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Relative Abundance, Activity Patterns and Diversity of Mammals based on Camera 

Trapping Data 
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Faculty of Resource Science and Technology 


Universiti Malaysia Sarawak 

94300 Kota Samarahan , Sarawak 


ABSTRACT 

Camera trapping has recently been introduced as practical method in estimating animal abundance, 
especially low densities mammals. Based on the data presented from the study conducted at Jerangau 
Forest Reserve, Terengganu, 30 species of mammal was recorded within the 5940 trap-nights; shows that 
the area was inhabit by variety of species including large mammals such as elephants, tigers and tapirs. 
The relative abundance index for each species was calculated based on the total trap nights and the 
number of independent photos. While the diversity index was calculated using Shannon-Wiener Index 
and program FORTRAN. Among the species recorded, two ungulates species were most abundance, 
which are wild boar (RAi= 0.355) and tapir (RAi = 0.152). Analysis of activity patterns shows that 58% of 
the total independent photos were recorded at night, whereas, 42% were recorded during daytime. The 
calculation of activity patterns shows that peak activity of tigers was correlated to the peak activity of 
potential prey species such as wild boar and muntjac. 

Keywords: relative abundance index, activity patterns, diversity, camera traps 

A BSTRAK 

Perangkap kamera mula diperkenalkan sebagai kaedah yang praktikal untuk menggangarkan 
kelimpahan haiwan, tenltamanya mamalia yang mempunyai kepadatan yang rendah. Berdasarkan data 
yang diperolehi dari kajian yang dijalankan di Hutan Simpan Jerangau, Terengganu, 30 spesies mamalia 
direkodkan sepanjang 5940 perangkap-malam; menunjukkan bahawa kawasan itu didiami oleh pelbagai 
spesies termasuklah mamalia besar seperti gajah, harimau dan tapir. Index kelimpahan relative dikira 
berdasarkan jumlah perangkap-malam dan jumlah gambar merdeka. Manakala, indeks kepelbagaian 
dikira menggunakan Indeks Shannon-Wiener dan program FORTRAN Antara spesies yang direkodkan, 
dua spesies hail1Yln berkuku mempunyai index kelimpahan relatif yang tinggi iaitu babi hutan (RAi= 
0.355) dan tapir (RAi = 0.152). analisis ke atas corak aktiviti menunjukkan 58% dari jumlah gambar 
direkodkan pacla waktu malam,manakala 42% direkodkan pada waktu siang. Pengiraan corak aktiviti 
menunjukkan corak aktiviti harimau adalah berkaitan dengan corak aktiviti spesies mangsa seperti babi 
hutan dan kijang. 

Kata kunci: indeks kelimpahan relatif, corak aktiviti, kepelbagaian, perangkap kamera 
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CHAPTERl 


INTRODUCTION 


Forest in Peninsular Malaysia was categorized as dipterocarp, montane, swamp and mangrove 

forest, and other forest types such as beach and limestone forest (Smith, 1995). Dipterocarp 

forest constitutes about 93% of the forested area and more than 820 species of trees were 

recorded in the 50 hectares area (Anon., 1999). This forest is divided into two types; lowland 

dipterocarp and hill dipterocarp. It is mostly identified by the family of Dipterocarpaceae, which 

consists of commercially important forest products such as Meranti (Shorea sp.) and Kerning 

(Dipterocalpus sp.) (Smith, 1995). Based on this reason, the forest area remains in Peninsular 

Malaysia were reduced because most of the land was used for logging and agricultural (Laidlaw, 

2000). Less than 10% of the land area was declared as parks or reserves, and much forest that 

remains has been heavily logged (Francis, 2001). The reduction of forest areas affecting some 

mammalian species in Peninsular Malaysia due to the activities such as deforestation, logging, 

hunting and the conversion of forest into plantation area (Smith, 1995). Moreover, the lack of 

information regarding the current status of mammal species has become one of the factors 

contributing to the threat of mammals. Malayan tapir (Tapints indicus), for instance, has never 

been studied thoroughly, and infonnation available was not sufficient for their conservation 

(Medici and Holst, 2002). 

Study on the abundance of mammal is essential because many of the mammal species plays an 

important role in ecology and environment. For instance, Vertebrate fiugivores, grazers, and 

b sers such as wild boars, sun bears and tapirs play an important role in plant species 
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population and ecosystem dynamics by acting as agents of seed dispersal (McConkey and 

Galetti, 1999; Ickes et ai., 2001; Holden et ai., 2003). Besides that, other large mammals such as 

elephants, bears and monkeys are important as seed dispersers and important in forest 

regeneration. Additionally, wild carnivores would help in controlling prey populations. For 

example, tiger (Panthera tigris) which preyed upon wild boar (Sus serofa) would reduce wild 

boar population. It was important because this ungulate causes extensive damage to the crops 

and plantation (Francis, 2001). The predation would not critically reduce the wild boar 

population because the females breed throughout the year, producing up to eight juvenile as 

often as eight months apart (Francis, 2001). 

In the process of getting infonnation of the mammals, one should know the precise teclmique to 

use. Observing mammals in natural environment especially tropical forest might be difficult 

since many species were secretive, nocturnal and generally avoided human appearances. Some of 

them generally occurred at low densities and it was difficult to estimate the definite population 

size, relative abundance and their activity patterns. Large mammals such as tigers and bears can 

be detected by signs or tracks and tapirs can be seen near to salt licks (Francis, 200 I). Besides, 

nocturnal anim als can be observed during a night walk through the forest with a spotlight. 

However, this teclmique was unable to estimate the actual number of species in the wild because 

an observer sometimes would fail to notice the animals during night. For the research purpose, 

one should know the applicable teclmique such as radio tracking, line transect census, track 

surveys and camera trapping. Radio tracking technique is appropriate in studying the animal's 

home range and activity patterns. Line transect census and track survey are restricted to large 
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mammals because it is difficult to observe small mammals directly or by the tracks. Track 

surveys are efficient and acquire low costs, but it would depend on the field condition, weather 

and an observer's experiences (Silveira et ai., 2003). 

Remote triggered photographic camera is not a new tool and non-invasive for assessing patterns 

of abundance throughout space and time. Camera trapping technique was only introduced to 

Malaysia in 1997 and used by the Department of Wildlife and National Parks (DWNP) to survey 

wildlife in their natural habitat (Laidlaw, 1999). This method is known as non-invasive because 

the researchers do not have to go to the sites frequently and it would not disturb the animal's 

appearance. Additionally, there were some advantages such as less time in the field and limited 

disturbance to animals (Cutler and Swann, 1999). The cameras will be left at the sites and 

removed after a minimum of 30 days (Laidlaw, 1999). This enables the camera to observe the 

nocturnal animals. 

This analysis was carried out based on camera trapping gathered from the study conducted at 

Jerangau Forest Reserve, Terengganu from February 2000 till October 2001 (Mohd. Azlan and 

Shanna). This forest reserve was declared as a protected area since 1963 and there were lack of 

some infonnation about this area such as physical features, fauna distribution and the 

conservation management (UNEP and World Conservation Monitoring Centre, 2004). Besides, 

this area was listed as UA (unassigned) in WCMC protected area lists, indicating that the site 

does not meet the international recognized definition of a protected area and application of a 
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management category is not appropriate (UNEP and World Conservation Monitoring Centre, 

2004). 


Since the analysis was investigating the activity patterns and relative abundance ofmammals, the 


sample sizes used should be large. Secondary data have been used because of the limited time for 


fieldwork to gain primary data. 


1.1 Objectives 

The objectives of the study were to investigate whether the camera trap data are appropriates to 

determine the relative abundance and diversity of some mammal species, investigating the 

activity patterns and prey-predator relation for each species, and to investigate whether the 

relative abundance index used is valid in estimating the absolute abundance of mammal species. 

Expectantly, the camera trap data would give information about the behaviour of some mammal 

species. Besides that, the analysis would estimate the percentages of nocturnal and diurnal 

activities for each species found. 
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1.2 Hypotheses 

The hypotheses ofthe study were: 

The fonnula of relative abundance index used in this analysis would give 

similar result as the fonnula fonned from the previous study (fonnula 

by Kawanishi et aI., 1999). 

The fonnula of relative abundance index used in this analysis would not 

give similar result as the fonnula fonned from the previous study 

(fonnula by Kawanishi et aI., 1999). 

The activity patterns of some predator species were thoroughly correlated 

to their prey species. 

The activity patterns of some predator species were not correlated 

to their prey species. 

j 
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CHAPTER 2 


LITERATURE REVIEW 


2.1 Cryptic and Rare Species 

In recent times, camera trapping has become an efficient tool for obtaining information about the 

cryptic and rare animals which inhabit remote areas (Cutler and Swann, 1999). Based on the fact 

that some mammals would occur at low density and may possibly avoided human, direct 

observations are sometimes impractical and unsuccessful in surveying mammals. For that reason, 

the lack of information of those animals contributed to unconvinced status. The Bomean bay cat 

(Catopuma badia) was rediscovered near Sg. Ulu Katibas, Lanjak Entimau Wildlife Sanctuary, 

Sarawak. The bay cat was classified as endangered species and become extinct in Sarawak 

(Hazebroek and Abang Kasim, 2000). However, the photograph showed that this species still 

exist, however other conventional methods used before were unable to record this species 

(Mohd. Azlan et al., 2003). It was suspected that this species was secretive and similar to other 

cat species such as the Flat-headed cat (Payne et al., 1985) and Asiatic golden cat (Francis, 

2001). 

In addition to this, Mohd. Az1an and Sharma (2002) have photographed two melanistic Asian 

tapirs (T indicus) at Ulu Terengganu. These tapirs were completely black and it was the first to 

be recorded in Malaysia. The black tapirs become so unfamiliar because they were secretive or 

elusive. The only record was in Palembang (Mohd. Azlan and Sharma, 2002). Some suggest that 

animal was classified into different SUbspecies. However, there were possibly that the 
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coloration resulted by the variation in genetic basis (black fOlm might be the homozygous 

recessive genes) (Mohd. Azlan and ShaIma, 2002). 

The data from the trapping could also provide information on the ecology of certain animals. 

Holden et al., (2003) explained that this method was successful for gathering evidence on Asian 

tapir which was very difficult to study. Based on the research at Kerinci Seblat National Park, 

Sumatra, they stated that the Asian tapirs were present in all forest types in the park. However, 

some of local people and park rangers were not familiar with the tapirs and asked what it was 

when they see the photos produced by camera traps. It was because tapir was known as shy 

animals and particularly elusive. This animal always avoided contact with humans (Holden et aI., 

2003). In addition one of the photographs which showed a tapir carried scars of tiger attack, 

proved that tigers do sometimes attack the tapirs (Holden et aI., 2003). Furthermore, based on the 

recorded times, they found that the tapirs were active in the range of 1900 hrs to 0400 hrs. These 

observations described the activity pattern oftapirs which were active throughout the night. 

2.2 Activity Patterns 

The periods when the animals are active could be observed using camera trapping therefore the 

day and time recorded . Those data could be used to depict the activity patterns of the animals. 

Those animals which were active mostly at night were grouped as nocturnal, while those active 

at day is known as diurnal. However there were some species which were mostly active at dawn 

and dusk. For instance, a study by Laidlaw and Wan Shaharuddin (1999), found that the 
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Indochinese tiger (P. t. eorbetti) at Ulu Temiang Forest Reserve, Kelantan, Peninsular Malaysia 

was active during crepuscular. It was related to the activity patterns of some prey species, where 

the activity pattern of S. seroJa (range between 0600hrs and 2000) overlapped with the activity 

pattern of sambhur (Cervus unieolor) which ranged between 1800hrs and 0700hrs. Both activity 

patterns were overlapped at 0600hrs and 0700hrs (dawn) (Figure 1). Thus, it would maximize the 

chances for capturing prey by the tigers (Laidlaw and Wan Shaharuddin, 1999). 

Another research which was designed to study the activity patterns of animals using camera 

trapping were conducted by Wong et al. (2003). In the study, they found that Malayan sun bear 

(Helaretos malayanus) in Ulu Segama Forest Reserve, Sabah were active at night to avoid 

human activity. The observation indicates that human activity could alter the activity period of 

H. malayanus. A comparison between camera trapping technique and radio tracking resulted in; 

camera trapping data shows that the bears were active at crepuscular periods and night time, 

while the radio tracking data shows that the bears were active during the day time (0600- 1900 

hrs). They made a conclusion that the radio-tracking technique is more practical because 

telemetry observed the bears no matter where they were while cameras only sampled them 

during their visits to the camera locations. However, camera trapping technique might be useful 

for rapid faunal assessment (Silveira et aI., 2003). 
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Figure 1. Activity patterns ofP. t. corbetti and their potential prey from the study at Ulu 

Temiang Forest Reserve, Kelantan (Laidlaw and Wan Shaharudin, 1999). 


Knowledge on activity pattern was important in studying the behaviour of some species. One 

would know the times when the animals were to move actively based on some reasons such as 

finding foods or escaping from predators. 
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2.3 Statistical Analysis. 

P40pulation size or abundance indices were used based on reason that individuals of the mammal 

species might be difficult to observe and count because of size, habits or some other elements. 

The animals might also be difficult to capture and tag, which means that the representation of 

capture-recapture techniques were impractical (Wilson, 1996). In the study designed by O'Brien 

et al. (2003), the cameras were placed at ten different locations in Bukit Barisan Selatan National 

Park, Sumatra, Indonesia (BBSNP). BBSNP was bordered by villages, agriculture and plantation 

forestry. As a result, they found that, relative abundance of Sumatran tiger (P. t. sumatrae) and 

prey species were correlated to the location. Abundance of tiger, pig, sambar-deer and mouse 

deer were higher in low-human density areas than high-human areas. It shows that human 

activity such as hunting and bushmeat selling were influencing the relative abundance indices 

(RAJ) oftigers and prey species (O'Blien et aI., 2003). 

Generally, estimation of relative abundance was based on the basic formula (1). 

".".. ,,""""" ... """"" "" .. ,,""" """ """ """" """ """""" """ """ """ """ """"" """ " .. ,," """ "" "" (1) 


Where A is relative abundance, Ni is number of individuals for ith species and Nt is the total 

number ofindividuals ofall species. 

However, this can be modified based on the technique used and the purposes of the researches. 

For examples, Kawanisbi et al. (1999) used the indices (2) in order to analyze abundance of large 

mammals at Sg. Relau, Taman Negara based on camera trapping technique. In this study, they 
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round that the most common mammals were trapped including wild boar, tapir and barking deer. 

On the other hand, they recognized that serow, wild dog and tiger were the rarest mammals 

found (Kawanishi et 01., 1999). This suggests that the analysis of relative abundance were 

important to indicate the status of some mammal species. The formula used in their analysis was 

noted as: 

" . I d. 
RAJCT =:;~~~ X 100 .......................................................... (2) 


Where i is a trap location, di is a detection of the species at ith location and TN is the total trap-

nights (Kawanishi et aI. , 1999). 

In addition to this, Kawanishi and Sunquist (2004) formed an index of abundance (3) based on 

the average group size of herbivore and prey species for tigers in Taman Negara, Malaysia in 

order to investigate the predator-prey relationship. They found that there was strong correlation 

between the photographic data and track count data, which then suggested that their data could 

provide indices for estimating relative abundance. The formula used in their analysis was noted 

as: 

" . tn.RAJ - L.J 1 }
; - " ...................................................................(3)


gj L.J j Pi) 

Where tnJ is the total trap nights at jth trap location, gi is an average group size for ith species 

and PIJ is detection for ith species at jth location (Kawanishi and Sunquist, 2004). 
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Using indices in statistics are usually to draw inferences about the relative abundance of animals 

and also are considered to be correlated with the abundance (Lancia et a/., 1994; Karanth and 

icbols. 2002). Having abundance indices on photographic rates is sometimes a controversial 

issue as some species cannot be identified individually by these photographs. There is difficulty 

in acquiring the independent density and might also be challenged by the ability to calibrate the 

camera index (Jennelle et a/., 2002). This assertion was a response to the study conducted by 

Carbone et al. (200 I). In their study, Carbone et al. (200 I) provided indices of animal abundance 

tOr those species that cannot be individually identified from their markings, based on 

photographic rates. They use random walk simulation to evaluate the ability of camera trapping 

techniques to estimate the density of the animals which was detected at low density. As a result, 

they found that there was a positive correlation between photographic rates and densities. Since 

their analysis did not depend on individual identity, the method used might be effective on wide

ranged species, mammals with low densities and solitary mammals (Carbone et aI., 200 I). 

2.4 Conservation Status 

From the photo-trap data. we can investigate the conservation status of some mammalian 

ecies. Studies on densities and abundance suggest that smaller populations are closer to 

extinction. For example, Kawanishi and Sunquist (2004) found that, from the total of 4167 

mammal photographs, only 1.5% exposed the photos of tiger (P. tigris). The analysis showed 

that tiger population in the 4343 km2 of Taman Negara National Park was estimated to be 68 
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adult tigers. In addition, they found that fragmented forests and forest conversion has reduced 

populations ofother mammal species such as banteng (Bosjavaniclls). 

Camera trapping technique was also used to survey the impact of deforestation on the 

distribution of some endangered mammals. Kinnaird et al. (2003) found that the forest 

conversion to agricultural influence the distribution of Sumatran tigers (P. t. sllmatrae), tapirs (T 

indicus), rhinoceros (Dicerorhinlls sumatrensis) and elephants (Elephas maximus) at Bukit 

Barisan Selatan National Park (BBSNP), Sumatra, Indonesia. Data from camera trap indicate 

that these mammals avoided the forest boundaries as the result of elimination of their habitat. 

Furtbennore, they expected that by the year 20 I 0, 70% of BBSNP would become agricultural 

areas or villages. This would give a critical impact to the endangered mammals because 

c1cpbants, tigers and rhinoceros acquired large range for their habitat. So, the management on 

conservation efforts should concentrate on conserving the remaining forest to ensure that those 

endangered mammals were not going to be extinct (Kinnard et aI., 2003). 

In addition to investigating the status of endangered animals, camera trapping is an appropriate 

method to assemble evidence about the presence of the animals which cannot be obtained 

through direct observation. In 2001, the research was conducted at 8 reserve areas in South

central China to search for evidence of the South China tiger (P. t. amoyensis) in the wild using 

camera trapping technique (Tilson et aI., 2004). However, the 8 months study found no evidence 

of tigers through the eight reserve area including the South China Tiger Reserve (Tilson et aI., 
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2004). Based on the results, they strongly suggest that P. t. amoyensis was extinct in the wild 

(Tilson et ai., 2004). Thus, more efforts should be focusing on the remaining captive tigers. 

Camera Trapping - Comparison with Other Techniques. 

onitoring of mammal populations in the wild has been conducted using various methods such 

direct observation, line transect, live trapping, powder tracking, track survey (footprints and 

pugmark census), satellite transmitter, radio telemetry and also camera trapping. All these 

methods have their own merits and suitability. Thus, for research purposes, one should know the 

appropriate method should be used to study particular species. For example, direct observation 

and line transect might not suitable for monitoring the species that occurred at low densities and 

camera trap would not be appropriate to 'catch' arboreal species. 

1\ common method widely used in observing activity pattern and home range of animals is 

radio telemetry or also known as radio tacking. For instance, the radio tracking of T. indicus at 

Taman Negara, Peninsular Malaysia shows that the home range of tapirs were about 4.9 mile2 

aod overlapped with several other individuals (Williams, 1979). However there were some 

problems using this technique. In the forest, the dense vegetation would weaken the reception of 

signal fiom the transmitter and it would be difficult to carry the antenna in the dense 

uadergrowtb (Williams, 1979). Moreover, the animals captured might injured because of live 

trapping; in order to attach the collar to the animals. Besides the movement of the animals, study 

home range using radio tracking could also provide sufficient information about basic 
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logy of the animals concerned. Radio collared Malay Civet (Viverra tangatunga) in Sabah 

ws that, the home range of this civet in logged forest were larger than those in the unlogged 

(Colon, 2002). It was based on the habitat type because the logged forest has open canopy, 

ariety of pioneer trees and vines within the disturbed areas. This had minimal effects to their 

nngiDg behaviour (Colon. 2002). The overlapped ofthe home range indicated that V tangatllnga 

not territorial because ofthe high abundance of food resources (Colon, 2002). 

der tracking was rarely applied in monitoring of animal population. It was because this 

tt:cbnique has been used to indicate the presence ofthe animals (Boonstra et aI., 1992; Wilson et 

til.• 1996). In this method, the tracks of animals were recorded on the platform that built from 

either the glass microscope slides (Boonstra et at., 1992) or aluminum plates (Wilson et aI., 

1996) which coated by the fluorescent powder and oil. After that, the platform was placed at 

possible location where the animals might have occurred (burrows and regular trail) and those 

animals must step in the right place (Wilson et aI., 1996). The limitations of this technique were 

the platfonns must not be exposed to the rain because the animal tracks might spoil or disappear 

ilson et at., 1996). Additionally, the grass blown by the wind and occurrence of insects would 

spoil the tracks (Boonstra et aI., 1992). 

imilar to powder tracking, pugmark census for tiger depends on the footprints on the substrate 

(soil. mud or sand) and used to determine the presence or absence of the animals (Karanth and 

ichols, 2002). Besides, experts could individually identify the tigers because the differences in 

lIld shapes of the pugmark (Karanth et at., 2003). However, some limitations show that this 
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'que would give an effect of poor conservation practices where the tiger population in India 

reported to increase in 1994 while the poaching pressure was also increasing (Karanth et at., 

20(3). It was because the ability of some observers was different and may lead to estimating 

rrect numbers of tigers. It was difficult to obtain accurate pugmarks because of the condition 

o the substrate (Karanth et aI., 2003). 
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CHAPTER 3 


METHODOLOGY 


Study site. 

1b data was collected by Mohd. Azlan and Shanna from February 2000 till October 2001. The 

y was conducted at Jerangau Forest ReseIVe (JFR) in the State of Terengganu (4° 55.5' N, 

103' 05.7' E). Jerangau Forest Reserve was established as protected area in 1963. The area was 

'tuated in the central of Terengganu and bordered by oil palm plantation (Figure 2). The name 

mreach location was listed in Appendix 1. The area was covered by lowland dipterocarp and hill 

dipterocarp forest. The lowland dipterocarp forests are usually dense which comprised of 

1bousand of species of trees and mostly from the family of Dipterocarpaceae (Smith, 1995). The 

offorest which mainly occurred in central Terengganu is identified as Red meranti-keruing 

rest and characterized by high percentage of species from the group of Shorea sp. (Red 

meranti) and Dipterocarplls sp. (keruing). 

Attbough the mammals were mostly threatened by conversion of forest, there were some 

llllDUDal species such as pig tailed macaque (Macaca nemestrina), palm civet (Paradoxllnts 

hermaphroditus) and leopard cat (Prionailunts bengalensis) that can be found frequently in 

secondary growth, plantation and around human population (Corbet and Hill, 1992). 
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