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Translocation is a valuable conservation tool, but poses significant risks for the transported rhinoceroses. Interventions reducing
these risks are required to ensure positive welfare during transportation. The aim of this study was to evaluate the effect of
journey duration and feeding during the transport of white rhinoceroses (Ceratotherium simum simum). A total of 32 animals were

transported by road during two events, five days apart. Fifteen rhinoceroses in the first transport event (37.0 + 2.4 hr duration) were
not fed, while 17 rhinoceroses in the second event (32.2 £ 1.5 hr duration) were offered lucerne. Blood samples were collected at
capture and after transport for the evaluation of changes in serum clinical chemistry analytes. The Wilcoxon rank-sum test was

used to compare differences between the groups.

In all rhinoceroses, transport resulted in changes in serum electrolyte, metabolite and enzyme concentrations, indicating a loss
in total body water, nutritional shifts, stress and fatigue. Fed rhinoceroses, transported over a shorter time, displayed greater
changes in osmolality (p < 0.006), serum sodium and chloride concentrations (p = 0.005 and = 0.001, respectively) indicating a
greater degree of total body water loss than non-fed rhinoceroses. Feeding and a shorter transport duration reduced, but did
not prevent, nutritional challenges. A greater increase in the muscle enzymes CK and AST (p = 0.027 and = 0.001, respectively),
indicated greater fatigue in non-fed rhinoceroses transported over a longer time. Further work to distinguish the effects of feeding
and journey duration is required to better understand the role feeding may play in mitigating welfare challenges during rhinoceros

translocation.

Keywords: fluid shift, negative energy balance, stress, transport, translocation, white rhinoceros, Ceratotherium simum simum,

animal welfare

Introduction

Wildlife translocation has been defined as the “deliberate
movement of organisms from one site for release in another”
(IUCN/SSC 2012). Translocations are a useful tool to re-
establish populations, to improve the conservation status
of a species and to fight the loss of biodiversity (IJUCN/SSC
2012). However, translocations of wildlife are a complex, costly
and high-risk endeavour (Berger-Tal et al. 2020). The success
rate of translocations is variable and chronic stress-related
complications possibly lead to translocation failures, especially
after release and during the establishment phase (Dickens
et al. 2009). The mortality rates resulting from rhinoceros
translocations in South Africa and Namibia are estimated at 5%
(Miller et al. 2016). In 2018, several translocations made tragic
headlines when 11 out of 11 black rhinoceroses transported in
Kenya died, and four out of six rhinoceroses translocated from
South Africa to Chad died within months of release into their
new habitat (Modise & Read 2018; Save the Rhino 2018). These

losses not only attracted great criticism, but posed a great cost to
the conservation organisations involved.

Stress was blamed as the primary cause of the failure of these
translocations. While an acute stress response can benefit the
adaptation process, chronic stress occurs when the physiologi-
cal stress response system is overwhelmed and persisting or
repeated exposure to stressors leads to pathology (Dickens
et al. 2010; Linklater et al. 2010; Teixeira et al. 2007). The
transport of domestic animals, and even more so, wild animals,
inevitably involves several stressors such as unfamiliar handling,
surroundings, noise, the movement of the transport vehicle, the
extended time standing, as well as the deprivation of food and
water (Dembiec et al. 2004; Dickens et al. 2009; Dickens et al.
2010; Fazio & Ferlazzo 2003; Gelling et al. 2009; Grandin 1997;
Leadon et al. 2008; Montes et al. 2004; Teixeira et al. 2007).

Rhinoceros transports are carried out according to the guide-
lines developed by the Convention on International Trade in
Endangered Species for the non-air transport of wild animals
and plants (CITES 2013), and recommendations for the transport
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of rhinoceroses (Emslie et al. 2009; Morkel & Kennedy-Benson
2007). Mostly, animals are not fed or offered water during
translocations, as anecdotally rhinoceroses do not drink from an
unfamiliar water source, and affixed watering troughs can lead to
injuries (CITES 2013). Furthermore, it is believed that wild caught
animals do not eat offered feed and the potential risk of colic,and
other gut complications associated with the tranquilising and
immobilising drugs together with the feeding, is feared (Bapodra
et al. 2014). Little is known about the stress responses and the
reduction of these during the transport phase of rhinoceros
translocation. In a preceding study, overall challenges to animal
welfare associated with long-distance rhinoceros translocation
were assessed and dehydration, a negative energy balance,
muscle damage and a stress-induced immunomodulation
identified as the main stressors during transport (Pohlin et al.
2020).

This study was undertaken as a first step towards assessing in-
terventions that could alleviate the main challenges to animal
welfare during rhinoceros translocation. The aim of this research
was to carry out a preliminary assessment of several interven-
tions to manage stress and its pathophysiological consequences
during the transport of free-ranging white rhinoceroses. We
hypothesised that the rhinoceroses fed during translocation
exhibit no or less physiological challenges to animal welfare than
the rhinoceroses transported without being fed.

Material and methods

A total of 32 white rhinoceroses (Ceratotherium simum simum)
were included in this study. The animals originated from a
340-hectare private game farm in the Free State in South Africa
and comprised 24 adults and eight juveniles. Of the adults, six
were males and 18 females. The natural vegetation at the private
game farm consisted mainly of wild grasses such as Themeda
triandra. As a dietary supplement, rhinoceroses also received a
commercially available game feed (0.6 kg/rhinoceros/day; Game
macro pack 32, EPOL, South Africa) and a home-made mixture of
maize (2.2 kg/rhinoceros/day), lucerne (1.7 kg/rhinoceros/day),
molasses (0.5 kg/rhinoceros/day), sunflower oil cake (0.6 kg/
rhinoceros/day) and wheat bran (0.6 kg/rhinoceros/day).

Rhinoceros translocations by road took place for conservation
purposes in two separate events. Fifteen rhinoceroses (four
juveniles and 11 adults, 11 females and four males) were
translocated during the first, and 17 (four juveniles and 13
adults, 12 females and five males) during the second event,
five days later. The animals were loaded in separate crates and
transported on the back of trucks. Trucks and International Air
Transport Association-approved rhinoceros crates were used
in both translocations, which followed the practical guidelines
for transport of live wild animals (CITES 2013) and rhinoceroses
(Emslie et al. 2009; Morkel & Kennedy-Benson 2007). The
University of Pretoria Animal Ethics Committee (V067-17)
approved opportunistic sample collection from these animals.

Capture

Animals were captured in the early morning hours by darting
from a helicopter with a combination of etorphine (Captivon®,
Wildlife Pharmaceuticals, 9.8 mg/ml, 3-5 mg/adult or 0.1-1.5 mg/

juvenile), azaperone (Azaperone tartrate, Wildlife Pharmaceuti-
cals, 50 mg/ml, 20-40 mg/adult or 0-10 mg/juvenile) and 5000 IU
hyaluronidase (Hyalase®, Kyron Laboratories, Johannesburg,
South Africa, adult only) delivered remotely using 2.0 ml darts
(Pneu-dart, Inc.®, Williamsport, Pennsylvania, USA) with 63.5 mm
barbed needles.

The animals became recumbent within five mins of darting and
a blood sample was collected immediately from an auricular
vein. If an animal tremored severely (n = 10), butorphanol
(Butorphanol tartrate, Wildlife Pharmaceuticals, 50 mg/ml) at 2-5
times the etorphine dose in mg, was administered intravenously
in order to mitigate the hypoxaemia associated with muscle
tremors (Buss et al. 2018). Additionally, either 5 g vitamin C
(n = 4; ascorbic acid, 500 mg/5ml, Fresenius Kabi, Bloemfontein,
South Africa) or 500 mg vitamin E and 50 mg selenium (n = 4;
vitamin E acetate 17 mg/ml, sodium selenite 1.67 mg/ml, Kyron,
Midrand, South Africa) were given intramuscularly to some adult
rhinoceroses in an attempt to support the animals’ antioxidant
defenses during transport (Lykkesfeldt & Svendsen 2007).

Loading and transport

To facilitate loading, in all rhinoceroses, the etorphine’s im-
mobilising effects were partially reversed by administering
diprenorphine (M5050°, 12 mg/ml, Novartis, Midrand, South
Africa, at 0.2-0.8 mg/adult or 0-0.1 mg/juvenile) intravenously.
Each rhinoceros, including the juveniles, was loaded into its
own transport crate, where adult animals received another
7.2-15 mg of intravenous diprenorphine to complete the
reversal of etorphine. Thereafter, the tranquiliser zuclopenthixol
acetate (Clopixol-Acuphase® 50 mg/ml, H. Lundbeck Pty. Ltd.,
Randburg, South Africa) was administered intramuscularly via
hand-injection (100-250/adult or 10-50 mg/juvenile). Transport
and the recording of transport time commenced once all rhi-
noceroses had been captured and loaded. The time between
the first and last rhino of the day being loaded for the first and
second transport was 4 h 25 min and 3 h 28 min, respectively.
The route, trucks, crates and drivers for the two transports were
the same.

During transport, the vehicles stopped at 2-4 hour intervals to
allow for additional intramuscular administration of azaperone
and/or midazolam (Dazonil® 50 mg/ml, Wildlife Pharmaceuti-
cals) to restless animals as needed. 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 transport.

During the first translocation, food was not offered to the animals
(group non-fed, n = 15). During the second translocation, five
days later, all individuals (group fed, n = 17) were offered lucerne.
The amount of hay was not weighed, but an estimated 4-6 kg
were provided to each animal at the beginning and half-way
through the second transport. Water was not provided to the
animals, but rhinoceroses were doused with water during the
heat of the day. An environmental logger (Kestrel DROP D2AG
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Livestock Heat Stress Monitor, KestrelMeters, Parker, CO, USA)
recorded environmental temperature, relative humidity and
heat stress index during both transports at 30-minute intervals.

Release

At the release site, all adult rhinoceroses were re-immobilised
with etorphine (3.5-6 mg) and azaperone (20-40 mg) via hand-
injection into the nuchal hump while standing in the transport-
crate. Juvenile rhinoceroses received 0.5-2.5 mg etorphine
and 5 mg midazolam intramuscularly via pole-syringe. Animals
were released from their crates and manually restrained with
ropes until they became recumbent. Subsequently, blood sam-
ples were collected from the immobilised rhinoceroses from
the auricular veins. Naltrexone (Trexonil®, 50 mg/ml, Wildlife
Pharmaceuticals), at 20 times the etorphine dose in mg, was
administered intravenously to reverse the immobilisation and
release the rhinoceroses into the national park.

Blood sample analysis

Blood from rhinoceroses was collected directly into serum and
potassium oxalate/sodium fluoride (NaF) tubes (BD Vacutainer;
Becton and Dickinson, Plymouth, UK), stored in a cooler box with
ice packs, and centrifuged within 24 hours. Serum and plasma
were aliquoted and stored at -20 °C for one month until they
could be transferred to a -80 °C freezer until analysis.

Samples were analysed in the clinical pathology laboratory
of the Onderstepoort Veterinary Academic Hospital (Pretoria,
South Africa).

Serum clinical chemistry analysis was performed using a Cobas
Integra 400 Plus automated biochemistry analyser (Roche
Diagnostics Ltd., Rotkreuz, Switzerland) using commercially
available kits. Measured analytes included: total serum protein
(TSP), albumin, globulin, sodium, chloride, urea, creatinine,
potassium, magnesium, phosphorus, total calcium, iron, total
bilirubin, cholesterol, triglycerides, alkaline phosphatase (ALP),
y-glutamyl (GGT),
(GLDH), aspartate aminotransferase (AST), creatine kinase (CK).
Plasma glucose and lactate concentrations were measured by
spectrophotometric methods with the same analyser. Serum
cortisol concentration was assessed by a chemiluminescent
immunoassay using the Immulite/Immulite 1000 Cortisol®
following manufacturer’s instructions (Siemens Healthcare,
Erlangen, Germany).

transferase glutamate dehydrogenase

Serum haptoglobin was determined by the haemoglobin-
binding method using a commercial kit (PHASE Haptoglobin
Assay, Tridelta Development Limited, Kildare, Ireland) with
the Cobas Integra 400 Plus analyser. Concentrations of serum
amyloid A (SAA) were determined by a solid-phase sandwich
enzyme-linked immunoassay using a commercial kit (PHASE
SAA Assay, Tridelta Development Limited), previously validated
for use in black and white rhinoceroses (Hooijberg et al. 2017;
Schook et al. 2015).

Plasma osmolality was calculated using the equine formula
(Brownlow & Hutchins 1982): Osmolality (mOsm/kg) = 1.86*
(Na*+ K*) + Glucose + Urea + 9 (with all variables in mmol/L).

Statistical analysis

Statistical tests were performed using R 3.6.1 for Windows (The R
Foundation, Vienna, Austria). Descriptive tables and scatter plots
were generated. Mean and standard deviations were calculated
for each analyte and presented for descriptive purposes. Due
to the small sample size, nonparametric analyses were used
to compare differences in the concentration or activities of
measured analytes

1) between capture and after transport within each group (fed
and non-fed)
2) between non-fed and fed rhinoceroses after transport

by using the Wilcoxon rank-sum test. Differences in the change
(delta &) in concentration of measured analytes from capture
to after transport were compared between non-fed and fed
rhinoceroses by using the Wilcoxon rank sum test. A p-value
< 0.05 was considered significant.

Results

All animals survived the capture and transport. Rhinoceroses
offered lucerne during transport ate and finished their food.
Age or sex distribution did not vary significantly between the
groups. The total flying time of the helicopter to capture the 15
(non-fed, first transport) rhinoceroses was 174 minutes, resulting
in an average of 11.6 minutes of flying time per rhinoceros. The
17 (fed, second transport) rhinoceroses were captured in 78
minutes, resulting in an average of 4.5 minutes of flying time per
rhinoceros. The loading process went smoothly, only one animal
initially struggling to get up. Transport started once the last
rhinoceros of the group was loaded.

The mean transport time of the first (non-fed) and second (fed)
rhinoceros translocation was 37.0 + 2.4 and 32.2 + 1.5 hours,
respectively (p < 0.001). As the first transport was longer, animals
were reinjected on average (mean * SD) more frequently with a
tranquiliser or sedative than during the second transport (2.8 +
1.1vs 2.4+ 1.3 times). The mean £ SD environmental temperature
during the first and second transport was 27.3 + 7.8 °Cand 26.8 +
4.2 °C (p = 0.953), respectively. The mean + SD relative humidity
and heat stress indices during the first and second transport
were 19.6 + 9.8% and 30.2 + 6.8% (p < 0.001) and 24.6 + 7.4 and
25.3 + 4.2 (p = 0.337), respectively. 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 | for
the two different groups. Overall differences in serum analyte
concentrations or activities from capture to after transport with
respect to the different age-groups are published in Pohlin et al.
(2020).

Briefly, both non-fed and fed rhinoceroses experienced an
increase in urea (p < 0.001 and p = 0.013, respectively), creatinine
(p < 0.001 and p = 0.021, respectively), SAA (p = 0.027 and
p < 0.007, respectively) and chloride (p < 0.001 both groups)
and a decrease in potassium (p = 0.023 and 0.010, respectively),
magnesium (p < 0.001 both groups), phosphorus (p = 0.001 and
0.005, respectively) and lactate (p < 0.001 both groups) from
before to after transport. Total bilirubin, AST and CK increased
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from before to after transport in all rhinoceroses (p < 0.001 all
variables, both groups).

Only in non-fed rhinoceroses did the total calcium concentration
(p = 0.001) and GLDH activity (p = 0.024) decrease. Only in
fed rhinoceroses did the sodium concentration and plasma
osmolality increase (p < 0.001) and iron concentration decrease
(p < 0.001).

Creatine kinase and AST concentrations between animals that
received vitamin E/selenium or ascorbic acid and animals that
did not receive any supplements did not differ (CK p = 0.699
and 0.752, respectively; AST p = 0.682 and 0.606, respectively).
Similarly, there was no difference between the animals that
received or did not receive butorphanol and the CK and AST
concentrations (CK p = 0.984, AST p = 0.225).

Differences between fed and non-fed rhinoceroses after
transport

Urea (p = 0.006) and creatinine (p = 0.005) concentrations were
higher and chloride (p = 0.026) and calcium (p = 0.016) con-
centrations lower in non-fed compared to fed rhinoceroses at
the time of release. Serum AST and CK activities were 3.7 times (p
=0.001) and 1.8 times (p = 0.027) higher in non-fed compared to
fed study animals, respectively.

Increase/decrease in the concentrations or activities
of the different analytes between fed and non-fed
rhinoceroses

In non-fed rhinoceroses, urea (p = 0.002), creatinine (p = 0.021),
AST (p = 0.001) and CK (p = 0.027) concentrations increased
more from capture to after transport than in fed rhinoceroses.
Sodium (p = 0.005) and chloride (p = 0.001) concentrations
and osmolality (p = 0.006) increased more in fed rhinoceroses
whereas serum GGT (p = 0.026) activities decreased more in non-
fed rhinoceroses. Glucose (p = 0.037) concentrations decreased
in non-fed rhinoceroses, but increased in fed rhinoceroses.

Discussion

The long-duration transport led to changes in serum electro-
lytes, metabolites and enzymes in all rhinoceroses indicating a
loss of total body water, a decreased nutritional intake, stress and
fatigue which challenged animal welfare. In fed rhinoceroses
that were transported over a shorter time compared to the non-
fed rhinoceroses, the changes in serum electrolytes were greater,
whereas the changes in metabolite concentrations and enzyme
activities were minimal.

The increase in serum chloride, urea and creatinine concen-
trations in all rhinoceroses likely indicated a decrease in total
body water and associated physiological reduction of the renal
glomerular filtration rate during transport (DiBartola 2012;
Munoz et al. 2010). In domestic animals, extended transport
duration has been identified as a major factor contributing to
water loss (Knowles et al. 1999). Interestingly, fed rhinoceroses,
which were transported over a shorter duration, showed a
greater increase in sodium and chloride concentrations and
osmolality, indicating a greater degree of total body water loss.
This finding is in agreement with a study in horses, which found
that the ingestion of hay without available drinking water leads

to a free water deficit, as well as increased sodium concentration,
serum osmolarity and thirst (Sufit et al. 1985). The reason for this
pathophysiology is the increase of intestinal osmotic pressure
associated with food intake and subsequent shift of extracellular
water into the gastrointestinal tract (Freeman 2021; Sufit et
al. 1985). It is suspected that the type of feed provided during
transport plays a significant role in the amount of water required
by the gastrointestinal tract. Diets consisting of more digestible
ingredients such as grain and hay mixes require less water for
excretion and therefore a lower water intake than hay and
other diets with high indigestible or high dry matter contents
(Freeman 2021; Fonnesbeck 1968; Sufit et al. 1985). These
factors and their effect on hydration remain to be investigated
in rhinoceroses and are of interest for future studies. However,
based on the results of this study, the rhinoceros’ water needs
are not only influenced by transportation itself, but also by
food intake. Thus, maintenance water requirements need to be
adjusted accordingly. If rhinoceroses are fed during transport,
additional fluid administration should be strongly considered.
All rhinoceroses, regardless of being fed or not, experienced
a decrease in serum calcium, phosphorus, potassium and
magnesium concentrations and an increase in total bilirubin
concentrations; changes which are usually attributed to a
decreased food intake (Mufoz et al. 2010). Changes similar
to those observed in this study have been documented after
periods of fasting in domestic animal species such as equids and
cattle (Baetz 1976; Fisher et al. 1999; Fisher et al. 2009; Mufioz et
al. 2010). Although within normal reference intervals (Mathebula
et al. 2012; Hooijberg et al. 2017), calcium concentrations
decreased and urea concentrations increased more in the non-
fed rhinoceroses. An increased protein catabolism associated
with food deprivation and lack of rest during the longer transport
could explain these results and demonstrate a beneficial effect
of providing food (Doyle 1989; Gounden et al. 2020). In line with
these findings, plasma glucose concentrations slightly increased
in fed and decreased in non-fed rhinoceroses, likely related to
the ingestion of food during transport.

In the rhinoceroses of both groups, muscle damage was evident,
based on the marked increases in AST and CK activities from
capture to after transport, both exceeding the AST and CK
reference intervals for white rhinoceroses (Hooijberg et al.
2017). However, the non-fed group experienced greater muscle
damage as the AST values increased 3.8 times more than in fed
rhinoceroses. CK values increased 1.8 times more in non-fed
compared to fed rhinoceroses, rising to a serum activity greater
than 10 000 U/L. In horses, CK activities above 10 000 U/L may
be indicative of clinically relevant rhabdomyolysis (Volfinger
et al. 1994). In wildlife, increased CK activities and myoglobin
concentrations after high-stress situations are characteristic
signs of exertion-induced rhabdomyolysis, also referred to
as capture myopathy. Altered blood flow and the exhaustion
of normal aerobic energy leads to the breakdown of skeletal
muscle fibres and consequently the increase of blood CK and
myoglobin (Breed et al. 2019; Paterson 2014). Capture myopathy
is a metabolic disease prevalent in various wild animal species
with significant morbidity and mortality, often related to chase,
capture, prolonged restraint and transport of the animals
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(Breed et al. 2019; Paterson 2014). The occurrence of the
disease remains unpredictable with significant interspecies and
individual differences. However, the duration of transport as well
as providing food during prolonged transport may influence
the occurrence of exertional rhabdomyolysis (Paterson 2014)
and, as apparent from this study, may be two of several factors
influencing the extent of muscle damage. Other variables, such as
the distance run during darting, extent of muscle trauma during
injections, and bruising during braking, were not measured in
this study but may also cause muscle damage. In agreement with
these findings, creatinine concentrations increased more in non-
fed compared to fed animals, but did not exceed the reference
interval established for white rhinoceroses (Hooijberg et al. 2017).
Creatinine is a product of muscle creatine catabolism (Hosten
1990) and an increase of this analyte may indicate muscle protein
breakdown and even predict the development of nephrosis as a
consequence of myoglobin release from severe myopathy (Breed
et al. 2019; Keenan 1967; Paterson 2014; Valberg et al. 1989).
The immobilisation and the long duration of transport, spent
mostly standing, likely caused a prolonged increase in muscular
contraction, particularly in the non-fed rhinoceroses, which were
transported over a longer time. This muscular contraction can
result in an increased compression of blood vessels reducing
muscle perfusion, resulting in muscular hypoxia and ultimately
muscle cell damage (Spraker 1993). A previous study in domestic
animal species has shown that the extent of muscle exertion
and damage seems to not only be associated with the length of
the journey but also appears to be highly influenced by knocks
and bruising during transport (Fisher et al. 2009). We propose
that rhinoceroses may have maintained a better balance while
eating and thus experienced less knocks and bruises. Further
studies, under more controlled conditions, are required to
confirm this assumption and distinguish the effects of transport
duration from the effects of feeding on serum muscle enzyme
concentrations. In horses, wildlife and other production animals,
the type of vehicle motion and the orientation of the animal in
relation to the direction of travel have been shown to influence
muscle cell damage during transport (Grigor et al. 1998; Padalino
& Raidal 2020; Stull 1997). These, and other factors, also remain
to be investigated in rhinoceroses.

Because the translocations took place for conservation purposes,
independently of this study, a limitation of the study is the lack of
ability to standardise the transport times, the tranquilisers used
during the transport, the administration of top-up tranquilisers
or sedatives or randomise whether animals were fed or not. As
already mentioned, non-fed rhinoceroses were captured and
transported over a longer time, which could have contributed
to the observed differences in muscle enzyme concentration as
well as the more frequent repeated intramuscular application of
tranquilisers or sedatives.

Further research, under more controlled conditions, is necessary
to record the exact amount of food ingested by the individual
rhinoceroses as well as the feeding times, and to further
elucidate their effects on changes in the various serum analyte
concentrations and activities in transported white rhinoceroses.

Despite these limitations, this study provides preliminary in-
sights into the effects of journey duration and feeding during
rhinoceros translocation and provides enough evidence to
stimulate a dedicated study on this topic.

Furthermore, it shows that animals which are used to being
fed supplementary food prior to translocation do eat during
transport, a “luxury” that may not occur in wild animals that only
eat natural vegetation, which is also important to investigate
and might highlight the benefit of letting rhinoceroses adapt to
bomas and feed prior to long-distance translocations.

Even though both fed and non-fed animals displayed signs of
dehydration, negative energy balance and muscle damage,
feeding appeared to have a beneficial effect on reducing the
negative effects faced during long-distance translocations.
However, feeding lucerne alone did not adequately address
the nutritional challenges associated with prolonged transport.
Furthermore, since feeding alone seems to exacerbate the
loss of total body water in the rhinoceroses, additional fluid
administration is advised.

Further research is crucially needed to establish the clinical
significance of the observed changes, optimal conditions and
interventions during long transport, which will improve animal
health and welfare, thus allowing for quick recovery and easy ad-
aptation of rhinoceroses into new environments. Interventions
such as parenteral or rectal fluid administration and providing
a balanced feed, or parenteral energy supplementation, should
be explored to effectively and safely reduce the emergence of
energy deficits, dehydration and muscle damage during long
duration transportation. Importantly, the efficacy of these, or
any other interventions, need to be scientifically assessed in
order to develop and improve rhinoceros-specific transport
recommendations.
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