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ABSTRACT 
 

The study of non-volant small mammals was conducted at Kubah National Park (KNP), Sarawak for eight days between 

November 2018 until February 2019. The objective of this study was to determine the species diversity of non-volant 

small mammals at the highland (>750 – 805 m a.s.l.) and lowland (<200 m a.s.l.) at KNP. The elevation of Gunung 

Serapi is 911 m a.s.l. but the highest accessible area is at 805 m a.s.l.  The distance between two sampling sites is 

approximately 4.5 km. Humidity and temperature measurement were also recorded at both sites. A total of 50 cage traps 

were set up at the highland and 50 cage traps at the lowland. The baits that were used in this study were oil palm and 

banana. A total of 26 individuals from 11 species, eight genera and four families were captured. However, there is no 

significant difference in species diversity between low and high elevations because the elevation of KNP was not high 

enough to distinguish species that are highland or lowland specialist.  
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INTRODUCTION 

 

Non-volant small mammals are categorized as 

mammals that are incapable of flying. These 

animals are grouped as small mammals where the 

adult weight of the body is less than 1000 g (Lim 

& Pacheco, 2016). In Borneo, there are 

approximately 288 species of mammals reported 

whereby, 182 species belong to small mammal. 

Both order Chiroptera (102 species) and Rodentia 

(61 species) are the most dominant small 

mammals. Although Borneo consists of the largest 

biodiversity in Southeast Asia, excessive logging 

has significantly brought down the number 

individuals of non-volant small mammals (Wells et 

al., 2007). Their study also stated that, the species 

diversity and species richness of non-volant small 

mammals were lower in logged forest compared to 

unlogged forest. 

 

The type of fauna surrounding the forest can be 

estimated by identifying the non-volant small 

mammal species and its food through their feces 

(Wells et al., 2009). Chen et al. (2017a) concluded  

 

that small mammals are important for the forest 

landscape and environment because they act as 

seed dispersers. Hence, the decreasing number of 

non-volant small mammals will decrease the 

distribution of seed for several plant species in the 

forest. Other than that, non-volant small mammals 

are also consumers of small invertebrate (Heaney, 

2001; Chen et al., 2017a) such as insect. Thus, they 

played a role in controlling the insect populations 

(Jones et al., 1998). Apart from being the predator, 

they also play an important part in a local food 

chain for larger animal such as hawk and owl 

(William & Fargo, 2002). 

 

Climate is one of the factors whereby both the 

temperature and humidity can affect the species 

richness of certain organisms. The higher the 

temperature, the higher the number of species there 

is (McCain & Grytnes, 2010). It indicates that non-

volant small mammals are more favorable to the 

habitat with higher temperature. Norton (1985) 

reported, that temperature will change about 9.8 oC 

per 1000 m. The faunas from two different altitudes 

can also be  the  benchmark  for  the  different  range  
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of species diversity. The different types of plant at 

higher elevation perhaps may be able to 

differentiate the species of non-volant small 

mammals (Körner, 2007). Furthermore, the 

vegetation type can be connected to the availability 

of food resources to those organisms. 

 

- 805 m a.s.l. at the Summit trail (1°35'17.2"N 

110°11'41.3"E), which is the highest accessible 

area. The distance between these two sampling 

sites were approximately 4.5 km by using the 

trekking trails. The lowland sampling site consists 

of numerous types of palm flora. The trees are 

mostly taller and has bigger root. Larger leaf size 

Due to these factors, it is important to conduct 

a study about the differences in species diversity 

between highland and lowland of the selected 

mountain, Gunung Serapi. There have been 

numerous studies in these topics, but the 

importance of conservation among Sarawak 

resident in terms of enforcement and awareness is 

currently very low. Sarawak is ranked 12th for its 

unique and diversity of species by National 

Biodiversity Index in 2008. However, excessive 

human activities have decreased the biodiversity 

from year to year. Kamri (2013) reported that from 

2002 to 2009, Malaysia has the highest rate of plant 

extinction in Asia. Forest in Borneo has decreased 

by 10.2 % via deforestation and land degradation 

every year (Hon & Shibata, 2013). 

 

This study also can aid the conservation efforts 

by focusing on a specific area that become the 

habitat for rare and endangered species apart as 

revision for future conservation management 

purposes in this area. It helps different stake 

holders in better understanding of flora and fauna 

habitat in various altitudes so that any development 

around a particular area can be well-managed in the 

future. Thus, several samples of non-volant small 

mammals were collected at two elevations to 

compare their species diversity at Gunung Serapi. 

 

METHODOLOGY 

 

Sampling Sites 

 

The sampling sites of this study were at Gunung 

Serapi in Kubah National Park (KNP), Kuching, 

Sarawak (1°36'45.0"N 110°11'45.6"E). The area of 

this park is about 2230 ha and the elevation of this 

mountain peak is approximately 911 m. This 

mountain is covered by secondary forest and 

generally, most of the vegetation is from the 

Dipterocarpaceae family (Palmiotto et al., 2004). 

This national park was established because of its 

various species of endemic palms. The sampling 

sites were categorized into highland and lowland 

following Caceres et al. (2011). The elevation of 

lowland site was approximately 150 m - 200 m 

a.s.l. at the Main trail (1°36'46.1"N110°11'50.7"E), 

while the highland site was approximately 750 m 

reduces the light penetration to understory resulted 

in only seedlings, climbers and sapling trees 

growing between the forest canopy and ground 

cover. The highland is Kerangas, ridge top and 

lower montane forest (Hazebroek & Abang 

Morshidi, 2000). Most of the vegetation on the 

highland have smaller leaf size compared to those 

in lowland. 

 

Sampling Method 

 

A total of 100 cage traps were deployed in this 

study. Baited cage traps were mostly placed on the 

ground near or inside fallen logs, close to hole-like 

structure on the ground and near a trench that 

potentially serves as water resource. The traps were 

placed following a line transect design with a 

distance of 50 m long. One transect line had five 

stations that consist of ten cage traps. The distance 

between one cage trap and the another is 

approximately five meters. To avoid disturbance 

especially from tourists, the cage trap was set up 

approximately five meters horizontally away from 

the trails. A total of 50 cage traps were set up at 

highland 750 - 805 m a.s.l. of Gunung Serapi 

meanwhile another 50 cage traps were setup at 

lowland 150 - 200 m a.s.l. The study period was 

eight nights with a total effort of 400 trap-nights for 

each sampling sites. The cage trap was checked at 

9.00 am and in the evening at 4.00 pm every day 

during the study period. The baits used in this study 

to attract the non-volant small mammals were fruits 

that have good smell and bright in colour such as 

oil palm fruitlet and banana. The oil palm fruitlet 

was burned before being used as a bait to increase 

the odour. The baits were replaced regularly. The 

animals that were caught in the cage trap were put 

inside cloth bag and brought back to the basecamp 

for identification process. Species identification 

was based on Phillips & Phillips (2016) and Payne 

et al. (2005).   

 

Abiotic measurement 

 

Environmental parameters recorded in both 

sampling sites were the temperature, humidity and  

altitude. During the sampling period, the abiotic 

factors readings were recorded every day. The Log 
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Tag Recorder was used to measure temperature and 

humidity, while Global Positioning System 

(Garmin GPS 73) was used to pinpoint location and 

determine elevation.  

 

Statistical Analysis 

 

The sampling data was analyzed by using R 

statistical software version 4.0.5 (R Core Team, 

2017). Shannon Diversity in the R packages 

“iNEXT” (Hsieh et al., 2016) was used to 

determine species diversity. Pielou evenness index 

was used to estimate species evenness. While for 

species richness, Margalef richness index was 

used. Rarefaction curve was computed using R 

package “ggplot2” (Wickham, 2011). The t-test 

was used to determine whether there is a significant 

difference between species diversity of highland 

and lowland areas by using Past software (Hammer 

et al., 2001). If the p value is less than 0.05, the 

diversity is considered significantly different. 

 

RESULTS 

 

A total of 26 individuals of non-volant small 

mammals belonging to 11 species in eight genera 

and four families were caught during this study 

(Table 1). The number of individuals caught at both 

lowland and highland was 13 each.  In this study, 

with four individuals each, Maxomys rajah, M. 

whiteheadi, Leopoldamys sabanus, and Rattus 

exulans had the highest abundance, followed by 

Tupaia montana, T. tana, and Sundamys muelleri 

with two individuals each, and Niviventer 

cremoriventer, T. gracilis, Sundasciurus lowii, and 

Echinosorex gymnura with only one (Table 1). 

Based on the 2020 IUCN Red List, nine species 

were listed under least concern category while the 

other two species were listed as vulnerable. 

 

Based on Figure 1, the number of species 

captured at lowland KNP was horizontal starting 

from the 6th sampling day. This indicates there was 

no new recorded species found, hence the species 

accumulation curve has reached asymptote. The 

number of species captured remain increasing at 

the 8th sampling day at highland KNP. This 

increasing pattern indicated that if the number of 

sampling days were extended and sampling sites 

were added, more species may be captured. 

 

 Based on Table 2, the Shannon species 

diversity index (H’) for the highland is higher than 

the lowland. For the species richness index (D), the 

value  between  highland  and lowland was similar.  

The species evenness index (J’) showed that, the 

highland has higher value than the lowland. Both 

sampling sites caught the same number of species 

which is eight. There was no significant difference 

in all the species diversity indices of non-volant 

small mammals (p = 0.978, p > 0.05) between 

highland and lowland in KNP. 

 

In comparison to the number of individuals, 

Shannon species diversity at the highlands is higher 

than at the lowlands (Figure 2). Rarefaction 

estimates that species diversity will increase with 

number of individuals in both area (Figure 2). It 

indicates that even if sampling sites in lowland 

reached asymptote in species accumulation curve 

(Figure 1), by increasing the number of sampling 

days, the species diversity and number of 

individuals may increase. 

 

The average of environmental data collected 

throughout the study period between highland and 

lowland was slightly different. The temperature for 

lowland was 24.77 °C while the humidity was 

98.81 % RH. The temperature and humidity was 

lower than the expected measurement possibly 

because of the rainy seasons along the study period. 

For the highland, the temperature was 21.52 °C and 

the humidity was 98.13 % RH. 

 

 

Figure 1. Species accumulation curve at lowland 

and highland in KNP from day 1 to day 8 throughout 

the study period 

 

DISCUSSION 

 

Most samples caught were from family Muridae 

with a total of 19 individuals. The result from this 

study showed that there was no significant 

difference in species diversity between highland 

and lowland as most of the non-volant small 

mammals   species  caught  were  present   in  both  
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Table 1: Summary of small mammals captured in Kubah National Park 

 Number of individuals  

Family 

Species Lowland 

(<200 m a.s.l) 

Highland 

(>750 m – 805 m a.s.l.) 

 

IUCN Status 

Erinaceidae 

Echinosorex gymnura 

 

1 

 

- 

 

Least Concern 

Muridae 

Leopoldamys sabanus 
 

1 
 

3 
 

Least Concern 

Maxomys rajah 4 - Vulnerable 

Maxomys whiteheadi 3 1 Vulnerable 

Niviventer cremoriventer - 1 Least Concern 

Rattus exulans 1 3 Least Concern 

Sundamys muelleri 1 1 Least Concern 

Sciuridae 
Sundasciurus lowii 

 

1 
 

- 
 

Least Concern 

Tupaiidae 
Tupaia gracilis 

 

- 
 

1 
 

Least Concern 

Tupaia montana - 2 Least Concern 

Tupaia tana 1 1 Least Concern 

Total individuals 13 13  
 

 

 

 

 

Table 2: The Shannon diversity index (H’), species richness index (D) and the number of species (N) at highland 

(750 m – 805 m) and lowland (150 m – 200 m) 

Elevation Lowland Highland 
H’ 1.885 1.951 
D 2.729 2.729 
J’ 0.906 0.938 

N 8 8 
p = 0.97813   

 

 

 

 

Figure 2. The species diversity rarefaction curves for non-volant small 

mammals between highland and lowland combined over 8 days of 

sampling days 
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elevations. Gunung Serapi may not be high enough 

to allow distinguishing species that are highland or 

lowland specialist. The exact distance travelled by 

non-volant small mammals are still in study. 

According to Wen et al. (2016), the dispersal of 

non-volant small mammals depends on the 

geographical features of the area and the travelling 

ability of the species itself. For example, the 

squirrel species travelled mostly depends on the 

trees (Lurz et al., 1997), meaning the absence of 

tree in a particular area can make the dispersal 

become difficult for them. However, in KNP, most 

of the area were covered by trees so basically for 

those species whose lives depend on trees can 

travel almost to everywhere in KNP. 

 

Maxomys whiteheadi, L. sabanus, R. exulans, 

T. tana and S. muelleri were generally found all 

over the elevation (Heideman et al., 1987; Nor, 

2001). Somehow during this study, M. rajah and S. 

lowii were only found at the lowland at KNP. But 

according to Langham (1983) and Nor et al. 

(2001), these two species were also found at 

highland and lowland in Gunung Jerai and Gunung 

Kinabalu. The same goes for N. cremoriventer that 

can be found all over the elevations (Nor et al., 

2001). Meanwhile in KNP, T. gracilis was only 

found at the highland. However, Helgen (2005) 

stated, it can be found below 1200 m a.s.l. which 

means it can also be encountered in both 

elevations. This indicates that most of the species 

that captured during this study were the species that 

lived and distributed at both elevations. Only E. 

gymnura that was encountered at the lowland 

(Batin et al., 2002) while T. montana was 

encountered at the highland (Nor, 2001) which 

only lived higher than 300 m a.s.l. This result is 

congruent in why there were no significant 

differences between species diversity at highland 

and lowland in KNP. 

 

The capture rate over the eight-night study 

period was only 3.25 % (Theuerkauf et al., 2011). 

Based on the relative humidity recorded, the data 

was almost dew point (100 % RH) which means 

the possibility of rain was high (Umoh et al., 2013). 

Heaney (2001) stated, the lowland received more 

rainfall than highland. This statement explained the 

relative humidity data at the highland (98.13 %) 

that is slightly lower from the lowland (98.81 %). 

 

The rainfall has resulted in a low capture rate of 

non-volant small mammals (Dickman et al., 1999; 

Khan et al., 2017). Most of our sampling days were 

rainy  days  because  of  the rainy seasons. This also 

causes the bait to rot faster, and the odour becomes 

weaker. As a result, non-volant small mammals are 

less attracted to the bait. To increase the catch rate 

and number of species caught, the study needs to 

use pitfall trap method as well to target shrews and 

other small mammals that live at the forest floor 

(Khan et al., 2017), increase the number of 

sampling days, sampling during sunny season and 

diversify the area for deploying catch traps to 

represent different microhabitat (Jayaraj et al., 

2013). 

 

Based on the study by Grytnes and Beaman, 

(2006), the species richness of the plant at 300 m to 

900 m has not much different. Plant species 

richness has been reported to play an important role 

in determining species richness of small mammals 

(Chen et al., 2017b). So, it is possible for the non-

volant small mammals that were caught in this 

study that feed on a certain type of seeds to get the 

food resources at any elevation in KNP. This 

resulted in same value of species richness between 

lowland (D = 2.729) and highland (D = 2.729). 

Zenkova and Rapoport (2011) stated the abundance 

of earthworms starts to decrease at the alpine zone 

which is food resources for some non-volant small 

mammals species. Hence, the number of species 

encountered at highland should be lower than at the 

lowland. Unfortunately, Gunung Serapi was only 

805 m a.s.l. which not high enough to have this 

alpine zone (2900 m a.s.l. and above) (Jayaraj et 

al., 2006) that resulted in same number of species 

encounter for both highland and lowland in this 

study. However, it potentially records unique 

species composition between lowland and sub 

montane area. 
 

The major factors that influence the species 

distribution at different altitudes are temperature 

and humidity (Kluge et al., 2006). The higher 

species diversity can be found mostly in the 

warmer and drier conditions against the cooler and 

wetter condition (Nor, 2001). Throughout the study 

period, the data collected for average temperature 

and average relative humidity recorded was 24.77 

°C and 98.81 % RH for the lowland while 21.52 °C 

and 98.13 % RH for the highland. In contrast, 

Stevens and Husband (1998) stated that species 

diversity increases when the air temperature 

becomes lower and humidity becomes higher.  

 

However, based on the data, there was a very 

slight difference between temperature and 

humidity recorded. This resulted and supported in 

low differences of species diversity from the sample  
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collected between highland (H’ = 1.951) and 

lowland (H’ = 1.885).  

 

The diverse microhabitat provided by the 

primary forest’s diversity have generally provide 

suitable surrounding for the insect (Richards et al., 

1996). However, both sampling sites were located 

in secondary forest which may result in low 

number of insect diversity. Some of the 

invertebrates only chose selected trees or plants 

that are suitable for their larval diet (Schulze et al., 

2001) which makes some of them only abundance 

in selected area. Perhaps, the undisturbed non-trails 

forest deeper inside KNP can provide numerous 

types of vegetation can be resulting in higher 

number of non-volant small mammal species 

(Clements et al., 2014). 

 

Lastly, the recommendation for studying 

diversity in different elevations is to increase more 

sampling sites and wider the elevations so the 

number of species encounters can be increase. 

Another recommendation is to plan a proper 

sampling date to avoid rainy seasons so the catch 

rate can be increased. 

 

CONCLUSION 

 

As a conclusion, the abundant species of non-

volant small mammals caught in KNP were M. 

rajah, M. whiteheadi, L. sabanus and R. exulans. 

Most of them can be found at highland and lowland 

of KNP. It can be concluded that the species 

diversity and species richness of non-volant small 

mammals between highland and lowland is not 

significantly different. The major reason was the 

height of Gunung Serapi was not high enough to 

distinguish the species that live specifically either 

at highland or lowland. More sampling required to 

further validate the effect of both temperature and 

humidity. This study is important for conservation 

purposes as the evidence which the non-volant 

small mammal species that was discovered in the 

past can still be found in current days. 
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