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ABSTRACT

Thermal environment affects the physiological responses of animals due to its effects on 
metabolism. Most of the studies about climate change on thermal environment of 
mammals took place on Northern hemisphere rather than tropical region. This study will 
help to fill in gap on our knowledge and using nighttime rest-phase temperature as a proxy 
for overall costs of living in forests. The study was carried out in Singai forest and 
UNIMAS forest. The percentage of canopy coverage will be calculated. The Tupaia tana 
was caught by using cage traps and radio collar was put on their neck to record their 
habitat usage. The ambient temperature and the nest sites temperature was obtained by 
placing DS 19922 Thermocron iButtons in various locations such as tree holes and located 
nest sites in each site to monitor the surrounding temperature. The metabolic costs of 
Tupaia tana was measured under current ambient as the global temperature is predicted 
increase by 4 °C on next century. There were no significant in canopy coverage for both 
forests but there were significant in ambient temperatures.

Keywords: Tupaia tana, canopy coverage, ambient temperature, thermoneutral zone, 
metabolic cost, energetics, climate changes.

ABSTRAK

Persekitaran haha memberi kesan kepada tindak balas fisiologi haiwan kerana kesannya 
terhadap metabolisme. Kebanyakan kajian mengenai perubahan iklim terhadap alam 
sekitar terma mamalia berlaku dilaksanakan lebih banyak di hemisfera Utara daripada 
rantau tropika. Kajian ini akan membantu mengisi jurang pengetahuan dan menggunakan 
waktu malam suhu selebihnya fasa sebagai proksi untuk kos keseluruhan yang tinggal di 
hutan. Kawasan kajian akan dijalankan dalam pelbagai hutan. Kawasan kajian adalah 
hutan Singai dan hutan UNIMAS. Peratusan perlindungan kanopi telah dikira. Tupaia 
Tana ditangkap dengan menggunakan perangkap sangkar dan kolar radio diletakkan pada 
leher mereka mencatatkan penggunaan habitat mereka. Suhu ambien dan suhu kawasan 

sarang wase diperolehi dengan meletakkan DS19922 Thermocron iButtons di pelbagai 
lokasi seperti lubang pokok dan tapak sarang yang terletak di setiap lokasi untuk 
memantau suhu persekitaran. Kos metabolik Tupaia Tana diukur di bawah suhu 
persekitaran semasa dan kos suhu ambien masa hadapan telah dikira sebagai suhu global 
diramalkan meningkat sebanyak 4 oCpada abad akan datang.

Kata kunci: Tupaia tana , liputan kanopi 
, suhu ambien , zon thermoneutral , kos 

metabolik, energetika, perubahan iklim

1



1.0 Introduction

Temperature has subtle effect on almost every physiological function of animals. The 

examples are thermoregulation patterns and avenues for heat exchanges between animals 

and their environment (Withers, 1992).

Thermal environment is the temperature conditions and physiological response on animals 

towards the cold or heat (Scholander et al., 1950). The metabolic rate is a variable that 

most commonly measured in physiology with many types of animals under a wide range of 

temperature conditions (Withers, 1992).

The minimal values of metabolic rates are basal metabolic rate (BMR) and standard 

metabolic rate (SMR). BMR is the minimal metabolic rate measurement for endotherms 

whereas SMR is the minimal metabolic measurement for ectotherms at particular 

temperature. The difference between endotherms and ectotherms is the latter are dependent 

on ambient temperature because they do not have mechanism to maintain their body 

temperature unlike endotherms. Thus, their SMR is at particular temperature depends on 

the ectotherms themselves. BMR of an endotherm is measured within a range of ambient 

temperature that is thermally neutral to prevent temperature stress. It is also can be 

measured when the endotherms are at rest and not productive (Withers, 1992).

Tree shrews are from Order Scandentia that consists of a Family Tupaiidae with two 

subfamilies which are diurnal Tupaiinae with five genera (Tupaia, Anathana, Dendrogale, 

Lyonogale, Urogale) and nocturnal subfamily with genus Ptilocercinae. Their habitats are 

tropical rainforest and plantation area. The location of the nests can be varies such as 

standing dead stumps, fallen dead logs, in the hollows of living tree and in roots or 

underground. They feed on fruits and insects and these make them omnivores (Emmons, 

2000).
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The animal that will be used in this study is only Tupaia tana as they are commonly

distributed in Sarawak, easy to capture and large enough to put radio collar on their neck.

Problem Statement

To date, most studies about climate change on thermal environment of mammals have 

taken place on animals from Northern Hemisphere rather than tropical regions. 

Researchers did not pay much attention toward the vulnerability of endothenms to the 

climate change in tropical region and only about 1% of the related studies have been 

focused on there (Rosenzwieg et al., 2008).

There were slower warming in tropical regions than high latitudes between 1980 and 2010. 

However, the warming still occurred in a surrounding that is already warm from the 

beginning (Dillon et al., 2010). Furthermore, tropical regions with high humidity that cause 

low capacity of evaporative cooling will also tend to make tropical animals vulnerable to 

the climate change (Sekercioglu et al., 2012).

Research Question

How does the forest type affect the metabolic costs of Tupaia tana?

Which type of forest will provide higher metabolic costs for Tupaia Lana? 

Hypothesis 

The canopy cover and the forest type will affect the energetics of tree shrews because the 

different of ambient temperature (TA).

3



Objectives

To compare the canopy coverage between study sites.

To compare daily maximum, minimum, mode and mean TA between the study sites 

and calculate the percentage of mean TA that fall within the range thermal neutral 

zone (TNZ) of tree shrews.

To calculate the metabolic costs of tree shrews under current conditions as well as

during future climate change prediction (TA + 4 °C) scenarios.
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2.0 Literature review 

2.1 The Effects of Climate Change on Mammals 

The air temperature is estimated to increase 4°C globally by 2100 (IPCC, 2011). Despite

there was slower warming in tropical regions than in high latitudes, mammals from tropical 

regions have potential to be vulnerable to the climate changes. This is due to warming are 

still occurring in the surroundings that was already warm from the beginning (Dillon et al., 

2010).
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Figure 1: The body temperature of a tree shrew (Tupaia belangeri) housed at various TA (Refmetti, 1997).

The differences in body temperature of a representative tree shrew that being compared in 

4 days at the intervals of 6 minutes with various TA which are 14 °C, 20 °C, 26 °C and 32 

°C (Fig 1, Refinetti 1997). It showed there were significantly decrease in the amplitudes of 

body temperature as the temperature increase. Amplitudes of body temperature are the
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difference of active phase with rest phase. Then, the mean amplitudes of body temperature

of tree shrews were being compared to other mammals (Fig 2; Refinetti, 1997).
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Figure 2: The amplitudes of body temperature were compared among tree shrews, rat, gerbil, and hamster

(Refinetti, 1997).

A tree shrew (Tupaia belangeri) showed greater amplitude of body temperature than a rat 

(Rattus non egicus) that was mentioned to be from Northern China (Fig 2; Refinetti, 1997). 

This may implies that the climate changes affect the mammals from tropical more than 

those living in higher latitudes (Dillon et al., 2010).

Besides that, a study about the effects of reproductive status and high TA on the body 

temperature of a free-ranging basoendotherm has been carried out (Levesque et al., 2014). 

The result showed that increased TA at rest phase had led to energy saved during sleep and 

can decrease the body temperature for torpor activities.
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2.2 Endothermic Temperature Regulation

Despite being exposed to different ambient temperature (TA), endotherms such as 

mammals have ability to maintain their body temperature by metabolic heat production 

(Tattersall et al., 2012).

Endothermic temperature regulation is characterized by thermal neutral zone (TNZ) where 

there is the range of TA which is upper critical temperature and lower critical temperature 

that only basal metabolic rate is required to maintain stable body temperature (Scholander 

et al., 1950).
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Figure 3: The thermoregulation of chipmunks (Levesque, 2008).

Heat is produced by metabolism in order to maintain the body temperature and the 

metabolic rate varies with different TA. The animal needs higher metabolic rate at lower TA 

before the lower critical temperature of TNZ to keep their body temperature when being 

exposed to the cold environment (Figure 3, Levesque 2008). The TNZ is a range of TA 

when the animal only needs the basal metabolic rate to maintain its body temperature 

(Scholander et al., 1950). However, the body temperature will continue to increase once 

the TA exceeds the upper critical temperature of TNZ, the body temperature of the animal
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