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ABSTRACT 
The butterfly diversity and assemblages at five substations located at the different 
elevations along the Crocker Range Park,  ranging from 396m to 1,891m a.s.l were 
documented in this study. The butterfly samplings were conducted from April to 
December 2019, involving 10 sampling sessions. The butterflies were sampled by 
using 20 baited traps and an aerial net at 20 sampling stations. A total of 727 
individuals were sampled comprising 187 species. Nymphalidae was the dominant 
family at the five substations, which accounted for approximately 53% of the total 
species and 71% of the total individuals recorded, while Ypthima pandocus was the 
dominant species. The highest number of species was recorded at Keningau 
substation (965-1,062 m a.s.l) but the highest number of individuals was recorded 
at Mahua substation (1060-1,249 m a.s.l). Mount Alab substation recorded the least 
number of butterfly species and individuals. The overall pattern indicated that the 
butterfly species and abundance were relatively high at an elevation range of about 
960-1,250 m a.s.l. Keningau substation was the most diverse area as shown by 
Shannon-Wiener Index (H’=2.885), followed by Inobong, Mahua and Ulu Kimanis 
substations. Ten endemic species were sampled in this study with most of these  
found at an elevation above 965 m a.s.l. The information obtained from this study 
would contribute to a better understanding of the elevational diversity pattern of 
tropical biota and also could serve as baseline data for conservation management 
at Crocker Range Park in facing  threats on biodiversity, including global warming. 
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Introduction 
Tropical butterflies have been widely used in ecological studies to assess 
tropical forest disturbance (e.g Dumbrell & Hill, 2005, Hamer et al., 2005; De 
Vries et al., 1997). However, very little information is available on how these 
butterflies react to environmental changes such as an increase in temperature 
in tropical regions. Some studies reported that tropical organisms are 
particularly severely affected by global warming (Corlett, 2011). In temperate 
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regions, there is evidence that organisms are showing habitat shifts or 
expanding their range boundaries (Hughes et al., 2003; Root et al., 2003; Chin 
et al., 2009).  Cooler areas in highlands would potentially  be gradually occupied 
by lowland species as their refuge from increasing temperature. As documented 
in many studies, mountains serve as refuge for many lowland species during the 
Pleistocene (Tchouto et al., 2009; Corlett, 2012). In tropical rainforests, the 
highland area is demarcated at about 1,200m a.s.l (Saw, 2010). 
 
Located on the island of Borneo, which is widely recognised as a biodiversity 
hotspot, Crocker Range Park (CRP) is the largest terrestrial park in Sabah and is 
situated in the northern part of the island. The CRP area consists of a wide 
range of habitats, from lowland to highland. The second highest mountain 
within this park, Mount Minduk Surong, is situated at 2,050m a.s.l, The park 
also harbours many species of flora and fauna (Majit et al., 2011). Therefore, 
it is a suitable area to carry out this study. 
 
There are approximately 944 species of butterflies that have been recorded on 
Borneo (Otsuka, 1988; Otsuka, 2001), of which about 81 species are endemic 
(Aqidah et al., 2020) Most of the species can be found in Sabah. Despite the 
status as the largest terrestrial park in Sabah, no comprehensive information on 
the butterfly diversity and distribution at CRP have been documented and 
reported. Therefore, this study aimed to document the diversity pattern of 
butterflies along the different elevations of CRP. The objectives were to 
investigate the butterfly diversity and to compare the butterfly assemblages at 
different elevations at CRP.  
 
 
Materials and methods 
Study Area 
Crocker Range Park was established in 1984 and covers an area of 139,919 
hectares (latitude 5°07' to 5°56'N and longitude 115°50' to 116°28'E) and falls 
under the management of Sabah Parks (Tuen et al., 2002). The area is 110km 
in length and 15km wide (Majit et al., 2011) and consists of several substations 
located at different elevations (Figure 1). In this study, five of the substations 
located at different elevations were selected as  study sites namely Inobong 
substation (396-533ma.s.l), Ulu Kimanis substation (568-713ma.s.l), Keningau 
substation (Headquarters of Crocker Range Park) (965-1,062ma.s.l), Mahua 
substation (1,060-1,249ma.s.l) and Mount Alab substation (1,784-1,891ma.s.l) 
(Figure 1).  
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Data collection 
Butterfly samplings were conducted in two cycles starting from April - 
December 2019. In each cycle, the five substations were visited once (Table 1). 
Each sampling session was conducted for 10 consecutive days, for a total of 100 
sampling days. At each substation, a one kilometre transect was established 
and divided into 20 sampling stations. The sampling activity was started from  
8.00 am to 3.00 pm. Butterflies were sampled by using baited traps and an 
aerial net. 
  
i. Baited traps technique 
Twenty traps were hung on the tree branches along a one kilometre line 
transect approximately at 50m intervals. The traps were placed at least one 
metre high from the forest floor (DeVries, 1988). Ten traps were baited with 
bananas and the other ten traps were baited with shrimp paste. These were 
placed alternately at the sampling stations. The traps were left overnight and 
checked daily. This technique was used to sample the fruit-feeding guild. 
                                  

St. Inobong 

St. Mount Alab 

St. Mahua 

St. Keningau (CRP 
Headquaters) 

St. Ulu  Kimanis 

Kota Kinabalu 

    Tuaran 

Ranau 

Tambunan 
Papar 

     Keningau 
Beaufort 

Kuala Penyu 

Sipitang 

Figure 1. Map of Crocker Range Park and substations (modified from Suleiman et al., 2017) 
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ii. Aerial netting technique 
The aerial netting technique was applied to sample butterflies that are not from 
the fruit-feeding guild and cannot be caught by the baited trap technique. An 
aerial net was used to catch butterflies within a five metre radius of each  
sampling station along the same transect used for the baited traps. Ten minutes 
were spent on searching butterflies at each station, which involved a one-
person effort. This technique was used to sample butterflies that cannot be 
sampled  using baited-traps. 

 
Table 1. The sampling sessions during the two sampling cycles at the five substations. 

Substation First cycle Second cycle 
Inobong 1-11 April 2019 19-29 September 2019 
Ulu Kimanis 19-29 April 2019 6-16 October 2019 
Keningau 16-26 July 2019 5-14 December 2019 
Mahua 7-17 May 2019 2-12 November 2019 
Mount Alab 24 May-3 June 2019 17-27 November 2019 

 
 

The specimens collected in the field were kept in triangular papers and brought 
to the Institute for Tropical Biology and Conservation (ITBC), Universiti Malaysia 
Sabah for the preservation and identification processes. The butterflies were 
identified based on Otsuka (1988). 
 
Data Analysis 
The butterfly diversity was analysed using the Shannon-Wiener’s Diversity Index 
(H’), Simpson’s Evenness Index (D) and Margalef’s Index ( 𝐷!" ) (Magurran, 
2004). The analyses were performed by using the Paleontological Statistics 
Software (PAST) (Hammer et al., 2001).  

Jaccard's coefficient index (Cj) was used to measure butterfly species similarity 
between the substations. 

Jaccard Similarity index: 

(Cj) = j / (a+b-j), where j = the number of species present at both sites 

 a = the number of species present in site A 

 b = the number of species present in site B 

The Jaccard's index is equal to zero for two sites that are completely different 
and is equal to one for two completely similar sites (Jaccard, 1912). 
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Results and Discussions 
This study focused on the pattern of butterfly diversity and assemblages along 
the different elevations in the rainforest of Borneo. Butterflies are sensitive 
towards subtle changes in their environment which make them an excellent bio-
indicator to assess  environmental changes (Ismail et al., 2018). 

Most of the studies on butterflies in Borneo were conducted in lowland forests 
and very little information is available on their diversity at higher elevations. 
In this study, a total of 727 individuals of butterflies  belonging to 187 species 
from five families (Appendix) were sampled. All of the five families of 
butterflies (Papilionidae, Pieridae, Nymphalidae, Lycaenidae and Hesperidae) 
were recorded from each substation, except for Mount Alab substation which 
recorded only Nymphalidae (Figure 2 and Figure 3). Nymphalidae was the 
dominant family in terms of species richness and the number of individuals at 
all the substations compared to other families. As reported by Tabadepu et al., 
(2008), this family is distributed worldwide and can live in various types of 
habitats.  

 

 
 

Figure 2. The number of individuals according to the families at each  substation. 
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In this study, the overall pattern showed that the butterfly species richness and 
abundance peak at  higher elevations (Keningau and Mahua substations) 
compared to  lower elevations (Inobong and Ulu Kimanis substations) and 
sharply decrease at the highest elevation. As shown in Table. 2, Keningau and 
Mahua substations recorded the highest number of butterfly species (87 and 74 
species, respectively) and also the highest number of individuals (220 and 242 
individuals, respectively). These results indicate that most of the species 
distributed at the elevations range from about 950-1,250m a.s.l. The least 
number of species and individuals were sampled at Mount Alab substation which 
is the highest elevation in this study, where only five individuals from three 
species were recorded (Table 2). Zainol (2017) also reported a low number of 
butterfly species and individuals at this substation. Inobong substation which is 
located at the lowest elevation in this study, recorded the second lowest  
number of species and individuals.  

 
As shown in many studies, species richness and abundance of organisms decline 
with  increasing elevation (Tattersfield et al., 2001; Zhang et al., 2016). On the 
other hand, the `humped-shape’ pattern of altitudinal diversity was reported 
and discussed in several studies (Guo et al., 2013). The environment at a higher 
elevation with low temperature, high  humidity, cloudy and less  sunlight, less  

Figure 3. The number of species according to the families at each  substation. 
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plant species and compact forest canopy could affect the butterfly abundance 
(Ismail et al., 2018). In contrast, a study conducted at Gunung Ledang in 
Peninsular Malaysia found that the number of butterfly species and abundance 
were high at an altitude of 400m, but showed a sharp decrease with  increasing 
altitude (Ismail et al., 2018). The difference in the butterfly diversity pattern 
could be explained by the distribution of their food resources and breeding 
habitat (Jemal & Getu, 2018).  

 
Table 2. The number of species and individuals sampled at each substation 
 

Substation (Elevation, m) No. of species No. of individual 
Inobong (396-533) 59 105 
Ulu Kimanis (568-713) 63 145 
Keningau (965-1062) 87 230 
Mahua (1,060-1,249) 74 242 
Mount Alab (1,784-1,891) 3 5 

 
Based on the result, three species were dominant at CRP namely Ypthima 
pandocus (49 individuals), Ragadia makuta (43 individuals) and Kallima limborgi 
(42 individuals). They  all belong to the family Nymphalidae. Ypthima pandocus 
and Ragadia makuta were found at all the substations except Mount Alab, 
whereas Kallima limborgi was found only at Keningau and Mahua substations, 
but not at the other study sites. Ypthima pandocus was the most abundant 
species and most of the individuals were found at the Ulu Kimanis substation.  
This species is known as an edge species and  is frequently found at the forest 
edge and is fond of high light intensity. Ragadia makuta and Kallima limborgi 
are categorized as forest species and can only be found in shady areas in forests 
(Corbet & Pendlebury, 1992). Both species were found most abundant at higher 
elevations (Mahua substation). This result could explain the habitat preference 
of the butterfly species at CRP.  
 
In the family Lycaenidae, Eooxylides tharis was the dominant species with 18 
individuals, and this species was found at all the study sites except Mount Alab. 
Most of the species was caught at Keningau substation. On the other hand, 
Hasora schoenherr was the dominant species in the family Hespiriidae with 14 
individuals sampled, most of them were found at Mahua substation. All the 
species caught from the family Pieridae and Papilionidae were represented by 
less than 10 individuals. 
 
Interestingly, 10 species that are endemic to Borneo were recorded in this 
study. Most of them were sampled at  elevations above 965m a.s.l, except 
Stibichiona schoenbergi which was also sampled at a lower elevation, while 
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Tanaecia orphne was sampled only at an elevation of 568-713ma.s.l (Ulu 
Kimanis substation). Two out of three species sampled at Mount Alab are 
endemic, namely Elymnias pellucida and Lethe perimede. There were a total 
of 91 species (48.7%) collected as singletons along the different elevations at 
CRP. Most of the singletons were sampled at Keningau substation (30 species, 
16%), followed by Ulu Kimanis substation (22 species) and Mahua substation (21 
species) both of which  accounted for about 11.7% respectively. Ismail et al. 
(2018) also reported that high a proportion (49%) of singletons were recorded 
in their study. Some of the species are considered rare including Agathasa 
calydonia and Rhinopalpa polynice (Corbet & Pendlebury, 1992). This finding 
highlighted the conservation values of butterfly assemblages at different 
elevations at CRP. 
 
Based on the diversity indices, the Shannon-Wiener index showed that three 
substations (Keningau > Inobong > Mahua) were moderately diverse. The similar 
pattern was shown in the Simpson evenness index (Keningau > Inobong > 
Mahua). While the Margalef richness index showed a different pattern (Inobong 
> Ulu Kimanis > Mahua) (Table 3). In general, all the three diversity indices 
showed very little difference among the substations, except for Mount Alab. 
Some studies reported a significant difference in tropical butterfly diversity at 
different elevations (Jemal & Getu, 2018; Ismail et al., 2018). 
 
 

Table 3.  The value of Shannon-Wiener, Simpson and Margalef indices at the substations 
 

Substation Shannon-Wiener 
Index 

Simpson’s Evenness 
Index 

Margalef’s Index 

Inobong 2.826 0.9358 3.971 
Utan Paradise 2.645 0.9134 3.917 
Keningau 2.885 0.9393 3.586 
Mahua 2.812 0.9316 3.753 
Mount Alab 1.332 0.72 1.864 

 
 
Based on  Jaccard's Similarity index, the Keningau  and Mahua substations 
shared the highest species similarity, while the lowest similarity was found 
between Mahua and Mount Alab substations. Due to  very few species recorded 
at Mount Alab, no similarity was found between Mount Alab and other 
substations (Inobong, Ulu Kimanis and Keningau). Based on the values, it can be 
concluded that the species similarity between the substations was relatively 
low, less than 0.25 (Table 4). 
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Table 4. Jaccard's similarity index between the substations. 
 

 Inobong Ulu Kimanis Keningau Mahua Mount Alab 
Inobong - 0.196 0.20 0.187 0 
Ulu Kimanis 0.196 - 0.155 0.142 0 
Keningau 0.20 0.155 - 0.22 0 
Mahua 0.187 0.142 0.22 - 0.013 
Mount Alab 0 0 0 0.013 - 

 
There were only 8 species (4.28%) out of the total 187 species that were found 
at all substations, except Mount Alab. The species are Mycalesis orseis, Ragadia 
makuta, Ypthima fasciata, Ypthima pandocus, Zeuxidia aurelius, Zeuxidia 
doubledayi, Eooxylides tharis and Jamides pura. These species are generally 
not confined to undisturbed habitats (Corbet & Pendlebury, 1992).  

It can be suggested that the butterfly assemblages were different at each of 
the substations, thus might reflect the habitat suitability at different elevations 
of CRP. Some studies suggested that ectothermic organisms such as 
invertebrates could be vastly affected altitudinally by changes in abiotic factors 
such as temperature, humidity and wind speed, along with  biotic factors 
(vegetation and competitions) (Levanoni et al., 2011). At CRP, Mahua and 
Keningau substations have a cooler and more humid environment compared to 
other substations, but there is not much difference in terms of  canopy 
coverage. Chen et al. (2009) reported that upward elevation shifts of moth 
species on Mount Kinabalu are consistent of being responses to  climate change 
observed in the region, either as a direct physiological response to climate or 
as a consequence of altered interactions with other species. Highlands in 
tropical regions and their surrounding lowland habitats represent some of the 
most important locations in the world to maintain biodiversity in  face of 
climate change (Chen et al., 2009). 

 

Conclusion 
From this study, information regarding  butterfly diversity and assemblages at 
different elevations at CRP were obtained. A more comprehensive butterfly 
checklist of CRP was established, which includes the conservation value of the 
species as well as their distribution at CRP. The information would be useful as 
baseline data and  reference for future research. More importantly, the 
information could be used as a monitoring tool in assessing the impact of 
environmental changes, including global warming, on biodiversity. There is an 
urgent need to monitor how tropical biota is responding to the changes in their 
environment, not only by anthropogenic disturbance but also climatic factors 
such as global warming. By documenting sufficient information on their 
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diversity and assemblages, we could gain a better understanding of the impact 
on tropical biodiversity. Therefore, conservation management could be planned 
and implemented with  effective approaches. 
 
 

Acknowledgements 
We would like to thank Universiti Malaysia Sabah for the research grant 
(SBK0435-2018) and Institute for Tropical Biology and Conservation for the 
technical support. We would also like to thank Sabah Parks for the permit to 
conduct  fieldwork at Crocker Range Park and Sabah Biodiversity Council (SaBC) 
for the access license to collect butterfly  specimens at Crocker Range Park. 
Our appreciation goes to all the managers and staff at the substations for 
providing facilities and support. 
 
 

References 
Aqidah N, Chung AYC, Japir R. 2020. A compilation of Bornean endemic 

butterflies. Unpublished. Forest Research Centre (FRC), Sabah Forestry 
Department.  

Chen IC, Shiu HJ, Benedick S, Holloway JD, Chey VK, Barlow HS, Hill JK, Thomas 
CD. 2009. Elevation increases in moth assemblages over 42 years on a 
tropical mountain. Proceedings of the National Academy of Sciences USA, 
106: 1479-1483. 

Corbet A, Pendlebury H. 1992. The Butterflies of Malay Peninsula (4th Ed.). Kuala 
Lumpur: Malayan Nature Society. 

Corlett RT. 2011. Impacts of warming on tropical lowland forest. Trends in Ecology 
and Evolution, 26(11): 606-613. 

Corlett RT. 2012. Climate change in the tropics: The end of the world as we know 
it? Biological Conservation, 151: 22-25. 

DeVries PJ. 1988. Stratification of Fruit-feeding Nymphalid Butterflies in a Costa 
Rican Rainforest. Journal of Research on the Lepidoptera, 26(1-4): 
98-108. 

DeVries PJ, Murray D, Lande R. 1997. Species diversity in vertical, horizontal, and 
temporal dimensions of a fruit-feeding butterfly community in an 
Ecuadorian rainforest. Biological journal of the Linnean Society, 62(3): 
343-364. 

Dumbrell AJ, Hill JK. 2005. Impacts of selective logging on canopy and ground 
assemblages of tropical butterflies: implications for sampling. Biological 
Conservation, 125(1): 123-131. 

Guo Q, Douglas AK, Zhongyu S, Hongxiao L, Liangjun H, Hai R, Jun W. 2013. 
Global variation in elevational diversity patterns. Scientific Reports, 3: 
1-7. 



 Butterfly Diversity at Crocker Range Park  11 

Hamer KC, Hill JK, Mustaffa N, Benedick S, Sherratt TN, Chey VK, Maryati M. 
2005. Temporal Variation in Abundance and Diversity of Butterflies in 
Bornean Rain Forests: Opposite Impacts of Logging Recorded in Different 
Seasons. Journal of Tropical Ecology, 21(4): 417-425. 

Hammer O, Harper DAT, Ryan PD. 2001. PAST: Paleontological Statistics Software 
Package for Education and Data Analysis. Palaeontologia Electronica, 4(1): 
1-9. 

Hughes CL, Hill JK, Dytham C. 2003. Evolutionary trade-offs between reproduction 
and dispersal in populations at expanding range boundaries. Proceedings of 
the Royal Society of London. Series B: Biological Sciences, 270(suppl_2): 
147-150. 

Ismail N, Mohamed M, Phon CK, Lili T. 2018. Spatial Distribution of Butterfly 
(Lepidoptera: Papilionoidea) along altitudinal gradients at Gunung Ledang 
National Park, Johor, Malaysia. AIP Conference Proceedings 2002, 020047 
(2018): https://doi.org/10.1063/1.5050143. 

JaccardP. 1912. The distribution of the flora in the Alpine zone. The New 
Phytologist, 11(2): 37-50. 

Jemal A, Getu E. 2018. Diversity of butterfly communities at different altitudes of 
Menagesha-suba state forest, Ethiopia. Journal of Entomology and Zoology 
Studies, 6(2): 2197-2202. 

Levanoni O, Levin N, Pe'er G, Turbe A, Kark S. 2011. Can we predict butterfly 
diversity along an elevation gradient from space? Ecography, 34(3): 
372-383.  

Magurran AE. 2004. Measuring Biological Diversity. Oxford: Blackwell Publishing. 
Majit HF, Suleiman M, Repin R. 2011. Diversity and Abundance of Orchids in 

Crocker Range Park, Sabah, Malaysia. Journal of Tropical Biology and 
Conservation, 8: 73-81. 

Mobeen G, Muhammad FM, Mubashar H, Razia I, Misbah Y. 2016. Butterflies and 
Their Contribution in Ecosystem: A Review. Journal of Entomology and 
Zoology Studies, 4(2): 115-118.  

Otsuka K. 1988. Butterflies of Borneo (Vol. 1). Tokyo: Tobishima Corporation. 
Otsuka K. 2001. A Field Guide to the Butterflies of Borneo and Southeast Asia. 

Kota Kinabalu: Hornbill Books. 
Root TL, Price JT, Hall KR, Schneider SH, Rosenzweig C, Pounds JA. 2003. 

Fingerprints of global warming on wild animals and plants. Nature, 421: 
57-60. doi:10.1038/nature01333.  

Saw L. 2010. Vegetation of Peninsular Malaysia. In Kiew R, Chung R, Saw L, 
Soepadmo E, Boyce P. (eds.). Flora of Peninsular Malaysia Series II: Seed 
Plants. Kepong: Forest Research Institute Malaysia. 

Suleiman M, Masundang DP, Akiyama H. 2017. The Mosses of Crocker Range Park, 
Malaysian Borneo. PhytoKeys, 88: 71-107. 

Tabadepu H, Buchori D, Sahari B. 2008. Butterfly Record from Salak Mountain, 
Indonesia. Jurnal Entomologi Indonesia, 5(1): 10-16. 

Tattersfield P, Warui CM, Seddon MB, Kiringe JW. 2001. Land-snail faunas of 
afromontane forests of Mount Kenya, Kenya: ecology, diversity and 
distribution patterns. Journal of Biogeography, 28(7): 843-861.  



  Wan Chik & Mustaffa 12 

Tchouto MGP, de Wilde JJFE, de Boer WF, van der Maesen LJG, Cliff AM. 2009. 
Bio-indicator species and Central African rain forest refuges in the Campo-
Ma'an area, Cameroon. Systematics & Biodiversity, 7(1): 21-31. 

Tuen AA, Hall LS, Rahman MA, Salleh MA 2002. Preliminary Survey of Mammals at 
Crocker Range Park (Park Headquarters) Sabah, Malaysia. ASEAN Review of 
Biodiversity and Environmental Conservation (ARBEC). 

Zainol N. 2017.Butterfly Diversity and Composition at Mount Alab. B.Sc. Thesis. 
Universiti Malaysia Sabah. Unpublished. 

Zhang W, Huang D, Wang R, Liu J, Du N. 2016. Altitudinal Patterns of Species 
Diversity and Phylogenetic Diversity across Temperate Mountain Forests of 
Northern China. Plos One, 11(7): doi: 10.1371/journal.pone.0159995. 


