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ABSTRACT

Wildlife rehabilitation, defined as “providing temporargire to injured, il and orphaned
wild animals with the goal of releasing them back ititeir natural habitat”, developed in
response to the increase in human population and urbanisaVidllife rehabilitation
centres developed to deal with casualties from man-maagards; and because
rehabilitation involves human emotions of empathy eathpassion, the activity has not
tended to be the domain of wildlife specialists, but afaerned members of the public.
This has caused concerns for wildlife specialists over welfare of animals being
rehabilitated, because making decisions based on ematiapgesult in an animal being
kept alive under unethical conditions, instead of beingamsdd. Furthermore, there may
be negative impacts on conservation, as it could dmertey away from habitat protection
and may place wild populations at risk from disease and iggradlution. This dichotomy
in opinion is most often seen between rehabilitata#so focus on the individual animal,
and government wildlife officials, who grant them pesn#nd who focus on the security
of entire communities.

Although the value of wildlife rehabilitation cannot baderestimated, in terms of
its service to wildlife and the public, there is a need evaluate whether wildlife
rehabilitation may result in more rather than lessnal suffering and have a detrimental
impact on the existing wild populations. | thus set outlé¢termine the efficacy of wildlife
rehabilitation, particularly in South Africa. In tliest assessment of rehabilitation centres
in South Africa, 65% known centres (n = 63) from all nipeovinces returned
guestionnaires. Several thousand injured, diseased and edplamals pass through
these centres each year, clearly showing the nee@habilitation centres in South Africa.
However, due to lack of scientific research on th&af of rehabilitation methods of
care and release, and minimal post-release monitotinpgund that experience and
intuition drove most rehabilitation practices. Addititymnabecause personnel from most
centres cited lack of finance as a main impedimenhé¢ogbal of rehabilitation, the result
of rehabilitation may include negative affects on imhral animal welfare and survival, as
well as on conservation efforts for wildlife commisst Thus, | suggested wildlife
rehabilitation be centralised to a provincial or oaél government. Furthermore, |
suggested that guidelines of minimum standards should be devetopensultation with
experienced rehabilitators, veterinarians and congervacientists; to be enforced by

trained and dedicated conservation officials.



To gain further insight into the need for wildlife refigdtion in a community in
South Africa, | decided to examine four-years of intad@ords from a large rehabilitation
centre in the KwaZulu-Natal Province for trends. Adiingake rate was high (2701 + 94
per annum). Most of the intake (90%) was birds, with faammals (8%) and reptiles
(2%), and most of these were of locally common spdeigsioves, pigeons). This reflects
the findings of other studies, namely that speciesgliwinclose association with humans
are the most frequently admitted to rehabilitation r@ntin total, most of the animals
admitted (43%) were juveniles, which were assumed to ardalmed or orphaned. The
implications of then rehabilitating these juvenileshickh were largely uninjured, is
whether humans should be interfering with nature ifddiese was not human-related; can
each juvenile (especially in these large numbers) bguadely prepared to survive and
thrive when released into the wild; and is there spatke environment for them, without
causing harm to others already in the environmentighgest that the large numbers of
animals currently being admitted to the centre mayebeaed, possibly through increased
public education particularly to leave uninjured juvenilestli® wild. Furthermore,
improvements in the centre’s recording system mayvallir use in funding requests and
for various research opportunities.

There is a general lack of post-release monitoringilaiiifer rehabilitation, and the
IUCN advises that confiscated and orphaned animals steuleuthanased or placed in
life-time captivity. | thus decided to document the pofase fate of rehabilitated vervet
monkeys and leopard tortoises, two species commonly tedmid a rehabilitation centre,
and rock hyraxRrocavia capens)s as a further case study, even though individuals were
not from a rehabilitation centre. Success of refgpsiehabilitated animals cannot be
judged on whether it results in a self-sustaining populagienn reintroductions, as it is to
improve the welfare of that particular animal, indepehaénts species’ status. Survival is
thus the most basic indicator of a successful retetimiit release. Other aspects, such as
behaving similarly to a wild animal, are additional ®sscfactors, as they likely influence
survival. Although after one year post-release, thetr@ops (T1 = 35, T2 = 24) of vervet
monkeys (including an infant) survived, were independertiumhan food provision and
companionship, had established in an area, and had ibirtihs breeding season following
release; low known survival (T1 = 11%, T2 = 50%) make iticdilf to designate these
releases as successful. However, it was clear tlkeatwb groups of rock hyrax released
were not successful. The group of rock hyrax that had quelvi been in captivity for 16
months (n = 17) did not have site fidelity after releasel after three months could not be



found. All wild rock hyrax (n = 9), except one whose feteinknown, were found dead,
mostly predated, within 18 days. The release likely falieel to predation. For both vervet
monkeys and rock hyrax, a lack of social cohesion wggested as causing the group to
dissolve or split upon release, which in turn would ineeet@eir vulnerability to predation.
Recommendations are provided for considerations in futeleases of captive vervet
monkeys and rock hyrax.

Movements of two groups of tortoises (ten and sevenrichdils) released at two
different sites were monitored over a year, using régl@metry. In total, one tortoise was
returned to captivity because of disease, four were kiilzhtionally or accidentally by
humans, three others died due to a combination of diss&@sgation and/or dehydration,
and the fate of six were unknown. Since only two outsefen tortoises survived 13
months after release and only one out of ten todomere known to have survived 25
months after release, rehabilitated leopard tortoisse not successfully released into the
wild. Recommendations to improve the success of futuleagses are provided. The
occurrence of disease in the tortoise release wasrg/ing result, and must be addressed
before any further releases are allowed.

To summarise, there is a dichotomy between wildlifehabditation and
conservation throughout the world, but this study highlighte situation in South Africa.
The IUCN guidelines for the reintroduction, introductiard ssupplementation of animals
make it clear that there are many threats to thevithéil animal, to the release
environment and to the conservation of species wiarsporting and releasing animals,
especially if they had been in captivity. | believatth have presented enough evidence in
the thesis to suggest that wildlife rehabilitation magult in negative consequences to the
welfare of the individual being rehabilitated and to whid conspecifics or to other species
in the release site. | suggest that wildlife rehabiditaneeds to move away from being an
emotional-based “animal-rights” organisation, to bewfgectively managed, such that no
harm is caused to conservation by these efforts. g require them to change their
constitution so they are aligned with the IUCN guidelingbere more consideration is
given to the possible risks involved in releasing arsmidbwever, the applicability of the
IUCN guidelines will vary slightly according to the specand situation, and they require
input from the local conservation authorities (as Wescase in the studies documented in
this thesis). | suggest that the public be educated dsetasks that wildlife rehabilitated
animals can pose to the safety of the environmeatwalole, and that rehabilitated animals
do not necessarily survive or thrive in the wild wheteased, and thus they have to



understand that rehabilitation centres will sometirh@se to prioritise casualties for
treatment, and euthanase exotic species. In conclusipiementing further research in
ensuring long-term post-release survival of rehabittateimals; developing and enforcing
practical guidelines/minimum standards by dedicated and gdafjffwvernmental wildlife
conservation officials; and having examinations indeor to qualify as a wildlife
rehabilitator, will ensure humans are “making amendstesd of having an additional

negative impact on conservation and animal welfare.
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CHAPTER 1

Introduction

REVIEW OF WILDLIFE REHABILITATION IN THE CONTEXT OF
CONSERVATION BIOLOGY

Background
Since the industrial revolution, human populations havevgrexponentially around the
world (Meffe & Carroll 1997). The associated agriculturgbamsion, consumption, land
conversion and development have had a negative impac&atomal ecological systems,
resulting in a significant rise in anthropogenic speeidictions (Meffe & Carroll 1997).
The present mass extinction will likely be greatenthay other in the past, if no action is
taken Sengr et al. 2008). The field of conservation biology was @ed in response to
this global biodiversity crisis (Meffe & Carroll 1997)slaim is to conserve biodiversity,
namely species and ecosystems (Rolston 1997), eithés fatrinsic value, or its value as
a natural resource (e.g. food, medicine), a service ecycling plant nutrients, cleaning
water), an information system (e.g. genetic enginggriand for spiritual reasons
(Callicott 1997). The necessary management interventmmnsure long-term survival of
species in the wild are either by protecting the natheditat for the species to exist
(MacKinnon & MacKinnon 1991), or using translocations donserve species. These
translocations are called re-introductions, when giterare made to establish a species
where it has become extirpated or extinct; re-enfoecgs, when individuals are added to
a declining population; or introductions, when attempts raagle to establish a species
outside its native range (International Union for Gowuation of Nature and Natural
Resources (IUCN) 1998, 2000). Translocation will be the tesed to describe any of the
above deliberate movements of animals (IUCN 1998), exgdudi ‘rescue/welfare

release”.



Wildlife rehabilitation is defined as “providing temporacgre to injured, il and
orphaned wild animals with the goal of releasing themk hato their natural habitat”
(Anon 2008a). It is mentioned in the context of cong@mabiology, as it also developed
in response to the increase in human population and sabian. However, because its
objective is to “conserve” the individual animal fas intrinsic value, where individuals
are released for improvement of its welfare (“resce#ane release”) (Baker 2002), there
may be conflict with conservation priorities. Urbsation has lead to a decrease in
biodiversity with the loss and fragmentation of sugakbitat (McKinney 2002; Baker &
Harris 2007), but it has also lead to an increased abundéspecies that are able to adapt
to the man-made-landscape (Bradley & Altizer 2006). Consélgjubere is an increase in
human-wildlife conflict (Kretser et al. 2008; Hubbard & Nen 2009), such as deer-
induced vehicle collisions (Messmer 2009), with a corredipgnincrease in injured
animals. Therefore, wildlife rehabilitation involvése rescue of animals that are in the
particular predicament largely as a result of man-madartiaz Trendler 1995a; Jacobs
1998). Rehabilitation enables humans to “make amendskdg@it2004, p 136) by
offsetting man’s negative impact on wildlife, and inwedv feelings of compassion
(Holcomb 1995) and empathy (Lloyd 1999).

Wildlife rehabilitation is thus not usually the domaihwaildlife specialists, but of
concerned members of the public (Dubois 2003). This hasdatmncerns for wildlife
specialists over the welfare of animals being reitatad, because making decisions based
on emotions can result in inexpert care and/or anarbeing kept alive under unethical
conditions, instead of being euthanased (Curtis & Jerk@?). Furthermore, there is
concern over the possible negative impact on consgenyads it could divert money away
from habitat protection (as reviewed by Kirkwood 1992; &ed2005), and when animals

are released it may place wild populations at risk froraadis and genetic pollution (as



reviewed by IUCN 2000, Measures 2004 and Soorae 2005). The itahahilof animals
that are diseased or injured through natural causes coull resvolutionary less-fit
individuals being released back into the environmentk@¥@od & Best 1998), and this
could meddle with host-parasite coevolution (Moore eR@07). If these possibilities turn
out to be real, there would likely be negative impactcamservation efforts. However,
others believe that rehabilitation contributes tosmovation (as reviewed by Kirkwood
1992; Trendler 1995b) if the species is endangered (Measures 20@#4)general, by
increasing the public’'s capacity to care for wildlifeitkn 2004). It also offers an
opportunity to gain insight into diseases and threat<tafte wild animal populations
(Measures 2004). Furthermore, the impact on wild populatibmel@asing rehabilitated
animals into the wild is generally not thought to beanf consequence, because of the
small, localised releases (Moore et al. 2007). Howetres, belief may need amending
(Moore et al. 2007), because of the 1000’s of animals adhattaually to and released
from centres located throughout the world; the knowledge iththe past some animal
translocations (especially introductions) have had gatige impact on the environment;
and because there is limited research available to dutigdsthe release of rehabilitated
animals does not have a negative impact. Thereus, thneed to determine the efficacy
of wildlife rehabilitation, within a context of marising animal welfare and minimising

possible negative consequences to conservation.

Rehabilitation centres and record keeping

Worldwide there are thousands of wild animal rehabditatentres, for instance, there are
at least 5000 registered rehabilitators in the UnitedeStaf America (USA) (Jacobs
1998), and 650 - 800 in the United Kingdom (UK) (Kelly & Bland 200éighton et al.

2008). Some are specialised, such as the 65 birds of preg<antSpain (Fajardo et al.



2000), and about 100 centres in 16 countries only dealing witheraammals (Measures
2004). The few published inventories of these centresatalithie large number of animals
brought for rehabilitation, where in Canada 11 faddiéecepted nearly 30 000 animals of
276 species over 11 years (Dubois 2003), while in England, &miltiés accepted over
5000 birds and mammals (each from only four species) wer yfears (Molony et al.
2007). Analyses of records from these centres have shiobainanimals are brought to
rehabilitation centres for a variety of reasons, bbé main causes are generally
orphaned/abandoned, cé#te(is catu$ attack and vehicle impact (Hartup 1996; Kirkwood
& Best 1998; Dubois 2003; Kelly & Bland 2006).

Besides identifying the threats to wildlife, analysisrecords from rehabilitation
centres may be used practically in conservation andbilgéation. For instance, areas
where animals frequently encounter harm (“hot spotal) loe identified (Curtis & Jenkins
2002; Harden et al. 2006; Drake & Fraser 2008). Nature consergiiernment officials
and wildlife researchers can then use this informat@iplace preventative measures at
these sites (Drake & Fraser 2008). Records can also eauseonitor diseases affecting
wild animals (Kirkwood 1992; Measures 2004). Furthermore, stuthee shown that
records can be used to identify individuals that are hsih-iso that special care is
provided to these individuals (e.g. ducklings with low bodysn&sake & Fraser 2008).
These tools have been under-utilised and possibly tls®mefar records generally being
incomplete (e.g. in Italy: Fajardo et al. 2000, Canada: Bukd-raser 2003, USA: Kelly
& Sleeman 2003, Harden et al. 2006). However, records shouldnégsed by the
rehabilitation centres themselves to learn fromirtiseiccesses and failures (Trendler
1995b), such as determining whether the changes they md#dgirteehabilitation methods
had an improvement on release rates (Parsons & Uhd#d8b). This is an important

avenue of concern, as generally out of those admiied,than half survive to be released



(Dubois 2003; Molony et al. 2007). Release rates from aecant often used to determine
the success of wildlife rehabilitation (Dubois & Fnas#003). Success has also been
assessed on whether the centre has increased the gwbiieness of animal welfare issues
(Kirkwood 1992; Dubois & Fraser 2003; Aitken 2004). However, tleeseria should be
seen as additional to determining whether the reledse mhabilitated animal was a

SucCcess.

Defining success

Determining the success of a translocation dependseogdéls of the project (Kleiman
1989; Fischer & Lindenmayer 2000). For most translocatisnsgess is defined as the
establishment of a self-sustaining population (Dodd & $i#g81; IUCN 1998), obtained
by the survival and breeding of the released individuald, persistence of this population
(Seddon 1999). The duration over which this persistencesessed is controversial, and
some say it is dependent on each species’ lifespan (Do&ikedgel 1991), while others
state that it is when the population has grown to 500 ithdns (Beck et al. 1994).
Regardless, the success of wildlife rehabilitation oarbe assessed in the same way as
with these above translocations, as its main go@ i®lease previously injured, orphaned
and/or ill individuals back into the wild (Anon 2008a). SuaVvisnust therefore be the most
basic indicator of a successful rehabilitation relebseause an ill-prepared animal would
likely die soon after release, as a result of a deeneasondition (Waples & Stagoll 1997),
or vulnerability to predation (Beringer et al. 2004). A trary view is that any survival is
seen as success, as these individuals would not have abeenwere it not for the
rehabilitation process (Reeve 1998). However, as a refudinimals in rehabilitation
centres having to go through the stress and fear ofvitg@nd possible pain of healing

(BWRC 1989 in Kirkwood 1992), it is imperative that this arirba at no greater



disadvantage to living in the wild than its wild conspesifof similar age, gender and
status (IAAWS 1992), i.e. they should survive for a siml#angth of time (IUCN 2000;
Goldsworthy et al. 2000; Molony et al. 2006). This may re#ns realistic, and so others
have suggested that survival of injured, ill or orphanednalsi that have undergone
rehabilitation should be compared with those in theespredicament but have not been
rehabilitated (Aitken 2004). The latter does have medit, this opinion may result in
complacency. It is important, therefore, to compareigairto that of wild conspecifics,
and that the cause of any deaths should be naturalngtance, an animal that died from
starvation would be a failure, while this would not resegily be the case if an animal died
from predation. Additional criteria for success includthe released individuals integrate
socially with the resident wild population (Waples & Stad®897), behave similarly to a
wild animal (Box 1991), and survive without human aid or @vinfexcluding the duration
of a soft release) (Cheyne & Brulé 2004; Grundmann 2005; Nmhoet al. 2007).
However, these should only be seen as additional iariterthe first criteria of survival
post-release. Post-release monitoring is thus the impstrtant method to assess success

of releasing a rehabilitated animal into the wild.

Post-release monitoring

Post-release monitoring is the only method to determvinether the release was successful
(IUCN 1998) and whether the release resulted in any negatwsequences to wild
species in the release environment, such as haviegative impact on the food resources
of wild conspecifics (Caldecott & Kavanagh 1983). Howeveris generally lacking
(Griffith et al. 1993; Kleiman 1996); or inefficiently dome many translocations (Fischer
& Lindenmayer 2000). This is particularly true for rescudiave releases; for example,

only 10 of 42 (24%) rehabilitation centres in Spain did pogt-release assessment



(Fajardo et al. 2000). The low incidence of post-releasatoring of rehabilitated animals
may be a consequence of it being a low funding priority dentres (Kirkwood &
Sainsbury 1996; Lloyd 1999, Dubois & Fraser 2003), as most diutitkng is spent on
food for animals, housing, medication, and veterinarg ¢arendler 1995c; Jacobs 1998),
as well as on staff salaries (Kunz 1995). These experslitame necessary to run a
rehabilitation centre, and as most funding is oftenmfriie rehabilitators’ own money
(Jacobs 1998), priorities have to be made. Regardless,intportant that funding and
resources be obtained for post-release monitoring, rasaams of determining whether the
release of a rehabilitated animal was successful.

Relatively few researchers have monitored post-relesagcess of rehabilitated
wild animals or published results in peer-reviewed jourfals 76, 1979-2009: Table 1).
In comparison, there have been 145 translocationstr@rdirctions using captive-bred
animals) carried out during 1900-1994 (Beck et al. 1994), and 180 tamsits (using
captive-bred and wild animals) during 1979-1998 (Fischer & Lindgema000). Where
success has been documented, most translocationsdo&ndl captive-bred animals, and
releases of rehabilitated animals have been in deedjatemperate countries (79%: Beck
et al. 1994; 75%: Fischer & Lindenmayer 2000; 68%: Table 1), likesly as a result of
organisations there being better funded and staffed tharlogéng countries (Beck et al.
1994). These translocations have also mainly involveds §d5%: Beck et al. 1994; 44%:
Fischer & Lindenmayer 2000; 33%: Table 1) and mammals (32%; &@éb 61%
respectively), while comparatively few involved othenimal taxa. Furthermore,
translocations usually involved four avian orders, ngnfgiseriformes, Falconiformes,
Gruiformes and Galliformes, or two mammalian ordehg Artiodactyla and Carnivora
(Seddon et al. 2005). This bias in taxa is not relatedldbal conservation status of

species, but to whether the species is charismatimigmais, birds) and useful (especially



game birds) (Seddon et al. 2005). This has been suggestedhgsrawhich to gain public
support for conservation (Seddon et al. 2005). Converselyescue/welfare releases, the
species is likely chosen as a result of public involvdgna knowledge of the rescue
process, especially seabirds (i.e. Charadriformegrificrmes) rehabilitated after oiling,
or sea-mammals stranding on the beach (i.e. Pinnip€&#tacea, Sirenia) (Table 1).
However, the predominance of raptors (i.e. Falconés;nstrigiformes) and primates, and
comparatively little on rehabilitated reptiles, shotliat most studies involve species that
people find fascinating, such as a top predator, and thasate appealing and attractive
(Table 1).

In addition to this taxonomic bias, there have baenesscientific shortcomings of
the post-release studies on rehabilitated animals.eThedude insufficient monitoring
(e.g. Borner 1985); estimation of survival using ring redege(e.g. Barham et al. 2006);
radio-transmitters falling off or failing resulting imienals having undetermined fates (e.g.
Clark et al. 2002) or the study having to end prematurely Stegyvart et al. 2001); short
monitoring duration (e.g. eight weeks, European hedg&hmogceus europaeudlolony
et al. 2006); and small sample sizes (e.g. one individuaia Llet al. 2005) (Table 1).
Nevertheless, these studies have shown that releagedlsaare vulnerable to dying from
starvation (e.g. Beck et al. 1991; Csermely 2000; Fajardd 20@0); accidents, such as
electrocution (e.g. Csermely & Corona 1994), drowning (dayris et al. 1993; Goossens
et al. 2005), vehicle impact (e.g. Roberston & Harris 19@ighton et al. 2008) and field
mower impact (e.g. Lee 2004); disease (e.g. Hannah 1986, maki& McGrew 1991,
Cook 2004); attacks by wild conspecifics (e.g. Hannah 1986am&h & McGrew 1991;
Goossens et al. 2005); and predation (e.g. Augee et al. 199@&\L.enal. 2004, Leighton
et al. 2008). The latter is possibly because of a lackearint predator avoidance in

orphaned young (e.g. Reeve 1998; Beringer et al. 2004). Addipomialems encountered



include individuals that flee (e.g. Goossens et al. 2005Jlisperse widely (e.g. Cook
2004) from the release site, as this increased themcehaf encountering harm (Hester et
al. 2008); and individuals that are human-imprinted, whick se¢ human companionship
(e.g. Yeager 1997; Beringer et al. 2004). Known survival cdbiitated animals has thus
generally been low, particularly when orphaned animedsraleased. For example, only
25% of 12 European hedgehogs released survived after 15 weeks (&8) and none
of the seven bat$ipistrellus sp, released in two groups and hand-reared under different
protocols, survived after three days (Kelly et al. 200&weler, in the same study, when
another five bats were released after similar prsasd flight training as in one of the
previous groups, but done in a larger flight cage, they elevknown to have survived
between 5 - 10 nights (Kelly et al. 2008). Other projecés Have also involved lengthy
pre-release training (e.g. taught how to forage) andsieipost-release support have had
higher survival. For instance, after 11 years spent wnisend before release and
veterinary treatment of injured animals post-rele628s of 37 released chimpanzeBan
troglodytes survived eight years (Goossens et al. 2005). Similardnslocations that
released captive-bred animals were more successfudyifubed pre-release training than
those that did not (Beck et al. 1994). Translocations @ more successful if they
involved individuals from the wild rather than captivedy if large numbers of individuals
were released (e.g. n > 100 more successful) (Griffidd. €4989; Fischer & Lindenmayer
2000), the original cause of decline was removed (Fischdrinflenmayer 2000); the
release was within historical range and into good quaéldtgitat (Griffith et al. 1989).
Conversely, translocation failure has resulted frogh mortality due to predation (Griffin
et al. 2000), and individuals returning to their former hoamge (Harthoorn 1962; Fischer
& Lindenmayer 2000). These reasons are likely relevantheo failure or success of

rescue/welfare releases, which implies that pracat®nnvolved in these releases could
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learn from practitioners involved in translocatioms bther reasons (e.g. conservation),
and visa versa. Furthermore, this means that theofiskanslocations having a negative
impact on the welfare of the individual being transledaand/or to the environment is also

likely to apply to rescue/welfare releases.

Risks of release and IUCN guidelines

The two most significant risks of a translocation #mat individuals introduce foreign
parasites and foreign (or even modified: Moore et al. 2@059ases (Chivers 1991,
Viggers et al. 1993; Cunningham 1996; IUCN 1998); and interfere thigh genetic
composition of wild conspecifics (Griffiths et al. 1996odtler & Bullock 1997). Disease
not only affects an animal's immune system, makingulberable to other infections, but
could also make it susceptible to predators and other gcalodeterminants of
competitive fitness (Measures 2004). While in captivitgimals can contract diseases
from conspecifics, other species and even humans (Wabé&fdock 1991; Kirkwood &
Best 1998; Steele et al. 2005). The chance of contractiiggase in captivity is relatively
great, because animals are in close proximity to eduoér (Griffith et al. 1993; Moore et
al. 2007), and under stress (Woodford & Kock 1991). The lack ofgiease disease
checks before releasing rehabilitated animals has dieshas potentially important factor
in which wild animals can become infected (Woodford &sBter 1994), which could
have an impact on wildlife conservation.

There are other potentially negative consequencedrasfslocating animals.
Translocated individuals may have a negative impact od fesources and behaviour of
wild conspecifics (Caldecott & Kavanagh 1983; Yeager 1997), atedfere with the
ecology of the release habitat (Conant 1988), espedialigirrying capacity is reached

(Brambell 1977). There are also risks to the animalgoesteased, particularly if they are
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captive-born (or captive-raised), as they may not khow to forage or avoid predators
effectively (Brambell 1977; Beck et al. 1991; Kleiman 1996). seheoncerns are
applicable to wildlife rehabilitation, as rehabilitdt@animals are often released into areas
where wild conspecifics already occur, and it is comifoororphaned/abandoned juveniles
to be hand-raised and released.

The IUCN developed guidelines for the translocation andase of living
organisms in an attempt to minimise negative conseqseffteCN 1998, 2000; Baker
2002). These suggest that preparations for release must inbleidellowing: ensuring
individuals selected for release are disease free, il dwalth, genetically related to
conspecifics in area, and are adequately prepared/traindite fo the wild (especially if
captive-bred) (IUCN 1998, 2000). Furthermore, individuals shoulddieased into a
suitable habitat within the historical range of tlpea@es, the previous cause of decline
must be eliminated and the release may need to be swepety. holding cage and
supplementary feeding) (Brambell 1977; Kleiman 1989; IUCN 1998, 200@reTare no
specific guidelines for rescue/welfare releases, butesitte IUCN has developed
guidelines for the placement of confiscated animals NUWZDO00) to maximise welfare of
animal released and to minimise negative consequendés oélease on the environment,
these guidelines seem to be suitable to use as a bekcfonavaluating the placement
options of rehabilitated animals. It must be apprecithatl these are only guidelines, and
its applicability will vary slightly according to the spes and situation, and they require
input from the local conservation authorities (as tscase in the studies documented in
this thesis). These guidelines advise that life-long @arcaptivity or euthanasia may be
more suitable options for confiscated animals (IUCN 2008tause the “conservation of
the species as a whole, and of other animals alr@ady free, must take precedent over

the welfare of individual animals that are already aptwity” (IUCN 2000, pl2; Baker
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2002, p8). This is an expansion of the precautionary princighch states that caution
must be taken with human actions on the environmenhefe is a lack of scientific
knowledge of the effect, but there is a strong posgihilit it causing significant harm
(Myers 1993). Wildlife rehabilitation, particularly thelease of rehabilitated animals, has
generally ignored this principle, and this is a causecturcern. Although an absolute
belief in the principle is not called for, it is nesasy to move away from the often narrow
focus of wildlife rehabilitation on the welfare and \w@ual of the individual, and the
benefits of this practice, to a view that examindsether wildlife rehabilitation does any
harm to the welfare and survival of individuals alreadigteng in the environment, and

examine the possible negative consequences to thercatise of wildlife communities.

MOTIVATION FOR THE STUDY

Wildlife rehabilitation helps wild animals that are dstress or injured. This means that
wild animals are taken out of their natural environmamd are either humanely
euthanased, or remain in captivity until their injutiesl, their health is improved or if an
orphan, until it is old enough to survive on its own wheteased into the wild.
Rehabilitation centres also provide a place for ex-patkconfiscated animals to learn the
skills needed for release into the wild. For theseoregsl believe that there is a need for
rehabilitation centres, especially as most of theries to wild animals are as a result of
humans. In this regard, rehabilitation centres alswigeoa service to the community, as a
person now feels that there is a place where an @jule®r orphaned wild animal that he
or she finds can be helped, which brings satisfactidhd person.

| do not question the positive role of wildlife rehabiion or even their existence,
and | value the work that they do. However, what | do tiuess whether there has been

enough thought or research on whether this practicea h@gative impact on the con-
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specifics or other species already existing in therenment in which a rehabilitated
animal is released. Given the dire situation that exagion scientists face today, mainly
caused by humans and their changes to the environménimiportant that rehabilitation
is not adding to the problem. Furthermore, since wildighabilitation is often done by
inexperienced and unqualified animal care professionals ot veterinarians, veterinary
nurses or people trained in wildlife care), | also quastihether the welfare of animals
undergoing rehabilitation is not being compromised, sueh wildlife rehabilitators are
doing more harm than good. | believe that this thesisot only important for scientists
involved in conservation and welfare, but also for pheic, as most people donate money
to wildlife rehabilitation centres with the expectati that people are qualified to
rehabilitate wild animals, and that the rehabilitaaeanals survive after being released.

I, therefore, set out in my thesis to question theay of wildlife rehabilitation
and its potential negative effects on conservationaamthal welfare, particularly in South
Africa. There is scant data on the success or fad@ireildlife rehabilitation practices in
this country. It is an ideal time for this study, ae #ituation here is one of renewed
interest in wildlife rehabilitation by the public, gowenent and academics, after a long
period of it being largely ignored. Wildlife rehabilitation South Africa goes back to the
1950s, when it was started by nature conservation ag@aes1995). By the late 1980s
rehabilitation became a low priority for conservatiand so it moved into the private
sector (Carr 1995). A few years later the first wildlihabilitation conference was held,
where minimum standards for care (Trendler 1995b) and eel@éesrdoorn 1995) were
presented, as well as plans to form a “Rehabilitafionncil” (Lockwood 1995, p35). This
has been the only national rehabilitation confeeerend to date nothing has come to
fruition, until recently. The conservation authorityefnvelo KZN Wildlife (EKZNW) has

developed three documents pertaining to wildlife rehatmdia namely Ex Situ Wild
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Animal Management Policy, Norms and Standards for @ace Management of Ex Situ
Vervet MonkeysCercopithecusethiopsin KwaZulu-Natal, and Norms and Standards for
the Management of Primates in KwaZulu-Natal. The Badr&EKZNW recently adopted
the latter document (Anon 2008b). The documents were dedelapeonsultation with
various stakeholders, after many public meetings.

During these meetings, the apparent conflict in opinicetween wildlife
conservation officials and wildlife rehabilitatorscemraged the inauguration of the first
assessment of rehabilitation centres in South Afticadetermine the degree of dichotomy
between wildlife rehabilitation and conservation @fo Following this, | wanted to
determine the need for wildlife rehabilitation in angaunity in South Africa, since most
of the published inventories of intake trends, acrossiepeand time, have been in
rehabilitation centres in the developed countries mperate zones (England: Molony et al
2007; U.S.A: Hartup 1996, Harden et al 2006, Neese et al 2008; Cénsuzs 2003),
and no comprehensive studies have been conducted in tledomkal African urban
context. I, therefore, set out to investigate anintake trends over four years at one of the
largest urban wildlife rehabilitation centres in SoAthica. These two studies provided the
context in which to explore the most important deteami of wildlife rehabilitation
success, namely post-release success.

There is a general lack of post-release monitoring ebfbilitated animals, as
mentioned earlier. In South Africa there are few knosases, although rehabilitation
centres release animals on an almost daily basereTik thus an urgent need for scientific
studies that document the fate of these animals omeasesl, to prevent euthanasia and
captivity being the only options available for rehgditiéd animals, as advised for
confiscated (IUCN 2000) and orphaned (Soorae 2005) animals;uarahtly explored as

placement options by the South African government gwaten agencies. |, therefore,
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documented the post-release success of rehabilitateet veronkeys Cercopithecus
aethiops pygerythrgsand Babcock’s leopard tortoiseStigmochelygardalis babcocki
The post-release monitoring of a third species, roclkvhyProcavia capens)s was
presented as a further case study, even though individueds nge from a rehabilitation
centre. Vervet monkeys and Babcock’s leopard tortoisge whosen based on them being
the most frequently admitted species of Primates andofibeio rehabilitation centres in
KZN. Previous releases were poorly monitored, but paowial has been generally
supposed (A. Armstrong EKZNW pers. comm.; J. Harris EKZp&s. comm.). Only one
scientific study has determined the post-release suodss troops of vervet monkeys
from a rehabilitation centre. Monitoring of troops svlmited, and success was only
determined after one week post-release for one troappa@ month for the other (Rhind
& Lawes 1998). The two studies on vervet monkeys and Bélscleopard tortoises were
thus conducted to assist EKZNW in investigating methodsetd#ase in an effort to
improve post-release success, while minimising riskbiddiversity. The study on rock
hyrax was investigated as a result of them being redoted into areas in KZN since
2004, due to localised extinctions, but no documented postsesionitoring has been
done to assess their success. There have only beenpiliblished accounts of rock hyrax
translocations (Crawford & Fairall 1984; Hoeck 1982, 1989), but-y@dsase monitoring

was limited and few details were provided.

OBJECTIVES AND FORMAT OF THE THESIS
The thesis is arranged as chapters prepared for publicatjpeer-reviewed journals, and
thus any repetition in the chapters (e.g. introductice unavoidable.
Chapter 2 is titled: “A survey of wildlife rehabilitatioin South Africa: is there a

need for improved management?” My objectives were tcerodte the degree of
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dichotomy between wildlife rehabilitation and conséorma efforts, by providing the first
assessment of rehabilitation centres in South Afficgerms of numbers of centres and
animals, the species rehabilitated, pre- and post-esf@asocols, and economics. Included
in this objective, | set out to determine the netgsdi adoption of primate (and possibly
others) rehabilitation norms and standards, and tikeiy lenforcement. | predicted that
there would be a need for improved management of SouttaAfwildlife rehabilitation
centres, and that the dichotomy observed betweeniligtmn and conservation in South
Africa would be similar to that reported internatiopall

Chapter 3 is titled: “Annual intake trends of a large urbamal rehabilitation
centre in South Africa: a case study.” My objectiveswa gain further insight into the
need for wildlife rehabilitation in a community in SbuAfrica, by providing the first
comprehensive investigation of animal intake trendsafurban wildlife rehabilitation
centre in South Africa. | predicted that there would balifference in the general trends
of intake rates, and causes for intake, for internatioantres within suburban and urban
environments. However, | predicted a greater speciessdivén South Africa, than those
reported in the northern hemisphere, as a result ofhei a different biogeographical
realm, with relatively high biodiversity.

Chapter 4 is the first out of three case studies on netease monitoring, and is
titled: “Post-release success of two rehabilitatedratemonkey Cercopithecus aethiops
pygerythru3 troops in KwaZulu-Natal, South Africa.” My objectivasgere to test the
efficacy of the release protocol developed by EKZNW @anjunction with the
rehabilitation centre), and to provide the first loegat documented post-release
monitoring of rehabilitated South African primates. ffere, | set out to determine
whether the two troops would successfully adapt to beileg@sed into the wild, where

success was assessed in terms of a rescue/welfaser¢laker 2002), namely similarities
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in survival, reproductive success and home range establighto wild troops (Farmer et
al. 2006; Cheyne et al. 2008), during one year post-releassumed that individuals in
both troops had been rehabilitated successfully, andhbatelease site was suitable based
on the rehabilitation centre feedback and on the EKZd&AMIt for permission to release.
| thus predicted that both troops would remain cohesivsidithe captive environment
and have similar survival, reproductive success and hamger establishment to that
observed in wild troops. | also predicted that the largbabilitated vervet monkey troop
would be more successful (e.g. higher survival) than mhedlex troop, due to the larger
group size offering protection from predators and greaterarddge over foraging
resources (Isbell et al. 1990). | could not predict whatitividuals with experience in the
wild would be more successful than those who had beedtragsed, because individual
histories were unknown.

Chapter 5, the second case study, is titled: “Can réhédi leopard tortoises,
Stigmochelys pardalide successfully released into the wild?” My objectiveere to test
the efficacy of the release protocol developed by EKZNAND to provide the first
documented post-release monitoring of rehabilitated SAfritan tortoises. Therefore, |
wanted to determine whether rehabilitatéd p. babcockcould be successfully released
into the wild. Whether the release was successfubbmas assessed in terms of the aims
of a rehabilitation (and not a translocation e.gntreduction) release, namely survival
(Waples and Stagoll 1997), site fidelity (which is linked starvival, Burke 1989) and
causes of death, whether natural or as a result of dalcéors (e.g. not adjusting to
release). | assumed that the leopard tortoises hadréeabilitated successfully, and were
released into suitable habitat based on the rehé&bifitacentre feedback and on the
EKZNW permit for permission to release. | thus predit¢ted survival would be similar to

that observed in wild leopard tortoises, and the causeyfleaths would be natural. | also
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predicted that the released tortoises would show sitktyfideecause of the suitability of
the release site.

Chapter 6, the third case study, is titled: “Two unsucaoks®-introduction
attempts of rock hyraxPfocavia capens)sinto a reserve in the KwaZulu-Natal Province,
South Africa.” My objective was to provide further gisi into the fate of translocated/re-
introduced rock hyrax. Success of release was assess&ung of a reintroduction, such
that the objective was to have a self-sustaining papolaif released animals (IUCN
1998). For the first release, | assumed that the rock hyoalld remain cohesive once they
were released into the wild, because they had beerhtygatcaptivity for over a year. |
also assumed that they would remain near the pointledse because of the suitability of
the release site, and because the release was dooeligcto current translocation
practices in the province (i.e. hard release). Fasetlieasons | predicted that this group of
rock hyrax would be successfully released into the witd.tRe second release, | assumed
that the rock hyrax would remain cohesive once theyweleased into the wild, because
they had been caught from the same site (and likely ek other) and they were kept
in a holding cage at the release site (soft releageqol). | also assumed they would stay
near the release site, because the release sitewtalsle and because they had been soft
released. As a result of these assumptions, | predicédhis group of rock hyrax would
be successfully translocated.

Chapters 4 — 6 are presented as case studies, becausesmmathsample sizes and
lack of experimental replication. Even though attemptseweade to increase sample size
and control variables, it was mostly out of my cohtas | wanted to test established
protocols to determine whether they would result in pelsiase success of the animals

released. | thus had no control over the rehabiltatiorelease protocol in Chapters 4 and
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5. In Chapter 6, for the first release of captive roglak | followed the common practices
employed by EKZNW.

Chapter 7 is the concluding chapter, titled: “Wildlife rehiztion in South
Africa”. My objective with this chapter was to sumiisarthe various components of the

thesis and propose management and research recommesdation
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Table 1: Literature review of studies that have moadothe post-release success of rehabilitated wild anirSalidies were not included if
the individuals were captive bred (e.g. mandgndrillus sphinx Peignot et al. 2008) or if wild individuals were transtedafrom one site

to another (e.g. howler monkeydpuatta pigra Ostro et al. 1999; gopher tortoisgopherus polyphemusshton & Burke 2007).

Order Common hame Scientific name Reas‘?'? . for Country Monitoring Survival (number survived, time post-release) Refs
@ rehabilitation method
I
(S)
Anseriformes Mute swan Cygnus olor Oiled Ireland Ring After 4 months, 79% of oiled & rehabbed (n=42) alixs. 92% of non-oiled & non- Collins et al. 1994
recoveries, rehabbed (n=122). At end of 4 years, known survfealrehabbed was 24% (13
and re- known deaths) vs. 39% for wild. Only one rehabbetividual bred in first year,
sightings but breeding success increased in subsequent years
Charadriiformes ~ Western gull Larus Oiled USA Radio- Oiled & rehabbed (n=7) vs. no oil & rehabbed (n=18) no oil & no rehab Golightly et al.
occidentalis telemetry (“wild”) (n=10): 100% survival for 127 days (exceft wild), then lost radio- 2002
contact
Charadriiformes  Hooded plover Thinornis Oiled Australia Visual Two of two survived at le@syears Weston et al. 2008
rubricollis
Charadriiformes  Various, but Uria aalge, Oiled USA Ring Most (94%) of recoveries for guillemot (n=78) wasthim 60 days of release, Sharp 1996
mainly Melanitta fusca, recoveries expected life expectancy was 9.6 days. Averageivairfor other seabirds was 4-
Common Aechmophorus (n=127, t=35 11 days
Guillemot, occidentali, yrs)
Velvet Scoter, A.clarkii
= Western Grebe
& Ciconiiformes Cape Gannet  Morus capensis Oiled South Ring Estimated annual survival rate was 0.84-0.88 f@& i98ividuals Altwegg et al. 2008
Africa recoveries
(n=16)
Ciconiiformes California Pelecanus Oiled USA All  ringed, Only 9% of oiled & rehabbed (n=112) alive after @ays versus non-oiled & non-Anderson et al.
brown pelican occidentalis some had rehabbed (53% of 19). Also no breeding by rehabbed. 1996
califormicus radio-
telemetry
(n=42)
Ciconiiformes Little Penguin  Eudypula minor Oiled Australia Ringing and Estimated survival of 53% of 1788 after 20 months oldSworthy et al.
trapping 2000
Ciconiiformes African Speniscus Oiled South Ringing and 60% rehabilitated penguins breeding 6 years later olfadrdt & Nel
Penguin demersus Africa re-sighting 2003
Ciconiiformes African Speniscus Oiled South Ringing and 2006: survival estimated at 70% of 9707 (oiled &ailebed) vs. 40% of 2028 (notBarham et al. 2006;
Penguin demersus Africa re-sighting oiled & relocated) vs. 34% of 1055 (hand-rearedhared chicks) after 4 years Barham et al. 2008

2008: Survival to breeding and breeding succesksaofi-rearing orphaned chicks
similar to chicks raised by wild parents, as aredyk-6 years after oil spill
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Table 1. cont: Literature review of studies that haeaitored the post-release success of rehabilitatedamiidals.

2 Order Common hame Scientific name rReiZ\st:iJl?tati of;)r Country mg{'ﬁfémg Survival (number survived, time post-release) Refs
c
O
Gruiformes American coot  Fulica americana  Oiled USA Visual and *Note that oiled & rehabbed and non-oiled & nonaiebed groups Anderson et al.
radio-telemetry  (“wild”) released only into enclosures at univeysitot into wild 2000; Newman et
Anderson: survival of oiled & rehabbed (n=37) lové0%) versus wild al. 2000
(76% of n=38) after 4 months.
Newman: rehabbed & oiled (n=47) showed inflammatmgponse in
blood results, which was not shown by wild (n=2)t hfter 3.5 months
blood results were similar.
Falconiformes Common Buteo buteo Injured, Italy Radio-telemetry ~ From 16 released, 6 deadiwifi®3 days, mostly electrocuted, but als€sermely & Corona
buzzard illness gunshot & starvation. Half dispersed from releate\githin 3 days, but 1994
last one left at 103 days. Some attacked by wiftsgecifics
Falconiformes Peregrine Falco peregrinus  Injured USA Ringing, re- Estimated minimum first year survival of 66 relehseas 14% (n=9). Sweeny et al. 1997
falcon sighting, band One known to be alive after 5 years. Only 10% fatrtezritories, while
returns 6% nested.
Falconiformes Red-tailed Buteo jamaicensis, Injured, USA Radio-telemetry ~ Red-tailed: 4 of 8 survived weks (1 known death-unknown cause)damilton et al.
hawk, Red- B. lineatus confiscated, Status of rest unknown due to signal loss. Redideoed (n=1) 1988
shouldered fallen  from tracked for longest (59 days), but then killed (shilost remained near
hawk nest release site for few days.
= Falconiformes Bald eagle Haliaeetus Injured USA Leg band, Most (68% of 19) survived 6 weeks, 3 known dealeg-fiold trap, Martell et al. 1991
M leucocephalus radio-telemetry  poisoning, unknown). Fate of others unknown duesitmal loss. One
survived 835 days and successful nested. Most nethanear release
site for few days.
Falconiformes Bald eagle Haliaeetus Injured, USA Re-sightings of Nine of 11 remained in area where released, upbtalays. Seemed to Servheen & English
leucocephalus starvation patagial tags learn best feeding and perching sites from wilde=am area. One seen1979
at least 1 year after release
Psittaciformes Yellow- Amazonia Orphaned, Venezuela Radio-telemetry Most (83% of n=12) survived 1 year. One survivedeast 3 years and Sanz & Grajal 1998
shouldered barbadensis confiscated (n=4) successfully reproduced. All (except 2, who disappé) joined wild
Amazon groups.
(parrot)
Strigiformes Long-eared Asio otus, Strix Orphaned Italy Radio-telemetry  Long-eared (n=83peised from release site within 2-11 days, 4 deat@isermely 2000
owl, tawny owl  aluco within 1 week (mostly starvation). Tawny (n=8): dead from
predation within 3 days, left release site withind days.
Strigiformes Tawny owl Strix aluco Orphaned UK Radio-telemetry Radio-tracking: 2 lost tags, 3 dead (starvationr&dation) and 13 alive Leighton et al. 2008

(n=16) & leg-
band recoveries
(n=112, t=10
yrs)

within 84 days 67% of 18 survived 6 weeks, 39% mibi@n 1 year,
deaths due to emaciation, predation, traffic doliis
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Table 1. cont: Literature review of studies that haweaitored the post-release success of rehabilitatedamiidals.

2 Order Common hame Scientific name rReiZ\st:iJl?tati of;)r Country mg{'ﬁfémg Survival (number survived, time post-release) Refs
I
O
Strigiformes Barn owl Tyto alba Captive bred Spain Analysed Survival estimated at 78 days versus wild at 365 dBeaths mostly Fajardo et al. 2000
and injured intake records due to vehicle impact and starvation (mostly withiweeks).
(n=41)
Strigiformes Barn owl Tyto alba Orphaned/ USA Visual, jesses Out of 10 young placed with vildods, all except 2 fledged. OneMarti &Wagner
abandoned, of those who fledged was seen nesting successiulfgar later. A 1980
possible ex- tame 1-year old female escaped from captivity anchd alive and
pet breeding a year later
Strigiformes Eagle owl Bubo bubo Unknown Spain Only some After 101 days, 19 of 64 dead Zuberogoitia et al.
radio-telemetry 2003 (abstract
(n=9) only-document  in
Spanish)
Strigiformes and Various, but Bubo virginianus, Injured, USA Ringing (all), Total of 648 raptors released over 6 years. Strigiés: 14 (8%) Duke etal. 1981
Falconiformes species recovered Strix varia, Otus nestlings radio-telemetry  recovered (between 14-1110 days after releasepu8df dead, 3
are: Greater asio; Bueto (n=4, Bald emaciated, 1 caught in mammal trap, 1 stuck in karse, 1 caught
Horned owl, jamaicensis, eagles only) by hand but released. Only 21% recovered within 6eks.
Barred owl, B.lagopus, Falconiformes: 11 (2%) recovered (between 7-255 sdayjter
= Screech owl; B.platypterus, release): 7 dead, 2 emaciated, 1 weak-recapturddedeased, alive
M Red-tailed hawk, Haliaeetus but injured. Over half (54%) recovered within 6 w&eA bald
Rough-legged leucocephalus, eagles sighted up to 2 years after release, gisodective success
hawk, Broad- Aquila chrysaetos
winged hawk,
Bald eagle,
Golden eagle
Various Gannet, Mute Morus bassanus, lll, injured, UK Ring recoveries  Rehabbed birds had significarsihorter survival than wild birds Clark et al. 2004
(Ciconiiformes, Swan, Mallard, Cygnus olor, Anas oiled monitored. Most rehabbed birds died within 1 yeastpelease
Anseriformes (n=2), Sparrowhawk, platyrhnchos,
Falconiformes (n=3), Buzzard, Kestrel, Accipiter nisus,
Charadriiformes Herring gull, Buteo buteo,
(n=2), Guillemot, Barn Falco tinnunculus,
Strigiformes (n=3)) owl, Little owl, Larus argentatus,
Tawny owl Uria aalge, Tyto

Athene
Strix

alba,
noctua,
aluco
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Table 1. cont: Literature review of studies that haweaitored the post-release success of rehabilitatedamiidals.

2 Order Common hame Scientific name rReiZ\st:iJl?tati of;)r Country mg{'ﬁfémg Survival (number survived, time post-release) Refs
I
O
Artiodactyla Roe deer Capreolus Orphaned Italy Radio- Two of two survived minimum 1 year Pandini & Cesari
capreolus telemetry 1997
Artiodactyla White-tailed deer Odocoileus Orphaned USA Radio- Out of 42 released, 52% died within 30 days, malylycanid, while Beringer et al. 2004
virginianus telemetry those that survived stayed around humans. Deathes talubeing
unfamiliar with new surroundings and lack of predatvoidance
Carnivora Coastal river Lontra canadensis Oiled (fed oil USA Radio- Experimental group: control (n=5), low dose (n=%)é&high (h=5) Ben-David et al.
otters on purpose) telemetry dose of oil, vs. wild (n=55). Post-release survid#42 days 2002
(experimental) vs. 42-924 days (wild). Wild: 13%ade 27%
missing (survival rate 76%) within 442 days vspenimental: 67%
dead, 20% missing (survival rate 17%) Experimentalividuals
died due to starvation, predation, accidents, whillel died from
starvation, natural causes and injury. Time in igéptmay decrease
survival.
Carnivora Southern sea Enhydra lutris  Stranded USA Radio- Survival of pups reared with surrogate mother (nhag higher Nicholson et al.
otters nereis telemetry survival (71%) vs. those reared without (n=26) esgate mother 2007
(31%), and similar to survival of wild individua{5%, n=12). They
© had learnt skills to forage properly
E Carnivora Giant otters Pteronura Orphaned Guyana Visual At least 15 of 18 survivgedrs post-release McTurk &
< brasiliensis Spelman 2005
= Camivora Red fox Vulpes vulpes Orphaned UK Radio- Two groups: with (n=9) and without (n=26) site a@weltisation. Robertson & Harris
(n=18) and telemetry Both groups showed erratic (and long-distancepetl from 1995
captive-bred release site for 1-5 weeks, but it was delayed tfarse with
(n=8) acclimatisation. Those without acclimatisation ledtt after an
average of 17 days. Within 3 weeks, only 9 knowméoalive, with
12 known dead. Minimum survival of 2 foxes is 6 iti@n Mortality
due to vehicle impact. Tameness apparent in solegsesl animals.
Carnivora American  black Ursus americanus Orphaned USA Visual Survival differed with rehabthegl (9-79%). Low survival is when Alt & Beecham
bear cubs killed by intended foster mothers. Human-imed cubs a 1984
problem
Carnivora American  black Ursus americanus Orphaned USA Radio- After 122 days, 7 of 11 alive, but by 9 months oRlknown to be Clark et al. 2002
bear telemetry alive. Unknown fate due to dropped collars.
Carnivora Stone martens Martes foina Orphaned Belgium Radio- Relocated individual died within 7 days, but allsdrvived at least Herr et al. 2008
(n=4) & telemetry 130 days, but then 1 known death (collar strangmigtlost signal
relocated for 2 and so only 1 alive at 217 days. Three reathinear release
(n=1) site for 1 month.
Carnivora Wolf Canis lupus Injured USA Visual One of one survived minimum ¥e@ars Thiel 2000
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Table 1. cont: Literature review of studies that haeaitored the post-release success of rehabilitatedamiidals.

Reason  for Monitoring

2 Order Common hame Scientific name rehabilitation Country method Survival (number survived, time post-release) Refs
I
O
Cetacea Common dolphin, Delphinus Stranded USA Radio- Dolphins (n=2) tracked for 3-31 days, then lostnalg while 1 Zagzebski et al.
Harbor porpoise  delphinus, telemetry porpoise survived at least 5 months 2006
Phocoena
phocoena
Cetacea Harbor porpoise Phocena Stranded USA Radio- One individual survived 50 days, then signal lost estate et al
phocoena telemetry 1998
Cetacea Risso's dolphin  Grampus griseus  Stranded USA Radio- One individual survived 23 days, then signal lost elg/et al. 2009
telemetry
Cetacea California  gray Eschrichtius Calf USA Radio- One of one tracked for 3 days, then telemeter a#fne Stewart et al. 2001
whale robustus (probably telemetry
stranded)
Cetacea Longfinned pilot Globicephala Stranded USA Radio- Only individual with radio-telemetry (out of 3 relged) seen after Mate et al. 2005
whale melas telemetry (n=1) release, up to 94 days. It was seen at 20 dayswildgroup.
Cetacea Longfinned pilot Globicephala Stranded USA Radio- Two individuals survived at least 4 months. Thegnsed to stay Nawojchik et al.
whale melas telemetry together 2003
= Chiroptera Pipistrelle bats Pipistrellus sp Abandoned UK Radio- First releases: all 7 of 7 taken back or died witBidays, but second Kelly et al. 2008
£ telemetry release (with longer pre-release training in bighfl aviary): 5 of 5
g survived minimum 2 weeks.
=  Chiroptera Grey-headed Pteropus Orphans Australia Radio- 3 releases (n=28, 48, 31) over 3 years. The retbasevas 1 month Augee & Ford
flying foxes poliocephalus telemetry earlier and with shorter supplementary feeding lteduin success, 1999
with 100% integration with wild colony within 20 g&
Diprotodontia Koala Phascolarctos Burnt in fire Australia Radio- No difference in annual survival for rehabbed (58%n=16) vs. Lunney et al. 2004
cinereus telemetry wild (67% of n=23). 9 rehabbed and 9 wild died, mhaidue to
predation by dogs. After 3 years, 5 rehabbed anid3still alive.
Diprotodontia Ringtail possums Pseudocheirus Orphaned Australia Radio- No difference in survival between hand-reared (=82d relocated Augee et al. 1996
peregrinus and relocated telemetry (n=21), but these two groups had lower survivall(H) than wild
adults (182 d for n=40), especially within first 100 weektowever, none
known to be alive 4 years later, with 118 (of 158)stly killed by
predators (most by foxes and cats), but some digoushfires, and
from vehicle impact.
Insectivora European Erinaceus Injured/ late UK Radio- 1993: 3 of 7 alive after 6 weeks. Deaths due toed§, vehicle Morris 1997,
Hedgehogs europaeus born telemetry collision, and drowning. They dispersal from retesite; Morris et al. 1993;
juveniles 1994: 7 of 12 alive after 5 weeks. Deaths due énlgtor and vehicle Morris & Warwick

collision; 1994

1997: 10 of 13 alive after 6 weeks.
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Table 1. cont: Literature review of studies that haeaitored the post-release success of rehabilitatedamiidals.

2 Order Common hame Scientific name rReiZ\st:iJl?tati of;)r Country mg{'ﬁfémg Survival (number survived, time post-release) Refs
I
O
Insectivora European Erinaceus Injured/ late UK Radio- After 15 weeks, 3 of 12 alive, with 7 known deaths to illness, Reeve 1998
Hedgehogs europaeus born telemetry vehicle collision, drowning, and predation. Lesspdisal if released
juveniles in urban vs. rural area. Tameness may make thecepstilse to
predation.
Insectivora European Erinaceus Injured/ late UK Radio- After 8 weeks, 73% survived from 20. Molony et2006
Hedgehog europaeus born telemetry
juveniles
Primates Mullers Hylobates Ex-pets, Malaysia Visual Over 11 years, 87 released, buefetlvan 10 known to be alive atBennett 1992
Bornean muelleri orphans end of 11 years. They were generally not readyrébease (too
gibbon young)

Primates Agile gibbon Hylobates agilis Ex-pets Indonesia Visual 2004: Out of two releadedbrought back to captivity (attacked byCheyne & Brulé
wild conspecific), other 1 survived minimum 2 yrsdafound wild 2004; Cheyne
male mate 2005:100% of 4 survive 2 years 2005; Cheyne et al.
2008: 100% of 2 survive 8 months 2008

Primates White-handed/ Hylobates lar Ex-pets Thailand Visual About 5 years later 10 @falive. Two known to have died, 4 had tdShanee & Shanee

= Lar gibbon be re-captured. Successful reproduction. Had ufdQoyears pre- 2007
£ release training.
g Primates Common Pan troglodytes Ex-zoo Tanzania Visual Only 2 of 17 known to be alive Hass later. Some were reported t@Borner 1985
= chimpanzee animals, have attacked people. But successful reproduction.
orphans
Primates Common Pan troglodytes Ex-pets, Liberia Visual, some 22 released onto island; intense post-release gupmp providing Hannah 1986 (in
chimpanzee laboratory, radio-telemetry  food, humans walking with them. But some immedjafiéd from Hannah & McGrew
Z0o animals release site, others suffered from illness, somermed to captivity 1991)
because of not adapting to release and 1 killeddmgpecifics. As a
result of dry season, wild individuals could conmootheir island,
so all returned to laboratory.
Primates Common Pan troglodytes Ex-zoo Republic of Radio- Over 5 years: 37 released (with up to 11 yrs pesase conditioning Goossens et al.
chimpanzee animals, Congo telemetry on island). After 8 years: 62% known survival, with% confirmed 2005; (earlier
orphans (n=34/37) deaths (drowning, killed by conspecifics). Somed fienmediately studies: Tutin et al.
after release. Very aggressive encounters with mides resulted in 2001; Farmer &
intense veterinary intervention. Successful repctdn. Jamart 2002;
Farmer et al. 2006)

Primates Golden lion Leontopithecus Mostly Brazil Dye, radio- After 7 years, 33 of 91 alive and successful repetidn. Deaths due Beck et al. 1991

tamarin rosalia captive bred, telemetry to theft by humans, predation, disease, exposurgl mainly (Kleiman et al.

some ex-pets

starvation (they had difficulty in finding food amlocomotion) 1986)
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Table 1. cont: Literature review of studies that haweaitored the post-release success of rehabilitatedamiidals.

2 Order Common hame Scientific name rReiZ\st:iJl?tati of;)r Country mg{'ﬁfémg Survival (number survived, time post-release) Refs
I
O
Primates Lowland gorilla Gorilla gorilla Orphans, ex- Gabon Visual Long soft-release (average 15 mornthgwo troops (n=13 each): Pearson et al. 2007
pets, few ex- they are supplementary fed and staff takes themvédks in forest,
situ  captive- and in enclosure at night. 85% survival 3 yearst-psase, 2
born confirmed deaths (drowning, disease) and 1 birtho Troops are
stable.
Primates Bornean Pongo pygmaeus Probable ex- Indonesia Visual Over 2 years: 27 released. 12ayes: 11 alive, 2 deaths, 3 relocatedreager 1997
orangutan pets (attacked humans) and rest disappeared. Some heweds from
wild conspecifics or predators. Successful births-fnigh infant
mortality. Some still dependent on supplementagdfand interact
with humans.
Primates Guianon/ Cebus apella Ex-pets Columbia Dye Out of 8, 5 known to have s@ 6.5 months and remained in theSuarez et al. 2001
= Margarita Island group. Important for groups to be cohesive and Hewgthy pre-
I Brown capuchin release training (5 months).
g Pinnipedia Grey seal Halichoerus Stranded France Re-sighting of Overall, 48% of those released (n=92) re-sightedr aklease, 21% Vincent et al. 2002
= grypus pups tags, some had found dead. Mortality rate estimated at 20-43%n&ae-sighted up
radio-telemetry  to 5 years post-release
(n=4).
Pinnipedia Harbour seal Phoca vitulina Stranded USA Radio- Estimated survival after 5 months similar for rdbed (n=29) vs. Lander et al. 2002
richardsi pups telemetry wild (n=24) (survival= 0.271 vs. 0.517 respectiyelPnly known
deaths: 1 wild pup (emaciation) and 1 rehabbed fmopight back
(diseased)
Pinnipedia Steller sea lion Eumetopias Stranded USA Radio- All 3 survived minimum of 1 month, then lost signalknown to be Lander & Gulland
jubatus pups telemetry alive after 4 months. 2003
Sirenia West Indian Trichechus Stranded Brazil Radio- One of one survived at least 9 years. Successitbdeaction. Lima et al. 2005
manatee manatus orphans telemetry
Sirenia West Indian Trichechus Stranded Puerto Rico Radio- One of one survived 4 years, but continued to supehtary feed. Mignucci-Giannoni
manatee manatus orphans telemetry Doesn't seem to be able to find the right or endiegld 1998
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Table 1. cont: Literature review of studies that haweaitored the post-release success of rehabilitatedamiidals.

2 Order Common hame Scientific name rReiaastgl?tati of;)r Country mgtrﬂifémg Survival (number survived, time post-release) Refs
I
O
Chelonia Eastern box turtle Terrapene c. Ex-pets, USA Radio- Over 5 years, 6 of 33 died (due to nutrient demetipredation). Belzer 1999
carolina rehabbed telemetry Most dispersal widely from release site, but wereupht back.
injured, lost Without supplementary food, deaths would have Ihégmer
habitat
Chelonia Eastern box turtle Terrapene c. Relocated USA Radio- In first 2 years, 64% of 53 annual survival, and8dnnual survival Cook 2004
carolina from telemetry over next 3 years. Death due to dispersal fromasitepneumonia.
development
sites and ex-
pets
Chelonia Eastern box turtle Terrapene c. Ex-pets, USA Radio- Out of 46 released, 8 died (field-mower, vehiclédoed), 9 known Lee 2004
o) carolina rehabbed telemetry on to have survived 1 year. Rehabbed individuals tledegreater
3 injured and some (n=4) distances than wild residents (n=18).
e displaced
Chelonia Gopher tortoise ~ Gopherus Probable ex- USA Visual Different release methods, no duratiowveiy Less successful (1/19Lohoefener &
polyphemus pets, and successful) if not penned and in areas with otbepises vs. penned Lohmeier 1986
relocated and no tortoises (17/21 successful). Success if bewows were
found in release site
Chelonia Various Chrysemys picta, Oiled USA Radio- Three groups had similar mortality rates within 6mins, with 25% Saba & Spotila
freshwater turtles Cheludra telemetry for oiled & rehabbed (n=16), 22% for possible oil&dno rehab 2003
(painted, serpentina, (n=18) and 31% for not oiled & not rehabbed (n=3R®)any
snapping, red- Trachemys transmitters lost, but also probable predation. Elamnges similar
eared slider, red- scripta, between groups
bellied) Pseudemys

rubriventris
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CHAPTER 2
A survey of wildlife rehabilitation in South Africa: is there a need for improved
management?
K Wimberger, CT Downs and RS Boyes
School of Biological and Conservation Sciences, Usityeof KwaZulu-Natal,

P/Bag X01, Scottsville, Pietermaritzburg, 3209, South Africa

Formatted for Animal Welfare: provisionally accepted
Abstract
The focus of wildlife rehabilitation is the survivaf the individual animal, often
leading to rehabilitators being in conflict with goverent wildlife officials, who
regulate the wildlife rehabilitation industry and whoseus is on the security of
entire wildlife communities. In South Africa, wildlifeehabilitation has been the focus
of recent attention to the general public, governmadtaecademics, mostly due to the
development and adoption of norms and standards for thagewent of primates.
Our study was initiated to provide the first survey ofatslitation centres in South
Africa. Questionnaires were returned by 65% known ratatimin centres from all
nine provinces in South Africa. Several thousand injurdideased and orphaned
animals pass through these centres each year, clshdwing the need for
rehabilitation centres in South Africa. However, doetlack of scientific research on
the efficacy of rehabilitation methods for care asftase, and minimal post-release
monitoring, the authors found that work experience andestN® intuition drove
most rehabilitation practices. Additionally, becausespenel from most centres cites
lack of finance as a main impediment to the goal ofbdétation, the result of

rehabilitation may include negative impacts on individaalimal welfare and
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survival, as well as on conservation efforts fordif¢ communities. Similar issues
have been documented in other parts of the world. Imatitkors’ opinion, wildlife

rehabilitation needs to be centralised to the nalti@maprovincial government.
Furthermore, it is suggested that guidelines of minimumdatals should be
developed in consultation with experienced rehabilitatoveterinarians and
conservation scientists; to be enforced by trainet dedicated wildlife conservation

officials.

Keywords: animal welfare, conservation, government, minimuandards, South

Africa, wildlife rehabilitation

Introduction

Wildlife rehabilitation is defined as the treatmentinjired, il and orphaned wild
animals, under temporary care, with the goal of relgadiem back into their natural
habitat (Trendler 1995a; Anon 2008a). It is often seen asngla vital role in

conservation and increasing the public awareness ohabnwelfare issues (as
reviewed by Kirkwood 1992; Trendler 1995a; Aitken 2004). Othersgeliery believe

wildlife rehabilitation can have negative impacts amservation. For example, it
could divert money away from habitat protection (adexegd by Kirkwood 1992)
and when rehabilitated animals are released, it coute pléld populations at risk (eg
disease and genetic pollution) (as reviewed by IUCN 2000,silea 2004 and
Soorae 2005). Therefore, there is a dichotomy in opinmimgreby rehabilitators
focus on the individual animal and government wildlifdcgdfs focus on the security

of entire wildlife communities (Dubois 2003; Aitken 2004).
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Differences in perceptions between government wildificials, who issue
and enforce permits, and rehabilitators, were examine€anada to determine
whether this would prevent effective communication ambgeration between these
groups (Dubois & Fraser 2003a). Both saw the main goalshabilitation as caring
for injured and orphaned wildlife until release, or if @&gary, euthanasia, as well as
educating the public to prevent these problems in the fiRubois & Fraser 2003a).
However, officials did not acknowledge additional contidmg mentioned by
rehabilitators, such as contributing to wildlife consgion and research (Dubois &
Fraser 2003a). Both groups stated that the main impedinemnehabilitation was a
lack of funding, while only rehabilitators mentioned theck of support and
acknowledgement by government as an additional impedini@2abofs & Fraser
2003a). Contrasting views were also apparent in the ralgeglby enforcement in
rehabilitation, where rehabilitators believed theguing and control of permits was
not strict enough, while wildlife officials thought thtere was enough enforcement,
but agreed that some permit applications were approved wvitingpection, and
officials were generally not qualified to assess qualitycare at centres (Dubois &
Fraser 2003b).

Jointly, the International Wildlife RehabilitationoGncil (IWRC) and National
Wildlife Rehabilitators Association (NWRA) in the Wed States of America (USA)
created minimum standards for wildlife rehabilitationan attempt to increase the
post-release success of rehabilitated animals by pngvgtandards and guidelines for
their care, and preparation for their release (M2i@90). Guidelines for all aspects of
the rehabilitation process are emphasised, starting &dmission of the animal (eg
intake records), health checks, disease control, housmgirements and decisions

around release (Miller 2000). This document has been adoptsdnie states in the
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USA as permitting guidelines (Miller 2000); and has been ugededstern Australia
to develop its own minimum standards (Anon 2008b). Howeregttempt by IWRC
and NWRA to have a certification programme, where cetigyl would mean that the
person has “met minimum knowledge standards set by pedis ifield” (Gurso
2006); has been opposed by some rehabilitators (Koscludoavet al. 2006).

In addition to welfare implications, non-compliancehngstablished minimum
standards could potentially result in the loss of usefalnmation. An example is the
general lack of adequate record keeping by centres (eg Fajaedo2000; Dubois &
Fraser 2003c), which makes it hard to assess succes$ahiras of rehabilitation
methods (Trendler 1995a; Miller 2000). Similarly, because psase monitoring is
rarely done (eg in Spain: Fajardo et al. 2000), success @lease cannot be
determined (Verdoorn 1995; IUCN 2000), and the rehabilitatimtgss modified
accordingly (Clark et al. 2002; Beringer et al. 2004). Evaeldases are monitored,
there is disagreement as to what defines “successtea release could have 90%
mortality, but be deemed successful in terms of breedidglass of dependence on
humans in the surviving animals (Borner 1985). A primagidia contributing to a
lack of post-release monitoring is its low funding pripriKirkwood & Sainsbury
1996; Lloyd 1999, Dubois & Fraser 2003c). Rehabilitation cerresot supported
by local government, and thus are dependent on theirnooviey (Jacobs 1998), or
money made from merchandise sales, memberships, puddtions functions,
charitable private donations (including bequests) (Kunz 1996) carporate
sponsorship (Reynolds 1995). Furthermore, most funding isatigrepent on food
for animals, housing, medication, and veterinary carerdler 1995b; Jacobs 1998),

as well as on staff salaries (Kunz 1995).
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Wildlife rehabilitation in South Africa was started mature conservation
agencies in the 1950s, but by the late 1980s rehabilitatioante a low priority for
conservation and it moved into the private sector (@865). A few years later the
first wildlife rehabilitation conference was held, @b minimum standards for care
(Trendler 1995a) and release (Verdoorn 1995) were presenteekllasgs plans to
form a “Rehabilitation Council” (Lockwood 1995, p35). Thisshbeen the only
national rehabilitation conference, and to date ngthhas come to fruition, until
recently. The conservation authority Ezemvelo KZN ldie (EKZNW) has
developed three documents pertaining to wildlife rehatidita namely Ex Situ Wild
Animal Management Policy, Norms and Standards for @ace Management of Ex
Situ Vervet MonkeysCercopithecusaethiopsin KwaZulu-Natal, and Norms and
Standards for the Management of Primates in KwaZuluiN&te Board of EKZNW
recently adopted the latter document (Anon 2008c). The do¢smesne developed
in consultation with various stakeholders, after manylipuibeetings. Following
these meetings, it became a permit requirement foretheanting to rehabilitate
primates in KwaZulu-Natal to complete and pass a courseaptive indigenous
primate care and management.

During the above-mentioned meetings, the apparent domflicopinion
between government wildlife officials and wildlife rddii@ators encouraged the
inauguration of our study. Our study aimed to provide the fstessment of
rehabilitation centres in South Africa, in termsnoimbers of centres and animals, the
species rehabilitated, pre- and post-release protocmlss@nomics, to determine the
necessity of adoption of primate (and possibly otheedjabilitation norms and

standards, and their likely enforcement.
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Materials and methods
All rehabilitation centres in South Africa are reqdireo obtain a permit from the
provincial government. Depending on the province, thessl no be renewed on an
annual or several years basis, and include specificabonthe species that can be
rehabilitated. Rehabilitation centres need to keegkentacords, which are requested
by some provinces to be sent to the permit officaramannual basis. Presently, only
the Northern Cape and the Western Cape provinces hgvguadelines to assist
decision-making surrounding permit applications and releasshabilitated animals.

The permit officers for each of the nine provincesSauth Africa were
contacted in December 2006 for a list of all their regesd rehabilitation centres. The
founder or senior rehabilitator from each centre e@sacted by telephone or email.
The purpose of the survey was explained and they wereasiead whether they
would be willing to fill out the questionnaire. Due to ktgial restrictions, personal
visits were made to most of the centres based in fwdyof the nine provinces
(Western Cape, KwaZulu-Natal, Gauteng, Mpumalanga, and Limpdpersonal
visits were made to ensure questionnaires were ansveeickdo objectively verify
their responses. Although there are other organisatiatsreceive wild animals for
rehabilitation, including animal welfare organisatiqeg SPCA), zoological gardens
and aquariums, these were not included in the survey betaesseare not strictly
designated as rehabilitation centres in South Afriean MWildlife sanctuaries were
also excluded, because they are not permitted to relegissnimals.

The questionnaire (Appendix 1) was designed to probe re¢aabili in South
Africa as broadly as possible, such that there were 4&tiqos in total. It included a

cover page stating the purpose of the study, that confidignis guaranteed, and the



50

main researcher’s contact details. There were sikoses, entitled: General, Animal
Intake, Records, Housing, Release, Post-release, EiaawcConcluding remarks.

Most questions were structured with answers listed aspfeuithoice, where
one could select as many options as one wanted, andiedchn “other” option for
the rehabilitators to add their own information iéyhfelt the options given were not
suitable. They were also encouraged to expand on theireas. These two reasons,
as well as some rehabilitators not answering allginestions, resulted in sample sizes
not being reflective of the number of respondents. Tthesnumber of rehabilitators
that responded to the question is represented as “n [& ¥@iiis used to signify the
number of times an option was selected. Some questiotissections are not
presented in this paper, and not all the answers that gieen by the respondents for
a question are listed. Only the most common answehé&fother” option is reported.
Differences in responses were assessed using percentages.

Note that the answers given by rehabilitators whskea to list five common
species coming into their centre (Table 3), were groupedrding to animal class (ie
bird, mammal, reptile). For each class, animals wpleced into a category.
Categories for mammals and reptiles were derived fratarsror sub-orders, whereas
birds were placed into categories used by the rehatiltathemselves. Several
sources were used to identify order and family namesifds (Hockey et al 2005),

mammals (Skinner & Chimimba 2005), and reptiles (Alexa&dirarais 2007).

Results
Rehabilitation centres
Sixty-three registered rehabilitation centres in SoAiftica were contacted. Most of

these centres occurred in KwaZulu-Natal province (TahleOver 65% (n = 41) of
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guestionnaires were returned, with responses from ral provinces. Most centres
had been in existence for 6-15 years (Table 1) and merst based in private homes

(Table 1). Four centres operated out of more than onpeepso

Goals, impediments, minimum standards and permits

The most common goals of wildlife rehabilitation (¥al2) were listed as releasing
animals back into the wild, and caring for incapacitatgld animals. The main
problem in obtaining these goals (Table 2) was listemllask of money.

When asked whether rehabilitation centres would befiefih guidelines for
minimum standards for wildlife rehabilitation, most pesded yes (83%, n = 34),
mainly “to prevent ignorance causing unprofessional ahdniane rehabilitation”.
However, many of these respondents also gave reag@amsstahaving guidelines.
Combining these reasons with those given by respondehts repiled “no” to
benefiting from guidelines (17%, n = 7) (Table 2), the maasons were because
“most people have this knowledge”, “they are doing a goda wothin their
limitations”, and there is the “problem of who esisli#s the standards”.

When asked whether the issuing and enforcement of penags‘important
and functioning correctly” (option A), “could be importattut not being enforced
properly and permit conditions not strict enough” (optiond “not useful and even
a hindrance to doing rehabilitation” (option C), outtledse who responded (n = 40)
most chose option B (56%, n = 21), but emphasised thahgsand enforcement of
permits “is important” and “permit conditions are striehough.” Only a few
rehabilitators responded to option A (27%, n = 11) and ofidda7%, n = 8). The
main reason given for choosing option B and C was ‘tlnaguitable people have

permits or are re-issued permits” (Table 2), while #®son given for option A (n =
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11) was that rehabilitation “needs control or standafds’ “not everyone should be

rehabilitating animals”).

Animal intake
There was an estimated annual intake total of 16 289 anandlan average intake of
418 (x 134 SE p/a) animals admitted to 39 of the 41 surveyedilteliab centres
across South Africa, with a range of 3 — 3600 animals. @akito account these
rehabilitation centres, birds were most commonly #eéchi 83% (347 + 120 p/a),
followed by mammals, 12% (50 + 15 p/a), and reptiles, 4% (18 @/ad. The
mammals listed were from 8 different orders and 13 faniath mammals from the
order Carnivora being the most common (33%); while boawe from 7 orders and
11 families, with raptors being the most common group (352 reptiles came
from 3 orders and 7 families, with reptiles from the or@aelonia (30%) being the
most common (Table 3). There was one centre thajpéed frogs.

Only 2 out of 41 centres said that they rehabilitateaniinal species, while
those who did not (n = 39) stated that it was mainiabse of specialising (Table 4).
Most of the centres that were brought an animal spdwiethe public that they did
rehabilitate, would accept the animal and transfeo ianother centre (Table 4), but

often the decision would depend on the species.

Health checks

Most centres did not have a permanent veterinariallé 9. However, most (87%, n
= 34) centres performed frequent health checks, comparked@%it(n = 3) who never
did and 5% (n = 2) who sometimes did. The health checksdgBa were mainly for

parasites (internal and external). Most centres haquasantine policy (82%, n = 31),
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generally on arrival of an animal, while those tda not quarantine (18%, n = 7),

generally believed they did not need to, as the individuaiee housed separately

anyway.

Record keeping

Most rehabilitation centres kept records (93%, n = 37§ @ 3 that did not
responded that “there was no need” and had “never begrsted for it”. Most
rehabilitation centres believed that they could makeravements to their recording
system or the way it processes the data from therdec(yr3%, n = 27), mostly
because “there is always room for improvement”, indgdthanges from hard copy
to computerised records. Those that did not believertbegted improvement (27%, n
= 10) mostly stated that their methods were “good enoumh’some stated that they

“saw no reason to do so because no one would use it”.

Pre-release

Most rehabilitation centres individually marked the agmn some way to identify
them while at the centre and/or post-release (60%2#)=compared with 40% who
did not mark (n = 16). The most common method of marking weng leg bands on
birds. Other methods included ear tags on mammals, ratlfws; microchips,
shaving sections of fur, markings on wings (tags or wirdda@wt into primaries),
using dye, and cable ties. Those that did not mark atladsi mostly stated that it was
not needed (eg data not used), while others stated ih@tggractically possible, the
current methods were not suitable and they “never thaalght it”. Two respondents

reported that they had received birds that were injuredaliliditting bird bands.
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To the question “when would you not release an animalthe wild” (Table
5) most responses were “if it is an exotic specidghd animals could not be released
into the wild (Table 5), most would transfer it to ahcaary or zoo. Several
respondents made it clear that they would only sendatganctuary and not to a zoo
as stated in the original option. Most centres eutle@hasimals (Table 5) when the
animal had non-repairable injuries. Most additional amswo this question included
that euthanasia was only performed “if no other clipighen the animal has
“absolutely no chance at having a pain free existencého chance at a good quality
life in captivity” (Table 5). One rehabilitator nevead to have an animal euthanased,
as the individual “either survives and thrives or die€ither centres stated that they

generally did not euthanase animals because it wagties policy (Table 5)

Release

Rehabilitators from the centres listed several nuthfor how they prepared an
animal for release (Table 6), but it mainly involvedaquhg it in a different pen, which
was more natural and bigger than the other enclosuras$, getting them fit
(increasing muscle mass) by forced exercise. Chaistaterused to judge whether an
animal was fit for release (Table 6) were mainliyt tiiee individual was able to fend
for itself in wild, and was healthy, but also includedetWter it was flying and/or

walking properly and whether it was not human-imprinted.

Post-release
Most rehabilitation centres, 68% (n = 26), had monita@che of their rehabilitated
animals after they had been released into the wildnlynto determine whether the

rehabilitation technique was successful (Table 7), cosspaith 32% (n = 12) who
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had never monitored. Those that had not monitored dneasd that they would

start monitoring (Table 7) if they had more money foonitoring. Duration of

monitoring was largely dependent on the species or indiyidoenpared with other

factors, such as how practical it is to monitor (egdlitiag signal strength of radio-
telemetry). Duration given was variable from 1 weekséveral years. Most animals
were found using natural marking on the animal (whicluates scars) (Table 7).

A release was generally seen as successful (Tableréedsed animals bred,
or if certain percentage of animals remained alivera# certain time. Out of a
released group, most rehabilitators said that any slimivald constitute a success
(Table 8), because “even if a few survive, it is astesaving the life of those few”.
Most rehabilitators (52% of n = 23 who responded) felt fuest-release time period
in which to judge “success” was species dependent, resiitiagoeriod between 1
week and >2 years.

Most rehabilitators did not know how many of theiressdes were successful
or they thought that 75% of their releases were suete3sible 8). A successful
release was described as mainly resulting from a saita@itase habitat and having
learnt lessons from past releases (Table 8), whilecaessful releases were mainly
caused by the animal being captive bred (or human-imgjintewas the wrong time

of year, and there was a lack of support from landow(Texisle 8).

Finances

Most rehabilitation centres were financed using thebdtators’ own money, while
public donations, private donor, and corporate sponsorsiop accounted for less
than 12% (Table 9). When asked to rank various expenditucest,of the money was

spent on food for animals, while the least amount wpsnt on post-release
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monitoring (Table 9). When given a hypothetical largeation to spend on the same
items as listed in the previous question, most saidtkiegt would use this money for
animal housing; and the least amount would be spent onrglease support and

monitoring (Table 9).

Comments

The comments given by the 35 respondents who wanted tdedbaesults from the

survey, in general stated that they would like to seestavark develop between
rehabilitators, so that they can learn from eadtemotwithout repeating the same
mistakes; they also wanted to increase the succesehabilitation by having it

become more professional through standard methodology amohgh species-

specialist centres; they also hoped for acknowledgenyetiielr local governments in

the work they were doing, while others wished for feiainsupport from government

or any other willing sponsor.

Discussion

Views were obtained from a range of rehabilitationties across South Africa, from
specialist centres dealing with a few animals a yEadarge generalist centres that
receive up to 3600 animals. Similarly, centres thatedartlatively recently and those
in existence for many years were represented. In gertee results of the survey
suggest that rehabilitators want their field to becamae professional (through
minimum standards and enforcement), but lack of commimicabetween
rehabilitators, lack of experience and empathy by gaonenh wildlife officials, and
lack of money are the main obstacles to this beitgeaed. In the authors’ opinion,

these factors may result in the welfare of rehabddl animals being compromised.
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The perceived lack of experience and empathy of wildfiieias resulted in
rehabilitators generally regarding their local governmerildlife officials with
antagonism, where they stated “unsuitable people aredissuee-issued permits”
because *“wildlife officers do not know enough about rdiation”. Dubois and
Fraser (2003a,b) showed that Canadian rehabilitatorsedrogimilar views, in
particular: that the rehabilitation guidelines used bylifel officials were of a low
standard, that centres were not adequately inspected podsref un-permitted or
unethical rehabilitators were not addressed. It is tlegrsurprising that rehabilitators
are cautious of having these officials involved in dieselopment and enforcement of
minimum standards. Most rehabilitators believed thanhddrds would be beneficial,
but they were concerned with their practicality. Oneygestion was to have
experienced rehabilitators involved in the process wéldpment. This seems to have
worked for the development of the minimum standards inJBa (Miller 2000) and
guidelines for raptor rehabilitation by the Western CRpptor Rehabilitation Forum
(Curtis & Jenkins 2002). This forum includes representativ@s rehabilitation
centres, CapeNature, the SPCA, the local univerdiky, Gape Falconry Club and
local veterinarians and its aims were to form a oekwof skilled rehabilitators and
veterinarians; to develop a protocol for raptor reftabén; and collate data from
rehabilitated raptors (eg cause of injuries) (Curtis 8kiles 2002). However, as these
two documents are not enforced, it might explain themega “acceptance” by the
rehabilitator community. Furthermore, when the authdvy, attended meetings
discussing the “Norms and Standards for Care and Managerhé&x Situ Vervet
Monkeys Cercopithecusaethiopsin KwaZulu-Natal”, it was clear that there were
several disagreements within the rehabilitator comipusuch as the inclusion in the

documents of advice of certain rehabilitators, ovérers. Similarly, rehabilitators in
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the survey stated that “rehabbers egos and personal afjy@mwaldd prevent minimum
standards from being used, which echoed the view of 0amadian rehabilitators
who would prefer to “do [their] own thing” (Dubois & Fexs2003a). Clearly, there is
a need for an inclusive forum to develop minimum standdods,it seems that
without enforcement (by competent wildlife officerbese will be ignored. However,
the enforcement of guidelines for euthanasia, the ilghtbn of non-native species,
and the use of non-releasable wildlife, might be proétemas these are seen as
sensitive and contentious issues in wildlife rehabiita (Holcomb 1995; Dubois &
Fraser 2003b).

In Canada, the veterinarians that were surveyed bdli¢hat rehabilitators
were generally reluctant to euthanase (Dubois & Fra®esb). It seems that the
situation is similar in South Africa, as there wasraference of South African centres
to place non-releasable animals in captivity at atsamy or retain at the centre for
education, breeding, or surrogacy purposes rather thanhanage them. When seen
in light of the goals of rehabilitation, namely “cagiand helping of injured, ill and
orphaned animals”, “ releasing animals back into thd’wiTable 2; Anon 2008a),
and “educating the public to prevent these problems ifuthee” (Table 2; Dubois &
Fraser 2003a), there does seem to be a need for nosatdéeanimals as surrogate
mothers or for education. However, the build up of releasable animals in
captivity, “zoos under the guise of public education” (Duldisraser 2003b), may
be harmful to animal welfare (Curtis & Jenkins 2002). Gosely guidelines for
determining whether an animal can be released shouldbexdéss stringent in an
attempt to avoid euthanasia (Hall 2005) or to reduce the emsmh captivity.
Releasing animals that are unprepared for life in tHd wiay result in needless

suffering and death (Waples & Stagoll 1997; IUCN 2000; Hall 2005eskence,
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rehabilitators could be needlessly causing sufferingpite ©f their best intentions.

As a result, minimum standards and enforcement are ndedeecisions regarding

the use of non-releasable animals and rehabiltabbnexotics. For decisions

regarding euthanasia, it would be best to have a vetiannar veterinary nurse based
permanently at the centre. A veterinarian and vetgrimurse are also qualified to
determine whether an animal is healthy (during carbedore release), which would
lesson possible welfare issues and well as the prapahét a diseased individual is
released into the wild.

Preparing and determining whether an animal is readyelease have been
described in various guidelines; means of doing this includether the animal is
healthy (IUCN 1998; Baker 2002) and has regained fitness (Verdb@f5; Miller
2000; Hall 2005). This was similar to that described by rittadbrs, but they also
included factors such as “interspecies communicatiord, kamowing when an animal
is fit for release “from experience” and “if it lea’e In addition, even with universal
methods, limited research has been done to determiathevhthese preparations or
characteristics are the most effective predictorsus¥ival post-release. Exceptions,
such as those on the benefits of live prey and fliglatri@s on rehabilitated barn owls
(Tyto albg (Fajardo et al. 2000); and the potential of various paly$eg weight)
(Mathews et al. 2006) and psychological characteristics Heman imprinting)
(Beringer et al. 2004) as predictors of survival post-released to be assimilated
into minimum standards for rehabilitation. These sted&lahould also incorporate
the results from other translocation studies, sucle-astroductions (ie establishing a
species in an area it used to exist, IUCN 1998). Thisalitee includes results on
training captive-bred animals to avoid predators (seewely Griffin et al. 2000),

and which factors (eg habitat suitability) resulteduncessful releases (Griffith et al.
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1989). Similar success factors were identified by rekafalis and included “learning
from previous releases”, which would entail post-releasaitoring. Although 68%
of the rehabilitators had done some monitoring, itclsarly not a priority as
rehabilitators currently and hypothetically would sperel ldast amount of money on
post-release monitoring. Minimal post-release momigpdue to limited funding has
also been documented in Spain (Fajardo et al. 2000), Endfardvgod & Best
1998) and Canada (Dubois & Fraser 2003c). In summary, even thoerghis a need
for high-quality empirical data from scientific investigas to objectively support the
clearly defined objectives of wildlife rehabilitatiost, is undermined by a lack of
funding.

Lack of funding was cited as a main impediment to the gufalehabilitation
in South Africa, mirroring the answer by Canadian bditators (Dubois & Fraser
2003a). Food and housing for animals were listed as maimdipes by South
African rehabilitators, while housing and repairs taiging as priority expenditures if
given a donation. Listing “repairs to housing” in thédatquestion suggests that this
is a luxury expenditure compared to the more urgent neeeediny animals, which
may have implications on animal welfare. This problstikely due to large numbers
of animals being admitted to the centre, as well asehbased centres unable to
obtain necessary funding. Some solutions would be to Aaventre specialise in a
certain taxon or species, limit the number of animaalsitted according to the space
that is available at the centre (and so transferthher centres or euthanase), and have
home-based centres linked to larger centres. For gestanrehabilitator specialising
in raptors may get 36 animals admitted over two yearsafji 2008), compared with
a non-specialist receiving over 2000 animals (Dubois &d&ir2003c), where based

on their resources and space, it may not be possilpeotade adequate and humane
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care to all and adequate preparation for release. Witlayats and standards, lack of
funding could result in serious animal welfare issues, drlyostaffed and equipped
rehabilitation centres are allowed to continue to afser

Furthermore, a lack of funding limits rehabilitatorsnfraletermining whether
a release has been successful, and whether modifgatiorehabilitation techniques
are needed (Beck et al. 1994; Lockwood 1995; Kleiman 1996; Hall 200%)wns
generally do not monitor rehabilitated animals aftelease. However, because any
survival out of a released group was seen as a succésigethe sentiment that
“these animals would almost certainly have died wereitfor human intervention”
(Reeve 1998, p200), or that survival of young wild animalshiegcreproductive
maturity is generally low (Kirkwood 2000), it may not seenportant to monitor.
Conversely, were it not for human intervention thogbviduals would not have had
to go through stress and fear of captivity and possibfe gdfahealing (BWRC 1989 in
Kirkwood 1992). It is, therefore, imperative to ensure thauccessfully rehabilitated
animal be at no greater disadvantage to living in the tlan its wild conspecifics of
similar age, gender and status (IAAWS 1992), which is as& lbevel determined by
survival of the released individual. Similarly, improvedelfare of a released
individual must not compromise the welfare of other inldigls living in the release
habitat (Kirkwood & Sainsbury 1996). Maximising welfare falt animals may be
achieved through improved communication between relsbilg and wildlife
officials and a better management framework for wédiéhabilitation.

Even though the conservation department in governmentsw@® ensure
biodiversity is unharmed and protected, it has largelyrgphavildlife rehabilitation,
except by issuing and revoking permits in an attempt tora@bthese practices. This

involvement is not enough, mainly for two reasonststly, according to the IUCN
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(2000) the release of confiscated animals (which appliesehabilitated animals)
should generally not take place, expect in specially mahageumstances, because
of the possible negative affects on wild conspecifidad in the area (Caldecott &
Kavanagh 1983; Griffith et al. 1993; Kleiman 1996; IUCN 2000), andeptire
wildlife communities. Wildlife rehabilitation has thuwmoved from a practice that
affects individual survival to affecting conservatiorec8ndly, conservation agencies
need to value rehabilitation, since rehabilitatore aelieving the government of
additional responsibility, given that the managemerdllofild animals is part of their
mandate (Carr 1995); and rehabilitation may actually get piblic interested in
conservation, through education and empathic respons#tessing the plight of an
afflicted individual (as reviewed by Kirkwood 1992; Aitken 2004ghRbilitation of
endangered individuals even has direct conservation tsen@lirkwood 1993).
Exploring this common ground between wildlife rehabtitat and wildlife officials
has been started by EKZNW in South Africa, while lsimdocuments (eg Miller
2000; Anon 2008b) may provide a base for this explorationvhts® in the world.
This co-operation is certainly possible, but throughhhodrties being objective and
considerate of each other’s needs, and to persevahesieffort, as the alternative
may be to ban wildlife rehabilitation all togetheoush Africa may be ready for the
second national Wildlife Rehabilitation Conference he held, in an attempt to

explore this co-operation further.

Animal welfare implications
Wildlife rehabilitation satisfies the natural desiresome humans to rescue animals in
distress (Lloyd 1999) and to counterbalance the harm thatams have caused

(Jacobs 1998; Kirkwood & Best 1998; du Toit 1999). Unfortunatelg, dbes not
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always mean that the animals benefit. Limited redean the best methods of
preparing or deciding whether an animal of a particulariespes ready for release,
and limited post-release monitoring, means that thessiales are largely based on
intuition. Furthermore, rehabilitators in this studydam Canada knew of other
rehabilitators that were providing inadequate care tanasi (Dubois & Fraser
2003b). For these reasons, the authors’ suggest thatlitatiabiin South Africa (and
possibly throughout the world) needs to become the refyiiby®f government, so
that lack of finances, knowledge, and experience, togethéh lack of
communication and co-operation between rehabilitatrsnot get in the way of
animal welfare. It is also suggested that the contfolvitdlife rehabilitation be
centralised at national or provincial level in goveemty where at least one or more
people (per province in South Africa) are desighated amaettao implement this,
perhaps with the help of wildlife-or conservation-ot&ad non-governmental
organisations (NGO). It is imperative that minimumnsi@&ds are enforced by
competent, knowledgeable conservation officers in gowent or hired from private
NGOs, otherwise animal welfare may be compromised,rahabilitators are unlikely
to co-operate with regulations. In addition, as attemiecEKZNW and by the
private rehabilitation organisations in the USA (IWR@d NWRA) completion of
certification programmes in wildlife rehabilitationet®to be enforced. In return, the
government needs to subsidise the post-release mogiwfrirehabilitated wildlife, as
post-release monitoring is the only method to determihether rehabilitation of an
individual was successful. On a basic level this meanmsival of the released
individuals that is similar to that observed in thedwiEKZNW initiated the post-
release monitoring of rehabilitated vervet monkeysaf@ér 3), so that the results

could be used as a benchmark for future releases by awliusithe Norms and
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Standards for the Care and Management of Ex Situ Véesikeys Cercopithecus
aethiopsin KwaZulu-Natal. EKZNW also initiated the post-releasonitoring of
rehabilitated Babcock’s leopard tortois&tjgmochelys pardalis babcockChapter
5), to test a EKZNW release protocol that aims tgeiase the probability that the
release of rehabilitated leopard tortoises is successfuile minimising risks to
biodiversity. Not only could conservation scientists ibvolved in the post-release
monitoring, but they could also conduct further researtdh which preparations and
characteristics are most likely to predict survivatetiabilitated animals post-release.
Furthermore, both conservation scientists and wildlificials could analyse annual
intake records from centres for trends that may beuli$ef conservation efforts
(Drake & Fraser 2008). Rehabilitators could then focus theney on buying food,
housing and medicines, so that they can continue toe sdr® community by

rehabilitating individual wild animals.
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Table 1: Number of centres in each province, how Idwy have been in existence
and answers by rehabilitators to where their cemdgrebased. Note that some
rehabilitators were based out of more than one cestigh that the number given for
this question is not representative of the number ledbitators (“n”), but how many

times an option was selected (“S”).

Question Options given in the questionnaire (a-m) or ex@it answers given % n
1) Number of Eastern Cape 6 4
centres in each  Free State 5 3
province (n=63) Gauteng 17 11
KwaZulu-Natal 32 20
Limpopo 11 7
Mpumalanga 2 1
North West 5 3
Northern Cape 2 1
Western Cape 21 13
2) Number of 1-5 years 34 13
years centre has 6-15 years 39 15
been in existence 16-25 years 18 7
(n=38) 26-40 years 8 3
3) Location of a) Small holding 30 13
centres (n=39) b) Private home 37 16
¢) Municipal land 7 3
d) Other* 26 11

*Additional answers: game reserve, farm, private landhgldeg wine estate)
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Table 2: Answers by rehabilitators to questions ongyaatl impediments to wildlife

rehabilitation, minimum standards and permit conditibdd@te that as a result of there

being no limitations on the number of times an optionld be selected, the column

“S” refers to the number of times each rehabilitgtof) selected an answer.

Question Options given in the questionnaire (a-m) or exidit answers given % S
o a) Caring and helping of injured/orphaned wild animals 23 36
% b) Manage interaction between animals and people 13 20
= ¢ ¢) Education to prevent these problems in the future 19 29
5 2 d) Releasing animals back into the wild 24 37
n S e) Wildlife conservation 17 26
S5S f) Other* 4 6
2% T:Ir *Additional answers eg animals away from untrained peaplgtive breeding and release of
== endangered reptiles
o a) Lack of money for facilities/supplies/staff 17 29
® b) Lack of trained staff 6 11
S c¢) Lack of government support and subsidy 11 20
E’ d) Inadequate media coverage 5 9
.% e) Public picking up animals unnecessarily 13 22
5 f) Public keeping wild animals irresponsibly 14 24
g g) Lack of knowledge of post-release survival 6 11
5 h) Lack of norms and standards for rehabilitation @mntr 6 10
IS i) Strict permit conditions 6 11
% 9 j) Lack of available release habitat 8 14
g_ hi k) High post-release mortality 2 3
= l) Lack of research 5 9
3% m) Other* 1 5
E 8 *Additional answers eg legislation not supportive, seeminglyeed for us, too many
N O animals coming in, lack of harmony with rehabbers

= Ignorance results in unprofessional and inhumane retaiah (eg species 54 13

L treated incorrectly, inadequate disease control)

2 Standardise procedures from all centres (brings new ithdagmation is shared) 25 6
@ § S and make decisions easier
s © L Lower morbidity and mortality of releases (eg ensurglgased in right areas) 13 3
2 < People with wrong agenda (eg hoarders) prevented frombielgab 8 2
% Ej‘ Most people have/should have this knowledge and doing a dowedtfan their 24 4

I limitations
§ § Problem is who establishes the standards (need expetliesitabbers who 24 4
z 2 understand the constraints)
s 'g Not enough wildlife officials to monitor and they aret experienced (they needl8 3
S5 «© guidelines)

2 It won't work because of rehabbers egos and own agendas 22

§ Guidelines but not enforcement, because of costs ieda@nd subjective issues 12 2

Q (eg euthanasia)

o It won't work because each species would need its own guidel 12 2
5 __Unsuitable people are issued/re-issued permits, do noenbtion’t comply, 26 9
5w Q9 because wildlife officers do not know enough about reftatiin
% 9 o & Not enough officers/impractical to enforce, not inspedtequently enough 12 4
I S @ o Permit conditions inappropriate/impractical/too general 21 7
€5 % 2 Too many people (especially public) have wild animalsieit permits 9 3
T o 2 8 Well established rehabbers are continuously harassed 6 2
%E g_g Other (eg personal agendas in permit office, conservatibnot strong enough,26 9

e

different rules apply to different species, not focussimguoimal traders/zoos)
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Table 3. List of animals given by rehabilitators whasked to list five common

species coming in to their centres, where the colug&inlists the number of centres

(out of n = 39) who listed the species.

Animal Order/group Animals included (Common name, Family name) %
class
Order Hyracoidea Rock Hyrax (Procaviidae) 1 1
Order Lagomorpha Scrub hare (Leporidae) 3 2
Order Rodentia Porcupine (Hystricidae) 4 3
Order Primates Galago (Galagidae), Chacma baboon 26 20
(Cercopithecidae), Vervet monkey (Cercopithecidae)
< Order Chiroptera Bat (Various) 3 2
é Order Carnivora Gennet, Civet (Verridae); Mongooseicate 33 25
G (Herpestidae); Jackal, Wild dog (Canidae); Otter
= (Mustelidae); African wild cat, Black-footed cat,
Cheetah, Leopard, Lion (Felidae)
Order Erinaceomorpha Hedgehog (Poaceae) 8 6
Order Ruminata Bushbuck, Reedbuck, Duiker (blue and grey) 20 15
(Bovidea)
Unknown Unknown species of mammals 3 2
Unknown Unknown species of birds 18 9
Garden birds Doves (Columbidae, order Columbiformesjetla 14 7
ibis (Threskiornithidae, order Ciconiiformes)
Water birds Geese, duck (Anatidae, order Anseriformes) 6 3
Owls Spotted eagle owl, wood owl (Strigidae), barn owl 22 11
- (Tytonidae) (all order Strigiformes)
5 Crow Corvidae, order Passeriformes 2 1
Raptors Eagles, Hawks, Kite (yellow-billed, black- 35 18
shouldered), Goshawk, Buzzard, Vulture
(Accipitridae), Secretary bird (Sagittariidae), Falcons,
Kestrel (Falconidae) (all order Falconifornes)
Sea birds Cormorant (Phalacrocoracidae), Penguin 4 2
(Spheniscidae) (both order Ciconiiformes)
Reptiles Unknown species 13 3
Order Chelonia Terrapin (Pelomedusidae) and Tortoise 30 7
o (Testudinidae)
= Order Squamata, Sub- Snake (Various) 26 6
2 order Serpentes

Order Squamata, Sub- Chameleon (Various), Monitor (Various), Lizard 26 6
order Sauria (Various)
Order Crocodylia Crocodile (Crocodylidae) 4 1

Amphibian

Order Anura Frog (Various) na 1
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Table 4. Answers by rehabilitators to questions onsjecies rehabilitated, fate of

non-rehabilitated species, the presence of a vetrmarealth checks conducted at

the centre and quarantine policy. Note that as a rebthiere being no limitations on

the number of times an option could be selected, thenrotS” refers to the number

of times each rehabilitator (“n”) selected an answer

Question Options given in the questionnaire (a-i) or @it answers given % S
1) Reason for We are a specialist centre (eg because increase obfance 38 14
your centre nc  survival, it is a permit condition)
rehabilitating  The centre does not have the capacity (eg for largemadsh 30 11
all species Rather send to specialists (eg because have experience) 19
(n=34) Do not rehabilitate exotic species 11 4

Not allowed to release tortoises after rehabilitaffarovincial 3 1
government stance]
2) How do you a) Accept and transfer to another rehabilitation reent 64 30
deal with b) Accept and euthanse these animals 9 4
species that c¢) Do not accept and refer to another rehabilitatiemtre 28 13
you do not
rehabilitate?
(n=37)
3) Do you hav a) Yes-permanently 8 3
a veterinarian  p) No 71 27
at your centre? ;
(nz38) c) Sometimes )1 8
4) What Feather/skin/coat condition 8 6
health/disease Disease (eg salmonella, trichomoniasis, mange) 15 11
gfol?)c(lﬁls_gz)you Parasites (internal and external) 28 21
' Psychological (eg changes in behaviour, lethargy) 7 5
Body condition (including weight, any injuries) 16 12
Stools (eg if diarrhoea) 8 6
Appetite 7 5
If recovering from treatment 4 3
Other (eg deworming, check for bumble foot, conditioreeth,
veterinarian does check) 7 S
5) Under what On arrival 54 19
circumstances When disease suspected 29 10
do you . On advice from veterinarian 14 5
quarantine? . o
Permit condition 3 1

(n=31)
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Table 5. Answers by rehabilitators to questions onneteasable animals and criteria
for euthanasia. Note that as a result of there baingmitations on the number of
times an option could be selected, the column “S” rateithe number of times each

rehabilitator (“n”) selected an answer.

Question Options given in the questionnaire (a-i) or adit answers given % S
1) When a) It is an exotic species 20 18
would you ) There is no suitable habitat for release 15 13
ggt;r‘j:;a;e o) It is blind/deaf 18 16
into the wild @) tonly has 1 leg/ 1 wing 18 16
(n=18) e) It cannot walk/fly 17 15
f) Other* 11 10
*Additional answers: imprinted/humanised, endangered spdordsréeding)
2) Ifan a) Euthanase 20 18
animal b) Transfer to a sanctuary or zoo 26 23
;::Igl;oetdbﬁ]tc c) Give to permit-keeping members of the public 8 7
the wild, do d) Kept at your centre for education purposes 18 16
you: (n=34) ) Kept at your centre for breeding purposes 11 10
f) Kept at your centre for rearing young 13 11
g) Other* 3 3
* Additional answers: other breeding programmes, falconry
3) If your a) When the animal has non-repairable injuries 50 34
centre b) There are no resources to care for the animal 1 1
ethanases ¢) The animal is an exotic species 4 3
animals, . ) .
when would d) The animal is a common species 0 0
you do this? ©) The animal is in poor condition 4 3
(n=38) f) Problem animals 4 3
g) Potentially diseased 15 10
h) Heavily infested with ecto- and endo-parasites 1 1
i) Other* 19 13
*Additional answers: untreatable/infectious disease,lramce at having a pain f
life, will not have good quality life, vets recommendatiinjured common species
4) If your a) Public opinion 0 0
centre does  p) Centre’s policy 67 4
not c) Permit regulations 0 0
euthanase, .
what is the ) Funding sources 0 0
reason? e) Lack of resources to perform euthanasia 33 2
(n=6) Comment b): It is our last resort

Comment e): Veterinarian euthanases
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Table 6. Answers to questions on how rehabilitatorpgreean animal for release and

judge whether an animal is fit enough. Note that assaltref there being no

limitations on the number of times an option could dlecded, the column “S” refers

to the number of times each rehabilitator (“n”) stdel an answer.

Question  Answers given % S

1) How do Placed in different pen to live (mimic release envinent, 20 10

you bigger, natural)

prepare a  Get them fit eg by falconry, flight cage, forced torswi 18 9

animal for - Break bond with human (eg reduce contact, correct 12 6

release?  gocialisation)

(n=31) Soft release 12 6
Receive indigenous food 8 4
Healthy 8 4
Transferred to another centre who releases 3
Live trained 6 3
Depends on species 6 3
Interspecies communication 2
Nothing really 2 1

2) What  Able to fend for itself in wild (eg anti-predator behawi, 23 24

characteris foraging efficiently)

tics do you Healthy (esp. good body mass, no parasites) 22

use to Flying/walking properly (incl. wounds/injuries healed) 13

judge Not imprinted/humanised/socialises correctly with conjps 11 12

\;V:G;r:]ii:al Fit enough (eg judged using falconry) 11

is fit for Behaviour/psychological health (eg if alert) 7

release? Good muscle/coat/feather condition 4

(n=41) Good cohesion of group 3 3
From experience 3 3
Old enough 3 3
Get go ahead from vet 2 2
It will leave site 2 2
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Table 7. Answers by rehabilitators on post-releaseitmang. Note that as a result of
there being no limitations on the number of timesoation could be selected, the

column “S” refers to the number of times each relatolr (“n”) selected an answer.

Question Options given in the questionnaire (a-k) or amditianswers given % S

1) Reasons Whether the rehabilitation technique was successfidrifggalisnc 77 10

for human-imprinted, injuries have healed)
monitoring  Monitor movement (eg if problem animals return to oradisite) 15 2
(n=11) It is the established norm for the species 8 1
2) If not a) More money for monitoring equipment/petrol to getiteststaff 38 6
currently to monitor
doing so, b) Knew more about how and what to monitmidetermine whethe 31 5
would you a release was a success
startto c) Other* 31 5
monitor it xadditional answer: No
you had
(n=12):
3) Howdo  a) Natural markings on the animal 33 20
you find and - b) Markings placed onto the animal (eg ear tags/ freezeling) 31 19
identity the ) Radio-telemetry (on collars/harnesses) 18 11
animals you d) | just know when | see the animal 18 11
release?

e) Other 0 0

(n=29)
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Table 8. Answers by rehabilitators on success indisafdote that as a result of there

being no limitations on the number of times an optionld be selected, the column

“S” refers to the number of times each rehabilitgtof) selected an answer.

Question Options given in the questionnaire (a-k) or amditianswers given % S
1) What woulc a) Certain % of animals remain alive after a certane 35 27
constitute a b) Released animals breed successfully 36 28
successful c) Released animals stay in one area 13 10
Eﬁ'f’gg;ﬂ d) Other* 6 12
*Additional answer: successfully integrated into wild, feedcessfully
2) How many a) 100% 9 3
out of a b) 75% 34 11
relea_lsed group ¢) 509 16 5
survive fora 4y Apy survival 41 13
success?
(n=32)
3) What % of a) 100% 14 5
your releases  b) 75% 19 7
were c) 50% 8 3
successful? d) 25% 6 2
(n=36) e) | don't know-we don’t do any post-release monitoring 31 11
f) Depends on species 17 6
Additional answer: 80-90% 6 2
4) What a) Age of animal 12 19
factors resulte p) Wild bred 12 19
in the c) If applicable: age and sex structure of the group 7 12
fglg(;zissfgl d) Soft release (supplementary feeding and/or holding cage) 1016
(n=30) ' e) Hard release 4 7
f) Time of year i.e. Food and water availability 13 21
g) Suitable habitat 15 24
h) Good support of landowners 11 17
i) Lessons learnt from previous releases 14 22
j) Other* 2 4
*Additional answers: initial disease/injury, individual$e@sed back to troop
5) What a) Age of animal 11 12
factors resulte p) Captive bred** 14 15
in the c) If applicable: age and sex structure of the group 6 6
;Jer}z:g(éiisml d) Soft release (supplementary feeding and/or holding cage) 33
(n=26) ' e) Hard release 7 7
f) Time of year i.e. Food and water availability 13 14
g) Unsuitable habitat 11 12
h) No support from landowners 13 14
i) First release of this animal species 8 8
j) Natural disaster (eg flood/drought) 10 11
k) Other* 4 4

*Additional answers: illegal hunting, number of predatorariea
**Included if human-imprinted
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Table 9. Funding sources and expenditure of rehabilitgtots from their annual
budget and hypothetical expenditure of a large donation,endygrenditure is ranked

from 1 (spend most on) to 10 (spend least on).

Question Options given in the questionnaire (a-j) or N (mean+ N Range
additional answers given SE) (median)
1) Funding a) Public donations 11+3% N/a 0-50
(n=36) b) Private donor 10 +3 % N/a 0-60
c¢) Corporate sponsorship 3+1% N/a 0-25
d) Government subsidy 0 N/a 0
e) Own money 76 £ 6 % N/a 0-100
2) Budget a) Food for animals 2 1-10
(n=32) b) Housing of animals, esp. lights and electricity 3 1-10
¢) Repairs to housing 5 2-10
d) Veterinary procedures 4 1-10
e) Equipment 6 1-10
f) Staff salary 4 1-10
g) Release of animals-transport 7 2-10
h) Post-release support (food/shelter) 9 2-10
i) Post release monitoring 10 3-10
j) Rescues 5 1-10
3) Donatior a) Food for animals 4 1-10
(n=30) b) Housing of animals, esp. lights and electricity 2 1-8
¢) Repairs to housing 3 1-10
d) Veterinary procedures 6 1-10
e) Equipment 3 1-10
f) Staff salary 8 1-10
g) Release of animals-transport 7 2-10
h) Post-release support (food/shelter) 8 2-10
i) Post release monitoring 8 1-10

j) Rescues 6 1-10
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Appendix 1. Questionnaire

Name of the Rehabilitation Centre:

Year centre was established:

Permit no.:

Web URL (homepage):

Your name:

Your role at the centre:

Section A: General

1. According to your centre, what are the goals of vielahabilitation?
[a] Caring and helping of injured/orphaned wild animals

[b] Manage the interaction between animals and people

[c] Education to prevent these problems in the future

[d] Releasing animals back into the wild

[e] Wildlife conservation

[f] Other (please specify below):

2.According to your centre, what are the main problenabtaining these goals?
[a] Lack of money for facilities/supplies/staff

[b] Lack of trained staff

[c] Lack of government support and subsidy

[d] Inadequate media coverage

[e] Public picking up animals unnecessarily

[f] Public keeping wild animals irresponsibly

[g] Lack of knowledge of post-release survival

[h] Lack of norms and standards for rehabilitation st
[i] Strict permit conditions

[]] Lack of available release habitat

[K] High post-release mortality

[l] Lack of research

[m] Other (please specify below):

3. Do you think that rehabilitation centres would benéfom guidelines for
minimum standards for wildlife rehabilitation e.g. stamidafor cleaning, disease
control, caging, euthanasia, release criteria and ddcmaping?

[a] Yes

[b] No

Please provide a reason:

4. Do you think that the issuing and enforcement of pernsiit

[a] important and functioning correctly

[b] could be important, but is not being enforced propangt permit conditions are
not strict enough

[c] not useful and even a hindrance to doing rehabdmati

Please provide a reason:
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Section B: Animal Intake

5. What is your approximate annual intake of animals (mels) birds and reptiles)?
6. Please list 5 main causes that result in animaig teought to your centre:

7. Do you mark (e.g. with numbered rings) the animalsythatget into the Centre?
[a] Yes

[b] No

[c] Sometimes

Please provide a reason:
If applicable, how do you mark the animals?

8. Besides marking (if applicable), what are the othiet fiteps that are taken when
an animal is admitted to your Centre?

9. a) Are there any animal species that your centremmaehabilitate?
[a] Yes
[b] No, we accept and treat all species

If you answered “yes”, please list the species and pl@aséde a reason:
9. b) What are the 5 main animal species that youngetour centre
9. ¢) How do you deal with species that you do not ratabiP

[a] Accept and transfer to another rehabilitationtiee(please specify below)
[b] Accept and euthanase these animals
[c] Do not accept and refer to another rehabilitatentre (please specify below):

10. a) When would you NOT release an animal into tilte w
[a] it is an exotic species

[b] there is no suitable habitat for release

[c] it is blind/deaf

[c] it only has 1 leg/ 1 wing

[d] it cannot walk/fly

[e] other (please specify below):

10. D) If an animal cannot be released into the wildyaio
[a] euthanase

[b] transfer to a sanctuary or zoo

[c] give to permit-keeping members of the public

[d] kept at your centre for education purposes

[e] kept at your centre for breeding purposes

[f] kept at your centre for rearing young

[0] other (please specify below):
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11. If you keep non-releasable animals at your centras@lspecify which species
and your reasons why this species:

12. If your centre euthanases animals, when would youis/® th
[a] When the animal has non-repairable injuries

[b] There are no resources to care for the animal

[c] The animal is an exotic species

[d] The animal is a common species

[e] The animal is in poor condition

[f] Problem animals

[0] Potentially diseased

[h] Heavily infested with ecto- and endo-parasites

[i] Other (please specify below):

13. If your centre does not euthanase animals, whitheofollowing are applicable
reasons:

[a] Public opinion

[b] Centre’s policy

[c] Permit regulations

[d] Funding sources

[e] Lack of resources to perform euthanasia

14. Do you have a veterinarian at your Centre?
[a] Yes-permanently

[b] No

[c] Sometimes

Please can you provide her/his name:

15. Do you do any ongoing health/disease checks on thalamimyour Centre?
[a] Yes

[b] No

[c] Sometimes

If you answered “yes” or “sometimes”, what do you chieck

16. Do you have a quarantine policy?

[a] Yes

[b] No

If you answered “yes” under what circumstances (e.g.yalwa arrival)?

Section C: Records

17. How many years has your centre been keeping records?

18. a) Does your facility record information of ALL amals coming in?
[a] Yes
[b] No
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18. b) If you answered “no”, what is the reason?
[a] Too many animals coming in

[b] It isn’t important for some animals

[c] Time is wasted and records are not even used
[d] Other (please specify below):

19. a) What information do you record?

[a] General name of the animal (e.g. tortoise)

[b] Species of animal (e.g. leopard tortoise)

[c] History of animal given by the person bringingnit i
[d] Location of animal given by the person bringingnit i
[e] Diagnosis of animal brought in

[f] Individual medical records

[g] Where the animal is placed at centre

[h] Date and location of released animal

[] If the animal has died at the centre

[j] If the animal has been transferred to anothetitia
[K] Other (please specify below):

19. b) Which species don’'t you maintain post-admittaacerds for and why?

20. Do you think that your centre can make improvemenitsteecording system
and/or the way it processes the data from the records?

[a] Yes

[b] No

Please provide a reason:

Section D: Housing

21. Where is your rehabilitation centre situated?
[a] Small holding

[b] Private home

[c] Municipal land

[d] Other (please specify below):

22. Do you have multi-species enclosures (e.g. hadedas aeslidane cage)?
[a] Yes

[b] No

[c] Sometimes

Please provide a reason:

23. Do you separate animals according to gender?
[a] Yes

[b] No

[c] Sometimes

Please provide a reason:
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24. Do you separate animals according to age?

[a] Yes

[b] No

Please provide a reason:

25. Do you have any other criteria that you use to separamals?
[a] Yes

[b] No

Please provide a reason:

Section E: The Release

26. How do you prepare an animal for release (e.g. pladtfiegrent pen)?

27. Do you sterilise any animals before they are seld¢a
[a] Yes
[b] No

Please provide a reason:

28. What characteristics do you use to judge whether arabsifit for release (e.g.
looks healthy)?

29. How do you choose a suitable release site?

[a] The area is within the normal range of the sigecie

[b] Close to where the animal came from

[c] Away from humans

[d] Where the animal will be accepted by the landowners
[e] Suitable habitat for the species

[f] Other (please specify below):

30. Do you soft-releasall the animals at your Centre? (i.e. keeping animal in
holding cage at release site and/or supplementary feedergrelease for a period of
time). If not, please proceed to question 33.

[a] Yes

[b] No

If you do it for some species only, please provide timenaf the species and reason:

31. a) If you use &olding/hacking cageto release an animal into the wild, do you
do it because it:

[a] keeps the animal in the release area

[b] if applicable, it keeps the group of released aninmagsther

[c] allows it to adjust from stress of transport

[d] allows it to adjust to new sights/sounds/smells tHfase area

[e] its in guidelines that we have

[f] other (please specify below):
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31. b) Do you keep all species in the holding cage fosahee time period?
[a] Yes
[b] No

An average, for how long?

31. c¢) What are the factors you think should be takencohsideration when
determining how long the animal should be kept in holdirgp ¢dar?

[a] Whether species is solitary or social

[b] Whether species is mammal/bird/reptile

[c] Whether species is predator/prey

[d] Whether animal is healthy

[e] How long the animal had been in captivity for

[f] Other (please specify below):

32. a) If yousupplementary feedan animal after release, do you do it because it:
[a] keeps the animal in the release area

[b] if applicable, it keeps the group of released aninagether

[c] allows the animal to get used to the indigenous véigetan area

[d] eases the adjustment to being outside of captivity

[e] its in guidelines that we have

[f] other (please specify below):

32. b) Do you supplementary feed all species for the Seraeeriod?
[a] Yes
[b] No

An average, for how long?

32. c¢) What are the factors you think should be takendanhsideration when
determining how long the animal should be supplementary fed?

[a] whether species is solitary or social

[b] whether species is mammal/bird/reptile

[c] whether species is predator/prey

[d] how healthy the animal is

[e] how long the animal had been in captivity for

[f] other (please specify below):

33. Ifitis relevant, why do you hard release someaisi(i.e. no holding cage at
release or supplementary feeding after)?

[a] less expensive than soft-release

[b] the animals do not need to be soft-released

[c] to lesson their reliance on humans

[d] other (please specify below):

Section F: Post-Release

34. a) Do you monitor animals after they have beeraseld?
[a] Yes
[b] No
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If you answered “yes”, which species do you monitor ahgav

34. b) If you answered “no”, would you begin monitoringafiyhad:

[a] more money for monitoring equipment/petrol to gesites/staff to monitor

[b] knew more about how and what to monitor to deteemahether a release was a
success

[c] other (please specify below):

35. Does the time period for post-release monitoring batyeen species?
[a] Yes
[b] No

An average, for how long?

36. How do you find and identity the animals you release?
[a] Natural markings on the animal

[b] Markings placed onto the animal (e.g. ear tags/ &deanding)
[c] Radio-telemetry (on collars/harnesses)

[d] I just know when | see the animal

[e] Other (please specify below):

If applicable, please specify the markings you use:

37. What do you record once you have found the animal?
[a] Whether animal is alive/dead

[b] Its behaviour

[c] What it is eating

[d] Its location

[e] Other (please specify below):

38. What would constitute a successful release?
[a] Certain % of animals remain alive after a dartane
[b] Released animals breed successfully

[c] Released animals stay in one area

[d] Other (please specify below):

39. a) How many animals out of a released group would loaservive for the
process to be considered a success?

[a] 100%

[b] 75%

[c] 50%

[d] Any survival

39. b) Would you take the species of the animal into deraiion when judging how
many animals have to survive for the process to heidered a success?

[a] Yes

[b] No

Please provide a reason:
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39. ¢) Would you take the age of the animal into considerathen judging how
many animals have to survive for the process to heidered a success?

[a] Yes

[b] No

Please provide a reason:

40. Does the time period after which you consider aseléabe successful vary
between species?

[a] Yes

[b] No

An average, for how long?

41. On average what percentage of your releases do yaderaiasbe successful?
If you don’t know please indicate.

[a] 100%

[b] 75%

[c] 50%

[d] 25%

[e] | don't know-we don’'t do any post-release monitoring

[f] Depends on the species (please specify below):

42. What factors resulted in the successful releases?
[a] Age of animal

[b] Wild bred

[c] If applicable: age and sex structure of the group

[d] Soft release (supplementary feeding and/or holding cage)
[e] Hard release

[f] Time of year i.e. Food and water availability

[0] Suitable habitat

[h] Good support of landowners

[i] Lessons learnt from previous releases

[]] Other (please specify below):

43. What factors resulted in unsuccessful releases?
[a] Age of animal

[b] Captive-raised

[c] If applicable: age and sex structure of the group
[d] Soft-release (supplementary feeding and/or holding cage)
[e] Hard-release

[f] Time of year i.e. Food and water availability

[0] Unsuitable habitat

[h] No support from landowners

[i] First release of this animal species

[]] Natural disaster (e.g. flood/drought)

[K] Other (please specify below):
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Section F: Finance

44. How much of your annual funding comes from the follgw(please provide a
relative percentage % or actual value):

[a] Public donations

[b] Private donor

[c] Corporate sponsorship

[d] Government subsidy

[e] Own money

45. |Is some of your funding restrictive (e.g. donated mamdy used for certain
species/staff funding)?

[a] Yes

[b] No

Please provide a reason:

46. How much of your current annual budget is spent on tloeving items? Please
rank the following in order from 1-10 (1=spend most on, 10=cjE=ast on):
[a] Food for animals

[b] Housing of animals, esp. lights and electricity

[c] Repairs to housing

[d] Veterinary procedures

[e] Equipment

[f] Staff salary

[0] Release of animals-transport

[h] Post-release support (food/shelter)

[i] Post release monitoring

[]] Rescues

47. If you were given a large donation, how would you speisdnibney? Please
rank the following in order from 1-10 (1=spend most on, 10=cjE=ast on):
[a] Food for animals

[b] Housing of animals, esp. lights and electricity

[c] Repairs to housing

[d] Veterinary procedures

[e] Equipment

[f] Staff salary

[0] Release of animals-transport

[h] Post-release support (food/shelter)

[i] Post release monitoring

[]] Rescues

Section G: Lastly

48. What feedback and/or results would you like from thisesuand/or comments?
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CHAPTER 3
Annual intake trends of a large urban animal rehabilitation cenre in South
Africa: a case study
K Wimberger and CT Downs
School of Biological and Conservation Sciences, University of KwaZulu-Natal,

P/Bag X01, Scottsville, Pietermaritzburg, 3209, South Africa

Formatted for Animal Welfare: in press

Abstract

Worldwide, each year, large numbers of wild animals taleen to rehabilitation
centres for treatment, care and release. Althoughysmabf intake records may
provide valuable insight into the threats and impactsvitdiife, there are few such
published reports. Four-years of intake records fromrge lairban rehabilitation
centre in South Africa were examined for trends. Ahintake rate was high (2701 +
94 per annum). Most of the intake (90%) was birds, with flemmmals (8%) and
reptiles (2%), and most of these were of locally comspecies (eg doves, pigeons).
This reflects the findings of other studies, namelyt tBpecies living in close
association with humans are the most frequently adiniterehabilitation centres. In
total, most of the animals admitted (43%) were juvenidsch were assumed to be
abandoned or orphaned. The implications of then réhabi) these juveniles, which
were largely uninjured, is whether humans should be @riegf with nature if the
cause was not human-related; can each juvenile (e¢pacidiese large numbers) be
adequately prepared to survive and thrive when releasedhetwild; and is there

space in the environment for them, without causing hexrnothers already in the
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environment. This study concludes that the large numifeasimals currently being
admitted to the centre may be reduced, through increasedc pedilication

particularly to leave non-orphaned and uninjured juveniethé wild. Furthermore,
improvements in the centre’s recording system mayvdio use in funding requests

and for various research opportunities.

Keywords: animal welfare, intake records, rehabilitation, $oMfrica, trends

Introduction

Worldwide there are thousands of wild animal rehabditatcentres; for instance,
there are 5000 registered rehabilitators in the UnitetbStaxt America (USA) (Jacobs
1998), 650 - 800 in the United Kingdom (UK) (Kelly & Bland 2006; Léghet al
2008), and 63 in South Africa (SA) (Chapter 2). Some areajsed, such as the 65
birds of prey centres in Spain (Fajardo et al 2000), anditabd0 centres in 16
countries only dealing with marine mammals (Measures 2@&habilitation centres
provide treatment to injured, ill and orphaned wild animalsder temporary care,
with the goal of releasing them back into their natunabitat once recovered or
treated (Anon 2008). Rehabilitation centres are oftevagaly funded (Kunz 1995;
Jacobs 1998).

Analyses of the intake records at these rehabiliatientres may sometimes
provide valuable insights into the threats to wildliféx(& Barrows 1990; Hartup
1996; Aitken 2004). For instance, birds and mammals seem nwbe vulnerable as
juveniles, being orphaned or abandoned (Dubois 2003), whildeseand amphibians
are mainly brought in because of vehicle collisionsar(bp 1996). Furthermore,
intake records provide insight into the variety of specéd the number of

individuals that are vulnerable in the local area giome (Harden et al 2006), and
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whether this trend is seasonally related (Hartup 1996y KelBland 2006) or as a
result of other factors, such as human population growbege et al 2008).
Knowledge about such factors affecting wildlife would alldar preventative
measures to be implemented (Harden et al 2006; Drake & F2@88). Rehabilitation
centres would benefit from analysing their own recolgsgetermining whether the
changes they made to their rehabilitation methods haharovement on decreased
intake rates (Hartup 1996) and increased release ratesri@aksUnderhill 2005,
Kelly et al 2008).

The few published inventories of intake trends, acrpssigs and time, have
been in rehabilitation centres in the developed casmof temperate zones (England:
Molony et al 2007; U.S.A: Hartup 1996, Harden et al 2006, Neesle2608; Canada:
Dubois 2003), while studies in Africa have been done in dgdKampala: Azikuru
& Angubo 2007), and in South Africa (Nama Karoo: Visagie 2008peCTown:
Parsons & Underhill 2005). Kampala and Nama Karoo are ho#i areas, and the
rehabilitation centres only admit birds (Azikuru & AnguB607) and only raptors
(Visagie 2008), respectively. The rehabilitation centreCape Town is in an urban
context, but it only admits marine birds (Parsons &dérill 2005). No
comprehensive studies have been conducted in the develdipeghAirban context.
We, therefore, investigated animal intake trends ower years at one of the largest
urban wildlife rehabilitation centres in South AfricBhis centre has been in existence
for at least 25 years, and is situated in a suburb of Durbahe KwaZulu-Natal
Province, near urban parks, industrial areas and the Iseeeceives animals
predominantly from the Durban metropolis, but occasiprfabm further afield in
South Africa. The only animals not rehabilitated aexy large ones (eg white

rhinocerosegCeratotherium simujn black rhinocerosegDiceros bicorni$, African
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savanna elephantedxodonta africang, or those in need of specialised care (eg seals
(families Otariidae and Phocidae), penguins (family Spb&tdae), bats (order
Chiroptera)). We expected that there would be no difterem the general trends of
intake rates, and causes for intake, for internatioesatires within suburban and urban
environments. We predicted greater species diversityouthS Africa, than those
reported in the northern hemisphere, as a result ofjlreia different biogeographical

realm, with relatively high biodiversity.

Materials and methods

Wild animal intake records at the rehabilitation centrere collated for four years
(January 2004 - December 2007). All the data from the recweds analysed, as all
the information recorded by the staff at the rehahbiin centre was seen to be
potentially useful. For ease of analysis and interpoetatiata were categorised into
three sections, namely: identification of the anianadl information about the rescuer;
causes for the intake; and condition and immediate &geaf clinic, euthanased) of
the animal.

The first section included the following information:telaspecies, number of
individuals, their age and sex, information on the pemoarganisation uplifting the
animal (the “rescuer”), and the type (eg given food, drakyl duration of initial
treatment administered prior to release to the retaloh centre (ie < lday, <
lweek, < 1 month, > 1 month). Species data were furtheipgh Each animal was
placed into an animal class (ie bird, mammal, reptf®y. each class, animals were
placed into a categorgategories for mammals (Appendix 2) and reptiles (Appendix
3) were derived from orders or sub-orders, whereas hiedjcaes (Appendix 1) were

derived subjectively either from their regional hab{ed water habitat) (Hockey et al
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2005), or if a habitat generalist, were grouped according tiekie, namely feeding

(eg aerial insectivore, raptor), and activity pattefeg diurnal/ nocturnal). This
categorical difference was due to the higher number raf diders and sub-orders
compared with those of mammals and reptiles. A contlexen category would

therefore result in smaller groupings, as well as promisight into the habitat where
birds were most vulnerable. For each category, dependinghe number of

individuals, animals were referred to by their specasen (eg hadeda ibis) or they
were placed into their common name grouping (eg cinnamee @o placed into

“dove”) (Appendix 1). Often the admittance staff at tletce would only record

common names. Those common name groupings with fewidodis were placed

within a larger group (eg “Marine group”). Several sourcesewused to identify

order, family, and species names for birds (Newman 200Zkéyoet al 2005),

mammals (Skinner & Chimimba 2005), reptiles (Alexander & &k 2007) and non-
indigenous fauna (del Hoyo et al. 1992; Nowak 1999).

The second section dealt with information relatingthe reason/s for the
animal being brought to the rehabilitation centre (@dh). When no cause was given
by the rescuer, probable causes were inferred by exgntime records that gave the
condition of the individual as well as other notes (agdentification ring on a bird
that might indicate a “probable pet” (Table 1)).

The third section described the condition of the aniasaldetermined by a
brief examination undertaken by the admittance stathsafter arrival of the animal.
Conditions were grouped into six categories (Table 1) mable meaningful
comparisons. Since only the immediate fate of thevishgal (eg dead on arrival,

placed in clinic) was recorded by the staff at the regnthe data shown in this
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category do not show the actual numbers of animals diest, were released or
euthanased each month or year at the centre.

For each section, there was a category for whemfoomation was provided.
Terms used to define the causes and conditions wereylaaggeh from the inventory

described by Dubois (2003).

Data analyses

Since most individuals were brought in singly (91%), insalbsequent analyses the
number of cases and not the actual number of individuadsused. Proportions were
used to compare the relative contributions made by gemitp in a category (eg
proportion of juveniles contributing to an overall ageass). However, where
appropriate and depending on normality, significant differenas determined using
an unpaired Students t-test, Analysis of Variance (ANP\O& Kruskal-Wallis
ANOVA, and a Scheffé post-hoc test when significarit. skatistical analyses were

performed using Statistica 7 (StatSoft Inc., Tulsa, OBAY

Results

Trends in number of individuals and age groups admitted

Over four years, a minimum of 10 802 intake cases repregeh# 948 individuals
were admitted to the Durban rehabilitation centre. average number of individuals
admitted each year was 2701 = 94 (mean = SE) and this didiffest significantly
between years (ANOVA: ka4~ 0.28, p = 0.838). Monthly average intake was 255 *
14, with a significant difference between months (ANOWA1 36~ 15.33, p < 0.001)
(Fig. 1). Over the four years, the highest monthly ketavas consistently in

November. Grouping the months into seasons showed ificaighseasonal trend in
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intake rates (ANOVA: a4~ 25.26, p < 0.001). Intake of individuals was generally
higher in both summer (December-February: 322 + 19) andgsgBeptember-
November: 280 + 24) compared with both autumn (March-May: 1618} and
winter (June-August: 131 + 8) (Scheffé post-hoc: p < 0.001). Keratfice in intake
rate between spring and summer (Scheffé post-hoc: p = 0gid)nter and autumn
(Scheffé post-hoc: p = 0.572), were observed.

Seasonal changes in numbers of individuals were alseraas within each
age group (Fig. 1), namely adults (ANOVAi R= 5.67, p = 0.012), sub-adults
(ANOVA: F1o7 6.92, p = 0.006), juveniles (ANOVA: 41~ 15.50, p < 0.001) and
infants (ANOVA: Rz 12= 20.45, p < 0.001). The groups with unknown ages or with
multiple ages were excluded from this analysis. Adult nusilveere significantly
higher in spring compared with autumn (Scheffé post hocO®38); while sub-adult
numbers were significantly higher in summer compared withter (Scheffé post
hoc: p = 0.014). Both juveniles and infants showed a mooaopinced seasonal
difference in numbers. Juvenile numbers were significafarger in summer
compared with both autumn (Scheffé post hoc: p = 0.004) ammn(iScheffé post
hoc: p < 0.001), as well as being significantly greatespiring compared with winter
(Scheffé post hoc: p = 0.007); while infant numbers wége significantly larger in
summer compared with both autumn (Scheffé post hoc: p = 0.88F)winter
(Scheffé post hoc: p = 0.002), and significantly largerpiring compared with both
autumn (Scheffé post hoc: p = 0.001) and winter (Scheffé mmstp < 0.001). In
total, over four years, juveniles contributed the ntostll animal intake to the centre
(46%, n = 4640 in total; 1160 + 105 per annum), followed by adults (20802048
in total; 512 + 38 per annum), sub-adults (18%, n = 1817 in t&%l; £ 29 per

annum) and infants (15%, n = 1506 in total; 377 + 43 per annunm®.tiend was
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similar in each animal class, with juveniles conttibg 48% (n = 4338), 30% (n =

229) and 36% (n = 64) of four years of bird, mammal and raptd&es respectively.

Trends in animal class and species

Most of the intake at the rehabilitation centre wards (90%, n = 9700 in total; 2425
+ 72 per annum), followed by mammals (8%, n = 823, 206 + 23)epides (2%, n =
228, 57 £ 9). A total of 51 (13 £ 5) intake records did not stdizt kind of animal it
was. In total, there were 208 species, including 151 bird eppé@m 20 orders and
69 families (Appendix 1); 41 mammal species from 11 orders anda@8ies
(Appendix 2); and 16 reptile species from 3 orders 9 fam#ippéndix 3).

The most common bird category were those that occwwetnensally with
humans in urban or suburban areas, hereafter referrasl ‘tarban habitat” (82%, n=
7915 in total, 1979 £ 53 per annum), while the other categoomsibuted less than
5% each (Fig. 2), including an “other” category, with Zckbns (order Galliformes,
Gallus gallug and 1 cockatiel (order Psittaciformé&g/mphicus hollandicygrefer to
Appendix 1 for the species listed in each category). Tbst mommon bird species
were those that occurred in the urban habitat, eslyed@les (order Columbiformes,
27%, n = 2653 in total), hadeda ibis (order CiconiifornBesstrychia hagedasi 0%,

n = 967 in total), and pigeons (order Columbiformes, 9%86%in total) (Fig. 2).

Those mammals belonging to order Primates were thd prevalent of
mammalian categories (47%, n = 384 in total, 96 + 17 per anriums) was followed
by order Carnivora (14%, n = 117, 29 £ 3), and order Ruminéifb, n = 133, 33 £
4), while the other categories contributed less thaneaéh (Fig. 3). The two most

common mammal species were vervet monkeys (order tegm@ercopithecus
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aethiops 44%, n = 365 in total) and blue duiker (order Ruminamiaantomba
monticolg 10%, n = 84 in total) (Fig. 3).

The most common reptile category was order Chelonia (8086182 in total,
46 + 7 per annum), followed by order Squamata, sub-order S42fa, n = 28; 7 £
2), order Squamata, sub-order Serpentes (7%, n = 17; 4 +®hrder Crocodylia
(<1%, n = 1). The two most common reptile species Wwadedopard tortoise (order
Chelonia,Stigmochelys pardali34%, n = 78 in total, 20 £ 3 per annum), and hinged

tortoise (order Chelonidinixyssp., 16%, n = 36 in total, 9 + 2 per annum).

Rescuer and whether animals were treated before intake at the redtadoilicentre
Most animals were brought to the rehabilitation cefity private individuals (66%, n
= 7148 in total, 1787 + 53 per annum) and a nearby bird park (282289, 572 +
25), while others were brought in by a group consistingtieér rehabilitators and the
local nature conservation authority (4%, n = 427, 107 + &8)in the after hours box
at the centre (3%, n = 326, 82 = 20), brought in by an anreliire organisation
(SPCA) (3%, n = 290, 73 £ 10) or rescued by the rehabilitatgntre itself (2%, n =
4173, 3 + 22). A total of 149 records (1%, 37 * 8) did not state agmitted the
animal to the rehabilitation centre.

Excluding those records without data on whether or nohas had been
treated prior to admittance (40%, n = 4304 in total, 1076 + 3&parm), there was
no significant difference (t-test: t= 0.71, df = 6, p = 0.505)hether the animal had
been treated (31%, n = 3314, 829 £ 30), or not (29%, n = 3184, 796 M@GS§).
treated the animal only for one day (81%, n = 2689, 672 + 1kie where were
relatively equal numbers of those treated for less thareek (10%, n = 340, 85 +

26), treated for less than 1 month (4%, n = 145, 36 + 6) argk ttreated for more
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than 1 month (4%, n = 140, 35 %= 6). The animals that weddd for 2 - 29 days
prior to placement at the rehabilitation centre wggaerally without injuries (45%, n
= 220), but 28% (n = 137) were injured. A number of animath@se who had been
treated had to be euthanased due to their injuries (15%{3ir total), suggesting
that a delay in bringing an animal to the centre naeleither lead to injuries being
caused by and/or compounded by the care they receivedttimerson who found

them.

Causes

An explanation of the respective terms that were usedetscribe the causes for
rescue are shown in Table 1. Besides the large numbenlafown” cases (31%), the
four main causes for birds being brought to the rehatit centre were probable
young (when cause was inferred, 20%), young (17%), d@ani¢ familiarig/cat
(Felis catu$ attack (13%) and “wrong place- other” (4%, eg found in C&aple 2).
Similarly, for each bird category, the highest propaortivas usually listed as
“‘unknown” (29 - 39%). If this cause was excluded, the mostnoon cause was
“young”, except for marine birds, which were mainly fduentangled, and raptors,
which were mainly involved in vehicle collisions @la 2). For mammals, besides the
large number with an unknown history (18%), the main caussre dog/cat attack
(13%), wrong place (12%), vehicle impact (12%) and young (11%DpI€T 2).
Similarly, for each mammal category the main cause generally dog/cat attack
(Table 2). Reptiles were mostly admitted to the reitatiin centre because they
were found in the wrong place, which included the sub-caesytother” (20%), on
road (16%) and “probable” (when cause was inferred, 14%)ecause they were ex-

pets (“probable”: 11%, known: 10%) (Table 2). Most ex-petseweopard tortoises
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(70%, n = 16). For each reptile category, the main camsadmission was being

found in the wrong place (Table 2).

Condition and immediate fate

Most of the birds and mammals with an unknown historychuse of admission were
injured (59%, n = 1759 in total, 59%, n = 86 in total, respelghiywhile those that
were young were mostly uninjured (71%, n = 1158, 56%, n = 49 tesgdgc In
general, birds and reptiles admitted did not have anylesisifuries (44%, n = 4246
in total, 1062 = 107 per annum; 63%, n = 144 in total, respggtivehile mammals
were mostly injured (48%, n = 393 in totaljthough it was not a common condition,
there were 236 animals that were diseased, namely BRd<f all animal types, n =
217, 54 + 7 per annum), especially pigeons and doves; and maif@¥alef all
animal types, n = 19), especially banded mongoose andtveorkey. Most of the
diseased animals were immediately euthanased (66%, n = 155).

Over the four years, out of all animal classes, mviduals brought to the
centre were placed into the clinic (70%, n = 7546). Some (18% 1911) were
immediately euthanased, while others (7%, n = 759) had unkm&cements and
almost equal proportions (1 - 2%) were dead on arrival (97, died soon after
arrival (n = 231), were released (n = 147), given to amattebilitator for care (n =

43) or were in a group where individuals had different fegesrded (n = 24).

Discussion
The large numbers and regularity of animal intake atrédtabilitation centre between
years allowed for consistent trends to emerge. Theahraverage intake of 2701

animals was similar to that recorded at a centreama@a (over 2000 animals: Dubois
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& Fraser 2003). Diversity of bird species was similar (15&rdour years) to that
found in one study in USA (199 over 15 years; Harden et al 2006)jigher than in
Uganda (32 over four years; Azikuru & Angubo 2007). Furthermdwe variety of
reptiles (16 species, one centre, four years) was gréaaer that documented in
Canada (six species, 11 centres, 12 years) (Dubois &rF2a68) but lower than
another study in the USA (20 species, one centre, 14)y@destup 1996). The
relatively high species diversity in the South Africamabilitation centre may be the
result of the higher diversity of the Afrotropical regicompared with countries in the
Nearctic (USA, Canada) regions (Newton 2003). The lowispeliversity of animals
admitted for rehabilitation in Uganda is maybe due tdoseconomic and cultural
differences, rural people perhaps being less likely togbnwild animals to
rehabilitation centres (Kellert 1991 in Measures 2004).

A trend seen throughout the world is that the commoniespdicing in close
association with humans are the most frequently adiniiberehabilitation centres
(Deem et al 1998), because of the increased probabilitinjofy and also of
subsequent detection (Reeve & Huijser 1990; du Toit 1999; Bagn&itestcott
2001). Sometimes these species have grown in numbers aatl spto previously
unoccupied areas, because they are able to successfpityt@adaan-made changes in
the environment (Hockey et al 2005). They are also dfilemant of humans (Hockey
et al 2005; Drake & Fraser 2008). The three most commorspe&dies admitted to
the rehabilitation centre in this study have all ligg@ from increased roost and
nesting sites, when trees were planted in previously ogeas (hadeda ibis:
Macdonald et al 1986; doves: Rowan 1983) or suitable man-maasuses (eg
roofs) exist (pigeons: Rowan 1983). They have also leddfiom increased foraging

sites, for instance where cities and agricultural fagnprovide food for pigeons and
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doves(Rowan 1983). The increased number of artificial watelidsoand areas under
irrigation (eg suburban gardens) also benefit birds, sukhthe hadeda ibis
(Macdonald et al 1986). Meanwhile the vervet monkey, thenmal most commonly
admitted to the rehabilitation centre, is common waRulu-Natal suburbia (Skinner
& Chimimba 2005), largely due to an overlap in suitable thadkand/or increased
foraging opportunities in suburban houses and gardens (Henzi, 187 ®ell as a
decrease in natural predators (Whittsit 1995). Leopard sedare the most common
reptile admitted, probably due to it being the most wid@yributed tortoise in South
Africa and a common choice of reptilian pet (BoycotB&urquin 2000). Commonly
admitted species listed in other studies, such as mallaid ducCanada (Dubois &
Fraser 2003; Drake & Fraser 2008) and hedgehogs in the UK (Kikwo Best
1998), are likely also as a result of successfully adaptingiao-made changes to
environment.

Wildlife rehabilitation centres are generally essli#id to deal with casualties
or consequences from man-made hazards or developmeatsligir1995a; MWAC
2009). Common causes of admittance of birds and mammaBamada include
orphaned or abandoned young (25%, 66% respectively), catk g2880, 13%
respectively) and vehicle impact (9% and 8% respectif€lypois 2003). A similar
analysis in the UK revealed a similar trend, where 28%ll animals admitted were
abandoned young, while 8% were due to cat attack (Kirkwodske& 1998). The
main causes in this study were similar, but varied betwanimal classes. The main
cause of admittance in birds was being found young, formadsnit was dog or cat
attack, and for reptiles, being found in a ‘wrong’ plackisTs likely a result of birds
being able to live and breed in close proximity to husnamd thus their juveniles are

readily found and easily picked up, while mammals generatiydahumans and so
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are only encountered when in conflict with humans. Rsptespecially snakes, are
generally regarded with fear (Marais 2004), and thus comnfioniyd where they are
not wanted. Causes also varied for different taxa, perhelated to foraging methods
(Kelly & Bland 2006), where raptors are especially vulnierab collisions (Deem et
al 1998; Kelly & Bland 2006; Visagie 2008; this study), or due to thebitat, where
marine birds are vulnerable to oil spills (Carter 2003rhBm et al 2006), and
entanglement by fishing lines (Trendler 1995a; Jacobs 198&ttiy).

Including all animal classes, juveniles contributed tlestnto the total animal
intake at the Durban rehabilitation centre. In addjtithe seasonal increase in the
number of animals was directly linked to an increaseummber of juveniles in spring
and summer, similarly documented in hedgehogs (Reeve &eHdig09) and in seals
(Barnett & Westcott 2001). In the present study, this avéisne when there was an
overlap between bird and mammal species in their peadibge season in southern
Africa (Hockey et al 2005; Skinner & Chimimba 2005). Theseenigs were
assumed to have been abandoned or orphaned (Jacobs 199§eBstral 2004), and
thus were taken to the centre for hand-raising. Elkeungh there are instances when
juveniles probably need help (eg orphaned bears: Clark 2002; and abandoned
ducklings: Drake & Fraser 2008), various authors have documéhnédhey are
sometimes picked up unnecessarily (eg deer fawns: Beringeal €004, von
Klemperer 2008; seal pups: Measures 2004; and owl chicks: Leightalr2008), as
they are not really abandoned or orphaned. Not only dbess have ethical
consequences, but when examining the natural mortafitinfant and juvenile doves
(the most commonly admitted bird group), nesting successial until fledging)
has been estimated to be only 40% for redeyed dd@tespfopelia semitorquata

38% for Cape turtle doveS(capicola and 46% for laughing doveS.(senegalengis
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largely due to predation, desertion and bad weather (RA®88). This raises two
important issues with rehabilitating juveniles: should &osn be interfering with
nature if the cause was not human-related (see Kirkwood ,198%) if the
environment is at carrying capacity, is it able to suppmre individuals (Caldecott
& Kavanagh 1983). The third issue with rehabilitating julesnis whether juveniles
can be adequately prepared to survive and thrive whersedléato the wild (Bennett
1992; Csermely 2000). In the rehabilitation process thetteeidkelihood of juveniles
becoming human-imprinted, habituated or tame (Aitken 2004&ng&ia 2007), with
human-imprinted individuals especially being likely to beeomggressive or a
nuisance by approaching humans for food and/or comparpoahi & Beecham
1984; Beringer et al 1994). Similarly, hand-raising songbirdtiout conspecifics
and/or in close association with heterospecifics, $taswvn to negatively influence
their song development, and thus on their ability td &inmate or defend a territory
(Spencer et al 2007). Therefore, the public must be adwsledte non-orphaned and
uninjured juveniles in the wild (Trendler 1995a; Jacobs 1998).

Besides identifying the threats to wildlife (Fix & Baws 1990; Reeve &
Huijser 1999), analysis of intake records could be usefubbsearvation. For instance,
specific areas where animals frequently encounter Inaagnbe identified from intake
records (Curtis & Jenkins 2002; Harden et al 2006; Drake & Fr28@8). This
information may then be used to place preventative unegasat these sites (Drake &
Fraser 2008), such as tunnels and culverts to help withigentoad crossings (Guyot
& Clobert 1997). Intake records may also be used to modiseases affecting wild
animals (Kirkwood 1992; Measures 2004; Harden et al 2006), suclhrespsc
mange, canine distemper and rabies in foxes (Kellye®i@an 2003). Additional uses

include monitoring population trends in an area, to pick upxansion of a native
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range or if a decrease is noticed, it could be an eadyning signal of an
environmental change (Harden et al 2006; Neese et al 20@8gr&ly these have
been under-utilised and so may have resulted in poor coonplat intake records at
this centre, and elsewhere; as those completing thénmati realise its importance
(Italy: Fajardo et al 2000, Canada: Dubois & Fraser 2003, UMy & Sleeman

2003, Harden et al 2006).

Additionally, intake records should be analysed by thebi#tation centres
themselves to learn from their successes and faillneshdler 1995b). One centre
noticed that release rates of African pengulBpheniscus demergudad improved
over years as a result of refinements of their ritailon techniques (Parsons &
Underhill 2005). In addition, an accurate record of whereaamal was found
enables it to be released back into the appropriatedahattiarden et al 2006).
Furthermore, studies have shown that intake records bearused to identify
individuals that are high-risk, so that special care @iged to these individuals (eg
ducklings with low body mass, Drake & Fraser 2008) or providethdse with less
severe injuries (Molony et al 2007). The opportunitiesrésearch are numerous if all
rehabilitators input their intake records into a cdised online database, such as one
set up by the British Wildlife Rehabilitation Counchrion 2009). Furthermore, an
automated recording system could help rehabilitation esrgenerate accurate trends

for use in funding requests or in permit applications.

Animal welfare implications
The consistently large numbers of juveniles admittethé current study reflects a
need for greater public education at this centre to ptetiese numbers in the future

(Hartup 1996; Dubois & Fraser 2003). Otherwise, the large ngnafguveniles limit
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the practicality of being able to provide adequate careatd individual and prepare
them for release, and increase the possible negatipact of releasing these
individuals on the environment. We suggest that intakerdsc should be better
utilised by rehabilitation centres as well as corsgon authorities, where analyses
could reveal for example: the threats to wildlife and $pecific areas where animals
frequently encounter harm, so that preventative measielsl be put in place at

these sites; and they could reveal improvements irbitiéaaon techniques.
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Table 1. List and descriptions of causes and conditidestay animals admitted to

the rehabilitation centre. Note that “probable” irdes these causes were inferred.

Factors Description
Unknown Nothing was written in the records
Young Orphaned, abandoned, fell from nest, fledgling
Probable young Infant or juvenile with no visible ings; excl. reptiles
Hand-raised Hand-raised animal >1 week but < 1 month
Ex-pet Pet handed in by owners
Probable ex-pet Pet not handed in by owners (ie waasetl/escaped) eg exotic tortoise,
bird has identification ring
Removed animal Included if the animal was found tied umgbsedld; confiscated by
nature conservation
Dog/cat attack Attack by dogénis familiarig or cat Felis catu3
Other animal attack Includes attack by non-domestic alnég vervet monkey
Human attack Includes intentional (eg hit with stickeksj shot, beaten, poisoned, in
snare) and accidental (eg driven over by lawn mower)
8 Vehicle impact Hit or driven over by car, tractor,@atrain
@ Probable vehicle impact Found in road + injured and/ocwessed (excl. infant/juvenile birds)
O Other impact Flew into window, wall or door
Probable other impact If concussed (excl. infant/jueehiitds), or if bird was released
immediately after admission
Adhesive Covered in adhesive, including glue, tar, olil
Entangled Entangled in string, plastic, hair, barbed visking line
Wrong place-water Found in the pool, dam, other water bodies
bodies
Wrong place-other Found in car, building, garden, roof; stutiedge; nest intentionally
removed
Wrong place-road Found in the road, parking lot, railwag lin
Probable wrong place Animals with NVI or if released immediately. Includesptiles,
(water bodies, other,  adult/sub-adult mammals, groups of adult/sub-adult with juvéimfaat
road) birds)
Other If electrocuted, burnt in fire
Unknown No condition recorded
No visible injuries No visible injuries, includes if weak, dehydrated, exhaudétdargic
(NVI) and in poor condition
S Possibly diseased/ Includes if the animal is thin, full of fly eggs, hasdg diarrhoea,
= injured vomiting, and if not standing/ walking/ flying properly (buY1)
§ Diseased Includes avian pox, trichomoniasis, salmomglidslamydiosis, rabies,
(&) distemper, mange, tetanus (even if also injured/concussed).
Injured Injuries include wounds, broken bones, paralysenl béind concussed

(includes if disorientated, neurological symptoms)
Dying/DOA Individuals dying and dead on arrival
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Table 2. Main causes (%, total n, mean = SE) resuftiagimals admitted to the

rehabilitation centre for each category within bmdimmal and reptile classes (Refer

to Appendices for description of categories, and ref@iatde 1 for description of

causes and conditions).

Class Category Cause % Total Mean = SE
All Unknown 31 2964 741 + 17
Probable young 20 1977 494 + 58
Young 17 1607 402 + 21
Dog/cat attack 13 1221 305 £ 23
Wrong place-other 4 351 88 + 20
Marine Entangled 12 17 4+1

T Water Probable young 26 109 27+ 4

@  Raptors Vehicle impact 17 16 4+1
Grassland Probable young 15 17 4+2
Nocturnal Probable young 12 18 51
Aerial insectivores  Probable young 24 79 205
Specialist Dog/cat attack 15 79 20+ 2
Urban habitat Probable young 21 1691 423 + 45
Other Wrong place-other 67 2 -

All Unknown 18 147 -
Dog/cat attack 13 110 -
Wrong place-other 12 98 -
Vehicle impact 12 97 -
Young 11 87 -

Primates Vehicle impact 20 76 -

—  Carnivora Young 20 23 -

£ Ruminata Wrong place-other 29 38 -

£  Chiroptera Dog/cat attack -

§ (Besides unknown) 28 16
Hyracoidea Dog/cat attack 30 7 -
Rodentia Probable young 42 5 -
Afrocoricida Dog/cat attack 43 6 -
Lagomorpha Dog/cat attack 28 8 -
Eulipotyphla Dog/cat attack 75 6 -
Suiformes Various (eg young) 20 1 -
Exotics Removed animal 25 2 -

All Wrong place-other 20 45 -
Wrong place-road 16 36 -
Probable wrong place 14 32 -

o Probable ex-pet 11 24 -

= Ex-pet 10 23 -

& Chelonia Wrong place-other 20 37 -
Crocodylia Man-made attack 100 1 -
Squamata: Sauria  Wrong place-other 14 4 -
Squamata: Wrong place-other 24 4 -
Serpentes Dog/cat attack 24 4 -
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Figure legends

Figure 1 Mean (x SE) number of individuals of different atgsses admitted each
month (bars) to an urban SA rehabilitation centrd aronthly mean for all ages
combined over four years (2004-2007). Note that the montannf‘total”) follows
the second y-axis.

Figure 2 Mean (xSE) number of each group within eight @ifferbird categories
(excluding “other” category) admitted each year to annui®Aa rehabilitation centre.
(See Appendix 1 for a list of species abbreviations amilyf names).

Figure 3 Mean (£SE) number of each group within 11 diffensatmal orders and
one group of exotics admitted each year to an urban B#bigation centre. (See

Appendix 1 for a |list of species abbreviations and famiames).
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Figure 1 Mean (x SE) number of individuals of different atpsses admitted each month (bars) to an urban SAileht®n centre and

monthly mean for all ages combined over four years (2004-208i¢ that the monthly mean (“total”) follows thecond y-axis.
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Appendix 1. List of species (if recorded by admittancd)saaimitted to centre and their

common and family names within each bird category (deeel using habitat rather than

taxonomic associations, to allow for more meaningifiodller groupings).

Bird
category

Group

Group name (family name): species name

Woodpecker

®  Marine group Cormorant (Phalacrocoracidae); Penguin (Sgtiéae): African; Petrel
S (Procellariidae); Shearwater (Procellariidae): WedgedaSkua (Laridae):
© Subantartic
f) Gannet Sulidae: Cape
£ Gull Laridae
‘zﬁ Pelican Pelecanidae
Tern Laridae: Little
Water group Crane (Gruidae): Grey crowned; Grebe (PodicigefliLittle; Thick-knee
(Burhinidae): Spotted; Painted-snipe (Rostratulidae): @re8andpiper
(Scolopacidae); Spoonbill (Threskiornithidae): Afric&ork (Ciconiidae):
Woolly-necked
Crake Rallidae: African, Black, Corn
= Duck Anatidae: White-faced, Fulvous, Muscovy (exotic), diethilled
S Egret Ardeidae
8 Flufftail Rallidae: Buff-spotted
5  Goose Anatidae: Egyptian, Spur-winged, Domestic
©  Hamerkop Scopidae
= Heron Ardeidae: Grey, Grey-backed, Goliath, Black-headed
Ibis Threskiornithidae: African sacred, Southern bald
Moorhen Rallidae
Kingfisher Alcedinidae: Malachite, African pygmy-kingfishe
Dacelonidae: Brown-hooded, Mangrove
Cerylidae: Giant, Pied
Grassland group  Bustard (Otididae): Black-bellied; Buttongdaitr{icidae); Cisticola
] (Cisticolidae); Sparrowlark (Alaudidae); Lark (Alaudidae)rtRege
5 (Phasianidae); Pheasant (Phasianidae: exotic)
g Bee-eater Meropidae
=  Francolin Phasianidae: Crested Francolin, Natal Spuirfow
c_CU Coucal Centropodidae: Burchal's
@  Guineafowl Numididae: Helmeted
] . . .
6 Lapwing Charadriidae: Black-smith
Quail Phasianidae: Harlequin
Warbler Slyviidae
Forest group Babbler (Sylviidae); Chat (Muscicapidae);eéyguoide (Indicatoridae); Hoopoe
IS (Upupidae) African; Roller (Coraciidae): European; Tchdttalaconotidae);
5 Tit (Paridae); Trogon (Trogonidae): Narina; Twinspott(idtidae)
8 Cuckoo Cuculidae: Diederik, African emerald
3 Flycatcher Muscicapidae: Southern black, African dusky
o Monarchidae: African paradise-flycatcher
L‘E Hornbill Bucerotidae: Trumpeter

Bucorvidae: Southern ground-hornbill
Picidae
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Bird
category

Group

Group name (family name): species name

Urban habitat (incl. Suburban gardens)

Urban group

Dove
Pigeon

Hadeda ibis
Mannikin
Weaver

Sparrow
White-eye
Bulbul
Barbet
Mousebird
Myna
Starling

Raven (Corvidae): White-necked; Crow (Coryiddeuse, Pied;
Drongo (Dicrurida): Fork-tailed; Waxbill (Estrildidae): Camon;
Firefinch (Estrildidae); Canary (Fringillidae): Cape,llge-fronted;
Shrike (Laniidae): Common fiscal; Puff-back (Malacodag):Black-
backed; Wagtail (Motacillidae); Turaco (Musophagidae): Purple-
crested, Grey go-away bird; Sunbird (Nectariniidae): a&el; Oriole
(Orolidae); Bishop (Ploceidae): Southern red; Thrush (Mepidae):
Olive, Spotted-ground; Robin (Muscicapidae):White-starreatjimiR
chat (Muscicapidae): Cape, Red-capped; Whydah (Viduidae): Pin-
tailed
Columbidae: Cape turtle-dove; Laughing, Red-eyed, Tanmgour
doves; Emerald-spotted wood-dove
Columbidae: Rock dove; Speckled pigeon; African gregeopj
African olive-pigeon

Threskiornithidae
Estrildidae: Bronze

Ploceidae: Masked-weaver (lesser/southern);agpeatt Thick-billed
weavers

Passeridae: House, Southern grey-headed
Zosteropidae: Cape
Pycnonotidae: Dark-capped
Lybiidae: Black-collared, Crested, White-eareathdts; Tinkerbird
Collidae: Speckled
Sturnidae: Common
Sturnidae: Cape glossy, Violet-backed, Red-winged

Raptor group

Accipitridae: Buzzard: Jackal, Steppe; Eaglecafrcrowned, Long-

o crested, Martial, Wahlberg's; Snake-eagle; African ileafawk;
8 Vulture; Unknown sp.
Q . .
© Falcon Falconidae: Lanner, Peregrine
@ Kite Accipitridae: Black-shouldered, Black
Sparrowhawk Accipitridae: Black
T Nightjar Caprimulgidae
c Oowl Tytonidae: Barn
=2 Strigidae: Marsh owl; Cape, Spotted, and Verreaux's ead¢e-o
S Southern white-faced scops-owl; African wood-owl
Z
4 Swallows Hirundinidae: Barn, Striped (lesser/greater)
8 S
<GEJ S Swifts Apodidae: Common, White-rumped
2
o Chicken Phasianida&allus gallus
]
=
) Cockatiel Pstittacidaddymphicus hollandicus
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Appendix 2. List of species (if recorded by admittancd)saaimitted to centre and their
common and family names within each mammal categteygloped according to

taxonomic grouping and whether exotic to SA and/or KZN/pa®).

Mammal category Group Family name: species name
Order Hyracoidea Hyrax Procaviidae: rock, tree hyrax
Order Lagomorpha Scrub hare Leporidae
Order Rodentia Mole-rat Bathyergidae
Porcupine Hystricidae
Canerat Thryonomyidae
Squirrel Sciuridae
Rat Muridae
Mouse Muridae
Order Afrosoricida Golden mole Chrysochloridae
Order Primates Galago Galagidae: Greater, South African
Chacma baboon Cercopithecidae
Syke's monkey Cercopithecidae
Vervet monkey Cercopithecidae
Monkey (unknown) Unknown
Order Eulipotyphla Shrew Soricidae
Order Chiroptera Bat Pteropodidae (fruit-eating); Molossidae (Free-tajled)
Vespertilionidae (vesper)
Order Carnivora  Serval Felidae
Gennet Verridae: Spotted
Banded mongoose Herpestidae
Marsh mongoose Herpestidae
Mongoose (other) Herpestidae: Large grey, slender wello
Jackal Canidae: Black-backed

African striped weasel Mustelidae

Order Plains zebra Equidae
Perossodactyla
Order Suiformes  Bushpig Suidae
Common warthog Suidae
Order Ruminata Bushbuck Sub-family Bovinae
(family Bovidea)  Biue duiker Sub-family Antilopinae
Grey/common duiker Sub-family Antilopinae
Ruminata group Sub-family Antilopinae: unknown duiker, red duiker
reedbuck, oribi, impala
Exotic Suricate/meerkat Order Carnivora, Family HerpestiSaeicata
suricatta
European rabbit Order Lagomorpha, Family Leporidagctolagus
cuniculus

Marmoset Order Primates, Family Callitrichidae: vasiap.
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Appendix 3. List of species (if recorded by admittancd)saaimitted to centre and their
common and family names within each reptile categadeyé€loped according to

taxonomic grouping)

. Family name: species name
Reptile category Common name y P

Order Squamata: Snake (common) Colubridae: House, Spotted bush, Easteam Gr

Sub-order Serpentes snake, Herold

Black mamba Elapidae
Night Adder Viperidae
Snake (exotic) Colubridae: Corn snakdaphe guttati

Order Squamata: Southern tree agama  Agamidae

. Chameleon Chamaeleonidae
Sub-order Sauria !
Water monitor Varanidae
Order Crocodylia Nile Crocodile Crocodylidae
Order Chelonia Terrapin Pelomedusidae
Tortoise Testudinidae: exotim KwaZulu-Natal Province

(Angulate tortoise, Parrot-beaked padloper);

Hinged; Leopard; Unknown sp.
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CHAPTER 4
Post-Release Success of Two Rehabilitated Vervet Monkeye(copithecus aethiops
pygerythrus) Troops in KwaZulu-Natal, South Africa
Kirsten Wimberger, Colleen T. Downs and Michael RriRe
School of Biological and Conservation Sciences, University of KwaZulu-Natal,

P/Bag X01, Scottsville, Pietermaritzburg, 3209, South Africa.

Formatted for African Journal of Ecology: in review

Abstract

There are regularly large numbers of vervet monke@erdopithecus aethiops
pygerythru$ in rehabilitation centres in KwaZulu-Natal, Southrigd. This study
evaluated the efficacy of releasing two vervet monkegs into the wild according to
methods employed by an established rehabilitation eefitwo troops were assembled
over 2-3 years. Coloured ear-tags identified adults, sub-aahdtguveniles. Radio-collars
were placed on all the adults and sub-adults of both trGtd% of all individuals). Each
troop was released at a suitable site after two nighasholding cage, and supplementary
food was provided for two months after release. For 1@tinsolocations of both troops
were recorded, as well as the presence/absence aflirals/and their general behaviour.
The smaller troop survived better than the larger trawih, only 4 of 35 individuals (11%)
confirmed alive in the large troop compared with 12 of 24 (bb4he small troop. The
releases were not successful in terms of survivalarasial survival for wild vervet
monkeys is much higher than that for the two troops,ware in terms of the troops not

being dependent on humans, having established distinct f@mges, survival of an infant,
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and two births in the breeding season following rele&sEommendations are provided

for consideration in future releases of captive reitatatl vervet monkeys.

Key Words Cercopithecus aethiopspost-release monitoring, rehabilitation, radio-

telemetry, South Africa, vervet monkey

Introduction
Primates are generally translocated for conservatioposes, namely reintroductions and
re-enforcements, and/or for welfare reasons (e.gasel after confiscation). Wildlife re-
introduction is an attempt to establish a species wihéras become extirpated or extinct,
while re-enforcement adds individuals to a declining pomra(iUCN, 2000; Baker,
2002). These translocations have involved wild-born iddass, including black howler
monkeys,Alouatta pigra(Ostro et al., 1999; Horwich et al., 2002), and baboBagjo
anubis (Strum, 2002), but mostly captive-bred individuals, such agegolion tamarins,
Leontopithecus rosaligKleiman et al., 1986; Beck et al., 1991); black-and-whitefeRiuf
lemurs, Varecia variegata(Britt et al., 2002); Gee’s golden languigachypithecus geei
(Gupta, 2002); and mandrilldjandrillus sphinx(Peignot et al.,, 2008). However, many
primate translocations have been for the improvenasérthe welfare of the individual
(Baker, 2002; Cheyne & Brulé, 2004; Goossens et al., 2005). Thiese involved
individuals from wildlife rehabilitation centres, whogeal is to enable a “displaced, sick,
injured or orphaned wild animal” to “function normally dative self-sufficiently” once
released (Anon., 2008).

There are a variety of primate species in rehalditatentres and sanctuaries
worldwide, such as guenorCércopithecus sp mangabey Gercocebus sjp gibbon

(Hylobates sp, bonobo Pan paniscus and common chimpanzedgn troglodytes)



124

(Carlsen et al., 2006). A few studies have documented pleaseesuccess of rehabilitated
primates, including Bornean orangutdPpongo pygmaeugGrundmann, 2005); Blers
Bornean gibbon,Hylobates muelleri(Bennett, 1992), Lar gibbord. lar (Shanee &
Shanee, 2007), agile gibboii{. agilis (Cheyne et al., 2008); common chimpanzee,
(Borner, 1985; Farmer & Jamart, 2002; Goossens et al., 2@@gnd gorilla, Gorilla
gorilla (Pearson et al., 2007); and Guianan/Margarita Island boayuachinCebus apella
(Suarez et al., 2001).

In general, releases of these rehabilitated and cdptdge primates have been
poorly documented (Gupta, 2002; Agoramoorthy & Hsu, 2006), or feswdted in high
mortality, due to individuals being inadequately prepared iferih the wild, disease
and/or hunting/theft by humans (Bennet, 1992; Borner, 1985ndta& McGrew, 1991;
Beck et al., 1991). The successful releases were probablyodinereased pre-release
training (e.g. Shanee & Shanee, 2007) and post-release supgpmrtexample, an 8-year
post-release survival of 62% of released chimpanzees wettidinly have been lower, as
50% of released males would have died without veterindeyviention (Goossens et al.,
2005).

In South Africa, the most common primate in rehattititn centres is the vervet
monkey (Cercopithecus aethiops pygerythrugn 2005, an estimated 3000 were in such
centres (Grobler et al., 2006). Vervet monkeys are Isanimals, living in mixed sexed
groups ranging in size from 5 to 76 (Fedigan & Fedigan, 1988). alewidespread and
abundant throughout Africa (Struhsaker, 1967; Skinner & Chimir@005) and listed as
“least concern” in the 2008 IUCN Red List of Threatengubcis (IUCN, 2008), in
contrast to the conservation status of primates mm@dt in previous studies, which are
generally endangered or even critically endangered. Howexervet monkeys are

admitted to rehabilitation centres for similar reastm the endangered primates mentioned
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above, as they are either ex-pets (after eitherismation by conservation authorities or
handed over by private individuals), found orphaned or inj@vhittsit, 1995; Rhind &
Lawes, 1998). Generally they become orphaned or injuredbarbia due to either direct
(e.g. home food-raiding and subsequent shooting) or indjegt vehicle collisions)
conflict with humans (Henzi, 1979; Whittsit, 1995; Savil)07). There were once
considered “vermin” in South Africa, and legally allowédl be kiled (Henzi 1979;
Grobler et al., 2006). This human-wildlife conflict ikdly a result of the natural habitat of
vervet monkeys’ shrinking with an increase in housingettgoments, together with an
increase in suitable habitat in suburban gardens, akdofoatural predators in these
environments (Henzi, 1979; Whittsit, 1995). Even though there been some attempts
to minimise this conflict through education (e.g. HentH79; formation of non-
government organizations like “Primates Africa”), ve&rvmonkeys continue to enter
rehabilitation centres in large numbers. Once in biitaiion there is a reluctance to
euthanase them, or hold them in captivity (Carnie, 2Q85}his is contrary to the goals of
rehabilitation, and thus they are released into the. Wirevious releases of rehabilitated
vervet monkey were poorly monitored, but poor survivad baen generally supposed
(Whittsit, 1995). One scientific study has determined thst-pglease success of two troops
of vervet monkeys from a rehabilitation centre, hesvemonitoring of troops was limited,
and success was determined after one week post-releaseeforoop, and one month for
the other (Rhind & Lawes, 1998).

The present study was thus instigated to assist the docelervation authority,
Ezemvelo KZN Wildlife (EKZNW), in investigating methods release in an effort to
improve post-release success, which would be used aschnenk for future releases by
incorporating them into an EKZNW document titled “Norered Standards for Care and

Management of Ex Situ Vervet monke@gercopithecus aethiopa KwaZulu-Natal’. Our
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study therefore tested the efficacy of the releaseopobtdeveloped by EKZNW and the
rehabilitation centre. No previous reporting or docusmigm similar to this had been
done due to lack of funding and resources made availabla fmmmon species. We
assumed that the vervet monkeys had been successfidlylitated and the release site
was suitable based on the rehabilitation centre fedbad on the EKZNW permit for
permission to release. Therefore we expected the trtmpsiccessfully adapt to being
released into the wild, but the degree of success wouléfrendent on troop size. Success
was assessed in terms of a rescue/welfare releaser(B802), namely similarities in
survival, reproductive success and home range establisiimenild troops in one year
(Farmer et al., 2006; Cheyne et al., 2008). We expectedhthdarger rehabilitated vervet
monkey troop would be more successful (e.g. higher suntival) the smaller troop, due
to the larger group size offering protection from predatmd greater advantage over
foraging resources (Isbell et al., 1990). We could not wastther individuals with
experience in the wild would be more successful thanethadso had been hand-raised,

because individual histories were unknown.

Methods

Protocol and Study Animals

The captive monkeys were housed at the Centre for Redtain of Wildlife (CROW),
based in Durban, KwaZulu-Natal (KZN), South Africa. EK&Ntogether with CROW,
developed the protocols for the releases and subsequelibgfeegimes for vervet
monkeys in this study, and are detailed below. Relevastions of the IUCN guidelines
for reintroductions (IUCN, 1998) were included in releaseeltgpment plans. The
protocol followed was a compromise between the locaiservation authority and the

rehabilitation centre. Those involved were doubtfulhef applicability of great ape release
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protocols to an old world monkey such as the vervet moakel thus were not used in
developing the protocol. The monitoring study had ethutesrance from the University
of KwaZulu-Natal.

Two troops of captive monkeys were released and modiiarthis study. Troop 1
consisted of 35 individuals, with 5 adults (3 females), 9 shlits (2 females) and 21
juveniles, while Troop 2 consisted of 24 individuals, witadtilts (1 female), 7 sub-adults
(4 females), 12 juveniles and a 5-week old infant. Batbgs were assembled over the
previous 2-3 years in separate enclosures (30 x 20 m fldanxhigh), which had various
climbing structures for the vervet monkeys to use. kerhonkey was added in July 2006
to Troop 1 (H. Fitchat, CROW, pers. comm.). Troops wWermed using a group of adults
and sub-adults, to which captive-raised juveniles were afidedFitchat, pers. comm.).
Histories of individual monkeys were unknown because wee not individually marked
on arrival at the rehabilitation centre. Howevare in Troop 1 (2 sub-adult males, 2 adult
females, 1 sub-adult female) and five in Troop 2 (1 aduke,mabub-adult male, 1 juvenile
male and 2 adult females) had likely originated from tHd. wWihe troops were considered
cohesive and all individuals were considered ready f@asel (H. Fitchat, pers. comm.)
CROW did not separate monkeys according to their sourcaube there are no known
significant geographical genetic differences in vervetnkegs found in South Africa

(Grobler et al., 2006).

Pre-Release Measurements, Marking and Health Checks

We classified individuals as adults (> 4 yr and sexuallyuregt sub-adults (~ 3 - 4 yr),
juveniles (0.5 - 3 yr), and infants (< 0.5 yr, Struhsaker, 196v¢ days before the release,
a veterinarian captured all adults and sub-adults in eaop trsing a net and anaesthetised

them with 0.5-1 ml ketamine hydrochloride (Ketamine, Kyt@boratories, Johannesburg,
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South Africa). Once anaesthetised, age classes wafiensed using body mass (Table 1)
and for males, age classes were additionally confirmied tise size of their testes (Henzi,
1982). Neck circumferences (Table 1) were determined focdirect attachment of radio-

collars (see next section). Juveniles were not cagptatréhis time, as radio-collars were not
to be fitted due to growth issues. Because of welfareeras, one adult female in Troop
2, which had a dependent infant, was also not capturédsdinte.

We marked the captive monkeys using one of three diffgreolbbured 104 x 2.5 mm
cable-ties (Insulok, Hellermann Tyton, South Africa)iridicate age class. The veterinarian
inserted the cable-ties into an incision in the nad-qgust above the cartilage, of each
anaesthetised monkey. Alternate ears distinguished thetrtvops. Juveniles were given
ear tags when they were caught for transport to tleaselsite, while the mother was not
marked. We fitted radio-collars only on to anaestheétadults and sub-adults, so 24 of 59
monkeys had collars (40% Troop 1, 42% Troop 2). Each cdbaally made by C.
Dearden, Pietermaritzburg) had a radio-transmitter wittnique frequency (~150 VHF
range) and a 1/8 wavelength stainless steel tracerawniszinae powered by a lithium 3.5V
AA battery, sealed in epoxy putty (Pratley (Pty.) Ltdau@&ng, South Africa). The
transmitter was attached with belting material andeoed with heat-shrink tubing to
prevent chaffing. Collars were 8mm wide while length ddpdnon individual's neck
circumference. The collars (with attached transnsjtereighed 43.1 ¢ 2.0 (SD), < 4% of
the vervet monkeys’ body weight (Cochran, 1980). Collagsewstitched using cotton (2
mm), so that they would fall off after about a yearaaconsequence of wear.

To give an indication of the health status of the mgskehe veterinarian took two
blood samples (2 - 5ml each) from each anaesthetisetteyndar haematological and
biochemical analyses. VetDiagnostix Pathology Lalmyat(Pietermaritzburg) analysed

the blood samples and compared the results with stanaerd Bhlues for vervet monkeys
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(or green monkeyChlorocebus aethiopsynonymous wittCercopithecus aethiops) the
International Species Information reference rangdS{ISeare, 1999). The veterinarian
dewormed all monkeys with 0.2 - 0.4 ml of Invermectin (hez, Merck (Pty.) Ltd.,
Midrand, South Africa) before they were returned tortkeclosures to recover from the
anaesthetic. Juveniles were dosed with the same dewanmnéhe day that they were

caught for transport to the release site.

Timing and Data Collection

The two rehabilitated monkey troops were released inm&inl7 and 22 January 2007
respectively), when potential food resources were likelype the most abundant due to
seasonal rainfall. Data were collected from releastl January 2008, i.e. one year.
Behavioural monitoring and radio-telemetry were conduéed hr, in the morning and

afternoon, every day (during January and February 2007) r&fiease. Thereafter, the
intensity and frequency decreased to once a week until Augntthen to twice a month

until December. Data were collected once in January 2008.

Release Site

The monkeys were released in Duma Manzi Private Gaeserie (3W2'S, 3018'E,
5000 ha), near Richmond, KZN. Vegetation in the resesveharacterised as Eastern
Valley Bushveld (Mucina & Rutherford, 2006), dominated Agacia karooand exotic
Melia azedarach The habitat mosaic within the reserve was divemeyiding food
sources at different seasons, including fruit, flowerd aves ofAcacia karoo, Ficus
natalensis, Celtis africana, Strychnos spin@sal of variousRhusand Grewia species
(Pooley 1968; Foord et al. 1994). Furthermore, wild troops erfet monkeys were

present, which suggested that there was a suitable tHabithe species. There would also
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be opportunities for natural movement between the @@ind wild troops (Henzi &
Lucas, 1980; Cheney & Seyfarth, 1983) and the rehabilitatbddnals would also have
opportunities to learn natural foraging behaviour frondwilonkeys (Strum, 2002). The
landowner believed there to be low numbers of troopssibly as a result of previous
human occupation, and thus the habitat was likely bedowyiog capacity.

Within the reserve, the two release sites for emobp were chosen for their
proximity to the river, ensuring adequate water avaitghihroughout theyear, and food
availability in the riverine vegetation. The releaste of Troop 2 was further from the river
(about 210 m, along a dry river bed) than for Troop 1 (maxirB0 m from river), but was
chosen because it was the closest area to thewitresuitable habitat for vervet monkeys
and it had shade for the holding cage. It had the additlmeragfit of having a fig tree
(Ficus natalensisnearby (a highly visible preferred food source: Padl&8). These two
sites were 1.2 km apart and separated by a large hill. Qwithe proximity to the river,
there was much movement of rural people and their dhttbeigh Troop 1's release site,
the extent of which was not realised until after tbéease. The reserve manager and

CROW had obtained support from the nearby local commionitshe release.

Soft Release
We used two soft release procedures to enable individualdjast to the new environment
(Caldecott & Kavanagh, 1983; Bright & Morris, 1994; Baker, 2008)s included holding
each troop in a metal weld-mesh holding cage (5.1 x 3.9 xn2.for two nights before
release, and providing supplementary food for two monthisrptesase

The troops were taken in individual wooden animal trarispoxes to the release
sites, five days apart, and released into the holding. ¢ages placed in the shade, with

additional shade cloth covering the top. Enclosed ircdlge were natural small shrubs, but
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extra branches were provided for the monkeys to climbAotrough of water, and food
trays of dry (seeds, nuts, dried fruit) and wet food (inalydbutternut, apples) were
provided in the cage until the monkeys were released.fddw provided was similar to
that given at CROW, but excluded some items such as eggsl &nd beans. The holding
cage was left standing for 2 days after release of Tiompd then moved to the release site
of Troop 2.

After release, the food was placed on three plastid foays (600 x 400 mm) set up
in trees about 4 m away from the holding cage with alBout between trays. Fresh food
was provided in two and a half 10L buckets and dry food in appabely one bucket at
06h00 and 15h00 for the first 3 weeks after release for Troophé&. morning feed
coincided with the initiation of foraging at daybreak,ilethe afternoon feeding allowed
foraging time prior to sunset, as found in wild troops (d®M. Steffens, 1972). Twice-a-
day feeding was limited to 2 weeks for Troop 2, so thafebeing regimen for both troops
became synchronous. Thereafter, feeding was limitednéonings only. Intensity of
feeding decreased every 9 days, from once-a-day feedingety féth day near the end of
March. Quantity of food was subsequently reduced, as judgédebgmount of food left
over at the next feeding day. Supplementary feeding stoppée and of March 2007. In
addition to food, Troop 2 was also provided with a trougatker at the release site. Over
2 months, the trough was moved in small incrementsriatsie river, to lead the troop to
a more permanent water source. The post-release diiwyed for interventions if any

individual was not adjusting or if it suffered from a lifeeatening injury.

Monitoring Post-Release Success
Monitoring sessions alternated between morning andnafb@, and between troops. For

the first 3 months, behavioural data were recorded whenmonkeys were provided
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supplementary food and most easily seen at the feedangr$ie focal troop was scanned
every 15 min. and information was recorded on the nurobenonkeys seen, ear tag
colour, behaviour (e.g. grooming, eating) and what thag wating. Once supplementary
feeding was discontinued, behavioural observations wade rance the troops were found
using radio-telemetry, for approximately 1.5 hours.

For the first 2 months, the locations of the 22 celamonkeys were estimated
using triangulation (White & Garrott, 1990). This meantt tin@ direction of the strongest
radio-telemetry signal for each monkey was obtainedh ftevo fixed posts, where each
post had a 5-tier Yagi aerial attached to a wide-bandnsgamneceiver (DJ-X10, Alinco
Inc., Japan), which was secured on top of a protracameglonto the ground and moved
by hand. The intercept of the two directions recordedhe monkey is then an estimate
of the monkey's location. However, the locations eveeverely compromised by ‘“re-
bound” (i.e. signals bounce back from a vertical surfacen the wrong direction
(Kenward, 2001)) and thus were excluded from further analjdesefore, after these 2
months until the end of the project, a 3-tier Yagi denal the same wide-band scanning
receiver as used previously were used to locate the exaittion of collared monkeys.
Once they were found, we used a hand-held Global Pasgid®ystem (GPS) (12XL,
Garmin Inc., USA) to record the correct positionghe respective troops. GPS locations
were exported into Geographical Information System YG\&Map 9.2 (Environmental

Systems Research Institute Inc., (ESRI), Redlandgpf@ed) for further analyses.

Data Analysis
Differences in pre-release body mass and neck circunaesebetween age groups in each
troop were determined using Analysis of Variance (ANOWAYl a Scheffé post-hoc test if

there was significance. When the data were not nirrd@tributed, a Kruskal-Wallis
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ANOVA was used. Significance of differences in age andbstween the troops in body
mass and neck circumference were determined using MartméyH tests. Depending
on whether the data were normally distributed, this desa t-test was used to determine
differences in pre-release blood test results betweenito troops (presented in Appendix
1). A Wilcoxon Matched Pairs test determined significdifferences between the number
of monkeys seen during each monitoring session (thenmaxi“observed”) and the
minimum number of monkeys alive in the troop, basedulmsequent numbers observed in
the troop (“actual”).

Even though radio-telemetry was used primarily to lotagetroops after release to
determine the survival of monkeys, we wanted to determimether the troops established
in an area, and so we estimated the area used byreaphuising the data collected during
the few hours of monitoring, which we termed a homegea Therefore, home ranges
(95% kernels) and core ranges (50% kernels) were deternmnezh¢h troop using one
GPS location per monitoring day (including morning or rafden) during March -
November 2007, using Animal Movement Analysis extensidno@ge and Eichenlaub,
1997) for ArcView GIS 3.3 (ESRI Inc., California). Minimuoonvex polygons (MCPSs)
were estimated using Hawth’s Analysis Tools extengi®eyer, 2004) for ArcMap. To
guantify the distance travelled in each season, thendistfunction in ArcMap was used to
obtain the distance travelled per hour. Movement date weparated into three seasons,
where autumn started on March 21, winter on June 21 and) spmirSeptember 23. To
avoid autocorrelation, only distances travelled in dfternoon and in the last session of
each month were used. Differences in hourly distanaeelled between seasons were
determined using repeated measures ANOVA (RMANOVA). Tstesere used to
determine whether seasonal distance travelled diffee¢delen the troops. All statistical

analyses were performed using Statistica 7 (StatSaftTotsa, USA).
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Results

Pre-Release Measurements

Adults and sub-adults of both sexes in Troop 1 showed ndicagn difference in body
mass (Kruskal-Wallis ANOVA, Ho, 11y= 4.755, p = 0.093), or neck circumferencedhh)

= 4.556, p = 0.103) (Table 1). However, neck circumference NG 2, 7y = 7.081, p =
0.021) and body mass (£ 7 = 8.655, p = 0.013) differed significantly between adults and
sub-adults in Troop 2 (Table 1). Adult males were signiflgdarger in mass than sub-
adult females (Scheffé post-hoc test, p = 0.013) and hadategreck circumference than
sub-adult females (p = 0.025) and sub-adult males (p = 0.075) (Tab@omparisons
between the troops showed that mass and neck circucdsrémable 1) did not differ
significantly between sub-adult females (Mann-Whitneyest, mass: z, 4= -1.389, p =
0.165; neck: 72, 4= -0.926, p = 0.354), adult males (masg; 3= 1.732, p = 0.083; neck:
Z (2,3= -0.289, p = 0.773) or sub-adult males (masszz -1.937, p = 0.053; neck:(z 3

= -1.254, p = 0.210). Adult females were not compared, as onefadhale in Troop 2
was not measured because she had an infant. Simiarlygomparisons were made
between juveniles, as data were only available fiaetin Troop 2.

Most of the blood parameters measured did not differ gigntty between the two
troops (Appendix 1). However, Troop 1 had higher number séftals and higher urea
levels compared with Troop 2, which had higher MCHC &\wid creatine levels than
Troop 1 (Appendix 1). Compared with the reference rang&(IB¢are, 1999), the average
platelets value for both troops were higher, while atierage urea value for Troop 2 was
lower (Appendix 1). Some individuals had blood variables$ Were outside this reference

(Appendix 1), namely lower and higher platelet values ¢ithliroops); higher leucocytes
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(Troop 1), higher lymphocytes (both troops), higher anea(Troop 2), higher albumin

(Troop 1); and lower urea values (both troops) (Appendix 1).

Foraging Behaviour and Movement

From the day of release both troops ate natural végetas well as the supplementary
food. They appeared not to depend on the supplementary feaddeethey often did not
finish it before leaving the area to forage elsewhekdonkeys in both troops were seen
eating exudates, pods, flowers and leavesa#cia karoo flowers of various forbs (e.g.
Dicliptura heturostegig various grasses; fruit dficus sycomorusnd a tuber from an
unidentifiable plant(only Troop 2). They were also seen to eat parts abws non-
indigenous plants, namelizantana camaraberries; syringaMelia azedarachleaves and
fruit; Chromalena odoratdeaves; and balloon vin€érdiospermum grandiflorujrleaves
and seeds. Both troops were seen eating insects, santsagrasshoppers and beetles, and
may have been looking for other insects when actleelging under rocks.

With declining supplementary feeding frequency, monkeys i bhmops filled
their cheek pouches when food was provided. Over thisgened, more individuals from
Troop 2 approached research assistants and at timebesh&éod from them. Individuals
in this troop also looked for food on the back of an epmrked food delivery vehicle.
This behaviour ended once supplementary feeding terminetedever, the dominant
male in Troop 1 seemed to be “human-imprinted” (permamtdchment to human
(Sleeman, 2007)), as he approached research assistaoisdfidrom release and continued
until after supplementary feeding ended.

Each troop travelled further in winter compared with autyfig. 1), but this was
not significant for Troop 1 (RMANOVA, k4= 3.814, p = 0.118) or Troop 2 (k4=

2.806, p = 0.173). There was also no significant difference@sonal distance travelled
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between the troops (autumn: t = -1.611, df = 4, p = 0.182; winter2.644, df = 2, p =
0.118; spring: t = 0.286, df = 2, p = 0.802) (Fig. 1). However, Trobad?a larger home
range than Troop 1, with 4.0 ha (MCP) and 10.5 ha (95% keonet mange) (Troop 2)
compared with 2.4 ha (MCP) and 8.0 ha (95% kernel) (Troopdke @anges (50% kernel)
were similar at 1.9 ha (Troop 2) and 1.4 ha (Troop 1). Temtins after release, the troops
had not combined, even though they were released ejatiose to each other; and each

range still included its respective release sites.

Interactions with wild troops

Following each release, after most of the troop éthgHe cage for the surrounding habitat,
Troop 1 and Troop 2 vervet monkeys both fought with a wédp. A few members of
Troop 1 sustained injuries, especially the dominant nhaiethere were no visible injuries
to individuals in Troop 2. The wild troop had not been desfore these encounters, and it
is not known which troop initiated the contact. Encemsmtwith wild troops occurred
several times after this, but seemed to only resulbealisations. A month after release, a
wild, adult male was seen on the periphery of Troop lilé@hm about two days after
release a wild adult male was seen on the peripheryadpl2. By September, this or

another wild adult male was seen sitting next to theirtmhmale.

Troop number fluctuations over the study period

The results shown in the Figures and Tables only indliada to 11 November 2007 for
Troop 1. Afterwards the troop was too skittish to beeobked effectively and the last
operational transmitter failed in January 2008. For Trooph@,cut-off date was the 1

November 2007, because all the radio-transmitters had fail
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Numbers of monkeys per troop varied greatly between gamtitoring session.
There was a significant difference between the maxinmumber “observed” and the
minimum number alive in each troop (“actual’), basedsabhsequent observations of the
troops (Troop 1: Wilcoxon Matched Pairs Test, z = 4.457 44, p < 0.001; Troop 2: z =
4.703, n = 37, p < 0.001). The “actual” number of monkeys wasinisdichnalyses.

Troop 1 experienced an initial loss of 13 individuals one aftgr release (Fig. 2).
Numbers decreased until 18 individuals remained at the entheofmonth and 15
individuals at the end of February (Fig. 2). Troop numbkes remained stable for five
months, until a decrease at the end of July (Fig. 2)reHfter, an almost steady decline
occurred, until the troop consisted of four individuals (1E#gr 10 months post-release
(Fig. 2). Between 10-11 months after the release there tw® births in Troop 1, one by
an adult and another by an individual initially marked asvanile. In comparison, Troop
2 remained stable for the first two months, with ossks, followed by a decrease of four
individuals in April (Fig. 2). Two periods of a few montsigbility followed, separated by
a loss of four individuals in each troop in July and Oetqlfig. 2). After 10 months post-
release, only 12 monkeys were confirmed to be alive (58%)oop 2 (Fig. 2). There

were no births in Troop 2, although mating was observed.

Age-specific deaths and injury

The large decrease in Troop 1 a day after release (Figag)argely a consequence of 10
juveniles leaving the troop (Fig. 3). One adult and two adidts were also missing at this
stage (Fig. 3). Subsequently, by the end of January, Wenetwo adults, three sub-adults
and 11 juveniles missing, with one confirmed dead juveaiteafe (Fig. 3). She died of a
suspected snake bite, as indicated by the wounds on her bodite beginning of

February, an adult female was removed from the studyetnched to captivity (Fig. 3), as
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she constantly approached the research assistaritotband/or companionship. She was
diagnosed as “human-imprinted” and recorded for the purposemadjses as “dead”.
Later in the same month a sub-adult male left theptraad was found living near a rural
settlement about 2 km from release site. He was atswrded as “dead”, as he was not part
of the troop (Fig. 3). He was found dead 6 months latesupmably killed by humans,
because his collar was found near to the settlemasiteia half burnt plastic bottle. Three
sub-adult males and one sub-adult female were preyed up@brinafy, March, April and
May (Fig. 3), presumably by a raptor, as the location tgpe of remains suggested this.
There were resident crowned eagl&ephanoaetus coronajusa known predator of
vervet monkeys (Baldellou & Henzi, 1992) in the area. [@ke confirmed death in Troop
1 was of the dominant adult male in June (Fig. 3). Causieath is unknown, but he was
likely killed by humans, as his collar was found untiedhe middle of the river, close to
the release site. After 10 months post-release mowtdroop 1 consisted of one adult
female, one sub-adult male and two juveniles, with 23 (66&#yiduals missing, i.e. two
adults (female and male), three sub-adults (one femateales) and 18 juveniles (Fig.
3).

In comparison to Troop 1, Troop 2 remained stable untill, Awhen there were
two sub-adults and two juveniles missing (Fig. 4). In Jome, sub-adult male was found
dead (Fig. 4), perhaps succumbing to injuries sustained in ®dner individuals were
also seen with injuries in May, possibly due to fightwith a wild troop or intra-specific
conflict. Two sub-adult females were found dead in Julg.(B), one appeared to be a
raptor attack, but the cause of the other was unknownp agmains, except the intact
collar, were found. There were two probable deaths @finoceed, but recorded as dead) of
a sub-adult male and sub-adult female, which occurred irob@ctand November

respectively (Fig. 4). The male had been sick (listde®s thin, but still eating) for about 3



139

months before his disappearance, which suggests thaetiefrdm natural causes. The
female was healthy and strongly bonded to the troop andias probably killed by a
predator (Cheney & Wrangham, 1986; Isbell et al., 1990). TdrerelO months post-
release, Troop 2 consisted of four adults (three made®,sub-adult male, six juveniles
and the original infant, while seven individuals (30%) evarissing (one female sub-adult
and six juveniles) (Fig. 4).

We termed individuals as ‘missing’ when they could notidmated at the end of
the study period. This was largely due to the lack of iddai identification, the lack of
collars (juveniles), radio-collars failing (as early & months after activation, even though
the person who assembled the radio-collars gave anagstof 12 —18 months), collars
coming off (as early as 7 months, due to the cottoakilmg) and the lack of mortality

sensors on radio-collars (therefore the date of deashunknown).

Discussion

Were the Releases Successful?

Survival is the most basic indicator of a successfhbbéditation release because an ill-
prepared animal would likely die soon after release duedeceease in condition (Waples
& Stagoll, 1997) or because it is easily predated (Beringeal.£2004). When known

mortality rate for wild individuals is considered (as sugggdy Molony et al., 2006), the
average of 22% dead in the two released monkey troopseirny@ar was only slightly

higher than the 15% dead recorded for wild vervet monkegs the same time period
(Cheney et al., 1988). However, if the “missing” animakre included, then the number
of deaths increased to 86% (Troop 1) and 50% (Troop 2) arabseslevould therefore be
failures in terms of low survival rate. Converselyany deaths initially after release might

be unavoidable, as annual mortality for a troop of widdvet monkeys rose to 65% when
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they moved into a new area, as they were unfamiliéh vhe hunting behaviours of

predators in the area (Isbell et al., 1990). In additiba,rehabilitated monkeys may have
attracted the predator’s attention by displaying eriatit more active behaviour than wild
monkeys (Molony et al., 2006), especially around the supptameieeding areas.

If the success of the vervet monkey releases is ses$ais terms of reproduction
(Seddon, 1999; Wolfaardt & Nel, 2003), since animals usually ocgproduce when
conditions are suitable (Wolfaardt & Nel, 2003), thenTheop 1 release was successful.
Even though there were no births in Troop 2, it wasif&gnt that the infant survived
(Cheney et al., 1981), because the first year is oftenperiod of highest mortality
(Cheney et al., 1988), where 57% infants do not survivefitbieyear in wild Kenyan
vervet monkey troops (Hauser, 1988).

Success indicators specific to a “rescue-welfare” sela@volve around whether
the animal is able to integrate socially into a lowdd population (Waples & Stagoll,
1997), and behave similarly to a wild animal (Box, 1991),bgrthe establishment of
released rehabilitated individuals in an area (Ostroalget 1999), and the lack of
dependency on humans for food (Cheyne & Brulé, 2004) and/emparonship
(Grundmann, 2005). Two separate releases of rehabilit&iethbanzees were judged as
successful based on factors other than survival (nmgrteds 38% (Goossens et al., 2005)
and 90% in the other (Borner, 1985)), such as successfuitgeaendependence from
human support (Borner, 1985) and integration with wild conBpediGoossens et al.,
2005). Both released troops of vervet monkeys establighetiei area and remained
separate, so each was successful in this respect. atezsewere less than home ranges of
similarly sized groups studied in the same province (Kai) Moor & Steffens, 1972).
This suggests the troops were released into good qualittathads indicated by home

ranges of wild troops (de Moor & Steffens, 1972). Howeites likely that the releases
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were not monitored for long enough for them to havaldished a bigger territory (Ostro
et al., 1999), and/or the intensity of monitoring mayehheen insufficient to adequately
calculate home range (White & Garrott, 1990). Furtherntbie presence of wild troops in
the area may have prevented the two troops from exgatitbir ranges further (Cheney et
al., 1988).

The rehabilitated vervet monkeys ate similar food stetm those eaten by wild
ones. These included the fruit Bicus sp; leaves, flowers, and exudate Afacia sp,
grasses (Pooley, 1968), fruit of vines, and insects (Ski@h€himimba, 2005). They
showed a natural curiosity for trying new food items] aeldom seemed dependent on the
supplementary food provided, indicating a successful rel€zseyfe & Brulé, 2004). The
troops showed similar foraging patterns to wild troopsNder & Steffens, 1972) where
there was increase in the distance moved (over an dfof@raging) in winter compared
with autumn, due to food restriction (Apps, 1992). Howeveg, itidividuals in Troop 2
that snatched food from the research assistants,handoiminant male, adult female (that
was returned to captivity) and the sub-adult male (whotwenlive near the rural
settlement) in Troop 1 were failures of the releaseims of being dependent on humans

(Cheyne & Brulé, 2004; Grundmann, 2005).

Fate of missing individuals

It is likely there was a high mortality of the juversl that were missing. They were
probably inexperienced because of their age, and perhaps doeir time in captivity, to
watch for predators while foraging. Juveniles are mikedylthan other age groups to react
inappropriately to predators (Seyfarth & Cheney, 1980) aryg atout 27% of female
vervet monkeys survive to breeding age in wild troopsemya (Cheney et al., 1988). It

was unusual for so many individuals to leave Troop 1 incaigrand within a day after
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release, in comparison to that reported for wild tro@ienzi & Lucas, 1980). Group
fission occurs in wild troops when the competition feisources becomes too great
(Hauser et al., 1986), not when greater resources ingerlapace are provided in the
release. Furthermore, lone sexually mature malesj@meniles) would usually leave their
troop to join another troop to increase mating oppoiamiflsbell et al., 1990), or to
increase their social rank (Cheney & Seyfarth, 1983)edhey know the whereabouts and
have interacted with another troop (Henzi & Lucas, 198@n@y & Seyfarth, 1983).
Therefore, a likely explanation for the group leavingolrd is because of the interaction
with the wild troop upon release (Kleiman, 1996) and thegnaot being cohesive. Troop
2 may have been more cohesive than Troop 1, possildyrasult of Troop 2 having an
infant (Basckin & Krige, 1973; Skinner & Chimimba, 2005; Gustedl., 2008), or having
fewer juveniles, comparable to numbers in wild troopstd210: Isbell et al., 1990).
Furthermore, Troop 2 was small in size, comparablddse in the wild (average 26: de
Moor, 1970; Fedigan & Fedigan, 1988) and had a greater femalaléaatio (Hill & Lee,
1988). However, individual histories may also have beemfuencing factor. This factor
may have influenced individuals fleeing immediately afedease in other primate studies

(e.g. chimpanzees, Goossens et al., 2005).

Management implications

We suggest that all vervet monkeys entering rehallitatentres should be marked for
individual identification, as suggested in Guidelines for {Haman Primate Re-
introductions (Baker, 2002). Records on each individual coeld e kept, with details on
each monkey's history (e.g. whether it was orphanegtivearaised, wild), its health
(including results of blood tests), and any behaviour prodl(e.g. tameness, aggressive)

while in captivity. Individual identification, records érpre-release observations would
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enable individuals to be excluded if they do not meeteqairements for release or if they
prevent troop cohesion. Furthermore, post-release ioeinaznd survival could then be
better assessed. Individual identification would alsonaflor better health monitoring and
assessment.

The ISIS reference range is less useful in assessnigetith of a monkey than that
monkey’s own previous blood test, because of the smalber of monkeys (maximum of
26 monkeys) that were used to develop the range (J. Helldidgnostix Pathology
Laboratory, pers. comm.). Consequently no definite losimns were made on the health
status of monkeys released in our study, although bloodigeshbwed that there were
individuals that had blood variables outside the normageasuch as low urea values,
indicating possible anorexia (J. Hill, pers. comm.).efBfore, as practically possible,
regular blood samples should be obtained from each mostaying from admittance to
the centre, to monitor health and diagnose possiblasdiseor diet deficiencies (Baker,
2002). They should be tested for the diseases known ta Hifespecies (e.g. Kaschula et
al., 1978), because of the negative affects on the indigdwalfare, and on the wild
vervet monkeys in the released area (Cunningham, 1996; ,B20@2). As with diseased
or health compromised individuals, psychologically unwaliividuals should not be
released, as suggested in a study on chimpanzees (Tutin 20GL). Particularly for
vervet monkeys, those that solicit grooming or groom dngnseek human support or
blanket/toy when stressed; climb on or bite humansuldhoot be released. These
behaviours were seen in the previously documented veneeikey release (Rhind &
Lawes, 1998) and in this study. As release sites for vemankeys are limited in
availlability (H. Fitchat, pers. comm.), with the hkeod of the site being in close
proximity to humans, the possibility of conflict witpeople increases if there are

humanised individuals in the troop (e.g. Borner 1985). Furtbwnto improve troop
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cohesiveness post-release we suggest that the numpamenites (maximum of 12) and
the size of the troop (maximum of 24) is limited, but Hert research is required to
determine the extent that these variables affectesscc

As the holding cage and/or supplementary feeding resultde itraops remaining
near the release site compared with the immediatet fiafh monkeys in previous
undocumented releases from CROW (J.M. Harris, EKZNWs.pgymm.), these methods
are recommended in future releases. Further researchd sinwestigate the effect of
increased duration in holding cages, and of supplementaiinded he latter and timing of
release for the beginning of the wet season (Octpbd@n there is an abundance of food
items, may support newly-released animals when thewfaesto only source sub-optimal
food in the area (Bright & Morris, 1994; Csermely, 2000)atidition to having suitable
food and habitat availability, location of a releage must consider proximity and density
of wild troops. Rehabilitated vervet monkeys should lbeased near wild troops, as home
ranges are usually adjacent to each other (Cheney &088B), and it has been shown to be
beneficial to encourage territorial behaviours in haotrelease of a rehabilitated primate
(gibbons, Shanee & Shanee, 2007). However, this may dawgative impact on food
resources and behaviour of wild troops in the area (Caltl& Kavanagh, 1983; Yeager,
1997), especially if carrying capacity is reached (Bramd€llr7). In addition, released
captive individuals may be injured or killed by wild conspesi as seen in released
rehabilitated gibbons (Bennett, 1992; Cheyne & Brulé, 200@ngutans (Yeager, 1997)
and chimpanzees (Goossens et al., 2005). In our studyel#ase event was stressful, as
troops had encounters with wild conspecifics that resuitesome injuries. We therefore
suggest that the carrying capacity of the release aredetermined before any vervet

monkey troops are released in the area.
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It is essential that post-release monitoring of rditeted vervet monkeys is
conducted to determine their fate. In particular, we sugtpastpost-release monitoring
includes all individuals in a troop, that they all arerkmed for individual identification
(e.g. ear tagging) and each fitted with radio-transmifersferably with mortality sensors)
to locate them for a minimum of a year post-releasejt was impossible to find the
monkeys that did not have radio-transmitters, or ifrtihadio-transmitters had failed.
Actual locations of troops or lone individuals should leeorded using a GPS. If
triangulation is required, sources of error, such as smgrbbund, should be investigated
before release.

Our recommendations for rehabilitated vervet monkeygdraoeleases may be
relevant to other primate species, for instance, ithgortance of releasing a socially
cohesive group. This was also noted in a release discated capuchins (Suarez et al.,
2001). Furthermore, similar to that observed in our studya release of rehabilitated
chimpanzees, some fled the release site immediately taky were released (Goossens et
al., 2005). Other releases of rehabilitated primateshagoindividuals that were unable to
adapt to being released (e.g. chimpanzees: Hannah, 198@nmat & McGrew, 1991,
golden lion tamarin: Beck et al., 1991; orangutan: Yeager, 138\ ever, we need to
emphasise that as primates vary in body mass, troep lsmne range and habitat, only
some of our recommendations are relevant to otheliespesnother important factor to
consider is that most other primates that have beleased are either critically endangered
(e.g. lowland gorilla, black-and-white Ruffed lemur), endaedd€e.g. golden lion tamarin,
Gee’s golden langur, common chimpanzee, gibbon (varioyis Bptnean orangutan), or
threatened (e.g. mandrill), while the vervet monkdigtied as least concern (IUCN, 2008).
Consequently, the survival and reproduction of other peinsgecies could contribute to

the conservation of the species, while the releds® common species, such as vervet
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monkeys, may overburden an already saturated environ@enversely, there is a greater
concern for the possible negative effects of relgaseabilitated animals into populations
that are in peril, compared to those that are stdWit®o(e et al., 2007). Furthermore,
because of the higher conservation status, the retdabese primate species is likely to
have more funding and staff available for lengthy preas# training and/or soft-release
(e.g. 15 months for gorillas: Pearson et al.,, 2007, 11 yearshimpanzees: Goossens et
al., 2005) and intensive post-release support (e.g. guiding aimegs where to forage:

Hannah, 1986, in Hannah & McGrew, 1991). Thus, methodologyeflease of captive

primates is difficult to generalise.

Conclusion

Success of wildlife translocations is difficult to detére and can be said to depend on the
goals of the project (Kleiman, 1989; Fischer & Lindenmay2000). As the aim of
releasing rehabilitated vervet monkeys is to improeitidividual's welfare, and not the
species, some may argue that such a release failed wallesslividuals survived.
Conversely, others may argue that any survival inwhd post-release is a success.
Consequently success in terms of survival in our study afisult to evaluate, but
because there were a number of deaths and many missingluals whose fate was
presumed, we believe that the releases were unsucdegsisl respect. However, the two
troops (including an infant) survived, were independent whdn food provision and
companionship, had established in an area, and had subisduytien in the breeding
season following release, which were indicators otesg. Contrary to our expectations,
we consider the release of Troop 2 more “successfull thebop 1, probably as a
consequence of better troop cohesion. Unfortunatelg, itiflux of monkeys into

rehabilitation centres in South Africa remains unatdatynless improvements are made to
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increase success of future releases of rehabilitatedetvenonkeys and to minimise
potential threats to wild population (e.g. disease), eaiarand life-time care in captivity

may be seen as better options (IUCN, 2000).
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TABLE 1. Average (* SD) body mass (g) and neck circumference (mm) and

number of individuals (n) for Troop 1 (a) and Troop 2 (b). No masurements were

recorded for one adult female and her infant in Troop 2 and jueniles in both

troops, except three in Troop 2.

a)

Age class and gender n

Body mass (Q)

Neck circumferencg (mm

Adult female 3 3174.0+£ 25.1 200.A#19.1
Sub-adult female 2 2511.5+ 115.3 165.G:6 7.1
Adult male 2 5200.0+ 282.8 230.@: 21.2
Sub-adult male 7 2580.0+ 450.9 166.% 12.3
Juveniles 21 N/A N/A
Infant 0

b)

Age class and gender n

Body mass (Q)

Neck circumferencg (mm

Adult female 1
Sub-adult female 4
Adult male 3
Sub-adult male 3
Juveniles

Infant 1

N/A

2817.5+ 273.1

4253.3+ 748.9

3356.7+ 210.8

12 2856.7+ 540.5 (n = 3)

N/A

N/A

173.3 13.6

231.&27.5

184.x 22.7

170.11.4

N/A
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Figure legends

Fig. 1. Average distancex(SE) travelled by Troop 1 (solid line) and Troop 2 (dotiee)|
in one hour in the afternoon during 3 days in autumn (Apldy, June), 2 days in winter
(July, August) and 2 days in spring (September, October).

Fig. 2. Actual number (minimum in the population) of vervet keys in Troop 1 (solid
line) and Troop 2 (dotted line) since release ofi [roop 1) and 2¥ January 2007
(Troop 2) until last possible observation ch(Iroop 2) and 11 November 2007 (Troop
1).

Fig. 3. Number of vervet monkeys in Troop 1 alive (striped ,bdend (black bar) and
missing (white bar) in each age group (a: adults, b: subsadujuveniles) at the end of
each month, after the troop was released in January.

Fig. 4. Number of vervet monkeys in Troop 2 alive (striped b@degd (black bar) and
missing (white bar) in two age groups (a: sub-adultsubenjles) at the end of each
month, after the troop was released in January. Nateall four adults and the one infant

survived the duration of the study period.
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Appendix 1. Pre-release haematological and biochemical bloodtsesiuhll sub-adults
and adults in both troops. Blood variable values thabatside the ISIS (1999) reference
range are underlined in the table, while the symbotlicates significant difference

(Mann-Whitney U or t-test) between the average vdinlesach troop.

Blood variables Reference Troop 1 Troop 2 Statistical
(units) range analyses

Mean Range Mean Range

Haemoglobin 8.8 - 18.9 12.12 10.90 - 13.90 13.20 10.00 - 168Q.67, df = 17

(g/dL) p=0.11
Red blood cells 4.4 - 7.3 498 4.49-5.64 5.39 4.33-6.49 184, df=17
(x10"12/L) p =0.08
Haematocrit  0.31 - 0.56 0.39 0.34-0.44 0.41 0.32-0.53 82, df =17
(L/L) p=0.54
MCYV (fL) 60.1 - 95.7 79.10 74.00-85.70 75.49 67.90 - 81=60.94, df = 19,
p = 0.07
MCH (pg/cell) 16.0 - 34.4 2434 23.30-25.30 24.42 22.40 - 26.40.18, df = 17
p=0.86
MCHC (g/dL)* 20.9 - 37.9 30.83 28.60-33.80 32.38 30.90 - 38:9Q.54, df = 17
p =0.02
Platelets 317.0 - 321.0 _348.7069.00 - 568.00 375.00 263.00 - t=-0.50, df = 17
(x10M9/L) 524.00 p =0.63
Leucocyte count2.6 - 20.0 14.20 8.41-25.93 10.92 6.67 - 19.65 t=1.55, df =17,
(x10M9/L) p=0.14
Neutrophils 0.06 -17.2 6.37 3.65-9.44 5.17 1.86 - 16.70 t=0.75,df =17,
(x10M9/L) p =0.46
Lymphocytes 0.12 - 6.76 5,95 2.88-14.59 4.10 1.89-7.98 70,07 1.31,
(x10M9/L) p=0.19
Monocytes 0.05-7.96 0.28 0.15-0.56 0.24 0.11-0.49 t=0.68, df =17,
(x10M9/L) p =0.50
Eosinophils 0.03-3.73 1.28 0.40-2.77 1.23 0.12-3.04 t=0.13, df =17,
(x10M9/L) p=0.90
Basophils 0.03-0.18 0.17 0.10-0.37 0.00 0.03 - 0.1310,67 2.69,
(x10M9/L)* p =0.01,
Reticulocytes  10.0- 100.0 80.20 21.00-155.00 81.67 54.00 - t=-0.11, df =17
(x10M9/L) 119.00 p=0.91
Urea (mMol/L)* 3.57 - 12.5 5.46 _2.007.50 3.43 2.10-5.30 t=3.38,df =21,
p<0.01
Creatine 27.0-133.0 58.36 26.00-99.00 87.89 60.00 - t=-2.71, df =21
(mmol/l)* 161.00 p=0.01
Alkaline 24.0 — 1243.0 437.71 109.00-722.00 544.60 121.00 -t=-0.95 df = 22
phosphatase 1130.00 p=0.35
(U/L)
Alanine 9.0-388.0 24.92 4.00-44.00 30.50 15.00 - 8200105 -0.16,
aminotransferas p=0.88
(U/L)
Total protein  58.0-71.0 63.29 56.00-72.00 65.10 60.00 - 68:0Q.14, df = 22
(g/L) p =0.27

Albumin (g/L) 36.0-51.0 4521 36.00-61.0046.50  43.00 - 52.08410= -1.52,
p=0.13
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CHAPTER 5
Can Rehabilitated Leopard Tortoises,Stigmochelys pardalis, be Successfully Released
into the Wild?
Kirsten Wimberger, Adrian J. Armstrong and Colleen T. Downs
School of Biological and Conservation Sciences, Usitieof KwaZulu-Natal,
P/Bag X01, Scottsville, Pietermaritzburg, 3209, South Africa
Conservation Planning Division, Ezemvelo KZN Wildlife.O. Box 13053, Cascades

3202, South Africa

Formatted for Chelonian Conservation and Biology: in press

ABSTRACT.- Babcock’s leopard tortoises $tigmochelys pardalis babcocki) are taken
to rehabilitation centers in KwaZulu-Natal province, South Africa, because they are
either escaped, unwanted, or confiscated pets or else arenfiscated from persons
who acquire them illegally from the wild. South African rehabilitation centers are
reluctant to euthanize tortoises and there are few tortoiseanctuaries. Consequently,
the local conservation authority, Ezemvelo KZN Wildlife, develope a release
protocol based on IUCN guidelines, to facilitate the releasef rehabilitated S. p.
babcocki into the wild. The present study was done to determinewhether
rehabilitated animals could be successfully released inttvé¢ wild, judged by whether
individuals were able to survive in the wild. Seventeen appently healthy individuals
greater than 100 mm carapace length that had been in captivity folonger than 2
months in a large rehabilitation center were released into hie wild. These
rehabilitated animals with attached radio-telemeters were hard-released at two
different sites within the historical range of the spe@s and monitored over a year.

One of the tortoises was returned to captivity because of @iase, three were killed
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intentionally or accidentally by humans, one died probably dued being overturned
by another animal, three others died dueto a combination of disease, starvation
and/or dehydration, and the fate of six were unknown. Sincenly two animals
survived 13 months after release at one of the sites and only owas known to have
survived 25 months after release at the other site, rehabiited S. p. babcocki were
not successfully released into the wild. However, recommeations to improve the
probability of success of future releases of rehabilitate®. p. babcocki into the wild

are provided.

Key Words. - Reptilia, Testudines, Testudinidae,Stigmochelys pardalis babcocki,

tortoise, rehabilitation, release into the wild, post-releas monitoring, South Africa

As with mammals and birds (e.g. Griffith et al. 1989), ileptand amphibians have
been translocated (Dodd and Siegel 1991) to establish &sjreen area where it used to
exist (“re-introduction”), to add individuals to an exasfipopulation (“supplementation”),
to release a species into an area outside its hstoainge (“introduction”) (IUCN 1998)
or to move individuals from an area where they aredtened, to an area where their
habitat is secure (“relocation”) (Dodd and Seigel 1991). &scof these translocations is
defined as the establishment of a self-sustaining popuolgdodd and Siegel 1991),
obtained by the survival and breeding of the releasedlidogils, and persistence of this
new population (Seddon 1999).

Wildlife rehabilitation is a type of translocationutbwith different goals to those
listed above, as it is “providing temporary care to gghrill and orphaned wild animals
with the goal of releasing them back into their natdvabitat” (Anon 2008). Thus a

successful rehabilitation release is when the redeasbviduals integrate with the resident
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wild population, can survive without human aid or comfaviaples and Stagoll 1997) and
when all the released individuals die of old age (AshtwhAshton 2008).

Because the IUCN would rather have confiscated aniplated in life-time care
in captivity or euthanized than released, owing to thssipe negative effects of the
individual on the environment and the low success réteeleased individuals (IUCN
2000), there is a need for thorough post-release monitofiral rehabilitated animals.
However, this is seldom done by the rehabilitatiomtees themselves (Hartup 1996;
Fajardo et al. 2000). There are only a few published studtiegost-release success of
rehabilitated reptiles, mainly freshwater turtles (e.@hrysemys picta Chelydra
serpentina Trachemys scriptaPseudemys rubriventrisSaba and Spotila 2003) affected
by oil spills. Some studies have included rehabilitatedresérial chelonians (e.g.
individuals kept as pets), namely box turtl@®rfapene carolina Belzer 1999; Cook
2004) and gopher tortoise&dgpherus polyphemusohoefener and Lohmeier 1986), to
repopulate an area with these species. The main problémese releases was similar to
that in other tortoise relocation studies (e.g. Fi¢ldle2007; Hester et al. 2008), namely
lack of site fidelity by released tortoises. Howew#eaths have also been the result of
disease (Cook 2004), accidents (e.g. killed by house caterHstsal. 2008) and drought
(Field et al. 2007), such that annual known survival ofcadled radio-telemetered tortoises
has ranged between 50% (out of 10 box turtles; Hester 80@8) and 68% (out of 28
desert tortoises;opherus agassiziField et al. 2007).

In South Africa, tortoises are brought to wildlife rbitisation centers because they
are either escaped or unwanted or confiscated petssertley are rescued from the
indigenous medicine trade (Centre for the Rehabilitadbwildlife; CROW). The options
available to these tortoises are either a life-timeaptivity, euthanasia or release (IUCN

2000). However, there are not enough suitable tortoisgsames or residential properties
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of large enough size to provide the necessary requireroéntstoises in captivity, and
keeping tortoises in captivity may encourage other peaplactuire tortoises as pets.
Rehabilitation centers in South Africa are reluctemteuthanize tortoises because this is
contrary to their aims. As a result, tortoises ateased into the wild without reference to a
documented release protocol and with no consistent plestse monitoring. For these
reasons the KwaZulu-Natal (KZN) provincial conservatiauthority, Ezemvelo KZN
Wildlife (EKZNW), developed a release protocol in areafpt to increase the probability
that the release of rehabilitated tortoises would lessful while minimizing risks to
biodiversity.

In addition to testing the efficacy of this releasetpcol, this study was initiated to
provide the first documented post-release monitoring bBbiitated South African
tortoises. We decided to monitor the release of Bdabedeopard tortoiseStigmochelys
pardalis babcochki (Fitz and Havas 2006) at two different localities, lkis species of
tortoise is the most frequently admitted to a large bitadion center in KwaZulu-Natal.
The aim of this study was to determine whether retateitl S. p. babcockicould be
successfully released into the wild. Whether the releess successful or not was assessed
in terms of the aims of a rehabilitation (and naemtroduction) release, namely survival
(Waples and Stagoll 1997), site fidelity (which is linked starvival, Burke 1989) and
causes of death, whether natural or as a result of dalcéors (e.g. not adjusting to

release).

METHODS

Listed below is the summary of the protocol develope@&K¥NW for the release

of captive tortoises into the wild (Armstrong 2003, 2005),cHollows the IUCN/SSC
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Guidelines for Re-introduction (IUCN 1998). All capti& p. babcockcame from the
Centre for Rehabilitation of Wildlife (CROW) in DunbakZN.

Pre-Release— Tortoises deemed suitable for release were th@gehtid been at
CROW for more than two months, to allow for angfdtdiseases to appear and be treated,
and to wean them off a captive diet. Tortoises als teabe larger than 100 mm in
carapace length to increase their chance of beingtablgthstand attempted predation.
Since only the subspeci& p. babcockcan be released in KZN, various morphological
indicators were used to separate it frfEmp. pardaliswhich is found only in the Western
Cape and Namibia (Loveridge 1935), and from putative hybriddheftwo subspecies.
Even though many authors do not recognize the two subspecg. Branch 1998; Boycott
and Bourquin 2000), there is genetic and epidemiological evidenseggest that there is
a difference (Lambiris 1998; Varhol 1998, Le et al. 2006). $hbdfore release, those
tortoises selected for release were deemed fit feasel by a herpetologist, being certified
free of injuries, transmittable diseases, abnormadldoof parasites and foreign parasites
(see Armstrong 2005). Each p. babcockwas then fitted with a locally-manufactured
radio-telemeter onto the rear of its carapace usingabaatylic. The position of the radio-
telemeter on the carapace was to prevent the pdgsibilithe tortoises catching on
vegetation or being unable to get under cover. This rdetlhs been used successfully in a
previous study monitoring the movements of leopard tasois the Nama-Karoo, South
Africa (McMaster and Downs 2009). Each radio-telemeter daunique frequency (150
VHF) with a 1/4 wavelength stranded stainless steeétraare antenna (plastic coated)
powered by a lithium 3.6V AA battery that was sealed slightly flexible rubber coating
(ColourGuard, Loctite, USA). The radio-telemeters tnaitied for 12 hours each day.
Battery life was unknown but was estimated by the pemsba assembled the radio-

telemeters to be between 12 and 18 months.
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Study Animals— For the first release, in January 2005322. babcockout of 44
S. pardalis(11 males, 11 females) at the rehabilitation centerevadgremed suitable for
release. The rest were either putative hybrids (7)alesrthat had been placed in the same
enclosure as putative hybrid males that may have subsgqoexted with them (12), or
were not certified as fit-for-release (3). One of idteer three had an upper respiratory tract
infection, while the other two had ticks. Since ohly (5 males, 5 females: L1-L10) out of
the 22 were regularly monitored after release (becaeyehtd radio-telemeters attached),
further detail for the other 12 individually marked and idexttie tortoises is not provided
except where considered important. Resightings of ther &R were non-existent or very
irregular. The 10 post-release monitored tortoises wearstlynmedium-sized, measuring
between 263 and 313 mm straight carapace length and weighwegebe?.5 and 4.5 kg,
while one was larger at 424 mm and 6.0 kg (Table 1). The mews of a large wild
femaleS. p. babcock{LW, Table 1) were also monitored, after finding it ogpaistically
in the reserve and attaching a radio-telemeter onst@arapace in a similar manner as
described.

For the second release, in December 2006, Sive. babcockout of 16S. pardalis
at the rehabilitation center, namely three fem@lds- T3) and two males (T4, T5), were
deemed suitable for release. The rest were putativedey(@), or too small to be identified
to subspecies (3). In February 2007, only two female (T6,ST'P. babcockout of 18S.
pardalis at the rehabilitation center were deemed suitablerdtgase. The rest were
putative hybrids (9), or too young to be identified to subsse(6), while one female had
been in a putative hybrid male enclosure. Most of tintoises were of medium size, with
straight carapace length between 255 and 328 mm and weighwegebe?.8 and 5.0 kg
(Table 2). Tortoise T3 was the largest (463 mm, 15.3 kg) and/ak6the smallest (181

mm, 1.2 kg) (Table 2).
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All S. p. babcockiexcept T6, were termed adults, as they had plastrorh&engt
over 200 mm (Douglas and Rall 2006). An estimate of age wasnideéd using the
curves produced by Hailey and Coulson (1999). Thus all, ex@&pnd L7, were between
6 and 15 years old. T3 was estimated to be 75 years old bettasisvas the age of a
similar sized (483 mm carapace length, 13.2 kg) captive leopatoise (Boycott and
Bourquin 2000). L7 was of similar size to T3 but half the shasd therefore may have
been younger. Besides T1 (confiscated from the traditrmedicine trade), most of tig.

p. babcockiwere escaped pets, as they would not naturally be fouticeisuburbs of
Durban. In addition, most had distorted carapaces (e.gnung of scutes), which is an
indication of a tortoise raised on a “captive” diet (i&eh 2004).

Selection of Suitable Release Sites Various criteria are important for choosing
release areas (Armstrong 2003). The release areas skowlthim the native range &. p.
babcockiand should have had a population of the same species jrash but should have
few or noS. p. babcockat the time of the release. The factors that catieedecline in the
tortoise population in the release areas should be k@md@mo longer operating or else
should be under long-term control. The region surrounding eslease area should have
suitable habitat for dispersal of the tortoises oirtldfspring, should the population
exceed the carrying capacity of the release area.bfuitabitat for leopard tortoises is
bushland, savanna, open woodland and grassland (includisy wigh relatively sparse
ground cover (Greig and Burdett 1976; Rall 1985; Bourquin 1990; BoyadtBaurquin
2000). The release site should have suitable refuge sitegnprewhich for leopard
tortoises consist of dense undergrowth of trees and shthubkets and vegetation clumps,
grass tussocks, logs, rocks, river banks, termite moumdsmammal burrows (Grobler
1982; Hailey and Coulson 1995; Boycott and Bourquin 2000; McMasterDamwns

2006).
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Plant species known to be eaten by leopard tortoisesgrms in adequate variety
and abundance in the release areas (Ashton and Ashton. 2@@fjard tortoises are
regarded as intermediate between generalist and spdeiatigtrs, and are known to eat a
variety of plants and fruits, including grasses (€gnodon dacytlonand succulents (e.g.
Crassulasp.) (Mason et al. 1999; Boycott and Bourquin 2000). The full @fieS. p.
pardalisin KwaZulu-Natal is unknown as this has not been studiedvever, a number of
species of plants indigenous to KwaZulu-Natal are knoweteaten by leopard tortoises
(Branch and Braack 1987; Broadley 1989; Boycott and Bourquin 200Q0uRalibl. data;
P. Goodman, Ezemvelo KZN Wildlife, pers. comm.). A¢ tielease site, leopard tortoises
should be able to access water, as they drink from wpéer sources (e.g. puddles), but
are said to be able to survive long periods without drpKi@robler 1982; Rall 1985;
Bourquin 1990; Boycott and Bourquin 2000).

The release program should be fully understood, acceptedugpdrsed by the
neighboring landowners and local communities. Protedaifotme tortoise population must
be assured, by ensuring that the release sites hauafd&ructure to prevent wildlife
poaching and interference by humans. Release areas badon private land in KwaZulu-
Natal, as release is not permitted in state proteceata

Study Sites— After consideration of the aforementioned criteti@o release sites
were chosen. In January 2005, 22p. babcockwere released into the 913 ha Leopard
Mountain Game Reserve (ZB'S, 3212’E). In December 2006 and February 2008.7
p. babcockiwere released into the 2196 ha Usuthu Gorge Community atiea Area
(26°52’S, 3206'E). Leopard Mountain GR had been in existence for 8sybafore the
release. The land use of some of the neighboring deEhshanged from cattle farming to

wildlife conservation at least two years before, alhdhese areas were joining up to form
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a much larger protected area. Usuthu Gorge CCA was a eetalylished protected area at
the time of the initial release there.

The vegetation at Leopard Mountain GR is characterized@wuland Lowveld,
occurring between 50 - 450 m altitude, mainly on flat @hslundulating landscapes in a
summer rainfall area (500 - 900 mm) (Mucina and Rutherford 2006g. reserve is
covered by woodland, thicket, bushland, and wooded grasskmdh are all suitable
habitats for leopard tortoises. Some of the leopartbit®’'s preferred food plants occur
widely on the reserve, refuge sites are present, aner wagenerally accessible to these
tortoises as it is present in various areas of tlserve (C. Viviers, landowner, pers.
comm.). The vegetation at Usuthu Gorge CCA is chanaettras Southern Lebombo
Bushveld, occurring between 100 - 600 m altitude, on more unuyldndscapes,
including gorges and ridges, also in a summer rainfall @®@ - 1000 mm) (Mucina and
Rutherford 2006). Some of the known food plants, as wakfage sites and permanent
water were present. We did not have the resources tatakee survey 0. p. babcocki
present on the release areas, or to perform quareitadibitat and food plant analyses (as
suggested by Ashton and Ashton 2008, 2009). However, sinceréseghves hadb. p.
babcockj and the reserves were within the historical rarfgée species (Bourquin 2004;
Branch 1998), the other ecological requirements should be me

The number of tortoises in the reserves was unknowntHmught to be below
carrying capacity, due to a recent severe drought ingg@m and having recently been
converted from cattle farms to wildlife conservatianeas (some areas neighboring
Leopard Mountain GR), and being a recently formed naeserve (Usuthu Gorge CCA).
Tortoise shells were found on Leopard Mountain GR durimg dfought, but it is not
known whether the tortoises succumbed to the droughtréseveughts often Kkill leopard

tortoises; Van Zyl 1966) or to other factors such as(&nother known cause of mortality;
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Boycott and Bourquin 2000). Before becoming wildlife resertiesre may have been high
tortoise mortalities on the release areas and surnogitetid because of the use of tortoises
in traditional medicine (Cunningham and Zondi 1991) and fodfand from being burnt
during uncontrolled fires or during fires designed to prometestock production as
opposed to wildlife conservation (Boycott and Bourquin 200@)t@ktoises are killed by
vehicles while crossing roads (Boycott and Bourquin 200@yag important that neither
release areas had tarred roads (which promote greatéc flow and higher traffic
speeds), and only Leopard Mountain GR had a district roaihgasrough it, which was
used mainly by reserve vehicles and vehicles of towfishts entering or exiting the
reserve.

Because we expected the number§op. babcockio be below carrying capacity
on the release areas, and owing to the fact that areyot territorial with overlapping
home ranges (5-90%, average 24% for telemetered tortds&taster 2001), and because
of the small number released, we did not think that naachal disruption in the resident
population would result from the release, as indicatedtortaise relocation study (Berry
1986).

Release. —On the release days, the tortoises were transportedates to the
reserves early in the morning, to minimize heatsstrand hard-released at one or more
pre-determined sites in each reserve. At Leopard Mou@Rinthe group of 22 tortoises
(including 10 with radio-telemeters) was divided and releaseado different sites, about
2 km apart. At Usuthu Gorge CCA, the tortoises were seltaat the same site, but
tortoises T1 - T5 were released in December 2006, and T6land February 2007.
Tortoises were released in summer, as this is whene thould be the most food available

for them, compared with winter, and so no supplemengagiig was provided.
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Post-release Interventions— For the purposes of the study, we accepted that some
of the S. p. babcockmight try to disperse from the release areas, but displersal was
accommodated by the likelihood that the existing populationthe surrounding areas
were below carrying capacity. However, we decided tornethose tortoises that we
detected as having moved from the fenced reserves bevaus@nted to ensure that we
could relocate the tortoises through the study and we didwamt the tortoises to
potentially be exposed to greater threats than mighirame the patrolled areas during the
study. We realized that some of the tortoises might dispagain later, but we hoped that
by returning them they might settle down in the relemssas (as this has been done in
some tortoise relocation studies, e.g. Belzer 1999; Tuleeetial. 2005), or else that by
the end of the study the tortoises would be more famiith the habitat of the region.
Furthermore, if any of the releas&dp. babcockshowed signs of disease, the tortoise was
taken to a veterinarian to be treated.

Monitoring. — The radio-telemetered tortoises released at Leopard tsiouBR
were located monthly for the first 10 months afteeask, and sporadically (maximum 5
times) up to 25 months after release. The radio-teleaetwild tortoise was located
monthly (after affixing the radio-telemeter), untietkelemeter was found detached on the
ground. Due to malfunctioning of some of the radio-teleynetjuipment, not all radio-
telemetered tortoises were found at each monitoringiosesNon-telemetered tortoises
were located opportunistically. Tortoises released atthuis Gorge CCA were located
monthly for up to 13 months, when the study ended.

A 3-tier Yagi aerial and a wide-range receiver (Alinda]-X10) were used to
locate the radio-telemetered tortoises. Once found, ldwations were obtained using a
Global Positioning System (GPS; Garmin 12XL), the ofiabitat and their activity noted,

and the tortoises suspended in a bag and weighed using é0s6dtg accuracy, Leopard
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Mountain GR) and a spring balance (0.1 kg accuracy, UsuthgeGoCA). General health
was also noted. The GPS locations were exported moQeographical Information
System (GIS) ArcMap 9.2 (Environmental Systems Rebkeémstitute Inc., Redlands,
California) for further analyses.

Data Analyses. —The minimum convex polygons (MCP) encompassing the
recorded locations for each tortoise were estimatedgusiawth’'s Analysis Tools
extension (Beyer 2004) for ArcMap. We recognize thatttineoises had probably not yet
developed a home range during the study periods, and standagddmuge analyses might
not be biologically significant or appropriate (Fieldatt 2007), but we considered that
these MCPs would be informative as indices of thesapesered by the tortoises after
release.

To determine movement of each tortoise, the distameion in ArcMap was used
to measure the minimum straight-line distance travedieach month (“minimum monthly
movement”). If a tortoise left the reserve and wasught back, the distance measured for
the next month was from that new location, not fnehere the tortoise was found outside
the reserve Minimum total distance travelled by each tortoise wtas sum of these
minimum monthly straight-line distances.

Changes in body mass were calculated as the diffetsgteeeen initial and final

mass and expressed as a percentage.

RESULTS

Survival and Changes in Mass- After 25 months of post-release monitoring at

Leopard Mountain GR, there was only one tortoise omefil to be alive (10%), three

confirmed deaths (30%), and six whose fate was unknowblgTH. Tortoise L6 was
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found injured 2 months after release, with a hole icatapace likely caused by a pick-axe
or similar sharp instrument, and with the radio-telemetetached. It subsequently died.
Tortoise L10 was driven over and killed by a vehicle 10 tin@fter release, and tortoise
L2 was found dead 17 months after release, lying on its siddged against a shrub
(Table 2). In addition, one non-telemetered releasewiser was found driven over and

kiled 3 months after release. The radio-telemeter ftortoise LW was found detached

but still functioning on the ground 21 months after it \atached, and no further sighting
of the tortoise was made. Due to known failure of tadio-telemeters (on L4 and L7), it

was the likely cause of the disappearance of the athierides.

After 13 months of post-release monitoring at Usuthu GQ@4, there were only
three out of seven tortoises alive, namely T1, T4, &dHowever, T5 was listed as
“dead” in terms of the study, as it was taken back to @ROur months after being
released, because it had mucus bubbling from its nacese &kin, sunken eyes, was losing
weight (Table 2), and did not move far each month (&@M). The cause of its illness
was undetermined. Other than T4 being taken out to beedréar extensive skin sloughing
on its front legs, diagnosed as “non-contagious dermatitissed by a hypersensitivity
response” (R. Last, VetDiagnostix, pers. comm.), Gdtkand T4 were healthy and had an
accumulative weight gain of over 20% (Table 2). Howeuaey tcould not be located 14
months after release.

The first tortoise to die at Usuthu Gorge CCA was Ty fmonths after being
released. It was found freshly decapitated and with aaiee on one of its back legs. The
edges of the wound were sharp and straight, which suggestted gerson using a knife
kiled it (J. Vorster, Vetdiagnostix, pers. comnirhis tortoise was the only other one in
this release (besides T1 and T4 mentioned above) tdagdiaed body mass (Table 2).

The second tortoise (T6) died 6 months after releasendh#ost 17% of its body mass
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(Table 2). It was too decomposed for an autopsy, but vissgéction showed no visible
marks on the carapace. It had behaved differently frast mther tortoises, except T3, by
always being in the open (not in a refuge) during autumniamer. T3 was taken out of
the reserve 9 months after release, as it had codtimuése body mass since May, was
found with loose skin and sunken eyes and only retracdunibs when touched. T3 had
the largest body mass loss of all the released tegqi$able 2). It was brought to a
relatively large, secured garden outside of the resertiegiven water and allowed to rest.
Because it ate and drank it was decided not to take it toa€lROW and it was left to
recuperate. Unfortunately it died a few days later andutopsy was performed. The last
known death was of T2, whose body mass had decrease@ @)abkfore it was found
dead, lying on its back, 10 months after release. A postemm was not done because it
was too decomposed when found. There were no visjol@emon its carapace.

Minimum Straight-Line Distances. -At Leopard Mountain GR, most of the
tortoises’ first large recorded movements from theeas points were either in a
northeasterly (n = 4) or southwesterly direction (13)7 while a few others moved in a
northwesterly (n = 2) or southeasterly direction (b)£Fig. 1). Similarly, those released at
Usuthu Gorge CCA had minimum straight-line distancestireeia northeasterly direction
from the release point (n = 5) or in a northwesterhgction (n = 2) (Fig. 2). At both
reserves, most tortoises changed directions from ithigal direction, which was
pronounced in L2 (Fig. 1) and T3 (Fig. 2).

Several tortoises travelled outside each of the resater each release. At Usuthu
Gorge CCA, both T4 and T7 travelled outside the reservea similar direction, in
December and April, respectively (Fig. 2). When T7 wasught back to the original
release site, it went in a similar direction asat ldone previously (T7b, Fig. 2), whereas

T4 went roughly 18Din the other direction compared to the direction il leaiginally
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taken (T4b, Fig. 2). T4 left the reserve again a mortér Bnd was retrieved and released
(T4*, Fig. 2) near where T1 was last located. At Leoparduain GR, 3 months after
release, L5 left the confines of the reserve. It veaseved and released within the reserve
boundary (Fig. 1), but by the next month had disappearedoi3®r.10 had also left the
confines of the reserve after 3 months (Fig. 1), baitdbundary fence had been removed at
this time and so it was not brought back to the reserve

At both reserves, monthly recorded movements wetiablarbetween the tortoises
and between months, but most tortoises travelledtiess 400 m (minimum straight-line
distance) each month. At Leopard Mountain GR, large mews (> 400 m minimum
straight-line distance) were recorded in the first after release (L5: 1419 m, L6: 891
m) and again in June (L3: 431 m, L8: 673 m), July (L10: 456 m), Aygastc58 m), and
November (L1: 434 m, L8: 567 m). The wild tortoise only extel 200 m (minimum
straight-line distance) per month in spring (Octobegnversely, all tortoises released at
Usuthu Gorge CCA (except T5 as it was diseased and thustdidove further than 156
m each month), had recorded minimum straight-line mowm&sriarger than 900 m, either
in the first month (T2: 928 m, T4: 1283 m), the second (T6: 1012nthe third month
(T1: 1138 m) after release. Tortoise T3 had recorded ministtaight-line movements of
936, 1633, 990, and 976 m for the first four months after releasit tortoise T7 had
values of 1428, 1115, and 1375 m for the first three monthsrefease. In addition, there
was a clear decrease in recorded minimum straight-lmements of tortoises released at
Usuthu Gorge CCA in winter months (June - August), thesgglgenerally < 100 m per
month, which was not seen as distinctly in the tee®released at Leopard Mountain GR.
Following winter, both tortoises T2 and T4 showed amease in recorded minimum

straight-line movements from September onwards, but speaally travelled far each
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month, attaining a recorded minimum straight-line movenag over 2000 m in January
2008.

Excluding T5, average monthly minimum straight-line dis¢arior tortoises at
Usuthu Gorge CCA ranged from 132 to 1045 m, total minimum strbngh distance
travelled ranged from 1092 to 6144 m and total MCP area ranged3rl to 150.5 ha
(Table 3). At Leopard Mountain GR, excluding L5, L6, and L7 ttusmall sample size,
average monthly minimum straight-line distance rangeoh 8@ to 283 m, total minimum
straight-line distance travelled ranged from 650 to 1801 maatlNICP area ranged from
4.6 to 48.4 ha (Table 3). The wild tortoise had the secomest average monthly
minimum straight-line distance and MCP area (Table 3I)e Taximum “minimum
straight-line distance” from the release site fortdises released at Usuthu Gorge CCA
(excluding T5) ranged from 922 to 2585 m, while that at Leopardnitéin GR (excluding

L5, L6, and L7) tended to be less (449 to 1612 m; Table 3).

DISCUSSION

The results from both the Leopard Mountain GR and Usuitmgé&CCA releases
indicated the large individual variation in the responge finimum distances moved and
recorded directions taken) by rehabilitat8d p. babcockwhen released into the wild.
These tortoises dispersed in various directions fromréfease site, monthly minimum
straight-line distances varied from < 100 m to > 2000 m asgl tdovered MCP areas
ranging between 1.4 ha and 150.5 ha in size. Individual \ariatiresponse to release has
been seen in tortoise relocation studies, such d®itirhe taken to leave the vicinity of the
release site and propensity for and duration of long distalispersions (Belzer 1999;
Cook 2004; Tuberville et al. 2005; Hester et al. 2008). Wild lebpartoises are also

highly variable in daily distance travelled and in horaage, such that one male would
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have a home range of 12.6 ha and another male a hoge 0&229.0 ha in the same
season (McMaster and Downs 2009). However, a possildendar the larger MCP areas
covered by tortoises at Usuthu Gorge CCA compared watbetlat Leopard Mountain GR
may be in response to food resources being scarceorer snattered (Mazzotti et al. 2002;
McMaster and Downs 2009). However, these areas canncbrmdered home ranges,
since a year seems to be required for the developmenthome range for species such as
the ploughshareAistrochelys yniphoraPedrono and Sarovy 2000), gopher (Tuberville et
al. 2005) and desert tortoises (Field et al. 2007), and bdes@ook 2004). It may even
take longer for tortoises that do not show site figelit

Released tortoises that make long-distance uni-dir@ttimovements away from
the release site have been termed “dispersers” (Tlibesvial. 2005). These dispersers,
25% of released box turtles (Cook 2004) and 42% of total eglegspher tortoises in
three different penning treatments (Tuberville et al. 20@&en ended up leaving the
confines of the study site. These tortoises wergewen and often had to be re-released
several times before they settled near the relageséBelzer 1999; Tuberville et al. 2005).
One suggestion is that these animals are homing (MatiisMoore 1988). However,
other studies on relocated tortoises and terrapins $laoen that they are only able to
home if the release site is close to the originptwa site, otherwise they cannot pick up
on odors or visual land marks to guide them (Able 1980; Hestat. 2008). It has been
suggested that some tortoises and terrapins cannot roeféeetively as others because
they do not have life histories that require the evmtubf complex orientation systems
(Caldwell and Nams 2006). With regards to the present stedpatd tortoises have
homing abilities, as one individual was recorded to matgrned to its original capture site
about 12 km away after translocation (Bertram 1979). Howeweing to the rehabilitated

tortoises in our study being released further than 600 kny &wen the rehabilitation
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center, homing back there would seem unlikely. Furtherybose individuals that were

retrieved did not always travel in the same directisrtaken previously (e.g. T4 in our
study), as expected with homing (Belzer 1999). Individuals bate are not necessarily
those that disperse far from the release site (Cook 2004)s more likely that some

individuals (e.g. L5, T4, and T7 in our study) are predisposedisfzerse (Belzer 1999;

Cook 2004; Tuberville et al. 2005), termed “transients” (kiest al. 1982, Belzer 1999).
However, another reason for individuals to disperse ifind suitable habitat (Caldwell

and Nams 2006). Dispersal after release is the most corsanese of failure of reptile

translocations (Germano and Bischop 2008), owing to isese@ mortality from large

energy expenditure before adequate food resources are fownble@ause of the increased
chance of encountering predators and accidental deathefHetsal. 2008). Dispersal,

together with pneumonia, was seen as the main faffemtiag survival of released box

turtles (Cook 2004).

To judge whether a release is a success, based on kuhavienown mortality rate
for wild individuals needs to be taken into account (Mgleh al. 2006). Annual survival
for wild leopard tortoises has been estimated as 80%mfdes and 72% for females
(Hailey and Coulson 1999). Therefore having only 29% ofotees survive one year at
Usuthu Gorge CCA and 10% known to have survived two yedrsaggard Mountain GR
indicate that these releases were failures. In additiee causes of death are further
indicators of failure, as in this study at least thdeaths (L6, L10, T7) were human-
induced and at least four deaths (T2, T3, T5, T6) were duketanability to adapt to
release and/or to disease.

Human-induced deaths were assumed for both L6 and T7 indacoer with the
pathology reports. In addition, since T7 was found witingact shell, predation by natural

predators is unlikely (Peterson 1994; Hil 1999; Coulson andey{al001), while
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decapitation suggests use in indigenous medicine, as tlaséorieck is said to have
special powers (Cunningham and Zondi 1991). The vehicle-idddeaths of L10 and a
marked tortoise with no telemeter attached appear tmieual for a protected reserve, but
deaths caused by vehicles have occurred in other ®@rteieases (e.g. Cook 2004;
Danielski 2008; Hester et al. 2008) and in wild leopard tortpigeulations (Douglas and
Rall 2006). A more natural cause of death, namely disa@adieated by nasal discharges),
has been suspected in some tortoise relocation prq@oisk 2004; Field et al. 2007).
Disease, or possibly the inability to adapt to theas®, may be the cause of the death of
three tortoises at Usuthu Gorge CCA. The largest (T8)samallest (T6) tortoises may
have died from dehydration (Berry et al. 2002) and/or dis@astile et al. 1990), because
their symptoms were similar to those of other t@dsisuffering these conditions, such as
the lack of refuge-seeking in autumn and winter (Oettlal.e1990). Also, T3 may have
lost energy by covering large distances for severalinsoafter release, possibly searching
for forage in an unfamiliar area (Hester et al. 2008)maybe being too old to settle
(Pedrono and Sarovy 2000). Both tortoises may not hawerkmdich food was the most
nutritionally beneficial (Bright and Morris 1994), perhapsaaresult of too long a period
spent in captivity. The release site could have begnifisantly beyond its region of
origin, and thus supporting a different vegetation type taiwthe tortoise was adapted.
As suggested by a loss in body mass and condition sile@see in addition to having no
visible injuries to its carapace, tortoise T2 may &lave died from dehydration, starvation
and/or disease, and then been turned over by a scavéPgirson 1994). Another
possible explanation is that another leopard tortoisanimal may have pushed it over.
Scuff marks on the ground are suggestive of this cause ioade of L2. Since both were

females that died within the mating season (Septembaptil), a male may have been too
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forceful in his attempts at copulation, where courtshiplves continuously barging into
the back and sides of the female (Boycott and Bourquin 2000).

A concern for future rehabilitated, or captive, leopaodidise releases is the
emergence of disease in the released tortoises (e.@n@She potential pathogen transfer
that could take place to an otherwise naturally heaiildypopulation. Disease is the main
reason (besides genetic pollution) for the IUCN nohdpen favor of placing confiscated
animals back into the wild (IUCN 2000). This view is suppdrby a document developed
to guide decisions on whether to release captive tegdes.g. from rehabilitation centers)
into the wild (Jacobson et al. 1999). Therefore, rekati@tl tortoises for future releases
must have thorough health checks, preferably by a maté&n, such as those suggested by
Jacobson et al. (1999) and Berry and Christopher (2001), anftishclude hematological
tests (Dodd and Siegel 1991) and fecal sample and nasal flaises (Klemens 1995).
However, vulnerability to infections carried by tiokis mites at the release site by parasite-
free S. p. babcockineeds to be further studied (Viggers et al. 1993; W.R. Branch
herpetologist, pers. comm.).

Even though 47% of th8. p. babcockieleased in this study died, at least 5 (29%)
of the released tortoises were known to have surviveshdi@hs post-release and were in
good health. Some even had a greater increase in basly (na20%) than successfully
released ploughshare tortoises (Pedrono and Sarovy 2000¢forbdat does seem possible
to successfully release rehabilitatedp. babcockiafter several improvements are made to
the release protocol as suggested below.

Management Implications— To allow for rehabilitate. p. babcockio become
accustomed to the diseases present at the releaser dite diseases to reveal themselves,
they could be placed in an enclosure for a period betdease (Dodd and Siegel 1991).

This may also help to increase site fidelity (Pedrand Sarovy 2000; Tuberville et al.
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2005; Ashton and Ashton 2008), and to allow them to adapt tingethe indigenous
vegetation in the area. Penning the animals for 12 meolo¢fore release has significantly
increased site fidelity in one study on gopher tortoé®re only one out of 12 dispersed,
compared with no-penning (10 dispersing out of 13) and penning® fomonths (5
dispersing out of 13) (Tuberville et al. 2005). Thereforgyatild be useful to examine the
effects of penning in future releases of rehabiliteegh. babcockiHowever, since some
of the penned gopher tortoises did disperse and had to rimvedt and three tortoises
dispersed again in the second year following release (Vildet al. 2005), penning is not
a foolproof solution in ensuring site fidelity. Furthemmothis intervention is likely for
rehabilitatedS. p. babcockto be impractical, due to costs in relation to thaseovation
status of this species (Boycott and Bourquin 2000). Therefess expensive and less
time-consuming options could be attempted in future releasek as ensuring the release
area is large enough to accommodate the tortoisesydbildisperse. Calculations have
been made of the reserve sizes needed to accommotdatsedegopher tortoises (Berry
1986) and box turtles (Cook 2004). Using the method outlined ok @2004), the
required reserve size for future rehabilitated p. babcockreleases would need to be
approximately 2099 ha. This size is actually less thanUbethu Gorge CCA where
tortoises were released, and thus other preventatigsures are suggested. These include
ensuring the reserve fencing is properly secured to préwdnises from pushing through,
and releasing tortoises at a suitable site in the midéléhe reserve to decrease the
possibility of them encountering the boundary. RehataldS. p. babcockshould also be
released in less undulating landscapes than Usuthu Gorgeas@4&gen though some wild
leopard tortoises were seen there, rehabilitatediseganight not be as fit as wild tortoises
due to their time in captivity, as found in a study onabditated raptors (Curtis and

Jenkins 2002). In addition, the quality and quantity of foodabla in the habitat needs to
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be assessed (Ashton and Ashton 2008, 2009). Future releasdés Ishcat the start of
spring, just after the first rains, when tortoises gallyebecome more active (Boycott and
Bourquin 2000), so that they have more time to build up eneggrves before winter,
than if released later. Lastly, future post-releaseitmamg could be carried out by the
local residents (e.g. game rangers), because havingpeogle involved in tracking has
been shown to decrease the interest in harvestitgdes in Egypt (Attum et al. 2008).

To assess whether these suggestions are benefitiak fieleases of rehabilitated
leopard tortoises should be in accordance with an ameetiase protocol that includes
long-term post-release monitoring. Otherwise, onetdiaccept that animal welfare will be
compromised, because there will be mortality thatuihdn-induced or due to disease or
due to inability of the tortoises to adapt to the envinent and habitat of the release area.
The alternative of keeping these tortoises in captshtyuld not be a standard option, due
to the large space requirements of the leopard tortelseh normally cannot be supplied
in captivity. Generally allowing the keeping of leopardtaeses in captivity is likely to
stimulate the desire of other people to obtain leopartbises as pets. In both these
respects, captivity may have negative welfare impbeati such as the acquisition of shell
deformities owing to poor diet, and injuries received freahicles, lawnmowers, dogs,
etc., all of which have been noted on tortoisesROW in Durban. An imperative is that
extensive public education is carried out to dissuade thacpinbim illegally keeping

tortoises as pets. Otherwise the option of euthanasjaneed to be considered.
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Table 1 Pre-release measurements of e&clp. babcockreleased in January 2005 at
Leopard Mountain Game Reserve, and their status atnghefethe study or when they
became undetectable or until their demise (duration aflease specified under column

N). Note that initial weights were measured betweendl5amonths after release.

Straight Carapace Initial

Tortoise Sex carapace height weight No. Status
length (mm)  (mm) (kg) months

L1 F 263 120 35 17 Unknown
L2 F 264 143 2.5 17 Dead
L3 F 287 145 35 10 Unknown
L4 M 271 120 3.0 6 Unknown
L5 M 275 137 3.0 2 Unknown
L6 F 276 136 3.5 2 Dead
L7 F 424 212 6.0 1 Unknown
L8 M 270 127 3.0 10 Unknown
L9 M 310 137 4.0 25 Alive
L10 M 313 140 4.5 10 Dead
LW F n/a n/a 6.3 21 Unknown
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Table 2 Pre-release measurements of eéacp. babcockieleased in December 2006 (T1-
T5) and February 2007 (T6, T7) at Usuthu Gorge Community CatganArea, as well
as percentage mass body change between initial andrigzdurements and their status at
the end of the study (duration after release specified urmlamn N). Note that initial

weights were measured before release.

Straight N Body
Carapace Initial
_ carapace _ _ mass No.
Tortoise  Sex height  weight Status
length change months
(mm) (kg)
(mm) (%)
T1 F 309 161 4.3 + 26% 13 Alive
T2 F 227 119 2.8 -11% 10 Dead
T3 F 463 211 15.3 - 33% 9 Dead
T4 M 328 170 5.0 + 24% 13 Alive
T5 M 255 126 3.0 - 7% 4 Removed
T6 F 181 99 1.2 —-17% 6 Dead
T7 F 290 162 4.4 +15% 4 Dead
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Table 3. Total and monthly (average SE) minimum straight-line distances travelled,
maximum straight-line distance travelled from release, &ind estimated area covered
(MCP) as recorded foStigmochelys pardalis babcockip to 10 months after release
(November 2005) at Leopard Mountain Game Reserve, ar8. fpr babcockieleased at

Usuthu Gorge Community Conservation Area, before tthemise, disappearance, or the

end of the study. The number of months used in calcutaisospecified.

Maximum

Site  Tortoise Duration Total Monthly from release Area
(months) (m) average (m) site (m) (ha)
L1 Jan-Nov (10) 1801  180.2+385 1133 22.3
% L2 Mar-Nov (8) 1378  172.3+61.5 793 29.8
(%)
o L3 Mar-Nov (8) 1684  210.0 +48.2 1612 48.4
& L4 Jan-Jul (4) 650 162.6 + 84.7 553 6.3
8 L5 Jan-Mar (2) 1446 N/a 1419 N/a
é L6 Jan-Mar (2) 1010 N/a 891 N/a
é L7 Jan-Feb (1) 120 N/a 120 N/a
D L8 May-Nov (6) 1698  283.0 + 109.8 860 11.1
S L9 Jan-Nov (10) 832 83.3+23.1 449 4.6
- L10 Mar-Jul (4) 1041  260.5+94.3 836 16.9
LW Apr-Nov(8) 1136  142.1+38.1 n/a 5.8
> T1  Dec-Jan07 (13) 3076 235.6+89.2 2047 69.5
E L T2 Dec-Oct (10) 1319 132.0+ 89.4 954 3.90
§ E T3 Dec-Sep (9) 4642 515.9+ 207.1 922 70.3
‘é.’,*g T4 Def;g;’t(’l';;"" 6144 512141885 2585 150.5
© g TS Dec-April(4) 340  85.1+24.9 217 1.4
50 76 Feb-Aug (6) 1092 182.1+166.0 1025 3.1
> T7 Feb-June (4) 4180  1045.1% 1849 87.5

269.6
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Figure legends

Figure 1. Leopard Mountain Game Reserve study site in KwaZuluifateince, South
Africa, showing monthly minimum straight-line movengarrows indicate directions) of
all Stigmochelys pardalis babcoc{il to L10) up to 10 months after release, as well as
movements of a wil&. p. babcockiLW).

Figure 2. Usuthu Gorge Community Conservation Area study site waZulu-Natal
province, South Africa, showing monthly minimum straigm movements (arrows
indicate directions) of albtigmochelys pardalis babcodlil to T7) up to 13 months after
release. Note that the direction taken after T4 wasleased at the release point is marked
with “T4b”, while the second release point (see textnarked with “T4*". The direction

taken by T7 after being re-released is marked with “T7b".
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Figure 1. Leopard Mountain Game Reserve study site in KwaZulu-Natalince,
South Africa, showing monthly minimum straight-line reavents (arrows indicate
directions) of allStigmochelys pardalis babcocftil to L10) up to 10 months after

release, as well as movements of a Big. babcockiLW).
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Figure 2. Usuthu Gorge Community Conservation Area study siteviaZulu-Natal
province, South Africa, showing monthly minimum straitshé movements (arrows
indicate directions) of albtigmochelys pardalis babcoglil to T7) up to 13 months
after release. Note that the direction taken aftew#d re-released at the release point
is marked with “T4b”, while the second release poine @®xt) is marked with “T4*”,

The direction taken by T7 after being re-released i«edbwith “T7b”".
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CHAPTER 6
Two unsuccessful re-introduction attempts of rock hyrax Procavia capensis) into
a reserve in the KwaZulu-Natal Province, South Africa
K. Wimberger, C.T. Downs & M.R. Perrin
School of Biological and Conservation Sciences, University of KwaZulu-Natal,

P/Bag X01, Scottsville, Pietermaritzburg, 3209, South Africa.

Formatted for South African Journal of Wildlife Research: in press

Rock hyrax Procavia capens)sare categorised as “least concern” in the 2008
IUCN Red List of Threatened Species. In South Africaytivere once listed as
vermin in the old Cape province due to their high populatimmbers and impact on
grazing. However, about 10 years ago, populations in theZKwaNatal province
became locally extinct. This resulted in the recenintroductions of rock hyrax,
purchased at annual wildlife auctions in the province. &scof these re-
introductions was unknown as there had been no posteeteanitoring. This study
determined the success of re-introducing rock hyrax, uswegsburce populations,
namely rock hyrax that had been in captivity for 16 rherfh=17) and those from the
wild (n=9). Captive rock hyrax did not have site fidektlfer release and after three
months could not be found. All wild rock hyrax, except eese fate is unknown,
were found dead within 18 days. One had an accidental ddalth thve rest were
preyed upon. In conclusion, the reintroduction of capdivé wild rock hyrax likely
failed due to predation. This may have been a consequérg®up disintegration,
probably as a result of incorrect group composition, eaygiress, and type of release.

Suggestions to improve the success of future rock hyremrostuctions are provided.
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Key words. KwaZulu-Natal, rock hyraxProcavia capensijsre-introduction, post-

release monitoring, failure.

INTRODUCTION

Rock hyrax Procavia capens)shave a wide distributional range throughout Africa,
being limited mainly by the presence of suitable rockycwps (Skinner &
Chimimba 2005). They live in colonies of up to 36 individukesgely consisting of a
harem of females and a territorial male (Fourie &riRet987a). Even though they
have an eight month gestation and usually give birthri® @ two young (Miller
1971), their numbers have in the past increased to suclgraedéhat they have
officially been listed as vermin in some areas int8dAfrica (Hey 1964; Kolbe 1967,
Lensing 1978). Explanations for the population growth inclucgelieation of the
natural predators (Kolbe 1967), but the problem was oveggexated due to conflicts
with grazing for commercial farming (Lensing 1978). Rockalkyare categorised as
“least concern” in the 2008 IUCN Red List of Threatengucies (IUCN 2008).
However, their numbers have declined due to disease, jmmedadrritorial fighting
and dispersal of males (Hoeekal. 1982). They are killed by a variety of predators,
including Verreauxs’ eagleAQuila verreauxi, and are especially vulnerable to
predation when they disperse, leading to a high male, iafpgavenile, mortality
(Hoeck 1982). Whole populations have become locally eéxtine to drought (Barry
& Mundy 1998), but mainly because of disease. Sarcoptic nfaegeesulted in the
extirpation of rock hyrax in 1974 in Tanzania (Hoeck 1989)iark998 in Zimbabwe
(Chiweshe 2005). This disease may have caused theirstxtadixtinctions in the

KwaZulu-Natal province (KZN), South Africa, 10 years apaf speculations exist
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that the cause was viral (I. Rushworth & K. Gordonrzgdo KZN Wildlife pers.
comm.)

Since 2004, rock hyrax purchased from the local conservatighority’s
(EKZNW) wildlife auctions have been reintroduced intaimas areas of KZN e.g.
Escourt, and Weenen (R. Devduth EKZNW pers. comm.). édew no post-release
monitoring was done to assess their success. In Gaptewgce, South Africa, rock
hyrax are removed from overpopulated urban nature resanceseleased into areas
where rock hyrax numbers have thought to have declinig tine additional benefit
of ensuring the survival of Roodekrans Verreauxs' eagle ptpo$ (“Hyrax
Operation Project”. B. van der Lecq Endangered Wildlifastpers.comm). Limited
post-release observations suggest that only three @it céintroductions resulted in
self-sustaining populations (B. van der Lecq pers.comnhgrel have been three
published accounts of rock hyrax translocations, but psése monitoring was
limited. In the Eastern Cape province, South Africa, @&k rhyrax (18 females, four
males) were captured and translocated to a holding $aechaeing released (in four
batches) at a site roughly 1km away from the capturdGr@wford & Fairall 1984).
Some were known to have survived for a few months adease, with two males
returning to the vicinity of the capture site, but exdetails were not given (Crawford
& Fairall 1984). In the Serengeti, Tanzania, rock hyraxehbeen re-introduced onto
rocky outcrops using six individuals (four females, two sjalerhich grew to 20 over
five years (Hoeck 1982) and a pair (male, female), whielwgo 15 over 10 years
(Hoeck 1989), but further details were not documented. Thesmgregudy was
instigated to provide further insight into the fate @nslocated/re-introduced rock

hyrax, through post-release monitoring. Success ofseleas assessed in terms of a
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reintroduction, such that the objective was to haveel&sustaining population of

released animals (IUCN 1998).

MATERIALS AND METHODS
There were two source populations for the re-introdustianck hyrax kept in
captivity for 16 months (i.e. “captive”) and wild rock byt The IUCN'’s Guidelines
for Re-introductions (1998) were partly followed, in thatlevant biological
information was gathered from the literature so tlm&t te-introduction procedure
considered the habitat and social and food requirementhi®fspecies. It was
impossible to determine what caused the decline in thelgion, as it was reported
to have occurred 10 years ago and no data was collecidsfiworth EKZNW pers.
comm.). Ethical clearance was obtained from the éfsity of KwaZulu-Natal
(UKZN) ethics committee, and the relevant permitsdapture, transport, holding in

captivity and release of rock hyrax were granted bytbgincial government.

Release site
The release site was the 656 ha Umgeni Valley NatuseriRe(29° 28'S, 30

16’E), near Howick, in KZN. Previously this reserve haaturally occurring rock
hyrax, but experienced a drastic population decline 10 yeav®usly (G. Boothway
Umgeni Valley Nature Reserve pers.comm.). There weparantly two remnant
groups of about four and five rock hyrax in the reserveB@thway pers.comm.),
but only four lone individuals were observed in the neseturing two years of the
study (Wimberger pers. obs). The vegetation is charseteias Midlands Mistbelt
Grassland, with KZN Hinterland Thornveld nearby (Mucé&utherford 2006). The

release site within the reserve was selected oreéting the perceived criteria of
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shelter (rock crevices) and food requirements of roclkotywhich includes leaves
from trees (e.gCeltis africang and succulents (e.g. Aloe sp.), and grasses (Fourie &
Perrin 1989). Captive rock hyrax were released within @eneive cliff range
(indicated by a white star shape, Fig. 1), while thel walck hyrax were released on
the slope of the valley, below the cliffs (indicatedabblack star shape, Fig.1). Signs
of previous occupation of rock hyrax were evident nedh lpelease sites but none

were observed in the immediate vicinity on repeatdtk\is the area.

Capture site and general capture methods

Rock hyrax were caught from Ladysmith, KZN {&®'S, 29 45'E), about
150 km away from the release site, because the rock hyeag were abundant and
viewed as pests. The capture site had a colony of rgik,hwhich may have
included several family groups, as documented elsewherda¢Ges: Hoek 2001).
Mammal traps (900 x 310 x 320 mm), were baited with cabbagesetndp at the
chosen capture site at sunrise and monitored until abo@O1@en again at about
14h30 until sunset, as these are periods of peak hyraxya¢Hvdeck 1975; Brown
2003). Once caught, a blanket was used to cover the caganitoise stress. The
rock hyrax was then transferred into a securely clbsesttet (420 x 250 x 250 mm),

with cabbage placed within, and was again covered witarket.

Captive rock hyrax

These rock hyrax were caught in winter (July 2005) whensttarcity of food
made them easier to catch. Ten rock hyrax, six fesrahd four males, were caught
and housed at UKZN Animal House Facility, Pietermautgh where they remained

in captivity for 16 months for an unrelated research st&dy that study, they were
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housed in four small groups, namely: two females, twoakesnand one male, two
females and two males, and one female on its owry Weee provided with wooden
shelves for climbing and each cage had a hay-filedsésbdwutch (670 x 480 x 690
mm). Three months into captivity (in October), eigbtk hyrax (two females, six
males) were born. Approximately one year after capairéhe original ten rock
hyrax, after their first health check (see belowieyt were housed together in an
outdoor cage (5.9 x 2.5 x 3.2 m), again with wooden shelveslifobing and four
hay-filled asbestos hutches. They were fed daily wiglshf cabbage, apples, carrots
and rabbit pellets (Epol, Johannesburg, SA) and watepwagdedad libitum.

All rock hyrax underwent three months of intensiveedg& and health monitoring
prior to their release in November 2006. Monitoring inctlaeonthly group faecal
collection for analyses of parasitic worms and eggseCnmonth rock hyrax were
taken to a veterinary clinic and each anaesthetisdd M+20 mg Zoletil 100 (Virbac
Animal Health, Johannesburg, SA). During the firsttviseasurements of head-body
length (distance from the tip of nose in a straiglg tm end of the tail (Fourie 1983))
was recorded for all. To allow for easy identificatiohthe sexes, we marked each
hyrax by attaching a coloured, plastic material (Stéobnto both sides of the ear,
while they were still anaesthetised. Each tag was atedbto allow for individual
identification. Each month, body mass for all individuatas recorded, and individual
skin scrapings for determination of mite presence, sgalifthe sarcoptic mange
mite (Sarcoptes scabeiwere obtained. Monthly individual blood samples (2-5ml of
blood) were taken by a veterinarian and sent to thehofmgy laboratory
(VetDiagnostix, Pietermaritzburg, SA) for haematology @iochemistry analyses.
The values were compared to the reference range provigetiebinternational

Species Information System (ISIS 2002). In addition, eack hyrax was sprayed
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with anti-flea/tick medication (Frontline, Fipronil, évial, Halfway House, SA). At
the last health check, all individuals were vaccinatgdnest rabies.

By the time of release, three adult females and onejpugn{le less than two
months old (Barry 1994)) had died in captivity, caused by g&l auffocation from
being in the incorrect position for a pregnant femalerécover from anaesthetic,
illness (Pasteurella pneumonia: Dr O. Tatham HiltoteXeary Clinic pers. comm.),
and accidental injury respectively. In addition, two pupsewsrn a few days before
release. The decision to anaesthetise pregnant fefoalessting, and to include pups
in the release were made in consultation with therretrian, and were based on
preventing additional stress that would be caused by postptime release, such as
an increased time in captivity and having to re-do thalth checks at a later stage.
Consequently 17 rock hyrax were released (three adultdenpfaur adult males, two
juvenile females, six juvenile males, and two pups). iddals were termed juveniles
when younger than 12 months, sub-adults between 13 and 24snadehttand adults
if older than 24 months (Fourie & Perrin 1987a), even thabghre is discrepancy
over these age groups, as reproductive maturity is reatchadoat 16 months in
females and 28 months in males (Fourie & Perrin 1987b).

Captive rock hyrax were hard-released to mimic the ousttused by the local
conservation authority (R. Devduth EKZNW pers. comnihey were released
straight from the transport boxes into a hay-filedchutThe hutch was left there for
several months after the release. To help the Hyadmtuate, cabbage was provided
on the release day and irregularly for one week aftease.

The released hyrax were monitored daily for the stk and then twice a week
for the rest of the first month. This decreased toeoa week for the second month,

twice a month for the third month and once during thetfoand fifth months. Each
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monitoring day was from 15h30 to 18h30 and 06h00 to 09h00 the nextiutayy
greatest hyrax activity (Hoeck 1975; Brown 2003). Monitoringt@col changed from
observing the released hyrax at the release si@jdiional observations at two new
sites (after three and 13 days respectively). Eightees aftgr release the monitoring
protocol was again changed to walking two transects alobagliff edge and face
(0.95 km and 0.61 km), where there was suitable hyrax habitabx have been
recorded to disperse between 0.25 and 0.50 km (Fourie & Perrin)198Gtn
transects were walked twice in one monitoring sessidwe. following observations
were made: number of individuals seen; their sex and &gs (based on relative
size); any deaths; and their location with respecth release site, which was
measured using a measuring wheel.

Differences in body mass between the three monthspre-release
measurements were tested using Repeated Measured Analysigar@ance
(RMANOVA), and if significant, the Scheffé post-hocstewas used (Statistica,
Statsoft Inc. Tulsa, OK, USA). Maximum number of hysmen on each day was used

to determine the minimum number of hyrax alive ingheup on each day.

Wild rock hyrax

Rock hyrax were caught over eight days in October (200d)bamught to the
release site. To increase site fidelity after r&e@@right & Morris 1994), they were
kept for 14 days in a metal weld-mesh holding cage (1850 x 1850 x 1880 m
including a roof and floor, at the release site. M@5€4) of the roof was also covered
with canvas to provide protection from sun and rain. Tvag-filled hutches were
placed inside the cage for cover. Branches were providledlimbing. Food and

water were provided daily, as described before. Two dégssthe last group of hyrax
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were released into the cage, all nine hyrax (sevealés, two males) were caught for
pre-release health checks and measurements at theasmtetinic.

As before, rock hyrax were first anaesthetised andsored. Age was
determined using Stevens asymptotic growth equations fdy head/body length,
hind foot length and body mass (Fairall 1980). Individual skiapings to determine
mite presence were obtained, and each individual sprayéd aviti-flea/tick
medication. For identification individuals were markedhwdifferent coloured cable-
ties (104 x 2.5 mm, Insulok, Hellermann Tyton, SA) in ralke ears. Individual
radio-collars (C. Dearden, Pietermaritzburg, SA) weted to the hyrax, so that they
could be located after release. Each collar had a temhsmitter with a unique
frequency (150 VHF range) and a 1/8 wavelength stainledststeer wire antennae
powered by a lithium 3.5V AA battery, sealed in flexibtebber coating
(ColourGuard, Loctite, USA). Each transmitter was chtéal with belting material,
covered with heat-shrink tubing to prevent chaffing. Widtlcollars was 8 mm, but
length depended on the individual hyrax’s neck circumferenbe&h averaged 181.1
+ 4.5 mm. Hyrax H1 was too small (neck circumferenc&gff mm) to have a radio-
collar attached. Collars weighed on average 23007 g (SE), less than 4% of body
weight (Cochran 1980). For ethical reasons, collars vetitehed together using
cotton (2 mm thickness) to allow for the collars & 6ff after about a year. After
recovery from the procedures, they were released sgays later. Supplementary
food was provided for several days after release, tetietwas no evidence of use.

Monitoring was conducted daily for the first week afidease and then every
few days until the end of the project. Monitoring sassialternated between morning
(start at 7h30) and afternoon (start at 16h30) and lastdaacihi radio-collared hyrax

was located. A 3-tier Yagi aerial and a wide-range receg{2J-X10, Alinco Inc.,



210

Japan) were used to locate individuals. Positions of eadh hyrax were recorded
using a Global Positioning System (GPS) (Garmin 12Xlje GPS positions were
exported into the Geographical Information System (GI8jcMap 9.2

(Environmental Systems Research Institute Inc., RedlaCA, USA) for further

analyses.

RESULTS

Captive rock hyrax

Head-body length and body mass (in the first month)ock rhyrax varied
with age and sex: adult males (n = 4) were 4&128.0 mm (mear SE) and 2975.0
+ 394.5 g, adult females (n = 5): 472415.1 mm and 2820.8 287.1 g, juvenile
males (n = 6): 403.% 7.3 mm and 1550.@ 71.9 g, and juvenile females (n = 2):
412.5+ 12.5 mm and 1550.8 150.0 g. There was no significant difference in body
mass between months (RMANOVApF2=2.786, p=0.077) (first (22588204.4 g),
second (2388.2 178.8 g) and third month (2400t0171.9)).

Individuals’ blood results (haemoglobin, red blood cell ¢puraematocrit,
MCV, MCH, MCHC, platelets, leucocyte count, neutrophillymphocytes,
monocytes, eosinophils, basophils, sodium, potassiungridd urea, creatine,
alkaline phosphotase, alanine aminotranferase, conjlmjatéin and total protein)
were generally within the reference range (ISIS 2000npWrger unpub. data), with
no disease evident (Dr J. Hill, Vetdiagnostix, pers.chmm

A day after release, a maximum of 58% of the releasekl mgrax was seen (Fig.

2). More males than females disappeared, and near thengnfémales were located
(Fig. 2). The un-identifiable hyrax (“unknown”) were tkothat moved too quick to

be identified, or no ear tags were seen. The pups warasdan alive 17 days after
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release and two days later, one of them was found deai cdt@rvation (Dr R. Last
VetDiagnostix pers. comm), i.e. the mother abandoned ghe had been killed.

Four days after release, captive rock hyrax occupiedussites other than the
release site (Table 1). These sites were along itheadige. Only juvenile males were

observed at Site 5. After 87 days after release, notieeafaptive hyrax were located.

Wild rock hyrax

Based on head-body length, hind foot length and body nbssgroup
consisted of the following age classes: one juvenilde nidl; 360 mm, 58 mm,
1000g), one sub-adult male (H4; 405 mm, 65 mm, 1800 g), two sub-adalesem
(H2, H7; 400.0 = 10.0 mm, 65.0 = 1.0 mm, 1900.0 + 200 g; H7 pregnant), and fiv
adult females (H3, H5, H6, H8, H9; 468.0 £ 9.0 mm, 66.0 + 0.4mm, 3300265
g; all pregnant). Whilst in the holding cage the six pragf@males gave birth to four
and three pups, four and six days apart respectively, d@fter pre-release
measurements were taken. The first pups were found dedd ths cage, still inside
their birth sacks, while the second group of pups were &ivone day before being
found dead with some of their body parts eaten. Bothteweere likely due to
capture or captivity stress, as documented elsewheree(€at al.,2005).

Once released, the hyrax were very skittish and wetesasily seen. Often they
could be located only to the nearest rock crevice. [iixoe the initial and brief time
H4 and H7 remained close to each other, the group haduppiind were not seen
together. Nearly all released hyrax died within 18 daylefse, with the first death
two days following release (Table 2). Hyrax were fodedd close to the release site,
except H3. This hyrax dispersed a day after release asdouad with no visible

injuries, lying bloated in the river vegetation. Basedpost-mortems on three hyrax
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and the remains found for others, hyrax H1, H2, H4, H5akY H9 were probably
predated by caracalCéracal caraca)l (Dr. O. Tatham pers.comm; Grobler 1981).
Because only one bone was found of H6 the predator cotildenconfirmed, and so
may have been taken by a caracal or by the residentned eagle Stephanoaetus
coronatus Boshoffet al. 1994) that nested near to the release site. The f&ié ahd
H8 (Table 2) were unknown, but it is suspected that onekiled, as an unidentified
rock hyrax spine was found with the remains of H4. Inreamy, after 18 days there

were 8 out of 9 confirmed deaths while the fate of oas wunknown.

DISCUSSION

The re-introduction of rock hyrax was unsuccessful, & rad the hyrax were
known to have survived. The failure of these releases avresult of predation and
group disintegration, as documented in other studies (e.ksRanal, 2002; and
Gussetet al 2006, respectively). Lack of group cohesion was probablytdus
combination of factors including incorrect group compositicapture and captive
stress, and type of release. Only the type of relbasebeen linked with group
disintegration (Bright & Morris 1994; Gusset al 2006; Hunteret al 2007), while
the other two have been implicated in the failure raihglocations (Sarrazin &
Barbault 1996, Shier 2006; and Calveteal. 2005, Teixeireet al 2007, Dickenst
al. 2009 respectively).

Populations of hyrax are regulated by parasites, predatmrg-specific
competition, reproduction, immigration and dispersal (Ho&8B2). A variety of
predators eat them, including black-backed jackahnis mesomelasserval,
Leptailurus serval,and puff-adderBitis arietans (Hoeck 1982), but they are the

predominant prey of the crowned eagle (25% - 53%, Bosetdat 1994), caracal,
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(55%, Grobler 1981; 22%, Palmer & Fairall 1988), and Verreauaglee(98%,
Gargett 1990). Fourie (1983) has been estimated that 11% (n = @B post-
reproductive hyrax population (n = 24 553) in an area werndat caracal in one
year, and 4% (n = 840) by Verreauxs’ eagle over the sameeperiod. In our study,
there were at least seven individuals (78% of wild group, &7%otal) killed by
caracal within 18 days, and we assumed a similar fatedarduals in the “captive”
group, which were not radio-collared. Rock hyrax areamalble to predation when
foraging away from cover (Drucet al 2006) and so are vulnerable when they are
dispersing (Hoeck 1982). Similarly, they would also be vulrlerduring the post-
release period while finding suitable refuge (Biggahal. 1999; Truetiet al. 2001).

Failures of some other mammalian re-introductions lmeen caused by high
predation within a few days (e.g. Ban&s al. 2002; Calvete & Estrada 2004), or
months (Ostermanet al. 2001; Shortet al. 1992) after release. This was largely a
consequence of high predator density, individuals unfamilidh the terrain to
successfully escape, or they are unfamiliar with thedgiogs in the new area
(Ostermanret al. 2001). These factors are all likely implicated in théufai of the
hyrax reintroduction, while a high predator density isoatonsidered a possible
reason for the low hyrax population at the Umgeni Yallature Reserve (Fairall &
Hanekom 1987). Furthermore, accumulation of waste (asawaticreased smell and
activity) inside the holding cage, used in the wild rockakyrelease, may have
attracted predator/s, as reported elsewhere (Bainkt 2002). Most of those hyrax
were found predated in close proximity to the holding cagerelease site.

The rock hyrax may have been vulnerable to predatioause of small group
size or group disintegration upon release, as this haggoances for group vigilance

(Hoeck 1975). The group of 17 captive rock hyrax and nine wi# fyrax were
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both similar in size to groups of wild rock hyrax, whigdry between nine (Fourie &
Perrin 1987a), 22 (Drucet al 2006) and 32 (Fourie & Perrin 1987a). Similar group
sizes exist on rocky outcrops in Serengeti (nine and®@)may be as small as two
individuals (Hoeck 1982). In addition, rock hyrax have beewipusly re-introduced
successfully onto rocky outcrops in the Serengeti, usihg sm individuals (Hoeck
1982) and a pair (Hoeck 1989). Therefore, group size (and théngsidmposition
and cohesion) may be less important than predatidreifatlure of the releases.

However, the importance of a socially intact group far successful
reintroduction of a social species has been raisether gtudies (Kleiman 1989; May
1991; Jordon 2003; Gusset al 2006). It has not previously been considered
important in transporting/reintroducing rock hyrax, asakyhave been successful
reintroduced with individuals from two different colonigsoeck 1982). Furthermore,
hyrax are generally not thought of as a true socialispelsecause of a lack of social
grooming, and high intra-specific aggression (Sale 1970% $uggested that hyrax
are only social as a result of their heat and watsssiplogy (Sale 1970) and
vulnerability to predators when feeding alone (Sale 196%hile feeding,
individuals in small groups position themselves so theg fautwards in different
directions to detect predators, while sentinels, eshetie territorial male, warn
them of danger (Hoeck 1975). Therefore, in the currenxhgiatroduction, the lack
of a socially cohesive group (possibly because of ariiact group composition and
pre-release stress) may have lead to increased vulityetalpredation.

In terms of group composition, a “typical wild group” of koleyrax, consists
of one territorial adult male (older than four yeasgyeral adult females and several
sub-adults and juveniles of both sexes, but sometimephpesi males are found

loosely associated (Fourie & Perrin 1987a). A female-bdbmpieup is the basic hyrax
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group structure, and they are usually related to each (fberie & Perrin 1987a),
but an adult male initiates the colonisation of arag®erlach & Hoeck 2001). The
“captive” group in the present study was similarly struatubit had four adult males
and may have had several unrelated females, as a comsedqufecapture bias. The
time that this group had spent in captivity may have eraged bonding (Woodford

& Rossiter 1994; Hunteet al 2007), as the successful reproduction a year after
capture suggests this (Gussétal 2006). However, time to establish hierarchies and
relationships in rock hyrax is unknown, and probably emrbetween mammal
species. In African wild dogd.ycaon pictuk it took 3 months to establish these in a
newly formed group, when the bonding process was withoutahudisturbance
(Gussetet al 2006). The repeated health checks in this study may haveed
additional stress to the hyrax (Dickesisal 2009), and together with pregnancy or
lactation as physiological stressors (Foueteal 1987), bonding may have been
affected. The hard release for the one group may haae deontributing factor to
group disintegration and dispersal, as found in other stuBraght & Morris 1994;
Gussetet al 2006; Hunteret al 2007). However, the time the “wild” group spent in
the holding cage during the soft release may have beestitessful for this group to
bond (Dickenset al. 2009), as indicated by cannibalism and mis-mothering of pups
(Calveteet al 2005). Disintegration of both rock hyrax groups in boteases may
have increased their vulnerability to predation.

Although it is considered better to capture family groupgsefS2006), the
method of capturing all individuals in a colony, marking nthdor individual
identification, then releasing them back to the colsaythat family groups can be
determined and then capturing these groups (Shier 2006), isctiopldor use in

rock hyrax. Furthermore, since rock hyrax show no dedigarphism (Hoeck 1982)
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and family groups are indistinguishable in a colony (pebs), the capture of family
groups without individual marking is unlikely. Groups could thus do#ficially
constructed to resemble the wild group composition and gHmulallowed to bond
for several months before release (Kleiman 1989; Jo2la®8), preferably long
enough to breed and for the young to be several monthgGalssetet al. 2006).
However, this could result in other problems such asaséseand stress during
captivity. This was observed in our study, and been showther captive situations.
Rock hyrax, mostly the males, are often aggressivath other when kept together
in zoological garden exhibits, and so are generally kepmiall groups (about 4) and
males separated (Anon 2006). Wild pregnant females takewaptovity have shown
considerable stress, particular a few days before anagdoairturition (Sale 1965b).

To improve the success of future hyrax introductions,hexe the following
suggestions. We suggest that a thorough search and estinatwedators in the
release area should be conducted. If high, then one stwnditier actively deterring
predators for a period after release (Calvete & Est2@@d; Shier 2006), or consider
another release site. Capture of hyrax in KZN shoulcebgicted to April to June, for
ease of capture (low food availability in dry winterkaa them easier to bait in traps),
avoidance of heavily pregnant females, and pups should aredgl to 5 months
after birth (Miller 1971)). However, it is difficult tovaid capture of pregnant
females, as they have an eight month gestation (MiB&1). Future studies should
investigate the benefits of hard versus soft releAssuggestion for use in a soft
release is to have a larger holding cage at the refit@séat least three times bigger
than that used in this study), which includes a rockytaghwith crevices, that could
be explored by the hyrax before release. They would Have the opportunity to

establish areas and paths needed to escape from prgdatdim 2003). Post-release
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monitoring, especially with radio-telemetry, is esgdrib determine the fate of rock
hyrax after release.

In conclusion, the reintroduction of captive and wildkdwyrax appeared to
have failed because of predation. This may have beeonaequence of group
disintegration, resulting from incorrect group compositicaptive stress, and type of
release. Only with post-release monitoring using radiass, was the fate of rock
hyrax released into a reserve in South Africa knowrer&fore, based on the findings
of this study, high mortality of rock hyrax bought fronidiife auctions or removed
in pest-control and released into areas in South Afsidkely, unless methods are

improved. Further research is needed.
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Table 1. Locations of sites used by captive rock hyrax aftierase and the number of

days they occupied the site.

No. of days at site (since Distance and direction

Site occupied

release) from release site
Site 1 (release site) 0-45 0
Site 2 4-6 173.6 m, west
Site 3 13-61 74.3 m, east
Site 4 18 — 87 164.4 m, east
Site 5 28 - 51 212.4 m, east
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Table 2. Fate of all wild rock hyrax released, in the ordewbén their radio-collars

were found, and how far this location is relativehe telease site. Due to finding an

unidentified rock hyrax spine together with H4, it is presdrthat either H1 or H8

was killed.
Distance
Days
from ) _
Hyrax  after _ Fate and cause Details of remains found
holding
release
cage (m)
H1 N/a N/a Unknown Did not have collar attached
H5 2 41 Dead (predation) Intact stomach and intestine
removed from body, the skin left
intact (refer to text for more detail).
H9 4 18 Dead (predation) Similar to H5
H8 5 109 Unknown Collar was self-removed
H4 7 10 Dead (predation) Similar to H5
H6 8 624 Dead (predation) One bone
H7 8 74 Dead (predation) Similar to H5
H3 11 1400 Dead (accident) No injuries, on vegetation in river
H2 18 221 Dead (predation) Similar to H5
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Figure Legends

Fig. 1 Locations of release sites for captive and wild foglax within Umgeni
Valley Nature Reserve, KwaZulu-Natal, South Africa.

Fig. 2. Minimum number of captive rock hyrax seen over 120 dage shey were

released
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Fig. 1. Locations of release sites for captive and wild foylax within Umgeni

Valley Nature Reserve, KwaZulu-Natal, South Africa.
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CHAPTER 7
Conclusion: Wildlife rehabilitation in South Africa

Format followed as for Animal Welfare

“If I can stop one heart from breaking,
| shall not live in vain;
If | can ease one life the aching,
Or cool one pain,
Or help one fainting robin
Unto his nest again,
| shall not live in vain.”

Emily Dickinson (1830-1886)

As this poem suggests, wildlife rehabilitation is oft#iven by emotions. As humans,
we understand the urge to help an animal in distress atakeéoit to someone who
will take care of it: either hand-raise it, fix itgury and release it, or put it humanely
out of its misery. This is what wildlife rehabilitan is fundamentally about, but it
was not the focus of my thesis. | wanted to determinjectively whether human
emotion may result in more rather than less anioféring and possible detriment to
the existing wild populations. In other words, | set auidetermine the efficacy of
wildlife rehabilitation, particularly in South Africa.

| started by estimating the degree of dichotomy betwelellife rehabilitation
and conservation efforts, and necessity of adoption emfdrcement of wildlife
rehbailitation norms and standards, by providing thet feser assessment of

rehabilitation centres in South Africa, in termsnoimbers of centres and animals, the
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species rehabilitated, pre- and post-release protoculss@nomics (Chapter 2). Out
of 63 known rehabilitation centres throughout nine prasna the country, 65%
returned questionnaires. They dealt with a variety xd,tand ranged from specialist
centres dealing with a few animals a year, to largeergdist centres receiving up to
3600 animals annually. As there are many animals in okedre, and as the public is
willing to take animals to the centres, there isrijea need for wildlife rehabilitation.

Rehabilitators want their field to be more profesalofthrough minimum standards
and enforcement), but lack of communication between rédmabilitators, lack of

experience and empathy by government wildlife offici@éo issue them permits),
and lack of money, are the main obstacles to aclgethis. This situation is not

unigue to South Africa (e.g. Canada: Dubois & Fraser 20034&,he) problems with

wildlife officials resulted in rehabilitators regardindiem with antagonism and
therefore, rehabilitators are cautious in them bemglved in the development and
enforcement of minimum standards.

However, due to insufficient research on rehabilitatiethods, and minimal
post-release monitoring, | found that work experience safgjective intuition drove
most rehabilitation practices. Additionally, becausespenel from most centres cited
a lack of finance as a main impediment to the goalebgbilitation, the result of
rehabilitation may include negative impacts on individ@adimal welfare and
survival, as well as on conservation. | therefore ssiggethat wildlife rehabilitation
be centralised to the national or provincial goverrimand that minimum standards
should be developed in consultation with experienced Hehtdis, veterinarians and
conservation scientists, and be enforced by trainkiifeviconservation officials.

To gain further insight into the need for wildlife religdtion in a community

in South Africa, | decided to focus on the intake recartig large rehabilitation
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centre based in the suburbs near to one of the lacijiestin KwaZulu-Natal, and to
analyse these (Chapter 3). This generalist centre sdmitide variety of animal taxa;
over four years there was an intake of 12948 individuals £0&1species, with 2701
being admitted annually. Most of the intake (90%) wadsbiwith few mammals
(8%) and reptiles (2%), and most were of locally comnspecies (eg doves,
pigeons). This reflects the findings of previous studiesnaty that species living in
close association with humans are the most frequextiyitted to rehabilitation
centres (Deem et al. 1998). Most of the animals admt8%h) were juveniles, which
were assumed to be abandoned or orphaned. The implcatiacrehabilitating the
largely uninjured juveniles, is whether humans should ferterwith nature if the
cause was not human-related (see Kirkwood 1992). Furtherm@amnegach juvenile
(especially in these large numbers) be adequately prepaedvive and thrive when
released into the wild; and is there space in the @mvient for them, without causing
harm to others already present? | suggested that the mangers of animals
currently being admitted to the centre may be reducedughrancreased public
education, particularly to leave non-orphaned and uninjureghjles in the wild (see
Jacobs 1998). Furthermore, | suggested that improvemerite twehtre’s recording
system be made to may allow for use in funding requestsfanvarious research
opportunities, such as identifying the threats to wildkfay. Harden et al. 2006).
Given the general lack of post-release monitoring ildlife rehabilitation,
particularly in South Africa (e.g. Chapter 2), and becainee IUCN advises that
confiscated (IUCN 2000) and orphaned (Soorae 2005) animaér izheuthanased
or placed in life-time captivity, | documented the postase fate of rehabilitated
vervet monkeys (Chapters 4) and Babcock’s leopard tost@i&eapter 5), two species

commonly admitted to a rehabilitation centre (Chaf)ell presented the post-release
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monitoring of a third species, rock hyrar¢cavia capens)s as a further case study,
even though individuals were not from a rehabilitati@mtce (Chapter 6). In these
case studies, the issue of defining success was raiskdlieve that success of
releasing rehabilitated animals cannot be judged on whethresults in a self-
sustaining population, as in reintroductions (Dodd & Siegel 189CN 1998). In
that scenario, even if all reintroduced individuals diednsafter release, but the
release resulted in the species’ habitat being protettied,eintroduction would still
be a success (Kleiman 1989). | see the goal of releasiagadilitated animal to be
different, as it is to improve the welfare of thattgardar animal, independent of its
species’ status. Survival is thus the most basic irmlicaft a successful rehabilitation
release because an ill-prepared animal would likely di@ sfier release (Waples &
Stagoll 1997; Beringer et al. 2004). Furthermore, becauseiltaiiath animals have
to go through the stress and fear of captivity and pesgibin of healing (BWRC
1989 in Kirkwood 1992), | concur with other authors (e.g. IAAWWS02) that
rehabilitated animals should be at no greater disadvamtafigng in the wild than
their wild conspecifics of similar age, gender and stalgs means that rehabilitated
animals should survive for a similar length of timewttd conspecifics (IUCN 2000;
Goldsworthy et al. 2000; Molony et al. 2006) and the causmypideaths should be
natural and not as a result of other factors (e.g.adptsting to release site). Other
aspects, such as behaving similarly to a wild animalkk(B991), establishing in an
area (Ostro et al. 1999), and having no dependency on huorarisod and/or
companionship (outside the time needed for a soft rglé&¥eyne & Brulé 2004;
Grundmann 2005); are all additional success factors adikélgyinfluence survival.
Although after one year post-release, the two troopsvesfet monkeys

(including an infant) survived, were independent of humamnd f@rovision and
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companionship, had established in an area, and had birttiee breeding season
following release, the large numbers of missing indiveluat well as known
mortalities make it difficult for me to say with cootion that the releases were
successful (Chapter 4). However, it was clear thattivee groups of rock hyrax
released were not successful (Chapter 6). Even thoughwee no known deaths in
the first group released, | assumed a high mortality, Usecéhe group disintegrated
after release, and all (except one) of the second grarp f@und dead within 18
days. For both vervet monkeys and rock hyrax, | suggkstkaof social cohesion as
causing the group to dissolve or split upon release, winickurin would likely
increase their vulnerability to predation (Chapters d @n This result is particularly
interesting for future translocations of rock hyraxttesy have never been considered
trule social species, because of a lack of social grampmand high intra-specific
aggression (Sale 1970). Thus my main suggestion to improvessuot future rock
hyrax and vervet monkey releases includes ways of impgosocial cohesion of
groups before release (see Chapters 4 and 6 for further soggesHowever, |
suggest that other factors may have influenced succeesb, as a high predator
density in the release habitat, and the released lanbaag vulnerable to predation
by being unfamiliar with the terrain to successfullgagge and being unfamiliar with
predators in the new area (Ostermann et al. 2001). Feetvwmonkeys, | believe it is
essential that all individuals admitted to the centeeiadividually identified and their
history documented, so that future research could testheséhis may influence
group cohesion and/or success of a release. The bevieiitdividual identification
are likley applicable to other species admitted to wadighabilitation centres.

Kleiman (1989) suggests that species need different amounfspoé-release

training in behaviours most likely to affect survivebr instance, in the context of
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non-domesticated species, herbivores (e.g. ungulatespbneised in captivity may
not need to be taught how and what to forage (as trevioeh is hardwired, Kleiman
1996), compared with omnivores (e.g. primates) and carsivif&eiman 1989).
Similarly, as a result of infant reptiles functioningd. foraging) as adults, with no
parental care to guide them (Allman 2000), it has oftem lbssumed that behaviour
of reptiles is mainly “instinct driven”. This has givéhe impression that rehabilitated
tortoises could be successfully released back into the Wiowever, high post-
release mortality in the one group of Babcock’s leopartbises showed otherwise,
especially as many died because of starvation or delyd@id/or disease (Chapter
5). Thus to improve success of future releases of leopam@iges | suggest that they
are kept in holding cages at the release site to allemw tto become accustomed to
food and diseases present at the release site, orseasds to reveal themselves
(Dodd & Siegel 1991). However, the costs in relation ie $pecies’ conservation
status make this intervention unlikely to be practichave, therefore, also suggested
other changes to the release protocol, such as rgled®m in a less undulating
terrain (Chapter 5). The occurrence of disease indtieise release was a worrying
result, and must be addressed before any further relasaiowed (Chapter 5).
Consequently, | suggest that health and disease check®enashducted on
every rehabilitated animal before it is released. evew, does that mean that every
single dove (e.g. 700 individuals each year: Chapter 3) ordhaithés Bostrychia
hagedas)nust be screened for diseases before release? Opperhlg large animals,
only mammals, or those admitted in fewer numbers? @roblem is the lack of
knowledge of diseases affecting each of the 208 specieptéZl®), the practicality
of checking 2701 individuals annually (Chapter 3) and of colask,of money, time

and resources available to do this (Chapter 2). Thisnohke is also relevant to
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preparing an animal for release, because it is not knelmch behaviours are learnt
(Kleiman 1996); and whether losing fitness while in caigtivs as important to
survival for all animal species as it is in rehahittd raptors (Curtis & Jenkins 2002).
| recommend that priorities be defined, perhaps basegexies rarity, as generally
only half the number of individuals admitted is actualjleased (Dubois 2003;
Molony et al. 2007). Furthermore, in this study it waslent that a lack of funding
and resources were available to monitor the postselsaccess of common species’.
There were also limited resources available for esttensurveys to determine the
suitability of the release habitat, such as the poesef wild conspecifics, and also
for lengthy soft-release protocols, such as havingiges penned for 12-months at
the release site. | am not saying that the rehatimiit and release of common species
should be halted, but that one must be careful in assuthaig it is easy to
successfully release rehabilitated animals into the iihey are a common species. |
have demonstrated that this was not the case in &se studies where | monitored
the post-release success of common animals that wedabilitated and released
according to established rehabilitation techniques.

| believe that | have presented enough evidence inhgmstto suggest that
wildlife rehabilitation may result in negative consequesn to the welfare of the
individual being rehabilitated and to the wild speciesha telease site, which is
likley to affect conservation. | feel it is thus impamt for adjustments in wildlife
rehabilitation to be made, such as an increased iew@at of qualified governmental
wildlife conservation officials who would develop and @k practical minimum
standards. | also encourage that more research is cedductall aspects of wildlife

rehabilitation, as there is scant data available, s should include comparative
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studies documenting the success of releasing rehabilitaedals after different
rehabilitation techniques (e.g. Kelly et al. 2008).

To summarise, there is a dichotomy between wildliféabditation and
conservation throughout the world, but this study highlglttee situation in South
Africa. Mostly common species are being admitted tcalvditation centres, to be
hand-raised and healed, and then released, which makigfcilt to follow the
IUCN guidelines. However, the IUCN (IUCN 1998, 2000) makedeircthat there
are many threats to the individual animal, to theasdeenvironment and to the
conservation of species when transporting and releasingals, especially if they
had been in captivity. | believe that the same tlremiply to transporting and
releasing rehabilitated animals, but because thersamany wildlife rehabilitation
centres throughout the world, the threats to the emviemt could be even greater
than that suggested (IUCN 2000). However, the applicabilithe IUCN guidelines
will vary slightly according to the species and situatiand they require input from
the local conservation authorities (as was the caske studies documented in this
thesis). As a result of increasing urbanisation andeased human-wildlife conflict
(Kretser et al. 2008; Hubbard & Nielsen 2009), there wilttwetinued and increasing
need for rehabilitation, in order to offset man’s iipan wildlife (Holcomb 1995),
and thus it is urgent that adjustments are made to thegmament of wildlife
rehabilitation.

Wildlife rehabilitation needs to move away from anogional-based “animal-
rights” organisation, such as treating and releasing icexahimals, to being
objectively managed, such that no harm is caused teo@i®n by these efforts or
animal welfare. This may require them to change twmstitution so they are aligned

with the IUCN guidelines, where more consideration igmito the possible risks
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involved in releasing animals. Furthermore, developmant enforcement of
practical minimum standards, and compulsory -certificatiprogrammes, will
hopefully exclude those rehabilitators who feel theyehaarned their right to take
care of wildlife, only as a result of their dedicati@aking care of wildlife “24/7/ 365
days a year”: Kosch-Davidson et al. 2006, p4). The incotiporaf “science, ethics
and legal regulation” has been mentioned in the cowtexbproving marine mammal
rehabilitation (Moore et al. 2007, p745), and the same is steghbere. Furthermore,
| suggest that the public be educated as to the risks tldsitewehabilitated animals
can pose to the safety of the environment as a whotkthat rehabilitated animals do
not necessarily survive or thrive in the wild wheleased (Chapter 4 and 5), and thus
they have to understand that rehabilitation centrdissaimetimes have to prioritise
casualties for treatment (i.e. “triage”, Molony et 2D07), and euthanase exotic
species. In conclusion, implementing further reseancknisuring long-term post-
release survival of rehabilitated animals; developingd amnforcing practical
guidelines/minimum standards by dedicated and qualified govetaimenldlife
conservation officials; and having examinations imeor to qualify as a wildlife
rehabilitator, will ensure humans are “making amendsitkéd 2004) instead of

having an additional negative impact on conservatioraamdal welfare.
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