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Abstract. Gunung Ledang, or previously known as Mount Ophir is the highest highland in south Peninsular Malaysia, in 

the state of Johor. Along with its elevations, climate, and vegetation vary. These influence the distribution of flora and 

fauna such as butterfly. The objectives of this study were (i) to document the diversity of butterfly along elevational 

gradients and (ii) to analyze species diversity patterns based on faunistic aspect. To determine spatial distribution, this 

study was conducted at three different altitudes; 1 200 m, 800 m, and 400 m above sea level (a.s.l.). Samplings were 

conducted from May 2014 until Feb 2015. During the eight sampling occasions, two main methods were employed; 

manual collection using the aerial net and baited trapping using rotten fruits. A total of 635 individuals comprising 129 

butterfly species from five families were recorded. The five families were Papilionidae, Pieridae, Nymphalidae, 

Lycaenidae, and Hesperiidae. Nymphalidae was the most well-represented family by 58.1 % species richness and 80.3 % 

abundance. At all elevations, eight species were consistently found. They were: Eurema hecabe, Euploea mulciber, 

Ideopsis gaura, Mycalesis maianeas, Ypthima pandocus, Cirrochroa malaya, Cirrochroa orissa, and Hypolimnas bolina. 

There were highly significant differences (p <  0.001) in the diversity of butterfly species between elevations. The values 

of Shannon Diversity Index (H’) was highest, 4.179 at 400m and lowest, 1.792 at 1 200 m. Meanwhile, the Species 

Evenness Index (E’) at 400 m was 0.660 and at 1 200 m was 0.162. These indicated that lowest altitude (400 m) would 

harbor higher species diversity and more even species distribution compared to the two higher altitudes. Spatially, the 

diversity of butterfly in a highland forest of Malaysia was established, providing a baseline data that would be useful for 

monitoring and conservation of a protected area such as Gunung Ledang National Park. 
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INTRODUCTION 

Johor is a state located in south Peninsular Malaysia and houses the southernmost protected areas of substantial 

sizes, such as Endau Rompin and Gunung Ledang Johor National Park. However, rapid socio-economic 

development in Johor involving infrastructural, inevitably affect and decrease the size of vegetated or forest covers, 

thereby eroding the biodiversity. Currently, there is lack of understanding of the relative values of biodiversity of the 

forests and the overall ecology of forest ecosystems. A database of biodiversity in Johor is much needed to cater for 

effective management and conservation. Among insects, butterfly is a group that had been consistently considered as 

a good indicator to assess the quality of the forest and monitors any environmental changes such as climatic changes 

and forest disturbances [8, 31]. Rapid environmental changes and habitat fragmentation could threaten the richness, 

abundance and distribution pattern of butterfly communities especially threatened butterfly species which has poor 
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dispersal ability and habitat specialization [26]. In general, most butterfly species are affected by the changes in 

environmental parameters such as different elevation and physiography as the distributions of butterfly species are 

often restricted to certain altitudes and plant associations [19]. In Peninsular Malaysia, about half of butterfly species 

were recorded below 762 m above sea level (a.s.l.) whereas only 1/7 could be found above 762 m a.s.l. and the rest 

could occur at both elevations range [5].  

Highland tropical rainforest develops above 1 200 m a.s.l. and experiences lower temperature and more stunted 

vegetation as the elevation increases [33]. The previous study reported butterfly richness decreases as the altitude 

increases due to environmental factors and habitat variables [36, 1]. Nonetheless, the mountain is an area of great 

biological interest as it houses high number of endemic species and is Pleistocene refuges especially for 

invertebrates [22]. For example, some typical montane and endemic species namely Troides andromache, Graphium 

procles, Parantica crowleyi, Delias eumolpe, Dodona elvira and Caltoris kinabaluna could be found in Mount 

Kinabalu at altitudes above 1 000 m a.s.l. [11].   

Being the highest highland in southern Peninsular Malaysia, Gunung Ledang (GL) is home to diverse flora and 

fauna and is a prominent tourist hotspot for hiking activity [14]. The treasures of GL were discovered by several 

research projects and scientific expeditions since the first visit by Alfred Russel Wallace in 1 854 [35]. It contains 19 

species of small mammals [32], 67 birds [2], 88 orchids [42] and 14 insects order [34], including 31 species of 

cicadas [29] and 167 moths [13]. The butterfly fauna of GL has not received much attention as so far there is no in-

depth diversity study conducted. However, a study on Entomotourism (the use of insects as nature tourism product), 

conducted by [25] had successfully reported 27 butterfly species in GL. This paper aims (i) to document the 

diversity of butterfly along elevational gradients and (ii) to analyze species diversity patterns based on faunistic 

aspect. In turn, this documentation would be a baseline data of butterflies in GL and useful for long-term monitoring 

of environmental changes and park management. 

MATERIALS AND METHODS 

Study Area 

Gunung Ledang Johor National Park (GL) was previously known as Mount Ophir. It is located in the 

southernmost part of Peninsular Malaysia, in the district of Ledang (Fig. 1). This mountain was straddled between 

states of Johor and Malacca covering an area of 8 675.2 ha and the highest peak stands at 1 276 m a.s.l. in elevation 

[38]. This old tropical rainforest is part of Gemas formation which occurred in the Triassic era (201 300 000 to 252 

170 000 years ago) [15] with the oldest rock recorded in the northeastern part of GL occurring during Palaeozoic age 

[28]. The forested area is near to oil palm plantations and quarries. The principal forest types in GL are classified 

into four vegetation types, which are lowland dipterocarp forest, hill dipterocarp forest, lower montane, and montane 

ericaceous forests [38]. 

In this study, three sampling sites were determined at different altitudes, the lowest (400 m a.s.l.), middle (800 m 

a.s.l.) and the highest elevations (1 200 m a.s.l.). Samplings were conducted at two sections of GL trails; Trail 1 

(hiking trail) and Trail 2 (roadside trail), located at 02°19’N to 02°22’N by latitudes and 102°34’E to 102°36’E by 

longitudes. Sampling transect in Trail 1 starts from GL’s main office (near the chalet and waterfall) along the hiking 

trail to the highest peak of the mountain. The area is relatively disturbed as the trail was frequently used for hiking 

activity and higher canopy cover. The second collection area is along the rarely used roadside with higher canopy 

openness in Trail 2.  

Data Collection  

Butterflies were surveyed along 2 km transects within the width of 10 m on either side of transects from 09:00 to 

17:00. Two main techniques were employed; manual collection using aerial nets and fruit baits trapping (rotten and 

fermented fruits such as banana and pineapples) [3]. Samplings were conducted over eight visits from May 2014 

until Feb 2015. In the field, butterfly specimens were temporarily kept in the envelopes. In the laboratory, each 

specimen was spread out and pinned on the mounting board. Then, dried in the oven for 1 wk to 2 wk at low 

temperature (45 °C to 50 °C). All butterfly specimens were identified to species using keys in [5]. The collections 

were deposited as reference collection at Repository Room of Centre of Research for Sustainable Uses of Natural 

Resources, Universiti Tun Hussein Onn Malaysia. 
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Data Analysis 

All data were tabulated using spreadsheet software such as Microsoft Excel 2013 (MS Excel) and statistical 

software such as Paleontological Statistics version 1999-2013 (PAST) and EcoSim version 7.72. Species diversity 

was calculated using Shannon Diversity Index (H’) and community similarity was analyzed based on abundance 

data by using Morisita-Horn index [24]. Species Evenness Index (E’) was used to determine the pattern of species 

distribution in an assemblage, scaling 0 to 1, from maximally uneven to perfectly even [23].  

Abundance data were visualized by plotting rank abundance and species accumulation curves. Rank abundance 

curve was used to show species abundance distributions by plotting the species in sequence from high to low 

number of individuals on the x-axis, whereas the abundance of species was displayed in log base 10 on the y-axis 

[24]. The species was rank based on the total number of individuals to indicate commonness to rarity of species [40]. 

Species accumulation curve is the cumulative number of species recorded versus the cumulative abundance of 

individuals through time at three different elevations. It is used to estimate species richness at three different 

altitudes and to indicate how complete the number of species and their relative abundances in the assemblage had 

been sampled. When more species are recorded in the assemblage, the curve will rapidly rise, and when the curve 

reaches asymptote no new species are found and the sampling was considered completed [9].   

The diversity T-test was used to examine the differences in butterflies’ diversity at different elevations by 

comparing the values of Shannon Diversity Index (H’). The p-value was determined to indicate statistical 

significance different. 

  

FIGURE 1. Gunung Ledang is located in the southernmost part of Peninsular Malaysia              
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RESULTS 

A total of 635 individuals comprising 129 butterfly species from five families were recorded in Gunung Ledang 

(GL). Butterfly species richness varied along the three elevations. The highest number of 99 species were recorded 

at the lowest elevation of 400 m a.s.l. At 800 m, 31 species were collected; whereas at 1 200 m, the highest elevation 

37 species were recorded. The composition of butterfly recorded in GL based on family showed Nymphalidae as the 

species-richest family (75 species), followed by Lycaenidae (27) and Pieridae (11). Both Papilionidae and 

Hesperiidae were represented by eight species. Analyzing at different elevations, Nymphalidae had the highest 

species number recorded from each of the three elevations, followed by Lycaenidae as the second. Species number 

from the other three families: Pieridae, Papilionidae and Hesperiidae did not differ significantly when compared 

with the elevations, as they recorded the same number of species except for Pieridae. At 400 m, Pieridae recorded 10 

species, which was higher than the others (800 m and 1 200 m) (Fig. 2). 

 

               FIGURE 2. Family composition of butterfly species at three elevations 

 
Based on the percentage of butterfly abundance recorded in GL, Nymphalidae ranked highest (80 %), followed 

by Pieridae (8 %), Lycaenidae (6 %), Papilionidae (4 %) and Hesperiidae (2 %) from a total of 635 individuals 

sampled. At different elevations, comparing species abundance, Nymphalidae was the most well represented by 69 

% at 400 m, 87 % at 800 m and 86 % at 1200 m. Lycaenidae was the second dominant family represented at 400 m 

by 12 % abundance, whereas Pieridae was on the second at 800 m and 1 200 m by 7 % abundance. However, the 

least dominant family was Hesperiidae at all elevations by only 1 % to 2 % abundance (Fig. 3). 

 

 

FIGURE 3. Percentage of butterfly abundance based on the family at three elevations 
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The rank abundance curve (Fig. 4) indicates three dominant species found at all three different elevations were 

Ypthima pandocus (199 individuals), Ideopsis gaura (60), and Cirrochroa malaya (43). Eight species were common 

to all elevations: Eurema hecabe, Euploea mulciber, Ideopsis gaura, Mycalesis maianeas, Ypthima pandocus, 

Cirrochroa malaya, Cirrochroa orissa, Hypolimnas bolina, and Vagrans egista. About 49 % of species recorded at 

all elevations were accounted by singletons and 19 % are doubletons. The singleton species are Graphium 

agamemnon, Abisara geza and Idmon distanti, whereas the doubleton species such as Pathysa delessertii, Euthalia 

monina and Potantus mingo.   

It is worth noting that at the lowest altitude (400 m), the most abundant species recorded was Cirrochroa malaya 

(Nymphalidae) with 15 individuals. This is followed by Elymnias hypermnestra (Nymphalidae) and Graphium 

sarpedon (Papilionidae) with 12 and 11 individuals, respectively. Meanwhile, the dominant species recorded at 800 

m were Ypthima pandocus (28), Ideopsis gaura (11) and Euploea mulciber (11). Interestingly, at the highest 

elevation of 1 200 m, it was common to find Ypthima pandocus with 171 individuals, Ideopsis gaura with 47 and 

Delias ninus, 18. Perhaps these species could be indicators of highlands. Meanwhile, many species were represented 

by singletons accounting for a total of 55 species (49 % of total GL species) recorded at 400 m (such as Prosotas 

nora and Chilades pandava), 17 at 800 m (such as Vindula dejone and Euthalia ipona) and 19 at 1 200 m (such as 

Ragadia makuta and Nacaduba berenice).   

 

FIGURE 4. Rank abundance curve of butterfly at three altitudes 

 
Measures of butterfly diversity at three elevations in GL are tabulated in Table 1. It shows that the lowest altitude 

(400 m) recorded the highest Shannon Diversity Index’s value (H’), 4.169. This is followed by the middle altitude 

(800 m) with H’ value of 2.693. As for the highest altitude of 1200 m recorded the lowest value of 1.775. Similarly, 

analyzing the evenness pattern using Species Evenness Index (E’), the lowest altitude had the highest E’ value of 

0.660, followed by middle altitude with 0.493 while the highest altitude (1 200 m) recorded the lowest E’ value of 

0.164. This indicated that lower altitude has more diverse species with species being more evenly distributed. In 

contrast, higher altitude has lower species diversity with a less evenly species distribution pattern. 

 Comparing Shannon Diversity Index between elevations using diversity T-test, there were highly significant 

differences (p < 0.001) in the diversity of butterfly species between elevations. 
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TABLE 1. Measures of Shannon Diversity Index and Species Evenness Index of butterfly at Gunung Ledang and significant 

difference in butterflies’ diversity among elevations. The significance levels are symbolized by: ns = not significant; * = p < 0.05; 

** = p < 0.01; *** = p < 0.001. 

 

Parameters 
Elevation 

400 m  800 m 1 200 m 

Species abundance 235 99 301 

Species richness 99 31 37 

Shannon Diversity Index 4.179 2.722 1.792 

Species Evenness Index 0.660 0.491 0.162 

Significant difference  

(p-value) between  

   

400 m  ns *** *** 

800 m *** ns *** 

1 200 m *** *** Ns 

  
Between the three elevations (Fig. 5), eight species out of 127 species (6 %) were found at all elevations while 

74 species (57 %) were found only at 400 m, nine species (7 %) at 800 m and 16 species (12 %) at 1 200 m.  The 

degree of overlapping of species was the highest between 400 m and 800 m where 17 species (13 %) overlapped. 

This is followed by overlapping at 400 m and 1 200 m, which was by 16 species (12 %). In contrasts, the 

overlapping of species between 800 m and 1 200 m was the lowest with only 13 species (10 %) recorded. 

 

 
 

FIGURE 5. Overlapping of butterfly species at three different altitudes in GL 

 

Based on Morisita-Horn similarity index, the dendrogram depicts that the species composition in GL was 

clustered into two main clusters (Fig. 6). The composition of butterfly species between 800 m and 1 200 m showed 

the highest similarity with 78.1 % and followed by comparison between 400 m and 800 m recorded 19.4 % 

similarity. On the other hand, species similarity was the lowest between 400 m and 1 200 m with only 3.5 %. 
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FIGURE 6. The dendrogram of butterfly species composition among elevations,  

analyzed using Morisita-Horn Index 
 

Species accumulation curve for elevation 400 m was rising steeply compared to 800 m and 1200 m as it has 

more diverse and even species distribution (Fig. 7). As more individuals are sampled at 400 m, the number of new 

species recorded increased. Whereas, the curve for 1 200 m was initially increasing, but then slowly approaching the 

asymptote as it has less diverse and uneven species distribution. In fact, most of individuals sampled at 1 200 m 

represented common or same species which had already been recorded in the sample.      

 

FIGURE 7. Species accumulation curve of butterfly species at three altitudes 

DISCUSSION 

The number of butterfly species recorded from Gunung Ledang in this study was 129 species from five families, 

representing 12.4 % of total Peninsular Malaysian species (1 038 species recorded, [7]). Since there had been no 

report on the diversity of butterflies, this study forms the first checklist records on butterfly fauna in GL. This 

checklist could be a useful baseline data for future research and as a monitoring tool to study impacts of 

environmental changes including global warming and human activities on the highland.  
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Species recorded in this study are higher than Lojing Highland, Kelantan (27 species) [37] and substantially less 

than the figures recorded from other highlands in Peninsular Malaysia, including Gunung Stong Forest Reserve (146 

species) [41]) and Gunung Tahan National Park (248 species) [16]. Even though the butterfly fauna in this study is 

also lower than those recorded from higher mountains in Borneo such as Gunung Mulu National Park (276 species) 

[12] and Kinabalu National Park (625 species) [11], the species accumulation curves (Fig. 7) especially for 

elevations of 400 m and 800 m still exponentially increased, which suggested that there was an expectation to 

discover more species at each of these elevations with intensive samplings (more individuals sampled, more 

sampling time and larger size of  study areas) [6]. In fact, more than half of the species found in this study were 

singletons and doubletons. It is probably reflected by thoroughness of the sampling effort (sampling area, man 

efforts, and methods), sampling time (some species appear occasionally contributing to low abundance and ecology 

of the species (behavior and conservation status) [21, 23]. 

Considering this as the first relatively intensive study on butterfly fauna in this park, the number of species 

recorded indicated a rich diversity of butterflies. GL has comparatively a low peak of 1 276 m a.s.l. and with a 

relatively small area of 8 675.2 ha. Of the 129 species found in GL, 14 are rare and very rare to Peninsular Malaysia 

and five species were protected by law. The protected species are Idea stolli, Idea hypermnestra, Agatasa calydonia, 

Charaxes durnfordi and Prothoe franck [40]. Meanwhile, the rare species are Amathuxidia amythaon, Zeuxidia 

doubledayi, Athyma abiasa, Rhinopalpa polynice, Agatasa calydonia, Charaxes durnfordi, Laxita thuisto, Hasora 

zoma, Gangara thyrsis and Matapa sasivarna and very rare species such as Arhopala phaenops, Jamides ferrari, 

Tagiades litigiosus and Potantus mingo [5, 17]. 

In this study, the richness of butterfly species was higher at a lower elevation than higher elevation. This pattern 

corresponded with the hypothesis that indicated the species richness of insects peak at the lower elevations [28]. 

Similarly, butterfly species number declined with increasing elevations in the Eastern Himalaya, India due to 

environmental factors and habitat variables [1]. Environmental biotic factors such as abundance and quality of host 

plants, physical characteristic including climate, landscape and elevation, and disturbances both human activities 

and wildfire could influence butterfly’s populations and distribution [4]. The highest elevation at 1 200 m 

experienced low temperature, more humid (foggy), cloudy condition (frequent movement of cloud and less 

sunlight), fewer plant species and dense forest canopy and these could affect butterfly assemblages. Meanwhile, 

diverse vegetations at lower altitude could support more butterfly species and thus, more butterfly species are 

restricted to lowlands [20].  

In term of species diversity and distribution pattern, the highest elevation (1 200 m a.s.l.) had a more uneven 

species distribution due to the presence of dominant species such as Ypthima pandocus and Ideopsis gaura. 

Individuals of these species tended to aggregate in areas with favorable environment and availability of food plants 

could be the reason for the clumped distribution [30]. Meanwhile, wider variation and greater heterogeneity in 

vegetation cover at lower elevations could offer a wide range of habitats for diverse butterfly species [36]. At lower 

elevation, the distribution of butterfly species is more even, probably related to food plant availability and unique 

microclimatic condition [18]. For example, it was observed that mud-puddling activities by large assemblages of 

certain species including Graphium sarpedon, Pathysa antiphates and Pathysa macareus were near waterfalls and 

river banks. The clear areas with a more open canopy or gaps could attract aggregations of diverse butterfly species 

especially Nymphalinae and Charaxinae such as Cirrochroa malaya, Cupha erymanthis and Charaxes durnfordi 

[10].  

CONCLUSION 

From this research, the diversity of butterfly in GL was established, providing a baseline data that would be 

useful for monitoring and conservation. Besides that, the diversity, the pattern of distribution, finding of protected 

and rare species of butterfly in GL are significant found. As for changes in land use near and around foothills of a 

highland like GL would also affect species composition and distribution, especially forest species and species with 

narrow geographical ranges. Therefore, it is important to conserve the biodiversity in GL as it could accommodate 

as refuges for butterfly species in the future and tt is highly possible to discover more new records, endemic and rare 

species for the parks as continuous and intensive studies are conducted. 
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