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ABSTRACT: Capture and transport are part of translocation and expose animals to a variety of stressors
that can lead to morbidity and mortality. We aimed to establish a better understanding of the
physiologic responses to capture and transport in black (Diceros bicornis) and white (Ceratotherium
simum) rhinoceroses in Southern Africa. Fourteen adult black rhinoceroses were transported 600 km by
vehicle and 32 white rhinoceroses (24 adults and 8 juveniles) were transported 1,300 km by vehicle. The
black rhinoceroses had been wild-caught and boma-adapted over 6 wk prior to the translocation and
were only sedated to allow for loading into the transport crates. The white rhinoceroses originated from
a game farm and were chemically immobilized from a helicopter and then loaded. Paired blood samples
were collected from animals at loading (capture) and after transport and evaluated for changes in
clinical chemistry analytes, acute phase reactants, and oxidative stress biomarkers. The Wilcoxon rank
sum test was used to compare changes in measured analytes from capture and after transport. All
rhinoceroses survived capture and transport. Rhinoceroses experienced total body water loss,
mobilization of energy reserves, and muscular damage. Alterations in acute phase reactants suggested
that animals mounted a stress response. Oxidative stress was observed in black rhinoceroses. We
identified the following challenges to animal welfare during transport: hydration status, energy balance,
skeletal muscle fatigue, and stress-induced immunomodulation. Measures to mitigate these challenges,
such as administration of fluids, need to be included in the planning of future translocations.

Key words: Energy balance, fatigue, hydration, rhinoceros, stress, translocation, transport.

INTRODUCTION

The Southern-central black rhinoceros (Di-
ceros bicornis minor) is listed as critically

endangered, and the Southern white rhinoc-

eros (Ceratotherium simum simum) as near

threatened, by the International Union for

Conservation of Nature (IUCN) Red List of
Threatened Species (Emslie 2011, 2012). The

main reasons for these assessments are the

continued and increased poaching threat and

the increasing illegal demand for rhinoceros

horn associated with the increased involve-

ment of organized international criminal
syndicates in rhinoceros poaching (Emslie et
al. 2016). Translocation for population rein-
troduction or reinforcement, or metapopula-
tion management, represents an essential tool
for the management of these species and is an
integral part of national and international
rhinoceros conservation plans (Knight 2017).
Translocation involves capture, temporary
captivity, transport, and release into a novel
environment, exposing the animals to a variety
of stressors such as prolonged periods of
water- and food deprivation that can lead to
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morbidity or mortality (Teixeira et al. 2007;
Dickens et al. 2010). Rhinoceroses frequently
traumatize themselves during transport (Mor-
kel and Kennedy-Benson 2007) or become
sick and die after they have been released
(Emslie et al. 2009; Miller et al. 2016). The
current mortality rate for rhinoceros translo-
cations in South Africa and Namibia is
estimated to be 5%. The prevalence of
morbidity is likely underestimated (Miller et
al. 2016).

The morbidity and mortality associated with
rhinoceros translocation raises serious con-
cerns for animal welfare (Teixeira et al. 2007;
Swaisgood 2010; Harrington et al. 2013). The
physiologic responses to translocation must be
understood to reduce adverse events.

Handling and transport of farm animals
influences the activity of certain enzymes and
hormones, mobilization of energy and protein
metabolism, concentration of acute phase
reactants (APRs), and the balance between
oxidants and antioxidants (Adenkola and Ayo
2010; Casella et al. 2012; Padalino et al. 2017).
However, these effects have been poorly
studied in rhinoceroses. Increases in creatine
kinase and aspartate transaminase, changes in
serum electrolyte concentrations, and a
marked rise in blood cortisol and glucose
concentrations have been found in captured
and transported black rhinoceroses (Kock et
al. 1990a), but similar investigations have not
been carried out in white rhinoceroses.
Furthermore, the effects of capture and
transport on APRs and oxidative balance have
not been evaluated in either black or white
rhinoceroses. The APRs are a group of
positive and negative immunomodulatory
proteins and other analytes whose serum
concentrations increase or decrease in re-
sponse to stressors (Petersen et al. 2004; Cray
et al. 2009). Concurrent stress-induced alter-
ations in plasma oxidants and antioxidants
might result in an imbalance in favor of
oxidants which may induce oxidative stress,
causing cellular damage and increased sus-
ceptibility to disease associated with translo-
cation (Kock et al. 1992, 1999; Lykkesfeldt
and Svendsen 2007).

Our aim was to better understand the
physiologic responses to capture and transport
by evaluating clinical chemistry analytes,
APRs, and oxidative stress biomarkers during
actual translocation operations of black and
white rhinoceroses and to identify challenges
associated with transport that should be
addressed in order to improve animal welfare.

MATERIALS AND METHODS

Fourteen boma-adapted black rhinoceroses
were transported just over 600 km from KwaZu-
lu-Natal to the north of South Africa and 32 white
rhinoceroses, originating from a game-farm, were
transported just over 1,300 km from the Free
State in South Africa to Botswana. Trucks and
International Air Transport Association-approved
rhinoceros crates were used in both transloca-
tions, which followed the practical guidelines for
transport of live wild animals (CITES 2013) and
rhinoceroses (Morkel and Kennedy-Benson 2007;
Emslie et al. 2009). The translocations were
planned and took place independently of this
study and the University of Pretoria Animal
Ethics Committee (V067-17) approved opportu-
nistic sample collection from these animals.

Rhinoceros capture

All black rhinoceroses were adults (seven
females and seven males) captured from the wild
and confined, for adaptation purposes, in bomas
for 6 wk prior to translocation. Temporary
confinement facilitated veterinary examinations,
disease screening and quarantine, and allowed for
a quicker capture process on the day of transport.

The translocation took place overnight in
October 2017 in order to avoid extreme ambient
temperatures. The rhinoceroses were sedated via
darting within the boma with a combination of
0.6–0.8 mg etorphine (Captivont, 9.8 mg/mL,
Wildlife Pharmaceuticals, Karino, South Africa)
and 60 mg azaperone (Azaperone tartrate, 50 mg/
mL, Wildlife Pharmaceuticals) delivered remotely
using 1.5-mL plastic darts (DAN-INJECTt,
International S.A., Skukuza, South Africa) with
60-mm uncollared needles propelled by com-
pressed air. Using a low-sedative dose of etor-
phine is a common capture method in boma-
adapted rhinoceroses, which allows for conscious
loading of the animals without the need for full
immobilization. Once in the crate, a blood sample
was collected from an auricular vein. To partially
reverse some of the sedative effects of etorphine,
1.2 mg diprenorphine (Activont, 12 mg/mL,
Wildlife Pharmaceuticals) and 10 mg butorphanol
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(Butorphanol tartrate, 50 mg/mL, Wildlife Phar-
maceuticals) were administered intravenously.
Additionally, 1 g carprofen (Rimadylt, 50 mg/
mL, Zoetis, Sandton, South Africa), a nonsteroidal
anti-inflammatory drug, was given intramuscularly
to all animals.

The white rhinoceroses comprised 24 adults (18
females, six males) and eight juveniles (five
females, three males) and originated from a 340-
ha private game farm where they received
additional water and supplementary food prior
to the translocation. Animals were captured in the
early morning in September 2017 by darting from
a helicopter with a combination of etorphine (3–5
mg/adult or 0.1–1.5 mg/juvenile), azaperone (20–
40 mg/adult or 0–10 mg/juvenile), and 5,000 IU
hyaluronidase (adult only; Hyalaset, Kyron Lab-
oratories, Johannesburg, South Africa) delivered
remotely using 2.0-mL darts (Pneu-dart, Inc.t,
Williamsport, Pennsylvania, USA) with 63.5-mm
barbed needles.

The animals became recumbent within 5 min of
darting and a blood sample was collected
immediately from an auricular vein. If an animal
tremored severely (n¼10), butorphanol, at 2–5
times the etorphine dose in milligrams, was
administered intravenously in order to mitigate
the hypoxemia associated with the muscle tremors
(de Lange et al. 2017). Within 10 min of darting,
diprenorphine (0.2–0.8 mg/adult or 0–0.1 mg/
juvenile; M5050t, 12 mg/mL, Novartis, Midrand,
South Africa) was administered intravenously to
partially reverse the immobilizing effects of
etorphine, which facilitated loading. Each rhinoc-
eros, including the juveniles, was loaded into its
own transport crate where adult animals received
another 2.5–15 mg of intravenous diprenorphine
to complete the etorphine reversal. Additionally,
either 5 g vitamin C (n¼4; ascorbic acid, 500 mg/5
mL, Fresenius Kabi, Bloemfontein, South Africa)
or 500 mg vitamin E and 50 mg selenium (n¼4;
vitamin E acetate 17 mg/mL, sodium selenite 1.67
mg/mL, Kyron) were given intramuscularly to
some adult rhinoceroses to support the animals’
antioxidant defenses (Lykkesfeldt and Svendsen
2007).

Rhinoceros transport

The tranquilizer zuclopenthixol acetate (Clopix-
ol-Acuphaset, 50 mg/mL, H. Lundbeck Pty. Ltd.,
Randburg, South Africa) was administered intra-
muscularly via hand-injection (150–220 mg/black
rhinoceros or 100–250/adult white rhinoceros or
10–50 mg/juvenile white rhinoceros) just after
loading into the crates. Transport commenced
once all rhinoceroses had been captured and
loaded, which took a mean of 3.25 h (SD 0.75) in
both translocations.

During transport, the vehicles stopped at 2–4-h
intervals to allow for additional intramuscular
administration of azaperone and midazolam
(Dazonilt, 50 mg/mL, Wildlife Pharmaceuticals)
to restless animals. Eight black rhinoceroses
received at least one top-up dose of 40–100 mg
azaperone, of which two animals required addi-
tional one to three top-up doses of azaperone and
midazolam (15–30 mg). All white rhinoceroses
received at least one top-up dose of azaperone
(80–120 mg/adult or 10–80 mg/juvenile), which
was combined with 2.5–15 mg midazolam in the
juveniles. Sixteen adult and six juvenile white
rhinoceroses required up to three additional top-
up doses of azaperone, alone or in combination
with midazolam (10–20 mg/adult), during trans-
port.

Water was not provided to the animals, as past
experience has shown that rhinoceroses do not
drink during transport and affixed water contain-
ers are known to cause injury (CITES 2013). At
the heat of the day, however, white rhinoceroses
were doused with water during stops and small
amounts of alfalfa hay were offered to some of the
animals.

At the release site, all adult rhinoceroses were
reimmobilized with etorphine (3.5–4 mg/black
rhinoceros or 3.5–6 mg/white rhinoceros) and
azaperone (40 mg/black rhinoceros or 20–40 mg/
white rhinoceros) via pole syringe or hand
injection into the nuchal hump while standing in
the transport crate. Juvenile white rhinoceroses
received 0.5–2.5 mg etorphine and 5 mg mid-
azolam intramuscularly via pole syringe. Before
animals became immobile, they were released
from their crates and manually restrained with
ropes until they became recumbent. Subsequent-
ly, blood samples were collected from the
immobilized animals from cephalic or auricular
veins. Naltrexone (Trexonilt, 50 mg/mL, Wildlife
Pharmaceuticals), at 20 times the etorphine dose
in milligrams, was administered intravenously to
reverse the immobilization and release the
rhinoceroses into the private game reserve (black
rhinoceroses) or national park (white rhinoceros-
es).

Blood sample analysis

Blood from rhinoceroses was collected directly
into serum and potassium oxalate/sodium fluoride
(NaF) tubes (BD Vacutainer, Becton and Dick-
inson, Plymouth, UK), stored in a cooler box with
ice packs, and centrifuged within 24 h. Serum and
plasma were aliquoted and stored at �80 C until
analysis. Samples from the white rhinoceroses
were stored at �20 C for 1 mo prior to being
stored at �80 C.

Samples were analyzed in the clinical pathol-
ogy laboratory of the Onderstepoort Veterinary
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Academic Hospital (Pretoria, South Africa) and
the University of Cape Town Division of
Chemical Pathology laboratory (Cape Town,
South Africa).

Serum clinical chemistry analysis was done
using a Cobas Integra 400 Plus automated
biochemistry analyzer (Roche Diagnostics Ltd.,
Rotkreuz, Switzerland) using commercially avail-
able kits. Measured analytes included: total serum
protein, albumin, globulin, sodium, chloride,
urea, creatinine, potassium, magnesium, phos-
phorus, total calcium, total bilirubin, cholesterol,
triglycerides, alkaline phosphatase, c-glutamyl
transferase, glutamate dehydrogenase, aspartate
aminotransferase (AST), and creatine kinase
(CK). Plasma glucose and lactate concentrations
were measured by spectrophotometric methods
with the same analyzer. Serum beta hydroxybuty-
rate (BHB) and nonesterified fatty acid (NEFA)
concentrations were measured by kinetic enzy-
matic and colorimetric methods, respectively,
using BHB and NEFA kits (Randox Laboratories,
Crumlin, Antrim, UK). Serum cortisol concentra-
tion was assessed by a chemiluminescent immu-
noassay using the Immulite/Immulite 1000
Cortisolt following manufacturer’s instructions
(Siemens Healthcare, Erlangen, Germany).

Serum haptoglobin was determined by the
hemoglobin-binding method using a commercial
kit (PHASE Haptoglobin Assay, Tridelta Devel-
opment Limited, Kildare, Ireland) with the Cobas
Integra 400 Plus analyzer. Concentrations of
serum amyloid A (SAA) were determined by a
solid-phase sandwich enzyme-linked immunoas-
say using a commercial kit (PHASE SAA Assay,
Tridelta Development Limited) previously vali-
dated for use in black and white rhinoceroses
(Schook et al. 2015; Hooijberg et al. 2018). Serum
iron was measured with the Cobas Integra 400
Plus biochemistry analyzer.

The lipid peroxidation products, conjugated
dienes, and thiobarbituric acid reactive substanc-
es (TBARS) were measured by spectrophoto-
metric methods (Nduhirabandi et al. 2011). The
antioxidant capacity of plasma was assessed by
the oxygen radical absorbance capacity (ORAC)
method (Cao et al. 1993; Huang et al. 2002).

Statistical analysis

Statistical tests were performed using R 3.3.1
for Windows (The R Foundation, Vienna,
Austria). Descriptive tables and scatter plots
were generated. Mean and SDs were calculated
for each analyte and presented for descriptive
purposes. Due to the small sample size, non-
parametric analyses were used to compare
concentrations of measured analytes between
capture and after transport by using the Wilcox-

on rank sum test with data divided by species and
age. A P-value ,0.05 was considered significant.

RESULTS

All rhinoceroses survived capture and
transport. The mean (SD, range) overall time
animals spent in the transport crates was 19.7
(2.3, 16.3–23.0) h for black rhinoceroses and
34.3 (3.2, 30.5–40.3) h for white rhinoceroses.
Environmental temperatures ranged from 7.9
C and 13.7 C during the night to 28.2 C and
40.3 C during the day in the black and white
rhinoceros translocations, respectively.

Capture and transport influenced many
clinical chemistry analyte concentrations.
Means (SD) for measured analytes at capture
and after transport and the corresponding P-
values for the Wilcoxon rank sum test are
shown in Table 1 for the different species and
age groups.

Briefly, total serum protein and sodium
concentrations increased from capture to
after transport in black (P¼0.004 and
P,0.001, respectively) and adult white rhi-
noceroses (P¼0.043 and P,0.001, respective-
ly). Albumin concentrations increased in
black rhinoceroses (P¼0.004). Chloride con-
centrations increased and potassium concen-
trations decreased in all animals (P¼0.020
and P,0.001 in black, P,0.001 and P,0.011
in adult white, and P¼0.010 and P¼0.007 in
juvenile white rhinoceroses, respectively).
Magnesium and phosphorus concentrations
decreased in adult rhinoceroses (P¼0.037 and
P,0.001 in black and P,0.001 and P,0.001
in white rhinoceroses, respectively). Total
calcium concentrations increased in black
rhinoceroses (P¼0.022) but decreased in
juvenile white rhinoceroses (P,0.001). Only
in white rhinoceroses did creatinine and urea
concentrations increase (P,0.001 and
P,0.001 in adults, P¼0.027 and P¼0.002 in
juveniles, respectively). Total bilirubin con-
centrations rose in all animals (P¼0.014 in
black, P,0.001 in adult white, and P¼0.001
in juvenile white rhinoceroses). Nonesteri-
fied fatty acids and BHB concentrations
increased in adult (P,0.001 and P¼0.044,
respectively) and juvenile (P¼0.001 and
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P¼0.004, respectively) white rhinoceroses.
Cholesterol declined in black (P¼0.044) and
adult white rhinoceroses (P¼0.011), whereas
triglyceride concentrations increased in black
(P¼0.001), but decreased in adult white
rhinoceroses (P¼0.022). Capture and trans-
port did not appear to change the liver
enzymes alkaline phosphatase and c glutamyl
transferase (P.0.05); however, glutamate
dehydrogenase concentrations were lower
following transport in white rhinoceroses
(P¼0.016). Serum CK and AST were mark-
edly elevated after transport compared to
capture in all adult (P,0.001, both analytes)
and juvenile (P,0.010 and P,0.003, respec-
tively) rhinoceroses. After transport, lactate
concentrations were higher in black
(P,0.001), but lower in white (P,0.001),
rhinoceroses. No changes in cortisol and
glucose concentrations were detected in any
rhinoceros group (P.0.05).

Mean (SD) of APR concentrations at
capture and after transport and the corre-
sponding P-values for the Wilcoxon rank sum
test are shown in Table 2 for the different
species and age groups. There were no
changes in haptoglobin concentrations from
capture to after transport in the groups
(P.0.05). Serum amyloid A concentrations
in white rhinoceros capture samples were
below detection range (,7.0 mg/L), but
increased to detectable concentrations in
adult white rhinoceroses after transport
(P¼0.013) and were also higher in black
rhinoceroses after transport (P¼0.002). Iron
decreased from capture to after transport in
all animals (P¼0.006 in black, P¼0.006 in adult
white, and P¼0.005 in juvenile white rhinoc-
eroses).

Mean (SD) of oxidative stress biomarker
concentrations at capture and after transport
and the corresponding P-values for the
Wilcoxon rank sum test are shown in Table
2 for the different species and age groups.
Namely, CD concentrations were higher after
transport compared to capture in black
rhinoceroses only (P¼0.001). No significant
changes in TBARS and ORAC were detected
(P.0.05).T
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DISCUSSION

Capture and transport of black and white
rhinoceroses induced changes in serum elec-
trolyte, enzyme and metabolite concentra-
tions, APRs, and, in the black rhinoceroses,
plasma oxidants. Based on these changes, we
identified the following challenges to animal
welfare during transport: hydration status,
energy balance, skeletal muscle fatigue, and
stress-induced immunomodulation. Most clin-
ical chemistry analytes remained within pub-
lished reference intervals for black and white
rhinoceroses measured at capture (Kock et al.
1990b; Mathebula et al. 2012; Hooijberg et al.
2017). However, because these reference
intervals were established using different
laboratory methods, and the value in compar-
ing once-off measurements to population-
based reference intervals can be limited
(Perrin et al. 2018), the changes of variables
within individuals were used to identify these
challenges.

The increase in total serum protein and
albumin concentrations from capture to after
transport point to a decrease in plasma
volume, most likely because rhinoceroses did
not drink (Gupta et al. 1999). The parallel
increase in the concentrations of sodium and
chloride also indicates a relative body water
loss and dehydration. Despite this increase,
both analytes remained within normal limits
for the species (Kock et al. 1990b), suggesting
that rhinoceroses are fairly tolerant to the
effects of water deprivation. Depending on
the season and location, rhinoceroses some-
times only drink every second day (Mukinya
1977; Morkel and Kennedy-Benson 2007).

However, the white rhinoceroses respond-
ed to the water deprivation with an additional
increase in serum urea and creatinine con-
centrations, indicating a decreased renal
glomerular filtration rate (DiBartola 2012).
Similar changes in serum electrolytes and
urea and creatinine concentrations have been
correlated with journey duration and ambient
temperatures in transported domestic animals
(Minka and Ayo 2009; Nielsen et al. 2011).
The white rhinoceroses were transported over
a longer time-period than the black rhinocer-

oses and were exposed to higher ambient
temperatures; therefore, they likely experi-
enced a greater degree of dehydration. Even
though the animals appeared to clinically cope
with the prolonged time of water deprivation,
total body water loss could pose as an
additional stressor. Rhinoceroses, especially
those caught from the wild, seldom drink
water during transport, therefore future
actions should include research on effective
methods of fluid administration and planning
and scheduling appropriate administration of
fluids during long transports.

Transportation induced an increase in total
bilirubin concentrations and a decrease in
serum potassium concentrations in all ani-
mals. Magnesium and phosphorus concentra-
tions also decreased in the adults and calcium
concentrations in the juveniles. These changes
are known to occur after a period of fasting
(Gupta et al. 1999; Muñoz et al. 2010) and a
lack of dietary intake of these electrolytes
(Fisher et al. 1999; Muñoz et al. 2010;
DiBartola 2012). Food deprivation leads to
protein catabolism and mobilization of lipid
stores from the adipose tissue for energy
(Brinkmann et al. 2013). Mobilization of lipid
stores results in elevated plasma NEFA
concentrations, which were observed in the
white rhinoceroses in our study and also have
been reported in transported domestic ani-
mals (Brown et al. 1999; Knowles et al. 1999;
Saeb et al. 2010). Typically, only a part of
NEFA is utilized as an energy source and the
remainder is converted into triglycerides or
metabolized to ketone bodies such as BHB
(Brinkmann et al. 2013). Accordingly, we
found an increase in triglyceride concentra-
tions in transported black rhinoceroses and an
increase in BHB concentrations in transport-
ed white rhinoceroses indicating a negative
energy balance. Cholesterol concentrations,
however, decreased in adult rhinoceroses,
possibly in response to a release of inflamma-
tory cytokines and acute phase reaction
(Feingold and Grunfeld 2010). The observed
negative energy balance during the long
transports was likely a stressor and should be
mitigated. Whether feeding can correct this
imbalance, especially in animals unaccus-
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tomed to eating unnatural food, or if meta-
bolic supplements or parenteral feeding could
be used successfully, requires further investi-
gation; this investigation should focus on
nutritional planning (i.e., type and amount of
food) and consider the gastrointestinal side
effects of the tranquilizing drugs.

Animals likely become tired if they remain
standing during a long journey. Plasma
indicators of muscle exertion (AST and CK)
increased from capture to after transport in all
rhinoceroses. Additionally, calcium concen-
trations increased in the black rhinoceroses,
most likely due to increased muscular activity
(Ayo et al. 2009). Elevated muscle enzymes
have occurred in a variety of transported
animals (Kock et al. 1990a; Montané et al.
2002). When an animal is immobilized by
physical or chemical restraint, or standing in a
transport crate, its muscles are in an increased
state of contraction. Consequent compression
of vessels may lead to poor muscular perfusion
resulting in tissue hypoxia and ultimately
muscle cell damage (Spraker 1993). Repeti-
tive intramuscular administration of the tran-
quilizing drugs throughout transport may have
also caused additional muscle cell injury and
release of CK into the blood stream (Lefebvre
et al. 1996). Serum lactate concentrations
increased from capture to after transport in
the black rhinoceroses but decreased in the
white rhinoceroses. Lactate is produced in
skeletal muscle and other tissues as a direct
result of increased metabolic rate and glyco-
lytic carbon flow. Following intense exercise,
muscular hypoperfusion, or hypoxia, lactate
production will increase, creating energy
anaerobically and allowing for the continua-
tion of exercise (Phypers and Pierce 2006).
Normal resting lactate concentrations in
rhinoceroses are not available in the literature;
however, mean values for ground-immobi-
lized white rhinoceroses (4.6 mmol/L; Cole et
al. 2017) indicate that the lactate concentra-
tions in our helicopter-captured white rhinoc-
eroses were profoundly elevated. This finding
is not unexpected, as the helicopter-captured
rhinoceroses likely experienced higher mus-
cular activity prior to immobilization compared
to the ground-immobilized rhinoceroses in the

study of Cole et al. (2017) or our boma-
confined black rhinoceroses. Additionally, the
white rhinoceroses in our study were fully
immobilized and likely endured greater hyp-
oxia (Hattingh et al. 1994; Buss et al. 2015)
than did the black rhinoceroses, which were
only sedated.

These results suggest that differences in
capture techniques had substantial implica-
tions for animal welfare during transport.
Temporary confinement of rhinoceroses in
bomas allowed for a smoother capture before
transportation, without the need for full
immobilization, thereby mitigating hyperlac-
tataemia and other capture-associated patho-
physiology at the beginning of the transport.
However, temporary captivity itself may
adversely affect animal welfare (Miller et al.
2016) and its value, as a component of the
translocation process, remains to be investi-
gated in rhinoceroses.

Elevations in plasma cortisol and glucose
concentrations have been documented in
transported domestic (Fazio and Ferlazzo
2003; Fisher et al. 2009; Minka and Ayo
2009) and wild animal species (Zapata et al.
2004; Saeb et al. 2010), including black
rhinoceroses (Kock et al. 1990a), indicating a
stress response to transport. Interestingly, we
did not find any significant changes in serum
cortisol and glucose concentrations in our
rhinoceroses. Previous studies in farm animals
have shown that blood cortisol concentrations
peak within the first 3 h of transport and then
return to baseline concentrations within 9 h
(Knowles et al. 1995; Warriss et al. 1995). If
the timing of cortisol release is similar in
rhinoceroses, we may have missed sampling at
peak plasma concentrations. Alternatively, it
could be that cortisol concentrations were
elevated at both sample points or that, due to
the sedative drugs, rhinoceroses were not
stressed. In order to identify a stress response
during long transports, future studies need to
collect serial blood samples at shorter time
intervals or include other analytes that indi-
cate a stress response and whose concentra-
tions change more slowly.

There appears to be a link between stress
response and an increase in APR concentra-
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tions and oxidative stress biomarkers during
transport (Wernicki et al. 2006; Giannetto et
al. 2011; El-Deeb and El-Bahr 2012). By
inducing proinflammatory cytokines in immu-
nity-related cells, the activation of the hypo-
thalamic-pituitary-adrenal axis promotes the
initiation of an acute phase response (Murata
2007). In white rhinoceroses, haptoglobin and
SAA are positive APRs, which increase during
the acute phase response, and albumin and
iron are negative APRs which decrease during
an acute phase response (Hooijberg et al.
2018). Serum amyloid A has also been shown
to be a positive acute phase protein in black
rhinoceroses (Schook et al. 2015). We ob-
served an increase in SAA concentrations and
a decrease in iron concentrations from cap-
ture to after transport, indicating immuno-
modulation in response to stress. An acute
phase response is often accompanied by
alterations in plasma oxidants and antioxidants
that may lead to an excessive production of
free radicals, resulting in oxidative stress (Cray
et al. 2009). Oxidative stress has been
implicated in numerous disease processes so
that oxidative parameters have been proposed
as biomarkers to identify animals at risk of
disease (Lykkesfeldt and Svendsen 2007). Of
all the oxidative stress biomarkers that we
measured, transport elevated the concentra-
tion of conjugated dienes only in the black
rhinoceroses, indicating an increased produc-
tion of free radicals in these animals (Ad-
enkola and Ayo 2010). Unlike the white
rhinoceroses, we gave the black rhinoceroses
a nonsteroidal anti-inflammatory drug, which
might have contributed to the oxidative
damage (Asensio et al. 2007). However, the
administration of the potent antioxidants
vitamin C or E to some of the white
rhinoceroses could have prevented an in-
crease in lipid peroxidation products (Lykkes-
feldt and Svendsen 2007); therefore, the role
of oxidative stress in translocation requires
further research.

Our primary aim was to determine the
physiologic responses to capture and transport
of African rhinoceroses. Because the translo-
cations took place for conservation purposes,
independently of this study, it was not possible

to standardize interventions or change how
the animals were managed. Therefore, a
number of confounding variables, such as
the varying use of sedatives and other drugs,
immobilization techniques, or the different
times spent in the transport crate could have
influenced the results in some animals.
Interspecies and interage group differences
were only noted within and between time
points, but were not statistically compared
because this was beyond the scope of this
study. These comparisons should be directly
investigated in the future. Nevertheless, we
believe this study highlighted some important
effects of capture and transport which likely
influenced the welfare of translocated rhinoc-
eroses in a real-world setting. These effects
likely resulted from challenges such as the
lack of water, food, and rest, and stress-
induced immunomodulation, which could be
minimized by implementing simple measures
such as providing water and food or admin-
istering fluids or metabolic supplements.
However, some measures, such as feeding or
providing water, might be difficult to imple-
ment or might cause side-effects such as colic,
and therefore need to be systematically
investigated. Practical guidelines developed
for the nonair transport of live wild animals
(CITES 2013) and for rhinoceroses (Morkel
and Kennedy-Benson 2007; Emslie et al.
2009) mention measures that are currently
undertaken to guarantee animal welfare dur-
ing transport. These measures mainly focus on
management considerations around boma
housing and transport and the transport crate
design. For rhinoceroses, currently there are
no recommended limits for transport dura-
tion, or water and food deprivation times; it is
important that these factors should be estab-
lished in future studies.
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