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ABSTRACT: Translocation and dehorning are
common and important practices for rhinoceros
management and conservation. It is not known if
dehorning causes a stress response or negatively
affects rhinoceroses during transport. Twenty-three
subadult wild white rhinoceros bulls were
immobilized and translocated .280 km for
population management reasons. Ten animals
were dehorned at capture, and 13 animals were
transported without dehorning. For transport, five
dehorned and six nondehorned rhinoceroses
were sedated with azaperone (62.3869.54 mg/kg)
and five dehorned and seven nondehorned
rhinoceroses with midazolam (64.6169.28 mg/kg).
Blood samples were collected at capture, start of
transport, and after 6 h of transport. Measurements
included 10 physiologic variables: hematocrit, total
serum protein, creatine kinase (CK), aspartate
aminotransferase, gamma-glutamyl transferase
(GGT), creatinine, urea, cholesterol, b -hydroxybutyrate,
and glucose; and four stress-response variables:
cortisol, epinephrine, neutrophil-to-lymphocyte
ratio, and leukocyte coping capacity. Using a
linear mixed model, CK and GGT were higher in
dehorned compared with nondehorned rhinoceroses.
There were no significant differences in the other
variables between the two groups. The likely cause of
these differences is that dehorned animals spent
more time in the crate before the start of transport
than nondehorned rhinoceroses (3:1160:54 h vs.
1:1260:56 h, P,0.001). These results indicate that
dehorning does not negatively alter the white
rhinoceros’ physiologic and stress responses during
translocation, supporting its use for antipoaching
measures.
Key words: Dehorning, stress, stress biomarkers,

translocation, white rhinoceros.

The number of southern white rhinoceroses
(Ceratotherium simum simum) is declining,
predominantly due to poaching. One interven-
tion used to reduce poaching incidents is
dehorning (Convention on International Trade
in Endangered Species of Wild Fauna and
Flora 2022). Dehorning, or horn trimming, is
the controlled removal of a large part of the rhi-
noceros’ horn through a veterinary procedure
(Badenhorst et al. 2016). Another intervention
used is translocation to safe, well-protected areas
(Emslie et al. 2009). Translocation is defined as
“the human-mediated movement of living organ-
isms from one area, with release in another”
(International Union for Conservation of Nature/
Species Survival Commission 2013). Transloca-
tion is associated with stress that can negatively
affect animal welfare (Dickens et al. 2010).
Although dehorning and translocations are

important conservation methods in the fight
against poaching, it is unknown whether dehorn-
ing negatively affects rhinoceroses during trans-
port. The aim of our study was to assess and
compare physiologic and stress responses in
sedated dehorned and nondehorned white rhi-
noceroses during transportation. We hypothe-
sized that there would be no difference between
dehorned and nondehorned animals.
This study formed part of a larger research

effort investigating physiologic consequences of
capture and transport in white rhinoceroses
(Pohlin et al. 2020). Ethical approval was granted
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by the University of Pretoria Animal Ethics
Committee (V067-17) and the South African
National Parks Animal Use and Care Committee
(009/17).

A total of 23 subadult male southern white
rhinoceroses were transported .280 km within
the Kruger National Park, South Africa for man-
agement reasons. Four, and in one translocation
three, rhinoceroses were captured from the wild
and translocated at a time. The first two animals
were always dehorned and the last two animals
were transported without dehorning.

All rhinoceroses were captured by darting
from a helicopter into the gluteal muscle using
3-mL plastic darts with a 60-mm uncollared nee-
dle (Dan-Inject, Skukuza, South Africa). Eleven
rhinoceroses were immobilized with the drug
combination etorphine (Captivon, 9.8 mg/mL,
Wildlife Pharmaceuticals, Karino, South Africa)
and azaperone (azaperone tartrate, 50 mg/mL,
Wildlife Pharmaceuticals); 12 animals were
immobilized with etorphine and midazolam

(Dazonilw 50 mg/mL, Wildlife Pharmaceuticals).
Etorphine doses were based on standardized
estimated weight categories; approximately 2.5
lg/kg was administered (Pohlin et al. 2020). Aza-
perone or midazolam was administered at five
times the etorphine dose. The time and distance
run from darting until the animal became recum-
bent were recorded. Dehorning was performed
immediately after first contact with the immobi-
lized animal. An electrical saw was used to trim
the rostral and caudal horns at 100 mm and 25
mm above the skin–horn interface, respectively
(Badenhorst et al. 2016). After completion, butor-
phanol (5 mg/mg etorphine; 50 mg/mL, butor-
phanol tartrate, Wildlife Pharmaceuticals) was
administered intravenously (IV) to partially antag-
onize the etorphine and enable walking and load-
ing of the rhinoceroses into International Air
Transport Association-approved transport crates.
The time from when the animal became recum-
bent until it was up and walking into the transport
crate was recorded as the down time.

Transport started once the three to four ani-
mals of the respective translocation had been
captured and loaded. Diprenorphine (3 mg/mg
etorphine; Activon, 12 mg/mL, Wildlife Pharma-
ceuticals) was administered and, during transport,

azaperone or midazolam was readministered
intramuscularly every 2 h at 25 times the etor-
phine dose, respectively. Details regarding the
capture, transport, and blood sample collection
are available in Pohlin et al. (2020). Overall, 5/
11 animals tranquilized with azaperone were
dehorned and 6/11 were not; 5/12 animals
tranquilized with midazolam were dehorned
and 7/12 not. At the destination, after 6 h of
transport, 80 mg of naltrexone (Trexonil, 50
mg/mL, Wildlife Pharmaceuticals) was admin-
istered IV and the rhinoceroses released back
into the wild. The time each animal spent in
the transport crate was recorded as transloca-
tion time.
We used blood samples collected at capture,

start of transport (t0), and after 6 h of transport
(t6). These were collected from an auricular IV
catheter directly into EDTA, lithium heparin,
and serum tubes (BD Vacutainer, Becton Dick-
inson, Oxford, UK). Plasma for epinephrine
measurement was harvested from EDTA tubes
as soon as possible and snap-frozen in liquid
nitrogen. Lithium heparinized whole blood was
used to measure the leukocyte coping capacity
(LCC) within 10 min after collection. Serum
tubes were stored in a cooler box with ice and
centrifuged within 12 h. Serum was aliquoted
and stored at �80 C until further analysis. We
analyzed 10 physiologic and four stress-response
variables. Packed cell volume was measured
using the manual method (Steyrer et al. 2022).
Serum biochemistry variables were analyzed
using an automated analyzer (Cobas Integra 400
Plus, Roche Diagnostics Ltd., Rotkreuz, Switzer-
land) using commercially available kits and
included total serum protein (TSP), creatine
kinase (CK), aspartate aminotransferase (AST),
gamma-glutamyl transferase (GGT), creatinine
(Crea), urea, cholesterol (Chol), and b-hydroxy-
butyrate (BHB). Using EDTA blood samples,
glucose (Gluc) was analyzed immediately using a
portable point-of-care blood gas analyzer with
test cards (Kyron Laboratories, Johannesburg,
South Africa). Stress-response variables included
serum cortisol and plasma epinephrine concen-
trations, neutrophil-to-lymphocyte ratio (N:L
ratio), and LCC, and were analyzed as described
(Pohlin et al. 2020).
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Statistical tests were performed using RStudio
1.2.5033 (R Foundation for Statistical Comput-
ing, Vienna, Austria). Data were assessed for nor-
mality by calculating descriptive statistics and
plotting histograms. Mean and SD were calcu-
lated for each analyte per sample time point and
group and interval plots were generated for
descriptive purposes. Changes over time and
between groups for variables of interest were
assessed using a linear mixed model (lme4-pack-
age), with time, drug (azaperone vs. midazolam),
and dehorned (yes vs. no) as fixed factors, and
rhinoceros as random factor. Because of the small
sample size, nonparametric analyses were used to
compare the difference in time to recumbency,
distance run after darting, down time, and translo-
cation time between dehorned and nondehorned
rhinoceroses using a Wilcoxon-test. A P-value
,0.05 was considered significant for all tests.
A descriptive analysis of results is provided in

Table 1. Model-based analyses, including coef-
ficient estimates and corresponding standard
errors and significance levels, are presented in
Table 2.
There was no difference in time to recum-

bency (P¼0.67) or the distance run after darting
(P¼0.78) between dehorned and nondehorned
animals. However, the down time (3367 min
vs. 2765 min; P¼0.03) and translocation time
(10:5461:12 h vs. 8:4861 h; P,0.001) was
longer in dehorned than in nondehorned rhi-
noceroses. Dehorned animals were captured
first, resulting in a longer waiting period from
capture to the start of transport (3:1160:54 h
vs. 1:1260:56 h).
Only CK and GGT were higher in dehorned

compared with nondehorned rhinoceroses
(P,0.05, Table 2). There was no significant
difference in any of the other physiologic vari-
ables between animals that were dehorned or
not. However, we found a strong and significant
effect of time across all physiologic variables.
Packed cell volume, TSP, Crea, Chol, and Gluc
decreased and CK, AST, urea, and BHB
increased from capture to t6 (P,0.05, Table 2),
regardless of the dehorning status of the animals.
Gamma-glutamyl transferase mildly increased
from capture to t0 and returned to capture levels
thereafter. Drug effect was not associated with
differences in any of the physiologic variables.

We detected no differences in serum cortisol,
plasma epinephrine, N:L ratio, and LCC between
dehorned and nondehorned rhinoceroses. The
effects of drug and time have been reported else-
where (Pohlin et al. 2020). Briefly, serum cortisol
concentrations increased from capture to t0 and
decreased thereafter; N:L ratio increased from t0
to t6, whereas plasma epinephrine concentrations
were above the laboratory detection limit
(5 nmol/L) only at capture. Leukocyte coping
capacity did not change significantly over time.
The drugs used were not associated with changes
in these stress variables (Table 2).
Capture and transport of dehorned and non-

dehorned white rhinoceroses induced changes in
serum enzymes and metabolites. Creatine kinase
and GGT activities were higher in dehorned
than in nondehorned rhinoceroses. The likely
cause of these differences is the longer down
time and time dehorned animals spent in the
transport crates; this represents a major limita-
tion of this study and may have influenced
results. Journey duration is known to affect the
activities of serum CK and other variables (Gri-
gor et al. 1998). Elevated serum CK activities
have been reported for transported rhinoceroses,
indicating myocyte damage and fatigue that
increases over time (Kock et al. 1990). Changes
in GGT activity may indicate biliary hyperplasia,
cholestasis, or oxidative stress (Xing et al. 2022).
These rhinoceroses are known to have developed
oxidative stress (Pohlin et al. 2020). However,
whether this is the reason for the observed
changes in GGT and why there was a difference
in this variable between the two groups remains
unclear.
Rhinoceroses mounted a stress response to

translocation characterized by high serum cortisol,
plasma epinephrine, and N:L ratios (Pohlin et al.
2020), which did not differ between dehorned
and nondehorned rhinoceroses. Badenhorst et al.
(2016) observed a peak in fecal corticosteroid
metabolite (FCM) concentrations immediately
after immobilization for dehorning, indicating that
rhinoceroses had experienced an acute endocrine
stress response to dehorning. However, the lack
of a control group did not allow the authors to dis-
tinguish between the effect of immobilization and
dehorning. Our data suggest that the stress
response is caused by immobilization and
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translocation, not by dehorning itself, since
we found no differences between dehorned
and nondehorned rhinoceroses. Similarly, Penny
et al. (2020) measured FCM in dehorned rhi-
noceroses and found no long-lasting stress
responses to this procedure. However, because
of variable time-sample intervals, the authors
might have missed peak FCM concentrations
in that study. To appropriately capture and
interpret a stress response, it is important to
consider that various techniques integrate the
effects of stress on different timescales. Short-
term responses to acute stressors can be assessed
by measuring plasma epinephrine concentrations
(seconds to minutes). Serum cortisol concentra-
tions change within minutes, whereas N:L ratio
and LCC are characterized by a longer response
latency (minutes to hours; Gormally and Romero
2020). Integrating a combination of these differ-
ent stress response variables in our rhinoceroses
enabled a multimodal assessment of the stress
response to translocation and dehorning on dif-
ferent timescales, minimizing the likelihood of
missing peak stress responses. Unfortunately,
because of the wild nature of the rhinoceroses,
no blood samples could be collected before
immobilization from conscious, nonstressed ani-
mals as individual baseline values.

Our findings support the use of dehorning
as an effective antipoaching tool in transloca-
tion programs. However, new research in black
rhinoceroses (Diceros bicornis) indicates that
dehorning may have demographic and behav-
ioral consequences over the long term (Duthé
et al. 2023). Whether these findings are appli-
cable to white rhinoceroses requires further
investigation, but dehorning may have other
unexplored clinical effects.
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fund of the Department of Paraclinical Sci-
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University of Pretoria. We acknowledge the
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