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INTRODUCTION
Re-introduction is a key conservation manage-

ment response and forms the backbone of several
species recovery programmes (Armstrong &
Seddon, 2008). The south-central black rhinoc-
eros (Diceros bicornis minor) (black rhino hereaf-
ter) epitomizes this conservation response with
several genetically connected strongholds in Zim-
babwe and South Africa (Kotze et al., 2014). The
Kruger National Park and Hluhluwe-iMfolozi
Game Reserve are home to key populations. The
population in the Kruger National Park was
created through re-introduction of 81 black rhinos
between 1971 and 1990 (Ferreira, Greaver &
Knight, 2011). Within South Africa, the Black
Rhino Range Expansion Project (Sherriffs, 2003)
seeks to create several populations in addition to
10 already established populations, as part of
implementing the National South African Black
Rhino Management Plan (Knight, Balfour &
Emslie, 2013).

Evaluating the success of black rhino re-intro-
ductions focuses on the reproductive and survival
outputs of the actual re-introduction operation
(e.g. survival during the first year after introduc-
tion, Linklater et al., 2011) as well as the eventual
persistence of an established population (Seddon,
1999). Black rhino re-introductions typically com-
prise few individuals, although usually recom-
mended to be a least 20. This imposes small
sample size effects on population performances
such as population growth and demographic
indices (Ak�akaya, 2002). Evaluation of reduced
local extinction risks, indicated by population
parameters, do better when several indicators are
combined (O’Grady et al., 2004).

South Africa initiated the development of the

Kransberg National Park in 1986 and Gazetted the
same area as Marakele National Park in 1994. As
part of the process, authorities embarked on a
species re-introduction programme (SANParks,
2014). Black rhinos formed part of this re-introduc-
tion programme. We evaluate the success of the
black rhino re-introductions into Marakele National
Park by estimating population size, growth and
extracting demographic variables from age and
sex distributions.

METHODS
Marakele National Park (639 km2) is located in

the Savanna Biome of the North West Province of
South Africa and includes the Marakele Park (Pty)
Ltd. managed as a contractual park (SANParks
2014). Mountains and bottomlands dominate the
landscape. We collated all initial re-introduction
records as well as subsequent introductions and
removals. In addition, conservation authorities
regularly ear-notched individuals using unique ear
markings (e.g. Ngene et al., 2011), which allowed
individual monitoring.

We conducted an aerial survey during Novem-
ber 2015 to record sightings of individual rhinos,
including taking high-definition digital images
using a Nikon 10D camera and a 70–200 mm
zoom lens. Comparison of these images against
historical records allowed us to use collated histor-
ical notch records to identify individual rhinos and
identify un-marked rhinos. Our survey used a heli-
copter-based (Bell Jet Ranger 500) observation
platform flying 150 feet above the ground at
50 knots to systematically search the Park, flying
transects that were 200 m apart that resulted in
100% coverage of the area. Note that we expected
that some individuals would be missed by the
observers.

The observation of notched and un-notched rhi-
nos allowed us to use the Peterson Estimator
(Caughley, 1977) to obtain population estimates of
cows and bulls. We made use of the proportion of
all cows seen with associated calves to estimate
the total associated calves in the population. A
total estimate combined estimates of cows, asso-
ciated calves and bulls.

Using an exponential model defined as

Nt+1 = (Nt – Nc,t®t+1 + Ni,t®t+1)
r (1)
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where Nt is population size at time t, Nc,t®t+1 is the
number of rhinos removed between time t and t +1,
Ni,t®t+1 is the number of rhinos introduced between
time t and t +1, and r is the exponential growth rate,
we used the introduction and removal histories for
every year since 1993 with the confidence inter-
vals of population size during November 2015 and
estimated population growth using a maximum
likelihood approach (Edwards 1972).We also esti-
mated growth rate for bulls and cows separately
using the same approach.

Combining the estimated, sex-specific popula-
tion growth rate with sex-specific smoothed age
distributions allowed us to estimate sex-specific
survival rates.We assigned sex and age to individ-
ual rhinos observed using standard age classes
(A:<0.25 years, B:0.25 to 1 year, C:1 to 2 years, D:
2 to 3.5 years, E: 3.5 to 6.9 years, and F: 7 years
and older; Emslie, Adcock & Hansen, 1995). Age
class assignments used sizes of calves relative to
adult cows. From the observed age and sex distri-
bution, we smoothed age distributions following
the smoothing function of Ferreira & van Aarde
(2008) defined by
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as the sum of frequencies of individuals that were x
to w years old where nx is the number of individuals
x years old and n0 is the number of newborn indi-
viduals. The frequencies decay at a rate a as age
increases (a = s/l, s = survival, l = finite growth
rate = 1 + r; Eberhardt, 1988).Black rhinos can live
up to 45 years of age in captivity (Jones, 1993),

while those in the wild may live shorter (Adcock
2009). In small populations longevity may approx-
imate that noted in captivity. We thus set w at
45. We used maximum likelihood approaches
(Edwards, 1972) to estimate sex-specific values of
a from which we derived sex-specific survival
rates.

The definition of sex-specific survival rates in
age class x (sx,8 and sx,9) allowed estimation of birth
rates and calving intervals (c). We estimated
recruitment rate as the fraction of rhinos less than
one year old.Such a recruitment rate (r ) is the con-
sequence of calves born and their subsequent
sex-specific survival during the first year (s1,8 and
s1,9). If sex-ratio at birth is at unity (but see Berkeley
& Linklater, 2010) then birth rate (b) can be esti-
mated from r = 0.5bs1,8 + 0.5bs1,9.Black rhinos have
their first calf at 7 years of age (Smith & Read,
1992). We thus converted the birth rate to number
of rhinos and expressed these as a fraction of the
number of F-class adult females (i.e. females 7
years old or older). The inverse of this ratio pro-
vided an estimate of calving interval.

RESULTS AND DISCUSSION
Although authorities introduced the first black

rhinos to Marakele National Park during 1993,
the bulk of the initial introduction took place
during 1996 when 12 black rhinos were released
(Table 1). A total of 28 black rhinos have been
introduced while five were removed between 1993
and 2015. The Marakele case is similar to most
black rhino introductions – these typically involve
few individuals and often take place over extended
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Table 1. Summary of the re-introduction and removal history of south-central black rhinos in Marakele National Park.

Introduced Removed

Male Female Male Female

Year D-class E-Class F-Class D-Class E-Class F-Class D-class E-Class F-Class D-class E-Class F-Class

1993 1 2
1994 1 1
1996 1 1 5 1 6
2000 1
2002 2 1 1
2003 1 1 1
2004 2
2005 1
2007 1
2008 1
Unknown1 1

1Introduction most likely took place during 2007.

’
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periods (Adcock, Hansen & Lindemann, 1998;
Linklater & Swaisgood, 2008; Linklater et al.,
2011; Greaver, Ferreira & Slotow, 2014).

Recovering species, using small initial release
sizes, imposes stochastic risks (Ak�akaya, 2002)
that increase local ecological and genetic related
extinction risks (Polishchuck et al., 2015). Although
multiple introductions, avoiding calves and all-
male cohorts can overcome such risks (Linklater
et al., 2011), success in other species associated
with the source populations being wild, a large
number of animals initially introduced, and the
removal of the cause of original decline (Fischer &
Lindenmayer, 2000). The re-introduction of south-
central black rhino fulfils at least two of these
criteria which, together with multiple introduc-
tions, predict sustained recovery of the black
rhino population in Marakele National Park. Our
study together with other studies (e.g. Linklater &
Swaisgood 2008), suggest that the consequences
of density-associated social interactions may vary
in small reserves. Multiple re-introductions may
thus impose different social and density-related
constraints on population performance. We advo-
cate that implementing multiple re-introductions
requires a case-by-case assessment for popula-
tions.

During November 2015, 20 adult cows and 15
adult bulls were present in the park with ear-
notches. During the aerial survey we encountered
a total of 47 individuals, 22 of which had ear-
notches (Table 2). Note that 14 notched cows and
three un-notched cows had calves associating
with them. None of these calves were notched.
This resulted in an estimate of 25 (95% CI: 23–28)
and 23 (17–29) adult cows and bulls respectively.
The overall proportion of cows with calves (0.894,
variance = 0.094) allowed us to estimate that 23
(20–26) calves associated with adult cows. Com-
bined, these results suggest that a total of 71
(63–78) black rhinos lived in Marakele National
Park during November 2015.

When we combined the 2015 estimate with the
introduction and removal history we estimated
annual exponential population growth at 0.061
(0.055–0.066). This falls above the 0.05 target of
the South African National Black Rhino Manage-
ment Plan (Knight et al., 2013) and compares
favourably with population growth rates in other
recovering black rhino populations (Hrabar & du
Toit, 2005; Greaver et al., 2014; Law, Fike & Lent,
2015). It also supports the prediction that multiple
introductions result in sustained recovery, but

most likely in concert with other factors such as
available food and spatial resources in Marakele
National Park.

Survival rates of females were 0.994 (0.989–
0.998), while that of males were 0.889 (0.883–
0.894). Note that rangers recorded four females
and three males dying between 1994 and 1997.An
additional two females died during 2001 and 2002.
Two young males were found dead between 2011
and 2012. During 2013, an introduced female was
killed by the resident bull. No black rhinos have
been poached. Inflated estimates of mortality are
expected when using small samples of direct
observations (Ak�akaya, 2002) as noted in our
case study and in at least one other recovering
black rhino population (Law et al., 2015). Comple-
menting observed deaths with derived estimates
may overcome misinterpretation of the perfor-
mance of black rhino re-introductions induced by
small sample effects.

We recorded recruitment as a 0.106 fraction of
the population comprising A- and B-class calves.
When corrected for sex-specific survival rate from
birth to one year of age, we estimated birth rate at
0.113 (0.112–0.114). Such a birth rate predicts
that reproductively active cows will have calves
every 2.64 (2.62–2.65) years. These calving inter-
vals compare well with those noted in other recov-
ering black rhino populations (Adcock, 2009;
Ferreira et al., 2011).

CONCLUSION
The re-introduction and supplementary introduc-

tions of black rhinos in Marakele National Park led
to a population growth rate exceeding the national
South African targets. Using a combination of
population modelling and direct observations, we
could illustrate that vital rates are high. This
reflects positively on a successful outcome of
establishing a population of south-central black
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Table 2. Summary of individuals noted for surveys of
black rhino in Marakele National Park during November
2015.

Female Male Unknown

Notched Individuals 15 7

Associated 2 9 3
calves

Not notched Individuals 4 4

Associated 1 1 1
calves



rhinos. Extinction risk, however, is not only associ-
ated with trends in population sizes, but also the
absolute size of the population (Polishchuk et al.,
2015). The small size of the black rhino population
at Marakele National Park is thus a key potential
driver of local extinction, primarily because
stochastic events can have devastating effects on
the demographics of small population resilience to
disturbance and social factors (Linklater et al.,
2011). Expanding the available area which will
allow the evolution of a larger black rhino popula-
tion should thus be of highest priority informed by
monitoring to identify and evaluate key perfor-
mance indicators.

ACKNOWLEDGEMENTS

SANParks funded the population survey. We
thank pilot John Bassi (Bassair Aviation) and
observers Steven Khoza, Abel Ramavhale,
Tshifhiwa Mauda, Etienne Le Roux and Drikus
Buys for assistance with data collection.

REFERENCES
Adcock, K. (2009). Status and management of black

rhino in Namibia, South Africa and Zimbabwe: Janu-
ary 2005 to December 2006. Port Elizabeth, South
Africa: SADC Rhino Management Group.

Adcock, K., Hansen, H.B. & Lindemann, H. (1998). Les-
sons from the introduced black rhino population in
Pilanesberg National Park. Pachyderm, 26, 40–51.

Ak�akaya, H.R. (2002). Estimating the variance of sur-
vival rates and fecundities. Animal Conservation, 5,
333–336.

Armstrong, D.P. & Seddon, P.J. (2008). Directions in rein-
troduction biology. Trends in Ecology and Evolution,
23, 20–25.

Berkeley, E.V. & Linklater, W.L. (2010). Annual and sea-
sonal rainfall may influence progeny sex ratio in the
black rhinoceros. South African Journal of Wildlife
Research, 40, 53–57.

Caughley, G. (1977). Analysis of vertebrate populations.
New York, U.S.A.: John Wiley & Sons.

Eberhardt, L.L. (1988). Using age structure data from
changing populations. Journal of Applied Ecology,
25, 373–378.

Edwards, A.W.F. (1972). Likelihood. Cambridge, U.K.:
Cambridge University Press.

Emslie, R.H., Adcock, K. & Hansen, H.B. (1995). Fine
tuning rhino management group age class system.
Port Elizabeth, South Africa: SADC Rhino Manage-
ment Group.

Ferreira, S.M. & Van Aarde, R.J. (2008). A rapid method
to estimate population variables for African ele-
phants. Journal of Wildlife Management, 72, 822–
829.

Ferreira, S.M., Greaver, C.C. & Knight, M.H. (2011).
Assessing the population performance of the black
rhinoceros in Kruger National Park. South African
Journal of Wildlife Research, 41, 192–204.

Fischer, J. & Lindenmayer, D.B. (2000). An assessment
of the published results of animal relocations.Biologi-
cal Conservation, 96, 1–11.

Greaver, C.C., Ferreira, S.M.& Slotow, R. (2014).Density
dependent regulation of the critically endangered
black rhinoceros population in Ithala Game Reserve,
South Africa. Austral Ecology, 39, 437–447.

Hrabar, H. & du Toit, J.T. (2005). Dynamics of a protected
black rhino (Diceros bicornis) population: Pilanes-
berg National Park, South Africa. Animal Conserva-
tion, 8, 259–267.

Jones, M.L. (1993). Longevity of ungulates in captivity.
International Zoo Yearbook, 32, 159–169.

Knight, M.H., Balfour, D. & Emslie, R.H. (2013).
Biodiversity management plan for the black rhinoc-
eros (Diceros bicornis) in South Africa 2011–2020.
Government Gazette (South Africa), 36096, 5–76.

Kotze, A., Dalton, D.L., du Toit, R., Anderson, N. &
Moodley, Y. (2014). Genetic structure of the black rhi-
noceros (Diceros bicornis) in south-eastern Africa.
Conservation Genetics, 15, 1479–1489.

Law, P.R., Fike, B. & Lent, P.C. (2015). Dynamics of an
expanding black rhinoceros (Diceros bicornis minor)
population. BioRciv, retrieved from:
http://dx.doi.org/10.1101/018523

Linklater, W.L. & Swaisgood, R.R. (2008). Reserve size,
conspecific density, and translocation success for
black rhinoceros. Journal of Wildlife Management,
72, 1059–1068.

Linklater, W.L., Adcock, K., du Preez, P., Swaisgood,
R.R., Law, P.R., Knight, M.H., Gedir, J.V. & Kerley,
G.I.H. (2011). Guidelines for large herbivore trans-
location simplified: black rhinoceros case study. Jour-
nal of Applied Ecology, 48, 493–502.

Ngene, S., Bitok, E., Mukeka, J., Okita-Ouma, B.,
Gakuya, F., Omondi, P., Kimitei, K., Watol, Y. &
Kimani, J. (2011). Census and ear-notching of black
rhinoceros (Diceros bicornis michaeli) in Tsavo East
National Park, Kenya. Pachyderm, 49, 61–69.

O’Grady, J.J., Reed, D.H., Brook, B.W.& Frank.R.(2004).
What are the best correlates of predicted extinction
risk? Biological Conservation, 118, 513–520.

Polishchuk, L.V., Popadin, K.Y., Baranova, M.A. &
Kondrashov, A.S. (2015). A genetic component of
extinction risk in mammals. Oikos, 124, 983–993.

SANParks. (2014).Marakele National Park Management
Plan:2014–2024.Pretoria, South Africa:SANParks.

Seddon, P.J. (1999). Persistence without intervention:
assessing success in wildlife reintroductions. Trends
in Ecology and Evolution, 14, 503.

Sheriffs, P. (2003). The black rhino range expansion pro-
ject begins. Pachyderm, 35, 151–152.

Smith, R.L. & Read, B. (1992). Management parameters
affecting the reproductive potential of captive, female
black rhinoceros, Diceros bicornis. Zoo Biology, 11,
375–383.

Responsible Editor: A.M. Shräder

138 African Journal of Wildlife Research Vol. 46, No. 2, October 2016



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.14286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.14286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00583
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K 0
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [5952.756 8418.897]
>> setpagedevice


