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Hand-raised rhinos would preferentially settle at sites close to areas where human activ-
ity was significant. Hand-raised rhinos that attached themselves to sites of human activ-
ity tended to move less widely and to have smaller seasonal ranges than those that
moved away from human settlements. These rhinos had no fear of humans and some
animals would move along established roads into hostile areas outside the park. These
factors made hand-raised rhinos more vulnerable to poaching than their wild counter-
parts. Management of hand-raised rhinos with regards to ranging behaviour is discussed
in the text.
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Introduction

Reintroduction is an important wildlife man-
agement technique for conservation of
endangered species including the black rhi-
noceros. The first months after release in a
new area are naturally a stressful period for
introduced rhino (Adcock et al. 1998). Wild
black rhino are known to be a relatively poor
dispersing species after introduction to a new
area. Reintroduction of black rhino met with
problems, including poor habitat quality and
hence poor reproductive performance
(Emslie 1994). Other problems are related to
mass release of animals at one site at the
same time and the resultant mortality due to
intra-specific fights among introduced ani-
mals (Emslie 1994) and intra-specific
aggression from resident individuals (Brett
1998).

This paper focused on seasonal ranges rather
than home ranges. This was done because
some of the hand-raised rhinos were too
young to hold home ranges. Others, although
they were adults on release, had not had
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enough time to established home ranges by
the time of the study. Home range is that
area traversed by an individual animal in its
normal activities of food gathering, mating
and caring for young excluding the area out-
side its normal area (Burt 1943). Many fac-
tors influence the size of home ranges of
black rhino. Home range areas vary with an
animal’s requirements: ranges tend to be
larger when food, water and cover are scarce
or scattered (Mukinya 1973). Black rhinos
have larger home ranges in woodlands than
in thickets (Hitchins 1969). Home ranges
tend to increase in area with decreasing
browse availability. The social status (group
member, loner, resident, transient), age, sex
and reproductive condition may influence
range sizes (Bekoff & Mech 1984). General-
ly, adult male rhinos tend to have smaller
home ranges than adult females (Owen-
Smith 1988), but in some cases they are
equal (Mukinya 1973). Ranges of immature
black rhinos and females with calves are
larger than those of single adult males or
females (Joubert & Eloff 1971). For cows,
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this difference may be due to the need to
meet food requirements and to acquaint the
calf with the home range (Mukinya 1973).
Typical black rhino mean home range sizes
are 7-35 km? (Owen-Smith 1988).

Animals do not use home ranges in a uni-
form manner. Core areas denote space of
high home range usage. An animal can have
one or more core areas in its home range
(Dixon & Chapman 1980). Core areas may
provide a more clear measure of the chang-
ing pattern of range use than home range
area (Harris et al. 1990). In general, core
areas of conspecific animals are mutually
exclusive (Harris ef al. 1990) but can overlap
for rhinos, specifically (Tatman et al. 2000).

Ranging behaviour studies of black rhinos
have been carried out on wild free-ranging
populations (e.g. Goddard 1967; Mukinya
1973; Frame 1980; Kiwia 1989), and on
relocated or reintroduced populations (e.g.
Hitchins 1969; Adcock et al. 1998; Tatman
et al. 2000). However, information on the
ranging behaviour of hand-raised and
released black rhinos is scarce and is not
directly related to Matusadona National Park
(MNP). Objectives of the study are to deter-
mine effects of hand-raising on the ranging
behaviour of black rhinos, and secondly to
contribute information towards the develop-
ment of guidelines for sound reintroduction
process and post-release management of
hand-raised black rhino.

Methods

Study area

Matusadona National Park (MNP) stretches from
28°23'E-28°51'E and from 16°41'S-17°13'S. The
park is about 1407 km? in area. An escarpment
divides the park into two major geomorphologic
landscapes, the semi-arid eutrophic Valley Floor
lying between 485 m and 600 m above sea level
(a.s.l.) and the wet dystrophic highland section lying
between 600 m and 1200 m a.s.l. The lowland area is
dominated by semi-arid vegetation mainly
Colophospermum mopane (Kirk ex Benth.) Kirk ex
J. Léonard woodland while the highland area sup-
ports Brachystegia Benth.-Julbernadia Pellegr.
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woodlands. The study was restricted to the Valley
Floor section of the park. MNP has a semi-arid cli-
mate in the Valley Floor where rainfall ranges
between 400 and 800 mm per year with an average
mean annual of 729.5 mm.

Study rhinos

No rhinos were collared specifically for this project.
Two adult female rhinos were collared in 1998. Four
hand-raised rhinos (two adults: male and female, and
two subadults: male and female) also had been radio-
collared before the research project started. Sex, ori-
gin, duration stayed in bomas, season of release, age
on release and age during the time of study of the
hand-raised rhinos are shown in Table 1. The ages of
rhinos during the time of the study ranged between
4.5 and 13 years. These animals had been kept in
bomas for 4-12 years before final release. Hand-
raised animals were first released into MNP in
March 1998. During the study the park was sup-
porting about 55 black rhinos (wild, hand-raised and
released and those that were still under hand-rais-
ing).

Collared animals were radio-tracked by telemetry
and their positions were recorded using a GPS
between March 1998 and July 2000. Routine moni-
toring data (Department of National Parks and
Wildlife Management files) on two wild adult female
rhinos were used to calculate seasonal range sizes for
1998.

During fieldwork, the target was to locate each col-
lared animal at least once a week, using a Telonics
Model TR-2 receiver. Radio-collared animals were
initially approached by vehicle, and final contact
was made on foot to avoid disturbance. An animal’s
position on first sighting was recorded using a GPS
Garmin 40. Data collection was limited to diurnal
observations. Information was collated by season, as
follows: wet season (December-March), early dry
season (May-July) and late dry season (September-
early November).

Calculation of seasonal range sizes

The vegetation map of MNP compiled by Taylor
(1985) was scanned and digitised into the TNT-
MIPS GIS software programme operated by the
WWF Multispecies Project. Positions of individual
rhinos were plotted on the vegetation map. The
100 % Minimum Convex Polygon (Mohr 1947) was
used to draw seasonal ranges and to calculate their
sizes. In this study, seasonal range was investigated
in the wet, early dry and late dry seasons.

The 100 % MCP method was chosen for its ease of
use. Radio-locations were assumed to be non-auto-
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Table 1
History of hand-raised rhino in MNP

Name of Sex Source Duration Age on Season of Date
rhino in boma release final of release
(years) (years) release

Pfumbe Male Mana Pools 12 12 Early Dry April 1999
via Imire

Cuckoo Female Mana Pools 11 11 Dry June 1998
via Imire

Chewore Female Chewore 5 5 Wet March 1998

Mgofu Male Imire 4 4 Wet Dec 1999

correlated because they were collected at least daily
for a given rhino. Auto-correlation refers to two or
more fixes that are not independent in terms of time.
The MCP method, is not affected by temporal auto-
correlation of fixes (Harris ef al. 1990; Dexter 1999).
This study only required an index of seasonal range,
and not absolute sizes. The MCP is the smallest con-
vex polygon containing all the observed positions;
the area within this polygon is the estimated season-
al range size (Anderson 1982). Landscapes not
known to be used by rhinos, such as water bodies,
were excluded from the seasonal range area.

Calculation of core area sizes

The 70 % Harmonic method (Dixon & Chapman
1980) was used to calculate core areas for individual
seasonal ranges. The relationships between season-
al range and core area sizes for both rhino groups
were graphically presented.

Statistical treatments

The sample size was small and data were therefore
pooled for analysis. The Chi-square tests were used
to analyse the differences between mean seasonal
range and core area sizes for hand-raised and wild
rhinos. The same tests were used to analyse the with-
in-group variation in seasonal range and core area
sizes. The regression analysis was used to determine
the relationship between seasonal range and core
area sizes.

Results

Movements of hand-raised rhinos

No rhino settled at its release site. The
longest period of monitoring (March 1998 —
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July 2000) by radio tracking was for
Chewore, a subadult female rhino. The ani-
mal was immobilised, translocated and
released at Mhukadzapera River (Fig. 1) on
the same day in March, 1998. It first left the
park in November 1999, into the Nyaminya-
mi district communal lands, about two years
after release (Fig. 2). The animal was recap-
tured and released at Nyamoni River. There-
after, Chewore repeatedly moved out (once
in each of the months January, April, May,
June, and July 2000), not only out of the
study area itself but also out of the park. The
longest distance moved from the park was
about 40 km, and from the study area was
about 70 km. Each time the animal moved
out of the park, it walked along established
roads. In communal lands, the animal tended
to reduce movements. The animal used the
same general route going out of the park and
passing close to or through a township. At
one time the rhino was put in an enclosure at
a growth point township outside the park,
awaiting collection by National Parks. Every
time it was out of the park, the animal was
walked back into the conservation area. This
habit of hand-raised rhinos, of following
roads, was also observed in the Midlands
area of Zimbabwe (pers. 0bs.). Chewore was
relocated to Sinamatella (Hwange National
Park) in January 2002. Soon after arrival it
crossed to Botswana from where it was later
taken back.

Cuckoo, an adult female, was released by
walking it out of the Gubu bomas (Fig. 3) in
the early dry season, June 1998. The animal
moved widely soon after release and in the
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Fig. 1. Map of Matusadona National Park (MNP) showing seasonal ranges of a
hand-raised rhino, ‘Chewore’. 1. First release site (Mhukadzapera River)
2. Second release site (Nyamoni River).
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Fig. 2. Map showing movements of hand-raised rhino outside Matusadona National Park.
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Fig. 3. Map of MNP indicating seasonal ranges of a
hand raised rhino,’Cuckoo’. 1 = Release site.

subsequent late dry season. In the 1998/99
wet season, the animal then stayed briefly
close to Muuyu and Changachirere camps
on the lakeshore (where there was marked
tourist activity). Later, she went up the
escarpment, in the following early dry sea-
son, leaving the study area (Fig. 2).

An introduced adult male, Pfumbe, was
released by walking it out from Gubu bomas
in June 1998 (Fig. 4). The animal stayed
briefly in the park and then crossed the park
boundary into the Nyaminyami and Gokwe
North District Communal Lands (Fig. 2). In
communal lands the animal did not to move
widely and could visit homesteads. Once the
animal broke window panes at a villager’s
homestead. After staying for about two
weeks in the communal lands, Pfumbe was
recaptured and placed in the boma at Tashin-
ga Camp in July 1998. The animal was
released again in January 1999 from the
Tashinga bomas by letting it walk out on its
own. After engaging in two serious fights
with a wild resident bull, Pfumbe returned
into the boma of its own accord. Pfumbe
was immobilised and transported and finally
released at lower Jenje River, in April 1999
(Fig. 4). By May 2003, the animal seemed to
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Fig. 4. Map of MNP indicating seasonal ranges of a
hand-raised rhino, ‘Pfumbe’. 1-3 = Release sites 1-3.
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Fig. 5. Map of MNP indicating seasonal ranges of a
hand-raised rhino, ‘Mgofu’. 1 = Release site.

have settled near Changachirere Camp
where it settled since 2000.

Mgofu was walked to a satellite boma at
upper Jenje River (Site 1), about 18 km from
the raising boma at Tashinga. It stayed there
for about one and half months before final
release into the wild in December 1999. The
animal moved for about 12 km to a headland
in the Lake Kariba, where Muuyu camp is
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Fig. 6. Map of MNP indicating seasonal ranges of a Fig. 7. Map of MNP indicating seasonal ranges of a

female wild rhino number 7.

wild female rhino number 21.

Table 2
Seasonal ranges and core areas of black rhinos in MNP

Year and Rhino Rhino No. of Seasonal bMean Core Mean core
season group identity fixes range seasonal range area size  area size
(no./name) used size (km?) size (km?) (km?) (km?)
1998 wet Wild 7 5 20.8 73
season 21 6 329 26.9 14.1 10.7
Hand-raised Chewore 6 0.8 0.8 0.2 0.2
1998 early Wild 7 5 10.4 0.8
dry season 21 4 2.1 6.3 1.9 1.4
Hand-raised Chewore 8 2.3 2.3
Cuckoo 4 32.6 11.2
Pfumbe 4 4 13.0 1.2 4.9
1998 late Wild 7 6 13.7 0.6
dry season 21 6 1.3 7.5 0.4 0.5
Hand-raised Chewore 8 15.6 6.4
Cuckoo 7 58.7 37.2 55.5 31.0
1998/99 Hand-raised Chewore 4 7.3 0.6
wet season Cuckoo 6 7.5 7.4 0.6 0.6
1999/2000 Hand-raised Chewore 8 22 1.5
wet season Pfumbe 6 1.3 0.6
Mgofu a 1.5 8.0 a 14
2000 early Hand-raised Chewore 6 9.8 1.5
dry season Pfumbe 8 1.2 0.2
Mgofu 7 1.2 4.1 1 0.9

a Area was estimated based on the island the animal was occupying in that season

b Mean seasonal range sizes (column six) are not for individual rhinos but for a group of rhinos, i.e. wild
and hand-raised rhino groups.
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Table 3
Chi-square tests on the differences in seasonal range and core area sizes
within hand-raised and wild rhino groups

Year and season Rhino group

1998 wet season

1998 early dry season

1998 late dry season

1998-99 wet season

99/2000 wet season

2000 early dry season

Wwild
Wild

Hand-raised

Wild
Hand-raised

Hand-raised

Hand-raised

Rhino name or Significant (S) or Core area
number not significant (Ns)
seasonal range
7x21 Ns Ns
7x21 S Ns
Chewore x Cuckoo S S
Chewore x Pfumbe Ns Ns
Cuckoo x Pfumbe S S
7x21 S Ns
Chewore x Cuckoo S S
Chewore x Cuckoo S Ns
Chewore x Pfumbe S Ns
Chewore x Mgofu S Ns
Pfumbe x Mgofu Ns Ns
Chewore x Pfumbe S Ns
Chewore x Mgofu S Ns
Pfumbe x Mgofu Ns Ns

situated (Fig. 5). When the headland became
an island, Mgofu moved to the mainland in
the early dry season. By May 2003, the ani-
mal remained in the same area it had settled
in previously, in 1999.

Figures 6 & 7 show movements of two wild
adult females during the time of the study.

Seasonal ranges’ sizes

Seasonal ranges of rhino groups are shown
in Table 2. The mean seasonal range areas
were significantly different from each other
between hand-raised and wild rhinos in the
wet and late dry seasons (¥* > 19; p< 0.001)
and not in the early dry season (> =2.350;
0.1<p<0.25, Table 3) in 1998. In the wet sea-
son the mean seasonal range area for hand-
raised rhinos was smaller than that for wild
rhinos and the situation was vice versa in the
dry seasons in 1998. Between 1999 and
2000, the mean seasonal range arecas for
hand-raised rhinos varied with season and
ranged between 4.1 km? and 8.0 km?.
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The within-group seasonal range variation in
size was significant for hand-raised rhino
(? >5; p<0.025), except between Chewore
and Pfumbe in the 1998 early dry season,
and Pfumbe and Mgofu in the 2000 wet and
early dry seasons (x2<2.727; p>0.1;
Table 3). Pfumbe and Mgofu had the small-
est seasonal ranges, as these animals had set-
tled close to human settlements.

Seasonal ranges of hand-raised rhinos that
settled close to human activity were both
smaller than those of hand-raised rhinos that
settled further away from man, and than
those of their wild counterparts (Table 2).
Seasonal ranges of rhinos were variable in
terms of spatial location with season (Figs. 1
& 3-7). There was some overlap in seasonal
ranges of a given individual animal except
Pfumbe.

Core area sizes

The mean core areas for both hand-raised
and two wild rhinos are shown in Table 2.
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The mean core area sizes for hand-raised and
wild rhinos were significantly different from
each other in the wet and late dry seasons
(* >10; p<0.05) and not significantly differ-
ent in the early dry season (y*>=2.016;
0.1<p<0.25) in 1998. In the wet season, the
mean core area for hand-raised rhinos was
smaller than that for the wild group, and the
situation was vice versa in the dry season.

In 1998, the within-group variations in core
area size of hand-raised rhino were not sig-
nificantly different (y*<2.166; p>0.1)—
except between Chewore and Cuckoo and
Pfumbe and Cuckoo in the early dry season,
and Chewore and Cuckoo in the late dry sea-
son (x*>8.066; p<0.05; Table 3). Cuckoo
appeared to move widely and to be responsi-
ble for the major variations in seasonal
ranges of hand-raised rhinos.

The relationships between seasonal range
and core area sizes

The relationships between seasonal range
and core area sizes are shown in Fig. 8. The
sizes of core areas increased significantly
with the increasing seasonal range areas for
both rhino groups (»?>0.67; p<0.03).

The relationships between seasonal range
and core area sizes were represented by the
following equations for wild rhinos (I) and
hand-raised rhinos (II):

Seasonal range area = -1.35 + 0.394 X core area
SIZE o i )

Seasonal range area = -3.87 + 0.81 X core area
SIZE L (1

There was a threshold below which the
decrease in seasonal range sizes did not
result in significant decrease in core area
sizes (r*=0.0; p>0.63). The threshold was
lower for hand-raised than for wild rhino rhi-
nos, i.e., 15.6 km? and 20.8 km?, respective-
ly. Below the threshold, core area size
remained below 2.4 km? for hand-raised rhi-
nos, and below 2 km? for wild rhinos and
they were not significantly different from
each other (y*=0.036, p> 0.75).
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Discussion

The study did not focus on the concept of
home range, but on seasonal range, because
of reasons discussed in the introduction and
below. Analysis of seasonal ranges was
appropriate because short-term seasonal
ranges are necessary for studying dispersing
animals and when monitoring change in
range use over time (Harris et al. 1990).
Analyses at the level of the annual range
under-utilise available data and do not show
the within-year variations. Thus, seasonal
ranges can yield additional information com-
pared to annual ranges.

Problems common to use of seasonal and
annual ranges include that of distinguishing
abnormal from normal movements of the
animal. Animal locations outside the study
area were disregarded in the analysis. Sea-
sonal ranges have potential for additional
errors compared to annual ranges. Seasonal
range shift is a series of continuous changes
in location and time. It is represented by a
series of overlapping ranges. That period of
shifting from one seasonal range to another
might not be identifiable on the ground. The
researcher defined the time frame for sea-
sonal ranges. The defined time frame for sea-
sonal ranges might not be biologically mean-
ingful to the species, i.e., the season of the
range that has been determined by the
researcher might not coincide with that for
the animal.

A trial run of the experiment should have
been carried out to establish the time interval
to collect data such that serial correlation of
fixes does not occur. A test of independence
of the fixes will reveal whether an animal is
shifting its seasonal range or not. Serially
correlated subsets of data may indicate the
spatio-temporal transitional phase between
seasonal ranges (Swihart & Slade 1985).
Major components of the behavioural ecolo-
gy of the species should be considered to
establish whether the shift in ranges is attrib-
utable to season or not.

It was difficult to find out whether hand-
raised rhinos were moving within the sea-
sonal ranges or were changing seasonal

ISSN 0075-6458



60

50 1

40

30 7

20

Core area size (square km)

10 ‘
'S |
o 4ot m ‘ ‘ ‘
0 20 40 60
Home range size (square km)

‘ @ Hand-raised W Wid ‘

Fig. 8. The relationship between black rhino core
area and home range sizes.

ranges or moving about without defined sea-
sonal ranges. Seasonal ranges were highly
variable both within and between groups of
wild and hand-raised rhinos. The variation
was in size and in location, according to sea-
son.

Wild rhinos less than eight years old are too
young to hold home ranges (Adcock 1994).
Half of the hand-raised rhinos, therefore,
had not reached this critical age. In the wild,
calves of both sexes sever relationship with
their mothers at 2-4 years old and can move
widely for up to another four years before
establishing a home range (Adcock 1994).
In areas with a high density of adult bulls,
young males remain with their mothers for
protection, up to the age of eight years
(Adcock 1994). In Kenya and South Africa,
wild captured rhinos (not hand-raised) had
the highest mortality due to intra-specific
fights within two years of release (Brett
1998) and could take up to three years to set-
tle in terms of home range sizes (Adcock et
al. 1998). 1t is, therefore, normal for rhinos
to wander about soon after weaning or rein-
troduction into the wild. A matter of concern
was the extent of movements by hand-raised
rhinos, especially into potentially hostile
areas, after reintroduction.

In the wild, black rhino are relatively soli-
tary and sedentary, confining their normal
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movements to their home ranges (Owen-
Smith 1988). Movements of hand-raised rhi-
nos were influenced by the presence of
human settlements and, probably, by domi-
nant wild bulls. Seasonal ranges were small-
er for hand-raised rhinos that stayed close to
human settlements than those that were fur-
ther away. The mean seasonal range areas for
hand-raised rhinos decreased with time after
release as the animals were prevented from
further northward movement by Lake Kariba
waters and settled near tourist camps. Stay-
ing close to human settlements was a direct
result of hand-raising on the behaviour of
rhinos.

Rhinos released in the dry season moved
widely soon after release compared to those
that were released in the wet season. The
wide movements might have been in
response to low availability and poor inter-
spersion of resources in the dry season com-
pared to the wet season conditions. In rein-
troduction, animals should be released in the
wet season or just after the rains when
resources are still abundant.

For various reasons, sample sizes were too
small to be meaningful for both within and
between wild-release group comparisons.
The problem could not be resolved by pool-
ing data because the within-group variance
led to pseudoreplication. The small sample
size therefore did not allow for meaningful
conclusions on the roles of social status (res-
ident or transient), sex-age status, reproduc-
tive condition and even season in determin-
ing home range size (Bekoff & Mech 1984).
Further, it was not possible to assess how the
following variables affected seasonal range
sizes: the period the animal had spent in the
wild after release, the year or season of
release, and the age of the rhino on release.
An adult female rhino, Cuckoo was respon-
sible for the variation in core area within the
hand-raised group.

The number of fixes used for each rhino was
not adequate for seasonal range analysis and
could have resulted in bias by under-estimat-
ing range sizes. The MCP method is sensi-
tive to sample size. Home range sizes
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increase as the number of fixes increase
towards the asymptote (Bekoff & Mech
1984), and the asymptotic level is reached
when a further addition of fixes does not
result in increase in the size of the home
range. In this study (Table 2), seasonal
ranges for hand-raised rhino fell in the lower
range of wild counter-parts in comparable
semi-arid areas of Africa—including Masai-
Mara in Kenya (Mukinya 1973) and
Hluhluwe in South Africa (Hitchins 1971)
—probably due to small numbers of fixes
that were used and fixes recorded outside the
study area were not used in the analysis. The
number of fixes used for seasonal ranges
were not the same for all rhinos, which pre-
vented comparison of range attributes. As
long as the number of fixes achieve
asymptote, attributes whose range have been
obtained using unequal number of locations
can be compared.

Many researchers (e.g. Bekoff & Mech
1984; Robertson et al. 1998), recommended
a total of 100-200 fixes for large mammals in
home range analysis. In Kenya, Tatman ef al.
(2000) found that 20 to 30 fixes were ade-
quate for home range in a small and confined
black rhino population. These extremes in
the number of required fixes arise from dif-
ferent situations, where the large figure is for
free-ranging population and the smaller for
those small fenced ranches. Individual ani-
mals reach asymptotic number of fixes at
different values, and some animals may not
even reach an asymptote. For example, tran-
sient adults or dispersing subadult may not
attain asymptote values (Harris et al. 1990).
An inappropriate interval in collecting data
may also govern failure to achieve asymp-
tote (Harris et al. 1990). All hand-raised rhi-
nos dispersed after release, which meant that
the constantly changing localities did not
always allow for asymptotic fixes.

The 100 % MCP method, as an index to
measure the ranging behaviour of rhinos,
showed that hand-raised and wild rhinos
were different from each other. The method
includes portions of the study area that were
not normally used by the animals. This
results in overestimating the seasonal range
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size. The method, therefore, is biologically
not suitable to study range sizes and habitat
requirements unless it has been smoothed to
correct for the increase in range size (White
& Garrott 1990; Conybeare 1991). Smooth-
ing involves removal of outliers, i.e., those
points which stand alone. The 70 % harmon-
ic mean method removed some of the out-
liers. Although smoothing drastically
reduced the within-group variations, the
mean core areas of hand-raised and wild rhi-
nos became more significantly different
from each other than their mean seasonal
range areas. Hand-raised rhinos had a lower
threshold than wild animals, below which
the decrease in seasonal range areas did not
result in significant decrease in core area
sizes. On the other hand, the size of the core
area below the threshold point was larger for
hand-raised rhinos than for wild rhinos,
though not significantly different from each
other. These statements seemed to indicate
that hand-raised rhinos tended to wander
about until they establish a seasonal range.
Findings of this study partially tended to
agree with Harris et al. (1990) that home
ranges vary greatly during dispersal period
of animals while core areas remain constant
for both dispersing and non-dispersing ani-
mals.

Conclusion

The ranging behaviour for hand-raised rhi-
nos seemed to be partly depended on
whether there was a human near the release
site. Hand-raised rhinos would preferentially
settle at sites close to areas where human
activity was significant. Further, seasonal
ranges established in the vicinity of human
settlements were smaller than for those
established independent of settlements. In
this study, there was no conclusive data to
show that any of the hand-raised rhinos,
including adults of over 10 years old, had
stabilised their seasonal range sizes 2.5 years
after release. In some cases, hand-raised rhi-
nos used established roads when moving to
new sites outside MNP. Physical barriers
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were important to prevent hand-raised rhinos
from moving about widely.

An understanding of ranging behaviour is
critical in managing hand-raised rhinos.
Ranging behaviour and reaction to human
presence have a bearing on the security of
hand-raised rhinos. Having no fear of
humans, hand-raised rhinos were vulnerable
to poaching.

Management issues and recommendations

There is no guarantee that a rhino will remain
at a release site. Hand-raised rhinos became
attached to sites where they had been raised,
and treated humans as surrogate mothers.
Those rhinos that did not return to raising
sites or to human settlements made extensive
post-release movements. These wide move-
ments could result in reduced survival and
reproduction as animals either entered areas
of potential conflict with humans, or were
killed (Linell et al. 1997) by humans in com-
munal lands.

The season of release for rhinos is critical.
Rhinos that were released in the dry season
tended to move more widely soon after
release compared to those that were released
in the wet season. Rhinos moved widely in
the dry season immediately after release
probably in search of water and food. Rhinos
should be released during the wet season
when the resources are abundant.

Both the season and area selected for release
will govern resource availability. Animals
released in unsuitable habitats will move
widely looking for water, food and refuge.

In this study hand-raised rhino behaved in the
opposite way to wild rhino which Mukinya
(1973), found to move widely where there
were humans. In this study, the presence of
humans seemed to be a factor for hand-raised
rhinos to remain in the release area and not to
move widely. Animals that were released fur-
ther from human settlement tended to reduce
movements once they had found one. In rein-
troduction of rhinos, the aim is to reduce
human influence and to allow animals to nat-
uralise fast. Hand-raised rhinos released close
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to humans will remain used to people and will
fail to adapt to local conditions quickly. On
the other hand rhinos that stay close to
humans tend to survive for longer periods of
time than those that live in areas where
poachers can operate with little chance of
detection (Du Toit, pers. comm.). However, if
animals are released away from humans, they
will have a higher probability of moving out
of the protected area into high-risk areas. In
reintroduction programmes hand-raised rhi-
nos should be released away from human set-
tlements, provided there are barriers to move-
ment into unprotected areas.

Whether released adjacent to human settle-
ment or not, monitoring is important for post-
release management. The time hand-raised
rhinos took to settle after release was not
established, and hand-raised rhinos were still
ranging widely two and a half years after
release. On release, hand-raised rhinos should
be marked to allow identification and moni-
toring of individual animals and record dis-
persal patterns. Monitoring of hand-raised
rhinos should be continued for several years
after release, until the animals have settled
down.

Hand-raised rhinos are more vulnerable to
poaching than their wild counterparts. For at
least two and half years after release, hand-
raised rhinos sometimes did not run away
from trackers, and would advance to within a
few metres of researchers. In due course,
hand-raised rhinos will make a significant
contribution to the black rhino population in
MNP. Currently (October, 2000), the com-
bined total number of hand-raised rhinos and
those still in bomas makes up about 6 % of
the MNP black rhino population. If there is an
outbreak of poaching, hand-raised rhinos will
be the first to suffer. Having a motivated,
well-trained and adequately equipped
antipoaching personnel is an important con-
servation measure for rhinos.

Hand-raised rhinos were released when they
were more than three years old; age at which
their wild counter-parts are weaned and when
they are not old enough to establish home
ranges. At the time hand raised rhino were
released the resident population density was
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below 0.25 animals/km? By the time this
study was done there were no deaths of
hand-raised rhino caused by intraspecific
fights. Hand-raised rhinos should continued
to be released when they are aged above
three years especially in areas where the res-
ident population is at a low density. It is to be
expected that on weaning, animals will
extend their ranges. The extent of ranging
after weaning is important as rhinos might
enter into hostile areas. The age at which
hand-raised rhinos establish home ranges is
not known. Hand-raised rhinos should be
released before they are sexually mature and
before they reach the age at which wild rhi-
nos establish home ranges to give them time
to learn about their environment. There is
also need to determine the density of the res-
ident population at which intraspecific fights
would cause significant loss of hand-raised
rhinos.

In this study, those rhinos that moved north-
wards were resident for some time in habi-
tats next to the lake. The reason why most of
the animals that went to the lakeshore stayed
in habitats close to the lake is not clear. Rea-
sons why hand-raised rhino were found on
the lakeshore might include that the rhino
were taking refuge from aggressive wild
counterparts resident in the interior of the
study area and or were attracted to sites of
high human activity at tourist camps or
house-boats in bays. Physical barriers, e.g., a
strong perimeter fence can prevent extensive
movements especially where the release area
is small. It would be appropriate to release
rhinos in areas large enough to meet ecolog-
ical and social requirements of the animals.
The exact size of the release area for hand-
raised rhinos to meet ecological and social
requirements depends on factors including
habitat quality, density of the resident popu-
lation, history of the animal and existence of
the boundary game fence. Unfenced release
areas for hand-raised rhinos should be at
least 1000 km?. In unfenced areas, animals
should be released at sites from where there
is the greatest distance to the edge of the
conservation area. For animals that have
learnt how to repeatedly move out of a large
release area, relocation to a totally new area
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might be a solution. Such rhinos should be
relocated to fenced areas that offer animals
better security.

Most of the Department of National Parks
and Wildlife Management areas designated
for release of rhinos are surrounded by com-
munal lands. If rthinos move into communal
lands there will be potential conflict with
local communities. Nevertheless, some resi-
dents in the communal lands assist by report-
ing the presence of stray rhinos in their areas.
An education programme is necessary to
allow local communities to appreciate efforts
to conserve endangered species. This
includes the safari industry within and out-
side the park, as well as local residents in the
surrounding communal lands. In the case of
MNP, the adjacent Nyaminyami District is a
designated Communal Area Management
Programme For Indigenous Resources
(CAMPFIRE) area with a Wildlife Section
that can jointly work with MNP staff to carry
out antipoaching and monitoring activities.
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