993). Measures of species diversity give no information on the
composition of the fauna, or its conservation value. In disturbed habitats, species
generally have widespread distribution and broad habitat requirements (Holloway et al.
1992).  Usually species that are sensitive to environmental changes are those with
restricted geographical distribution that occur only in a very limited number of habitats
(Thomas & Mallorie 1985; Thomas 1991; Spitzer et al. 1993; Hill ef of 1995; Hamer et
al. 1997, Spitzer et al. 1997; DeVries et al. 1997; Lewis ef al. 1998). Most common
species are usually widespread and able to disperse in disturbed habitat (Spitzer et al.
1993) unlike the rare species (Hill et al. 1995; Spitzer ef al. 1997).

In this study the biogeographical distribution of butterflies did not differ between
unlogged and logged forest habitats. However, the mean rank for biogeographical
distribution in unlogged forest was slightly lower (although not statistically) than in
logged forest, suggesting that biogeographical distributions of butterflies in unlogged

39



forest showed a trend of more restricted distributions than in the logged forest. For
example, one species that is endemic to Borneo (Mycalesis kina) was only recorded in
the unlogged site, suggesting that endemic species may tend to be lost in disturbed
environments (Lewis ef al. 1998; Gaston 2000). Therefore, this result may suggest that
the probability of losing endemic species is greater in disturbed forests than in
undisturbed forests (Spitzer ef al. 1997). This may be because endemic species have
highly specialised habitat requirements (Thomas 1991; Spitzer et al. 1993; Hill et al.
1995; Hamer et al. 1997). The vulnerablility of endemic species to habitat disturbance
is of great concern given that these species have high conservation value (Hill ef al.
1995, Spitzer et al. 1997; Lewis et al. 1998). Several studies have shown that generalist
species with widespread distributions occur more frequently in disturbed habitat
(Thomas 1991; Spitzer e al. 1993, 1997; Hill ef al. 1995; Hamer ef al. 1997).

However, it should be stressed that this study showed no significant difference in
biogeographical distribution between sites or among transects. This may be because
most of the species recorded (>60%) are confined to Sundaland region and therefore

have narrow geographical ranges.

In summary, the biogeographical distribution of understorey forest butterfly
assemblages generally was not affected by selective logging. However further studies
should investigate if this is also the case for other groups of butterflies in other tropical

regions.
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Chapter 5 Seasonal changes in diversity of tropical butterflies

5.1 Introduction

The responses of insects to seasonal changes have received much attention, particularly
in temperate regions (Dennis 1993; Speight et al. 1999). Insects are sensitive to
changes in temperature and photoperiod (Pollard & Yates 1993) and many species enter
diapause or migrate to avoid unsuitable periods (Dennis 1993). By contrast, tropical
regions are considered to be less seasonal and do not experience marked changes in
either photoperiod or temperature. For example Figure 5.1 shows mean, maximum and
minimum temperature at the study site from March 1999 to February 2000, showing
little variation in temperature (highest =27.0°C and the lowest =25.5°C). Photoperiods
at the study site are also relatively constant throughout the year, 12 hours of sunlight
and 12 hours of dark periods (12L: 12D).

In contrast to temperature and light, many tropical areas show marked changes in
rainfall, particularly those parts of the tropics (e.g. Amazon and Australian rainforest)
with distinct wet and dry seasons (Janzen 1987, Braby 1995). Even tropical regions that
are generally considered to be aseasonal (such as Borneo) can experience significant
changes in rainfall, for example droughts associated with El Nino-Southern Oscillation
(ENSO) events (Walsh 1996).

Figure 5.1: Mean (-0-), maximum (-2-), and minimum (-0-) of monthly temperature
recorded at DVFC from March 1999 ~ February 2000
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There is evidence that some tropical butterflies are highly seasonal with adults present
for only a short period of the year (Owen 1983). There are several studies showing an
increase in species abundance of butterflies during the wet season (Owen 1971; Braby
1995), although some species increase during the dry season (Emmel & Leck 1970;
Jones & Rienks 1987). There are also studies showing that some changes in butterfly
abundance are not related to either wet or dry seasons (e.g. Owen & Chanter 1972;
Braby 1993). In tropical areas where rainfall is generally uniform throughout the year,
seasonality of Lepidoptera may be less obvious (Herbert 1980). However, there is still
a lack of information on seasonal changes in butterflies, particularly in aseasonal
tropical areas, and most studies are conducted only over a short period of time (Spitzer
et al. 1993; Hill ef al. 1995; Hamer ef al. 1997).

Butterflies are sensitive to sunshine (Dennis 1993; Pollard & Yates 1993) and in
tropical regions many adults butterflies are only active during sunny conditions (Corbet
& Pendlebury 1992). Therefore changes in sunshine may also affect tropical butterfly

abundance, although this has not been investigated. The aims of this study are as

follows;

. To investigate seasonal changes in diversity and abundance of tropicat
butterflies.

. To relate changes on total rainfall to changes in sunshine hours on a monthly
basis.

. To relate changes in total monthly rainfall and monthly sunshine to changes in
butterfly diversity.

5.2 Materials and methods

Few butterflies are active during poor weather conditions and therefore no observations
were carried out on rainy days or in bad weather (e.g. Hill ef al. 1995; Hill 1999).
Butterfly surveys were carried out only during good weather. Survey were carried out
on four transects (total length 8km) in selectively logged (Transect 3 & 4) and in
unlogged forest (Transect [ & 2). All transects were surveyed twice by two recorders
(myself and M. Dawood) each month (total of four transects per month). Butterflies
were surveyed at 80 observation stations along the transects. In this study all adults
butterflies in the groups of Satyrinae, Morphinae, Riodinidac and Idea stolli were

recorded within a 10m radius of each station and also 5m either side of the path between
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stations (see Chapter 2). Data for monthly rainfall and sunshine from December 1998
to February 2000 were obtained from a meteorological station at the Danum Valley
Field Centre (DVFC).

Data on rainfall and sunshine were calculated as the total rainfall (mm) and total
sunshine (hours) each month. These data were used to compute eight variables;
monthly rainfall and sunshine in month of survey, rainfall and sunshine in the previous
month, rainfall and sunshine in the previous 2 months, and also rainfall and sunshine 3
months before the survey. These time periods were chosen in order to cover the life
span of adult butterflies seen on surveys and also the development time of larvae giving

rise to adults and seen during the period of survey.

Multiple stepwise regression analysis was used to find out whether there was any
relationship between any of the climate variables and butterfly diversity. Correlations
were carried out to investigate whether there were any relationships among the climate
variables. Following recommendation by Magurran (1988) the Shannon-Wiener index
was chosen for measurement of species diversity recorded on transects because this
measurement incorporates both species richness and species evenness into a single

measure (see Chapter 3 for formula of Shannon-Wiener index).

5.3 Results

5.3.1 Monthly rainfall, sunshine, number of species and individuals

Figure 5.2 shows total monthly rainfall recorded at DVFC from December 1998 until
February 2000. Total monthly rainfall during the study period from March 1999 to
February 2000 was 3334 mm, with a total of 254 rain days and 112 days with no rain.
The highest rainfall during the study pertod was recorded in January 2000 (489.4mm)
and the lowest in September 1999 (144.8mm). Rainfall during the study period was
typically high and was similar to rainfall at the site since 1986 and this was typical of
wet equatorial conditions (Marsh & Greer 1992; Walsh 1996). Compared with rainfall,
monthly sunshine showed less variation during the study period; March 1999 had the
lowest sunshine (89.lhours) and July the highest (183.8 hours). Figure 5.3 shows
monthly sunshine recorded at DVFC from December 1998 until February 2000.
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Figure 5.4 shows the number of butterfly species and individuals recorded each month
in unlogged and selectively logged forest. In unlogged forest, the number of species
recorded each month varied from 9 to 29, and in logged forest varied from 11 to 17
species. The number of individuals recorded varied from 50 to 111 and 52 to 134 in

unlogged and logged forest, respectively.
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Figure 5.4: Number of species (open bars) and individuals (closed bars) recorded per

month in, a.) unlogged forest, b.) selectively logged forest.
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5.3.2 Seasonal effects

In this study there was no significant correlation between total monthly rainfall and
sunshine hours in either the month of study, or 1, 2, or 3 months previously (P>0.05 in

all cases).

Species diversity in selectively logged and unlogged forest was measured using the
Shannon-Wiener index. The relationship between species diversity and monthly total
rainfall at the study area was investigated using stepwise multiple regression. Of the
climate variables investigated, sunshine two and three months before the study were
significantly and negatively related to species diversity. The relationship was very
similar in both sites (unlogged, = 0.56, F9 =23.87, P=0.0003; logged, *=0.73, Fa4
=11.91, P=0.003) and is described by the following equations;

unlogged forest,
diversity = — 0.63 SUN2 (SE=0.0063) — 0.46 SUN3 (SE=0.0018) + 3.47 (SE=0.333)

logged forest,
diversity = — 0.63 SUN2 (SE=0.0007) — 0.55 SUN3 (SE=0.0007) + 2.58 (SE=0.128)
where, SUN2= sunshine hours 2 months previously, and

SUN3= sunshine hours 3 months previously

The relationships between species diversity and monthly sunshine two and three months
before the survey in unlogged and selectively logged forest are shown in Figure 5.5 and
5.6 respectively. There were no other significant correlations between species diversity

and any other of the variables.
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Figure 5.5: Species diversity (measured by Shannon index) versus sunshine three

months previously in unlogged and selectively logged forest.
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Figure 5.6: Species diversity (measured by Shannon index) versus sunshine two

months previously in unlogged and selectively logged forest.
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5.4 Discussion

5.4 1 Seasonal effects on tropical butterflies

Several studies have shown that butterflies are sensitive to climate (Dennis 1993) and
this has been shown to affect the abundance of butterflies, particularly the satyrinae
(Braby 1995). In temperate regions, butterflies are sensitive to temperature and
photoperiod and undergo extended periods during winter when they are inactive and
enter diapause (Pollard & Yates 1993; Dennis 1993). Studies in the temperate regions
also show that butterflies are sensitive to rainfall and also decline during droughts
(Dennis 1993; Sutcliffe et al. 1997).

In the tropics rainfall and sunshine are generally more important to butterflies
particularly in the equatorial tropical forests where temperature and photoperiod are
relatively constant all year round (Otsuka 1988). There are some studies suggesting that
seasonal changes in rainfall may influence butterfly assemblages (Braby 1995; Roskam
& Brakefield 1999), particularly in areas showing marked wet and dry seasons.
However in those part of the tropics where wet and dry periods are not marked
(aseasonal), data are lacking (Hill 1999; Willott et al. 2000). In this study, there were
changes in abundance from month to month but the number of species observed

remained relatively constant.

5.4.2 Relationship between rainfall and butterflies

This study showed that rainfall was not significantly correlated to butterfly diversity.
This contrasts with other studies showing that tropical butterflies are affected by rainfall
(Braby 1995; Kooi ef al. 1996; Hill 1999). However these studies were carried out

during marked droughts or in the seasonal tropics.

Hill (1999) showed that there were significant effects of rainfall on the abundance of
the satyrid butterfly Ragadia makuta during and after prolonged drought associated with
the ENSO event in 1997. This was probably because larval host-plant quality decreased
during drought conditions. Widespread and prolonged drought may also increase the
risk of fire due to a combination of drier conditions, increased presence of leaf litter and
dead wood on the forest floor (Payne 1996).
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5.4.3 Relationship between sunshine and butterflies

In this study sunshine two and three months before the study showed significant
negative correlations with diversity of butterflies. This result suggests that sunshine
two and three months previously may have adversely affected larval host-plant quality
through its effects on local microclimates, particularly humidity. Increased sunshine
may also have adversely affected the reproductive behaviour of shade-dependent
butterflies.

There are other variables (for instance life-history characteristics such as presence of
dormancy and mortality rate) that might influence seasonal changes in the diversity of
butterflies in the tropics, and this has not been investigated. These might explain the
relatively low r* values in this study.
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Chapter 6 Vertical distribution of fruit-feeding butterflies

6.1 Introduction

Insects are an important group for studying the patterns of biological diversification in
tropical rainforests (DeVries ef al. 1997). This is because more than half of all
described species on earth are insects (Groombridge 1992). Globally the destruction of
tropical rainforests is occurring at a rapid rate (Collins ef al. 1991) therefore, the
measurement of species diversity is urgently needed in order to understand tropical
communities and their conservation value (Holloway et al. 1992; DeVries ef al. 1997;
Spitzer et al. 1997). Insects contribute a major role in many tropical rainforest
ecosystem processes such as pollination, decomposition, nutrient cycling, seed

predation, parasitism, and herbivory (Janzen 1987; Bond 1994).

Light is important in determining the distribution of many forest insects and many
insects including butterflies are vertically stratified from the ground to the canopy
(Davis & Sutton 1998). Some studies have suggested that there is a distinctive canopy
fauna and that ground-based surveys miss a substantial component of forest biodiversity
(Hughes e al. 1998; Davis & Sutton 1998). Several studies investigating vertical
stratification in butterflies have demonstrated a distinctive canopy fauna compared with
understorey, probably due to differences in the light environment in the canopy
compared with the understorey (DeVries ef al. 1997, 1999; Beck & Schulze in press).
However, studies on butterflies in the canopy are still lacking, particularly in SE Asian

rainforest (Schulze ef al. in press).

In this study I used fruit-baited traps to sample butterflies in the canopy. This is a
method that allows easy access to the canopy (Barker & Sutton 1997). Butterflies can
be split into 2 guilds depending on whether adults feed on fruit or nectar. Fruit-baited
traps sample species of butterfly that feed on rotting fruit; these species generally
belong to the family Nymphalidae. Approximately 75% of nymphalid species recorded
in Sabah feed on fruit. As far as I am aware, there are no studies on fruit-feeding
butterflies investigating butterfly diversity at different heights above the ground for one
full year in lowland dipterocarp rainforest in SE Asia. The results of this study will
provide baseline data on fruit-feeding butterflies in undisturbed tropical rainforest of
Sabah.
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The aims of this study were as follows;

. To investigate the vertical distribution of fruit-feeding butterflies in primary
rainforest.
. To investigate the biogeographical distribution of fruit-feeding butterflies at

different heights above the ground.

. To investigate the longevity of fruit-feeding butterflies.

. To investigate if ground-based surveys can reliably survey satyrinae and
morphinae butterflies, or whether there are significant numbers of these species

restricted to the canopy.

6.2 Materials and methods

6.2.1 Study site

The study site was located within unlogged lowland primary forest approximately 1km
from the Danum Valley Field Centre. Six traps were fixed at three levels (40m-high
level, 2 traps; 20m-medium level, 2 traps; 2m-low level, 2 traps) from tree platforms
around an emergent Shorea johorensis tree. The low and medium level traps were
under dense canopy cover, whereas the high-level traps were within the canopy and
received higher levels of sunlight (estimated at 70-85% canopy openness). Sunlight

penetration at ground level was minimal (<10%).

6.2.2 Sampling of butterflies

Butterfly traps were operated every month for 14 days each month, from March 1999
until February 2000 (12 months). Traps were baited with two fresh bananas on the first
day of trapping and were re-baited every second day with a small piece of fresh banana.
This ensured that all traps contained a mixture of fresh and well-rotten bait. Traps were

emptied each day between 16.00 and 18.00 hours.

All buiterflies were individually marked on the underside of the forewing with felt-
tipped pen according to trap location. For large butterflies (e.g. Kallima limborgi,
Bassarona dunya, Neorina lowii, Prothoe franckii), each individual was marked with a
unique number. All marked butterflies were then released back into the population

unharmed. FEuthalia spp and Tanaecia spp can only be identified from male genitalia
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(Otsuka 1988) and were not identified to species in this study. These were excluded
from the analyses. All other fruit feeding butterflies that were captured (and recaptured)
were identified to species level, following Otsuka (1988).

6.2.3 Analysis of data

Species diversity of fruit feeding butterflies was calculated using the Shannon-Wiener
index, and Margalef’s and Simpson’s indices following recommendations by Magurran
(1988). The Shannon index incorporates measures of species richness and evenness
into a single measure, Simpson’s index measures species evenness, and Margalef’s
index measures species richness. Longevity of fruit-feeding butterflies was investigated
for the most abundant species which had been individually marked (Bassarona dunya,

Kallima limborgi, and Neorina lowii).

6.2.4 Ranking methods

The biogeographical distribution of butterflies at low-, medium- and high-levels was
assessed in terms of the goegraphical distributions of species. To achieve this, all
species were ranked according to geographical distribution (Otsuka 1988). Species
endemic to Borneo (e.g. Mycalesis kina and Stibochiona schoenbergi) were given the
highest rank (ranked 1), and widespread species such as Melanitis leda, the lowest
ranked (ranked 40). No attempt was made to split species with very similar ranges (e.g.

Sundaland species) and these were allocated tied ranks.

Height preferences of fruit feeding butterflies in relation to rank were assessed in terms
of the location where each species attained highest density. Butterfly species with the
same density at any of the three levels were excluded from the biogeographical analysis.
I used Kruskal-Wallis one-way ANOVA to test whether there was any significant
difference in biogeographical distribution of fruit-feeding butterflies between levels in
terms of rank.
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6.3 Results

6.3.1 Species assemblages of fruit-feeding butterflies

A total of 542 individuals from 40 species were recorded during the one year trapping
period (total of 1008 trap days). Only 8% of total individuals captured were

unidentified and these are unlikely to have affected the results.

In this study 17 species were recorded only at low-level (total individuals=107),
whereas 4 species were recorded only at medium-level and four species only at high-
level (12 and 4 individuals respectively). Thirty-one species were more common at low
traps whereas twenty-three species were more common in medium and high traps.
Table 6.1 shows the number of species trapped at different heights, and their relative

abundance.
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Table 6.1: Number of individuals butterflies (Nymphalidae) captured and recaptured

(shown in brackets) in traps at three different heights (2m-low; 20m-medium; 40m-

high).

Low Medium High Total
Satyrinae
Neorinag lowii Doubl, 68 (126) 1() 0 69 (127)
Coelites epiminthia West. 0 1 0 1
Elymnias dara Dist. 0 0 3 3
Ragadia makuta Fruh. 62 0 0 62
Melanitis leda Linn. 22 (5) 20 (5) 13 (1) 35(11)
Mycalesis anapita Fruh, 3 1 0 4
Mycalesis dohertyii Fruh. 2 0 0 2
Mycalesis horsfieldi Fruh. 0 1 1 2
Mycalesis kina Stau. 4(2) 0 0 4(2)
Mycalesis maianeas A. & U, 5 0 0 3
Mycalesis orseis Fruh. 14 (5) 0 0 14 (5)
Mycalesis patiana Eli, 6(4) 1 0 7(4)
Morphinae
Amathusia phiddipus Linn. 1(1) 4(1) 2 7(2)
Amathusia masina Fruh. 0 0 1 - 1
Amathuxidia amythaon Butl, 0 1 0 1
Zewxidia aurelius Fruh. 1(D 0 0 1{)
Xanthotaenia busiris Stich. 1 0 0 1
Discophora necho C. & R, Fel. 3 0 0 3
Faunis canens Fruh. 1 0 0 1
Faunis stomphax West. 2(1) 0 0 2(1)
Nymphalinae
Cirrochroa tyche Fruh. 1 0 0 1
Cupha erymanthis Dru. 1 0 0 1
Bassarona dunya Fruh, 73 (331) 4D 0 77 (332)
Bassarona teuta Dist. 7 (6) 12 (11) 3(D 22 (18)
Amnosia decora Fruh. 3(D 0 0 3(1)
Kallima limborgi Moo. 30 (50) 3 0 33(50)
Parthenos sylvia Stau. 0 1 0 1
Dophla evelina Fruh. 30 (18) 26 (16) 2() 58(35)
Dichoraggia nesimachus Fruh, 2 50D o 7(2)
Lexias canescens Butl, 2 0 0 2
Paduca fasciata C. & R. Fel. 1 0 0 1
Terinos clarissa Fruh, 2 0 0 2
Stibochiona schoenbergi Hon. 2 0 0 2
Rhinopalpa polynice Fruh, 1 2 0 3
Charaxinae
Prothoe franckii Fruh. 38(22) 14 (2) 1 53(24)
Polyura athamas Roth. & . 0 0 3~ 3
Charaxes bernardus Butl. 0 1 7 8
Charaxes solon Butl. 0 0 5 - 5
Charaxes durnfordi Roth, 5 4 0 9
Agatasa calydonia Fruh. 2 4 0 6
Number of individuals captured 395 106 41 542
Number of recaptures (573) (38) 4) 615)
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6.3.2 Diversity of fruit-feeding butterflies

Table 6.2 shows diversity indices for Shannon-Wiener index, Simpson’s and Margalef’s
indices at each level. Pairwise comparisons using randomization tests based on 10,000
random samples (Solow 1993), showed that there were no significant differences in

species diversity between any of the levels (P>0.05 in all cases).

Table 6.2: Species diversity of fruit-feeding butterflies at three different heights.

Low-level Medium-level High-level
(2m) (20m) (40m)

Number of species 28 19 11

Number of individuals 395 106 41

Shannon-Wiener index, H’ 2.51 2.34 2.06
95% Confidence interval 0.22 0.38 0.14
Simpson’s index 8.87 7.81 6.83
95% Confidence interval 1.92 3.75 5.37
Margalef’s index 5.02 3.87 2.69
95% Confidence interval 1.00 1.07 0.81

6.3.3 Movement of fruit-feeding butterflies between traps at different heights

From 542 individuals captured in traps during the study, there were 615 recaptures
(Table 6.1). Few individuals were recaptured moving between traps at different heights,

but the greatest number was of individuals moving between low traps and medium traps
(Table 6.3).

Table 6.3: Recapture rates amohg low-, medium-, and high-level traps.

Low Mid High
Mid 40 (6.5%) 0 0
High 2 (0.3%) 5 (0.8%) 0
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6.3.4 Biogeographical distribution of fruit-feeding butterflies

The biogeographical distribution of fruit-feeding butterflies at each location was
compared using Kruskal-Wallis one-way ANOVA (Table 6.4). There was a significant
difference in biogeographical distribution of fruit-feeding butterflies at different heights
above the ground (Kruskal-Wallis chi-square= 6.93, n=39, P<0.05). Butterflies trapped
most commonly at low level had the most restricted biogeographical distributions
(median rank=15, number of species=27) and butterflies at high high level the least
restricted (median rank=32, number of species=5). Butterflies trapped most commonly
at medium-level had intermediate values (median rank=26, number of species=7). Two
endemic species recorded in the study were only recorded at the low-level traps;
Mycalesis kina Stau. (see Plate 3) and Stibochiona schoenbergi Hon. Of the 40 species
sampled, 23 species were restricted to the Sundaland region and seventeen species had
widespread distribution (occurring outside the Sundaland region). Table 6.4 shows that
15 of the 23 species with distributions restricted to Sundaland were confined to low-

level traps.

Plate 3: Mycalesis kina Stau., endemic to Borneo. This species was recorded along

transects and also caught in fruit-baited traps.
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Table 6.4: Butterfly species recorded in traps at three different heights (1-low level,
2m; 2-medium level, 20 m; and 3-high level, 40m) and ranked scores for geographical

distribution. Underlined levels show the highest abundance.

Distribution Level Rank
Satyrinae
Coelites epiminthia West. THA, PEN, SUM, Java 2 15
Melanitis leda Linn. Oriental, Australia, Africa 1,2,3 40
Elymnias dara Dist. THA, PEN, SUM, Java 3 15
Mycalesis anapita Fruh. PEN, SUM 1,2 3
Mycalesis dohertyii Fruh. PEN, SUM 1 3
Mycalesis horsfieldi Fruh. SUM, Java, PAL, Balj, SUL 2,3 25
Mycalesis kina Staudinger Endemic to Borneo | 1
Mycalesis maianeas A. & U. PEN, SUM 1 3
Mycalesis orseis Fruh, PEN, SUM, PAL, BUR, THA 1 15
Mycalesis patiana Eliot PEN 1,2 3
Neorina lowii Doub. PEN, SUM, PAL 1,2 3
Ragadia makuta Fruh. PEN, SUM, Java | 3
Morphinae
Amathusia masina Fruh. PEN, Bangka 3 3
Amathusia phiddipus Linn, SDL, BUR, THA, IDCH, PEN, PHI, SUL 1,2,3 25
Amathuxidia amythaon Butl. Oriental, N India, Java, Mindanao 2 32
Discophora necho C& R Fel.  PEN, SUM, Java, PAL, THA 1 15
Faunis canens Fruh, SDL, IDCH, THA 1 I5
Faunis stomphax West, SUM, PAL | 3
Xanthotaenia busiris Stich. PEN, SUM, THA 1 15
Zeuxidia aurelius Fruh. PEN, SUM, THA 1 15
Nymphalinae
Bassarona dunya Fruh. PEN, SUM, Java, PAL 1,2 3
Bassarona teuta Dist, Assam, BUR, THA, PEN, SUM, Jave 1,2,3 27
Cirrochroa tyche Fruh. PHI, PEN, Assam, IDCH 1 27
Cupha erymanthis Drury IDCH, PEN, Java, SUM, S India, BUR, THA, S China 1 32
Rhinopaipa polynice Fruh. India, BUR, THA, PEN, SUM, Java, PHI, SUL L2 27
Ampnosia decora Fruh. PEN, SUM, Java 1 3
Dichoraggia nesimachus Fruh. N India, S China, IDCH, THA, PEN, SUM, Java, PHI 1,2 32
Dophia evelina Fruh, Sri Lanka, India, BUR, THA, PEN, SUM, Java, SUL 1,2,3 27
Kallima limborgi Moore PEN, SUM 1,2 3
Lexias canescens Butl. PEN, SUM | 3
Paduca fasciata C. & R. Fel. PEN, THA, SUM, Java 1 15
Parthenos sylvia Stau. 8 India, SDL, New Guinea, Solomon 2 32
Stibochiona schoenbergi Hon.  Endemic to Borneo 1 1
Terinos clarissa Fruh, PEN, SUM, Java, PAL, PHI 1 15
Charaxinae
Prothoe franckii Fruh, N India, BUR, THA, PEN, SUM, Java, PHI 1,23 32
Polyura athamas Roth. & J. Nepal, India, BUR, THA, S China, IDCH, PEN, SUM, 3 32

Java, PHI, SUL
Agatasa calydonia Fruh. BUR, THA, PEN, SUM, Java, PHI 1,2 24
Charaxes bernardus Butl, India, BUR, S China, IDCH, THA, PEN 2,3 32
Charaxes solon Butl. Oriental region except Java 3 32
Charaxes durnfordi Roth. Assam, BUR, THA, PEN, SUM, Java 1,2 27

(note: For details of place names and map of the Sundaland region, see Chapter 4).



6.3.5 Adult longevity of fruit-feeding butterflies

The three most commonly caught species of fruit-feeding butterflies were used to
investigate adult longevity. These species were Bassarona dunya (total caught=77),
Neorina lowii (total caught=69), and Kallima limborgi (total caught=33). The total
number of recaptures for each species was 54, 46, and 12 individuals, respectively.
Figure 6.1 shows adult longevity of each species in terms of the number of days over
which species were recaptured. Kallima limborgi recorded the greatest longevity
(maximum of 164 days) whereas Bassarona dunya (see Plate 4) and Neorina lowii

(Plate 5) recorded a maximum of 60 and 24 days respectively (see Figure 6.1).

Plate 4: Bassarona dunya Fruh., a frequent visitor to fruit-baited traps.
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Plate 5: Neorina lowii Doub., feeding on fruit in a trap.
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6.4 Discussion

6.4.1 Collection of data

Investigation of the vertical distribution of butterflies is important for studying butterfly
diversity in tropical rainforest (e.g. Wolda 1983; DeVries 1988). Access to the canopy
1s a major problem in surveying butterflies in the canopy, which cannot be done by walk
and count transects. This problem was partially overcome by using trapping methods.
However, fruit traps only trap the guild of butterflies that are attracted to rotting fruit.
Moreover there is no information concerning the distances over which species are
attracted to traps, or if different species are attracted differently to traps. Trapping
methods reduce the problems of identification in the field because all individuals are
captured and more easily identified. Thus fruit-baited traps are the most suitable

technique to sample butterflies in the canopy.

6.4.2 Vertical distribution of fruit feeding butterflies

Some studies have suggested that ground-based surveys will miss a large component of
diversity that is confined to the canopy (DeVries et a/.1997). In this study, of 14 species
recorded on transects, 13 were caught in low level traps (Tables 3.5 and 6.4). However
six species of satyrinae and morphinaec were caught in traps but not recorded on
transects, and four of these were caught above ground level. These data indicate that
whilst ground-based transect techniques can survey satyrinae and morphinae butterflies
fairly reliably, they are likely to miss a component of the fauna that does not occur at
ground level. Species caught in low level traps but not seen on transects may have been
crepuscular (Corbet & Pendlebury 1992), and these species will also be under-recorded -

using walk and point-count transects.

This study showed that low-level traps caught species with more restricted distributions
than either medium- or high-level traps. This result suggests that butterflies at ground
level contain many specialised species with more restricted geographical distributions,
and therefore higher conservation value (Thomas 1991; Hill et al. 1995; Spitzer et al.
1997; Lewis ef al. 1998).



Other studies of fruit-feeding butterflies have shown higher diversity at ground level,
compared with the canopy. (Hughes er al. 1998). This may be because rotting fruit
generally fall to the ground. In this study, 17 of 40 of species (43%) were recorded only
in the low-level traps. However, nine species (23%) were recorded only in intermediate
or in high-level traps (e.g. Elymnias dara, Polyura athamas and Charaxes solon; Table
6.4) indicating that some fruit may normally rot in situ or may often get trapped in the

upper branches.
6.4.3 Adult longevity of fruit-feeding butterflies

In this study, Kallima limborgi recorded the greatest longevity with a maximum of 164
days (approximately five and a half months). Bassarona dunya recorded the second
highest longevity with a maximum of 60 days (eight and a half weeks), and Neorina
lowii recorded a slightly lower longevity at 24 days (three and a half weeks). The
results shown here may be used as preliminary information on longevity of fruit-feeding
butterflies in Sabah. Further studies are needed in order to obtain more comprehensive

information on fruit feeding butterflies in tropical rainforest.

Other studies on longevity of fruit-feeding Nymphalids in highland dipterocarp forest of
Sabah (Beck & Schulze, in press) showed that some butterflies may live up to six
weeks. In neotropical rainforest, a pollen-feeding butterfly Heliconius sp (Heliconiinae)
recorded up to six months longevity (Dunlap-Pianka ef al. 1977). In temperate regions,
adult longevity of some butterflies may be similarly long but only in species where
adults are inactive during the winter (Pollard & Yates 1993). In temperate species
where adults do not enter diapause, adult longevity is generally only 1-2 weeks

(Thomas & Hanski 1997; Thomas ef al. 1998).
6.4.4 Movement of butterflies

In this study, movements of recaptured butterflies between traps at different heights
were minimal. This indicates that species are confined only to certain heights. This
vertical stratification may be maintained by adult resources or other factors such as
distribution of larval host plants (Beccaloni 1997) or predation (Schulze ef al. in press).
Results from this study show that fruit-traps are a good method for sampling in the

canopy. There are few long-term studies such as this, that have sampled in the canopy.
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More research is needed to investigate if habitat disturbance will affects patterns of
vertical distribution (Davis & Sutton 1998).
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Chapter 7 General Discussion
7.1 Impacts of selective logging on butterflies

Tropical rainforests are one of the most diverse ecosystems on earth (Whitmore 1984,
1990; Speight ef al. 1999). However forests are being lost at an increasingly rapid rate
and understanding the impacts of habitat loss and/or modification on forest biota is of
great concern for conservationists (Collins et al. 1991). Tropical insects are particularly
diverse and contribute significantly to the maintenance and stability of tropical
rainforest ecosystems through their roles in pollination, decomposition, nutrient cycling,
seed predation and dispersal, etc. The complexity of tropical rainforest ecosystems and
their response to forest disturbance were discussed in detail in Chapter 1. Among
tropical insects, butterflies have been relatively well studied and their taxonomy is well
known (Corbet & Pendlebury 1992) and so this group was chosen for this study which

investigated the impacts of forest disturbance on butterflies in tropical regions.

In Chapter 2, the need for developing a standardized methodology for monitoring
butterfly assemblages was highlighted. I used a transect method modified from
methods used in temperate regions (Pollard 1977) and surveyed butterflies by using
walk and point-count transect methods. Four transects of 2km length each (total of
8km) were established along existing paths and trails in unlogged and forest that had
been selectively logged 10-11 years previously. By covering a long distance, these
transects represented a wide variety of habitats (e.g. different terrains, undulating
topography, streams, river catchment areas, etc.) found within the study areas. Thus the
study included areas with different vegetation structure and most probably sampled

areas which differed in the availability of resources for adult and larval butterflies.

The main objective of this study was to investigate the impacts of habitat disturbance on
tropical butterflies in Sabah by comparing the species richness and diversity of shade-
dependent forest butterflies in selectively logged and unlogged forest (Chapter 3). In
order to investigate species diversity in different habitats alpha diversity indices
(Shannon-Wiener index, Simpson D and Margalef D) were calculated and these showed
that unlogged forest was more diverse than the logged forest in terms of species
evenness. However there was no difference between habitats in species richness.

Results from this study agree with previous studies indicating that species diversity of
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butterflies decreased in response to moderate forest disturbance (Bowman et al. 1990;
Raguso & Llorente-Bousquets 1990; Daily & Ehrlich 1995; Hill et al. 1995). However
other studies reveal that moderate disrurbance increases species diversity (e.g. Kremen
1992, Pinhiero & Ortiz 1992; Spitzer et al. 1993, 1997; Hamer et al. 1997; Lawton ef al.
1998; Lewis et al. 1998; Wood & Gillman 1998), whilst other studies show no effects
(Willott et al. 2000). It is not yet clear why different studies report qualitatively
different results. This may be due to different studies being carried out in different
region or using different techniques, or due to differences in the degree of disturbance
being investigated. One other possibility that has received little attention is that
differences in results obtained may be a result of the spatial scale over which studies
were carried out. Studies carried out over small spatial scales appear more likely to
report a significant increase in diversity in response to disturbance (Hamer & Hill
2000). This was indicated in my study by the relationship between diversity and
vegetation structure at each station in logged forest (Figure 3.3 and 3.4) and needs

further investigation.

The biogeographical distribution of species in different habitats was investigated in
order to examine the species composition of butterflies and its conservation value, and
this was discussed in Chapter 4. This study showed that endemic species and species
with restricted geographical distributions were equally abundant in logged and unlogged
forest. This differs from other studies which have reported that endemic species are
more vulnerable to habitat disturbance (Spitzer et al. 1993, 1997; Hill ef al. 1995,
Hamer et al. 1997). However, these studies sampled the entire local butterfly
community while my study focused only on understorey species which generally have
relatively restricted distributions. For example, >65% of species recorded in this study
have distributions that are restricted to the Sundaland region. Given that there was no
difference in species richness between unlogged and logged sites in this study, this may
also explain why there was no evidence for species with restricted distribution being

more vulnerable to disturbance.

Another aspect of this study was to investigate seasonal changes in butterflies in relation
to rainfall and sunshine (Chapter 5). Other studies have shown that seasonal changes in
the species composition of butterflies in rainforests are not that great (Orr & Haeuser
1996). In this study there was no strong relationship between butterfly diversity and

rainfall during the year’s study. However there was a negative relationship between the
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amount of sunshine two and three months before the study and butterfly diversity. This
indicated that higher diversity of butterflies corresponded with lower levels of sunshine
during larval development. There is little information on larval development rates or
larval habitat requirements for any tropical butterfly (Corbet & Pendlebury 1992;
Fiedler 1998). However, the amount of sunshine may affect local microclimates,
particularly humidity, and this may affect larval host plant quality. Decreased host plant
quality may affect larval survival, as has been shown in temperate butterflies (Pollard &
Yates 1993} More information is needed on larval development rates of tropical

butterflies and on the importance of changes in local climates on butterfly mortality.

This study showed no effects of rainfall on butterfly diversity. Rainfall during the study
was typical for the study area and although there was some variation from month to
month, the variation was not that great compared with areas within the seasonal tropics
(Braby 1995). However, droughts are occasionally recorded at the study site, associated
with El Nino events (Walsh 1996) and these droughts have been shown to affect
butterfly abundance (Hill 1999).

7.2 Selective commercial logging and vegetation structure

The results presented in Chapter 3, showed that there was a significant difference in
vegetation structure between unlogged and logged forest, showing that the effects of
forest disturbance from selective logging were still evident >10 years after logging. The
unlogged forest was dominated by large trees (generally dipterocarp species) which
were tall and produced greater canopy cover than in logged forest. The logged forest
was more dominated by pioneer trees such as Macaranga spp. Although there were
differences in vegetation structure between logged and unlogged habitats, butterfly
diversity was not strongly related to any of the vegetation variables measured in the
study. This may have been because the impacts of selective logging were not that great
compared with other types of disturbance such as clear felling and conversion of forest
areas to agriculture. In addition, the study sites in logged forest were less than 10km
from a large area of protected, undisturbed forest (Danum Valley Conservation Area;
DVCA). Although there are no data on dispersal rates for any tropical species, it is
possible that butterfly assemblages in the logged areas were supplemented by

individuals from the undisturbed forest. This would increase the diversity of logged
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areas. The conservation value of selectively logged forest may be greater if it includes,

or is close to, areas of undisturbed forest.

7.3 Vertical stratification of fruit-feeding butterflies

Chapter 6 investigated the vertical stratification of butterflies in unlogged forest. This
was to investigate if the ground-based transects used in this study reliably sampled
understorey species. Other studies have suggested that ground-based studies may
underestimate diversity because they do mnot include canopy species (DeVries et al.
1999; Willott 1999). I used fruit-baited traps to gain access to the canopy fauna and to
investigate butterfly assemblages at different heights in terms of diversity and
geographical ranges. I also investigated adult longevity. Fruit-baited traps sample only

nymphalid butterflies whose adults feed on rotting fruit.

In this study butterflies occurring close to the ground (2m) had more restricted
geographical distributions than those at the heights of 20m and 40m from the ground.
Generally there was no significant difference in species diversity (measured by
Shannon-Wiener), species evenness (measured by Simpson’s index), and species
richness (measured by Margalef’s index) of fruit feeding butterflies among the three
different heights, although slightly more species were trapped in ground level traps (31

species) than in upper level traps (23 species).

In this study, vertical stratification was investigated only in unlogged forest. However
the investigation of vertical stratification of fruit-feeding butterflies in logged forest
would also be interesting. Comparison with data from undisturbed forest might give
more comprehensive information and help understand the effects of habitat disturbance
on tropical rainforest butterflies. There is no information on the distances over which
butterflies are attracted to traps or if some species are more attracted to traps than others

(Hughes ef al. 1998). This would provide scope for further investigation in the future.
Trapping data confirmed that understorey butterflies can be recorded fairly reliably

from ground-based surveys, although there was evidence for some species of satyrinae

and morphinae being confined to the canopy.
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7.4 Conservation of insect diversity in Sabah

Butterflies are probably one of the best known groups of insects because of their
colourful appearance and relatively large size. They are relatively easy to sample, thus
making them an ideal candidate for the study of species diversity in tropical rainforests
(DeVries et al. 1997). Probably the most appropriate way of deciding whether or not
conservation measures are needed for a particular insect species or group is to monitor
species abundance and distribution (Speight et al. 1999). Conservation of habitats and
maintaining species diversity within these areas is likely to be the best strategy in

dealing with species loss and species extinction in the depleting SE Asian rainforest.

In order to promote the conservation of insect faunas there is a need to implement insect
diversity policies in tropical regions. There is a need for better protection of insects,
particularly those with higher conservation value such as endemic butterflies. Although
this is not an easy task, cooperation among researchers, policy-makers and the general
public, as well as collaborations with international organisations in promoting
conservation of insects of high conservation value, will be important for conservation of
insect biodiversity in the near future. The legislation on protection of invertebrates 1s
still uncertain in Sabah, as the Wildlife Conservation Enactment of Sabah (see Andau
1998) is still new. This enactment mainly covers vertebrates and to some extent
endangered species of orchids in Sabah. The protection of invertebrates such as insects
and in particular butterflies is still in question. A further revision of this legislation will
enhance the chances of greater protection of insect fauna including butterfly

communities in tropical rainforest of Sabah.

In this study there was evidence that some elements of the butterfly fauna were affected
by selective logging, although the effects were not that great. Given that the timber
industry is a major revenue income for the state of Sabah (Sabah State Government
1998) it is likely that commercial selective logging will continue. In the near future, all
areas of production forest in Sabah will have been selectively logged once. Forests are
due to be selectively logged on a rotation cycle of 35-60 years (Whitmore 1984, 1990).
It is anticipated that the second rotation of logging in Sabah could contribute to a
significant decrease in butterflies. Hence, there is an urgent need to monitor and
conserve sufficient habitats within forest reserves to allow the protection of the large

numbers of flora and fauna dependent on forest. Conversion of forested land areas to
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other land uses such as plantations and agriculture should be discouraged, because this

will almost certainly contribute to a major loss of biodiversity (Holloway ef al. 1992).

We have no choice but to protect the forest environment as much as we can for the
benefit of the present generation and future generations to come. As a saying goes, this
rainforest is not inherited from our ancestors but merely borrowed from our great-
grandchildren. Although this is a very simple statement, we are depending on it; the
dignity of human life is more meaningful than all the sophisticated rules and regulations

of the day.
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