
i 
 

DETECTION OF HYPERTHERMIA DURING CAPTURE OF WILD ANTELOPE 

 

 

Marna Suzanne Broekman 

 

 

 

A dissertation submitted to the Faculty of Science, University of the Witwatersrand, in 

fulfilment of the requirements for the degree of Master of Science 

 

 

 

 

 

 

 

 

28 September 2012, Johannesburg 



ii 
 

DECLARATION 

 

 

 

I declare that this dissertation is my own, unaided work. It is being submitted for the 

Degree of Master of Science at the University of the Witwatersrand, Johannesburg. It has 

not been submitted before for any degree or examination in any other University.  

 

 

 

___________________________ 

(MARNA SUZANNE BROEKMAN) 

 

 

__________________ day of ________________2012 

 

 

 

 

I certify that the procedures used in this dissertation were approved by the Animals Ethics 

Screening Committee of the University of the Witwatersrand (AESC number: 

2006/52/05). 

 



iii 
 

PRESENTATIONS 

The presentation listed below are offered in support of this dissertation 

 

Broekman, M. S., Meyer, L. C. R., Fuller, A., Mitchell, D. and Hetem, R. S. Thermal 

status of an animal as a predictor of capture-related stress. At the 33
th

 Conference of the 

Zoological Society of Southern Africa (ZSSA), North-West University, Potchefstroom, 

South Africa. 8-11 July 2007. (oral presentation) 

 

Broekman, M. S., Meyer, L. C. R., Fuller, A., Mitchell, D and Hetem, R. S. Thermal 

status of an animal as a predictor of capture-related stress. South African Wildlife 

Management Association (SAWMA), Didima, South Africa. 18-21 September 2007. 

(oral presentation)  

 

 

 

 

 

 

 



iv 
 

ABSTRACT 

Capture of wildlife often leads to high animal mortality. In many species, capture is 

associated with development of a high body temperature. This stress-induced 

hyperthermia appears to form an integral part of capture-related mortalities, since it 

occurs before, during and after exposure to capture. I used two wildlife species, impala 

and blesbok, and exposed them to darting and net capture so as to investigate thermal and 

haematological changes that occur during capture. We implanted the animals with 

temperature-sensitive data loggers within the abdominal cavity (for core body 

temperature) and caudal aspect of the thigh (for muscle temperature). Activity loggers 

were tethered to the abdominal wall to measure locomotor activity. Blood samples were 

taken after capture when the animal became recumbent and another sample 10 minutes 

after the first sample in order to determine haematological changes. Impala had higher 

abdominal body temperatures during net capture in comparison to darting, whereas 

blesbok abdominal body temperatures did not differ between capture methods. Different 

species and individuals of the same species respond differently to various capture 

procedures. However, I found that irrespective of the capture event or whether impala or 

blesbok were captured, human presence before capture caused abdominal body 

temperatures to rise. Similar to thermal responses, there also was high variability between 

individuals in terms of blood variable concentrations used to quantify physiological 

responses to capture. Overall, blood variable changes (total protein, sodium, lactate, 

haematocrit, noradrenaline, adrenaline, potassium, creatine phosphokinase, pH) were 

similar for impala and blesbok in response to the two capture procedures. Cortisol values 

in blesbok however showed a greater response during darting whereas impala showed a 
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greater response during net capture. Similarly, osmolality values showed a greater 

response during net capture whereas impala showed a greater response during darting.  

Both the species showed that sodium and lactate correlated positively as well as 

noradrenaline and adrenaline correlated positively. The correlation between two variables 

allows us to measure only one of the variables, predicting the change of another. 

Unpredictable differences in thermal and blood variable measurements of impala and 

blesbok between different capture procedures did not allow me to correlate the thermal 

responses after a capture event to stress-related blood variables. 

  

The issue of obtaining a practical and accurate measurement of the hyperthermic 

response during capture also often arises. Rectal temperature is currently the method of 

choice to determine body temperature in the field. I aimed to investigate whether muscle 

temperature measurement can be used as an alternative body temperature measurement in 

the field. When abdominal core body temperatures were high, muscle temperature 

measurements were close to and even slightly higher than the abdominal body 

temperature measurements in both the species. However, low abdominal body 

temperatures, muscle temperature measurements were at lower and much less accurate in 

predicting abdominal body temperatures. Muscle temperatures can therefore predict 

abdominal body temperatures with sufficient accuracy during a capture event, since 

animals respond to capture with elevated body temperatures thus increasing the similarity 

between the abdominal and muscle temperature measurements measured. One potential 

problem with muscle temperature, is that it may reflect exercise-induced temperature 

increases during capture, independently of a rise in abdominal body temperature. I found 
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that the rise in muscle temperature was not only a result of the increase in activity during 

a capture event but rather as a result of stress-induced hyperthermia. The increase in 

activity only contributes to the overall hyperthermia of the animal.  

 

The degree to which stress-induced hyperthermia contributes to mortality during capture 

is unclear. During my study, five impala died unexpectedly. Four impala died during the 

first trial while the fifth impala died before the completion of the last trial. I therefore 

compared the hyperthermic and haematological changes in surviving and non-surviving 

individuals. Both non-surviving and surviving impala in my study showed a rise in 

abdominal body temperature during the capture however the highest abdominal body 

temperatures occurred in individuals in both the surviving and non-surviving group. Very 

high abdominal body temperatures greater than 41ºC and 43ºC occurred in individuals of 

both the non-surviving and surviving animals, respectively. Some animals with an 

abdominal body temperature of 43ºC, therefore survived whereas other individuals died 

when experiencing abdominal body temperature of less than 41ºC. Blood variable 

responses (Creatine phosphokinase, glucose, potassium, calcium, sodium, lactate, 

osmolality, noradrenaline, adrenaline, pH) of the non-surviving individuals showed high 

values in comparison to the blood variable measurements of the surviving group. The 

blood variable measurements were however sampled late which will affect the 

measurements but can still be used to predicted mortality in the non-surviving impala.  

The blood variable measurements therefore were associated with mortality in the non-

surviving impala. In conclusion, whether stress-induced hyperthermia can be used as a 
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sole measure to identify a compromised individual during a capture event and 

concomitantly enable us to give appropriate treatment is unclear. It is evident from my 

study that capture induced a hyperthermic response in excitable impala as well as in the 

much less excitable blesbok. My study is one of few systematic studies on capture stress 

and shows that body temperature used in conjunction with other parameters may be 

useful in estimating the degree of stress in captured animals, and thus predicting 

likelihood of mortality or morbidity. My study also revealed that muscle temperature, 

possibly measured in the field by a needle-stab method, may provide an index of core 

body temperature. 
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1. INTRODUCTION 

My dissertation is about investigating the hyperthermic responses associated with capture 

of wild animals as well as the relationship between stress-induced hyperthermia and 

blood chemistry variables generally used to measure the stress response to capture. 

Furthermore, I aimed to investigate whether muscle temperature can be used as a 

surrogate of abdominal body temperature, to provide a better practical measurement of 

core temperature than rectal temperature. Lastly, although not part of the original aims, I 

investigated the mortalities that occurred unexpected during my study, to determine if the 

likelihood of mortality can be predicted in wildlife capture.  

 

1.1 Importance of capture of wildlife 

In recent years, capture and translocation of wildlife and breeding of rare and endangered 

game species has increased in Southern Africa. This increase is not only due to 

conservation policies but also as a result of an increase in ecotourism, hunting and 

associated game farming in Southern Africa. As an indication of the increase in game 

ranching in South Africa, land surface area enclosed by game fences increased by 2.5% 

per year in both 1998 and 1999, representing an increase of around 300 000 ha in game 

ranching areas per year. Early in 2000, there were roughly 9000 private commercial game 

ranches in South Africa, extending over a surface area of some 17 million ha. In addition, 

about 15 000 cattle ranches also carried adequate numbers of wildlife species for 

economic use (Ebedes et al. 2006). In 2007, government protected areas comprised 

7500000 ha (6.1%), private wildlife ranches comprised 20500000 ha (16.8%) and a total 
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of 28000000 ha (22.9%) under conservation management (Bothma and Du Toit 2010). 

Game ranching or farming can be considered an unnatural situation where we manipulate 

wildlife in smaller enclosed areas. Game ranching or farming entails the restriction of 

species that used to disperse naturally, disrupting innate mating structures and healthy 

gene flow. The manipulation of wildlife into fenced areas forces the game rancher to 

move animals to or from the particular areas as to attain certain objectives with regard to 

effective management of the area (Ebedes et al. 2006). Such deliberate movement of 

wildlife animals is defined by the IUCN (1987) as the deliberate release of animals to the 

wild in an attempt to establish, re-establish, or enlarge a population.  

 

There are important reasons for managing wildlife in Southern Africa. Stocking of 

wildlife in regions where viable farming with regard to crop production is inadequate, is 

one of the reasons for converting cattle farms to game farms (Ebedes et al. 2006). More 

importantly, wildlife stocking are more likely to ensure economic return as well as 

improvement of the land if appropriate stocking numbers are maintained. The wildlife 

industry is economically productive because there are several ways in which it can be 

utilized including tourism, photography, breeding and selling of animals, hunting 

tourism, meat and hides. Game ranching thus is an efficient replacement for commercial 

farming, it generates food and income, and may create sustainable use of arid areas where 

crop production is not feasible. Additionally, there is direct increase in employment due 

to tourism services (hotels, lodges) and businesses affected by tourism, as well as 

improvement of local lifestyles by an increase of spending money from tourist income 

(Hanks 2003). Breeding and exporting of live animals also allows national parks and 
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other game farms to import new genes thus preventing inbreeding (Ebedes et al. 2006). 

However, the management of wildlife or protected areas is complicated by the fact that 

several protected areas are grouped together along existing international and political 

boundaries. These illogically situated political borders pose a threat to healthy 

ecosystems in limiting or completely inhibiting the traditional migration of species 

(Hanks 2003). These limitations strain conservation of biodiversity efforts worldwide and 

therefore the idea for a Peace Park, or better known today as a Transfrontier Conservation 

Area, originated. “Transfrontier Conservation Areas are defined as relatively large tracts 

of land, straddling frontiers between two or more countries and which embrace natural 

systems encompassing one or more protected areas” (Hanks 2003).  

Detailed information on the capture of different species is not readily available since 

game capture as a science is still fairly novel. Information on the most efficient capture 

methods with regard to logistics and species habitat and behaviour are essential but are 

mostly obtained by the observation and experience during captures in the field. The 

increase in breeding and farming of wildlife has resulted in an increased frequency of 

wildlife capture and translocation operations. During capture activities, animals are 

exposed to an array of stressors that may result in prolonged exertion, exhaustion, 

physiological stress and hyperthermia, irrespective of the capture method utilized (Drew 

1996). Wild animals are captured either by chemical or mechanical capture methods. 

Chemical capture involves the use of immobilizing and tranquilizing drugs to immobilize 

the animal and reversal of immobilizing drugs after the animal has been moved or 

secured into a crate or truck for translocation (Ebedes et al. 2006). Mechanical capture 

involves the erection of a plastic capture boma or capture nets. During plastic boma 
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capture, large numbers of animals are chased into the boma area by means of a helicopter 

and are then loaded into trucks for translocation. During net capture, animals are chased 

into nets by men, horses or motorbikes, where they become entangled in the nets. 

Animals are then removed from nets by assistants and then loaded into trucks or crates 

(Ebedes et al. 2006). Although many improvements have been made over the years to 

improve these operations, there are still many animals that succumb to capture-related 

morbidity and mortality. A good knowledge of the physiological responses of the animals 

is important to ensure a success of a potential capture operation. Capture-related 

morbidity and mortality need to be kept to a minimum but in order to achieve this we 

need to have a method to measure the risk of possible mortality and thus an index to 

quantify stress in captured animals.  

 

1.2 Capture-related stress in ungulates 

1.2.1 Causes of stress 

Stress is defined as “the sum of the biological reactions to any adverse physical, mental 

or emotional, internal or external stimulus that tends to disturb an organism’s 

homeostasis” (Hattingh 1988b). Stress occurs when an animal is exposed to an adverse 

stimulus, a stressor. During capture, wild animals are exposed to a variety of stressors 

including the presence of humans, vehicles, unfamiliar smells and surroundings and 

handling. Although wild animals are adapted to react to an attack from a predator which 

usually last only a short period of time in the “flight and fight” response, they are not 

adapted to prolonged stress. Similarly wild animals appear to be more adapted to short 
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intensive bouts of exercise, they still experience stress. Ungulates inhabiting small game 

farms or small provincial reserves, where there are no longer predators, may be less 

adapted to intense exercise because they are not regularly chased by predators during 

hunting bouts as are other wild ungulates in areas which contain predators (Harthoorn 

1980, Grandin 1996). However any animal, irrespective of its exposure to predation, is 

placed under immense physical and psychological stress during capture events (Martucci 

et al. 1992). Consequently no animals are used to intense exercise and stress, and 

therefore when they are herded by a helicopter, vehicles or humans they are predisposed 

to developing capture-related morbidity and mortality. No matter how well wild animals 

are adapted to predators and other natural stressors, when they are captured they are 

exposed to novel stressors that often result in an excessive stress response which could 

result in overexertion, muscle damage and internal organ damage (Harthoorn 1980, 

Grandin 1996, Ebedes et al. 2006).  

 

Guidelines for capture operations propose that animals be exposed to minimal stress and 

if animals are herded before capture, that they should be herded for a short distance at a 

reasonable pace (Ebedes et al. 2006). During prolonged chases animals should be given 

the opportunity to rest before being regrouped and then finally captured. During capture 

however, it is not always possible to give animals an opportunity to rest, due to high 

capture costs and time constraints, and therefore animals are often chased for too long 

and exposed to excessive stress. Even in the case of darting over a short range, animals 

are exposed to stress stimuli in the form of vehicles, trauma as a result of injury, human 

noise and smell, prolonged handling and possible transport that also results in an 
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excessive stress reaction. The physical condition of animals during capture is important, 

as those animals that are in poor condition are more likely to succumb to morbidity and 

mortality related to capture (Ebedes et al. 2006). Browsers such as kudu and giraffe often 

have reduced energy levels in their food sources during winter months, and so may be 

particularly susceptible to capture-induced stress (Ebedes et al. 2006).   

 

When groups of animals are caught they often are exposed to additional stress when they 

are placed in confined areas in crates, trucks and bomas (Murray et al. 1981). For the 

period of handling and loading of animals they are exposed to even more stress, in the 

form of strange smells, loud noises, limited space, repeated movement and transport 

(Harthoorn 1980, Ebedes et al. 2006).  

 

1.2.2 Response to stressors 

Capture and translocation of animals causes a stress response, which may differ between 

species, genders, and also as a result of an individual’s previous experience of capture 

(Harthoorn 1975; Hattingh 1988a; Morton et al. 1995). This stress response includes 

physiological and psychological stress, which may result in illness, such as capture 

myopathy, also known as overstraining disease. Physical stressors include exhaustion, 

injury and heat exposure whereas psychological stressors include handling and restraint 

associated with human presence and i.e. inability to escape (Grandin 1996). Intensive 

management of wildlife entails relatively frequent exposure of animals to humans, 

handling, capture and translocation and consequently a possible increase in the incidence 
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of capture myopathy (Read et al. 2000). More animals died from capture myopathy than 

from any other wildlife diseases in southern Africa over the past 30 years (Ebedes et al. 

2006). The degree of the response to a specific type of stressor and the associated 

physiological response are therefore of extreme importance in the management of 

wildlife.  

 

In order to determine the response of an animal to a specific type of stressor, it is 

important to understand what the term “stress response” entails. The stress response 

consists of three parts namely behaviour, the neuroendocrine system and the autonomic 

nervous system (Read et al. 2000). When an animal perceives physical and/or emotional 

stressors two phases are involved namely the autonomic nervous system phase and the 

neuroendocrine system phase (Mader 1998, Möstl and Palme 2002). The neuroendocrine 

system phase is also known as the hypothalamic-pituitary-adrenal axis. This involves the 

stimulus of the hypothalamus during a stressful situation. The hypothalamus stimulates 

the anterior pituitary which results in the release of adrenocorticotropin hormone 

(ACTH). ACTH in turn stimulates the adrenal cortex to produce glucocorticoid 

hormones, in particular cortisol. Simultaneously, the central nervous system perceives a 

situation as stressful which result in the stimulation of the hypothalamus and 

consecutively the autonomic nervous system (Mader 1998, Möstl and Palme 2002). The 

autonomic nervous system includes both the sympathetic and parasympathetic nervous 

systems. The stress response results in the activation of the sympathetic nervous system 

and the inactivation of the parasympathetic nervous system. The sympathetic nervous 

system results in the stimulation of the adrenal medulla which in turn results in the 
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increased release of catecholamines. This phase is also known as the sympatho-adreno-

medullary phase. Catecholamines include epinephrine, norepinephrine, and dopamine 

(dehydroxy-phenylacetic acid). Together the increased release of both glucocorticoids 

and catecholamines typify the flight and flight response (Hattingh 1988b). Increased 

glucocorticoid and catecholamine release results in various changes throughout the body. 

In order to determine the reaction of the individual to the stressor, components of the 

stress reaction can be measured. The adrenal glands, situated on the kidneys, have an 

important function with regard to the stress response since they form part of both the 

above mentioned phases.  

During a stress response, the neuroendocrine system phase respond via, the adrenal 

cortex that discharges corticosteroids functioning to augment fitness through energy 

metabolism (Mader 1998, Möstl and Palme 2002). The discharge of cortisol during a 

stress response causes glucose release into the bloodstream to augment energy 

metabolism (Bonacic et al. 2003). The enhanced energy metabolism only improves 

fitness during mild acute stress in contrast to its detrimental effect on fitness during long-

term (chronic) exposure to stress. With chronic stress exposure and cortisol 

concentrations that remain high, immunosuppression, tissue degeneration and negative 

effects on growth and reproduction results (Axelrod and Reisine 1984, Dalin et al. 1993, 

Möstl and Palme 2002). 

 

The autonomic nervous system phase involves the adrenal medulla that responds to stress 

via the production of catecholamines which are involved in the body’s immediate 
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response to stress and thus during the alarm phase (Dimsdale and Moss 1980). 

Catecholamines facilitate the active reaction to a stressor with the associated sympathetic 

nervous system and adrenal medulla activation (Nwe et al. 1996). Catecholamines 

include adrenaline (epinephrine), noradrenaline (norepinephrine) and dopamine 

(dihydroxy-phenylacetic acid). However, adrenaline and noradrenaline are predominantly 

used as measures for indicating the alarm reaction. These two hormones act upon the 

heart, bronchioles and blood vessels to cause adrenergic stimulation (Mader 1998). They 

bring about bodily changes that occur when an individual reacts to an emergency that 

include the rise in blood glucose levels, a dilation of bronchioles, increased heart rate and 

an increased breathing rate. Blood vessels supplying the digestive tract and skin constrict 

and the vessels supplying skeletal muscles dilate in addition to the more forceful 

contraction of the cardiac muscle resulting in an increased heart rate, therefore aiding in 

the “flight and fight” response (Axelrod and Reisine 1984, Mader 1998). The 

physiological response during a “flight and fight” situation is of importance in studies 

aiming to determine possible causes of stress-induced mortalities associated with capture. 

 

Although the “flight and fight” response functions to adapt the species to stress during 

which catecholamines and glucocorticoids are released via a positive feedback system, 

prolonged elevated concentrations of both these variables exerts a suppressing effect on 

immunity (Nwe et al. 1996). Furthermore, stimulation of the sympathetic nervous system 

for prolonged time periods also has negative consequences in terms of cardiac 

contractility, muscle changes and negative effects on the liver and kidneys. The 

hyperthermic response to capture can also in part be ascribed to catecholamine release 
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and sympathetic nervous system activity during the stress reaction as a result of its 

metabolic and vascular effect in the body (Oka et al. 2001). A previous study conducted 

by Gericke and Hofmeyr (1976) on springbok  (Antidorcas marsupialis) showed elevated 

rectal temperatures that increased to values exceeding 42°C and an increase in both 

cardiac and respiration rate after capture. Although the increased rectal temperature, heart 

rate and respiratory rate was originally thought to be a normal response to forced 

exercise, the immense increase in blood glucose levels, creatine kinase, potassium and 

lactate with a subsequent reduction in blood pH. Gericke and Hofmeyr (1976) came to 

the conclusion that capture myopathy in these animals was a result of trauma (mechanical 

damage), an acute stress response and hyperthermia due to intense forced exercise 

together with a severe alarm reaction and the simultaneous secretion of catecholamines.  

 

During the secretion of catecholamines, haemoconcentration occurs as well as a plasma 

glucose concentration increase. The release of catecholamines during an alarm reaction 

cause splenic contraction which in turn results in the release of an increased number of 

red blood cells into circulation and thus haemoconcentration. Due to the forced exercise, 

there is a greater workload on the animal’s muscles causing an overload of the 

mitochondria’s oxidative ability which in turn leads to anaerobic metabolism for energy 

production. With regard to the above changes, hypoxia, an increase in anaerobic 

metabolism, metabolic acidosis, a climb in blood lactate concentration and a significant 

increase in cell membrane permeability result (Gericke and Hofmeyr 1976). The vast 

quantity of lactic acid produced dissociates to form lactate and hydrogen ions that in turn 
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cause a rise in hydrogen ion concentration resulting in a state of acidosis (Read et al. 

2000).  

The significant increase in cell membrane permeability consequently results in a flow-

through of electrolytes, particularly potassium. The sudden and continuous rise in plasma 

potassium as well as the reduction of calcium ions resulting from an increase in 

circulating lactate can disrupt normal myocardial function. Additionally, typical cell 

function disturbance and consequential deterioration of the muscles results from the 

continuous loss of potassium from the extra-cellular fluid as well as the muscle cells 

(Gericke and Hofmeyr 1976). The leakage of various intracellular enzymes, such as 

creatine kinase, into the bloodstream is a result of muscle cell damage and to a lesser 

degree from increased cellular permeability (Volfinger et al. 1994, Montané et al. 2002). 

Furthermore, with the release of catecholamines into the bloodstream, haematocrit 

increases as a result of splenic contraction that is caused by either circulating 

catecholamines or sympathetic nerve activity (Mitchell et al. 1988). Mitchell et al. (1988) 

came to the conclusion that two phases exist for the response to stress. These include the 

hypothalamic-pituitary-adrenal axis phase, in which cortisol levels increase, in relation to 

perceived environmental stresses (e.g. noise), and the sympatho-adreno-medullary phase 

that is linked to neurogenic stress (e.g. transport).  

 

1.2.2.1 Thermal response 

An animal’s body temperature may be a good indication of stress levels during capture 

because a rise in body temperature can influence the incidence of capture myopathy 
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development (Gericke et al. 1978, Harthoorn 1980, Cheney and Hattingh 1988, Bakken 

et al. 1999). Hyperthermia associated with capture is believed to be predominantly 

caused by stress-induced hyperthermia which is an anticipatory response of an animal to 

a stressor (Bakken et al. 1999, Olivier et al. 2003, Meyer et al. 2008a, Mentaberre et al. 

2010). It has been shown in both silver foxes (Vulpes vulpes) and rodents exposed to a 

stressor that body temperature rises rapidly within minutes after exposure to a stressor 

(Groenink et al. 1994, Bakken et al. 1999). The hyperthermic stress response was also 

confirmed by both plasma concentrations of ACTH and corticosterone, which were found 

to increase in relation to the rise in rectal temperature within 10 minutes after the first 

temperature recording (Groenink et al. 1994). Stress-induced hyperthermia is coupled to 

the triggering of the hypothalamic-pituitary-adrenal axis as well as the sympathetic-

adrenal-medullary system (Bakken et al. 1999, Oka et al. 2001, Olivier et al. 2003). 

Other factors that may cause hyperthermia during capture are exercise, ambient 

temperature and drug effects, and previously have been thought to be the main factors 

causing hyperthermia. 

 

In a study conducted by Gerike et al. (1978), springbok caught in nets showed a marked 

increase in rectal temperatures (>42°C). The authors believed that this increase in body 

temperature was due to forced exercise because animals were chased into nets. However, 

more recent literature proposed that stress-induced hyperthermia does not appear to be 

linked to physical exertion or environmental heat loads. Meyer et al. (2008a) showed that 

impala (Aepyceros melampus melampus) that were chased at high exercise intensity, but 
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were not captured, had lower core body temperatures in comparison to impala that were 

captured without being chased.  

Cheney and Hattingh (1988) have proposed that stress-induced hyperthermia is closely 

linked to high ambient temperatures. They found significant correlations between 

ambient temperature and maximum rectal temperatures of impala as well as between 

ambient temperature and mean rectal temperatures. The significance of environmental 

temperatures during studies, such as the study by Kock et al (1987a), that aim to 

determine or measure the stress response of animals is unknown. The importance of 

environmental temperature during capture and resultant capture-related hyperthermia and 

death has been mentioned repeatedly in various capture-related studies (Murray et al. 

1981, Kock et al. 1987a, Cheney and Hattingh 1988, Ebedes et al. 2006). Due to this 

belief the capture of wildlife species has been restricted to early mornings and late 

afternoons, to avoid high ambient temperatures during the midday. However, a study 

conducted by Meyer et al. (2008a) showed that the endogenous rhythm of body 

temperature reached its peak value late in the afternoon therefore rendering late afternoon 

capture possibly more likely to be associated with hyperthermia. There has been no 

systematic investigation to determine whether high environmental heat loads increase 

body temperature during capture. 

 

Opioids, used mainly as the immobilizing drugs for ungulates, interfere with respiration 

since they have a depressive effect on the respiratory centre of the brain. Opioids also 

result in excitement and increased muscle tone, which in conjunction can result in 



16 
 

hyperthermia (Murray et al. 1981, Kock et al. 2006, Meyer et al. 2008a). However, 

Meyer et al. (2008a) showed that animals that were chemically immobilized using 

immobilizing drug etorphine and the tranquilizer azaperone, were net captured without 

drugs or just disturbed by the presence of humans, all experienced a hyperthermic 

response.  

 

Both increased exercise associated with capture and effects of capture drugs may 

contribute to the rise in body temperature associated with stress-induced hyperthermia, 

but do not appear to be the cause of stress-induced hyperthermia (Regel and Pütz 1997, 

Bakken et al. 1999, Olivier et al. 2003, Meyer et al. 2008a, Mentaberre et al. 2010). 

 

Several studies have shown that with hyperthermia associated with captures, there is an 

increased chance of mortality or capture myopathy (Gericke et al. 1978, Antognini et al. 

1996). In a study conducted by Kock et al. (1987a) hyperthermia associated with capture 

was linked to the incidence of capture myopathy in wild bighorn sheep (Ovis 

canadensis). Rectal temperatures of free-ranging wild bighorn sheep were elevated after 

exposure to different types of capture namely drop-net, drive-net, chemical 

immobilization and net-gun, in comparison to domesticated sheep (Kock et al. 1987a). 

The sheep were classified into a normal outcome group characterized by healthy animals, 

capture stress group characterized by high body temperature and excessive struggling and 

evidence of shock. The third group was classified as diseased where individuals showed 

clinical infections and the fourth group were classified as the capture myopathy group 
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where mortalities occurred from per-acute, acute or chronic myopathy (Kock et al. 

1987a). Classification of the sheep into various categories post-capture resulted in 

significant differences between the different groups on the basis of several biological, 

haematological and biochemical measurements, indicating that individual animals with 

high rectal temperatures (range 42.5ºC – 42.7 ºC) died within 6 months after capture 

(Kock et al. 1987a). Animals that had these high temperatures were more likely to die 

within 6 months after capture than those animals with lower temperatures. Similarly, a 

study conducted on different capture techniques of impala populations revealed high 

average rectal temperatures of 41 ºC during individual restraint (Murray et al. 1981). 

Eight percent of the impala died after capture with rectal temperatures not returning to 

resting values. Rectal temperatures in conjunction with other biochemical parameters 

(glucose, plasma pH) therefore may play an important role in the identification of animals 

that are likely to succumb to capture-related stress and myopathy (Kock et al. 1987a).  

 

The magnitude of the rise in body temperature may thus possibly be a good indication of 

the level of stress that an animal is experiencing during capture, independent of the 

amount of physical activity, ambient temperature and whether or not capture drugs have 

been used, and may predict the chance of an animal developing a capture-related disease. 

 

1.2.2.1.1 Site of temperature measurement  

Because body temperature has been shown to increase during stressful events such as 

capture (Kock et al. 1987a, Groenink et al. 1994, Regel and Pütz 1997, Meyer et al. 
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2008a), it is particularly important to measure body temperature as accurately as possible 

during these events. The site at which body temperature is measured during a capture 

event needs to accurately reflect core body temperature so as to determine the degree of 

stress-induced hyperthermia and the possible occurrence of capture myopathy (Gericke et 

al. 1978, Harthoorn 1980, Cheney and Hattingh 1988, Bakken et al. 1999). Additionally, 

the site needs to be practical, easily accessible under capture conditions, as non-invasive 

as possible, and needs to provide a rapid instantaneous measure of core body 

temperature. Even though several studies have been conducted and a variety of sites are 

available for body temperature measurements, these sites are not always practical during 

capture of wild animals. In order to investigate a site that fits these characteristics, 

continuous measurement of core body temperature is necessary to obtain values to which 

alternative measurement sites can be compared. The continuous measurement of core 

body temperature is possible by the surgical implantation of temperature-sensitive data 

loggers (Mitchell et al. 2002). 

 

Several studies have been performed on different body sites of temperature measurement 

and their accuracy with regard to core body temperature (Saltin and Hermansen 1966, 

Greenleaf and Castle 1972, Blainey 1974, Hansen et al. 1996). A study conducted by 

Ingram et al. (2002) on the effect of transport on both core and peripheral body 

temperature in sheep (Ovis aries) showed that core body temperature (measured as rectal 

temperature) increase significantly during handling and transport. However, measures 

obtained by automated logging of peripheral (external auditory canal and pinna) 

temperatures were significantly lower than rectal temperatures during transport, due to 
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the influencing effects of ambient temperature and wind chill factors. Peripheral 

temperatures, nonetheless, increased significantly during uploading and off-loading of 

animals for transport. Ingram et al. (2002) demonstrated that peripheral temperature 

recordings are easily achievable and may be used as a potential technique to measure 

thermal response to capture in the future, but only after further investigation on the 

possible confounding effects of ambient temperature and wind chill factor.  

 

Drew (1996) investigated the accuracy of both tympanic and rectal temperature 

measurements as a means of core body temperature determination. As a result of the 

regular occurrence of capture-related hyperthermia in bighorn sheep, Drew (1996) 

conducted a study to establish whether tympanic temperature or rectal temperature 

measurements are better to assess hyperthermia in captured bighorn sheep (Ovis 

canadensis nelsoni). Both rectal and tympanic temperature increased during capture, with 

rectal temperature 2°C higher than tympanic temperatures. Drew (1996) stated that heat 

produced as a result of exertion and subsequent storage in the abdomen and larger muscle 

mass in the hind legs, together with the failure of this species to rapidly dissipate 

produced heat, caused rectal temperature to rise more than tympanic measurements, and 

concluded that tympanic temperatures are a better method to assist in the determination 

of pathologic hyperthermia resultant from capture and exertion. In this study, however, 

rectal and tympanic temperature measurements were not compared to any other basic 

method for core temperature measurement. The comparison between rectal and tympanic 

measurement is clear but the validity of the statement that rectal temperature is inferior in 

measuring hyperthermia, is questionable. Nadel and Horvath (1970) also investigated 
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tympanic membrane and rectal temperature measurements as accurate measures for core 

body temperature in humans. They found that tympanic membrane temperature 

measurements differed significantly from rectal temperature measurements in resting 

subjects that were exposed to an array of ambient temperatures. Tympanic temperature 

was always greater than rectal temperature when the mean skin temperature exceeded 

30°C but was lower than rectal temperature when the mean skin temperature was less 

than 30°C. The use of this temperature measurement site as an accurate predictor of core 

body temperature is therefore confounded by the influence of ambient temperature. 

Brengelmann (1987) investigated the problem of how to measure core body temperature 

specifying thermal balance as an entity, or regulated temperature, which has to do with 

input to internal body temperature, when aiming for a non-invasive but accurate body 

temperature measurement site. Brengelmann (1987) concluded that tympanic temperature 

cannot be used as an accurate measure of core body temperature because it is influenced 

by changes in ambient temperature. Instead, he suggested oesophageal temperature as an 

accurate and non-invasive measurement site however, for wild antelope this measurement 

site is impractical. Moran and Mendal (2002) also discarded tympanic temperature as an 

effective measure of core temperature and in union with Brengelmann (1987) suggested 

oesophageal temperature for core body temperature measurement.  

 

Sawka and Wenger (1988) also suggested rectal temperature as an accurate measurement 

site for core body temperature since it is not influenced by ambient temperature and is a 

relatively convenient site. In this review of other studies they however highlighted that 

rectal temperatures in humans are about 0.2ºC higher than other core body temperature 
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sites and do not react instantly to changes in core body temperatures (Benzinger 1969). In 

a human study, a time lag of up to one hour is possible before rectal temperature 

accurately reflects true core temperature, due to the blood flow dynamics to the rectum 

(Benzinger 1969). Moran et al. (1998) stated that during exercise, a significant 

production of heat occurs and that heat loss mechanisms may not be effective enough to 

compensate for the increased heat production, with rectal temperature increasing as a 

result of heat retention within the abdominal cavity produced as a side-effect of the 

contraction of the skeletal muscles. 

 

Similar to tympanic temperature measurement, skin temperature is also inadequate as a 

measure of body temperature because of the major influence of ambient temperature on 

this temperature site (Saltin et al. 1968). During submaximal exercise in man skin 

temperature recordings were 5°C lower than rectal and muscle temperature measurements 

recorded during the study (Saltin et al. 1968). A comparison of the rectal and 

subcutaneous body temperature measurement in the common marmoset (Callithrix 

jacchus) revealed closely parallel values for the determination of body temperature via 

the two different measurement methods, with drug-induced hyperthermia (Cilia et al. 

1998). Previous studies on different animals showed differences between rectal and 

subcutaneous temperature measurements of 0.4°C for common marmosets, 2°C for 

rhesus monkeys (Macaca mulatta) 3°C and 5°C for squirrel monkeys (Saimiri sciureus), 

with subcutaneous temperature measurements always lower than temperatures measured 

rectally (Stitt and Hardy 1971, Lane et al. 1996). The contradictory findings might be due 

to the fact that marmosets were treated with a hyperthermia inducing drug ((3-(2-
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dimethylaminoethyl)-4-chloro-5-propoxyindole hemifumerate), during this study. Moran 

et al. (1998) stated that while skin temperature is higher in warm environments compared 

to cooler environments, rectal temperatures are fairly unaffected by the ambient 

temperature over a broad range. The study conducted on marmosets by Cilia et al. (1998) 

showed close agreement of rectal and subcutaneous body temperatures with an average 

difference in absolute body temperature of 0.3 °C. Cilia et al. (1998) suggested that the 

differences between rectal and subcutaneous body temperature measurements obtained in 

other studies might be due to the associated stress and temperature rise that occur during 

handling and measurement of body temperature with a rectal thermometer even though 

they also used a rectal thermometer in this study. They concluded that subcutaneous 

measurement of body temperature measured by subcutaneous microchips is an accurate 

and reliable method to determine body temperature. Even though a tissue probe can be 

inserted subcutaneously as with a rectal temperature probe during capture, it is as argued 

with the measurement of rectal temperatures via a probe during capture is impractical 

during actual capture. However, the fact that subcutaneous temperature is so strongly 

affected by ambient temperature, rules out this site for accurate body temperature 

measurement in the field.  

 

Regel and Pütz (1997) investigated body temperature increases of penguins (Aptenodytes 

forsteri) during exposure to a stressor. Specifically, their study on the effect of human 

disturbance on body temperature in penguins showed a significant increase in stomach 

temperature of penguins exposed to human-induced stressors. This highly significant rise 

in body temperature was due to human-induced stress and possibly confinement since the 
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experimental animals were kept in relatively small enclosures which inhibited extensive 

movement and exercise. In this study, the authors used stomach temperature as a measure 

for core body temperature because heat is produced both in the muscles and body core as 

a consequence of stress, it was interpreted that stomach and core body temperature rise to 

a similar degree. Stomach temperature however, similar to the implantation of abdominal 

temperature-sensitive data loggers, is also not feasible for field measurement purposes. 

Saltin et al. (1968) suggested both muscle and rectal temperature as accurate alternatives 

for the measurement of core body temperature during exercise in man. In another study, 

on the effect of increased muscle temperature on oxygen uptake kinetics during exercise 

in humans (Koga et al. 1997), rectal and muscle temperatures were not significantly 

different. In addition, Saltin et al. (1968) also found a close correlation between rectal 

and muscle temperatures during submaximal exercise in man. Muscle temperatures 

measured in the gluteus, semitendinosus and masseter muscles in exercising horses were 

closely related to core body temperature measurements in the abdomen and right 

ventricle whereas rectal temperatures were lower than muscle temperature and reacted 

with a time lag of approximately 10 minutes rendering them relatively inaccurate, 

according to Weishaupt et al. (1996). Muscle temperature measurement is described as 

quick and reliable by Imrie and Hall (1990). Muscle temperature measurements of 

anaesthetized animals measured at the start of malignant hyperthermia in animals 

responded quicker in comparison to any other core temperature measurement (Imrie and 

Hall 1990).  
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Since core temperature measurement is generally invasive in terms of implantation of 

temperature-sensitive devices or insertion of catheters, there is a necessity for an 

alternative site. An alternative body temperature measurement site must be practical, 

adequately reveal alterations in core blood temperature, reflect alterations rapidly and 

must not be influenced by factors such as ambient temperatures (Sawka and Wenger 

1988). Oesophageal temperature and rectal temperature measurement are both effective 

sites to predict core body temperature (Sawka and Wenger 1988), however oesophageal 

temperature measurement is impractical in a field situation whereas rectal temperatures 

are more practical when animals can be restrained or are immobilized. At this point in 

time, until a more practical and accurate measurement site can be allocated, rectal 

temperature is still the most effective and practical method to determine the core body 

temperature during the capture of wild animals (Moran and Mendal 2002).  

 

1.2.2.2 Blood chemistry change in response to stress 

Several studies have investigated various biochemical and haematological variables in 

response to different capture and handling methods (Ganhao et al. 1988, Hattingh 1988a, 

1990, Kock et al. 1987a, Knox et al. 1992a, b, 1993, Mitchell et al. 1988). During 

exposure to a stressor, the adaptive reaction results in the stimulation of the adrenal 

glands and the discharge of catecholamines and corticosteroids. Catecholamines and 

corticosteroids in turn mediate changes of other physiological variables such as glucose 

concentration, lactate concentration and pH to aid in the adaptation to the stress response 

(Mӧstl and Palme 2002). Hattingh (1988b) suggested the measurement of eight variables 



25 
 

in order to adequately be able to measure the stress response of a species in terms of both 

the endocrine effects on metabolism. These eight variables include lactate, haematocrit, 

total protein, osmolality, glucose, total lipids, total catecholamines and cortisol. The 

importance of other stress-related blood variables has also been suggested in other studies 

namely creatine phosphokinase, potassium, sodium, calcium and pH (Harthoorn 1975, 

Kock et al. 1987a, Ganhao et al. 1988, Apple et al. 1995, Bateson and Bradshaw 1997).  

 

Ganhao et al. (1988) measured a range of variables including haematocrit, osmolality and 

plasma concentrations of glucose, lactate, cortisol, total protein, total lipid and total 

catecholamines in the blood of three species, in response to different capture techniques. 

Net capture (in which animals are chased into a net and physically restrained) of eland 

(Taurotragus oryx), red hartebeest (Alcelaphus buselaphus) and blesbok (Damalisus 

pygargus phillipsi) resulted in significantly elevated mean values of the plasma levels of 

lactate, glucose, osmolality and total catecholamines as well as an increase in 

haematocrit.  

 

In a similar biochemical study (Hattingh et al. 1988) where blood samples were taken 

from wild or field impala caught at night, from boma-kept impala after net restraint and 

from control impala after a single shot in the brain, the authors found significant 

differences between the haematocrit, lactate, glucose and osmolality values of field, 

boma-kept and control (brain shot) impala. The above mentioned blood variables were 

higher for both field and boma-kept impala in comparison to control impala. Blood 
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lactate, glucose and cortisol concentrations were found to be elevated during capture of 

impala in nets (Knox et al. 1992a). A study conducted by Cheney and Hattingh (1988) 

showed a significant positive linear relationship between time to recumbency after dart, 

and cortisol and lactate concentrations, total catecholamines, heart rate and haematocrit. 

Also, impala darted with barbed needles had higher cortisol and lactate levels in 

comparison to impala darted with drop-out darts (Cheney and Hattingh 1988). 

Additionally, Harthoorn (1975) showed that blood variables such as potassium (K
+
), 

sodium (Na
+
) and creatine phosphokinase (CPK) also were indicative of the degree of 

stress response and muscle damage associated with capture myopathy.  

 

During the stress response, the autonomic nervous system is activated with a consequent 

secretion of catecholamines from the adrenal medulla (see section 1.2.2). The release of 

these hormones results in splenic contraction which in turn causes a rise in red blood cell 

number, in the circulation in order to help with an improved delivery of oxygen to the 

body tissue (heart and locomotor muscles) for the duration of a stressful event (Read et 

al. 2000). Accordingly, Wesson et al. (1979) stated that throughout physical restraint of 

white tailed deer (Odocoileus virginianus), the increased red cell mass or 

haemoconcentration is much greater in mechanical capture in comparison to capture via 

chemical immobilization. Another study performed on the evaluation of capture 

techniques for research on impala populations showed that the handling and capture 

method can greatly influence blood variable abnormalities and thus mortality during 

capture (Murry et al. 1981), in agreement with Wesson et al. (1979).  
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Additionally, with regard to blood variables (cortisol, lactate, haematocrit, 

catecholamines), Cheney and Hattingh (1988) established a linear relationship between 

the blood variable concentrations and both the time and distance to recumbency, with 

greater physiological responses as times and distance to recumbency increased, in darted 

impala. In a study conducted on capture-related stress by recording blood variable and 

thermal data in free-ranging bighorn sheep, Kock et al. (1987a) found that creatine 

phosphokinase, glucose, plasma pH and potassium
 
levels were significantly elevated in 

the blood of stressed sheep compared to non-stressed (on the basis of clinical 

investigation) sheep. Variables such as cortisol, sodium, chloride and total proteins 

showed no significant differences between the experimental groups of the sheep. The 

data of animals that died 1 to 6 months post-capture as a result of capture-related stress 

were investigated and revealed significant abnormalities in blood variables. Significantly 

elevated potassium, glucose and creatine phosphokinase values as well as a slight 

decrease in plasma pH of 7.3 (normal) to 7.2 were found.  

 

The relevance of the recording of blood and thermal variables to serve as measurements 

that can rapidly identify individual animals that is at risk and that should be treated for 

stress (vitamins, selenium) before translocation, is pointed out by Kock et al. (1987a), 

although there has been little success in treatment of individuals with capture myopathy 

(Kock et al. 2006). To use only a single variable to measure the stress response of an 

individual in the field is meaningless since the variable may change in response to an 
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array of uncontrolled stressors, leading to misinterpretation of the results (Hattingh and 

Petty 1992). In addition to this concern, the variable response during exposure to 

different stressors as well as the extremely intricate stress hormone interactions, makes 

single measurements insufficient and invalid (Hattingh 1988a). It is extremely difficult, if 

not impossible to create controlled capture conditions of wildlife in the field and 

subsequently to obtain an accurate measure of the stress response of an animal; several 

variables in combination therefore must be measured. 

 

1.2.2.3 Capture myopathy 

The capture, restraint and handling of wild animals for translocation or experimental 

purposes can be potentially fatal as a result of the severe stress response associated with 

capture (Montané et al. 2002). Capture myopathy is described as the disturbance of 

homeostatic balance resultant of extreme physical exertion, increased muscle work, over 

stimulation of the autonomic nervous system as well as physical injury (Dabbart and 

Powell 1993, Montané et al. 2002, Montané et al. 2007). Capture myopathy is evident as 

lameness, stiffness, fatigue, depression, loss of appetite and torticollis and manifests as 

cardiovascular shock, renal failure, rupture of muscle bodies and sudden death, post-

capture (Harthoorn 1975; Knox et al. 1992a, Read et al. 2000). The capture myopathy 

syndrome results due to a variety of factors before, during and after the capture. 

Independent of the capture method (chemical or mechanical) the major factors causing 

capture myopathy syndrome are unnatural overexertion and stress, and contributing 

factors such as stress-induced hyperthermia (Gericke et al. 1978, Harthoorn 1980, 
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Ganhao et al. 1988, Ebedes et al. 2006). Capture myopathy can develop within hours and 

up to fourteen days after capture or transport, with resulting mortalities up to four weeks 

(Harthoorn 1975, Ebedes et al. 2006) and even six months post capture (Kock et al. 

1987a). Four different phases namely, per-acute, acute, sub-acute and indefinite or 

chronic phases, related to capture myopathy, have been described and are detailed below. 

These phases are however not successive and cannot be separated by neither time nor 

clinical symptoms and can occur in combination. These phases are therefore just broad 

guidelines of clinical symptoms that might occur in a particular individual.  

  

In the per-acute phase, the individual dies soon after or during capture. In this phase, 

individuals mainly die of cardiac arrest resultant from high concentration of potassium 

that disrupts myocardial function (Gericke and Hofmeyr 1976, Montané et al. 2002). In 

addition, an increase in blood hydrogen ion concentration (H
+
) resulting in pH levels of 

6.5 and lower, causes acute cardiac arrest especially during massive adrenaline output 

and sensitization of the heart (Harthoorn 1975).  

 

In the acute phase, death occurs 6-48 hours after capture. Adrenal gland exhaustion, 

noticeable muscle breakdown and the contributing factor of stress-induced hyperthermia 

that arise during capture can be evident in this phase. Extreme acidosis resultant from 

high lactate concentrations adversely affects cardiac output and can result in cardiac 

arrest (Harthoorn 1975, Hick et al. 1999). Muscular cell damage and increased muscle 

cell permeability resulting from both stress and exertion cause a leakage of muscle 
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enzymes, such as creatine phosphokinase, into the bloodstream (Harthoorn 1975, Dabbert 

and Powell 1993, Montané et al. 2002).  

 

The sub-acute phase occurs hours to days post capture. During this phase, excess serum 

potassium concentrations caused by increased membrane permeability result in cardiac 

failure. Additionally, high lactate concentrations attributable to metabolic acidosis cause 

immobilization of calcium. Calcium deficiency results in the loss of muscle contractility 

which in turn may cause muscle spasm (Harthoorn 1975). During the capture operation, 

there is a reduction in pH, systemic blood pressure, and perfusion pressure resulting in a 

degeneration of muscle tissue with the subsequent release of myoglobin into the blood 

stream (Harthoorn 1980). Muscle glycogen is broken down and an excess of lactic acid is 

formed that results in the acidification of the blood. The low oxygen availability and high 

pH cause muscle rigidity and muscle fibre rupture (Harthoorn 1975). Myoglobinuria is 

clinically evident in the presence of myoglobin in the urine causing discoloration of the 

urine to a dark red-brown colour (Slater and Mullins 1998). Harthoorn (1980) reported 

that even if it is clearly evident that an animal is severely stressed with notable levels of 

myoglobin in the bloodstream, it can survive if released soon into natural or near-natural 

environment, thus removing the stressor. If such an animal is left under stressful and 

confined conditions with continuing adrenergic secretion, increased blood lactic acid and 

dehydration due to unwillingness to drink in confinement, there is a strong possibility of 

death due to myoglobinaemic nephrosis.  
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The clinical signs of the indefinite or chronic phase are evident 24 to 48 hours post 

capture and may persist for three to four weeks. This phase is associated with renal 

failure which is caused by nephrosis and anuria due to myoglobin and haemoglobin, 

general organ failure due to damage and shock, and catecholamine deterioration mediated 

by sympathetic hyper-tonus.  

 

Capture methods have been improved by evaluating the percentage of morbidity and 

mortality and measuring the changes in physiological variables during capture (Kock et 

al. 1987a, b), therefore helping to reduce the incidence of capture myopathy. 

Unacceptable numbers of mortalities however still persist during the capture of wildlife. 

A better understanding of the capture myopathy syndrome and the development of a 

quick reliable method to measure stress may allow effective diagnostics and treatment in 

the field.  

 

1.2.2.4 Species and individuals susceptibility to stress 

It is essential to note that different species respond to the same stressor in a markedly 

different way and that even individuals of a species may respond differently to a stressor. 

Factors influencing the response of an individual to a stressor include the animal’s 

evolutionary past and live experience, possible reproductive state with regard to females, 

possible hormonal state of males in the rut season and whether the animal is free-living or 

in captivity (Hattingh 1988b).  
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Animal species with an excitable temperament (e.g. impala, nyala; Tragelaphus angasii) 

experience potential stressors such as rough handling and capture, more intensely, 

causing the stress response to be more severe and possibly detrimental in comparison to 

animal species with a more placid temperament such as blesbok and sable (Hippotragus 

niger) (Grandin 1996). Nyalas and impala are species that are well known to be is prone 

to stress and the capture myopahty syndrome. These species are known to become panic-

stricken and can die in the nets within a few minutes before a suitable tranquilizer can be 

administered (Cooper et al. 2005, Ebedes et al. 2006). Extremely aggressive behaviour 

was observed in adult male impala during confinement, resulting in multiple horn 

wounds and subsequent death of several impala females (Murray et al. 1981). This 

extremely aggressive behaviour indicates that capture during the rut season should be 

performed with care and separation of sexes and the administration of a tranquillizer in 

these conditions are of uttermost importance to reduce associated mortalities. This 

caution is also required for gemsbok (Oryx gazella), roan antelope (Hippotragus 

equinus), sable antelope (Hippotragus niger), red hartebeest (Alcelaphus buselaphus), 

eland (Taurotragus oryx) and blue wildebeest (Connochaetes gnou) and therefore these 

animals must be crated individually during transport (Ebedes et al. 2006).  

The noticeable differences in response to a specific capture method that is evident 

between species accentuates the importance of finding a simple reliable method to detect 

hyperthermia and a possible way to measure stress in the field. Additionally, species’ 

specific haematological, biochemical and thermal responses must be investigated to make 
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the stress and hyperthermia measuring method in the field applicable and functional for 

various species during capture.  

 

1.3 Types of capture 

Various capture methods currently exist and have been altered with regard to individual 

species’ social hierarchy and behaviour but also in view of the habitat in which these 

species occur. It is suggested that certain capture methods (e.g. physical capture) elicit a 

greater physiological response in comparison to alternate types of capture (e.g. chemical 

immobilization) (Murray et al. 1981, Morton et al. 1995). A study carried out by Morton 

et al. (1995), for example, showed that chemically immobilized sable had significantly 

lower cortisol levels in comparison with sable that were physically restrained in nets.  

 

1.3.1 Mechanical capture 

Mechanical or physical capture includes both net and boma capture.  

1.3.1.1 Net capture 

Net capture is a relatively old but popular technique which is less expensive in 

comparison to the boma capture technique. The net capture method is used extremely 

successful in the capture of smaller species of wild animals inhabiting dense bush, such 

as bushbuck (Tragelaphus scriptus) and nyala (Tragelaphus angasii), but also for animals 

inhabiting open plains areas like blesbok, springbok (Antidorcas marsupialis), oribi 

(Ourebia ourebi), Tsessebe (Damaliscus lunatus), black wildebeest (Connochaetes 
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gnou), blue wildebeest (Connochaetes taurinus), impala and steenbok (Raphicerus 

campestris) (Ebedes et al. 2006, Kock et al. 2006).  

 

Even though nets are easy to erect, can be used repeatedly and have durability, it is a 

labour intensive capture method when it comes to the capture operation itself. Being so 

labour intensive with regard to handling and costly in terms of helicopter time, a large 

number of animals are usually caught in nets in order to make it economically viable 

(Ebedes et al. 2006, Kock et al. 2006). A helicopter, vehicles or ground team are needed 

to herd animals towards the nets erected in a boma area or between trees in the veld. 

During a helicopter chase, animals are usually herded from a noticeable distance away 

and even though the helicopter pilot should allow the animals to rest and herd the animals 

slowly towards the capture nets, overexertion and severe stress are frequently observed in 

these animals. Once the animals captured in nets become entangled, two assistants are 

required per animal captured, in order to inject a tranquilizer, detangle and blindfold the 

animal and to prevent the animals from struggling and possible overexertion (Ebedes et 

al. 2006), where after the animals are loaded for transport.  

  

Net guns can also be used to capture animals in large reserves or farms with scarce 

vegetation. The net, is fitted with metal weights, is fired by a net gun, from a helicopter 

or vehicle (Ebedes et al. 2006). The animal becomes entangled in the net and is then 

handled and tranquilized by assistants, in the same way as normal net capture. Smaller 



35 
 

sized plains game species such as reedbuck (Redunca spp.) and sitatunga (Tragelaphus 

spekii) are captured by the net gun. (Kock et al. 2006). 

 

The main disadvantage of net capture is that animals become entangled in nets and 

struggle until they are then handled by humans, while conscious. The struggling, 

handling and inability to escape bring about an immense stress response characterized by 

overexertion, hyperthermia, and alterations in metabolic demands as well as a potential 

risk of suffocation and physical injury in association with this technique (Ebedes et al. 

2006, Kock et al. 2006). The stress response is even more severe in more delicate and 

excitable species such as impala and nyala (Grandin 1996, Kock et al. 2006). Although 

disadvantages exist, it is sometimes the only method available for the capture of a certain 

species in a specific habitat type.  

 

1.3.1.2 Boma capture 

Boma capture involves the erection of plastic boma sheeting over an extensive part of the 

game farm area and consists of a capture funnel, capture area, holding area, loading 

funnel and loading ramp (Ebedes et al. 2006, Kock et al. 2006). The capture funnel is the 

initial opening where animals are chased into via a helicopter, vehicles or motor bikes. 

Within the capture area, the holding area and the loading funnel, extra sheeting is erected 

to function as curtains to prevent animals from turning back and running out of the 

section or completely out of the boma (Ebedes et al. 2006, Kock et al. 2006). Animals are 

herded into the boma through the mouth of the funnel and chased further towards the 
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holding area by closing curtains, as soon as they pass certain sections. In the holding area, 

animals can be sorted and let through to the loading funnel where tranquillizers can be 

administered before they are loaded into the truck through the loading ramp (Ebedes et 

al. 2006, Kock et al. 2006). 

The boma capture method is used extremely successfully in the capture of plains game 

such as impala, blesbok, wildebeest, zebra (Equus zebra), gemsbok, eland and springbok 

but can also be used to capture giraffe (Giraffa camelopordalis) and kudu (Tragelaphus 

strepsiceros) (Ebedes et al. 2006). The boma needs to be camouflaged during the capture 

of plains game and are usually erected in a dense bushy area next to an open area, so as to 

ensure that animals do not see the boma. Even though this technique is a very successful 

and useful method of capture, it places excessive stress on captured animals. Animals are 

exposed to the noise of the helicopter, vehicles or motor bikes and experience physical 

exhaustion when chased at high speed for long distances (Ebedes et al. 2006). These 

animals are then, as with other capture methods, also confined in plastic bomas with 

unfamiliar sounds and smells, and subsequently forced into a confined space in a truck 

and then transported over some distances. All these components separately elicit a stress 

response but during boma capture, the animal is exposed to all these stressors 

simultaneously making this type of capture, similar to net capture, highly stressful. 

During boma capture, the animals are handled to a lesser extent in comparison to net 

capture, which might reduce the level of stress associated with prolonged handling but 

animals are more prone to stress associated with physical injury. Disadvantages to boma 

capture include extreme costs associated with the equipment and transport vehicles, 

helicopter hire and the capture team which include a large amount of workers. Boma 
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capture is therefore a very expensive capture method and is thus only economically 

viable if large numbers of animals are captured (Ebedes et al. 2006).  

 

1.3.2 Chemical capture 

Chemical immobilization entails the administration of immobilizing and tranquilizing 

drugs via darts projected from a dart gun or blow-dart or via a pole syringe in the case of 

relatively tame or zoo animals (Ebedes et al. 2006, Kock et al. 2006). An animal can be 

darted on foot, from a vehicle or from a helicopter (Ebedes et al. 2006). The induction 

phase follows after dart injection until the animal becomes recumbent. The intense alarm 

reaction differs amongst species during the induction phase (Kock et al. 2006). Once the 

animal is recumbent, it is restrained and held by the horns or head and blindfolded. When 

darting a ruminant, the animal is positioned sternally to avoid the possible risk of 

regurgitation of stomach contents via elevation of the head above the rumen (Ebedes et 

al. 2006). Vital signs including respiration, heart rate and body temperature should be 

measured during the recumbency period. After completion of the necessary procedures, 

the reversal drug is administered, the blindfold is then removed only after reflexes can be 

observed and the animal is fully recovered (Kock et al. 2006).  

 

Chemical capture is mainly used to capture specific animals from a herd, dangerous or 

large animals such as elephant (Loxodonta africana), rhinoceros (Diceros bicornis, 

Ceratotherium simum), giraffe (Giraffa camelopardalis), big cats and hippopotamus 

(Hippopotamus amphibious) and also animals which are of great economical value such 



38 
 

as sable antelope (Hippotragus niger), roan antelope (Hippotragus equines) and buffalo 

(Syncerus caffer). (Ebedes et al. 2006). Chemical capture has also become a very 

important part of research and the treatment of sick animals. Veterinarians are able to 

examine or treat sick animals, collect blood samples for the study of wildlife diseases and 

mark animals for ecological purposes. Immobilization is very effective and less stressful 

compared to other methods of capture (Cheney and Hattingh 1988, Ganhao et al. 1988, 

Knox et al. 1993, Morton et al. 1995). However, as a result of the high costs and the 

classification of many of the drugs as Schedule 7 medicines, a restriction is placed on the 

use of this capture method since only veterinarians may administer these drugs. 

Additional disadvantages of chemical capture include limited distance of dart projectors, 

incorrect dart penetration of drug doses, which may lead to overexertion and possible 

death, adverse reactions associated with the use of some of the capture drugs and high 

costs if a large number of animals need to be translocated (Ebedes et al. 2006).  

 

Darting is not without risks even though it is described as a less stressful method in 

comparison to other capture techniques, it still elicits a stress response (Cheney and 

Hattingh 1988, Meyer et al. 2008a). Both the time to recumbency as well as running an 

extended distance, during the darting process, results in an augmented physiological 

reaction (Murray et al. 1981, Cheney and Hattingh 1988, Meyer et al. 2008b). Opioids, 

commonly used as immobilizing drugs, interfere with respiration since they have a 

depressive effect on the respiratory centre of the brain. Opioids also result in excitement 

and increased muscle tone, which in conjunction can elicit hyperthermia (Murray et al. 

1981, Kock et al. 2006, Meyer et al. 2008a). Some tranquilizing drugs which are used in 
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conjunction with immobilizing drugs to attain a higher degree of effectiveness interfere 

with the body’s heat regulation mechanisms and result in hyperthermia (Murray et al. 

1981, Ebedes et al. 2006). The hyperthermia is additive to the stress-induced 

hyperthermia resulting from the response to capture-associated stressors (Meyer et al. 

2008a). The change in body position during immobilization can result in bloating and 

aspiration of rumen fluids into the lungs which in turn can result in possible pneumonia. 

The dose of immobilizing drugs is also of extreme importance since overdosing might be 

fatal. If an animal is under-dosed the animal might exhaust itself before the drug becomes 

effective, which may cause death due to capture myopathy (Ebedes et al. 2006, Kock et 

al. 2006). Ganhao et al. (1988) investigated the stress responses of blesbok, eland and red 

hartebeest during net capture, boma capture and chemical immobilization. Net capture 

was perceived as the most stressful, boma capture was less stressful in comparison to net 

capture, and darting elicited the smallest stress response (Ganhao et al. 1988). Even 

though immobilization is stated to be less stressful in comparison to other capture 

techniques, it still elicits a stress response and involves certain risks.  

 

1.4. The measurement or quantification of stress 

Till this point in time, no clear definition of stress exists and consequently it cannot yet 

be quantified. Even though the psychological response to a stressor cannot be measured 

or quantified, physiological responses to a stressor may be measured and give a good 

indication of the level of the stress response (Hattingh 1988a,b). Although several field 

studies have been conducted to assess the levels of stress during capture (Murray et al. 
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1981, Hattingh and Petty 1992, Rietkerk et al. 1994, Morton et al. 1995, Read et al. 

2000), the majority of studies have examined variables that cannot be measured 

instantaneously in the field, but, rather need to be measured in the laboratory. 

 

Some blood variables are highly sensitive to high temperatures and transport, which may 

cause an alteration in the concentration of these variables and ultimately result in an 

incorrect estimation if blood samples are not analyzed immediately (Morton et al. 1995). 

Also, during chemical immobilization, the drugs used may influence the levels of certain 

variables (e.g. insulin, glucose, free fatty acids) (Morton et al. 1995).  

 

Laboratory measures of stress are impractical to determine stress levels in animals during 

capture since these measures merely give a retrospective measure of stress, hours after 

the capture operation. Consequently these measures cannot be used to determine the 

stress levels at the time of capture. Additionally, because the majority of capture 

operations take place in remote areas, there is a necessity to quantify capture stress and 

the risk of morbidity and mortality using a simple, reliable and instant method that can be 

used in the field during game capture procedures. The reference of post-capture blood 

samples to laboratories in order to confirm the preliminary diagnosis that was made in the 

field, using the developed method is optional. This method must consequently facilitate 

the identification of animals in need of treatment before further translocation and n turn 

identify animals that can be loaded and translocated without treatment. In addition, a 
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reliable stress quantification method can also aid in the selection of the least stressful 

method of capture for different species thus increasing survival rate.   

 

1.5 Aims 

 

In my study I used two antelope species namely impala and blesbok. The reason for 

specifically choosing these two species is that the impala has a very excitable 

temperament and is a sensitive species known to be more susceptible to capture-related 

death than other less excitable species. Blesbok, however, are described as a placid 

species that is less susceptible to capture-related stress and death in comparison to 

excitable species.  

 

Firstly I aimed to investigate hyperthermic responses associated with two different 

capture methods in the two species. Additionally, I aimed to examine blood variable 

measurements commonly used to measure the stress response of species and to determine 

what the relationship is between the hyperthermic response and blood variable 

measurements. This part of the study entailed blood sample collection and analysis of 

various stress-related blood variables and the subsequent comparison to body temperature 

measurements. 
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Secondly I aimed to examine three different body sites to measure body temperature in 

wild animals during capture operations in the field. In order to measure body 

temperatures continuously for a specific period during which animals were exposed to 

different capture procedures, I used temperature-sensitive data loggers implanted into the 

abdominal cavity as well as between the semimembranosus, semitendinosus and biceps 

femoris muscles. Additionally, a rectal thermometer was used to measure rectal 

temperatures when the animals were restrained. Several studies have investigated the 

accuracy of various body sites to measure body temperature in wild animals however 

these body site measurement techniques are not practical during actual capture 

operations. I aimed to use abdominal body temperature measured by an implanted data 

logger as a standard to compare it to body temperature measured in the muscle and at the 

rectum. I aimed to investigate if muscle temperature can be used as an alternative body 

temperature measurement under field conditions and therefore examined whether muscle 

temperature measurements accurately reflect abdominal body temperatures of the 

antelope. I also measured rectal temperature and compared it to abdominal body 

temperatures, since it is the most commonly used measure of core body temperature in 

the field and is currently the most practical method available for body temperature 

measurements of wild animals in the field. 

 

During the comparison of different body sites for body temperature measurement I also 

aimed to investigate whether the rise in muscle temperature, i. e., body temperature, is 

not due only to the increase in activity and concurrent muscle contractility during capture, 

although it will have an additive affect on hyperthermia during captures. Body 
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temperature and muscle temperature measurement were compared to measurements of 

locomotor activity measured by an activity logger, to investigate this aspect of my study.  

 

Mortalities were not induced or part of the experiment but unfortunately occurred. 

Mortality, however, forms a crucial part of the capture-related research to aid in 

determining causes, treatment, possible prevention and management. The incidence of 

deaths in routine capture was one of the main reasons for conducting my study and 

investigating the responses to capture. I compared physiological responses including both 

abdominal body temperature and blood variable measurements of impala that survived 

and impala that died during the study.  
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2. METHODS 

 

2.1 Study and study site 

 

The study was performed at the Lichtenburg Biodiversity Conservation Centre (26°07’S, 

26°10’E) that is located approximately 220 km west of Johannesburg, South Africa. 

Twelve adult blesbok (Damaliscus pygargus phillipsi), with a mean body mass of 54.5 ± 

6.8 kg, and 10 adult impala (Aepyceros melampus melampus) with a mean body mass of 

40.4 ± 4.3 kg were used in this study. The blesbok (11 female, 1 male), which originated 

from the Lichtenburg Biodiversity Conservation Centre, were caught using a mass 

capture technique. The impala, all female, which originated from a game farm in the 

Vaalwater district (Limpopo Province), were caught and transported by Waterberg Game 

Dealers to the Lichtenburg Biodiversity Conservation Centre.  

 

For the duration of the study all the animals were held in bomas and were not exposed to 

any predation since no predators were present at the Lichtenburg Biodiversity 

Conservation Centre for the duration of the study. The animals were fed Lucerne and 

Boskos (Antelope pellets, Epol, Pretoria, South Africa) every second day and received 

water ad lib. The study took place between August 2006 and January 2007 with data on 

capture collected from September to November 2006. All the procedures for this study 

were approved by the Animal Ethics Screening Committee of the University of 

Witwatersrand (Clearance number 2006/52/05). 
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2.2 Animals and surgery 

 

2.2.1 Study animals 

After capture the animals were placed in bomas (holding pens made of solid wooden pole 

walls) for a minimum period of three weeks to allow the animals to become accustomed 

to boma housing procedures. Animals were allowed a three-week post-operative recovery 

period before experimental procedures started. On completion of experimental 

procedures animals were recaught, anaesthetised and the data loggers removed using a 

similar procedure to that used for implantation.  

 

2.2.2 Surgery 

The animals then were herded into a game capture vehicle and tranquillized with 

azaperone (40 mg Stresnil, Lakato, Benrose, South Africa), which was administered 

using a pole-syringe. Once tranquil, I, together with my colleagues physically restrained 

each animal and anaesthesia was induced using 8% isoflurane (Safe Line 

Pharmaceuticals, Johannesburg, South Africa) in 100% oxygen administered via a face 

mask. Once fully anaesthetised, each animal was moved to a temporary surgery theatre 

where surgical sites were prepared by shaving, followed by thorough cleaning and 

sterilization using 5% chlorhexidine gluconate (Kyron Laboratories, Johannesburg, South 

Africa) in 100% ethanol. A midline incision was made on the ventral abdomen in order to 

place a temperature-sensitive data logger within the abdominal cavity as well as an 
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activity logger using the same incision line. A second incision was made on the caudal 

aspect of the thigh to implant two temperature-sensitive data loggers (see Figure 2.1).  

 

Incisions were sutured closed and treated with a topical antiseptic spray (Necrospray, 

Centaur Labs, Johannesburg, South Africa) to prevent infection and fly worry. Each 

animal received 7-10 ml intra-muscularly (I.M.) of a long-acting penicillin-based 

antibiotic (Peni-La, Phenix, Virbac Animal health, Johannesburg, South Africa), an anti-

inflammatory analgesic (Phenyl-Arthrite 4-6 ml I.M. , Vetoquinol, Lure Cedex, France), 

vitamin B (4-6ml I.M., Rucenta Medical Supplies, Johannesburg, South Africa) and a 

long-acting parasitic, sub-cutaneously (S.C.) (Doramectin 1-1.5 ml, Dectomax, Pfizer 

Laboratories, Sandton, South Africa). A respiratory stimulant (Doxapram 1 ml I.V., 

Dopram, Boydene, Intramed, Port Elizabeth, South Africa) was given in impala during 

experimental procedures if necessary.  

 

2.3 Body temperature measurements 

 

Temperature-sensitive data loggers were used to continuously record body temperature at 

set intervals. The loggers were covered in an inert wax (Sasol wax EXP986, 

Johannesburg, South Africa). The wax protects the logger from moisture and allows it to 

be implanted without causing adverse effects. The logger was then calibrated against a 

high-accuracy (better than 0.01 °C) thermometer (Quat 100, Heraeus, Hanau, Germany); 

loggers were immersed in a temperature-controlled circulating water bath where five  
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Figure 2.1: Shows the placement of temperature-sensitive and activity loggers 

Activity logger 

(Actical 

implanted S.C.) 

(unwaxed) 

Abdominal 

temperature logger 

(StowAway XTI 

implanted intra-

abdominal) 

(unwaxed) 

Muscle 

temperature 

logger (I-

button T1A 

implanted 

intra-

muscular) 

(unwaxed) 



49 
 

 temperature data points between 34 °C to 44 °C were recorded and used to construct a 

calibration curve using TableCurve 2D software (Jandal Scientific Software, San Rafael, 

California). The best fit regression line was used to obtain an equation with the lowest 

residual value (see Figure 2.2).  

 

A miniature temperature-sensitive data logger was implanted into the abdominal cavity 

and this logger was set to measure body temperature at an interval of 5 min. Two smaller 

temperature-sensitive data loggers were placed next to each other and were used to 

measure deep muscle temperature. Both loggers were set to record temperatures at 5-min 

intervals. Two muscle loggers was implanted to be able to record temperatures for the 

entire study period, where one of the logger were programmed to have a delayed-start at a 

later date in comparison to the other logger. When loggers were retrieved there were no 

signs of logger damage or infection around the loggers. 

 

I had encountered a problem during the study with temperature loggers of blesbok 

malfunctioning and only retrieved data on the first trial. Consequently, statistical tests 

were poorly powered since I had only three blesbok with a full data set. The difficulty 

with using onboard data loggers is that I was unable to verify that the logger still was 

measuring properly throughout the study period (in this case six months). (See appendix 

2 for details of logger failure and data used for analysis). 
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Y = a + bx 

a = 0.31; b = 0.99 

 

 

Figure 2.2: An example of a calibration curve for an abdominal data logger. The fitted 

standard error was 0.041 °C. 
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Mortalities were not induced or planned part of the experiment but inevitably occurred 

during my study. Four impala, two of the short chase + dart group and two of the long 

chase + dart group, died during the first experiment. (see post mortem details in chapter 

5) . (See appendix 2 for details of logger failure and data used for analysis). 

 

Whenever the animals were chemically immobilized or restrained we measured rectal 

temperatures using a digital thermometer connected to a thermocouple rectal probe 

(Details of logger found in chapter 4). The probe was inserted 100 mm into the rectum 

and allowed adequate time to equilibrate (30s).  

 

2.4 Animal activity measurements 

The physical activity levels of the animals were measured continuously, at 5-min 

intervals, using activity data loggers (Details of logger found in chapter 4). The data 

logger recorded activity levels by using an omnidirectional accelerometer and activity 

was expressed as percentage of maximum recorded activity count. 

 

2.5. Experimental procedures 

The animals were captured four times each at a fortnightly interval. They were captured 

using two different capture methods, namely chemical immobilization and net capture. 

For each of the two capture methods we varied the duration of time the animals were 

chased. The animals were chased on foot for a short or long duration, therefore varying 



52 
 

activity levels (Table 2.1), before chemical immobilization or net restraint. The animals 

were randomly divided into two groups per species (impala n = 5, blesbok n = 6, per 

group) with one group captured by a different variation of capture compared to the other 

group during each trial. The different trials will be discussed in more detail in section 

2.5.3.1 and 2.5.3.2. The groups were rotated between the variations and methods of 

capture every two weeks. Only three animals were handled at a time during each trial in 

order to have enough assistance with holding of animals and recording of variables. 

 

2.5.1 Darting 

During the darting trials, the animals were immobilized using etorphine hydrochloride (2 

mg impala, 3 mg blesbok I.M. M99, Lakato, Benrose, South Africa) and azaperone (40 

mg impala, 60 mg blesbok Stresnil, I.M., Lakato, Benrose, South Africa), which was 

contained in a dart (3CC, 1.25”, barbed, Pneu-dart inc., Williamsport, South Africa). The 

remaining volume of the dart was filled with sterile water.  Dart gun (Sabi 500, SABI 

Werkswinkel t/a, Magnum Arms, Nelspruit, South Africa) was used to dart the animals. 

Each of the three animals per group was darted directly after another and within two 

minutes from the previous animal; this was done to limit the variation of stress exposure 

and activity. 

 

Once the animals were immobile we monitored their vital signs, oxygen-haemoglobin 

saturation and heart rate using a veterinary pulse oximeter (Nonin 8500AV, Kyron 

Laboratories, Johannesburg, South Africa). At the end of the immobilization period,  
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Table 2.1: The two capture methods and variations of each capture method together with 

the approximate distance run and the drugs and drug dosages used. 

Blesbok     

 Capture method Time chased  Distance chased Drugs and dosages 

          

1 Short chase + dart ~2 min ~40 m 3 mg etorphine hydrochloride 

        60 mg azaperone 

2 Long chase + dart  ~3 min ~150 m 3 mg etorphine hydrochloride 

        60 mg azaperone 

3 Short chase +nets  ~1 min ~40 m 60 mg azaperone 

          

4 Long chase + nets  ~4 min ~150 m 60 mg azaperone 

          

     

Impala     

 Capture method Time chased  Distance chased Drugs and dosages 

          

1 Short chase + dart  <1 min ~30 m 2 mg etorphine hydrochloride 

        40 mg azaperone 

2 Long chase + dart  ~2 min ~140 m 2 mg etorphine hydrochloride 

        40 mg azaperone 

3 Short chase +nets   <1 min ~35 m  60 mg azaperone 

          

4 Long chase + nets  ~3 min ~140 m 60 mg azaperone 
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which lasted approximately 30 minutes, the immobilizing effects of etorphine were reversed 

using diprenorphine hydrochloride (4 mg impala, 6 mg blesbok I.M. M5050, Lakato, Benrose, 

South Africa). 

2.5.2 Net capture 

During the net capture trials we used a suspension system to erect the capture nets to 

capture the blesbok. This system required the nets to be fastened to a cable that was 2.5 –

3.0 m above the ground and a cable at ground level. When the animals ran into these nets 

their horns got stuck between the netting material thus enabling handlers to grab the 

horns and restrain the animal. A different system was used to net capture the impala (see 

Figure 2.3). Two opposing poles were tied together and placed on the ground to form an 

apex. A number of these pole structures were used to hook and hold up a game capture 

net in a 20 x 30 m boma. When the impala ran into these nets, the net fell on them, 

causing them to become entangled. Different methods of net capture were used since the 

bomas where blesbok were kept were much larger in comparison to the boma where 

impala were captured.  

 

As soon as the animals were entangled they were restrained by handlers. Once the 

animals were adequately restrained they received a tranquilizer, azaperone (60 mg, I.M. 

for impala and blesbok). 
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Figure 2.3: Drop-nets erected with support posts (Adopted from Ebedes et al. 2006).  
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2.5.3 Trial procedures 

 

Whenever the animals were immobilized or restrained in the nets they were blindfolded 

and cotton wool earplugs were placed in their ears so as to limit external sensory stimuli. 

The animals were held in a sternal position, by a handler holding the head, so that the 

neck was aligned with the spinal column and the head was elevated above the thorax with 

the nose pointing downwards. This position allowed for unobstructed eructation of 

ruminal gas and open upper airways. Blood samples were drawn from the jugular vein of 

each individual using blood tubes (4 x 4 ml, green, BD Vacutainer systems) for later 

determination of concentrations of plasma cortisol, lactate, glucose, catecholamines 

(adrenaline, noradrenaline, dopamine), haematocrit, blood pH, osmolality, calcium, total 

protein, potassium, sodium
 
and creatine phosphokinase. Blood samples were drawn 

directly after the animals were immobilized or restrained (time 0, t = 0) and again 10 min 

later (time 10, t = 10). Rectal temperatures were measured at time 0 and time 10. After a 

total of about 20 minutes of restraint wherein all the procedures were completed and all 

the equipment, earplugs and blindfolds removed after completion, the animals were 

released or the immobilizing effect of etorphine was reversed. 

 

2.5.3.1 Blesbok 

The two groups of blesbok (group 1 n=6, group 2 n=6) were kept in fenced enclosures 

(see Figure 2.4a, b). On day 1 of the trials the animals from group 1 were exposed to the 

short chase + dart. They had been kept in enclosure A and were herded directly into 

enclosure Z (see figure), with the chase lasting about ~2 min. Enclosure Z was divided 
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Figure 2.4a: Layout of the boma where blesbok were kept during the experiments, 

illustrating darting procedures. Solid arrows represent long chase + dart and dashed 

arrows represent short chase + dart. Different boma areas in the enclosure used during the 

trials are marked A, B, C, Z  
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Figure 2.4b: Layout of the boma where blesbok were kept during the experiments, 

illustrating net capture procedures. Solid arrows represent long chase + net and dashed 

arrows represent short chase + net. Different boma areas in the enclosure used during the 

trials are marked A, B, C, Z and the dashed line across boma A represents the position of 

the nets  
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into two small bomas which enabled us to split the group in half and to dart the animals 

in. Only three animals were darted at a time. After ~20 min of immobilization the 

animals were carried into a game capture trailer, which was parked outside enclosure Z 

(Figure 2.4a) indicated as Trailer. Once in the trailer the immobilizing drug was reversed. 

About ~30 min after the initial chase the remaining three animals in group 1 underwent 

the same procedure and were added to the other members of the group in the trailer. The 

animals remained in the trailer for ~20 – 30 min and then were off-loaded into enclosure 

C. On the same day group 2 was exposed to the long chase + dart. These animals were 

chased from enclosure C through enclosure B and A into enclosure Z. The chase lasted 

about ~3 min and the animals ran about 150 m. The animals were divided into two 

groups and then darted and immobilized using the same methods used for group 1. After 

immobilization these animals were not loaded into the trailer but were released into 

enclosure A. After two weeks, the same procedures as described in trial 1 were carried 

out on the two groups of animals, with group 1 being exposed to the long chase + dart 

and group 2 the short chase + dart. After this trial (trial 2) the animals from group 1 were 

left in enclosure Z and animals from group 2 in enclosure C.  

 

After a further two weeks the animals were exposed to the net capture trials. The nets 

were erected in area A (figure 2.4b), a day before the trials. Animals in group 1 were 

exposed to the short chase + net capture. Half these animals were chased from area Z 

towards the nets in area A with the chase lasting about 1 min and the animals running on 

average about 40 m. After ~20 min of restraint the animals were carried into a game 

capture trailer which was positioned behind the nets. The remaining three animals in 
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group 1 underwent exactly the same procedure and were added to the other members of 

group 1 in the trailer. The animals remained in the trailer for ~20 – 30 min and then were 

off-loaded into enclosure C. After the capture of group 1 animals in group 2 were 

exposed to the long chase + net capture. These animals were chased from enclosure C 

through enclosure B and into the nets in enclosure A. The chase lasted ~4 min and the 

animals ran on average about 150 m. Three of the animals were restrained in the nets, 

with the other three animals being herded back into enclosure B. After ~20 min of 

restraint, the animals were walked into enclosure Z. The remaining three animals in the 

group were chased from enclosure B to enclosure A on average about 100 m with the 

chase lasting ~1 min. Therefore, the last three individuals of group 2 were chased for 4 

min with the first three animals of the group, then had a rest period of about ~20 – 30 min 

while we were busy with the first three animals, then they were chased for ~1 min before 

being restrained. So these three individuals ran for 1 min longer in total in comparison to 

the three individuals that were handled first. Again, after ~20 min of restraint, the 

remaining animals were added to the other members of the group in enclosure Z.  After 

this trial (trial 3) the animals from group 1 were left in enclosure C and the animals from 

group 2 in enclosure Z. After two weeks, exactly the same procedures as described in 

trial 3 was carried out on the two groups of animals, with group 1 being exposed to the 

long chase + net capture and group 2 the short chase + net capture. 

2.5.3.2 Impala 

Two groups of impala (group 1 n = 5, group 2 n = 5) were kept in boma R and in boma U 

(see Figure 2.5a, b). 
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Figure 2.5.a: Layout of the enclosure where impala were kept during the experimental 

period with arrows illustrating darting procedures. Solid arrows represent long chase + 

dart and dashed arrows represent short chase + dart. Different boma areas in the 

enclosure used during the trials are marked R, X, U, T, V, W  

 

 

T 

20m 

5m 

 

 

W 

 

 

  V 

30m 20m 

 

 

         

 

U 

                              

      

       

     R   R   X   X                



62 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5.b: Layout of the enclosure where impala were kept during the experimental 

period with arrows illustrating net capture procedures. Solid arrows represent long chase 

+ net and dashed arrows represent short chase + net. Different boma areas in the 

enclosure used during the trials are marked R, X, U, T, V, W and the dashed line across 

boma V represents the position of the nets  
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On day 1 of the trials the animals of group 1 were exposed to the short chase + dart 

(figure 2.5a). They had been kept in boma R. Boma R was divided into 2 small sections 

which enabled us to split the group of 5 animals into two groups (n = 3, n = 2) by closing 

an interlinking door. The process of splitting the group resulted in a short duration chase 

of ~1 min within boma R. After splitting the animals into the above mentioned two sub-

groups, three animals of group 1 were darted and immobilized. Darts were placed in the 

gluteul muscles and all animals were darted within ~2 min from the first dart. After ~20 

min of immobilization, the effect of the immobilizing drug was reversed and the animals 

remained in one of the two sections of boma R. The remaining two animals of group 1 

underwent the same procedure and once complete they were added to the other members 

of the group. On the same day group 2 was exposed to the long chase + dart. These 

animals were chased from boma U to boma X (figure 2.5a) with the chase lasting for ~2 

min and the animals ran on average about 140 m. The animals were again divided into 

two sub-groups (n = 2; n = 3) and then darted and immobilized using the same method 

used for group 1. After this trial (trial 1) the animals from group 1 were moved by slowly 

herding them from boma R into boma U and group 2 was kept in boma X. After two 

weeks, the same procedures as described in trial 1 were carried out on the two groups of 

animals, with group 1 being exposed to the long chase + dart and group 2 the short chase 

+ dart. After this trial (trial 2) the animals from group 1 were left in boma R and animals 

from group 2 in boma U.  

 

After the two-week period the animals were exposed to net capture trials. The nets were 

erected in boma V (figure 2.5b). Animals from group 2 were exposed to short chase + net 



64 
 

capture. These animals were chased from boma U to the nets in boma V with the chase 

lasting ~1 min and the animals ran about 35 m. After ~20 min of restraint, the animals 

were slowly herded to boma X. On the same day, animals of group 1 were exposed to 

long chase + net capture. These animals were chased from boma R into the nets in boma 

V with the chase lasting about ~3 min and the animals ran about 140 m. After ~20 min of 

restraint, the animals were released into boma U. After this trial (trial 3) the animals from 

group 1 were left in boma U and the animals from group 2 in boma X. After two weeks, 

the same procedures as described in trial 3 were carried out on the two groups of animals, 

with group 1 being exposed to the short chase + net capture and group 2 the long chase + 

net capture.  

 

2.6 Blood variable measurements 

 

Blood samples collected during the trials were placed on ice for 3-4 h until haematocrit 

was measured. Thereafter the remaining blood was centrifuged (220V, 50Hz, Wifug Ltd., 

Bronford, England) for 10 min at 5500 rpm; the plasma was extracted and frozen 

immediately. The plasma samples were transported in ice filled containers to a laboratory 

where they were stored at -80°C.  

 

I determined haematocrit and cortisol concentration.  The Clinical Pathology department 

at the Onderstepoort Faculty of Veterinary Science South Africa, determined total 

protein, glucose,  creatine phosphokinase, lactate, sodium, potassium, calcium, blood pH 

and osmolality. Catecholamine concentrations (Adrenaline, Noradrenaline, Dopamine, 
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Dihydroxy-phenylacetic acid) were determined by the Pharmacology Department of the 

North-West University, South Africa (details in chapter 5). 

 

2.7 Experimental completion 

 

After completion of the experimental procedures (about 3 months), all the animals were re-

captured and anesthetised to surgically remove the loggers using a similar procedure described 

for implantation.  
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CHAPTER 3 

 

THERMAL AND STRESS 

RESPONSE TO CAPTURE 
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Frequent capture, transport and translocation of wildlife is necessary in Southern Africa 

to support the recent expansion of the game ranch and ecotourism industry. These capture 

operations which typically involve the capture of hundreds of antelope, single individuals 

or family groups, often lead to high numbers of animal mortalities. Detecting and 

quantifying the risk of mortality during capture is not easy. Several studies have showed 

a marked increase in rectal body temperature as well as other physiological alterations 

such as blood variables as a result of the stress response during wildlife capture (Hofmeyr 

et al. 1973, Gericke et al. 1978, Kock et al. 1987a, Cheney and Hattingh 1988, Drew 

1996, Read et al. 2000). Various blood variables have been used in several studies as a 

measure or indicator of stress (Gericke et al. 1978, Kock et al. 1987a, Hattingh et al. 

1990, Knox et al. 1993, Morton et al. 1995, Palme et al. 2000). However, obtaining 

control values for these blood variables in different species is extremely difficult, since it 

entails blood sampling of a non-stressed wild animal. Cheney and Hattingh (1988) 

obtained control values for impala by taking blood samples from brain-shot impala. 

Using blood samples of brain-shot animals as control values assume that brain-shot 

animals were not stressed, which is questionable. Irrespective thereof, blood samples 

obtained from brain-shot animals are potentially the most accurate description of non-

stressed animal samples. Comparison of these control values and blood variables 

measured during capture revealed differences between control and stressed individuals in 

the stress response. However, getting real-time data is difficult since laboratory assay 

results are delayed and thus a very unpractical method to determine stress in the field. 

The response to a stressor also is neither distinct nor standardized (Hattingh 1988a, b, 

Montané et al. 2007). A sole blood variable is therefore not sufficient to measure or 
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quantify stress in an animal, since a particular stressor might not affect the specific 

variable or the variable might already be at a maximum level (Hattingh 1988a, Hattingh 

and Petty 1992). Furthermore, the stress response of animals differs with regard to 

different capture procedures (Kock et al. 1987b, Knox et al. 1993) and marked 

differences in stress responses of individuals of different species as well as variation 

amongst individuals of the same species is evident (Hofmeyr et al. 1973, Morton et al. 

1995, Cooper et al. 2005, Montané et al. 2007).  

 

Studies conducted on a variety of wildlife species subjected to capture procedures 

recorded hyperthermic responses (Gericke et al. 1978, Kock et al. 1987a, Montané et al. 

2007, Regel and Pütz 1997). Handling and human noise in itself presents a stressful 

stimulus, with the additive effects of extreme exertion of forced exercise during capture 

(Gericke et al. 1978) and an inability to escape during capture. Stress-induced 

hyperthermia forms an integral part of capture related mortalities, since it occurs before, 

during and even after exposure to stressors (Olivier et al. 2003). The development of 

hyperthermia during wildlife capture has not been systematically investigated, and may 

be a single variable that represents the stress experienced by an animal under capture.  

 

Firstly I aimed to investigate hyperthermic responses associated with two different 

capture methods in two species. Together with hyperthermic responses during capture I 

also looked at the affect of human presence on hyperthermic responses before capture. 

Additionally, we aimed to examine blood variable measurements commonly used to 
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measure the stress response of species and determine what the relationship is between the 

hyperthermic response and blood variable measurements. This part of the study entailed 

blood sample collection and analysis of various stress-related blood variables and the 

subsequent comparison to body temperature measurements.  

 

3.1 Methods 

 

3.1.1 Study animals 

Twelve adult (one male, 11 female) blesbok (Damaliscus pygargus phillipsi) and 10 

(female) adult impala (Aepyceros melampus melampus) were used in this study.  

 

3.1.2 Animals and surgery 

As described in detail in Chapter 2, animals were caught, tranquillized and then 

physically restrained. Thereafter anaesthesia was induced using isoflurane. A 50 mm 

incision was made in the left paralumbar fossa in order to place a temperature-sensitive 

data logger within the abdominal cavity (see Figure 3.1.1). Afterwards the incision was 

sutured closed and treated animals were allowed a three-week post-operative recovery 

period before experimental procedures started.  

 

 



70 
 

 

 

 

 

Figure 3.1.1: Shows the placement of the abdominal temperature-sensitive logger  
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3.1.3 Body temperature measurements 

Temperature-sensitive data loggers were used to continuously record abdominal body 

temperature at 5 minute intervals. These data loggers had a measurement range of + 34˚C 

to + 44˚C, a resolution of 0.04˚C and a calibrated accuracy of 0.05 °C. A miniature 

temperature-sensitive data logger (StowAway XTI, Onset Computer Corporation, 

Pocasset, MA, USA), with dimensions of 50 mm x 45 mm x 20 mm and 40 g mass, was 

implanted within the abdominal cavity to measure core body temperature (see Figure 

3.1.2 a & b). The logger was not tethered to the wall of the abdominal cavity but was 

allowed to move freely between the abdominal organs; most loggers, however, settled 

within the intestines and were encapsulated in a thin layer of cells on recovery. 

 

3.1.4. Experimental procedures 

The animals were captured four times each at a fortnightly interval. They were captured 

using two different capture methods, namely chemical immobilization and net capture. 

We achieved variations of the two capture methods by chasing the animals on foot for a 

short or long duration before chemical immobilization or net restraint (see Chapter 2).  

 

3.1.5 Experimental completion 

 

After completion of the experimental procedures, all the animals were re-captured and 

anesthetised to surgically remove the loggers using a similar procedure described for  
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Figure 3.1.2 a: An abdominal temperature data logger before it was covered with wax. 

 

Figure 3.1.2 b: An abdominal temperature data logger when it was covered in inert wax.  
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implantation. After recovery all animals were released back into larger camps within the 

Lichtenburg Biodiversity Conservation Centre.  

 

3.1.6 Data analysis 

3.1.6.1 Thermal response indices 

Thermal response indices were calculated for the period of 30, 60, 120, 180 and 240 

minutes post capture. The calculation of the thermal response indices was done by 

calculating the average abdominal body temperature for a specified period of time as a 

baseline and the baseline average is then subtracted from each body temperature 

measured after that specified time period, values are then summed and multiplied by 

time. The average difference in temperatures was then multiplied by the time period in 

minutes. For this calculation the period 30 minutes before capture was used as a baseline, 

and is then subtracting that average from each abdominal body temperature measured 

during 30, 60, 120, 180, 240 minutes after capture. The average difference in temperature 

was then multiplied by the time period in minutes. 

 

3.1.6.2 Mean and maximum abdominal body temperature 

Paired t-tests were used to compare mean maximum abdominal body temperature 

(maximum temperature of each individual) during darting and net capture, as well as 

mean temperature change (maximum temperature reached after capture for each 

individual minus mean temperature averaged for the period 30 minutes before capture, 
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divided by time) between darting and net capture procedures, in both impala and blesbok. 

Thermal response indices calculated for the period 30, 60, 120, 180 and 240 minutes post 

capture were analysed using paired t-tests to compare thermal responses during darting 

(Short chase + dart) and net (Short chase + net) capture. Only data for Short chase + dart 

and Short chase + net captures were complete. The thermal response index is calculated 

by determining a baseline temperature by getting an average temperature over a certain 

time period. Each consecutive temperature reading is then subtracted from the base 

temperature. All the differences are then added and divided by the number of readings. 

Thermal response index for each individual were calculated and then meaned across 

individuals of the same trial (e.g. Short chase + dart versus Short chase + net). Only data 

for Short chase + dart and Short chase + net captures were used because the variation of 

the trials of each of the two capture methods was not different from one another (repeated 

measures analysis of variance) and the short chase capture were used since it allowed for 

a greater sample size (Table 3.2.4). 

 

3.1.6.3 Rate of temperature rise after capture and human interference before capture 

Paired t-tests were used to analyze the mean rate of temperature rise from darting or net 

capture until the highest temperature reached by dividing the mean temperature change 

by time. The rate of temperature rise were calculated for the 30 minute period before 

darting and for the period 30, 60, 120, 180 and 240 minutes post capture for both blesbok 

and impala during darting (Short chase + dart) and net (Short chase + net) capture, by 

subtracting the baseline temperature from the temperature at the specific time period and 
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dividing by time and utilizing paired t-tests. The rate of rise was firstly determined for 

each individual and then meaned for individuals in the same trial (Short chase + dart) and 

net (Short chase + net). The rate of temperature rise was compared between darting and 

net capture. 

 

Thermal response indices were calculated for each individual an hour before capture 

commenced in order to determine the influence of human interference before captures. 

The thermal response index was obtained by calculating the average abdominal body 

temperature for the 60 to 90 minutes period before darting or net capture as a baseline 

that is subtracted from each abdominal body temperature value measured during an hour 

before capture, the values are then summed and multiplied by time.  

 

3.1.6.4 Blood variables 

3.1.6.4.1 Dart versus net capture 

Blood variables obtained during the four experimental trials were grouped into darting 

trials and net trials. The blood variable data of the two darting trials and the data for the 

two net trials were averaged into dart versus net trials. I grouped the trials (using only 

time 0 data for each of the four trials) because each of the two capture methods was not 

different from one another in their results (repeated measures analysis of variance) (Table 

3.2.4). When interpreting the results of the table, this must be kept in mind. The 
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differences in blood variables between darting trials and net capture trials were analysed 

using paired t-tests for each blood variable for each of the species.  

 

3.1.6.4.2 Blood variable correlation 

Pearsons correlations were used to determine if any two blood variables were 

significantly correlated with one another. Blood variables that were not normally 

distributed (calcium, sodium, creatine phosphokinase, potassium, lactate, noradrenaline, 

and adrenaline) were log transformed before correlation analyses. 

 

3.1.6.4.3 Blood variables versus thermal response indices 

Pearsons correlations were used to determine possible correlations between thermal 

response indices (for the period 30, 60, 120, 180, 240 minutes post capture) and the blood 

variables, cortisol, noradrenaline and adrenaline for the short chase + dart and short chase 

+ net trials. 
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3.2 Results 

3.2.1 Body temperature patterns 

Figure 3.2.1 shows the typical abdominal body temperature of impala and blesbok during 

five consecutive days where the animals had not been exposed to any experimental 

capture procedures. Mean impala abdominal body temperatures fluctuated from 38.1 °C - 

38.9 °C during 24 hours whereas blesbok abdominal body temperatures fluctuated from 

37.4 °C - 38.6 °C during normal 24-hour days. Abdominal body temperatures were at a 

minimum early in the morning, rose slowly throughout the day and reached a maximum 

early evening, where after abdominal body temperature decreased again to a minimum. 

Figure 3.2.2 shows the abdominal body temperature of an impala during a non-capture 

24-hour day where no intervention took place and that the abdominal body temperature 

of the animal generally fluctuated by less than 1 °C throughout the 24 hours. The 

abdominal body temperature of the same impala during net capture, also shown in the 

Figure, showed a hyperthermic response with abdominal body temperature exceeding 42 

°C, illustrating the stress-induced hyperthermia associated with the capture of wildlife. 

Similar patterns of responses were seen in all animals in response to all capture methods.  

 

3.2.2 Mean and maximum abdominal body temperature 

Only data for Short chase + dart and Short chase + net captures were used because the 

variation of the trials of each of the two capture methods was not different from one 

another (repeated measures analysis of variance) for impala (p = 0.14) and blesbok (p = 

0.10). Maximum abdominal body temperatures for impala showed a significant  
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Figure 3.2.1: Typical abdominal body temperature of impala (top) (n = 10) and blesbok 

(bottom) (n = 7) during normal non-capture 24h days  
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Figure 3.2.2: Abdominal body temperature response of an impala during a non-capture 

day (dashed line) and on a day where it was captured in a net capture (solid line). The 

first arrow (on the left) indicates the time of restraint in nets. The second arrow indicates 

the time of release. 
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difference (p = 0.004) between dart (Short chase + dart) and net capture (Short chase + 

net) with maximum temperature reached during net capture on average higher than 

during darting (Table 3.2.1). Blesbok however did not show a significant difference (p = 

0.32) in maximum abdominal body temperature reached. The lack of significance might 

be due to the small sample size and thus having to few points (n = 3) to detect 

significance. 

 

The mean temperature change during net capture in impala was significantly higher (p < 

0.001) than temperature change during darting. The mean temperature change in blesbok 

did not show a significant difference (p = 0.65) during darting and net capture 

procedures, although a slightly higher change during net capture is evident and again 

might be the result of a too few data points (Table 3.2.1).  

 

3.2.3 Thermal response indices, rate of rise and human interference 

Thermal response indices (ºC.min) were calculated for both impala and blesbok (table 

3.2.1). Impala showed significantly higher thermal responses during net capture in 

comparison to darting within 30 min (p = 0.0014), 60 min (p = 0.0007), 120 min (p = 

0.0015), 180 min (p = 0.0026) and 240 min (p = 0.0025). Blesbok however did not show 

significant differences between net capture and darting within 30 min (p = 0.91), 60 min 

(p = 0.59), 120 min (p = 0.38), 180 min (p = 0.20) and 240 min (p = 0.08) after capture, 

which might be because of too few data points. 
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Table 3.2.1 Maximum abdominal body temperatures, the abdominal body temperature changes and the thermal response indices (TRI) 

for 30 min, 60 min, 120 min, 180 min and 240 min from darting and net capture for both impala and blesbok. The rate of rise of 

temperature from the time of darting or net capture until the highest temperature was reached is also presented. Significant differences 

between the darting and net capture procedures are indicated with *. 

 Impala (n = 5)   Blesbok (n = 3)   

  

Dart (Short 

chase + dart)   

Net (Short chase 

+ net)  

Dart (Short 

chase + dart)  

Net (Short chase 

+ net) 

Maximum temperature 

(°C) 40.32±0.65* 41.25±0.5 40.55±0.69 40.61±0.87 

Temperature Change (°C) 1.37±0.36* 3.45±0.34 0.91±0.44 2.22±0.47 

TRI 30 min (°C.min) 12.3±9* 56.5±5 22.5±9.4 24.3±24 

TRI 60 min (°C.min) 30.2±18* 150.6±13 28.8±28 55.5±52 

TRI 120 min (°C.min) 46.2±56* 309.9±26  - 10.8±71 93.8±92 

TRI 180 min (°C.min) 54.1±67* 377.4±49  - 35.8±63 182.4±137 

TRI 240 min (°C.min) 101.2±50* 419.9±67  - 39.5±26 297.7±160 

Rate of rise (°C/min) 0.04±0.02 0.06±0.02 0.04±0.01 0.04±0.02 
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Thermal response indices for blesbok dropped within 120 min, 180 min and 240 min 

after darting. The rate of rise of abdominal body temperature showed no significant 

differences during net capture and darting for impala as well as blesbok. 

Table 3.2.2 shows the rate of temperature rise (°C/min) for 30 min before dart or net 

capture, 30 min, 60 min, 120 min, 180 min and 240 min from darting and net capture for 

both impala and blesbok. Rate of rise in temperature in impala was significantly higher 

during net capture in comparison to darting at times 30 (p = 0.004), 60 (p = 0.002) and 

120 (p = 0.007) minutes post capture. Blesbok showed a significantly higher rate of 

temperature rise during net capture in comparison to darting, at times 180 (p = 0.03) and 

240 (p = 0.03) minutes post capture. The rise in abdominal body temperature preceded 

the darting or net capture procedure and remained elevated above normal body 

temperature for up to four hours (240 minutes) post capture, as evident for a 

representative animal in Figure 3.2.3. The two rises in abdominal temperature evident, is 

due to the animal being chased and then darted as part of the first set of animals in the 

group which could be the result of the capture procedure. The rise in abdominal body 

temperature therefore did not decrease as soon as the procedure ended but remained high 

and then slowly returned to normal abdominal body temperatures. Figure 3.2.4 shows the 

mean abdominal body temperature and standard deviation for the 30 minutes period (- 30 

min) prior to capture up to 240 minutes post capture of impala and blesbok respectively 

and are only an illustrative figure. Figure 3.2.4 illustrated that the animals became 

hyperthermic irrespective of the capture method with only a difference in the time they 
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Table 3.2.2: Comparison of the rate of temperature rise (°C/min) for 30 minutes prior to capture, 30 min, 60 min, 120 min, 180 min 

and 240 min after capture between darting (short chase + dart) and net capture (short chase + net) for both impala and blesbok 

 

Time post 

capture (min) Impala     Blesbok     

  

Short chase + 

dart 

Short chase  

+ net Dart vs Net Short chase + dart 

Short chase 

 + net Dart vs Net 

 - 30 min 0.010±0.01 0.017±0.01 p = 0.44, t = 0.8 0.037±0.03 0.017±0.01 p = 0.32, t = 1.3 

30 0.023±0.02 0.092±0.01 p = 0.004*, t = 11.5 0.001±0.03 0.032±0.03 p = 0.10, t = 2.8 

60 0.006±0.01 0.049±0.01 p = 0.002*, t = 13.5  -0.013±0.02 0.011±0.01 p = 0.30, t = 1.3 

120  -0.001±0.01 0.012±0.01 p = 0.007*, t = 5.1  -0.014±0.01 0.002±0.01 p = 0.12, t = 2.5 

180  0.002±0.01 0.001±0.01 p = 0.9, t = 0.1  -0.005±0.01 0.010±0.01 p = 0.03*, t = 5.4 

240  -0.003±0.01 0.002±0.01 p = 0.87, t = 0.1  -0.003±0.01 0.007±0.01 p = 0.03*, t = 4.9 
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Figure 3.2.3: The abdominal body temperature of a blesbok during a darting trial, where 

the animal was darted at time 0 (first arrow on the left). The second arrow designates the 

time of reversal of the opioid etorphine and the dashed arrow indicates the time when 

body temperature return to the same value as at 60 min before darting started.  
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Figure 3.2.4: The mean abdominal body temperature ± SD (ºC) data for impala (n = 5) 

and blesbok (n = 3) at 30 minutes before capture (first human interference) up to 240 

minutes post capture for each of the four trials to illustrate how long hyperthermia lasts 

after completing capture procedures  



 86 

took to reach maximum abdominal body temperature. During darting individual impala 

reacted differently whereas during net capture individual impala reacted similarly to each 

other as evident in the illustrative figure (figure 3.2.4). Blesbok individuals reached 

highest temperatures during darting trials at the time of dart, but with net trials a slow rise 

during the trial and highest temperatures occurring after release occurred as evident in the 

illustrative figure (figure 3.2.4). Blesbok individual’s abdominal body temperatures 

showed high variability for a longer period after capture during the short procedures, 

where abdominal body temperatures were more variable earlier during the long 

procedures. However, maximum abdominal body temperatures reached during the 

different trails were not statistically significant and this figure is therefore only for 

illustrative purposes. Abdominal body temperature of a blesbok during a five-hour period 

when there was no human presence and when capture occurred is shown in Figure 3.2.5. 

An increase in abdominal body temperature was evident (solid line) 60 minutes before 

restraint in conjunction with human presence, during the same time of day. Thermal 

response indices (ºC.min) calculated for each individual 60 minutes before the start of 

capture showed a rise abdominal body temperature compared to the calculated baseline 

temperature when the impala and blesbok were exposed to human presence before any 

trial procedure commenced (Table 3.2.3). Individuals of both impala and blesbok 

predominantly showed rises in temperature for each of the four trials during human 

presence prior to capture, even though the rises are minimal and not statistically 

significant, it is evident that a rise in body temperature take place. Currently the positive 

thermal response indices only show that body temperature was higher the hour before 
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Figure 3.2.5: Abdominal body temperature response of a blesbok an hour before capture 

until four hours after capture as well as the abdominal body temperature on a normal day, 

at the same time of the day that the capture took place. The dashed arrow indicates the 

first time of human presence, the second arrow indicates the time of restraint in nets at 

time 0 and the third arrow indicates the time of release at 30 min. 
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Table 3.2.3 Thermal Response Indices (ºC.min) for impala (n = 5) and blesbok (n = 3) at 

the four different trials 60 minutes before capture, when humans were present.  

Impala   Blesbok   

TRI ˚C.min TRI ˚C.min 

Short chase + dart 32±14.1 Short chase + dart 25±302 

Long chase + dart 43±17.2 Long chase + dart 28±18.1 

Short chase + net  -7±18.0 Short chase + net 22±0.9 

Long chase + net 16±2.5 Long chase + net 17±6.4 

 

 

 

 

1
 TRI – thermal response index  
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capture in comparison to an hour and a half before capture and therefore a conclusion that 

it is due to human interference prior to capture, remain speculative. 

 

3.2.4 Blood variables 

3.2.4.1 Dart versus net capture 

Each of the blood variable measured during the two darting trials and two net capture 

trials were grouped into dart versus net capture, since repeated measures of analysis of 

variance showed the variations (short versus long) were not significantly different (Table 

3.2.4). The cortisol and pH values for impala were significantly higher during dart trials 

in comparison to net trials (p<0.05) whereas total protein, calcium, sodium, lactate, 

osmolality, haematocrit, noradrenaline and adrenaline values in blesbok were 

significantly higher during net capture trials (p < 0.05) in comparison to dart trials (Table 

3.2.5).  In blesbok, potassium, glucose, creatine phosphokinase and total catecholamine 

values were not significantly different between dart and net trials. In impala cortisol, total 

protein, sodium, lactate, haematocrit, noradrenaline, adrenaline and total catecholamines 

were significantly higher during net capture trials (p<0.05) in comparison to darting. 

Osmolality and pH values were significantly higher during darting (p<0.05) in 

comparison to net capture whereas calcium and potassium showed no difference between 

the trials. Glucose and creatine phosphokinase values were also not significantly different 

between dart and net trials for impala. Available baseline blood variable data for brain-

shot impala (section 3.4.1 of the Discussion) was used for comparative purposes, since 

this data supplies haematological values from resting or only partially disturbed, animals  
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Table 3.2.4 Repeated measures analysis of variance of blood variables for impala (n = 5) 

and blesbok (n = 3) for the four different trials (Short chase + dart, Long chase + dart, 

Short chase + net, Long chase + net)   

Blood variable Blesbok Impala 

Cortisol (nmol/l) p = 0.10 p = 0.13 

Total Protein (g/l) p = 0.09 p = 0.8 

Calcium (mmol/l) p = 0.60 p = 0.81 

Sodium (mmol/l) p = 0.47 p = 0.15 

Potassium (mmol/l) p = 0.31 p = 0.29 

Lactate (mmol/l) p = 0.49 p = 0.48 

Glucose (mmol/l) p = 0.17 p = 0.87 

Osmolality (mosm/kg) p = 0.67 p = 0.25 

Creatine phosphokinase (U/l) p = 0.65 p = 0.57 

pH p = 0.09 p = 0.71 

Haematocrit (%) p = 0.07 p = 0.49 

Noradrenaline (ng/ml) p = 0.90 p = 0.48 

Adrenaline (ng/ml) p = 0.48 p = 0.38 
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Table 3.2.5: Each of the blood variables measured during the two darting trials and the two net capture trials, grouped as dart versus 

net capture. Significant differences between the two capture methods were indicated with an * 

 

 

 

 

 

 

 

 

 

 

  Blesbok   Impala   

Blood Variable Dart Nets Dart Nets 

Cortisol (nmol/l) 188.1±48.2* 103.8±20.2 78.0±12.4* 104.5±14.3 

Total Protein (g/l) 64.4±5.4* 69.1±8.3 68.5±9.2* 74.5±9.5 

Calcium (mmol/l) 1.0±0.1* 1.1±0.5 1.0±0 1.0±0 

Sodium
+
 (mmol/l) 140.1±4.8* 144.1±4.2 145.8±1.0* 155.0±2.6 

Potassium (mmol/l) 4.6±0.3 4.5±0.4 4.1±0.1 4.1±0.1 

Lactate (mmol/l) 6.3±4* 22.4±2.4 9.4±1.6* 21.2±0.9 

Glucose (mmol/l) 8.9±2.5 9.5±2.4 9.8±2.3 8.7±0.8 

Osmolality (mosm/kg) 319.4±11.9* 341.1±16. 338.0±10.3 334.5±38.4 

Creatine phosphokinase (U/l) 444.6±215.3 445.2±243.5 588.3±662.6 348.0±96.7 

pH 7.5±0.1* 7.3±0.1 7.5±0* 7.2±0.06 

Haematocrit (%) 39.2±3.8* 44.7±5.6 40.0±2.5* 47.7±4.8 

Noradrenaline (ng/ml) 0.7±0.3* 2.3±1.1 0.9±0.6* 10.4±14.6 

Adrenaline (ng/ml) 0.6±0.2* 14.9±23.0 2.0±0.7* 31.5±33.0 

Noradrenaline + Adrenaline 

(ng/ml) 1.3±0.5 17.2±24.1 3±1.3* 41.9±47.7 

Total Catecholamines (ng/ml)  -  -  -   -  
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(Hattingh 1988b). Total proteins, lactate, glucose and haematocrit values for both blesbok 

and impala for darting and net capture were higher than values from brain-shot animals. 

Total catecholamines (noradrenaline and adrenaline) for impala for both the capture 

methods and for blesbok during net capture were higher than values for brain shot 

animals. Total catecholamines in blesbok during darting were lower than brain-shot 

animal catecholamine values. No baseline values from brain-shot animals were available 

and therefore the use of impala brain-shot data as comparison, are only illustrative. 

 

3.2.4.2 Blood variable correlation 

All the blood variables of the short dart trial were plotted against one another to 

determine possible concomitant changes. Sodium and lactate were significantly positively 

correlated (r
2
 = 0.32; p < 0.003), as were noradrenaline and adrenaline (r

2
 = 0.62; p < 

0.0001). The two species were grouped together since the same correlation was evident in 

both and sample sizes were too small to find a correlation separately (Figure 3.2.6 a, b). 

No other significant correlation between any of the blood variables measured during the 

study was found.  

 

3.2.4.3 Blood variables versus thermal response indices 

Figure 3.2.7 shows the relationship between the thermal response index (°C.min) (180 

min) and cortisol for both impala (n = 5) and blesbok (n = 3) during darting and net 

capture trials. The different trials are indicated by different symbols, for each of the four 

trials. The two species shows different patterns between their thermal and cortisol  
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Figure 3.2.6a: Shows the significant correlation between lactate and sodium for impala 

(top) and blesbok (bottom).
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Figure 3.2.6b: Shows the significant correlation between adrenaline (log transformed) 

and noradrenaline (log transformed) for impala (top) and blesbok (bottom). 



 95 

-200 -100 0 100 200 300 400 500
0

50

100

150

200

250
sd

ld

sn

ln

Thermal Response Index ( C.min)

C
o

rt
is

o
l 

(n
m

l/
l)

-200 -100 0 100 200 300 400 500
0

50

100

150

200

250
sd

ld

sn

ln

Thermal Response Index (C.min)

C
o

rt
is

o
l 

(n
m

o
l/

l)

 

Figure 3.2.7: Correlation between the Thermal Response Index (°C.min) (180min) and 

cortisol for both impala (n = 5) (top) and blesbok (n = 3) (bottom) for darting (short chase 

+ dart; sd and long chase + dart; ld) and net capture (short chase + nets; sn and long chase 

+  nets; ln) trial.   
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response during the four trials. Impala showed an increase in cortisol as the thermal 

response index increased. Blesbok however showed a decrease in cortisol as the thermal 

response index increased. The four trials were correlated together due to small sample 

size and are therefore only for illustrative purposes.  

 

Table 3.2.6 shows the Thermal Response indices for 30 min, 60 min, 120 min, 180 min 

and 240 min from darting and net capture for both impala and blesbok correlated  

(Pearsons correlation) with each of the three blood variables noradrenaline, adrenaline 

and cortisol (these are reliable stress indicating variables). Impala showed significant 

correlations between cortisol, adrenaline and noradrenaline for thermal response times 30 

min, 60 min, 120 min, 180 min and 240 min post capture. Blesbok however only showed 

significant correlations for adrenaline and thermal response index times 120 min and 180 

min post capture and cortisol and thermal response index time 180 min and 240 min post 

capture. The four trials were correlated together due to small sample size and therefore 

must be kept in mind during interpretation of the data. 
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Table 3.2.6 shows the Thermal Response Indices for 30 min, 60 min, 120 min, 180 min and 240 min post capture combined darting 

and net capture for both impala (n = 5) and blesbok (n = 3) correlated (Pearsons correlation) with each of the three blood variables. 

Significant correlations were indicated with an *. 

  Cortisol (nmol/l) Adrenaline (ng/ml) Noradrenaline (ng/ml) 

Impala (n = 5)       

TRI 30 min (°C.min) p = 0.002, r² = 0.72* p = 0.002, r² = 0.71* p = 0.004, r² = 0.67* 

TRI 60 min (°C.min) p = 0.003, r² = 0.67* p = 0.002, r² = 0.71* p = 0.001, r² = 0.74* 

TRI 120 min (°C.min) p = 0.008, r² = 0.60* p = 0.001, r² = 0.74* p = 0.001, r² = 0.74* 

TRI 180 min (°C.min) p = 0.008, r² = 0.60* p = 0.001, r² = 0.75* p = 0.004, r² = 0.66* 

TRI 240 min (°C.min) p = 0.03, r² = 0.46* p = 0.004, r² = 0.67* p = 0.019, r² = 0.51* 

Blesbok (n = 3)       

TRI 30 min (°C.min) p = 0.45, r² = 0.14 p = 0.45, r² = 0.14 p = 0.46, r² = 0.14 

TRI 60 min (°C.min) p = 0.28, r² = 0.10 p = 0.1, r² = 0.52 p = 0.21, r² = 0.35 

TRI 120 min (°C.min) p = 0.42, r² = 0.27 p = 0.04, r² = 0.70* p = 0.24, r² = 0.32 

TRI 180 min (°C.min) p = 0.04, r² = 0.67* p = 0.58, r² = 0.0797* p = 0.4, r² = 0.17 

TRI 240 min (°C.min) p = 0.008, r² = 0.85 * p = 0.15, r² = 0.43 p = 0.49, r² = 0.12 
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3.3 Discussion  

In this chapter I have investigated the stress responses of impala and blesbok, by examining 

abdominal body temperatures during darting and net capture. I also investigated blood 

variables generally used to measure the stress response of wild animals and then investigated 

the relationship between the abdominal body temperature response and blood variable 

measurements. The presence of humans before the start of the capture was also investigated. 

The ability to measure abdominal body temperature continuously throughout non-capture and 

capture-exposed days enabled us to examine the thermal responses of impala and blesbok to 

capture. Abdominal body temperature of impala and blesbok during non-capture days when 

the animals were not exposed to humans or capture events showed a regular 24-hour 

abdominal body temperature rhythm. Abdominal body temperatures were at a minimum early 

in the morning (~ 06:00), rising throughout the day and reaching the highest temperatures in 

the early evening (~ 18:00). The exposure of the animals to capture resulted in the 

development of hyperthermia which was clearly evident when the abdominal body 

temperatures were compared between a capture and non-capture day (figure 3.2.2).  

 

I determined the incidence and degree of hyperthermia by looking at the differences in 

abdominal body temperature during captures and during non-capture days and also increases 

from abdominal temperature at the start of the capture and increases occurring at darting or 

net capture, in both the antelope species. Impala had higher abdominal body temperatures 

during net capture in comparison to darting up to 240 minutes post capture. Blesbok however 

showed no difference in abdominal body temperatures between net capture and time of 

darting up to 240 minutes post capture. The lack of difference between the different capture 

methods for the blesbok may be an indication that all individual blesbok experience similar 
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stress irrespective of the method of capture. During darting abdominal body temperatures of 

individual impala varied whereas during net capture the abdominal body temperatures of 

individual impala showed similar changes. Individual blesbok however reacted with highest 

abdominal body temperatures at time of darting but a slow rise of abdominal body 

temperature during net capture with the highest temperatures post release which might be 

ascribed to the fact that the animals were loaded into a trailer and offloaded into another 

boma. My study confirmed that different species and even individuals of the same species 

respond differently to capture. 

 

I also investigated how human presence before the start of a capture event influenced the 

thermal responses of impala and blesbok. Abdominal body temperature increase prior to 

capture suggest that human presence might be an additive factor causing body temperatures 

to rise before any handling thus adding to the stress-induced hyperthermia arising from the 

capture itself.  However, only a small rise was evident from my study and therefore it remains 

speculative whether human presence, irrespective of the capture event or whether impala or 

blesbok were captured, caused abdominal body temperatures to rise. Further investigation 

and larger data sets is necessary to determine the effect of human presence prior to captures 

since any addition of heat to a hyperthermic animal, is important. Behavioural observations 

done in conjunction with the experimental procedures might have also shown how behaviour 

of the two species changes when they become aware of human presence in comparison to 

their behaviour when they are undisturbed. Since no behavioural studies were done in 

conjunction with the experimental procedures, feeding times were random and could not be 

investigated to see the reaction of animals during everyday exposure to human presence and 

noises during feeding occurred. 
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The maximum abdominal body temperatures reached at different capture procedures were 

investigated. When impala were darted, they had lower maximum temperatures in 

comparison to net-caught impala. In blesbok, maximum temperatures were not higher in net 

capture in comparison to darting. The lack of different maximum abdominal body 

temperatures between different capture procedures in blesbok could be a result of either a too 

small sample size or that the hyperthermic response to capture differs between impala and 

blesbok.  

Stressors not only affect the thermal status of individuals and species but are also evident in 

blood chemistry changes. As with thermal responses, different species and even individuals 

of the same species do not respond to the same degree in terms of blood variable 

concentrations, yet these variables serve as valuable measurements of the stress response to 

different stressors (Hattingh 1988a, b, Hattingh et al. 1988). Several of the blood variables for 

both impala and blesbok in my study differed between the two types of capture procedures. 

Total proteins, calcium, sodium, lactate, haematocrit, noradrenaline and adrenaline plasma 

concentrations in both the species were higher when the animals were captured via nets in 

comparison to darting. Calcium concentrations were higher during net capture than during 

darting with subsequent higher total protein concentrations during net capture in comparison 

to darting for both the species. Osmolality values in impala reflected a lower concentration 

during net capture than during darting but was however not statistically significant. In 

blesbok however osmolality values, was higher during net capture exposure than when this 

species were darted. Unlike the other electrolytes potassium concentrations were very similar 

between the two capture procedures for both of the species. Similar to potassium 

concentrations, creatine phosphokinase was not different during either darting or net capture 

for both the species. Adrenaline and noradrenaline values (not total catecholamines) were 
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higher in net capture in comparison to darting for both the species. Accordingly, haematocrit 

was also higher during net capture than during darting for both the species. As a result of 

higher lactate concentration during net capture in comparison to darting, pH was lower during 

net capture in comparison to darting. Glucose concentrations were, however, not different for 

impala and blesbok during both the capture procedures. Cortisol is a blood variable regularly 

used as an indicator of stress in animals (Hattingh 1988a, Dalin et al. 1993, Knox et al. 1993, 

Bateson and Bradshaw 1997, Palme et al. 2000, Möstl and Palme 2002). Cortisol 

concentration, similar to the sodium and calcium was significantly higher for impala during 

net capture in comparison to darting. Blesbok cortisol concentrations on the other hand were 

higher during darting, reflecting a greater level of stress during darting if cortisol indeed does 

reflect total stress accurately. If showed in a bigger sample size it might show a paradox to 

what has been said in literature with actual little data supporting it that might in turn indicate 

that scientists should not rely so much on cortisol as the main stress indicator. 

 

The physiological response as measured by various blood variables provides a way in which 

hormonal and neuro-endocrine changes can be determined. These blood variables do not 

change in isolation (Hattingh & Petty 1992), but strong positive or negative correlations 

between a set of variables may allow us to measure only one of the variables, predicting the 

change of another. Sodium and lactate in both impala and blesbok were positively correlated 

and noradrenaline and adrenaline also showed a positive correlation. None of the other blood 

variables measured in my study were correlated with each other. Blesbok and impala showed 

similar correlations for the two pairs of matching blood variables, indicating the possible 

existence of comparable responses in different species. Furthermore, investigating the 

relationship between the hyperthermic response and changes in blood variables when animals 

are exposed to capture will possibly allow prediction of changes in blood variables by 
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measurement of the degree of hyperthermia, even though not based on the data obtained from 

my study. I am however cautious to make any definite conclusions on whether or not 

hyperthermia is a possible stress prediction method, due to the fragmented nature of my 

datasets.  

 

Similar to the way in which the blood variables increased during capture events, abdominal 

body temperatures also increased during the capture events. Thermal responses calculated for 

both the species showed variable responses during the different types of capture procedures 

and at different times after the captures were completed. Impala reacted with higher thermal 

responses during net capture in comparison to darting. Blesbok thermal responses were not 

different between capture methods and declined with time post capture. Similarly, the thermal 

responses of impala and blesbok also varied with regard to cortisol concentrations. Cortisol 

concentrations of each of the two species were compared to the thermal response index at 

different times post capture to determine the relationship between specific blood variable 

changes and thermal responses in animals. Impala cortisol concentrations were positively 

correlated with thermal responses for up to 240 minutes post capture. The increase of both 

cortisol and the stress-induced hyperthermia linked to capture showed that impala 

experienced net capture as more stressful than darting, but also may indicate a possible link 

between the two physiological variables. Cortisol and thermal responses in blesbok, on the 

other hand, only showed a negative correlation for the period 180 and 240 minutes post 

capture, questioning the possible link between hyperthermia and cortisol during stressful 

events. Both adrenaline and noradrenaline concentrations in impala were significantly 

correlated to thermal responses up to 240 minutes post capture, again showing a possible link 

between stress-induced hyperthermia and these two blood variables. Both adrenaline and 

noradrenaline also did not correlate to thermal response indices during the period 240 
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minutes post capture except for adrenaline concentrations during 120 and 180 minutes post 

capture. 

 

I had encountered a problem during the study with temperature loggers of blesbok 

malfunctioning and only retrieved data on the first trial. Consequently, statistical tests were 

poorly powered since I had only three blesbok with a full data set. The difficulty with using 

onboard data loggers is that I was unable to verify that the logger still was measuring 

properly throughout the study period (in this case six months). Small sample size, especially 

in the case of blesbok, therefore restricted my study in terms of clear correlations of 

significance and definite conclusions. Larger sample sizes would have enabled me to draw 

stronger conclusions about species’ specific reactions to different capture procedures as well 

as the degree of interspecies variation with regard to different capture operations. Larger 

sample sizes also would have possibly enabled us to derive a more definite conclusion in 

terms of the interesting phenomenon where individual impala reacted differently when 

exposed to darting, but reacted similarly when exposed to net capture. The identification of 

blood variable correlations in species during captures was also impaired by small sample 

sizes. Additionally, the small sample size in blesbok might have a notable effect on finding 

correlations between blood variables and thermal response with the additive effect of 

individual variability to specific stressors. Therefore clear conclusions in terms of whether 

thermal responses after a capture event could be correlated to stress related blood variables 

for both the species, were impossible. However, this is one of the few studies that shows 

variable responses in two species for two different capture methods in terms of both 

hyperthermic and stress-related blood variable responses, and the first systematic study to 

compare the same interventions in two species. 
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Stress-induced hyperthermia has been identified and measured in several studies (Drew 1996, 

Montané et al. 2007, Meyer et al. 2008a). The body temperature response during a capture is 

important since it probably has an additive effect on the development of hyperthermia and 

subsequent mortality associated with capture (Gericke et al. 1978, Cheney and Hattingh 

1988). Kock et al. (1987a) showed rectal temperatures of bighorn sheep to vary between 38.3 

to 43.8 ºC during capture. Similarly, abdominal body temperatures during captures in my 

study ranged from 38.2 to 43.4 ºC for impala and 38.1 to 41.1 ºC for blesbok, indicating a 

hyperthermic response in both the species. Tsessebe (Damaliscus lunatus) that had been 

exposed to net capture reached abdominal body temperatures of 43.7 ºC with subsequent 

acute death (Wimberger 2005). Interestingly, high abdominal body temperatures in both 

impala and blesbok did not return to normal after completion of the capture but in some 

individual cases only returned to normal abdominal body temperatures after 180 minutes 

(refer to Figure 3.2.4). Animals therefore experience high abdominal body temperatures not 

only during capture but also for an extended time after capture. This extended hyperthermia 

experienced during capture may strengthen the degree to which hyperthermia influences the 

development of capture myopathy.  

 

Studies conducted on capture myopathy in deer recommended decreasing the time of human 

contact and exposure to human noise (Connor et al. 1987) thus concurrently reducing the 

degree of the stress response. Olivier et al. (2003) demonstrated that irrespective of whether 

the stressor was physical or psychological, animals react similarly in terms of abdominal 

body temperature. The effect of human presence on abdominal body temperature is not only 

confined to animals such as antelope and deer that are captured. A study conducted by Regel 
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and Pütz (1997) showed an increase in the abdominal body temperature of adult emperor 

penguins that were exposed to human presence but inhibited from any form of activity. 

Thermal responses of both species in my study were higher when humans were present in 

comparison with thermal responses during the same time on a day when human exposure was 

absent. This results gives an indication that the stress response elicited by human presence 

prior to a capture procedure, although not big enough to induce mortality, may be additive to 

the stress response during the actual capture, however remains speculative until further 

investigation. The effects of human disturbance prior to handling or capture as well as during 

captures should be investigated (Connor et al. 1987, Beringer et al. 1996). This must be done 

in conjunction with behavioural observations in order to determine the magnitude of the 

affect of human presence and noise on the stress-induced hyperthermia response in animals. I 

recommend that human presence and noise is kept to a minimum before as well as during 

capture, especially when working with animals in bomas or other confined spaces. 

 

It has been proposed previously (Hattingh 1988a, b) that a species response to specific 

stressors varies physiologically thus different animal species would, in response to the same 

stressful stimulus, show variable reactions and even intra-species variability to a specific 

stimulus occur (Hattingh 1986, Hofmeyr et al. 1973).  

Hattingh and Petty (1992) therefore developed a species-specific formula to calculate 

different responses to exposure to different stressors. Accurate control values for animals at 

rest were however necessary for this analysis, as well as for standardized comparisons 

between species and individuals of the same species to specific stressors. Brain-shot animals 

(Cheney and Hattingh 1988) were used in previous studies to obtain control values although 

the validity of brain-shot values as representative of resting values had been questioned and 
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remote blood sampling is suggested to be more representative of resting values (Hattingh et 

al. 1984). Blood sampling was done by chasing impala into net during the night and taking a 

blood sample within 3 minutes (Hattingh et al. 1988) but remote blood sampling is suggested 

to obtain haematological measurements for resting animals but continuous measurement of 

abdominal body temperatures could only be obtained via the implantation of temperature 

sensitive data-loggers (Mitchell et al. 2002). The measurement of control or resting values 

and comparison to values during stressor exposure is essential for future studies aiming to 

determine the degree of stress response to specific stressors. The subsequent evaluation of 

inter- and intra-species reactions will then also be possible. 

 

Gericke et al. (1978) found that an acute stress response and concomitant hyperthermia 

followed capture of springbok and caused changes in a variety of blood variables that exert 

an influence on each other. During a severe alarm response catecholamines are released 

(Gericke et al. 1978, Read et al. 2000). In my study, both adrenaline and noradrenaline 

showed an increase in concentration during net capture in comparison to darting indicating 

the stimulation of the adrenal medulla to release catecholamines via the hypothalamo-

pituitary-adrenal axis activation (Hattingh 1988a, Dalin et al. 1993, Nwe et al. 1996, Möstl 

and Palme 2002). A rise in circulating catecholamines influences a wide array of blood 

variables to a great extent in response to a stressor (Mitchell et al. 1988, Hattingh et al. 1990, 

Hansen et al. 2005, Hinchcliff et al. 2005). Catecholamine release results in 

haemoconcentration and the employment of anaerobic metabolism due to the excessive work 

load on the muscles (Bartsch et al. 1977, Gericke et al. 1978, Read et al. 2000). 
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Secondly, excessive workload on muscles under anaerobic conditions during an alarm 

reaction results in an increase in calcium as a result of protein breakdown, especially muscle 

proteins. This increase in calcium leads to a rise in total proteins. The increased cellular 

permeability due to hypoxia and catecholamine release brings about a rise in electrolytes such 

as sodium and potassium
 
(Gericke et al. 1978, James et al. 1999). Muscle fibre cell damage 

during excessive exercise and the stress response of a capture has been shown to elevate 

potassium in the blood, which can then lead to cardiac arrest (Gericke et al. 1978). Impala 

and blesbok had similar potassium concentrations in the two capture events during my study 

however control values were not available to determine if the potassium values were 

significantly elevated in comparison to normal values. Circulating catecholamines yet again 

elicit higher values of lactate during net capture due to increased cell membrane permeability 

and its effect on glycolysis. The increased permeability of the cell membrane results in 

altered electrolytes with increased sodium concentrations stimulating lactate production 

(James et al. 1999).  

 

Secondly, lactic acid production also occurs due to the elevation of noradrenaline and its 

subsequent effect on glycolysis (Nwe et al. 1996, Hansen et al. 2005). Even though lactic 

acid is metabolized under normal circumstances, the lactic acid produced during anaerobic 

conditions, experienced during capture, increases excessively because the production rate is 

higher than the rate of uptake by skeletal muscle (Gericke and Hofmeyr 1976). The formation 

of lactic acid in the muscles correlates negatively with pH values (Judge et al. 1973). The rise 

in lactic acid due to the increased production will result in a more acidic environment with 

the subsequent decrease in pH (Judge et al. 1973). Both impala and blesbok had a higher 

degree of metabolic acidosis during net capture in comparison to darting, signified by both 

higher lactate and lower pH values, indicating that net capture was more stressful in 
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comparison to darting. Similar to lactate, plasma glucose levels usually also increase as a 

result of catecholamine release and the associated switch to anaerobic metabolism during 

intense stress (Mitchell et al. 1988, Gericke et al. 1978, Nwe et al. 1996). The 

catecholamines fuel glycogenolysis in both the working muscle and liver with lactate 

production in muscles and glucose production in the liver. The glycogenolysis causes an 

increase in concentration of glucose in the plasma for energy provision to cells during muscle 

force (Nwe et al. 1996). Even though lactate concentrations increased during net capture in 

comparison to darting, glucose concentrations were not significantly elevated during net 

capture in comparison to darting in either of the two antelope species. However, glucose 

concentrations were elevated in comparison to glucose concentrations of brain-shot impala 

indicating elevated glucose during capture. Groenink et al. (1994) reported that glucose 

concentrations in the plasma were only elevated after 10 to 30 minutes of restraint. The lack 

of glucose concentration differences in both impala and blesbok between the capture 

procedures may be because we only took blood samples directly when the animal became 

recumbent and 10 minutes post recumbency, where after the animal was released. Successive 

measurements of glucose concentration for example, just prior to release at 20 minutes, might 

have revealed differences in glucose concentrations between the net capture and darting.  

 

Higher haematocrit values during net capture in comparison to darting can be explained by 

splenic contraction caused by amplification in circulating catecholamines during the extreme 

sympathetic stress response to capture (Hofmeyr et al. 1973). Splenic contraction increases 

the number of red blood cells in the circulation so as to aid with the augmented delivery of 

oxygen to the tissues when an animal is experiencing capture stress (Read et al. 2000). 

Interestingly, in a study on the incidence of capture myopathy on zebra, Hofmeyr et al. 

(1973) found that within an hour post capture haematocrit values decreased but I was only 
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able to take blood samples until 10 minutes post dart or net restraint and not after release of 

the animals.  

 

The increase in creatine phosphokinase is usually associated with muscle cell lysis or skeletal 

muscle damage as a result of high-intensity exercise. Additionally, the change in cell 

membrane permeability also allows for creatine phosphokinase enzyme to be released into 

the plasma (Volfinger et al. 1994). The lack of significant differences in creatine 

phosphokinase values in both impala and blesbok between the two capture methods might be 

attributable to two reasons. Firstly, it could be because impala and blesbok only experienced 

short bouts of exercise or chasing during my experiments in comparison to studies such as 

that of Hofmeyr et al. (1973) where zebra experienced an increase in creatine phosphokinase 

after being chased at a full gallop for approximately 800m. Secondly, that the amount of 

stress impala and blesbok were exposed to during either of the capture procedures was not 

enough to result in muscle damage and subsequent leakage of the cytosolic enzyme creatine 

phosphokinase into the plasma.  

 

Blesbok and impala responded differently with regard to osmolality concentration during 

different capture procedures. Blesbok plasma osmolality concentration was significantly 

higher for net capture compared to darting in accordance to the pattern of the majority of 

blood variable concentrations. Impala however, showed no significant difference in 

osmolality concentration between the two capture procedures. Osmolality changes 

concomitantly with the changes in blood electrolytes resulting from catecholamine release 

(Hofmeyr et al. 1973). A study by Convertino et al. (1981) showed that during extreme 

exercise arginine vasopressin release was activated via the renin-angiotensin system to 
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increase osmolality. Furthermore, as a result of sympathetic nervous system activity, the 

renin-angiotensin system is stimulated as a common stress reaction during exposure to a 

stressor (Convertino et al. 1981).  

 

Interestingly, blesbok and impala also reacted differently in terms of cortisol concentrations. 

Cortisol concentrations for impala were significantly higher during net capture than during 

darting and blesbok cortisol concentrations significantly higher during darting than during net 

capture. Cortisol is released via the stimulation of the hypothalamic-adrenal cortex during a 

stress response such as capture (Mitchell et al. 1988). Contrary to catecholamines, 

corticosteroids are discharged at a slower rate and also have a more controlling effect than do 

catecholamines during a stress response (Hattingh 1988a, Hattingh et al. 1990). Le Maho et 

al. (1992) explained the variability in the cortisol concentration reaction found in different 

species of birds as a result of already elevated cortisol values due to earlier exposure to 

humans before handling. The already raised cortisol concentrations in comparison to baseline 

concentrations, before handling will result in a less severe rise during handling of already 

stressed birds and therefore appear as only a small rise if it is looked at separately. Bonacic et 

al. (2003) found clear evidence of differences in corticosteroid responses in diverse 

individuals. They found that camelids and cervids, which both are families within the order 

Ruminantia (Skinner and Chimimba 2005), reacted differently in terms of cortisol values. 

Consequently stress levels of cortisol concentration in one species cannot be used as a 

universal measure or indication for the cortisol concentration of that of another species. The 

difference in response to different capture methods in impala and blesbok either point 

towards a diverse reaction during a specific type of capture procedure (Kock et al. 1987b) or 

previous experiences before exposure to this study, of individual animals that elicited an 
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anticipatory response to capture (Hattingh et al. 1988) or this spurious negative correlation 

for blesbok could be the result of the small sample size.  

 

The variability in certain blood variable concentrations to the different capture methods of the 

species might be due to individual variability in the reaction to a specific stressor or because 

of the diversity in the excitable temperament of different species (Grandin 1996). Kock et al. 

(1987a) also stated that differences in results between studies of blood parameters might be 

the result of differences in sample size since smaller sample sizes were influenced by outliers 

to a much greater extent than in large samples. Palme et al. (2000) suggested that because of 

existence of individual responses to a stressor each animal had to be used as its own control 

or that control blood variable concentration values must be generated for each species, so as 

to create a baseline non-stressed value per species.  

 

The specific values of blood variable concentrations measured during the experimental period 

in my study was evident but the degree of change from normality could only be established if 

control values for these blood variables were available for both impala and blesbok. Control 

values are hard to obtain since blood sampling is invasive and together with human presence 

will elicit a stress response. I therefore compared my blood variable results for impala to the 

available control values obtained from brain-shot animals (Hattingh et al. 1988), to judge the 

magnitude of the stress response. Even though, as previously mentioned that control blood 

variable values of one species should not be used for a baseline for another species I also 

compared blood variable results for blesbok to the available control values obtained from 

brain-shot impala. The purpose of this comparison is only for interest sake and not to make 

any scientific conclusions. Cortisol, total proteins, lactate, glucose and haematocrit 
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concentrations obtained for both impala and blesbok in my study were higher in comparison 

to the control values from the brain-shot impala (Table 3.3.1). Hattingh et al. (1988) 

measured total catecholamines whereas in my study noradrenaline and adrenaline were 

measured separately. The total catecholamines (noradrenaline plus adrenaline) of impala for 

darting were only slightly higher than control values, with net capture catecholamines 

markedly greater than the control values. Total catecholamines for blesbok during darting 

was, however, lower than control values but net capture resulted in markedly higher total 

catecholamines in comparison to control values. Blesbok catecholamine values that were 

lower than that of brain-shot impala show the different species cannot be used as controls for 

another species. Standard deviations on the total catecholamine values were high for both 

impala and blesbok indicating variability in individual responses within each species.  

 

The high variability of the total catecholamine values might be a consequence of the time of 

measurement. Plasma adrenaline and noradrenaline have a half-life of 30 seconds, so all the 

adrenaline and noradrenaline present at 10 minutes post dart or net capture was released a 

minute before (Dimsdale and Moss 1980, Apple et al. 1995). Even though captures of my 

study were carefully planned and executed accordingly, capture of the study animal and 

wildlife in general cannot be standardized precisely in terms of controlling on the time each 

individual ran before becoming entangled in the nets or on how long an individual took to 

respond to the drugs and become recumbent. These factors in addition to the variability of 

individual reactions to specific stressors influences the values obtained (Cheney and Hattingh 

1988, Hattingh and Petty 1992).  
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Table 3.3.1: Blood variable data from my study and for brain-shot impala (Hattingh et al. 1988)

  Blesbok   Impala     

Blood Variable Dart Nets Dart Nets 

Brain shot 

Impala 

Cortisol (nmol/l) 188.1±48.2* 103.8±20.2 78.0±12.4* 104.5±14.3 19.4 

Total Protein (g/l) 64.4±5.4* 69.1±8.3 68.5±9.2* 74.5±9.5 5 

Calcium (mmol/l) 1.0±0.1* 1.1±0.5 1.0±0* 1.0±0   

Sodium (mmol/l) 140.1±4.8* 144.1±4.2 145.8±1.0* 155.0±2.6   

Potassium (mmol/l) 4.6±0.3 4.5±0.4 4.1±0.1 4.1±0.1   

Lactate (mmol/l) 6.3±4* 22.4±2.4 9.4±1.6* 21.2±0.9 1.4 

Glucose (mmol/l) 8.9±2.5 9.5±2.4 9.8±2.3 8.7±0.8 2.1 

Osmolality (mosm/kg) 319.4±11.9* 341.1±16. 338.0±10.3 334.5±38.4   

Creatine phosphokinase (U/l) 444.6±215.3 445.2±243.5 588.3±662.6 348.0±96.7   

pH 7.5±0.1* 7.3±0.1 7.5±0* 7.2±0.06   

Haematocrit (%) 39.2±3.8* 44.7±5.6 40.0±2.5* 47.7±4.8 29 

Noradrenaline (ng/ml) 0.7±0.3* 2.3±1.1 0.9±0.6* 10.4±14.6   

Adrenaline (ng/ml) 0.6±0.2* 14.9±23.0 2.0±0.7* 31.5±33.0   

Noradrenaline + Adrenaline (ng/ml) 1.3±0.5 17.2±24.1 3±1.3* 41.9±47.7   

Total Catecholamines (ng/ml)  -  -  -   -  2.7 
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During exercise there is an increase in potassium influx from muscle cells into the plasma 

and efflux of sodium into the cell (Hansen et al. 2005) and lactate production is stimulated by 

the rise in sodium concentration (James et al. 1999). The correlation found between lactate 

and sodium in my study can partially be explained by the changes in sodium - potassium 

pump activity. Additionally, exercise and the ‘flight and fright” response results in a rise in 

catecholamines and concomitant lactic acid increase due to the stimulatory effect by 

adrenaline on the process of glycolysis (Nwe et al. 1996, Hansen et al. 2005). The stress 

response experienced by wildlife during a capture event triggers the hypothalamo-pituitary-

adrenal axis and catecholamines are released via the adrenal medulla resulting in increased 

concentrations of adrenaline and noradrenaline (Hattingh 1988a, Dalin et al. 1993, Nwe et al. 

1996). Even though both adrenaline and noradrenaline are released during a response to a 

stressor, adrenaline is predominantly a sign of mental or emotional stress whereas a 

noradrenaline increase appears to occur more during physical activity (Gericke et al. 1978, 

Dimsdale and Moss 1980, Akerstedt et al. 1983, Dalin et al. 1993, Nwe et al. 1996). 

 

A study on capture myopathy in white-tailed deer had shown that different capture methods 

elicited different stress responses with longer handling or processing times adding to the 

intensity of the stress response (Beringer et al. 1996). The stress response to a capture 

procedure also had been shown not to resolve instantly after the capture procedure came to an 

end but progressively decreased with time (Gericke et al. 1978, Meyer et al. 2008b). Animals 

therefore not only experience the severe stress during the capture but also for a prolonged and 

variable time period after the capture has ceased. Differences in thermal responses were 

evident in my study for the different capture procedures for individuals of the same species. 

The differences in thermal responses (maximum temperature, rate of temperature rise at 

different times post capture) may be a result of species variability.  
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Several studies (Gericke and Hofmeyr 1976, Gericke et al. 1978, Kock et al. 1987a, b, Read 

et al. 2000, Olivier et al. 2003, Montané et al. 2007) investigated both hyperthermia 

associated with capture as well as blood variables such as glucose, cortisol, pH and 

catecholamines and showed differences in both temperature and blood variables when 

compared between stressed and non-stressed animal groups. Whether stress-induced 

hyperthermia can be used a sole measure to identify a compromised individual during a 

capture event and concomitantly enable us to give appropriate treatment, is unclear from my 

study. It is definitely evident from my study that capture induced a hyperthermic response in 

impala, a species known to have an excitable temperament (Grandin 1996) as well as in 

blesbok, with a characteristic placid temperament. Abdominal body temperature 

measurement associated with capture is a valuable and practical method as a field measure 

when used in conjunction with other parameters in estimating the degree of stress in captured 

animals.  

 

A more extensive study must be conducted to determine what group of blood variables are 

the most reliable indicators of stress and to determine conclusively what variables correlate, 

and whether these variables have a similar response across species. The determination of 

which blood variables change similarly will allow the prediction of certain blood variables 

during a stressful procedure without actively measuring them. The degree to which stress-

induced hyperthermia influences the development of capture myopathy and subsequent death 

must also be examined in future studies, so as to determine the accuracy thereof in predicting 

the degree of the stress response. Additionally, future studies would benefit from larger 

sample sizes, so as to reduce the effect of outliers on the average physiological values. There 
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is also a necessity to conduct similar studies on a wide range of different animal species and 

subspecies to determine different species responses or subspecies that respond parallel to a 

specific stressor. 
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CHAPTER 4 

 

HOW DOES ABDOMINAL BODY 

TEMPERATURE COMPARE TO 

BODY TEMPERATURE 

MEASURED AT OTHER SITES? 
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Body temperature has been shown to increase during stressful events such as capture and 

transport (Kock et al.1987a, Groenink et al. 1994, Regel and Pütz 1997, Ingram et al. 2002). 

It is important that core body temperature is reflected by the site at which temperature is 

measured so as to accurately measure the occurrence and magnitude of stressed-induced 

hyperthermia. Several studies have been performed in the laboratory (Saltin and Hermansen 

1966, Greenleaf and Castle 1972, Blainey 1974, Hansen et al. 1996, Maloney et al. 2001) and 

in the veld (Hébert et al. 2008) to investigate the use of different body sites of temperature 

measurement and their relationship to core body temperature. While the most commonly used 

measure of core body temperature in the field is rectal temperature measured by a clinical 

rectal thermometer, mixed venous blood measured is described as the most accurate core 

temperature site that best mirrors the overall temperature of body tissues but the closest 

measure thereof would be arterial blood temperature (Mitchell and Laburn 1985). Arterial 

blood temperature measured in the carotid artery can be used as an accurate core temperature 

measure because of minimal heat transmission within the lungs (Mitchell and Laburn 1985, 

Brengelmann 1987). Researchers have measured abdominal body temperature in conjunction 

with arterial blood temperature, specifically at the carotid artery, as a measure of core 

temperature, and have shown that the temperatures at the two sites differ by only about 0.3ºC 

with abdominal temperature generally higher for sheep (Fuller et al. 2007) and free-ranging 

eland (Tragelaphus oryx) (Fuller et al. 1999). Experimental investigations of baboons 

exposed to heat also showed carotid arterial and abdominal body temperatures were not 

significantly different at low body temperature and at high body temperatures abdominal 

body temperature was slightly higher than carotid arterial blood temperature (Maloney et al. 

2007). At high body temperatures abdominal body temperatures closely resemble (< 1˚C) 

carotid arterial blood temperatures and therefore abdominal body temperatures can be used to 

estimate arterial blood temperature and hence core temperatures (Figure 4.1). 
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Figure 4.1: Abdominal body temperature (measured in abdomen caudal to rumen) as a 

function of arterial blood temperature (measured in the left common carotid artery). Mean 

and SD and minimum and maximum of abdominal temperature for each 0.1˚C class of blood 

temperature (Adapted from Fuller et al. 1999) 
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The placement of thermometric elements in the carotid artery allow constant accurate 

sampling of core body temperature (Maloney et al. 2007) but is extremely hard to do in a 

field situation due to initial insertion of elements via surgical procedures. Since rectal 

temperature is currently the most practical and regularly used measurement of core body 

temperature, several studies have been done to investigate its accuracy in a variety of species. 

A study done on sheep concluded that rectal temperature cannot be used as a surrogate of 

carotid arterial blood temperature, and as an accurate measure for core body temperature 

since rectal temperatures were consistently higher than were arterial blood temperatures 

(Maloney et al. 2001). Body temperature measurements of five male humans measured at 

various sites during cold exposure revealed that rectal temperatures were higher (1.8˚C) than 

oesophageal (0.5˚C) and the gastrointestinal tract (0.4˚C) (Livingstone et al. 1983). In another 

study for humans at normal ambient temperatures, rectal temperatures were higher than both 

intercardiac (0.26˚C) and intravascular temperature (0.58˚C) and also responded slowly to 

temperature changes (Eichna et al. 1951). Rectal temperatures sampled in marmoset monkeys 

were higher than temperatures measured via the implantation of a microchip subcutaneously 

(Cilia et al. 1998). Also, when taking rectal temperature measurements, the placement of the 

thermometer is essential since different sites within the rectum yield dissimilar temperature 

measurements (Blainey 1974); the frequent adjustment to ensure correct placement of the 

thermometer is impossible in unrestrained antelope (Bligh and Harthoorn 1965). The 

explanation for consistently higher rectal temperatures than temperatures at other sites might 

be due to the stress associated with the placement of a rectal thermometer (Cilia et al. 1998) 

but is more likely to be a result of heat
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retention in the rectum and intestinal flora activity particularly in ruminants (Moran et al. 

1998, Maloney et al. 2001). Even though rectal temperatures are higher than arterial body 

temperature as is abdominal body temperatures, the magnitude of the difference is larger and 

the problem with placement and time lag therefore renders rectal measurements a less 

accurate measure of arterial blood temperatures. 

 

The measurement of carotid arterial blood temperature as well as abdominal body 

temperature entails telemetry or data logging via the surgical implantation of devices and 

therefore is not a practical measure to use during a game capture operation in the field. 

Additionally, while they have been used routinely in the field, rectal temperatures are not a 

reliable measurement site for core temperature because of either a lag in the temperature 

response or overestimate the true core temperature because of heat retention and intestinal 

flora activity. Another method that reflects core body temperature is required so as to allow 

for accurate measurements to be made in the field. We investigated the possibility of muscle 

temperature as a measure for body temperature in the field. If muscle temperature accurately 

reflect core body temperature in the field and or more accurate than rectal temperature, the 

measurement lends itself to a more practical approach with regard to the development of a 

muscle stab method that can easily be used in capture conditions. The muscle stab method 

involves a needle thermistor, and has been used frequently to determine muscle temperature 

in human athletes (Koga et al. 1997). The needle thermistor can be placed into the gluteus 

muscle to obtain core temperatures in the field.  

 

While abdominal body temperature sometimes differs slightly from arterial blood 

temperature, overall it provides a good index of the general thermal status of large mammals 
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(Mitchell et al. 2002). We therefore used abdominal body temperature, measured relatively 

easily by implanted data loggers, as a standard to see if muscle temperature measurements 

(via an implanted data logger) accurately reflect the abdominal body temperatures of the 

antelope so as to determine whether muscle temperature is a good measure of core body 

temperature. During the investigation of whether muscle temperature accurately reflects 

abdominal body temperature, I also aimed to investigate whether a rise in muscle temperature 

from an increase in locomotor activity (Regel and Pütz 1997, Olivier et al. 2003) during 

capture, has an effect on hyperthermia during captures since both Bakken et al. (1999) and 

Meyer et al. (2008a) showed that activity has an additive affect on hyperthermia associated 

with capture. Muscle temperature measurement therefore also was compared to 

measurements of an activity logger, to investigate its relationship with locomotor activity.  

 

4.1 Methods 

 

4.1.1 Study animals 

Twelve adult (one male, 11 female) blesbok (Damaliscus pygargus phillipsi) and 10 (female) 

adult impala (Aepyceros melampus melampus) were used in this study.  

 

4.1.2 Animals and surgery 

Animals were caught, tranquillized and physically restrained, than anaesthesia was induced 

using isoflurane in oxygen. Using the same incision line as for the abdominal logger, an 

activity logger was placed between the external abdominal muscle and the skin. The logger 

was tethered to the muscle of the abdominal wall, so as to prevent it from shifting. The 
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activity logger was placed in horizontal orientation for optimal sensitizing of the 

accelerometer. A second incision (200 mm) was made on the caudal aspect of the thigh and 

two temperature-sensitive loggers were implanted, but not tethered, between the 

semimembranosus, semitendinosus and biceps femoris muscles (see Figure 4.1.1). After the 

incision was sutured closed and treated, animals were allowed a three-week post-operative 

recovery period before experimental procedures started. Both the loggers remained implanted 

for the entire study period.   

4.1.3 Body temperature measurements 

Two temperature-sensitive data loggers (I-button, T1A model, Thermocron Data logger, 

Fairbridge Technologies, Johannesburg, South Africa; and Micrologger T1A logger, Sigma 

Delta Technologies, Floreat, Australia) were placed next to each other and then covered in 

wax (Sasol, South Africa) and calibrated. The waxed loggers together had an outside 

dimension of 40 mm x 30 mm x 15 mm and mass of 25 g and were used to measure deep 

muscle temperature (see Figure 4.1.2 a, b). Both loggers were set to record temperatures at 5-

min intervals. The loggers were set to start recording at a specific date, so as to ensure data 

recording for the specific time period required. 
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Figure 4.1.1: Placement of the temperature-sensitive loggers in the muscle and activity 

loggers subcutaneously 

Muscle 

temperature 
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The one logger (I-button) measured temperature to a resolution of 0.05 °C (accuracy of 0.05 

°C) and the other (Micrologger T1A) logger measured to a resolution of 0.0625 °C (accuracy 

of 0.1 °C)  . 

Two loggers were used to record muscle temperature so as to ensure that if one logger failed 

data would still be recorded by the other logger. When loggers were retrieved there were no 

signs of logger damage or infection around the loggers.  

 

Whenever the animals were chemically immobilized or restrained we measured rectal 

temperatures using a digital thermometer (Bailey, Physitemp BAT-12, Physitemp 

Instruments Inc., NJ, USA) connected to a thermocouple rectal probe (Type T thermocouple, 

Physitemp BAT-12, Physitemp Instruments Inc., NJ, USA). The probe was inserted 100 mm 

into the rectum and allowed adequate time to equilibrate (30 s). The rectal temperature probe 

was calibrated against the high accuracy thermometer and a calibration equation was obtained 

as described previously (resolution 0.02 °C, accuracy of 0.1 °C).  

 

4.1.4 Animal activity measurements 

The physical activity levels of the animals were measured continuously, at 5-min intervals, 

using activity data loggers (Actical, Mini-Mitter corporation, Bend, OR, USA). These loggers 

were covered in inert wax and had outside dimensions of 40 mm x 40 mm x 20 mm and a 

mass of 43 g (see Figure 4.1.3 a and b). 
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Figure 4.1.2 a: Combination of the Micrologger T1A and I-button covered in inert wax that 

measured muscle temperature. 

 

 

 

 

 

 

Figure 4.1.2 b: Micrologger T1A logger (left) and the I-button logger before it is covered in wax. 
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Figure 4.1.3 a: Activity logger covered in inert wax that measured activity. 

 

 

 

Figure 4.1.3 b: Activity logger before it is covered in wax. 
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The data logger recorded activity levels by using an omnidirectional accelerometer. The 

activity logger was placed lateral to the stifle joint, and subcutaneously tethered to the 

abdominal walls so that it was orientated horizontally in the animal to allow for optimal 

sensitivity of the accelerometer.  

 

4.1.5. Experimental procedures 

The animals were captured four times each at a fortnightly interval. Procedures were carried 

out in random order. Impala and blesbok were captured using two different capture methods, 

namely darting and net capture. We achieved variations of the two capture methods by 

chasing the animals on foot for a short or long duration before chemical immobilization or 

net restraint (see chapter 2).  

 

4.1.6 Experimental completion 

After completion of the experimental procedures, the animals were re-captured and anesthetized to 

surgically remove the loggers using a similar procedure described for implantation. After recovery 

animals were released back into larger camps within the Lichtenburg Biodiversity Conservation 

Centre.  

 

4.1.7 Data analysis 

4.1.7.1 Abdominal body temperature and muscle temperature relationship  

Mean abdominal body temperature and muscle temperature of impala (n = 6) were correlated 

during a 24-hour non-capture day (Pearson’s correlation). Similarly, mean abdominal body 
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temperature and muscle temperature of blesbok (n = 7) during a 24-hour non-capture day, 

were correlated (Pearson’s correlation). Each point thus represents a mean of 6 impala or 7 

blesbok for each 5-minute interval over 24-hours. The abdominal and muscle temperatures 

measured in 5-minute intervals, were averaged across the impala (n = 6) and blesbok (n = 7) 

respectively and then correlated. Mean abdominal body temperature and mean muscle 

temperature for impala (n = 6) and blesbok (n = 7), measured at 5-minute intervals were 

analysed by means of a Bland-Altman analysis, during a non-capture day. 

 

4.1.7.2 Abdominal body temperature versus muscle temperature during capture 

Abdominal body temperature and muscle temperatures for impala (n = 6), measured at 5-

minute intervals during a day when they were exposed to a capture procedure (darting) were 

meaned across the individuals. The mean abdominal body temperature and mean muscle 

temperature of impala during a capture day (standardized by the capture procedure) were then 

correlated. Similarly, abdominal and muscle temperatures for blesbok (n = 7), measured at 5-

minute intervals during a day when they were exposed to a capture procedure (darting) were 

meaned across the individuals. The mean abdominal body temperature and mean muscle 

temperature of blesbok during a capture day (standardized by the capture procedure) were 

then correlated. Mean abdominal body temperature and mean muscle temperature for impala 

(n = 6) and blesbok (n = 7), measured at 5-minute intervals were analysed by means of a 

Bland-Altman analysis, when the animals were exposed to a capture procedure.  

 

4.1.7.3 Abdominal and muscle temperature versus activity 
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Abdominal body temperature and muscle temperature for impala (n = 3), measured at 5-

minute intervals during five consecutive non-capture days, were meaned across the 

individuals. Similarly, abdominal body temperature and muscle temperature for blesbok (n = 

3), measured at 5-minute intervals during five consecutive non-capture days, were meaned 

across the individuals. Only three activity loggers were implanted for each species. 

Abdominal body temperature and activity was measured at 5-minute intervals for impala (n = 

3) and blesbok (n = 3) and mean muscle temperature and activity was measured at 5-minute 

intervals for impala and blesbok (right panels) during a 24-hour non-capture day. Each 

individual’s activity as a percentage of its maximum was used. Pearson’s correlation was then 

used to compare activity and muscle temperature of impala (n = 3) and blesbok (n = 3) during 

a capture day (darting). Activity was meaned across the three impala and correlated to 

meaned muscle temperatures, during the capture day. Similarly, activity was meaned across 

the three blesbok and correlated to mean muscle temperature during the capture event.  

 

4.1.7.4 Abdominal body temperature versus rectal temperature  

The differences between abdominal body temperature and rectal temperature during capture 

for impala (n = 5) and blesbok (n = 3) were investigated. A Bland-Altman was constructed 

for both impala and blesbok for 10 minutes post darting or net restraint, for both the capture 

procedures. Rectal temperatures were only recorded at the time the animal became recumbent 

and 10 minutes post recumbency. The rectal temperature of each individual impala at 10 

minutes post darting (short chase) were compared to the abdominal body temperature 

obtained from the abdominal logger at that specific time. Similarly, the rectal temperature of 

each individual blesbok at 10 minutes post darting were compared to the abdominal body 

temperature obtained from the abdominal logger at that specific time. 
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4.2 Results 

4.2.1 Abdominal body temperature and muscle temperature relationship during non-capture 

days  

Figure 4.2.1 shows that abdominal body temperature and muscle temperature, measured 

continuously at 5-minute intervals, for a 24-hour non-capture day were significantly 

correlated for both impala (p < 0.0001, r² = 0.21) and blesbok (p < 0.0001, r² = 0.31). At 

higher temperatures the abdominal and muscle temperature relationship was more similar to 

each other than at low temperatures. Bland-Altman tests established the difference between 

abdominal body temperature and muscle temperature of both impala and blesbok during a 24-

hour non-capture day (Figure 4.2.2). Abdominal body temperatures, on average were higher 

than muscle temperatures for impala (1.4± 1.1 °C) and blesbok (1.3 ± 1.2 °C) throughout the 

24-hour non-capture day. At times muscle temperature were as much as 4°C lower than 

abdominal body temperatures, but that difference decreased when abdominal body 

temperatures exceeded 38°C so that muscle temperature even exceeded abdominal 

temperature by 0.4 °C.  

 

4.2.2 Abdominal body temperature versus muscle temperature during capture day 

Abdominal body temperature and muscle temperatures for impala (n = 6), measured at 5-

minute intervals correlated significantly (p < 0.0001, r² = 0.82) during a day when they were 

exposed to a capture procedure (darting). Similarly, abdominal and muscle temperatures for 

blesbok (n = 7), measured at 5-minute intervals were also significantly correlated (p < 

0.0001, r² = 0.68) during a day when animals were exposed to a capture procedure (darting) 
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Figure 4.2.1: Mean abdominal body temperature and muscle temperature of impala (n = 6) 

(top panel) and blesbok (n = 7) (bottom panel) during a 24-hour non-capture day, at each 5-

minute interval.  
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Figure 4.2.2: The difference between abdominal body temperature and muscle temperature of 

impala (n = 6) (top panel) and blesbok (n = 7) (bottom panel) respectively, during a non-

capture day, determined by using a Bland-Altman analysis. The 95% limits of agreement are 

indicated by the dotted line and the solid line indicates the difference between the two 

temperatures 
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(Figure 4.2.3). Bland-Altman analysis of abdominal body temperature and muscle 

temperatures for impala (n = 6) and blesbok (n = 7), measured at 5-minute intervals, showed 

that at high body temperatures abdominal body temperatures and muscle temperatures were 

closer however at low body temperatures muscle temperatures were lower than abdominal 

body temperatures (Figure 4.2.4). The correlations were stronger between abdominal and 

muscle temperatures during a non-capture and a capture day.  

 

4.2.3 Abdominal and muscle temperature across time of day and versus activity 

Figure 4.2.5 illustrates the mean 24-hour rhythm of abdominal body temperature and muscle 

temperature measured at 5-minute intervals, of impala (n = 6) and blesbok (n = 7), averaged 

over five consecutive non-capture days. Muscle temperatures for both impala and blesbok 

were lower than abdominal body temperature early in the morning but the muscle 

temperature slowly rose until late morning where muscle temperatures closely followed 

abdominal body temperatures throughout the day. Muscle temperatures decreased from early 

to late afternoon with abdominal body temperature higher than muscle temperatures for both 

the species during this time period. Figure 4.2.6 illustrates mean abdominal body temperature 

and activity measured at 5-minute intervals for impala (n = 3) and blesbok (n = 3) (left 

panels) and mean muscle temperature and activity measured at 5-minute intervals for impala 

and blesbok (right panels) during a 24-hour non-capture day. 

 

 During exposure to a capture day (short chase + dart) muscle temperature was not correlated 

to activity for impala (p = 0.57, r
2
 = 0.001). In blesbok significance was obtained between 

muscle  
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Figure 4.2.3: Correlation of mean abdominal body temperature and muscle temperature for 

impala (n = 6) (top panel) and blesbok (n = 7) (bottom panel) recorded at 5-minute intervals, 

during a 24-h day when exposed to darting.  
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Figure 4.2.4: The difference between mean abdominal body temperature and muscle 

temperature of impala (n = 6) (top panel) and blesbok (n = 7) (bottom panel) respectively, 

when exposed to darting, determined by using a Bland-Altman analysis. Temperatures were 

recorded at 5-minute intervals for a 24-hour capture day. The 95% limits of agreement are 

indicated by the dotted line and the solid line indicates the difference between the two 

temperatures 
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Figure 4.2.5: Mean abdominal body temperature and muscle temperature of impala (n = 6) 

(top panel) and blesbok (n = 7) (bottom panel) during five consecutive non-capture days. 
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Figure 4.2.6: Mean abdominal body temperature and activity measured at 5-minute intervals 

for impala (n = 3) (top) and blesbok (n = 3) (bottom) (left panels) and mean muscle 

temperature and activity measured at 5-minute intervals for impala (top) and blesbok 

(bottom) (right panels) during a 24-hour non-capture day.  
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temperature and activity (p < 0.001, r² = 0.05) during exposure to capture however with a 

very small correlation coefficient (r = 0.2) (Figure 4.2.7). 

 

4.2.4 Abdominal body temperature versus rectal temperature  

Figure 4.2.8 shows the difference between abdominal and rectal temperatures of impala (n = 

5) measured 10 minutes post darting (short chase + dart) or net capture (short chase + net). 

Rectal temperatures, on average, were higher than abdominal body temperatures after both 

darting (0.4 ± 0.4 °C) and net capture (1.2 ± 0.6°C), in impala. Similarly in blesbok (n = 3) 

rectal temperatures were higher than abdominal body temperatures after darting (0.7 ± 1.1 

°C) and net capture (1.0 ± 0.4 °C). 
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Figure 4.2.7: Mean muscle temperature and activity of impala (n = 3) (top) and blesbok (n = 

3) (bottom) measured at 5-minute intervals during a 24-hour day with exposure to darting 
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Figure 4.2.8: Average difference between rectal temperature and abdominal body 

temperatures at time 10 (10 minutes post first sample) for impala (n = 5) (left) and blesbok (n 

= 3) (right) during trial (short chase) procedures. The 95% limits of agreement are indicated 

by the dashed lines and the solid line indicates the difference between the two temperatures, 

as calculated by Bland-Altman analysis.  
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4.3 Discussion 

Body temperature measurements in the abdominal cavity and muscles were positively 

correlated when measured continuously during a 24-hour non-capture day, for impala and 

blesbok. It was evident, for both the species that at high (above 38 ºC) abdominal body 

temperatures, muscle temperature measurements were close to and even slightly higher than 

the abdominal body temperature measurements. At low (below 37 ºC) abdominal body 

temperatures, muscle temperature measurements were lower (up to 4 ºC) than abdominal 

body temperatures and much less accurate than at high abdominal body temperatures, in 

predicting abdominal body temperatures. During five consecutive non-capture days, the 

muscle temperature rhythm started low (at 6 am) and slowly rose (by 5 ºC) through the day 

reaching a peak during midday and early afternoon, after which it decreased during the night 

(figure 4.2.5). Since muscle temperature were close to abdominal body temperatures at high 

abdominal body temperatures, for both the species, during a non-capture day I also 

investigated the relationship between these two body temperature measurements when 

animals were exposed to an actual capture procedure. Similar to a non-capture day, 

abdominal body temperature and muscle temperature measurements were recorded during a 

capture day, this correlation was stronger than that of a non-capture day. The positive 

correlation was evident in impala and blesbok that were exposed to darting. Muscle 

temperatures were similar to abdominal body temperatures at high abdominal body 

temperatures during a capture procedure in comparison to muscle temperatures that were 

lower than abdominal body temperatures at low abdominal body temperatures. Keeping in 

mind that abdominal body temperature is higher than muscle temperature early morning and 

late afternoon, muscle temperatures can still be used to predict abdominal body temperatures 

during a capture event, since animals respond to capture with elevated body temperatures 

thus increasing the similarity between the abdominal and muscle temperature measurements 
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measured. Muscle temperature therefore follows abdominal body temperature closely at high 

abdominal body temperatures in both the species, so that it has the potential, after further 

investigation, to be used to predict abdominal body temperature during capture procedures 

that elicit hyperthermia.  

 

With the use of muscle temperature, the question of whether muscle temperature influences 

abdominal body temperature because of activity arises. When animals are exposed to exercise 

muscles generate heat and therefore influence muscle temperature to some degree. 

Abdominal body temperatures of both the species did not follow the pattern of activity, 

recorded during a non-capture day. Similarly, I had shown that muscle temperature of impala 

and blesbok, did not follow the activity pattern recorded during a 24-hour non-capture day. 

Additionally, muscle temperatures recorded was not correlated to the increase in activity 

during a capture day for impala, however a weak correlation between muscle temperature and 

activity during a capture day was found in blesbok. The weak correlations found between 

muscle temperature and activity of blesbok on a capture day can be indicative of the additive 

affect of increased muscle temperature from muscle contraction on the endogenous rise in 

muscle temperature that naturally occurs at that time. Even though activity possibly added to 

the rise in muscle temperature, muscle temperature appears to still be a good indication of 

core temperature especially during captive-induced hyperthermia when abdominal 

temperatures are high; muscle temperature measurement more closely resembles abdominal 

temperatures.  

 

Rectal temperatures, which are currently the preferred site of temperature measurement in the 

field were higher than abdominal body temperature in both impala and blesbok during 
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exposure to capture procedures. The rectal temperatures obtained from my study were not 

continuous (refer to Chapter 2) measurements as in the case of the abdominal body 

temperatures. A very small sample size for determining the average difference between rectal 

and abdominal body temperature measurements of animals exposed to captures was 

available; therefore no definite conclusions can be made from this data.  

 

Even though muscle temperature measurements were continuous (relevant for study 

purposes) measurements (refer to Chapter 2) the site of muscle temperature measurement 

may influence temperature results due to fluctuation between activity of different muscle 

groups as well as the production of heat that takes place around the logger site. Also, since 

muscle temperatures were recorded via data loggers implanted between the 

semimembranosus and semitendinosus muscle of both the species, it still has not provided a 

practical method for game operators. Muscle temperatures recorded by means of a needle 

thermocouple probe would have been more appropriate to demonstrate a practical body 

temperature measurement for game operators as well as to indicate possible variations with 

regard to the site of thermocouple insertion. Our study shows that muscle temperature could 

be a good indication of core temperature during capture therefore it is worth pursuing further 

studies investigating the accuracy thereof to predict core temperature and the use of muscle 

probes for body temperature measurement in the field.  

 

Small sample size restrictions due to logger failure or mortality, in the case of impala, 

reduced the amount of activity data obtained for the two species. The small sample size and 

the lack of other behavioural data rendered it difficult to explain the difference between the 

species in terms of the relationship of muscle temperature and activity during capture.  
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Muscle temperature and activity has been investigated in a study conducted on exercising 

horses (Weishaupt et al. 1996). The study showed that different sites in the exercising horses 

yielded a difference in muscle temperature readings; these differences may have resulted 

partly from differences in the depth of thermocouple insertion. The muscle temperatures 

measured in the horses were in the middle gluteus, semitendinosus and masseter muscles 

where variations of 1.0 – 1.5 °C occurred. The middle gluteul muscle temperature was higher 

than the temperature in the semitendinosus muscle. The differences in muscle temperatures 

were ascribed to dissimilarity between the functional activities of the two muscle groups thus 

suggesting variability in the use of a specific muscle group during performance of a specific 

type of activity. A study on muscle temperatures of humans during submaximal exercise 

showed that when muscle temperature was measured shallow within the muscle section, it 

was lower in comparison to when temperatures were measured deep within the same muscle 

section (Saltin et al. 1968). When muscle temperatures are recorded, it must be sampled deep 

within the muscle and in future studies the differences in temperatures measured at different 

muscle sites must be investigated.  

 

Muscle temperatures have not been regularly used as a body temperature measurement in 

previous studies on wildlife capture. Hyperthermia associated with capture observed in 

various studies (Gericke et al. 1978, Cheney and Hattingh 1988, Kock et al. 1987a, Cattet et 

al. 2003) has been thought to be explained by the increase in activity during capture and 

chasing of animals with a concomitant increase in muscle contractility and metabolism, as the 

responsible factor. However, even though physical activity during a capture adds to heat 

generation, the degree to which it adds to the overall rise in body temperature during capture 

is believed to be little (Bakken et al. 1999). Muscle activity therefore did generate heat and 

subsequently influenced body temperature, but the development of acute hyperthermia in 
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response to capture could not solely be as a result thereof (Bakken et al. 1999). Both activity 

and body temperatures of silver foxes increased when the foxes were exposed to stimuli 

proved to be stressful. However, the stimuli that caused the highest degree of body 

temperature increase were associated with the lowest observed physical activity, indicating 

that the rise in body temperature mainly reflected a fright or anxiety reaction, thus indicative 

of stress-induced hyperthermia (Bakken et al. 1999). Meyer et al. (2008a) showed that the 

extensive hyperthermic response in impala to disturbance, net restraint or chemical 

immobilization is a result of mainly stress or fright rather than the increased exercise and 

exercised-induced heat production. Ambient climatic conditions, although not reported for 

my study, also can be excluded as the main responsible agent for the excessive hyperthermic 

response (Meyer et al. 2008 a, b). In another study, Olivier et al. (2003) showed in laboratory 

animals that when the animal was exposed to a stressor, the hyperthermic reaction could be 

linked directly to the individual’s stress response to the stressor. Even in animal species such 

as penguins, the effect of human disturbance on body temperature and energy expenditure 

both increased with human exposure and the duration thereof, without any associated 

increase in activity (Regel and Pütz 1997). The importance of activity during capture must 

not be the focus of concern as a direct cause of hyperthermia but rather the time an animal is 

exposed to a stressor is most important, so as to reduce stress-induced hyperthermia and 

potential deaths. The measurement of this capture induced hyperthermia is thus essential 

during a capture procedure.  

 

Currently, rectal temperatures are the preferred method of measuring body temperatures in 

the field because of the ease of making measurements. The rectal temperature measurement 

site has been used successfully to determine body temperature in an array of studies (Blainey 

1974, Ingram et al. 2002, Moran et al. 1998, Saltin and Hermansen 1966). Rectal temperature 
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was also used in developing a heat strain index in the evaluation of stress because Moran et 

al. (1998) found that it remained fairly stable over a broad array of environmental 

temperatures. Rectal temperatures are however in general higher than temperatures measured 

at other sites (Livingstone et al. 1983, Moran and Mendal 2002). Measurement of body 

temperature within the rectum has also been described as inferior to other sites due to the 

potential time lag as a result of blood flow dynamics (Blainey 1974). Exercise-induced heat 

retention influences the accuracy of rectal temperature measurement for determining 

increases in core body temperature (Drew 1996), since it will have an additive effect on the 

increase in core body temperature but are not the main reason for the increase. In addition, 

the time that the rectal thermometer takes to stabilize after insertion in the rectum (Drew 

1996), the depth of insertion and correct positioning (Blainey 1974) during a capture event 

can lengthen the time of animal restraint required if a large number of animals are caught and 

if positioning is difficult due to animals not standing still for measurements.  

 

Regardless of these shortcomings, rectal temperature measurements remain the most practical 

measurement of body temperature in the field until further investigation into an alternative 

measurement site such as muscle temperature has been conducted. My study shows, however, 

that muscle temperature measurements offer a promising method as an alternative for body 

temperature measurement. Examinations still need to be carried out to determine the suitable 

muscle group for thermocouple insertion as well as the insertion depth required to obtain 

accurate readings. Implanting muscle loggers in several of the big muscle groups and 

subsequently comparing the different muscle temperature sites to abdominal or other core 

body temperatures will determine whether logger placement affects the relationship between 

abdominal and muscle temperature and thus the accuracy of muscle temperature as a quick, 

reliable measurement under field conditions. In addition, commercial production of robust, 
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high accuracy and fast acting needle temperature probes built into needles of pole syringes, 

would be required if the method is to be readily available for game capture operators to use in 

the field. 
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CHAPTER 5 

 

MORTALITY DURING CAPTURE 
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Mortalities associated with wildlife capture often occur and in some cases large numbers of 

animals die. These deaths are ethically and aesthetically unacceptable and result in excessive 

economical losses. Several factors exert different influences on individuals during a capture 

event and the severity of the individual response differs with regard to the type of species, the 

capture method used state of health of an individual, nutritional state of an individual, 

possible pregnancy and previous exposure to stressful events (Harthoorn 1975; Hattingh 

1988a; Morton et al.1995). Consequently, variability amongst individuals of different species 

and members of the same species with regard to susceptibility to capture-related morbidity 

and mortality exists. It is important to further understand the causes of death and how it 

relates to the capture procedure, so that alterations can be made to the way of capture, capture 

intensity and or time of transport, to significantly reduce and possibly prevent death during 

and after capture. Capture myopathy is often responsible for death during capture and is 

characterized by lameness, exhaustion, stiffness, poor appetite, the passing of dark-coloured 

urine and the neck bending backwards (torticollis). There are different phases of capture 

myopathy that indicate the severity of the condition and the physiological alterations (refer to 

introduction) that are taking place in the animals’ body (Gericke et al. 1978, Montané et al. 

2007, Spraker et al. 1987). Capture myopathy is caused due to a homeostatic imbalance that 

is a consequence of the combination of increased muscle activity, activity of the autonomic 

nervous system and mechanical injury (Gericke et al. 1978, Montané et al. 2007, Spraker et 

al. 1987). The result of mainly stress-induced hyperthermia and to a lesser extent, exertion of 

an animal to avoid capture is hyperthermia, anaerobic muscle contraction, muscle necrosis as 

a result of enzyme seepage, lactic acidosis and concomitant pH reduction and abnormal 

electrolyte fluctuation (Antognini et al. 1996, Drew 1996, Gericke et al. 1978, Montané et al. 

2007).  

 



151 
 

Since capture and handling of wildlife currently occurs as a regular practice in South Africa, 

investigation into these undesirably high mortalities during capture are of essence (Morton et 

al. 1995). The causes of mortalities, and the possible management and treatment of morbid 

animals need to be scrutinized so as to reduce the occurrence of deaths during and after 

capture.  

 

Mortalities were not induced or planned part of the experiment but inevitably occurred during 

my study. I aimed to compare physiological responses including both abdominal body 

temperatures and blood variable measurements of impala that survived and impala that died 

during the study, to investigate possible differences. These responses allowed us to 

investigate the cause of death and whether the animals died of the same causes.  

 

5.1 Methods 

5.1.1 Study animals 

Ten (female) adult impala (Aepyceros melampus melampus) were used in this study.  

 

5.1.2 Animals and surgery 

Animals were caught, tranquillized and then physically restrained; thereafter anaesthesia was 

induced using isoflurane. An incision was made in order to place a temperature-sensitive data 

logger within the abdominal cavity. A second incision was made on the caudal aspect of the 

thigh to implant two temperature-sensitive loggers intramuscularly. After the incisions were 

sutured closed and the animals were treated with an antibiotic, analgesic and anti-
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inflammatory they were allowed a three-week post-operative recovery period before 

experimental procedures started.  

 

5.1.3 Body temperature measurements 

Temperature-sensitive data loggers were used to continuously record body temperature at set 

intervals. A miniature temperature-sensitive data logger was implanted into the abdominal 

cavity and this logger was set to measure abdominal body temperature at an interval of 5 min. 

Loggers were set to record temperatures at 5-min intervals. When loggers were retrieved 

there were no signs of logger damage or infection around the loggers. Whenever the animals 

were chemically immobilized or restrained I measured rectal temperatures using a digital 

thermometer connected to a thermocouple rectal probe (Details of logger found in chapter 4). 

 

5.1.4. Experimental procedures 

Each animal was captured four times at a fortnightly interval. The animals were captured 

using two different capture methods, namely chemical immobilization and net capture. We 

achieved variations of the two capture methods by chasing the animals on foot for a short or 

long duration before chemical immobilization or net restraint. Four impala died during the 

first trial, where two of the individuals were exposed to a short chase + dart and the other two 

individuals to a long chase + dart. Post mortems were done on the dead impala after the 

experiments were completed. 
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5.1.5 Blood variable measurements 

Blood samples collected during the trials were placed on ice for 3-4 h until haematocrit was 

measured. Thereafter the remaining blood was centrifuged; the plasma was extracted and 

frozen immediately. The plasma samples were then transported in ice filled containers to a 

laboratory where they were stored at -80 °C. I determined haematocrit and cortisol 

concentration.  The Clinical Pathology department at the Onderstepoort Faculty of Veterinary 

Science South Africa, determined total protein, glucose, creatine phosphokinase, lactate, 

sodium, potassium, calcium, blood pH and osmolality. Catecholamine concentrations 

(Adrenaline, Noradrenaline and Dopamine (Dehydroxy-phenylacetic acid)) were determined 

by the Pharmacology Department of the North-West University, South Africa. For all four of 

the impala that died we were able to get one blood sample at time 0 before they died. For 

only two animals we were able to get a blood second sample as they died. For the other two 

animals the second blood was only sampled at post mortems, approximately two hours after 

death.  

 

5.1.6 Data analysis 

5.1.6.1 Thermal response 

Abdominal body temperatures measurements were compared between the impala that died (n 

= 4) and the impala that survived (n = 6) using an unpaired t-tests. I compared the average 

abdominal body temperature over intervals (temperature change between each time point) for 

the 60 minute period before darting to 10 minutes after darting and maximum abdominal 

body temperature reached for the period of 30 minutes before darting to 10 minutes after 
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darting, between the surviving and non-surviving impala. Temperatures for non-surviving 

impala were the temperatures at the time of death.  

5.1.6.2 Blood variable response 

I compared blood variables between surviving impala (n = 6) (time 0) and impala that died (n 

= 4). The data was analyzed by using an unpaired t-test for Gaussian distributed data and 

unpaired Mann-Whitney U tests for non-Gaussian distributed data. One column sample t-tests 

were used for blood variables where I only had two samples for the non-surviving impala.  

 

5.2 Results 

 

5.2.1 Thermal response 

Abdominal body temperature recorded for six impala that were divided into two groups and 

then exposed to darting is shown in Figure 5.2.1. Abdominal body temperature of four impala 

that died did not exceed 42 °C at the time of dart as evident in Figure 5.2.1. Abdominal body 

temperature increased from the dart time to the time of death for two of the impala that died 

(A: 0.96 ºC, B: 1.5 ºC) but for the other two (C: 0.2 ºC, D: 0.1 ºC) only a small rise was 

evident. Time of death was approximately seven and ten minutes after darting for the first 

two impala (A, C), and approximately two and four minutes for the other two. Abdominal 

body temperature continued to rise after death and then started falling only three hours later. 

Abdominal body temperature of two surviving impala is shown in the two bottom graphs in 

Figure 5.2.1. One of these impala was exposed to a short chase before being darted whereas 

the other impala was exposed to a longer chase before being darted. The abdominal body 
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Figure 5.2.1: Abdominal body temperatures of four impala that died after darting (A, B  long 

chase + dart; C, D – short chase + dart) and of two impala that were darted at the same time 

that survived (E – long chase + dart ; F – short chase + dart). Dashed line show abdominal 

body temperature of the impala the previous day when no intervention took place and the 

solid line shows abdominal body temperature on the day of darting. Solid line arrows 

represent the time at darting and the dashed line arrows represent time of death. 
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temperatures of the two impala that were darted in the same two groups as the four 

individuals that died also increased (by 0.8˚C) from time of dart to time 10 (Figure 5.2.1). 

The average abdominal body temperatures reached for the 60 to 30 minutes period before 

darting, were not significantly different between the non-surviving and surviving (p = 0.5, 

39.07 ± 0.84 vs 38.83 ± 0.47 °C) (Figure 5.2.2) impala. Average abdominal body 

temperatures for the 30 minute period to darting, were not significantly different between the 

non-surviving and surviving (p = 0.2, 39.19 ± 0.72 vs 40.02 ± 1.24 °C) impala (Figure 5.2.2). 

The temperatures at the time of darting (temperature measurements stop at death) showed no 

significant difference between the non-surviving and surviving (p = 0.2, 39.61 ± 0.49 vs 

40.46 ± 1.46 °C) impala (Figure 5.2.2).  

 

Maximum abdominal body temperatures reached during the time period from when the 

impala were darted (t=0) up to 10 minutes post dart (or until time of death in non-surviving 

impala) also did not show a significant difference between the non-surviving and surviving (p 

= 0.5, 40.22 ± 0.95 vs 40.66 ± 1.37 °C) impala (Figure 5.2.2). The abdominal body 

temperature change between the period 30 minutes before dart until dart and the period 60 to 

30 minutes before darting (Figure 5.2.3), in the non-surviving impala, were not significantly 

higher in comparison to that of the surviving impala (p = 0.05, 0.12 ± 0.27 vs 1.2 ± 0.94 °C). 

The abdominal body temperature change between the period when the impala were darted 

and the period 60 to 30 minutes before darting (Figure 5.2.3), in the non-surviving impala, 

were not significantly higher in comparison to that of the surviving impala (p = 0.16, 0.53 ± 

0.86 vs 1.64 ± 1.24 °C). The abdominal body temperature change between the maximum 

temperature reached and the period 60 to 30 minutes before darting (Figure 5.2.3), in the non-

surviving impala, were not significantly higher in comparison to that of the surviving impala 
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Figure 5.2.2: Average abdominal body temperatures with SD (error bars) of surviving and 

non-surviving impala for the 60 to 30 minutes period before darting (A), for the 30 minute 

period to darting (B), temperature at time of darting (C) and maximum temperature for the 

period of darting to 10 minutes post darting (D) 
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Figure 5.2.3: Abdominal body temperatures change (°C) (mean ± SD) of surviving and non-

surviving impala for the 60 to 30 minutes period before darting to the 30 minutes before 

darting, for the 60 to 30 minutes period before darting to darting, and for the 60 to 30 minutes 

period before darting to maximum temperature reached 
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(p = 0.46, 1.15 ± 1.6 vs 1.83 ± 1.23 °C).  The abdominal body temperature change between 

the period when the impala were darted and 10 minutes after darting (Figure 5.2.4), in the 

non-surviving impala, were not significantly higher in comparison to that of the surviving 

impala (p = 0.2, 0.59 ± 0.77 vs 0.11 ± 0.38 °C). The abdominal body temperature change 

between the period when the impala were darted and maximum temperature reached (Figure 

5.2.4), in the non-surviving impala, were not significantly higher in comparison to that of the 

surviving impala (p = 0.2, 0.62 ± 0.75 vs 0.2 ± 0.28 °C).  

 

Rate of rise (ºC/min) in temperature for the 30 minute period to darting were not significantly 

higher in non-surviving impala in comparison to surviving impala (p = 0.3, 0.02 ± 0.01 vs 

0.04 ± 0.01). No significant difference in the rate of rise between the non-surviving and 

surviving impala for the period darting to 10 minutes post darting (or until death for non-

surviving impala) was evident (p = 0.23, 0.05 ± 0.04 vs 0.01 ± 0.02). Similarly, there was 

also a lack of significance in the rate of rise between surviving and non-surviving impala for 

the period of darting to maximum temperature reached (p = 0.2, 0.06 ± 0.03 vs 0.02 ± 0.01). 

 

5.2.2 Blood variable response 

Blood variables of the surviving and non-surviving impala showed significant differences 

(Figure 5.2.5 a, b). Creatine phosphokinase activity was significantly lower in the surviving 

impala in comparison to the non-surviving impala (p < 0.005). Glucose concentration, 

potassium (p < 0.005) and calcium (p < 0.005) were significantly higher in the non- 
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Figure 5.2.4: Abdominal body temperatures change (mean ± SD) of surviving and non-

surviving impala for the period of darting to 10 minutes post darting and for the period of dart 

to maximum temperature reached  
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Figure 5.2.5a: Blood variables (mean±SD) of surviving and non-surviving impala. Significant 

differences (p < 0.05) are indicated with *. 
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Figure 5.2.5b: Blood variables (mean±SD) of surviving and non-surviving impala. 

Significant differences (p < 0.05) are indicated with *.  
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surviving impala. Sodium values in the surviving impala were significantly higher than that 

of the non-surviving impala (p = 0.0032). Lactate concentration (p = 0.0049) and osmolality 

(p = 0.001) were significantly higher in the non-surviving impala. The noradrenaline (p = 

0.0307) and adrenaline (p = 0.0321) concentrations for the non-surviving impala were also 

significantly higher than for the surviving impala. The pH of the non-surviving was 

significantly (p = 0.0001) lower than the surviving impala. There was no significant 

difference between total proteins (p = 0.706) and haematocrit (p = 0.8536) in the non-

surviving and surviving impala. Proper cortisol readings for the impala that died could not be 

obtained since the results of the assay were invalid. Values for dopamine and thus dihydroxy-

phenylacetic acid were below array of threshold and therefore were too low to be detected by 

high-performance liquid chromatography. 

 

Post mortem results 

Both the post mortems for the impala that died during the short chase + dart showed 

extremely pale cardiac, semimembranosus and semitendinosus muscles. Additionally, the one 

individual had four old rib fractures and moderate haemoperitoneum and epicardial petechia 

and echymosis. The two impala that died during the long chase + dart had acute 

cardiorespiratory failure during the immobilization. These animals also had similar post 

mortem findings as the animals that died during the short chase + dart trial. It is possible that 

these deaths have resulted from previous capture stress and that the capture procedures of my 

study added stress on pre-existing chronic death phase of capture myopathy from the initial 

capture and transport. Kock et al. 1987a found that bighorn sheep could die up to 6 months 

post capture and since the period between initial capture and my first trial period was less 

than 6 months, the previous statement can be a possibility.  
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5.3 Discussion 

In this chapter I have compared the thermal responses and blood variable concentrations of 

impala that survived the capture procedures to those that died during the experimental period. 

Impala were grouped into either the non-surviving or surviving group, according to the 

outcome. Four impala died during darting and therefore we were only able to compare 

thermal and blood variable concentration responses during this capture procedure and not 

during net capture procedures. Mortalities during captures are currently a general occurrence 

and it is therefore of great importance to investigate mortalities to determine how to reduce 

capture-related deaths. 

 

Similar to the surviving impala, abdominal body temperatures of non-surviving impala did 

not exceed 42 °C (Kock et al. 2006), a temperature above which pathology is believed to 

occur, at the time of darting. Abdominal body temperatures increased from time of darting to 

time of death in the non-surviving impala and for the period of darting to up to 30 minutes 

post darting for surviving impala, indicating that all the animals developed the hyperthermic 

response to the capture event.  

Average abdominal body temperatures reached for the 60 to 30 minutes period before darting  

and for the 30 minute period to darting abdominal body temperatures when the animal were 

darted and maximum abdominal body temperatures for the period of darting to 10 minutes 

post darting did not differ between the non-surviving and surviving impala. Also, maximum 

abdominal body temperatures reached therefore could not be used to signify the possibility of 

the occurrence of acute death during capture.  

Abdominal body temperature changes for the 60 to 30 minutes period before darting to the 30 

minutes before darting, for the 60 to 30 minutes period before darting to darting and for the 
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period of darting to 10 minutes post darting, were not higher in non-surviving impala in 

comparison to surviving impala. There was also no difference in the abdominal body 

temperature changes of non-surviving and surviving impala between abdominal body 

temperatures reached for the 60 to 30 minutes period before darting to maximum temperature 

or for the period of dart to maximum temperature reached post darting. Changes in abdominal 

body temperatures therefore did not indicate a difference in the hyperthermic response 

between surviving and non-surviving impala. The rate of rise in abdominal body temperature 

similarly, did not show differences between surviving and non-surviving impala for the 30 

minute period to darting, for the period of darting to 10 minutes post darting or for the period 

of darting to maximum temperature reached. 

 

Contrary to the lack of differences in abdominal body temperature changes between the two 

groups, the majority of the blood variables were different between non-surviving and 

surviving impala. Creatine phosphokinase concentration was higher in non-surviving impala 

than surviving impala showing possible muscle cell lysis. Glucose concentrations for non-

surviving impala were higher than surviving impala indicating the stimulation of hepatic 

glucose production by adrenaline stimulation to increase transport of glucose to the muscle. 

Sodium concentrations were lower in non-surviving impala in comparison to surviving 

impala however osmolality was higher in non-surviving impala in comparison to surviving 

impala. Lower sodium concentrations might be because of the increase in potassium in the 

plasma due to tissue cell destruction and this is why infusion of sodium bicarbonate is 

advantageous during hyperkalaemia, since this will restore the condition (Harthoorn 1975). 

Non-surviving impala also had higher potassium and calcium concentrations in comparison 

to the surviving impala. These blood variables together with higher lactate concentration, 

osmolality and the release of catecholamines indicate that non-surviving impala were stressed 
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(Hofmeyer et al. 1973). The stress together with severe exertion and respiratory depression 

from opioid drugs causes a shift to anaerobic metabolism. The shift to anaerobic metabolism 

is indicated by high lactate concentrations and then a subsequent reduction in pH that causes 

a shift of potassium out of the cells. The movement of potassium out of the cells resulted in 

heart failure as was clinically evident in some of the non-surviving impala. Catecholamine 

concentrations also reflected increased concentrations denoting the activation of the adrenal 

medulla, possibly as a consequence of a higher degree of stress perceived by non-surviving 

impala. I assume that muscle acidity in the non-surviving impala was higher than that of 

surviving impala, with a consequent reduction in serum pH however we only measured serum 

pH and therefore can only assume that muscle pH was also low with high lactate. In contrast 

to the above mentioned variables, total proteins and haematocrit concentrations were not 

significantly higher in surviving compared to non-surviving individuals.  

 

For all four of the impala that died of capture myopathy we were able to get one blood 

sample at time 0 before they died. For only two animals we were able to get a blood sample 

just after death. For the other two animal’s blood was only sampled at post mortem, 

approximately two hours after death. In this scenario it was important to take blood samples 

as close to death as possible but due to lack of experienced personal who could sample blood 

we were only able to get blood samples two hours post death; the delay in sampling may have 

resulted in skewing of the data presented as cell lysis may have altered some of the 

concentrations of the variables measured. Temperature measurements on the other hand were 

recorded before and at the time of death providing important information on the hyperthermic 

response prior to death. The lack of significant difference might also be indicative that the 

quick rise cause mortality in some individuals but not necessarily in others or because the 

cause of death was unrelated to hyperthermia. Although I have found no significant changes 
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in abdominal body temperatures between surviving and non-surviving animals I would be 

cautious in making definitive conclusions on these results because of the small sample size of 

non-surviving individuals. Similarly, with blood variable data and inclusion of post mortem 

samples, a larger sample size is needed to make definitive conclusions on the exact changes 

of blood variables. Larger data sets may be necessary to reach any conclusion in evaluating 

the degree to which hyperthermia may contribute to the death of an individual. This study is 

however one of a few that have continuous abdominal body temperature readings before, 

during and post capture and in cases where capture related deaths occur. Furthermore the 

study also shows blood variable data together with the hyperthermic responses in a species 

and the variability amongst individuals of the same species.  

 

Stress-induced hyperthermia is a well known phenomenon in a variety of animal species 

(Peleso et al. 2002) and is known to occur during capture of wildlife (Cheney and Hattingh 

1988, Murray et al. 1981, Gericke et al. 1978, Meyer et al. 2008a, b). The rise in body 

temperature occurs to the same degree, irrespective of cool or warm environmental 

temperatures (Peleso et al. 2002, Meyer et al. 2008a). Contrary to previous thoughts, exercise 

during capture is not the main contributor to the rise in body temperature (Beringer et al. 

1996, Bakken et al. 1999, Meyer et al. 2008a). Individuals of both non-surviving and 

surviving impala showed a rise in abdominal body temperature during the capture. Very high 

abdominal body temperature greater than 41ºC and 43ºC occurred in individuals of both the 

non-surviving and surviving animals respectively. Even though some animals had an 

abdominal body temperature of 43 ºC, they still survived whereas other individuals died 

when experiencing abdominal body temperature of less than 41 ºC. Previous exposure to 

capture when the animals were caught for the study could have resulted in chronic death 

phase capture myopathy that was worsened by the additional stress of the capture trials of my 
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study (Kock et al. 1987a). Meyer et al. (2008a) showed that habituated impala elicited a 

lower thermal response to capture in comparison to impala that were less habituated. 

Habituated animals also showed a lower degree of hyperthermia when they were exposed to 

human presence but not captured (Meyer et al. 2008a). The distribution of extreme 

hyperthermic responses of individuals in both the groups might be a result of previous 

habituation in some of the individuals and the lack of habituation in others. This distribution 

of hyperthermic responses of individuals can also be because different animal species and 

individuals of the same species, show variable reactions to the same stressful stimulus 

(Hofmeyr et al. 1973, Hattingh 1986, Grandin 1996). Human presence before capture adds 

additional time to the period that individuals are exposed to a stressor and therefore may 

increase the degree of the stress response. The fact that mortalities occurred during the study 

signify the importance for these types of studies in the future in investigating possible 

indicators that are both practical and reliable to detect stress and possible mortality in 

captured wild animals. Practical indicators will enable game capture operators to make 

appropriate decisions to ensure the welfare of these animals. Decisions include the delay of 

translocation or administration of selenium and tranquillizers prior to translocation. Although 

using the small samples, I found that abdominal body temperature changes before and during 

capture did not seem to signify acute death during capture, it may well be that they may 

signify delayed morbidity and mortality post-capture. Body temperatures in my experimental 

trials may therefore not have caused death but extreme stress from the initial capture, as 

indicated by broken ribs in the post mortem, may have had a more exaggerated hyperthermia 

and may have caused an underlying condition making some animals more sensitive for the 

trials in my study.  
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Creatine phosphokinase is known to increase when muscle cell lysis occurs as a result of 

muscle damage (Harthoorn 1980, Volfinger et al. 1994, Bateson and Bradshaw 1997). The 

muscle enzymes seep out into the bloodstream causing a rise in creatine phosphokinase 

values which continues to rise for some hours after exercise ceases (Volfinger et al. 1994). 

The significant higher concentration of creatine phosphokinase in non-surviving impala is an 

indication of a greater degree of muscle damage. However, the excessively high values we 

obtained were possibly because of two samples taken 2 hours post death, a time in which 

muscle autolysis could have occurred in two of the four non-surviving impala and it must 

therefore be kept in mind when data is interpreted. The samples obtained earlier post mortem 

still showed high values but showed a smaller difference in comparison to the concentrations 

of late samples. During exposure of wild animals to intense activity and severe stress, glucose 

is increased due to an increased demand for fuel during muscular activity and the switch to 

anaerobic metabolism (Mitchell et al. 1988, Gericke et al. 1978, Nwe et al. 1996). Glucose 

concentration of both non-surviving and surviving impala were elevated in comparison to 

brain-shot impala data obtained from Hattingh et al. (1988), however, non-surviving impala 

experienced higher levels of glucose compared to surviving impala. The intensity of the 

exercise that surviving and non-surviving animals were exposed to, was the same and 

therefore I believe that stress was the cause for the glucose to be high in the non-surviving 

group. During anaerobic metabolism, lactate is formed and therefore lactate concentrations 

increase (Hansen et al. 2005, Mentaberre et al. 2010). The increase in lactate concentration 

results in the concomitant decrease in pH (Bateson and Bradshaw 1997, Read et al. 2000). 

The lactate concentration post death continues to increase because the residual glycogen is 

converted to lactate and a subsequent reduction in pH takes place (Judge et al. 1973, Bartsch 

et al. 1977, Bateson and Bradshaw 1997). Lactate concentrations were higher in the two 

impala from which samples were taken 2 hours post mortem in comparison to the two impala 
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from which samples were taken earlier post mortem. Very high lactate and extremely low pH 

values in the non-surviving impala were therefore influenced by the time laps before blood 

samples were drawn and again, this fact must be kept in mind when interpreting the data. 

 

The anaerobic environment under which muscle contraction occurs as well as the stress 

associated with capture resulted in an increase in calcium as a result of protein breakdown 

(Gericke et al. 1978). The protein breakdown predominantly takes place in the muscle and 

therefore a concomitant rise in total proteins usually occurs (Gericke et al. 1978). However, 

even though non-surviving impala had higher calcium concentrations, the total proteins were 

not significantly higher than surviving impala. A study done by Knox et al. (1992b) also 

found no difference in total protein concentrations between impala that were immobilized, 

impala that were caught in nets and impala in the control group but did not test for calcium 

concentrations. Anaerobic metabolism is activated during the stress response and together 

with hypoxia, a rise in lactate concentration as well as a higher cellular permeability results. 

The rise in lactate concentration and higher cellular permeability, in union with 

catecholamine release brings about a change in electrolytes such as sodium and potassium 

(Gericke and Hofmeyr 1976, Gericke et al. 1978, James et al. 1999). Hunted red deer that 

was chased for several kilometres (Bateson and Bradshaw 1997) had significant increases in 

sodium concentrations in comparison to non-hunted red deer which were killed by a clean 

headshot. The authors declared that the role of the higher sodium concentration is to enhance 

the transport of glucose to working muscles. Contradictory to the sodium concentrations in 

red deer (Bateson and Bradshaw 1997) and irrespective of higher osmolality in non-surviving 

compared to surviving impala, non-surviving impala had lower sodium concentrations in 

comparison to surviving impala. The higher potassium levels in non-surviving impala are 

resultant of two factors. Firstly, increased cellular permeability and secondly to acidosis 
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experienced by animals under severe stress and anaerobic respiration (Burnell et al. 1956). 

The muscle fibre cell damage during capture stress has been shown to elevate potassium in 

the blood which can then lead to a disturbance of cell function, consequent weakening and 

ultimate cardiac arrest (Gericke and Hofmeyr 1976). In humans, plasma potassium 

concentrations of approximately 10 mmol/l cause fatal cardiac arrhythmia (Guyton 1981); 

potassium concentrations of impala that died were almost twice this concentration. The high 

potassium concentrations in impala could be because some of the samples were taken 2 hours 

post mortem and therefore muscle autolysis and even haemolysis of the blood could increase 

potassium concentrations (Tomita et al. 2004) and must therefore be kept in mind when 

interpreting the data. Concomitantly with the changes in the measured blood electrolytes, 

osmolality changes (Hofmeyr et al. 1973), greater electrolyte and osmolality concentrations 

indicate a higher degree of homeostatic imbalance as a result of capture.  

 

Contrary to the electrolytes, haematocrit was not significantly different in the non-surviving 

and surviving impala. An increase in haematocrit is usually seen as a result of the adrenergic 

discharge during stress-induced and exercise-induced stress which causes splenic contraction 

(Harthoorn 1975). Furthermore, an increase in catecholamines during an extreme sympathetic 

stress response directly causes splenic contraction (Hofmeyr et al. 1973). During splenic 

contraction red blood cells increase in the circulation, a response believed to help enhance 

oxygen delivery to the tissues (Read et al. 2000). The lack of significance between the non-

surviving and surviving impala could be explained by the time lapse before the blood was 

sample for two of the four non-surviving impala as haemolysis may have taken place during 

this time.  
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The active response to stress-induced stress elicits the release of catecholamines, adrenaline 

and noradrenaline, from the adrenal medulla (Nwe et al. 1996). The adrenal medulla releases 

catecholamines when the hypothalamo-pituitary-adrenal axis is triggered (Hattingh 1988a, 

Dalin et al. 1993, Nwe et al. 1996). Both adrenaline and noradrenaline concentrations were 

significantly elevated in non-surviving impala pointing towards a higher degree of stress 

(Gericke et al. 1978, Dimsdale and Moss 1980, Akerstedt et al. 1983, Dalin et al. 1993, Nwe 

et al. 1996). The release of catecholamines exerts an effect on a wide array of blood variables 

including glucose, lactate, haematocrit. It also increases the permeability of the cellular 

membrane and therefore affects electrolyte concentrations and muscle enzymes (Hofmeyr et 

al. 1973, Gericke et al. 1978, Nwe et al. 1996, Hansen et al. 2005). Unfortunately, proper 

cortisol values were not obtained from the blood samples of the non-surviving impala and 

possible outcomes remain speculative until further research can test the difference between 

surviving and non-surviving animals. However dissimilar to catecholamines which are a good 

indicator of acute stress, cortisol often give a good indication of chronic stress and may not 

have been any different in these animals according to references (Nwe et al. 1996, Mӧstl and 

Palme 2002, Royo et al. 2005). Impala that died during my study, died of cardiac arrest, since 

their hearts just stopped at recumbency. Factors contributing to cardiac arrest are the release 

of potassium as a result of muscle damage and breakdown (Hartup et al. 1999). Additionally, 

severe acidosis resulting from anaerobic respiration and extreme stress, also cause a rise in 

potassium (Burnell et al. 1956). Furthermore, the massive stimulation of catecholamines 

released under severe stress responses (Nwe et al. 1996, Mӧstl and Palme 2002) and hypoxia 

induced by opioid administration (Murray et al. 1981, Kock et al. 2006) during darting add 

on to severe strain of the heart and the occurrence of cardiac arrest (Mader 1998).  
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The comparison of individuals that died and animals that survive is essential in determining 

the major factors that result in mortality. It would therefore be useful to determine the 

relationship of all the factors discussed above using a larger sample size and blood samples 

which are collected directly after death. This may allow game capture operators and 

researchers to focus on the most vulnerable animals and so minimize the occurrence of 

mortality. Future studies must investigate if the major causes of mortality are similar in 

different species or whether specific factors are important in the mortality of a certain 

species.  
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CHAPTER 6 

 

CONCLUSION 
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Frequent capture and transport of wildlife is necessary in Southern Africa to support the 

recent expansion of the game ranch and ecotourism industry. Capture of wildlife often leads 

to high numbers of animal mortalities. Several factors exert different influences on 

individuals during a capture event and the severity of the individual response differs with 

regard to the type of species, the capture method used, state of health of an individual, 

nutritional state of an individual, possible pregnancy and previous exposure to stressful 

events (Harthoorn 1975, Hattingh 1988a, Morton et al. 1995). The response to a stressor also 

is neither discrete nor standardized (Hattingh 1988a, b, Montané et al. 2007). Detecting and 

quantifying the risk of mortality during capture is not easy. 

Studies conducted on a variety of wildlife species subjected to capture recorded hyperthermic 

responses in body temperature (Kock et al. 1987a, Regel and Pütz 1997, Ingram et al. 2002, 

Montané et al. 2007). Handling and human noise in itself presents a stressful stimulus, with 

the additive effects of the inability to escape and the extreme exertion of forced exercise 

(Gericke et al. 1978). Stress-induced hyperthermia forms an integral part of capture related 

mortalities, since it occurs before, during and after exposure to stressors (Olivier et al. 2003). 

Several studies investigated physiological alterations that occur during a stressful event such 

as wildlife capture and have showed hyperthermic responses (Hofmeyr et al. 1973, Gericke et 

al. 1978, Kock et al. 1987a, Cheney and Hattingh 1988, Drew 1996, Read et al. 2000) as well 

as haematological changes indicative of stress (Gericke et al. 1978, Kock et al. 1987a). 

Aiming to detect and quantify the stress-response is difficult since control samples of body 

temperature and blood variables of non-stressed animals are hard to obtain. Furthermore, the 

accuracy of sites at which body temperature are measured in predicting core body 

temperature, varies (Saltin and Hermansen 1966, Blainey 1974, Maloney et al. 2001, Hébert 

et al. 2008).  
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I used two wildlife species, impala and blesbok and exposed them to darting and net capture 

so as to investigate thermal and haematological changes that occur. Impala showed higher 

abdominal body temperatures during net capture in comparison to darting whereas blesbok 

showed no difference in abdominal body temperatures between capture methods; data from 

blesbok was limited however because of logger failure. My study confirmed that different 

species and even individuals of the same species respond differently to various capture 

procedures. Furthermore I found that irrespective of the capture event or whether impala or 

blesbok were captured, a human presence before capture caused abdominal body 

temperatures to rise. As with thermal responses, different species and even individuals of the 

same species do not respond to the same degree in terms of blood variable concentrations, 

and yet blood variables serve as valuable measurements of stress response to different 

stressors (Hattingh 1988a, b, Hattingh et al. 1988). Overall, blood variable changes (total 

protein, sodium, lactate, haematocrit, noradrenaline, adrenaline, potassium, creatine 

phosphokinase, pH) were similar for impala and blesbok in response to the two capture 

procedures. Impala cortisol and osmolality values showed a different response between the 

two capture procedures with blesbok cortisol and osmolality values responding in an inverted 

manner. Blood variables do not change in isolation (Hattingh and Petty 1992) and both 

species showed that sodium and lactate as well as noradrenaline and adrenaline are positively 

correlated to each other. The positive correlation between two blood variables allows us to 

measure only one of the variables, predicting the change of another.  

 

The relationship between the hyperthermic response and changes in blood variables when 

animals are exposed to capture will possibly also allow for the prediction of changes in blood 

variables by the simple measurement of the magnitude of hyperthermia. However, the 

variability and the lack of data of thermal and blood variable measurements (only sampled 
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two samples during recumbency period) of impala and blesbok between different capture 

procedures prohibited any definite conclusions in terms of whether thermal response after a 

capture event could be correlated to stress related blood variables for both the species in my 

study. However, my study is one of the few studies that show variable responses in two 

species for two different capture methods in terms of both hyperthermic and stress-related 

blood variable responses. 

 

Although, with our sparse data, we could not show any direct association between the thermal 

responses and the blood variables which indicate stress, we still set out to determine the most 

accurate and practical way of measuring core body temperature in the field. Rectal 

temperature measurement is currently the method of choice to obtain body temperature in the 

field (Blainey 1974, Ingram et al. 2002, Moran et al. 1998, Saltin and Hermansen 1966). 

However there is disagreement on the relationship of rectal temperature in predicting core 

body temperature (Livingstone et al. 1983, Drew 1996, Moran and Mendal 2002). I aimed to 

investigate muscle temperature measurement as an alternative body temperature 

measurement in the field. When abdominal body temperatures are high, muscle temperature 

measurements were close to (0.4 ˚C) and even slightly higher than the abdominal body 

temperature measurements in both the species. At low abdominal body temperatures, muscle 

temperature measurements were lower (4 ˚C) and much less accurate in predicting abdominal 

body temperatures. Keeping in mind that abdominal body temperature is higher than muscle 

temperature early morning and late afternoon, muscle temperatures can still be used predict 

abdominal body temperatures during a capture event, since animals respond to capture with 

elevated body temperatures thus increasing the similarity between the abdominal and muscle 

temperature measurements measured. With the use of continuous muscle temperature 

measurements, we looked at whether muscle temperatures increased during exercise induced 
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during capture. I found that body temperature was not correlated to the increase in activity 

during a capture event. The increase in muscle activity and metabolism most likely only 

contributed a small amount to the overall hyperthermia of the animal as was also shown by 

Meyer et al. (2008a). Muscle temperature measurements seem to be a promising alternative 

method to measure body temperature. However, further studies need to examine which 

muscle group is suitable for thermocouple insertion as well as the insertion depth required to 

obtain accurate readings.  

 

The degree to which stress-induced hyperthermia contributes to mortality during capture is 

unclear. It is therefore of great importance to investigate mortalities to determine how to 

reduce capture-related deaths. During my study, several impala died of capture myopathy and 

their data was used to compare the hyperthermic and haematological changes in surviving 

and non-surviving individuals. There were no differences between abdominal body 

temperatures of surviving and non-surviving impala. Blood variable responses of the non-

surviving individuals showed extremely high values in comparison to the blood variable 

measurements of the surviving group. The blood variable measurements were however 

sampled late which might affect the measurements but can still be used to predicted mortality 

in the non-surviving impala, and indicate that the death of animals was not related to 

hyperthermia but possibly other acute pathologies.  

 

A more extensive study must be conducted to determine what group of blood variables are 

the most reliable indicators of stress and to determine conclusively what variables correlate 

with what other variables and whether these variables have a similar response across species. 

The degree to which stress-induced hyperthermia influence the development of capture 



179 
 

myopathy and subsequent death needs to be examined further, so as to determine whether 

body temperature can be used as a prediction of morbidity and mortality. Cooling the animal 

with cool water in the field, might reduce the hyperthermic response but it is yet uncertain 

until further investigation whether this might have a significant effect on reduction or 

prevention of mortality. Furthermore, more research to fully determine whether body 

temperature that can be used to predict a stress response during capture must be conducted. 

There is also a necessity to conduct similar studies on a wide range of different animal 

species and subspecies to determine whether different species and subspecies respond similar 

to a specific stressor. The comparison of individuals that died o f capture myopathy and 

animals that survive is essential in determining the major factors that result in mortality and 

whether any physiological variables can be used as a predictor of morbidity and mortality. 

Identifying a physiological variable that can be used to predict possible mortality will allow 

game capture operators and researchers to focus on, and treat the most common causes of 

death that result in capture myopathy and so minimize the occurrence of mortality. Future 

studies must investigate if the major causes of mortality are similar in different species or 

whether specific factors are important in the mortality of a certain species.  

 

My study shows that stress-induced hyperthermia cannot be used as a sole measure to 

identify a compromised individual during a capture event. It is definitely evident from my 

study that capture induced a hyperthermic response in impala, a species with an excitable 

temperament (Grandin 1996), as well as in blesbok, which have placid temperament. 

Hyperthermia associated with capture is a valuable and easily obtainable field method which 

can be measured by rectal temperature and possibly even muscle temperature. This 

dissertation is one of the few systematic studies on capture stress and shows that stress-

induced hyperthermia used in conjunction with other parameters in estimating the degree of 
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stress in captured animals, is of great importance and worth future investigation and 

validation. 
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APPENDIX 1 

Ethical clearance  

 

2006/52/05 
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APPENDIX 2 

 

Impala         

 

Short chase + 
dart 

Long chase + 
dart  

Short chase + 
net 

Short chase + 
net 

Date 21/09/2011 04/10/2011 08/11/2011 25/10/2011 

B²N data data data data 

G²N * data data data data 

R²N data data data data 

O²N DIED no data no data no data 

W²N DIED no data no data no data 

Date 04/10/2011 21/09/2011 25/10/2011 08/11/2011 

B² * data data data data 

Y²  * data data data data 

R² data data DIED no data 

G² no data DIED no data no data 

O² no data DIED no data no data 

     Blesbok         

 

Short chase + 
dart 

Long chase + 
dart  

Short chase + 
net 

Short chase + 
net 

Date 22/09/2011 03/10/2011 24/10/2011 07/11/2011 

G²N logger failure logger failure logger failure logger failure 

GRYL  * data data logger failure logger failure 

O²N data data logger failure logger failure 

R²N data data logger failure logger failure 

Y²N  * data data logger failure logger failure 

W²N data data data data 

Date 03/10/2011 22/09/2011 07/11/2011 24/10/2011 

G² data data logger failure logger failure 

B² data data logger failure logger failure 

O² data data logger failure logger failure 

R²  * data data data data 

W² data data data data 

Y² data data logger failure logger failure 
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APPENDIX 3 

 

Generic name, brand name and supplier of the drugs used in my study 

Type of drug Generic name 

(concentration) 

Brand name Supplier 

Anaesthetics Isoflurane 

(2-8%) 

 

Isofor 

 

Safe Line Pharmaceuticals 

(Pty) Ltd.,  Johannesburg, 

South Africa 

 

Tranquillizers 

 

Azaperone 

( 40 mg/ml) 

 

Stresnil 

 

Lakato (Pty) Ltd, Benrose,  

Johannesburg, South Africa 

 

Opiod agonists 

 

Etorphine 

hydrochloride 

(9.8 mg/ml) 

 

M99 

 

Lakato (Pty) Ltd, Benrose,  

Johannesburg, South Africa 

 

Opiod 

antagonists 

 

Deprenorphine 

hydrochloride 

(12 mg/ml) 

 

M5050 

 

Lakato (Pty) Ltd, Benrose,  

Johannesburg, South Africa 

 

Antibiotics Benzylpenicillin 

(126 mg/ml) 

 

Peni La 

 

Virbac Animal Health, 

Phenix,  

South Africa 

 

Vitamins and 

minerals 

 

Vitamin B12 

(50 mg/ml) 

 

Vitamin B complex 

 

Rucenta Medical supplies 

(Pty).  

Ltd, Johannesburg, South 

Africa 

 

 

Antiparasitics Doramectin 1% Dectomax Pfizer Laboratories (Pty). Ltd,  
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 (5mg/ml) 

 

 Johannesburg, South Africa 

 

 

Anti-

inflammatory 

analgesic 

 

Phenyl Butazone 

200 mg/ml 

 

Phenyl Arthrite 

 

Vetequinol, S.A., France 

 

Respiratory 

stimulant 

Doxapram 

20 mg/ml 

 

Dopram 

 

Boydene (Pty), Intramed, Port  

Elizabeth, South Africa 
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