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Abstract 

Body temperature is an important physiological parameter that is determined by the manner in 

which an animal obtains its energy source and in turn relates to its immediate environment.  

Body temperature can be generated from within (endothermy) or may be derived from the 

environment (poikilothermy).  We investigated body temperature patterns in free-ranging and 

captive Damaraland mole-rats using miniature data loggers (iButtons).  We investigated the 

patterns of body temperature exhibited in free-ranging Damaraland mole-rats on a daily basis, as 

well as the influence of soil temperature and various intrinsic (sex and body mass) and extrinsic 

(season and ambient soil temperature) factors on body temperature.  In captive animals we 

investigated the effect of light and locomotor activity on body temperature.  Free-ranging 

Damaraland mole-rats regulated their body temperature at approximately 35 ºC, which is 

consistent with previous recorded body temperatures in laboratory studies.  Hourly frequency 

distributions of minimum and maximum temperatures differed between mole-rats and the soil 

surface, suggesting that body temperature was not closely linked to the soil surface temperatures.  

Instead, the relationship between the body temperature and soil temperatures was affected by 

complex interactions between the season experienced as well as  the sex and body mass of the 

animal.  The body temperatures of males were positively related to body mass while the 

relationship for females was negative.  Our results further suggest that there were 

thermoregulatory differences between males and females during summer.  In free-ranging 

Damaraland mole-rats, our analyses showed that the variation in patterns of body temperature 

was great among individual mole-rats, even within a single colony.  Generally mole-rats did not 

exhibit marked daily body temperature rhythms as has been reported routinely for above ground 

rodents but rather the diel patterns were not distinct.  Despite a wide range of body temperatures 
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experienced during especially winter, Damaraland mole-rats may be considered generally as 

good thermoregulators and are best described as homeotherms.  In captive Damaraland mole-

rats, our results suggest that light generally influenced body temperatures through locomotor 

activity, but due to substantial individual variation it was difficult to generalize on these effects.  

Damaraland mole-rats mostly adopted a diurnal pattern of locomotory activity under a 12L:12D 

light cycle (12 hours light followed by 12 hours dark).  Locomotor activity raised body 

temperatures more during the night (the inactive phase), than during the day (the active phase).  

Also, body temperature showed a time lag in its relation to locomotor activity and this time lag 

was affected by light conditions.  Our study is one of the first studies to monitor body 

temperatures of a free-ranging southern African subterranean rodent species that is social and 

experiences a seasonal but much muted burrow temperature range.  These findings  accentuates 

the complex physiological response of mammals to environmental change, and underlines the 

range of variables, both intrinsic and extrinsic, that has to be controlled for when studying such 

relationships.  Our study highlights the substantial individual variation in the physiological 

responses in this subterranean species to environmental cues, and we suggest that further 

research should focus on relating how individual attributes affect such intra-specific variation.  

Keywords:  Fukomys damarensis, body temperature, iButtons, light, locomotor activity, soil 

temperature, seasonality, intrinsic factors, extrinsic factors, individual variation  
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General introduction 

An important physiological parameter that describes how an animal relates to its immediate 

environment is body temperature.  The body temperature of an animal is best described as the 

balance between heat production and subsequent heat loss (McNab, 2002; Clarke & Rothery, 

2008).  By sensing and integrating thermal information from the external environment as well as 

internal information within the body core, the nervous system enables an organism to regulate its 

body temperature (Bicego et al, 2007).   

Body temperature is an imperative parameter in animal function.  For instance, some key 

metabolic enzymes are heat-activated and rely on the body temperature to become metabolically 

functional (Eckert et al, 1988).  An increase in metabolic heat production will result in the 

raising of the temperature in tissues to levels that will notably enhance the rate of chemical 

reactions.  Body temperature can also tell us more about the mode of thermal heating that is 

employed by that animal.  For instance, just by looking at the body temperature of an animal 

over a period of time in an environment of variable temperature, we are able to determine 

whether that animal is a homeotherm (Eckert et al, 1988; Reffinetti, 1997; Fuller et al, 2005) or a 

poikilotherm (Buffenstein & Yahav, 1991; Bennett et al, 1993).  Homeotherms maintain a stable 

endogenous body temperature close to a set-point value by producing heat at high rates 

regardless of fluctuations in the temperature of their surroundings (Reffinetti, 1997).  

Poikilotherms on the other hand lack the ability to maintain and control their core body 

temperature over wide ranges of environmental temperatures.  Ambient temperatures are usually 

reflected in the body temperatures of these animals (Buffenstein & Yahav, 1991).    
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Animals vary in their ability to regulate and maintain their core body temperatures.  Generally, 

higher vertebrates (mammals and birds) are homeotherms while lower vertebrates (fish, 

amphibian and reptiles) and invertebrates (insects) are poikilotherms (Eckert et al, 1988).  There 

are exceptions to this rule, where a few larger lizards, deep sea fishes and flying insects exhibit 

homeothermic tendencies, but this is limited to periods of rapid growth and activity.  Also, some 

smaller mammals have shown poikilothermic traits (Buffenstein & Yahav, 1991).  Within 

mammals, monotremes and marsupials have lower body temperatures between 34 °C – 35 °C 

(Gemmell et al, 1997) while eutherians (placental mammals) regulate their body temperatures 

around a set-point between 37 °C – 40 °C (Eckert et al, 1988).  Birds regulate their body 

temperature slightly higher at a set-point around 40 °C.   

The study species 

Taxonomic description 

The Damaraland mole-rat belongs to the family Bathyergidae within the mammalian order 

Rodentia.  Rodentia is the most species rich order of placental mammals.  Rodents exhibit great 

variation in body temperature, although the set-point at which most rodents regulate their body 

temperature is between 36 °C – 38 °C (Mortola & Lanthier, 2004).  Body temperature varies 

with species, where subterranean rodents have lower body temperatures than most rodents 

(McNab, 1979; Lovegrove & Muir, 1996; Goldman et al, 1997).  The order Rodentia is divided 

into three sub-orders, the Hystricomorpha (cavy-like), the Myomorpha (mouse like) and the 

Sciuromorpha (squirrel-like).  Placement within these sub-orders has in the past been based on 

morphometric and morphological characters such as the shape of the skull and the arrangement 

of jaw muscles (Wood, 1985).  The African mole-rats are a monophyletic group forming the 
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family Bathyergidae, which is placed in the Hystricomorpha (Honeycutt et al, 1991).  In addition 

to morphological support, this placement is further supported by characteristics of the 

reproductive biology such as unusually long ovarian cycles, prolonged gestation periods and the 

possession in the ovary of accessory or luteinised unruptured follicles (Bennett et al, 1994; 

Faulkes et al, 1990; Bennett & Faulkes, 2000).  Moreover, a comprehensive molecular 

phylogeny also placed the Bathyergidae in the Hystricomorpha and showed that African mole-

rats have close phylogenetic affinities to cane rats (Thryonomyidae) and porcupines 

(Hystricidae) (Nedbal et al, 1994).  Within the Bathyergidae six genera are recognised based on 

molecular sequence divergence of mitochondrial genes (Ingram et al, 2004; Kock et al, 2006).  

The Damaraland mole-rat has recently been assigned to the genus Fukomys based on the 

sequence divergence between central African mole-rats (Kock et al, 2006).  They were 

previously assigned to the genus Cryptomys. 

Physical description 

The Damaraland mole-rat is a medium-sized mole-rat with a mean body mass varying from 103-

202g in males and 88-145g in females (n = 6 colonies, n = 107 individuals) (Jacobs et al, 1991).  

The pelage is short and thick and the colour varies from fawn to black on the dorsal and ventral 

side.  Mid-dorsal and mid-ventral white stripes may occur in some individuals and all colour 

variations have a large white occipital patch on dorsal region of the head (Bennett & Jarvis, 

2004).  Within a single colony, one or both colour morphs may be present (Bennett & Jarvis, 

2004).  Isolated tactile hairs protrude from the pelage, especially on the face.  Their eyes are 

small and external ear pinnae absent with prominent procumbent incisors visible outside the lips 

(Eloff, 1958; Bennett & Jarvis, 2004).  Limbs are generally short and stout, while their feet are 

pink and naked.  The tail is short with stiff bristles that radiate from it. 
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Distribution and Habitat 

Damaraland mole-rats are endemic to south-western Africa.   They have been recorded from the 

north-western parts of South Africa, northern and central Namibia, northern and central 

Botswana, south-western Zimbabwe and the western parts of Zambia (Bennett & Jarvis, 2004).  

The distribution is closely associated with red Kalahari arenosols, but they also occur in coarse 

sandy soils.  Main vegetation types associated with these soils include semi-arid thorn scrub, 

woodland savannas and grasslands.  The distributional range is characterised by low and 

sporadic rainfall (200-400 mm/annum) and great daily as well as seasonal variation in ambient 

temperature (Bennett & Faulkes, 2000).  

Food and Foraging  

The diet of Damaraland mole-rats mainly consists of geophytes (Bennett & Jarvis, 2004) 

including various genera of Hyanthaceae (e.g. Dipcadi, Ledebouria, Ornithogalum), Portulaceae 

(e.g. Talinum) and Cucurbitaceae (e.g. Acanthosicyos).  Superficial foraging burrows are 

excavated in the soil as the animals search for underground storage organs of geophytes (bulbs, 

tubers and rootstocks).  Portable bulbs and corms are stored in a designated food store whereas 

the very large tubers (e.g. Acanthosicyos) are partly eaten in situ, and will often be regenerated 

(Jarvis et al, 1998; Bennett & Faulkes, 2000).  Storage of geophytes occurs where 

proportionately larger geophytes may have a longer ‘shelf life’, or it may be more cost effective 

to transport large geophytes than smaller ones.     
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Social structure and reproduction 

Damaraland mole-rats are eusocial mammals that occur in colonies of around 12 animals, but 

can attain up to 40 animals (Bennett & Jarvis, 1988; Jarvis & Bennett, 1993).  A colony usually 

comprises of a founding reproductive pair and their progeny from several litters.  These younger 

individuals do not breed while in the natal colony (Bennett et al, 1993).  Dominance is linear and 

related to gender and body mass where the reproductive males and females are the most 

dominant members of the colony (Jacobs et al, 1991).  The non-reproductive members of the 

colony can be placed into work-related groups based on body mass (Bennett & Jarvis, 1988; 

Scantlebury et al, 2006).  The larger non-reproductive mole-rats comprising both sexes 

undertake little work and are referred to as infrequent workers whereas the smaller non-

reproductive individuals constitute a frequent worker group which include both sexes (Bennett & 

Jarvis, 1988; Jacobs et al, 1991).  There is a tendency for smaller animals to perform more 

burrow maintenance than larger animals.  An oestrus female solicits the male prior to mating 

(Bennett & Jarvis, 1988).   

Reproduction is aseasonal with up to 3 litters per annum (Bennett & Jarvis, 2004).  Ovulation is 

spontaneous and the length of gestation is 78-92 days (Bennett & Jarvis, 1988; Snyman et al, 

2006).  Only a single reproductive female reproduces with up to three putative reproductive 

males (Burland et al, 2004).  Young do not disperse but join the natal colony (Bennett et al, 

1991).  In a functional colony, the oldest non-reproductive animals are the primary dispersers.  

However, when either a reproductive male or female dies, the entire colony will fragment.  In 

either instance, dispersal occurs after rain when the costs of digging are lowest (Bennett et al, 

1996).  
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The burrow system 

The burrow system of the Damaraland mole-rat comprises of an extensive network of superficial 

foraging tunnels and a few deeper tunnels and bolt holes leading to the nest area (Lovegrove & 

Painting, 1987; Bennett et al, 1988; Lovegrove & Knight-Eloff, 1988; Roper et al, 2001). 

Temperatures in the superficial foraging tunnels are relatively high and variable while those in 

the nest area are cooler and less variable.  As a consequence, mole-rats spend much of their time 

in the nest area sleeping and proportionately less time in the foraging tunnels excavating and 

searching for food (Lovegrove, 1988).  The tunnel systems are completely sealed off from the 

surface, creating a unique micro habitat.  The ambient environment is characterized by relatively 

stable temperatures, so that burrows offer protection from temperature extremes (Lovegrove & 

Painting, 1987).  For instance, the temperature range within the burrows of Damaraland mole-

rats is reduced in comparison to the temperature range on the soil surface (Roper et al, 2001), 

and the amplitude of temperature fluctuation diminishes with increasing soil depth so that 

burrow temperatures are more uniform than the temperatures above ground (Bennett et al, 1988).  

Burrows of subterranean mammals also have higher concentrations of carbon dioxide 

(hypercapnic), low concentrations of oxygen (hypoxic) and high levels of humidity.  Similarly to 

other subterranean rodents, Damaraland mole-rats have unique biological adaptations for 

occupying such environments.  They have consequently been the subject of many physiological 

studies.  Some of these unique biological adaptations include lower than predicted metabolic 

rates and higher thermal conductances (Lovegrove, 1986; Bennett et al, 1988; Bennett & 

Faulkes, 2000; Roper et al, 2001). 
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Body temperature, Locomotor activity and Thermoregulation 

Body temperatures have previously been investigated in Damaraland mole-rats (Lovegrove, 

1986, Bennett et al, 1992; Lovegrove & Heldmaier, 1994).  All of these studies were undertaken 

on laboratory maintained mole-rats and showed that Damaraland mole-rats have a mean body 

temperature of approximately 35 °C, slightly lower than that for above ground mammals but 

which is characteristic of the body temperatures measured in subterranean rodents (McNab, 

1979).  Three areas involving the description of body temperature in Damaraland mole-rats have 

been neglected.  Firstly there is limited data on the diel variation in body temperature.   

Thermocouples have been used to measure body temperature in two of these studies (Lovegrove, 

1986; Bennett et al, 1992), while temperature-sensitive radio-transmitters were used in the other 

study (Lovegrove & Heldmaier, 1994).  Only a limited amount of readings may be taken with a 

thermocouple without causing severe stress to the animal.  Also, readings are usually taken 

during the day, and as a consequence it is impossible to use this method to detect 24 hour 

temperature patterns (Gemmell et al, 1997).  However, the use of iButtons to measure body 

temperature at regular intervals enables the detection of body temperature patterns and rhythms 

(Dausmann, 2005; Green et al, 2005).  Secondly, temporal patterns of body temperature in 

Damaraland mole-rats have not received much attention.  As other mole-rat species have 

exhibited temporal body temperature patterns, we suspect that Damaraland mole-rats may also 

exhibit such patterns.  Circadian rhythms of body temperature have been recorded in the naked 

mole-rat (Riccio & Goldman, 2000), the Cape solitary mole-rat (Lovegrove & Muir, 1996) and 

the blind mole-rat (Goldman et al, 1997) under controlled laboratory conditions.   However, it is 

unknown whether Damaraland mole-rats also display daily body temperature rhythms.  Thirdly, 
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all previous studies on this species have been conducted in laboratories, and data on free-ranging 

Damaraland mole-rats in their natural environment are crucially lacking.     

Damaraland mole-rats generally exhibit good thermoregulatory capacities (Lovegrove, 1986).  

They are reported to be homeothermic and conform to the mammalian thermoregulatory dogma 

(Hislop & Buffenstein, 1994).  Lovegrove (1986) determined the thermal neutral zone of 

Damaraland mole-rats to range between 27 °C – 31 °C, and that mole-rats maintained a stable 

body temperature of approximately 35 °C at ambient temperatures over the range 7 °C – 30 °C.  

However, when ambient temperature was increased above 36 °C, Damaraland mole-rats were 

unable to maintain a stable core body temperature, and the body temperature rose rapidly to 39 

°C.  This suggests that Damaraland mole-rats have generally good thermoregulatory capacities.  

Species within the family Bathyergidae are characterized by the possession of microphthalmic 

eyes and have a poorly developed visual system that has been described by Eloff (1958) as 

‘insensitive to light’.  Consequently, it was assumed that mole-rats could not perceive changes in 

light and therefore they would not display circadian rhythms (Lovegrove, 1986; Lovegrove, 

1988).  However, some species do display daily rhythms of locomotor activity under different 

light cycles which suggests that they can perceive changes in light and they possess an intact and 

functional circadian system (Goldman et al, 1997; Riccio & Goldman, 2000; Oosthuizen et al, 

2003).  Locomotor activity has also been described for Damaraland mole-rats.  Under constant 

temperature and constant darkness they exhibited free-running periods of activity and when 

placed on a 12L:12D cycle, they displayed daily rhythms of locomotor activity with most 

individuals displaying a predominantly diurnal component (Lovegrove et al, 1993; Oosthuizen et 

al, 2003).  This finding suggests that Damaraland mole-rats can perceive light and entrain to 
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changes in photoperiod as occurs in other species within the Bathyergidae.  In some rodents the 

rhythms of locomotor activity and body temperature are closely synchronized, which suggests a 

causal relationship.  Increases in locomotor activity may result in a higher body temperature as 

metabolic heat production is elevated through muscular thermogenesis (Decoursey et al, 1998; 

Weinert & Waterhouse, 1998).  However, studies have shown that the rhythm of locomotor 

activity affects, but does not determine the rhythm of body temperature (Brown & Refinetti, 

1996; Refinetti, 1999).  The rhythms of locomotor activity and body temperature are closely 

synchronized in the naked mole-rat (Riccio & Goldman, 2000), the Cape solitary mole-rat 

(Lovegrove & Muir, 1996) and the blind mole-rat (Goldman et al, 1997).  It is unclear whether 

Damaraland mole-rats have daily rhythms of body temperature and if so, are they synchronized 

with locomotor activity patterns.  Also, the effect of locomotor activity on the body temperature 

of Damaraland mole-rats has not been investigated.  Given the available literature on 

Damaraland mole-rats, there is still information lacking concerning this species and accordingly, 

the present studies seeks to fill this void. 

Objectives  

The objectives of the current study are:  

(a) By using iButtons, we seek to determine if free-ranging Damaraland mole-rats exhibit 

temporal patterns of body temperature, and also if internal and external factors influence 

the body temperature of these animals in their natural environment.  This has never been 

done before in this species.   

(b) We seek to determine if ambient soil temperatures influences the core body temperature 

of free-ranging Damaraland mole-rats.  To improve our understanding of the relationship 
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between core body temperature and soil temperature, we also want to determine if any 

internal and external factors influence this relationship. 

(c) We seek to determine if light and locomotor activity patterns influence the body 

temperature of Damaraland mole-rats.  We will be able to assess if patterns of locomotor 

activity and body temperature are closely linked and if an increase in locomotor activity 

will cause a rise in body temperature of this species.  Also, by looking at the activity 

patterns of Damaraland mole-rats, we will be able to confirm if they are diurnal or not.   
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Chapter 2:  Body temperature patterns in free-ranging Damaraland mole-rats 

Abstract 

Body temperature is an important physiological component that describes how an animal relates 

to its immediate environment.  We investigated patterns of body temperatures in free-ranging 

Damaraland mole-rats during the summer and winter.  Both intrinsic (sex and body mass) and 

extrinsic (season) factors influenced body temperatures of Damaraland mole-rats.  Sex and 

season interacted and significantly influenced the minimum and mean 24 hour body temperatures 

of Damaraland mole-rats, while maximum body temperatures were not influenced by this 

interaction.  The minimum body temperature differed more between seasons than the mean and 

the maximum body temperatures for both sexes.  Furthermore, the influence of season on the 

minimum body temperatures was reversed between the sexes.  In summer males had lower 

minimum body temperatures while during winter females had lower minimum body 

temperatures.  The difference in mean body temperature appeared to be greater for females than 

for males.  Consequently, differences between males and females appeared to be higher in 

summer than in winter.  Both cosinor analysis and Fast Fourier Transformation (FFT) analysis 

revealed substantial individual variation in patterns of body temperatures, even within a single 

colony.  Not all mole-rats had body temperature rhythms, while others appeared to exhibit 

ultradien rhythms.  Despite great body temperature ranges especially during the winter, our data 

suggest that Damaraland mole-rats have good thermoregulatory abilities.  Our study is one of the 

first studies where the body temperatures of a free-ranging southern African subterranean rodent 

species have been continuously monitored for an extended time period.  Our study highlights the 

substantial individual variation that presents itself in the body temperatures of free-ranging 

Damaraland mole-rats. 
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Introduction 

Body temperature is an imperative physiological parameter that describes how an animal relates 

to its immediate environment.  It is best described as the balance between heat production and 

subsequent heat loss (McNab, 2002; Clarke & Rothery, 2008).  The nervous system enables an 

animal to regulate its body temperature by sensing and integrating thermal information from the 

external environment as well as internal information within the body core (Bicego et al, 2007).  

Based on how animals regulate their body temperature, they can be divided into homeotherms or 

poikilotherms (Eckert et al, 1988).  Homeotherms generally maintain a stable endogenous body 

temperature regardless of extreme fluctuations in the temperature of their surroundings 

(Refinetti, 1997) whereas poikilotherms lack the ability to maintain and control their core body 

temperature over wide ranges of environmental temperatures (Buffenstein & Yahav, 1991).  

Homeotherms include higher vertebrates (i.e. mammals and birds) while poikilotherms includes 

lower vertebrates such as fish, amphibian and reptiles and invertebrates (Eckert et al, 1988).  

Eutherian mammals regulate their body temperatures around a set-point between 37 °C – 40 °C 

(Eckert et al, 1988), while monotremes and marsupials have lower body temperatures between 

34 °C – 35 °C (Dawson & Hulbert, 1970; Gemmell et al, 1997).  It is extremely energetically 

costly for homeotherms to maintain a constant body temperature (Eckert et al, 1988).  Therefore, 

the body temperature of an animal is an imperative physiological parameter since it consists of a 

trade-off between optimal biochemical performance and energetic costs.  A number of 

significant enzymes are heat-activated, relying on the body temperature to be activated (Eckert et 
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al, 1988).  An increase in metabolic heat production will result in the raising of the temperature 

in tissues to levels that will notably enhance the rate of chemical reactions.  The general heath of 

an animal can also be reflected in its body temperature, and a raise in body temperature is usually 

indicative of a fever response to a pathogen in an animal (Benzinger, 1969; Barrientos et al, 

2009).     

Within the mammalian order Rodentia, which is the most species rich within Mammalia, great 

variation in body temperature occurs. However, most rodent species regulate their body 

temperature at a set-point between 36 °C – 38 °C (Mortola & Lanthier, 2004), although 

subterranean species regulate their body temperatures at a lower set-point of approximately 34 

°C (McNab, 1979; Lovegrove & Muir, 1996; Goldman et al, 1997).  Mole-rats are a family of 

subterranean rodents that inhabit sub-Saharan Africa.  Although body temperatures have been 

determined for most mole-rat species, the focus of previous studies has typically not been to 

quantify body temperatures but rather on metabolism or thermoregulation (Haim & Fairall, 1986; 

Lovegrove, 1986, Lovegrove, 1987; Bennett et al, 1992; Bennett et al, 1993a Bennett et al, 

1993b; Bennett et al, 1994; Bennett et al, 1996; Zelova, 2007; Kotze et al, 2008).  Patterns of 

body temperatures in mole-rats have therefore not been fully described, with the notable 

exception of two species with a weak capacity for thermoregulation, the naked mole-rat 

(Heterocephalus glaber) and the Mashona mole-rat (Fukomys darlingi) (Buffenstein & Yahav, 

1991; Bennett et al, 1993a; Urison & Buffenstein, 1995; Woodley & Buffenstein, 2002).  These 

two species, particularly the naked mole-rat, have received much attention due to the fact that 

they showed heterothermic traits (Buffenstein & Yahav, 1991).  A few other mole-rat species 

have received more attention than others, including Damaraland mole-rats (Fukomys 

damarensis) (Lovegrove, 1986; Hislop & Buffenstein, 1994; Lovegrove & Heldmaier, 1994), the 
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solitary Cape mole-rat (Georychus capensis) (Lovegrove & Muir, 1996), and the blind mole-rat 

(Spalax ehrenbergi) (Goldman et al, 1997).  

The Damaraland mole-rat is a eusocial species that typically occurs in colonies of up to 40 

individuals (Bennett et al, 1988; Roper et al, 2001).  They inhabit closed burrow systems which 

have a much muted and tight temperature rhythm that is markedly different from surface 

temperature profiles (Bennett et al, 1988).  They are hardly ever exposed to light in their natural 

environment.  Previous studies have shown that Damaraland mole-rats have a core body 

temperature of approximately 35 °C (Lovegrove, 1986; Bennett et al, 1992; Hislop & 

Buffenstein, 1994; Lovegrove & Heldmaier, 1994), which is characteristic for subterranean 

rodents (McNab, 1979).  Their thermal neutral zone ranges between 27 °C – 31 °C and 

Damaraland mole-rats are described as having good thermoregulatory capacities (Lovegrove, 

1986).  However, studies pertaining to the body temperature of Damaraland mole-rats have all 

been conducted in laboratories and no body temperature data on free-ranging Damaraland mole-

rats exist.  This is a shortcoming as the body temperatures were recorded under artificial lighting, 

housing and thermal regimes.   These conditions are far removed from their natural environment 

and body temperatures recorded under these conditions may not necessary reflect the body 

temperature of free-ranging animals.  Moreover, previous studies determined body temperatures 

using either thermocouples or radio telemetry (Lovegrove, 1986; Bennett et al, 1992; Lovegrove 

& Heldmaier, 1994).  Thermocouples are problematic in that only a limited amount of readings 

may be taken without causing severe stress to the animals.  Since these readings usually are 

taken during the day it is not a suitable technique for detecting diel temperature patterns 

(Gemmell et al, 1997).  Radio telemetry techniques, on the other hand, do not provide the 

necessary accuracy to reliably quantify body temperatures in small mammals.  In contrast, small 
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implantable temperature loggers, iButtons, allow for measurements at regular pre-programmed 

intervals which enable the elucidation of body temperature rhythms at varying levels 

(Dausmann, 2005; Green et al, 2005).   

It is unclear what patterns of body temperature exist in Damaraland mole-rats, and if these 

patterns do differ between artificial lab environments and the natural environment where these 

animals are not exposed to light.  Seasonal data for body temperature is also lacking and 

therefore it is unknown whether Damaraland mole-rats display seasonal variation in body 

temperature and if they employ different thermoregulatory strategies during the year.  Given the 

gap in the current knowledge of this species, our study therefore seeks to quantify patterns of 

body temperature in free-ranging Damaraland mole-rats, to test if seasonal differences in body 

temperature and thermoregulation occur and also if internal and external factors influence the 

body temperature of these animals in their natural environment.  Having this information will 

lead us to a better understanding of the thermal biology of Damaraland mole-rats, and we may 

also extend this information to other subterranean species. 

Materials and methods 

Study area and study animals 

We conducted the study at Hotazel (27° 17´; 22° 58´ E) in the Northern Cape Province, South 

Africa.  This location lies within the arid Kalahari region, which is characterized by semi desert 

conditions including low annual precipitation and large daily fluctuations in ambient 

temperature. We captured animals during the summer (December – March) of 2006 and the 

winter (April – September) of 2007.  We located mole-rat burrows and subsequently captured 
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animals with modified Hickman live traps using sweet potato as bait (Hickman, 1979).  Traps 

were placed at an opening to the burrow system and covered with a layer of soil to prevent any 

light from entering the tunnel and to keep the traps cool.  Traps were checked every two to four 

hours.  When possible, all the members of a particular colony were trapped out before they were 

processed and released.  Before release, we housed captured animals in plastic containers where 

the floor had been covered with a layer of soil.  Animals were fed a diet of sweet potato daily.   

Experimental procedures and temperature measurements 

Once a complete colony had been captured out, we surgically implanted a miniature temperature 

logger (DS1922L iButtons, Maxim Integrated Products, Sunnyvale, California, USA. 

http://maxim-ic.com, outside diameter of 17.35 mm) into the abdomen of each animal weighing 

approximately 100 grams.  The iButtons were programmed to take temperature readings hourly 

with an internal accuracy of 0.0625 °C.  Data loggers were covered in layers of petroleum wax 

and sterilized in hibothane alcohol prior to insertion into animals.  For the procedure, we 

anaesthetized each animal with ketamine hydrochloride (4-6 mg/kg) and medetomodine (0.06-

0.15 mg/kg).  After each procedure, we gave each animal buprenorphine (0.05-0.1 mg/kg) for 

post-surgery analgesia, synulox (0.2 mg/kg) to avoid surgery related infections and atipamezole 

(0.3-0.7 mg/kg) to reverse the effects of medetomodine.  Aseptic techniques were applied 

throughout the procedures.  Animals were given 24 hours to recover from surgery before they 

were released back into their burrows.  After three months (summer) and six months (winter) 

animals were recaptured and the miniature data loggers were removed surgically using the same 

procedures as described above.  Different animals were used for each period since we had 

difficulty in recapturing the same animals between seasons.  A total of 8 animals from 2 colonies 
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were trapped in summer and 15 animals from 4 (D, E, I & J) colonies were trapped in winter.  

Data were downloaded using ClimaStats software version 3.5 (Fair Bridge Technologies).  All 

animal procedures were conducted by licensed veterinarians and approved by the Animal Use 

and Care Committee at the University of Pretoria (AO27/06).  

After the completion of the experiment, the loggers were calibrated against a mercury 

thermometer in an insulated water bath.  Temperatures were confirmed with an additional 

mercury thermometer. 

Data analysis  

We calculated the mean, minimum and maximum body temperatures for each 24 hour period and 

tested the effects of season and sex on 24 hour body temperatures using mixed linear models 

(Pinheiro & Bates, 2000).  We used season, sex and an interaction between season and sex as 

fixed terms and added consecutive days nested within individuals and nested within groups as 

random factor to account for non-independence within individuals and groups. We ran three 

separate models using mean, minimum and maximum temperature as response variable in each 

model. 

We used cosinor analysis (Halberg et al, 1972; Minors & Waterhouse, 1989) to determine if any 

24 hour rhythms of body temperature were present in the free-ranging mole-rats.  We tested 24 

hour body temperature rhythms since these are the body temperature rhythms that are expected 

to result from the exposure to 24 hour variations in burrow temperature (Roper et al, 2001).  We 

calculated the mean (mesor) values and the amplitude (the difference between the peak and the 

trough values and the mean value) of the daily body temperature rhythms for each individual and 
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also for each mole-rat group.  Every significant fitted curve was tested against the null 

hypothesis that the amplitude was zero (Minors & Waterhouse, 1989).  For each animal, we also 

calculated percentage rhythm, i.e. the percentage of the variability in the data that could be 

accounted for by the fitted curve.  We determined the curves that best described groups and 

whether they were significantly different from one another.  We further determined whether 

daily rhythms of body temperature differed within groups (Nelson et al, 1979).  We also 

determined an overall characterisation of the body temperatures for all of the animals and for 

each particular group.  In addition to cosinor analyses, we used spectral analyses to detect 

possible rhythmic patterns outside the predicted 24 hour pattern. We used a smoothed 

periodogram based on a Fast Fourier Transformation (FFT) to describe the spectral density over 

the full range of frequencies (Venables & Ripley, 2002).  We constructed one periodogram for 

each animal. 

To quantify the degree to which an animal is heterothermic, we calculated a Heterothermy Index 

(HI) calculated for each animal (Boyles et al, in press).  A high value of this index (HI > 30) 

indicates heterothermy whereas a low HI value indicates normothermy (HI < 2).  Values in 

between indicate animals that are primarily homeothermic but enter into torpor or hibernation 

during the year.  The HI was calculated using the formula: 

 

where Topt is the optimal Tb for performance, calculated as the mode for each animal as the data 

showed a unimodal distribution (McKechnie et al, 2007; Smit & McKechnie, in press), Tb-i is the 
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Tb measurement at time i and n is the number of times Tb is sampled (Boyles et al, in press).  The 

HI was calculated for each animal as the average HI over a 24 hour period.  We used mixed 

linear models (Pinheiro & Bates, 2000) to determine the effect of sex and season on the HI 

values.  These models had the same structure as previously described for body temperature data. 

All statistical analyses were carried out using R version 2.11.0 (http://www.r-project.org) and the 

cosinor analyses using the program Chrono2 (J.W.H. Ferguson, Department of Zoology and 

Entomology, University of Pretoria, Pretoria, South Africa).   

Results  

Wild, free-ranging Damaraland mole-rats had average body temperatures of 35.01 ± 0.22 °C 

across both seasons.  Sex and season interacted in their effect on 24 hour mean (F1 = 13.41, P = 

0.002) and minimum (F1 = 5.65, P = 0.03) body temperatures, but not the maximum (F1 = 0.6, P 

= 0.44) body temperatures.  The minimum body temperature differed more between seasons than 

the mean and the maximum body temperatures.  This was true for both sexes (Figure I).  The 

influence of season on maximum body temperature was reversed in males and females, with 

higher maximum body temperature in winter for males and higher maximum body temperature 

in summer for females.  The difference between seasons in mean body temperature appeared to 

be greater for females than for males.  Consequently, the differences between males and females 

appeared to be higher in summer than in winter (Figure I).  Furthermore, the influence of season 

on the minimum body temperatures was reversed between the sexes.  In summer males had 

lower minimum body temperatures while during winter females had lower minimum body 

temperatures.   
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There was a great variation in body temperature patterns, both within and between groups (Table 

1).  There was no significant differences in daily body temperature patterns of individuals in 

Group D for the mesor (F2,6471 = 0, P = 1.0) but there were significant difference for the 

phase/amplitude (F4,6471 = 5.79, P < 0.001).  Also, there were no significant differences in body 

temperature daily rhythms of individuals in Group E and Group J for both the mesor (Group E: 

F4,10785 = 0 , P = 1.0; Group J: F 4,19785 = 0, P = 1.0) and for the phase/amplitude (Group E: F 

8,10785 = 1.72, P = 0.09; Group J: F 8,19785 = 1.57, P = 0.13).   

The results from the FFT analysis further supported the variation in rhythmicity.  Individuals 

within the same colony had different body temperature patterns.  Seven individuals were 

arrhythmic while other individuals displayed ultradien rhythms (Figure III).  Some individuals 

had patterns intimating a 24 hour body temperature rhythm, which concurred with the results of 

the cosinor analysis, while others had both a 24 and a 12 hour body temperature rhythm (Table 

2).  

HI values were significantly higher for the winter season (mean 1.17 ± 0.07) compared to the 

summer (mean 0.67 ± 0.03) (F1 = 12.81, P = 0.003).  However, neither sex (Sex: F1 = 0.36, P = 

0.56) nor an interaction between season and sex had any significant effects on the HI values (Sex 

X Season: F1 = 0.07, P = 0.8) (Figure IV).   

Discussion 

The mean body temperature of 35 °C recorded for free-ranging Damaraland mole-rats is similar 

to values recorded for individuals maintained under stable laboratory conditions (Lovegrove, 

1986; Bennett et al, 1992; Hislop & Buffenstein, 1994; Lovegrove & Heldmaier, 1994).  This 

temperature is approximately 3 °C lower than that of the body temperature of other mammals of 
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comparative size (Lovegrove & Heldmaier, 1994) but characteristic of body temperatures in 

subterranean rodents (McNab, 1979).  Both sex and season influenced the minimum and mean 

body temperature of Damaraland mole-rats.  Some mole-rat species maintain lower core body 

temperatures during periods when the ambient temperatures are low (Buffenstein & Yahav, 

1991; Bennett et al, 1993a). This is in accordance with our results, where minimum body 

temperatures differed more between seasons than mean and maximum body temperatures.  Mean 

body temperatures showed little variation between summer and winter.  Even though mole-rats 

have lower minimum body temperatures during winter, their mean core body temperatures stay 

more of less the same.  Differences in body temperatures between males and females are higher 

in summer than in winter.  This will be discussed in more detail in the next chapter (Chapter 3).  

In contrast, neither the sex of the animal nor the season influenced the maximum body 

temperature.  Similar results were obtained by Lovegrove and Helmaier (1994) where minimum 

and mean body temperatures of Damaraland mole-rats showed a non-random distribution while 

maximum body temperature showed a random distribution.  

Interestingly, Damaraland mole-rats do not appear to exhibit defined body temperature rhythms 

as many rodents do (Brown & Refinetti, 1996; Lovegrove & Muir, 1996; Refinetti, 1997; 

Refinetti, 1999).  Instead, our data indicated a range of temporal patterns of body temperatures 

among individual Damaraland mole-rats, ranging from arrhythmic to patterns indicating either 

24 hour rhythms, double rhythms (24 and 12 hour rhythms) or multiple rhythms.  Various 

biological rhythms exist within the body, from activity rhythms to hormone rhythms (Labyak & 

Lee, 1993; Refinetti, 1999; Martinez et al, 2002; Verhagen et al, 2004).  Any number of these 

biological rhythms could be associated with or even responsible for the large variation of 

temporal patterns in body temperature that we observed in our study.  Studies have shown that 
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activity and body temperature rhythms are closely associated and that a causal relationship may 

exist (Goldman et al, 1997; Weinert & Waterhouse, 1998; Refinetti, 1999).  Body temperature 

has also been influenced by hormone levels (Labyak & Lee, 1993).  If we had such information, 

we may be able to establish possible links between these rhythms and the observed variation in 

temporal patterns of body temperature.   

Damaraland mole-rats showed tremendous intra and inter-group variation in patterns of body 

temperatures.  While this variation is perplexing, similar results have been found regarding 

patterns of locomotor activity in this species (Oosthuizen et al, 2003; Hart et al, 2004).  Some 

individuals displayed diurnal activity patterns, others displayed nocturnal activity patterns while 

others still switched between patterns within a cycle.  Similar variability has been recorded 

within other mole-rat species: 75% of Natal mole-rats (Cryptomys hottentotus natalenis), 54% of 

solitary Cape mole-rats (Georychus capensis), 42% of highveld mole-rats (Cryptomys 

hottentotus pretoriae), and 50% of Damaraland mole-rats (Fukomys damarensis) entrained to a 

12L:12D light cycle (Oosthuizen et al, 2003; Hart et al, 2004).  Also, similar results were found 

in a study undertaken on the blind mole-rat (Goldman et al, 1997) where locomotor activity and 

body temperature were investigated to determine if any circadian patterns were present.  

Considerable variation among individuals was found in virtually all environmental lighting and 

temperature conditions.  Lovegrove and Helmaier (1994) also described the patterns in 

Damaraland mole-rats as confusing and not easy to assess.  Some individuals displayed intense 

nocturnal activity bouts, while others did not.  It is clear that the observed individual variation 

may not only be limited to the Damaraland mole-rats, but whether or not the observed individual 

variation is characteristic of all mole-rats species merits further studies.  
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Considering the large daily fluctuations and the ranges of body temperatures of Damaraland 

mole-rats, especially during winter (Figure II), we would predict a certain degree of 

heterothermy in these animals, especially since two closely related species, the Mashona mole-

rat and the naked mole-rat are known to exhibit heterothermic traits (Buffenstein & Yahav, 1991; 

Bennett et al, 1993a).  However, the calculated HI values do not support this prediction.  

Damaraland mole-rats have very low HI values when compared to animals that are known to be 

heterothermic and employ torpor or hibernation.  HI values of Damaraland mole-rats are similar 

to those of Springbok (HI = 0.27) and the Southern Lesser Galago (HI = 1.21) but much lower 

than the values of Elephant Shrew (HI = 10.04) and the Eastern Pygmy Possum (HI = 32.40) 

which are known to have strongly heterothermic traits (Boyles et al, in press).  There was a 

significant difference between summer and winter HI values, which may suggest that the 

thermoregulation of these animals differs with season.  It may also indicate that during the winter 

the thermoregulation is not as ‘strict’ as during the summer, because body temperature ranges 

were wider during winter and the minimum body temperatures were lower.  Despite these 

differences, HI values of Damaraland mole-rats appear to conform to values generally measured 

in mammals (Hislop & Buffenstein, 1994).   

Conclusion 

The minimum and mean daily body temperatures were significantly influenced by the interaction 

between sex and season, while maximum body temperatures were not.  Both cosinor analysis and 

spectral analysis highlighted a substantial individual variation in the patterns of body 

temperature, even among individuals from the same colony.  A wide range of temporal body 

temperature patterns were found among the mole-rats, ranging from arrhythmic to apparent 24 
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hour rhythms.  Despite great body temperature ranges especially during the winter months, 

Damaraland mole-rats exhibited low HI-values, indicating that they are good thermoregulators.  

They do not display any heterothermic characteristics and are best described as homeotherms.  

Our study is one of the first studies to investigate body temperatures of a free-ranging southern 

African subterranean rodent species that have been continuously monitored for a considerable 

period of time and highlights the substantial individual variation in the body temperatures of 

free-ranging Damaraland mole-rats. 
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Figure I.  The effect of season and sex on the minimum, mean and maximum body temperatures 

of Damaraland mole-rats.  
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Figure II. The body temperature variation within a day (24 hours) in a male Damaraland mole-rat 

(IM13) on 31 May 2007 and a female Damaraland mole-rat (JF06) on 24 May 2007. 
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Figure III.  Periodograms describing the spectral density, calculated from a Fast Fourier 

Transformation of body temperatures for three distinct profiles: (a) an animal with a 24 hour 
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body temperature rhythm, (b) multiple body temperature rhythms, and (c) no body temperature 

rhythm. 
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Figure IV. The effect of season (summer and winter) and sex (female and male) on the HI values 

(± SE) of Damaraland mole-rats.   
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Table 1.  Results for the cosinor analysis performed on each individual mole-rat.  

Animal Mesor (°C) Amplitude (°C) 
Percentage 

rhythm 
Zero-amplitude test P-value 

DF01 35.41 0.08 1.58% F2,2157 = 17.27 P<0.001 

DM02 34.68 0.006 0.01% F2,2157 = 0.06 P=0.94 

DM03 34.8 0.05 0.22% F2,2157 = 2.32 P=0.1 

EF01 34.91 0.04 0.15% F2,2157 = 1.64 P=0.19 

EF03 34.91 0.05 0.26% F2,2157 = 2.84 P=0.06 

EF04 35.03 0.02 0.24% F2,2157 = 2.58 P=0.08 

EF07 35.01 0.04 0.66% F2,2157 = 7.11 P<0.001 

EF08 35.01 0.08 0.02% F2,2157 = 0.24 P=0.79 

IF04 34.5 0.1 0.34% F2,3957 = 6.71 P=0.001 

IF06 34.72 0.13 0.75% F2,3957 = 14.96 P<0.001 

IF08 34.67 0.08 0.26% F2,3957 = 5.17 P=0.006 

IM05 34.61 0.14 0.79% F2,3957 = 15.76 P<0.001 

IM10 34.65 0.1 0.46% F2,3957 = 9.13 P<0.001 

IM11 34.71 0.09 0.43% F2,3957 = 8.58 P<0.001 

IM13 34.81 0.05 0.13% F2,3957 = 2.64 P=0.07 

IM14 34.72 0.08 0.48% F2,3957 = 9.57 P<0.001 

JF01 34.52 0.03 0.04% F2,3957 = 0.77 P=0.46 

JF04 35.08 0.005 0.00% F2,3957 = 0.03 P=0.97 

JF06 34.5 0.09 0.33% F2,3957 = 6.6 P<0.001 

JM02 34.65 0.02 0.02% F2,3957 = 0.34 P=0.71 

JM03 34.51 0.04 0.09% F2,3957 = 1.82 P=0.16 

EMX 34.36 0.09 0.28% F2,3957 = 5.61 P=0.004 

GM06 34.59 0.05 0.15% F2,3957 = 2.94 P=0.05 
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Table 2. The results of the FFT analysis together with the HI-values and other body temperature 

parameters. 

Animal Season 
Spectral 

rhythm 

HI-

value 

Average 

Tb 

Minimum 

Tb 

Maximum 

Tb 
Range 

DF01 Summer 24 H 0.48 35.41 33.43 37.54 4.11 

DM02 Summer 24 H & 12 H 0.71 34.68 32.27 37.13 4.86 

DM03 Summer 24 H & 12 H 0.77 34.8 32.2 38 5.8 

EF01 Summer arrhythmic 0.66 34.91 32.8 38.35 5.55 

EF03 Summer arrhythmic 0.65 34.91 32.64 37.88 5.24 

EF04 Summer 24 H 0.7 35.03 32.33 37.94 5.61 

EF07 Summer arrhythmic 0.66 35.01 32.54 37.4 4.86 

EF08 Summer 24 H & 12 H 0.69 35.01 33.14 38.13 4.99 

EMX Winter 24 H & 12 H 1.29 34.36 28.79 37.52 8.73 

GM06 Winter arrhythmic 0.95 34.59 31.05 36.79 5.74 

IF04 Winter multiple 1.35 34.5 29.1 37.53 8.43 

IF06 Winter 24 H 1.09 34.72 29.18 37.1 7.92 

IF08 Winter multiple 1.11 34.67 29.95 37.12 7.17 

IM05 Winter multiple 1.81 34.61 29.37 37.35 7.98 

IM10 Winter arrhythmic 1.16 34.65 28.92 37.09 8.17 

IM11 Winter multiple 1.02 34.71 30.68 37.17 6.49 

IM13 Winter arrhythmic 1.54 34.81 30.28 37.45 7.17 

IM14 Winter multiple 0.87 34.72 30.82 36.87 6.05 

JF01 Winter multiple 1.27 34.52 28.49 39.21 10.72 

JF04 Winter 6 H 0.77 35.08 28.81 37.17 8.36 

JF06 Winter 24 H 1.22 34.5 28.89 37 8.11 

JM02 Winter arrhythmic 1.11 34.65 29.87 37.6 7.73 

JM03 Winter multiple 1.01 34.51 28.67 37.53 8.86 
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Chapter 3:  The influence of soil temperature on the body temperatures of Fukomys 

damarensis 

Abstract 

Animals vary in their ability to regulate and maintain their core body temperature.  

Homeotherms maintain a stable endogenous body temperature regardless of environmental 

temperature fluctuations while poikilotherms lack this ability.  Ambient temperature is probably 

the most important extrinsic factor that influences body temperature and is therefore essential for 

body temperature regulation.  The Damaraland mole-rat is a small subterranean rodent that 

occurs in an extensive labyrinth of burrows with a deep centrally placed nest.  In this study we 

investigated how extrinsic (soil temperature and season) and intrinsic (sex and body mass) 

factors affected body temperatures of free-ranging Damaraland mole-rats.  Animals were 

captured and iButtons were implanted into the peritoneal cavity.  After recovery animals were 

released back into their colonies and recaptured after three months in the summer and six months 

in the winter respectively.  Hourly frequency distributions of both minimum and maximum 

temperatures differed between mole-rats and the soil surface, suggesting that body temperatures 

were not closely linked to soil surface temperatures.  Instead, the relationship between the body 

temperature and soil temperatures was affected by a complex of interactions between season, sex 

and body mass.  In males, body mass was positively related to body temperatures whereas the 

inverse pattern was found in females.  Also, our results indicate that there were thermoregulatory 

differences between males and females during summer.  Our study suggests that the 

physiological response of mammals to environmental change may be complex, and highlights 

that a range of variables should be considered when studying such relationships. 
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Key words 
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damarensis 

Introduction 

The body temperature of an animal is best described as the balance between heat production and 

subsequent heat loss (McNab, 2002; Clarke & Rothery, 2008).  Animals vary in their ability to 

regulate and maintain their core body temperature.  Homeotherms are posited to maintain a 

stable endogenous body temperature regardless of extreme fluctuations in the temperature of 

their surroundings (Refinetti, 1997).  Poikilotherms on the other hand lack the ability to maintain 

and control their core body temperature over wide ranges of environmental temperatures.  

Usually, ambient temperatures are reflected in the body temperatures of these organisms 

(Buffenstein & Yahav, 1991).  Generally speaking, higher vertebrates (mammals and birds) are 

homeotherms while lower vertebrates (fish, amphibian and reptiles) and invertebrates (insects) 

are poikilotherms (Eckert et al, 1988).  There are exceptions to this rule, where a few larger 

lizards, deep sea fishes and flying insects exhibit homeothermic tendancies, but this is limited to 

periods of rapid growth and activity.  Also, some smaller mammals have shown poikilothermic 

traits (Buffenstein & Yahav, 1991).   

One of the most important extrinsic factors that can affect body temperature is the surrounding 

ambient temperature.  Whereas ambient temperature has an important effect on the body 

temperature of poikilotherms, it can also to a lesser degree affect the body temperatures of 

homeotherms within the limits of their thermal extremes (Buffenstein & Yahav, 1991).  For 
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instance the naked mole-rat (Heterocephalus glaber), which is a hairless mammal, may be 

described as poikilothermic rather than homeothermic (Buffenstein & Yahav, 1991).  Individual 

naked mole-rats cannot maintain a constant body temperature over the entire range of ambient 

temperatures, so that body temperature is directly proportional to the ambient temperature below 

a critical ambient temperature.  Oxygen consumption also shows a poikilothermic trend when the 

ambient temperature drops below 29 °C (Buffenstein & Yahav, 1991).  Similar traits are found in 

the Mashona mole-rat (Fukomys darlingi) (Bennett et al, 1993).  Mashona mole-rats are able to 

keep their body temperatures stable within a specific ambient temperature range of 25 °C – 31.5 

°C.  However, above 33 °C their body temperature increases and below 25 °C body temperature 

decreases with strong poikilothermic tendencies (Bennett et al, 1993).  The ability of a 

homeotherm to regulate its body temperature depends on the ability of the nervous system to 

sense and integrate thermal information from the external environment and internal information 

within the body core (Bicego et al, 2007).  Therefore, both intrinsic and extrinsic factors may 

influence the regulation of body temperature in such a species.   

For animals living in subterranean burrow systems, the microclimate is characterized by 

relatively stable temperatures, such that burrows offer protection from temperature extremes 

(Lovegrove & Painting, 1987).  For instance, the temperature range within the burrows of 

Damaraland mole-rats is reduced in comparison to the temperature range on the soil surface 

(Roper et al, 2001), and the amplitude of temperature fluctuation diminishes with increasing soil 

depth so that burrow temperatures are more uniform than the temperatures above ground 

(Bennett et al, 1988).  However, burrows of subterranean mammals also have high 

concentrations of carbon dioxide, low concentrations of oxygen and high levels of humidity. 

Therefore, the animals occupying such environments exhibit lower metabolic rates and higher 

 
 
 



 
47 

 

thermal conductances than predicted by classical allometric equations of homeotherms 

(Lovegrove, 1986; Bennett et al, 1988; Bennett & Faukles, 2000; Roper et al, 2001). 

Damaraland mole-rats are subterranean mammals that inhabit closed burrow systems (Bennett et 

al, 1988; Roper et al, 2001).  Lovegrove (1986) determined the thermal neutral zone of 

Damaraland mole-rats to range between 27 °C – 31 °C, and that mole-rats maintained a stable 

body temperature of approximately 35 °C at ambient temperatures over the range 7 °C – 30 °C.  

However, when ambient temperature was increased above 36 °C, the body temperature rose to 

39 °C.  Lovegrove (1986) concluded that Damaraland mole-rats generally exhibited good 

thermoregulatory capacities.  However there is a paucity of data on how the body temperatures 

of Damaraland mole-rats relates to ambient temperature in free-ranging environments.  

Therefore, the current study seeks to determine if soil temperature at varying depths has an 

influence on the body temperature of wild, free-ranging Damaraland mole-rats.   

Materials and methods 

Study area and study animals 

We conducted the study at Hotazel (27° 17´; 22° 58´ E) in the Northern Cape Province, South 

Africa.  This location lies within the arid Kalahari region, which is characterized by semi desert 

conditions including low annual precipitation and large daily fluctuations in ambient 

temperature. We captured animals during the summer (December – March) of 2006 and the 

winter (April – September) of 2007.  We located mole-rat burrows and subsequently captured 

animals with modified Hickman live traps using sweet potato as bait (Hickman, 1979).  Traps 

were placed at an opening to the burrow system and covered with a layer of soil to prevent any 
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light from entering the tunnel and to keep the traps cool.  Traps were checked every two to four 

hours.  Where possible, all the members of a particular colony were trapped out before they were 

processed and released. Before release, we housed captured animals in plastic containers where 

the floor had been covered with a layer of soil.  Animals were fed a diet of sweet potato daily.   

Experimental procedures and temperature measurements 

Once a complete colony had been captured out, we surgically implanted a miniature temperature 

logger (DS1922L iButtons, Maxim Integrated Products, Sunnyvale, California, USA. 

http://maxim-ic.com, outside diameter of 17.35 mm) into the abdomen of each animal.  We 

programmed the iButtons to take temperature readings hourly with an internal accuracy of 

0.0625 °C.  iButtons were covered in layers of petroleum wax and sterilized in hibothane alcohol 

prior to insertion into animals.  For the procedure, we anaesthetized each animal with ketamine 

hydrochloride (4-6 mg/kg) and medetomodine (0.06-0.15 mg/kg).  After each procedure, we 

gave each animal buprenorphine (0.05-0.1 mg/kg) for post-surgery analgesia, synulox (0.2 

mg/kg) to avoid surgery related infections.  To reverse the effects of medetomodine, we gave 

each animal atipamezole (0.3-0.7 mg/kg).  We applied aseptic techniques throughout all the 

procedures.  Animals were given 24 hours to recover from surgery before they were released 

back into their burrows.  After three months (summer) and six months (winter) animals were 

recaptured and the iButtons were removed surgically using the same procedures as described 

above.  We repeated this process for both summer and winter periods.  Different animals were 

used for each period since we had difficulty in recapturing the same animals between seasons.  A 

total of 8 animals from 2 colonies were trapped in summer and 15 animals from 4 colonies were 

trapped in winter.  Data were downloaded using ClimaStats software version 3.5 (Fair Bridge 
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Technologies).  All animal procedures were conducted by licensed veterinarians and approved 

by the Animal Use and Care Committee at the University of Pretoria (AO27/06).   

We measured soil temperatures with the same model of miniature data loggers as we implanted 

in the mole-rats.  These iButtons were placed into two separate pits approximately 1 km apart at 

4 different depths: just below the surface, at 0.5 m, 1.0 m and 2.0 m.  We selected these depths as 

mole-rats construct burrow structures to nests at depths of 1.5 and 2.0 m respectively (Bennett et 

al, 1988; Lovegrove & Knight-Eloff, 1988; Roper et al, 2001).  Soil temperatures were recorded 

hourly during the summer (Dec 2006 – Mar 2007) and bihourly during the winter (Apr – Sep 

2007). 

After the completion of the experiment, the loggers were calibrated against a mercury 

thermometer in an insulated water bath.  Temperatures during the calibrations were confirmed 

with an additional mercury thermometer. 

Statistical analysis 

The mean, standard deviation and temperature range was calculated for mole-rats as well as soil 

temperature at each depth for both summer and winter.   

We used mixed linear models (Pinheiro & Bates, 2000) to determine the effects of soil 

temperature at different depths on body temperature of mole-rats, while controlling for season, 

sex and body mass of the animals.  In the models, we used mole-rat body temperatures as the 

response variable and season as well as the sex and body mass of mole-rats as fixed variables.  

To test the effects of ambient temperatures at different soil depths, we also fitted the raw 

temperatures at the deepest depth (i.e. 2.0 m), as well as the residuals from sequential regressions 
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between the temperatures at deeper and shallower depth for subsequent depth (i.e. instead of raw 

temperatures at 1.0 m we added residuals from the raw temperatures at 1.0 m regressed against 

the raw temperatures at 2.0 m) as additional fixed variables. This design allowed us to test the 

explicit depth specific variation in soil temperature while controlling for variation at deeper 

depths.  For soil temperature measurements, we added the average measurement of the two pits. 

To account for temporal pseudoreplication and for non-independence in temperature 

measurements between animals from the same colonies, we added time nested within mole-rat 

identity and colony as random variables.   

We used generalized linear-mixed models to test if the hourly distribution of minimum and 

maximum temperatures differed between mole-rats and the soil.  In the model, raw frequencies 

of maximum and minimum temperatures at each hour were used as response variables, and time 

of day, a dichotomous variable indicating whether the frequency was for soil or an animal, and 

season were used as fixed variables.  We only fitted frequencies from the soil surface, and fitted 

full models including all interaction effects.  To account for non-independence between animals 

from the same colonies, we added mole-rat identity nested within mole-rat colony as random 

variables. 

Results  

During summer,  the average soil temperatures on the soil surface  was 32.00 °C ± 7.12 and 

lower at the respective depths; 0.5 m: 31.07 °C (± 0.53), 1.0 m: 29.58 °C (± 0.26) and 2 m: 27.45 

°C (± 0.35) (Figure I).  However, this pattern was reversed during the winter with an average soil 

surface temperature of 15.69 °C (± 11.59) and a subsequent increase in average temperatures 

with  increased with depth of  soil; 0.5 m: 17.49 °C (± 2.53), 1.0 m: 19.37 °C (± 2.41) and 2 m: 
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21.32 °C (± 2.15) (Figure I).  The overall soil temperature ranges were broader in winter 

compared with  summer (e.g. surface: 14.25 °C – 60.46 °C during summer and -3.45 °C – 48.91 

°C during winter) , and the ranges decreased with an increase in depth for both seasons (e.g. 

surface: 14.25 °C – 60.46 °C and a much smaller range at 2.0 m 26.42 °C – 28.23 °C).  During 

summer, mole-rat body temperatures fell within an overall range of 32.2 °C – 38.35 °C, and 

during winter between 28.49 °C – 37.47°C.   

The relationship between the body temperature of mole-rats and soil temperatures was 

influenced by interactions between sex and body mass at deeper soil depths but not the soil 

surface temperatures (Table 1). There was a positive relation between body size and body 

temperature for males and a negative relation between body size and body temperature for 

females (Figure II), and there was a significant interaction between season and sex and soil depth 

at 1.0 M (1.0 M x Sex x Season, Chi-square=27.5, p<0.0001).  Males had a reversed relation 

with soil temperature during different season with a negative relation during summer (i.e. as soil 

temperature increased male body temperatures decreased) and a slightly positive relation during 

winter (i.e. male body temperatures increased with soil temperatures).  Females showed a little 

relation with soil temperatures during both summer and winter.  There was only a difference 

between the sexes during summer, but not during winter (Figure IIIa & b). 

 Hourly frequency distributions of both minimum (Time x Type, Chi-square=127.56, p=0.001) 

(Figure IVa) and maximum (Time x Type, Chi-square=10.397, p=0.001) temperature differed 

between mole-rat and the soil surface temperatures (Figure IVb). This difference was not 

influenced by season, neither for minimum (Time x Type x Season, Chi-square=0.0579, 
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p=0.810) nor for maximum temperatures (Time x Type x Season, Chi-square=2.0255, p=0.155) 

(Table 2). 

Discussion  

Our results on soil temperatures are similar to the findings of previous studies (Lovegrove, 1986; 

Lovegrove & Painting, 1987; Bennett et al, 1988; Lovegrove, 1988; Lovegrove & Knight-Eloff, 

1988; Roper et al, 2001).  During summer, soil temperatures and temperature ranges decreased 

with increasing soil depth whereas the opposite was found during the winter where soil 

temperatures increased with soil depth.  Soil temperatures at greater depths were cooler in 

summer and warmer in winter than shallow depths.  Bennett et. al. (1988) investigated the 

temperatures in the tunnels of Damaraland mole-rat burrow systems, as well as soil temperatures 

at various depths.  Although burrow temperatures were not measured in the present study, the 

soil temperature measured at a depth of 0.5 m corresponded to those of the burrow temperatures 

previously reported (Bennett et al, 1988; Lovegrove, 1988).  Furthermore, Bennett et. al. (1988) 

reported that the mean burrow temperature and daily fluctuations decreased with soil depth, as in 

the present study.  The amplitude of soil temperature fluctuation is greatest at the surface.  They 

found that the soil surface temperatures was the lowest just prior to sunrise and increased until it 

reached a maximum between 15h00 – 16h00.  In our study similar results were found as the 

minimum temperature occurred at 06h00 while the maximum occurred later in the afternoon at 

15h00.  Lovegrove and Knight-Eloff (1988) and Roper et. al. (2001) also found remarkably 

similar patterns of soil temperature to our study.  In burrows, the mean temperature was 33.5 °C 

in summer and 18.8 °C in winter (Lovegrove & Knight-Eloff, 1988) while temperature 

fluctuation was measured at 3.4 °C in summer and 13.8 °C in winter (Bennett et al, 1988).  This 
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is similar to the soil temperature at a depth of 0.5 m in our study where the mean temperature 

was measured at 31.07 °C in summer and 17.49 °C in winter while the temperature fluctuation 

was 3.66 °C in summer and 13.46 °C in winter respectively.  

There was no relationship between the body temperatures of Damaraland mole-rats and the soil 

surface temperatures, either for the minimum or for the maximum temperatures.  Similar results 

were found in a study conducted on rock hyrax where minimum and maximum body 

temperatures of animals did not coincide with the minimum and maximum ambient temperatures 

(Brown & Downs, 2006).  Temperatures on the soil surface are extremely variable while body 

temperatures of mole-rats are regulated within narrow ranges (Lovegrove, 1986; Bennett et al, 

1988; Roper et al, 2001).  Damaraland mole-rats are mammals and their body temperatures are 

generated internally despite the temperature of their environment.  Also, Damaraland mole-rats 

live in a relatively buffered environment within a burrow system and they are not exposed to 

extreme temperature fluctuations (Bennett et al, 1988; Roper et al, 2001).  Accordingly, we 

would expect there not to be any relationship between the body temperatures of mole-rats and 

the soil surface temperatures, and our results support this expectation.  However, our results 

indicate that there is a relationship between the body temperatures of Damaraland mole-rats and 

the soil temperatures at deeper depths.  These relationships are influenced by complex 

interactions between sex and season, and sex and the mass of the mole-rats.   

Sex and body mass interactively influenced the body temperatures of the mole-rats resulting 

either in an increase or a decrease in body temperature.  A recent study was done on the scaling 

of body temperature in mammals and birds revealing that the body temperature of different 

orders scaled differently with body mass (Clarke & Rothery, 2008).  Damaraland mole-rats are 
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part of the order Rodentia, and this order scaled positive with body mass, but this was not 

significant (Clarke & Rothery, 2008).    In our study, males scaled positive with the body mass 

where heavier males have higher body temperatures and females scaled negative with body mass 

where smaller females have higher body temperatures.  In Damaraland mole-rats, sociality may 

play an important role in the observed interaction between body mass and sex.  Social rank 

affects both males and females, but also body mass and body size.  Damaraland mole-rats are 

eusocial mammals with a distinctive reproductive caste based on dominance and body size and a 

secondary work related division of labour (Bennett & Jarvis, 2004).  Dominance is linear and 

related to gender and body mass where the dominant male is the heaviest male in the colony and 

the dominant female is one of the heaviest individuals in the colony (Bennett & Jarvis, 1988; 

Jacobs et al, 1991).  The larger non-reproductive mole-rats comprising both sexes undertake 

little work and are referred to as infrequent workers while the smaller non-reproductive 

individuals constitute a frequent worker group which include both sexes (Bennett & Jarvis, 1988; 

Jacobs et al, 1991). 

Season interacted with sex in its influence on the relationship between body temperature and soil 

temperature.  Our data suggest that there are thermoregulatory differences between males and 

females.  During summer males have a negative relation with the soil temperature but during 

winter they have a slightly positive relation with the soil temperature.  Females have a slightly 

positive relation with the soil temperature during winter, and no relation to soil temperature 

during summer, and they also show very little variance in body temperature between summer 

and winter.  Differences in thermoregulation and thermogenesis are found in a number of rodent 

species (Whittow, 1971; Doi & Kuroshima, 1982; Yang & Gordon, 1996; Zhang & Wang, 

2007).  For example, rats show sexual dimorphism with regards to body temperature regulation 
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at specific ambient temperatures (Yang & Gordon, 1996).   Yang and Gordon (1996) found that 

female rats were better suited to maintain homeostasis at higher ambient temperatures than 

males.  Male rats struggled to maintain a stable core temperature at ambient temperatures higher 

than 30 °C.  Because female Damaraland mole-rats exhibit very little variation in body 

temperature between summer and winter, we suggest that they may be better thermoregulators 

than males.  Consequently, the only difference between the body temperatures of males and 

females occur during summer, but not during winter.  Huddling may explain why there is a 

difference between sexes during summer but not during winter.  Damaraland mole-rats are 

colonial, eusocial mammals that display huddling behaviour (Kotze et al, 2008).  During winter, 

when temperatures are low, mole-rats huddle together to keep warm and to conserve energy 

(Canals et al, 1989; Kotze et al, 2008).  Accordingly, we may expect that males and females will 

show little differences in body temperatures during periods when huddling occur, i.e. during 

winter.  Huddling is less likely to occur during summer when ambient temperatures are high, and 

accordingly, differences in body temperature between males and females may become more 

apparent. 

Conclusion 

The relationship between soil temperature and body temperature of Damaraland mole-rats 

appeared to have been influenced by a series of complex interactions involving the season, the 

sex of an animal and its body mass.  Males scaled positive with the body mass where heavier 

males had higher body temperatures while females scaled negative with body mass where 

smaller females had higher body temperatures.  In Damaraland mole-rats, sociality could explain 

different responses in body temperature to soil temperatures.  However, further investigation is 
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needed to determine if body temperatures of animals from different social castes differ.  Our 

results also suggest that there were thermoregulatory differences between males and females 

during summer.  However, these differences were very small.  Our study advocates that the 

physiological response of mammals to environmental change is highly complex, and highlights 

that a range of variables should be controlled for when conducting studies on such relationships. 
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Figure I. The average (± SE) temperature of the soil at different depths during summer and 

winter.  
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Figure II.  The interaction between sex and body mass.  There is a positive relation between the 

body temperature of males and body mass, while the relation between the body temperature of 

females and body mass is negative. 
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Figure IIIa. The interaction between the body temperatures of males and females and the soil 

temperature at 1.0M during summer. 
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Figure IIIb. The interaction between the body temperatures of males and females and the soil 

temperature at 1.0M during winter. 
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Figure IVa. The frequency distribution of the maximum and the minimum temperatures 

distributions for animals and soil surface during summer. 
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Figure IVb. The frequency distribution of the maximum and the minimum temperatures 

distributions for animals and soil surface during winter 
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Table 1. Mixed-linear model showing intrinsic and extrinsic factors and how they influence the 

response of body temperatures of Fukomys damarensis to soil temperatures at different depths. 

 

 

 

 

 

 

 

 

 

 

 

 

* Residuals from the raw temperatures at 1.0 M regressed against the raw temperatures at 2.0 M. 

** Residuals from the raw temperatures at 0.5 M regressed against the residuals of the regression 

between 1.0 M and 2.0 M. 

Interaction df F-value p-value 

(Intercept) 1 1270862.9 <.0001 

2.0 M 1 45.9 <.0001 

1.0 M
*
 1 17.1 <.0001 

0.5 M
**

 1 39.2 <.0001 

Surface
#
 1 0.3 0.5858 

Mass 1 0.1 0.7536 

Sex 1 12.7 0.0024 

Season 1 5.7 0.0287 

2.0 M x Mass 1 11.8 0.0006 

1.0 M
*
 x Mass 1 5 0.0251 

0.5 M
** 

x Mass 1 0.3 0.5804 

Surface
# 

x Mass 1 9 0.0027 

2.0 M x Sex 1 12.6 0.0004 

1.0 M
*
 x Sex 1 6.5 0.0105 

0.5 M
**

 x Sex 1 2.7 0.0979 

Mass x Sex 1 3.1 0.0965 

2.0 M x Season 1 7 0.0082 

1.0 M
* 
x Season 1 123.1 <.0001 

Surface
# 

x Season 1 4.8 0.0285 

Sex x Season 1 7.9 0.0118 

2.0 M x Mass x Sex 1 19.7 <.0001 

1.0 M
*
 x Mass x Sex 1 3.6 0.0591 

0.5 M
**

 x Mass x Sex 1 4.2 0.0397 

2.0 M x Sex x Season 1 0.7 0.4063 

1.0 M
*
 x Sex x Season 1 27.5 <.0001 
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# Residuals from the raw temperatures at the surface regressed against the residuals of the 

regression between 0.5 M and 1.0 M. 
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Table 2. GLMM of the hourly distribution of maximum and minimum temperatures for mole-rats 

and soil surface. 

Interaction df Chi-square  p-value 

Maximum temperatures       

Time 1 11.684 <0.001 

Type
*
  1 1.1348 0.287 

Season 1 127.51 <0.001 

Time x Type
*
 1 10.397 0.001 

Time x Season 1 1.1535 0.282 

Type
*
 x Season 1 41.796 <0.001 

Time x Type
*
 x Season 1 2.0255 0.155 

Minimum temperatures       

Time 1 13.725 <0.001 

Type
* 
 1 1.8868 0.17 

Season 1 123.46 <0.001 

Time x Type
*
 1 127.56 <0.001 

Time x Season 1 0.0039 0.95 

Type
*
 x Season 1 32.56 <0.001 

Time x Type
*
 x Season 1 0.0579 0.81 

 

* Type distinguishes between animal and soil surface temperatures. 
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Chapter 4:  The influence of locomotory activity and light on the endogenous daily body 

temperatures of Fukomys damarensis 

Abstract 

Light is an environmental cue that is known to influence daily rhythms of locomotor activity and 

body temperature and accordingly entrain the circadian rhythms that are innate within animals.  

We investigated patterns of locomotor activity in Damarland mole-rats (Fukomys damarensis) 

maintained under different lighting regimes and how this affected their endogenous body 

temperatures.  We placed the animals in a continuous dark environment (DD) for 28 days, and 

subsequently switched the light cycle to 12 hours light and 12 hours dark (12L:12D).  Our results 

suggest that light generally influenced body temperatures through locomotor activity in 

Damaraland mole-rats, but a substantial individual variation made it difficult to generalize these 

effects.  Damaraland mole-rats mostly adopted a diurnal activity pattern under a 12L:12D 

environment, although there were exceptions with some animals exhibiting nocturnal activity 

patterns or no clear temporal patterns in activity.  Hourly frequency distributions for maximum 

values of locomotor activity and body temperature differed significantly, and these differences 

were affected by light phases.  Locomotor activity raised body temperatures more during the 

night (the inactive phase), than during the day, which is the active phase during standard light-

dark conditions.  Also, body temperature showed a time lag in its relation to locomotor activity 

and this time lag was affected by light conditions.  Our results highlight a substantial individual 

variation in the physiological responses to environmental cues in this subterranean species, and 

we suggest that further research should focus on relating how individual attributes affect such 

intra-specific variation. 
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Introduction 

The earth’s rotation on its own axis has profound consequences for all forms of life on earth.  It 

can have an important affect on fluctuation in the temperature and light with time.  Many species 

of plants and animals have subsequently evolved innate biological rhythms that are entrained to 

external environmental cues (Benstaali et al, 2001).  Light is one of the most potent 

environmental cues – it is the primary entraining agent for many species and the most powerful 

known synchronizer of circadian rhythms in animals and plants (Benstaali et al, 2001).  Two 

well-studied and important circadian rhythms that are influenced by light are patterns of 

locomotor activity and body temperature.  The order Rodentia is one of the most well studied 

groups of mammals in terms of the relationship between light, activity and body temperature 

(Brown & Refinetti, 1996; Lovegrove & Muir, 1996; Goldman et al, 1997; Refinetti, 1997; 

Refinetti, 1999).  In many rodents, activity may be entrained to the alternation between light and 

dark cycles, so that animals under constant darkness display free-running circadian periods of 

around 23 – 25 hours whereas animals kept under light-dark conditions entrain their activity to 

the light cycle (Benstaali et al, 2001).  Under these conditions, animals typically are either 

diurnal, i.e. they display the majority of their activity during the day, or nocturnal, i.e. they are 

primarily active at night with peak activity and body temperature occurring during the dark phase 

(Lovegrove et al, 1993).  Constant light environments can also have a marked effect on animals, 

and alter existing activity rhythms or induce arrhythmia (Benstaali et al, 2001).  For instance, 

rats (Rattus) kept under constant light exhibited severely disrupted or completely destroyed 
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circadian rhythms of locomotor activity, body temperature and sexual cycles (Benstaali et al, 

2001).   

Rhythms of locomotor activity and body temperature are closely synchronized in several rodents, 

for instance golden hamsters (Mesocricetus auratus) (Brown & Refinetti, 1996; Refinetti, 1999), 

solitary Cape mole-rats (Georychus capensis) (Lovegrove & Muir, 1996), Chilean degus 

(Octodon degus) (Refinetti, 1996; Refinetti, 1999), rats (Rattus norvegicus) (Refinetti, 1997), 

flying squirrels (Glaucomys volans), thirteen-lined ground squirrels (Spermophilus 

tridecemlineatus), fat-tailed gerbils (Pachyuromys duprasi) (Refinetti, 1999).  The close 

temporal association between locomotor activity and body temperature suggests a causal 

relationship.  Increases in locomotor activity may result in an enhanced metabolic heat 

production through muscular thermogenesis resulting in a subsequent elevation of body 

temperature (Decoursey et al, 1998; Weinert & Waterhouse, 1998).  However, studies have 

shown that the rhythm of locomotor activity affects, but does not determine the rhythm of body 

temperature (Brown & Refinetti, 1996; Refinetti, 1999).  Also, body temperature is not 

dependent on or merely a by-product of locomotor activity (Refinetti, 1999).  Further, it is 

unknown whether the circadian rhythms of locomotor activity and body temperature are 

generated by a common mechanism or controlled by separate mechanisms (Benstaali et al, 

2001).  This suggests that the relationship between locomotor activity and body temperature is 

complex and further investigation is needed to fully understand this relationship.  

The Damaraland mole-rat, Fukomys damarensis is a eusocial rodent belonging to the family 

Bathyergidae (Bennett & Faukles, 2000; Bennett & Jarvis, 2004).  Damaraland mole-rats are 

subterranean mammals that inhabit closed burrow systems and are rarely, if ever, exposed to 
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light in their natural environment (Bennett et al, 1988; Roper et al, 2001).  All bathyergids 

possess microphthalmic eyes and have a poorly developed visual system (Lovegrove et al, 

1993).  However, some species display circadian rhythms of locomotor activity under alternating 

light and dark conditions which suggest that bathyergids may indeed perceive changes in light 

and they possess an intact and functional circadian system (Goldman et al, 1997; Riccio & 

Goldman, 2000; Oosthuizen et al, 2003).  More recent studies have revealed that members of the 

Bathyergidae have relatively well-developed functional visual structures for photoperiodicity and 

possess the ability to discriminate between brightness and darkness, and that they can entrain to 

light (Oosthuizen et al, 2005; Nemec et al, 2008).   

Although Damaraland mole-rats exhibited free-running periods of activity under constant 

darkness, they displayed circadian rhythms of locomotor activity with all activities showing a 

diurnal rhythm when placed under a 12L:12D cycle (Lovegrove et al, 1993; Oosthuizen et al, 

2003).  This finding suggests that Damaraland mole-rats can perceive light and entrain to 

changes in photoperiod similar to other species within the Bathyergidae (Goldman et al, 1997; 

Riccio & Goldman, 2000; Oosthuizen et al, 2003).  However, Damaraland mole-rats seem to 

lack the marked and predictable circadian rhythms of body temperature (Lovegrove & 

Heldmaier, 1994).  Moreover, the effect of locomotor activity on the body temperature of these 

animals has not yet been investigated, and it is unclear if patterns of locomotor activity and body 

temperature are closely synchronized.  The current study therefore seeks to determine if light and 

locomotor activity influence the endogenous body temperature of Damaraland mole-rats. 
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Materials and methods 

Study animals and animal housing 

 We collected Damaraland mole-rats during February 2008 in Hotazel, Northern Cape Province, 

South Africa (27° 17´; 22° 58´ E).  We trapped animals with modified Hickman live traps using 

sweet potato as bait (Hickman, 1979).  We placed traps at excavated openings of identified 

burrow systems and covered them with a layer of soil to keep them cool and to prevent any light 

from entering the tunnels.  Traps were checked every two to four hours.  Where possible, all the 

members of a particular colony were trapped.  Captured animals were housed in plastic 

containers where the floor was covered with a layer of soil, and fed a diet of sweet potatoes 

daily.  Animals from the same colony were kept together, while different colonies were 

maintained separately.  Animals were transported in containers to the University of Pretoria, 

where the experimental procedures were conducted. 

The mole-rats were placed individually into cages and given three weeks to acclimatize to their 

new environment.  Animals were provided with wood shavings and tissue paper as nesting 

material and fed a diet of chopped sweet potatoes daily.  We fed the animals at random times to 

prevent any entrainment to feeding times.   

Experimental procedures and design  

A total of eight animals, four males and four females, were used for the experiment.  Animals 

were placed in constant darkness for 28 days (DD conditions), followed by an equal period of 28 

days with 12 hour light (7:00 – 19:00) and 12 hour dark conditions (12L:12D).  Both these cycles 
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were repeated once.  The room temperature was kept constant at 25 ± 1°C, while an extractor fan 

created a constant white noise to block out any other noises that might disturb the animals.   

Body temperature and activity measurement 

We measured the core body temperatures of the mole-rats using implanted miniature temperature 

loggers (DS1922L iButtons, Maxim Integrated Products, Sunnyvale, California, USA. 

http://maxim-ic.com, outside diameter of 17.35 mm), which were programmed to take 

temperature readings hourly with an internal accuracy of 0.0625 °C.  The iButtons were covered 

in layers of petroleum wax and sterilized in hibothane alcohol prior to insertion into the abdomen 

of each animal.  For the procedure, we anaesthetized each animal with ketamine hydrochloride 

(4-6 mg/kg) and medetomodine (0.06-0.15 mg/kg).  After each procedure, we gave each animal 

buprenorphine (0.05-0.1 mg/kg) for post-surgery analgesia, sunolox (0.2 mg/kg) to avoid surgery 

related infections and atipamezole (0.3-0.7 mg/kg) to reverse the effects of medetomodine.  

Aseptic techniques were applied throughout the procedures. All surgical procedures were 

conducted by licensed veterinarians and approved by the Animal Use and Care Committee at the 

University of Pretoria (AO27/06).  The mole-rats were given a week to recover from surgery 

prior to the commencement of the study in which the animals were subjected to different lighting 

schedules.  After the completion of the experiments, the mole-rats were euthanized using 

halothane and the miniature data loggers were removed surgically.  Data were downloaded using 

ClimaStats software version 3.5 (Fair Bridge Technologies).  The data loggers were calibrated 

against a mercury thermometer in an insulated water bath.  Temperatures during these 

calibrations were confirmed with an additional mercury thermometer. 
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For activity measurements, we fitted an infrared captor (Quest PIR internal passive infrared 

detector; Elite security products (ESP), Electronic lines, UK) above each of the eight cages in 

which the animals were housed.  The sensors were placed in the middle of each cage which 

allowed us to pick up any movements made by the animals in any part of the cage.  A reading 

was taken once every minute.  The activity measurements of the animals were captured by the 

program Vital View (Vital View
TM

, Minimitter Co., Inc., Sunriver, OR, USA; 

www.minimitter.com). 

Data analysis  

Percentage activity was calculated for the light and dark phases of the 12L:12D cycle to 

determine if animals displayed a diurnal or nocturnal activity pattern.  Percentage activity was 

calculated for each animal and overall activity was calculated for the light and the dark phases of 

the 12L:12D cycle. 

We used a generalized linear-mixed model to test for differences in the temporal distributions of 

maximum body temperatures and activity of mole-rats.  Activity was calculated for each animal 

as the total activity within an hour before the actual recorded body temperature.  In the model, 

raw frequencies of maximum temperatures at each hour and activity of mole-rats were used as 

response variables while time of day was used as the fixed variable.   

We used cosinor analysis to determine if any 24 hour rhythms were present in the locomotor 

activity and body temperatures of mole-rats (Halberg et al, 1972; Minors & Waterhouse, 1989).  

Cosinor analyses were conducted using the program Chrono2 (J.W.H. Ferguson).  Daily body 

temperature rhythms of each individual were determined and the period was assumed to be 24 
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hours.  We also calculated the mean values (mesor) and the amplitude (the difference between 

the peak and the trough values and the mean value) of the body temperature daily rhythms for 

each individual under both (DD and 12L:12D) light cycles.  Every significant fitted curve was 

tested against the null hypothesis that the amplitude was zero (Nelson et al, 1979).  Percentage 

rhythm i.e. the percentage of the variability in the data that could be accounted for by the fitted 

curve was also calculated.  We also determined an overall characterisation (i.e. characteristics 

that described all the mole-rats as a whole and not on an individual basis) of the locomotor 

activity and the body temperature for mole-rats under the different light cycles.   

We used mixed linear models (Pinheiro & Bates, 2000) to determine the effects of locomotor 

activity and light cycles on the body temperature of mole-rats.  In the models, we used mole-rat 

body temperatures as the response variable and light cycles and activity of mole-rats as fixed 

variables.  Activity was calculated for each animal as the total activity within one hour before the 

recorded body temperature and divided into periods when the animals were active and non-

active.  Light cycles included DD (constant darkness), DLD (only the dark phase of the 12L:12D 

cycle) and LLD (only the light phase of the 12L:12D cycle).  Only the data from the second DD 

and 12L:12D light cycles were used for the analysis as power failures occurred during the first 

cycles.  We also constructed a mixed linear model (Pinheiro & Bates, 2000) to determine if there 

was a time lag in the effects of locomotor activity on body temperature and if such time lags 

were present, were they affected by light.  Activity was divided into four intervals, 0 – 15 min, 

15 – 30 min, 30 – 45 min and 45 – 60 min, prior to the body temperature reading.  Only intervals 

where animal were active were used for the analysis.  Light cycles included DD, DLD and LLD.  

Again we used mole-rat body temperatures as response variable and light cycles and activity 

intervals as fixed variables.   
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Results 

During the 12L:12D cycle, animals were more active during the light phase of the cycle (56.91 

%) than during the dark phase (43.09 %) (Figure I).  The calculated activity values suggest that 

mole-rats adopt a diurnal activity pattern when placed on a 12L:12D cycle. This was true for all 

except two animals that displayed nocturnal activity patterns, one (F12) of which showed a very 

high percentage activity in the dark phase (F12: 86.5 % and M5: 52.87 % activity during the dark 

phase). Of the six animals that displayed diurnal activity patterns, two of these animals had a 

very high percentage activity during the light phase of the LD cycle (F11: 72.09 % and M11: 

72.8 % activity in the light phase). 

Across all animals, the mean body temperature and standard deviation during the DD cycle was 

34.24 ± 0.79 °C and the amplitude was 0.09 ± 0.16 °C.  During the 12L:12D cycle the mean 

body temperature was slightly higher than DD being 34.4 ± 0.6 °C and the amplitude was 0.10 ± 

0.12 °C.  Light cycles (DD and 12L:12D) affected the difference in the distributions of maximum 

body temperature and activity of mole-rats (Type x Time x Light cycle: Chi-square = 5.6893, P 

= 0.017) (Figure II).   

The cosinor analyses fitted significant 24 hour functions to body temperatures of all animals 

during the DD cycle (Table 1).  However, the percentage of explained variation for both 

locomotor activity and body temperature only ranged from 0.01 % up to 16.24 %.  Consequently, 

the cosinor function may not be a particularly suitable function to describe the observed patterns. 

There were significant differences in daily rhythms of body temperatures between all individuals 

(F7,5352 = 248.15, P < 0.001 for the mesor and F14,5352 = 23.95, P < 0.001 for the 

phase/amplitude).  During the DD cycle, there was a significant 24 hour daily rhythm of 
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locomotor activity present across all animals, except one individual (Zero-Amplitude test: F2.6 = 

5.31, P = 0.05).  There were significant differences in locomotor activity daily rhythms between 

all individuals for both mesor (F7,5352 = 115.88, P < 0.001) and for the phase/amplitude  (F14,5352 

= 31.38, P < 0.001).  All animals except two individuals exhibited a significant 24 hour body 

temperature rhythm during the 12L:12D cycle (Table 1).  There were significant differences in 

the daily body temperature rhythms between all individuals (F7,5352 = 138.9, P < 0.001 for the 

mesor and F14,5352 = 16.1, P < 0.001 for the phase/amplitude).  All animals, except one had 

significant 24 hour rhythms of locomotor activity under 12L:12D (Table 1).  There were 

significant differences in daily rhythms of locomotor activity between all individuals for both the 

mesor (F7,5352 = 70.61, P < 0.001) and the phase/amplitude (F14,5352 = 6.61, P < 0.001).           

Light cycle (DD, DLD and LLD) affected the difference in body temperatures when animals 

were active and when they were not (Activity x Light cycle F2 = 39.31, P <0.0001).  During DD 

cycle, as activity increased, body temperature decreased.  During the light phase of the 12L:12D 

cycle, body temperature decreased slightly as activity increased.  However, body temperature 

increased with activity during the dark phase of the 12L:12D cycle (Figure III).  Light cycles 

influenced the body temperature of mole-rats (Light cycle F2 =171.68, P <0.0001).  Light cycles 

also affected the influence of activity on body temperatures, 45 – 60 min (Activity (45 - 60 min) 

x Light cycle: F2 =9.11, P = 0.0001) and 0 – 15 min (Activity (0 - 15 min) x Light cycle: F2 

=9.49, P = 0.0001) prior to body temperature reading (Table 2). 

Discussion 

The findings from this study indicate that there is much variation amongst individual 

Damaraland mole-rats and it is therefore very difficult to make generalisations on the body 
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temperature of this species. These findings are similar to those found in the blind mole-rat, 

(Spalax ehrenbergi) where individual variation occurred in virtually all conditions of lighting 

and temperature that the mole-rats were placed on (Goldman et al, 1997).  These findings further 

support the patterns of body temperature and locomotor activity in Damaraland mole-rats 

described previously as confusing and difficult to characterize (Lovegrove & Heldmaier, 1994).  

Mole-rats were generally more active during the light phase of the 12L:12D cycle than the dark 

phase, although this was not true for all individuals.  Also, the ‘degree’ to which the mole-rats 

were diurnal or nocturnal varied among individuals.  A study conducted on the activity of free-

ranging Damaraland mole-rats revealed that mole-rats spent more time inside than outside the 

nest (Lovegrove, 1988).  They were active day and night and they did not respond to 

photoperiod.  However, a laboratory study revealed that Damaraland mole-rats do indeed 

perceive light and that they can synchronize their activity patterns according to the photoperiod 

(Lovegrove et al, 1993).   Under constant darkness, mole-rats displayed free running periods of 

activity.  When the light regime was changed to 12L:12D, the mole-rats were entrained to the 

light cycle and displayed a diurnal activity pattern. Lovegrove & Heldmaier, (1994) also 

provided compelling evidence for an underlying diurnal activity pattern, although there is great 

individual variation and one mole-rat had intense nocturnal activity bouts and the other one did 

not.   

When maintained under constant ambient temperature, endotherms characteristically exhibit 

circadian rhythms of body temperature (Riccio & Goldman, 2000).  Our animals were kept under 

both constant darkness and constant ambient temperature.  Therefore, any 24 hour rhythms of 

locomotor activity and/or body temperature exhibited by the mole-rats under these conditions 

can be considered circadian rhythms.  Damaraland mole-rats appeared to display circadian 
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rhythms of locomotor activity under constant darkness.  This corresponds to previous studies 

which showed that Damaraland mole-rats exhibit circadian rhythms of locomotor activity 

(Lovegrove et al, 1993; Oosthuizen et al, 2003).  The mole-rats exhibited circadian patterns of 

body temperature which were variable.  Circadian rhythms of body temperature have also been 

found in the blind mole-rat (Goldman et al, 1997), the solitary Cape mole-rat (Lovegrove & 

Muir, 1996) and the naked mole-rat (Heterocephalus glaber) (Riccio & Goldman, 2000).  This 

indicates that Damaraland mole-rats possess a fully functional circadian clock (Decoursey et al, 

1998; Vitaterna et al, 2001; Hart et al, 2004; Ko & Takahashi, 2006). 

The temporal distribution of 24 hour maximum values of body temperature and locomotor 

activity of Damaraland mole-rats were significantly different.  Our results further suggest that 

light conditions influenced this difference.  These distributions essentially represent the 

acrophase of locomotor activity and body temperature of the mole-rats.  If mole-rats adopt a 

diurnal activity pattern, as suggested by the calculated percentage activity, then we would expect 

the acrophases of body temperature and activity to occur during the light phase of the 12L:12D 

cycle (Refinetti, 1999; Benstaali et al, 2001).  However, this was not the case since maximum 

activity and maximum body temperatures were not confined to the light phase of the 12L:12D 

cycle.  This pattern suggests that despite the fact that Damaraland mole-rats are more active 

during the light phase of the 12L:12D cycle, they cannot be described as strictly diurnal.  Our 

results further suggest that light influences the temporal distributions of maximum locomotor 

activity and body temperature, and that distributions change between light conditions.  However, 

these changes do not necessarily reflect that of an animal adopting a typical diurnal or nocturnal 

circadian rhythm.   
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Under our experimental conditions, differences in the distribution of locomotor activity and body 

temperatures suggest that these two rhythms are not synchronized in Damaraland mole-rats.  

This result is different from other rodents that exhibit clear, robust and synchronized rhythms of 

body temperature and locomotor activity (Refinetti, 1996; Brown & Refinetti, 1996; Refinetti, 

1997; Refinetti, 2003).  The solitary Cape mole-rat also displayed significant activity and body 

temperature rhythms under constant light and 12:12 LD cycles, accompanied by a strong 

association between these two rhythms (Lovegrove & Muir, 1996).  Although activity and body 

temperature rhythms do occur, solitary Cape mole-rats and bathyergids in general do no display 

a circadian temperature rhythm typical of most mammals.  This further confirms the difficulty 

when describing locomotor activity and body temperature rhythms of Damaraland mole-rats. 

Similar data on our results on locomotor activity and body temperature patterns has come from a 

study on mice.  Weinert and Waterhouse (1998) found that activity raised core body temperature 

more during the inactive phase than during the active phase.  In essence this suggests that if an 

animal is diurnal, activity during the night will raise the core body temperature more than 

activity during the day.  During the DD cycle in our study, as activity of mole-rats increased, 

body temperature decreased.  However, this was reversed on the 12L:12D cycle.  As activity of 

mole-rats increased, body temperature slightly increased during the light phase of the 12L:12D 

cycle while during the dark phase of the 12L:12D cycle, the increase in body temperature with 

activity was proportionally greater.  If mole-rats adopt a predominantly diurnal activity pattern 

under the 12L:12D cycle as our results suggest, then activity during the dark phase of the 

12L:12D cycle (which is the inactive phase) should raise body temperature more than activity 

during the light phase of the 12L:12D cycle (which is the active phase).  Our results support 

these predictions for Damaraland mole-rats.  Also, some colonies and individual Damaraland 

 
 
 



 
82 

 

mole-rats have exhibited intense nocturnal activity bouts (Lovegrove & Heldmaier, 1994), which 

further support the raise in body temperature during the dark phase of the 12L:12D cycle. 

Since the rhythm of locomotor activity often affects, but does not necessarily determine the 

rhythm of body temperature (Brown & Refinetti, 1996; Refinetti, 1999), a change in activity may 

not immediately be reflected in the body temperature (Weinert & Waterhouse, 1998; Refinetti, 

1999).  This is attributed to the time it takes for the muscle heat to be distributed throughout the 

whole body as well as the thermal capacity of the body.  Therefore the body temperature will 

reflect an integrated amount of activity over a specific time interval called the integration time 

(Aschoff & v. Saint Paul, 1973; Weinert & Waterhouse, 1998).  A study on mice has revealed 

that for that specific species the sufficient integration time is 40 minutes (Weinert & Waterhouse, 

1998).  In our study the time interval was 15 minutes and the results indicated that light 

influenced the effect of activity on body temperature 0 – 15 and 45 – 60 minutes prior to body 

temperature readings.  Why light would not affect the activity 15 – 30 and 30 – 45 minutes is 

unknown and should be investigated further.  

Conclusion 

Despite individual variation in activity patterns this study confirms previous results that 

Damaraland mole-rats primarily adopt a diurnal activity pattern under a 12L:12D cycle. 

Temporal distributions of maximum values of locomotor activity and body temperature differed, 

and these differences were affected by light conditions.  Locomotor activity raised body 

temperature more during the night, which is the inactive phase, than during the day, which is the 

active phase.  Body temperature showed a time lag in its relation to locomotor activity and this 

time lag was affected by light conditions.  However, it is difficult to generalize our results to 
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unified effects of light and locomotor activity on the body temperature of Damaraland mole-rats. 

It appears that there is a large individual variation in the physiological responses to 

environmental cues in this subterranean species. Such variation could be related to state 

dependent variables that we did not control for in this experiment, and we suggest that further 

research to focus on relating how individual attributes affect intra-specific variation into the 

physiological responses to environmental conditions. 
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Figure I. The percentage activity (± SE) of Damaraland mole-rats in the light and the dark phases 

of the 12L:12D cycle.   
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Figure II. Frequency distributions for maximum values of locomotor activity and body 

temperature for the DD and 12L:12D cycles.  
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Figure III. The body temperature (± SE) of Damaraland mole-rats during the different light 

cycles, DD (constant darkness), LD-L (light phase of the 12L:12D cycle) and LD-D (the dark 

phase of the 12L:12D cycle).   
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Table 1. Results of the Zero-amplitude test on body temperature and locomotor activity for both 

light cycles (DD and 12L:12D) 

Identity Light cycle Tb/Act Mesor (°C) Amplitude (°C) % rhythm Zero-amplitude test P-value 

F3 DD Tb 34.42 0.14 2.69% F2,669 =9.23 P<0.001 

 

DD Act - - 9.90% F2,669 =36.74 P<0.001 

 

LD Tb 34.18 0.13 1.43% F2,669 =4.84 P=0.008 

 

LD Act - - 1.24% F2,669 =4.2 P=0.016 

F10 DD Tb 33.59 0.4 16.24% F2,669 =64.84 P<0.001 

 

DD Act - - 3.37% F2,669 =11.66 P<0.001 

 

LD Tb 34.31 0.25 11.14% F2,669 =41.94 P<0.001 

 

LD Act - - 5.38% F2,669 =19.03 P<0.001 

F11 DD Tb 34.5 0.09 1.39% F2,669 =4.72 P=0.009 

 

DD Act - - 11.18% F2,669 =42.11 P<0.001 

 

LD Tb 34.79 0.06 0.46% F2,669 =1.54 P=0.22 

 

LD Act - - 3.76% F2,669 =13.07 P<0.001 

F12 DD Tb 34.28 0.21 10.71% F2,669 =40.12 P<0.001 

 

DD Act - - 0.84% F2,669 =2.82 P=0.06 

 

LD Tb 34.5 0.26 12.35% F2,669 =47.14 P<0.001 

 

LD Act - - 14.01% F2,669 =54.49 P<0.001 

M5 DD Tb 34.52 0.08 2.27% F2,669 =7.77 P<0.001 

 

DD Act - - 0.97% F2,669 =3.28 P=0.04 

 

LD Tb 34.4 0.11 3.38% F2,669 =11.69 P<0.001 

 

LD Act - - 0.39% F2,669 =1.32 P=0.27 

M11 DD Tb 34.42 0.12 2.43% F2,669 =8.35 P<0.001 

 

DD Act - - 11.86% F2,669 =45 P<0.001 

 

LD Tb 34.7 0.007 0.01% F2,669 =0.04 P=0.96 

 

LD Act - - 3.87% F2,669 =13.47 P<0.001 

M13 DD Tb 34.3 0.23 13.22% F2,669 =50.94 P<0.001 

 

DD Act - - 11.43% F2,669 =43.15 P<0.001 

 

LD Tb 34.08 0.25 9.28% F2,669 =34.23 P<0.001 

 

LD Act - - 2.95% F2,669 =10.17 P<0.001 

M13b DD Tb 33.89 0.24 5.47% F2,669 =19.36 P<0.001 

 

DD Act - - 11.35% F2,669 =42.82 P<0.001 

 

LD Tb 34.24 0.25 11.40% F2,669 =43.04 P<0.001 

  
LD Act - - 3.01% F2,669 =10.4 P<0.001 
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Table 2. Linear-mixed model of the interaction between body temperature, locomotor activity at 

different intervals and light cycles. 

Interaction df F-value P-value 

Activity (0 - 15 min) 1 1.3 0.2549 

Activity (15 - 30 min) 1 1.95 0.1631 

Activity (30 - 45 min) 1 1.12 0.2896 

Activity (45 - 60) min 1 0.26 0.6073 

Light cycle 2 171.68 <.0001 

Activity (0 - 15 min) x Light cycle 2 9.49 0.0001 

Activity (15 - 30 min) x Light cycle 2 0.35 0.7051 

Activity (30 - 45 min) x Light cycle 2 1.13 0.3243 

Activity (45 - 60 min) x Light cycle 2 9.11 0.0001 

 

 

 

 

 

 

 

 

 

 

 

 
 
 



 
92 

 

Chapter 5:  Concluding remarks 

Body temperature patterns were investigated in free-ranging, wild subterranean Damaraland 

mole-rats during both the southern hemisphere summer and winter months.  At approximately 35 

°C, the mean body temperatures of free-ranging Damaraland mole-rats were comparable to those 

measured in previous laboratory studies in this species (Lovegrove, 1986; Bennett et al, 1992; 

Lovegrove & Heldmaier, 1994). Although this is lower than the body temperature of other 

mammals of comparative size, it is characteristic of body temperatures in subterranean rodents 

(McNab, 1979).  When comparing hourly frequency distributions of both minimum and 

maximum temperatures between the mole-rats and soil surface it was found that the body 

temperature of the mole-rats were not closely linked to ambient temperature.  Moreover, it was 

found that the relationship between body temperature and soil temperature was affected by a 

complex interaction of season of the year as well as sex and body mass of the animal.  Heavier 

males had higher body temperatures than lighter ones while the opposite relationship was found 

for females where lighter females had higher body temperatures than heavier ones.  Also, our 

results suggest that there were thermoregulatory differences between males and females during 

summer but not during winter.  Sociality could explain different responses in body temperature 

to soil temperatures as the strict social order affects both the body mass and sex of these animals.  

Unfortunately different social castes were not taken into account when animals were captured for 

this study.  Therefore, we suggest further investigation should be done to determine if body 

temperature differs amongst mole-rats in different social castes.  

There was a greater variation in body temperature during winter than compared to summer.  In 

concordance with other studies (Lovegrove, 1986; Hislop & Buffenstein, 1994), our study 
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indicates that Damaraland mole-rats are good thermoregulators and are accordingly best 

described as homeotherms.  Both cosinor analysis and Fast Fourier Transformation analyses 

revealed substantial variation in the patterns of body temperature, even amongst individuals from 

the same colony.  Our data suggested a wide range of temporal body temperature patterns, and 

great variation in rhythms both within and between colonies.  It is possible that mole-rats do not 

exhibit clear cut body temperature rhythms because they are buffered from thermal extremes in 

an equable burrow microclimate where temperature extremes are muted.  Individual variation 

does not only seem to be limited to Damaraland mole-rats, but variation in locomotor activity 

and body temperature have been reported for other species of mole-rats (Goldman et al, 1997; 

Oosthuizen et al, 2003; Hart et al, 2004).  Whether individual variation is characteristic of all 

mole-rats remains unknown and future studies should focus on investigating this aspect.   

Finally, we investigated patterns of locomotory activity in the mole-rats maintained under 

different lighting regimes and investigated how this affected endogenous body temperature.  Our 

study confirms previous results (Lovegrove et al, 1993) that Damaraland mole-rats primarily 

adopt a diurnal activity pattern under 12L:12D cycles, despite a substantial individual variation 

in activity.  Locomotor activity raised body temperature more during the night, which is the 

inactive phase during the 12L:12D cycle, than during the day.  Similar results we found in a 

study conducted on mice (Weinert & Waterhouse, 1998).  Patterns of locomotor activity and 

body temperature were not directly associated.  Rather, body temperature showed a time lag in 

its relation to locomotor activity and this time lag was affected by light conditions.  Our findings 

suggest that light does indeed influence body temperatures through locomotory activity, but 

substantial individual variation makes it difficult to generalize.  
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Suggested future research directions 

Our study suggests that the physiological response of mammals to environmental change may be 

complex, and highlights that a range of variables, both intrinsic and extrinsic, has to be included 

when studying such relationships.   

Our results further highlight a substantial individual variation in the physiological responses to 

environmental cues in this subterranean species, and we suggest that further research should 

focus on relating how individual attributes affect such intra-specific variation. 
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