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CHAPTER 3: CHALLENGES TO ANIMAL WELFARE 

ASSOCIATED WITH CAPTURE AND LONG ROAD 

TRANSPORT IN BOMA-ADAPTED BLACK (DICEROS 

BICORNIS MINOR) AND SEMI-CAPTIVE WHITE 

(CERATOTHERIUM SIMUM SIMUM) RHINOCEROS 

 

This chapter has been published as a research paper with the Journal of Wildlife 

Diseases (“online first”):  

 

Pohlin F, Hofmeyr M, Hooijberg EH, Blackhurst D, Reuben M, Cooper D, Meyer LCR. 

Challenges to animal welfare associated with capture and long road transport in 

boma-adapted black (Diceros bicornis minor) and semi-captive white (Ceratotherium 

simum simum) rhinoceros. J Wildlife Dis 2020; 56(2): 000-000 (in press).  

Doi: 10.7589/2019-02-045 

 

This research paper has been adjusted to this thesis format. 

A copy of this paper has been included in the Appendix with the permission of the copyright 

holders. 
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CHAPTER 4: ELECTROLYTE AND ACID-BASE RESPONSES TO 

CAPTURE AND TRANSPORT IN WILD SOUTHERN WHITE 

RHINOCEROS BULLS (CERATOTHERIUM SIMUM SIMUM) 

SEDATED WITH EITHER AZAPERONE OR MIDAZOLAM  

 

This chapter has been submitted as a research paper for publication and is currently 

under review by the Journal of Veterinary Anaesthesia and Analgesia:  

 

Pohlin F, Buss P, Hooijberg EH, Meyer LCR. Midazolam alters acid-base status less 

than azaperone during the capture and transport of wild southern white rhinoceros 

(Ceratotherium simum simum).   
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CHAPTER 5: HAEMATOLOGICAL AND IMMUNOLOGICAL 

RESPONSES TO CAPTURE AND TRANSPORT IN WILD 

SOUTHERN WHITE RHINOCEROS BULLS (CERATOTHERIUM 

SIMUM SIMUM) SEDATED WITH EITHER AZAPERONE OR 

MIDAZOLAM 

 

This chapter is in preparation to be submitted as a research paper for publication.  

 

Pohlin F, Hoojiberg EH, Buss P, Huber N, Viljoen FP, Blackhurst D, Meyer LCR. 

Haematological and immunological responses to capture and transport in wild 

southern white rhinoceros bulls (Ceratotherium simum simum) and their modulation by 

midazolam compared to azaperone.   
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oxidative stress could be implemented in post-release monitoring and investigated 

together with spatial, behavioural, hormonal, and disease measurements to identify 

animals with chronic stress and increased risk of developing morbidity after 

translocation. These measurements could be used to further investigate the 

effectiveness and clinical importance of applied interventions that aim to mitigate 

translocation stress. 

Regardless of the mounting of an acute or chronic stress response, factors like 

muscular fatigue, energy imbalance and dehydration became important with 

increasing transport time in both black and white rhinoceros, representing stressors 

themselves. 

All animals, including the ones transported for only six hours, experienced a 

pronounced increase in CK and AST over time indicating that myocyte metabolic 

dysfunction and skeletal muscle damage occurred (chapter 3 and 4) (260). These 

findings are also common in transported domestic and other wild animals 

(95,124,141,220) and have been attributed to tiredness and fatigue associated with a 

prolonged state of muscle contraction due to standing and might be intensified in 

rhinoceros because of their heavy weight (68).  Intense exercise during the capture, 

repeated intramuscular administration of the tranquilising drugs, and dehydration 

likely further contribute to this issue (48,221,239). 

In domestic animals, it is believed that increases in muscle enzymes tend to be 

indicative of knocks and bruises (68). Rhinoceros are generally sedated during 

transport and the drugs used for sedation, including the benzodiazepines, are known 

to affect neuromuscular processing related to balance control (304). These effects mean 

that the risk of losing balance to sudden perturbations during transport, and being 

knocked and bruised, are probably high in transported rhinoceros. 

Interventions that might alleviate muscle injury could be: (1) providing padding to 

the transport crate, (2) motivating the rhinoceros to stand more comfortably (e.g. 

providing food might motivate animals to stand more put in order to eat), and, or (3) 
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using drugs, or doses, that cause less ataxia and allow the animal to have better footing 

and lay down when required. These interventions need to be systematically 

investigated in future research. 

Another factor that became more important over time was energy metabolism. 

Glucose concentrations did not differ between “capture” and “after transport” 

samples in black and white rhinoceros transported over a long time (chapter 3). In the 

white rhinoceros bulls, glucose peaked at capture, likely in response to elevated 

adrenaline concentrations from a fight or flight response, but did not change 

throughout a six hour transport (chapter 4). Although glucose concentrations gave no 

indication that rhinoceros entered a negative energy balance, increasing BHB and 

NEFA concentrations (white rhinoceros chapter 3 and 4) over time demonstrated that 

there was mobilisation of lipid stores from the adipose tissue to generate energy (258). 

The black rhinoceros in chapter 3 only showed an increase in plasma triglyceride 

concentrations, which could also indicate the mobilisation of lipid stores for energy, 

or could be the result of oxidative stress. Again, the effect of temporary captivity on 

these clinical chemistry analytes should be investigated in more detail. To prevent 

rhinoceros from entering a negative energy balance during transport, further research 

on nutritional planning (i.e. type and amount of food) prior to, and during 

translocation, is also necessary. 

Finally, black and white rhinoceros transported over a long time (over 19 hours) 

(chapter 3) developed dehydration. Long periods of time without access to water (and 

food) have been identified as a major concern in domestic animal transports (69). 

Rhinoceros may be exposed to prolonged thirst and dehydration during long 

transport even if water is offered, as they are usually reluctant to drink during 

transport from unknown sources (M. Hofmeyr, pers. comm.). It is important to note 

that there are interactions between the thermal conditions of a journey and the 

animals’ resistance to the effects of water deprivation (68). In rhinoceros, this 

resistance appears to be high under natural conditions, because these animals usually 
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only drink once a day to every second day (29,211). However, if thermal conditions 

are very hot, rhinoceros are likely to develop dehydration more easily (68,69). Current 

recommendations state that rhinoceros should be captured when temperatures are 

lower than 25°C and transported during colder months of the year (24,29). Even if 

translocations take place during cold and dry seasons, it can still become very hot in 

the middle of the day, and especially if crates are not adequately ventilated. Therefore, 

it is important to monitor thermal conditions, especially in the crates during transport, 

and further investigate the effects of changing thermal conditions on the rhinoceros’ 

resistance to water deprivation. Currently there are no recommended limits for 

transport-duration, or water deprivation times, for rhinoceros. Importantly, these 

should be established. 

To provide a logical and comprehensive framework for good animal welfare, the Farm 

Animal Welfare Council of the United Kingdom established the concept of the five 

freedoms, defining ideal states for an animal’s physical and mental condition, which 

also apply during transport (179). These freedoms include: (1) freedom from hunger 

and thirst; (2) freedom from discomfort; (3) freedom from pain, injury, or disease; (4) 

freedom to express normal behaviour; and (5) freedom from fear and distress (73,179). 

Later, from these five freedoms, five domains of potential animal welfare compromise 

have been established, namely: nutrition, environment, health, behaviour, and mental 

state (178). To a certain degree, it appears to be possible to comply with most of these 

aspects during rhinoceros translocation. 

By administering midazolam, instead of azaperone, we attempted to reduce stressors 

associated with capture and transport and enhance the freedom from fear and 

distress, or mental state (chapter 5). However, we were not able to demonstrate a 

stress reducing effect of this drug at the given dose. Instead, we identified a possible 

immunosuppressive effect of the benzodiazepine. Further studies are required to find 

out if this effect is dose-dependent, of prolonged duration, and if it leads to an increase 

in the rhinoceros’ susceptibility to disease after transport. In rats, midazolam reversed 
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behavioural deficits associated with chronic stress and mitigated stress-induced 

hyperthermia (191,193). These effects remain to be investigated in transported 

rhinoceros as the benefit of behavioural coping might be more important than the 

immunological side effects. 

A main limitation of this study was the lack of control animals, which would have 

helped in 1) better differentiating the effects of capture versus transport, and 2) the 

effects of tranquiliser-administration during transport. We tried to differentiate the 

effects of capture from the effects of transport by taking a “start transport (T0)” blood 

sample. This differentiation worked well with clinical variables that change quickly 

(e.g. electrolytes), but was only of limited value for slow-changing variables (e.g. N:L 

ratio). Ideally, a set of control animals should have been immobilised, sampled and 

then released without any form of transport. Samples would then have had to be 

collected from these animals after release at the same intervals as for the transported 

animals without re-immobilising them. Clearly, this would have been extremely 

difficult and could not be done. Moreover, for ethical reasons, we decided against a 

non-tranquilised but transported control group, because the risk of injury would have 

been too high. Nevertheless, we believe that this study allowed us to identify major 

challenges to animal welfare associated with capture and transport in rhinoceros. 

To sum up, rhinoceros experienced respiratory and metabolic (lactic) acidosis during 

capture and a mild metabolic alkalosis during transport. The mounting of a stress 

response to capture and transport was associated with characteristic immunological 

changes. Skeletal muscle fatigue, energy imbalance and dehydration occurred over 

time. Midazolam reduced the metabolic acidosis during capture, but was associated 

with immunosuppression. 

Based on these results, we recommend the use of midazolam, instead of azaperone, 

for etorphine-based capture of white rhinoceros. During transport, there appears to 

be no benefit in using midazolam over azaperone. Further studies investigating 
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cardiopulmonary, immunological, and behavioural differences between these drugs 

during rhinoceros translocation are required. 

To improve animal welfare during long transports, future research needs to 

investigate other interventions that might enhance one, or more, of the “five 

freedoms”, or “domains” during rhinoceros translocation. Offering fluids and, or, 

nutritional supplements could increase the freedom of hunger and thirst during 

rhinoceros transport (nutritional domain). Padding of the transport crates, and better 

monitoring and regulating of environmental conditions within them, could increase 

the freedom of discomfort (environmental domain) and the use of midazolam could 

improve behavioural coping during transport (behavioural domain) and therefore be 

advised despite its immunological effects. Animal health is an important part of 

animal welfare and improving animal welfare during transport will increase the 

freedom of disease during, and after, rhinoceros transport (health domain) (72).  

The ultimate goal of this thesis was to help improve the outcome of rhinoceros 

translocation and contribute towards conservation of the species. The information 

gained from this thesis, importantly, has paved the way for further studies that can 

now be aimed at reducing the stressors, and their consequences, that are induced by 

capture and transport in rhinoceros, thereby improving animal welfare and the 

success of rhinoceros conservation translocations. 
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CHAPTER 7: FUTURE RESEARCH DIRECTIONS 

 

The results of this thesis, in particular the work done on the physiological effects of 

long road transport in black and white rhinoceros and the modulation of these effects 

by using of midazolam instead of azaperone, point the way for several new studies.  

New avenues of investigation could include: 

1. Establishment of limits for transport-duration, or water and food deprivation 

times, in black and white rhinoceros. 

2. Exploration of the value of temporary confinement as part of rhinoceros 

translocation. 

3. Exploration of immunological responses to chronic stress by investigating 

characteristic changes in leukocyte subpopulation numbers and function and 

inflammatory cytokine concentrations. 

4. Investigation of nutritional feasibility and planning (e.g. type and amount of 

food, potential side-effects) for rhinoceros during transport. 

5. Investigation of the effects of changing thermal conditions on the rhinoceros’ 

resistance to water deprivation. 

6. Identification of effective methods of fluid administration (e.g. route of 

administration, type of fluid, and possible parenteral feeding) during long 

transport in rhinoceros 

7. Systematic investigation of midazolam use in black rhinoceros. 

8. Further investigation of cardiopulmonary effects when midazolam is used 

instead of azaperone for the capture of white rhinoceros to determine arterial 

blood pressure and arterial blood gases. 

9. Further investigation of immunological effects associated with the use of 

midazolam in white rhinoceros to further characterise white cell function and 

the susceptibility to disease after transport. 
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10. Exploration of possible behavioural benefits of using midazolam, instead of 

azaperone, for the transport of white rhinoceros 

11. Post-release monitoring should be included in future studies to better evaluate 

the clinical relevance of measured physiological responses to capture and 

transport in black and white rhinoceros and their modulation by implemented 

interventions. 
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rhinoceros (Diceros bicornis) translocated in South Africa. Wildlife Group of the 

South African Veterinary Association (SAVA) Annual Congress, Muldersdrift, 

South Africa, March 2018. 

2) Pohlin F, Hofmeyr M, Reuben M, Hooijberg EH, Meyer LCR. Effects of capture 

and transport on clinical chemistry analytes in white rhinoceros (Ceratotherium 

simum) translocated for over 30 hours. Joint AAZV/ EAZWV/ Leibniz-IZW Zoo 

and Wildlife Health Conference, Prague, Czech Republic, October 2018. 

Murray Fowler International Conference awardee. 

3) Pohlin F, Buss P, Hooijberg EH, Meyer LCR. Using haematological 

measurands to assess translocation-stress in white rhinoceros (Ceratotherium 

simum) sedated with either azaperone or midazolam. Wildlife Group of the 

SAVA Annual Congress, Muldersdrift, South Africa, March 2019. 
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CONGRESS POSTER PRESENTATIONS RELATED TO THIS THESIS 

 

1) Pohlin F, Hofmeyr M, Reuben M, Hooijberg EH, O’Dell JH, Cooper D, Meyer 

LCR. Effects of capture and transport on clinical chemistry analytes in black 

(Diceros bicornis) and white (Ceratotherium simum) rhinoceros. Faculty day, 

Faculty of Veterinary Sciences, University of Pretoria, Onderstepoort, South 

Africa, August 2018. Winner of the best poster award. 
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2) Pohlin F, Buss P, Hooijberg EH, Meyer LCR. Stress haemoconcentration during 

the capture and transport of free-ranging white rhinoceros (Ceratotherium 

simum) sedated with either azaperone or midazolam. Joint Leibniz-IZW/ 

EAZWV/ ECZM Zoo- and Wildlife Health Conference, Kolmården, Sweden, 

June 2019. 
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3) Pohlin F, Buss P, Hooijberg EH, Meyer LCR. The effect of capture and transport 

on serum cortisol and total thyroxine concentrations in white rhinoceros 

(Ceratotherium simum simum) sedated with either azaperone or midazolam. 

Conference of the International Society of Wildlife Endocrinology (ISWE), 

Skukuza, Kruger National Park, South Africa, October 2019. Cayman Chemical 

travel grant awardee. Winner of the best poster award. 
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OTHER PRESENTATIONS OR INITIATIVES RELATED TO THIS THESIS 

1) Online presentation on “translocation stress in wildlife” at the joint Southern 

Africa Wildlife Disease Association Student Chapter (SAWDASC)/ Zoo and 

Wildlife Medicine Study Group (ZWMSG) online journal club, 2017 (repeated 

2018). 

2) Oral presentation on “translocating wildlife” at the Conservation of Exotics, 

Zoo- and Wildlife Symposium, Ghent University, Merelbeke, Belgium, 2017. 

3) “Run rhino run” flash tattoo (small tattoos for a good cause), raising public 

awareness for rhinoceros poaching and funds for this project by DEFF INK 

tattoo, Berlin, Germany 2018. 

 

KOBEN 2018 

 
 
 

http://deff.ink/?fbclid=IwAR2gQCSVm2rPC0R-uRoBNLJ4zvrnVI7kKDQ4kmBK62O0H0-UjR2Sv59S-1k
https://www.facebook.com/kobenzzon/
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4) Oral presentation on “rhinoceros translocation” at the rhinoceros conservation 

fundraiser „Studierende gegen Wilderei - Ein Abend für den Nashornschutz“, 

Vetmeduni Vienna, Austria, 2018. 

5) Oral presentation on “physiological responses to capture and transport in black 

and white rhinoceros” at the Wildlife Disease and Conservation Evening of the 

SAWDASC at the University of Cape Town, Cape Town, South Africa, 2019. 

6) Presentation evening to the general public on “illegal wildlife trafficking and 

rhinoceros poaching” at UFO, Bruneck, Italy, 2019. 

7) Interactive children workshop on “illegal wildlife trafficking and rhinoceros 

poaching” at the Paul-Troger middle school (grade 6 to 8), Welsberg-Taisten, 

Italy, 2020. 

 

Congratulations to Neil Aldridge for winning the 1st price in the World Press 2018 

Photo Contest, category: environment, singles. This photo shows a young southern 

white rhinoceros, immobilised and blindfolded, which is about to be released into the 

wild in the Okavango Delta, Botswana, after being captured and transported from 

South Africa for protection from poachers (chapter 3). 

 

 
 
 

https://www.worldpressphoto.org/collection/photo/2018/28815/1/2018-neil-aldridge-en-(1)
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