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Small population sizes provide several challenges to conservation managers seeking to
ensure species persistence and illustrating conservation success. Black rhinoceros,
Diceros bicornis minor, epitomizes these challenges. During October 2008 we used block
surveys, estimates of availability and observer bias to calculate landscape-specific black
rhino abundances in the southern parts of Kruger National Park, South Africa. We assigned
age and sex to individuals, extracted an age distribution, and estimated survival and fecun-
dity given the population growth derived from historical strip transects. The block counts,
corrected for 90.3% availability bias with observers missing 3.8% of those, predicted that 627
(95% CI: 588–666) black rhinos resided in the study area. The population increased at 6.75%
per annum, the result of high survival and an estimated inter-calving interval of 2.45 years.
Age distributions and population growth predicts that subadult males and females have the
lowest annual survival, while dependent calves and adults have the highest annual survival.
Precise estimates can be obtained with a 20% study area coverage using block counts. This
gives coefficient of variances allowing detection of 5% growth from surveys every two years.
Detecting 2% annual decline requires bi-annual surveys for 6 years.Our results illustrate that
black rhinos are performing well in Kruger National Park.

Key words: age distribution, availability bias, Diceros bicornis, block counts, demography, detecting
trends, monitoring, observer bias.

INTRODUCTION
Black rhinos (Diceros bicornis), like other mega-
herbivores, are locally threatened at several
places (Blake et al. 2007; Dobson & Lynes 2008).
In dealing with this challenge, conservationists
often focus on reactive actions dealing with symp-
toms (van Aarde & Jackson 2007) such as reduc-
ing poaching effects on threatened species
through several means (van Aarde & Ferreira
2009).With the last black rhino sighted in Kruger in
1936, reintroduction commenced in 1971, with a
total of 81 black rhinos introduced by 1990
(SANParks 2002). For black rhino the challenge is
thus first to ensure species persistence as Kruger
is a stronghold for the subspecies D. b. minor
(Emslie 2006) which has recently experienced
immense poaching pressure.Understanding black
rhino population dynamics and hence the potential
risk of local population extinction requires several

sets of information including trends derived from a
time series of estimates, age- and sex-structures,
as well as demographic variables such as birth
and death rates.

Fixed-width transects have been used in several
instances to estimate abundances of mega-
herbivore species (Caughley 1977a; Khaemba
et al. 2001). Any survey technique carries errors
which influence the precision of estimates
(Caughley 1974; Redfern et al. 2002). A key
requirement of restoration of a population is to
detect trends with confidence. This is particularly
difficult with small populations. Detecting trends is
limited by imprecision of estimates and carries
trade-offs between the size of change to be
detected, length of time series, intervals between
estimates (Gerrodette 1987) and sample effort
(Ferreira & van Aarde 2009).

In this paper we make use of a block survey
(proposed by Raoul du Toit, International Rhino
Foundation) equivalent to a plot-based sampling
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approach and assess observer and availability
bias that contribute to imprecision of an estimate of
black rhinos in Kruger. Given the imprecision, we
define the optimal sampling effort that will provide
the most cost-effective estimates of precision.
This allows us to assess optimal survey intervals
for a monitoring programme designed at detecting
population trends. We provide an estimate with
appropriate precision and illustrate how additional
information on the sex- and age-structure of the
population allows the derivation of other popula-
tion variables. From these we provide an assess-
ment of the performance of black rhinos in Kruger.

METHODS
The Kruger National Park (19 485 km²) is in the
low-lying savannas of the eastern parts of the
Limpopo and Mpumalanga provinces of South
Africa.Mozambique abuts the park in the east, and
Zimbabwe in the north.Annual rainfall ranges from
750 mm in the south to 450 mm in the north, with
rain falling during October to March (Gertenbach
1980). Granite and gneiss soils dominate Kruger’s
western half with nutrient-rich basalt soils domi-
nating the eastern half (Schutte 1986). Our study
area focused on the region south of the Olifants
River (comprising 47% of Kruger) as most of black
rhino sightings were made in this area from the
regular herbivore aerial survey (Kruger et al.
2008).

The vegetation on the southern basalts is largely
wooded savanna, with the tree canopy dominated
by Sclerocarya caffra and Acacia nigrescens.
Mixed Combretum spp. and Acacia spp. dominate
the southern granites (Gertenbach 1983).

Availability bias
We found 15 rhinos spread throughout different

landscapes in the southern part of Kruger and
recorded whether these were visible every
15 seconds for a total of 10 minutes. For this
purpose we used a helicopter-based survey
platform, the same platform used in the population
survey, positioned at 350 feet above ground. This
design eliminates any other biases and help to
isolate availability bias in the estimation thereof.
Our sample comprised five adult males, six adult
females, two subadults of 1–2.5 years of age and
two calves of <1 year of age.

Observer bias
Our survey made use of 3 × 3 km blocks flown

systematically with flight paths covering 100% of

each block. To assess observer bias, we randomly
chose 33 blocks spread throughout the land-
scapes in southern Kruger, and allowed front and
back seat observers to record rhino observations
independently from each other. We could isolate
communications through individual headsets to a
scribe. This allowed us to record incidences where
only the front observer noted rhinos (Nf), inci-
dences where only the back observer noted rhinos
(Nb), and incidences where both observers noted
rhinos (Nfb) from a particular side of the helicopter.
We defined the proportion of rhinos missed by
both observers (k) adapted from Seber (1982) as
follows:

k
N N

N N N N
=

+ +
f b

f fb b fb( )( )
. (1)

Because both sides of the helicopter had observ-
ers looking for rhinos and the way flight paths were
spaced, observers had two chances to see the
same rhino. Both observers thus need to miss a
rhino on the first and second run which was esti-
mated by k 2.

Population survey
Field surveys were conducted during October

2009. A trial survey suggested that blocks should
be 3 × 3 km in size and flown at 350 feet along
transects 300 m apart at a speed of 50 knots and
would typically take 20 min to survey. Surveys
were conducted between 07:30 and 13:00 along
transects flown in an east–west direction to mini-
mize the effects of sun glare.

We surveyed 221 blocks each 3 × 3 km in size
that were randomly distributed across 19 different
landscape types south of the Olifants River
(Fig. 1).This represented coverage of 21.7% of the
total 9162 km2 comprising Kruger south of the
Olifants River. To systematically search each
block, we started at the downwind side of a block,
flew east–west transects to minimize sun-glare
while progressively moving across the block with
subsequent transects. The design allowed us to
keep track of rhinos while surveying a block and,
together with the manoeuverability of the helicop-
ter, we could minimize double counting. We re-
corded black rhinos within sample blocks, but also
any others encountered while moving between
blocks. Those within blocks were used for estimat-
ing population size, while the total sample was
used for the definition of the population structure.

We anticipated that the densities of black rhinos
would be spatially variable between different land-
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scapes because landscapes provide different
levels of resources important to black rhinos. We
thus estimated black rhino abundances separately
for each landscape using the sample quadrant
analytical approach (Jolly 1969) and corrected
these for availability and observer biases.

We estimated population growth in two ways. In
the first instance we used data extracted from
black rhino observations during large herbivore
surveys (see Kruger et al. 2008 for survey meth-
ods) across Kruger starting in 1988 and ending in
2007.This comprised a time series of 20 indices of

black rhino abundances. We plotted the natural
logarithm of abundance indices against time and
estimate the slope and its confidence intervals
extracted from linear regression as the exponen-
tial population growth rate (Caughley 1977b). In
the second instance we constructed a model Nt +1 =
Nte

r + Ni,t where Nt is the expected population size
and Ni,t is the number of rhino introduced at time t
with r the exponential growth rate. We used maxi-
mum likelihood (Edwards 1972) to estimate r for
an expected population equal to the estimated
population and its confidence intervals in 2009.
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Fig. 1. The distribution of blocks surveyed during September – October 2009. The filled blocks indicate those that
had black rhino present during the survey in 2009.



We assigned sex and age classes to each of the
155 black rhino individuals encountered. Given
that the number of black rhinos typically encoun-
tered on a block were few, we could easily com-
plete a block survey, keep track of movements, and
return to confirm ages and sexes if needed. We
used standard age classes (A: <0.25 years,
B: 0.25–1 year, C: 1–2 years, D: 2–3.5 years,
E: 3.5–6.9 years, and F: 7 years and older, Emslie
et al. 1995) using sizes of calves relative to adult
cows.

We smoothed the age distribution using an
expansion technique developed for elephants
(Ferreira & van Aarde 2008). Black rhinos can live
up to 45 years of age in captivity (Jones 1993),
while those in the wild may live shorter. We
assumed that in our case black rhinos may live as
long as in captivity because of the protection
afforded to them in Kruger. The shape of an age
distribution is defined by rate (a) at which the
frequency of individuals in an age class decays
with age.This allowed us to estimate survival rates
(s) given that s = �a (Eberhardt 1988) using the
estimated population growth from the time series
of 20 black rhino abundances converted to � = er,
where r is the exponential growth rate.

The above procedures allowed definition of vari-
ables (nx – the number of females in age class x ;
sx – annual survival rate in age class x, and �, the
finite population growth rate) that allowed us to
estimated the most likely calving interval (c) from
Udevitz & Ballachey (1998) by first estimating (mx)
where

� = +
= =
∑ ∑n

n
s

n
n

s mx

x

w

x
x

x

w

x x
00 00

(2)

and mx was assumed to be age-independent once
cows started calving. We also assumed equal sex
ratio’s at birth that define mx = 0.5/c which allowed
us to estimate calving interval (c).

Optimal surveys
Designing a monitoring programme depends on

the objectives. Regional black rhino management
objectives aim to have populations increase at a
minimum of 5% per annum in the short to medium
term (Brooks & Adcock 1997). We thus wish to
design a monitoring programme that will detect
such change. In other cases detecting a decline is
most important for threatened species. We thus
wish to design a second programme that will
detect 2% decline.Detecting such changes carries
trade-offs between the survey intervals, the time or

length of a time series that it will take to detect a
change and the coefficient of variance of a popula-
tion estimate (Gerrodette 1987). The coefficient of
variance in turn can be controlled by the effort that
surveyors put in when counting (Ferreira & van
Aarde 2009).

We first evaluated whether lower efforts can
provide similar estimates to what we achieved with
~21% coverage of the study area. For this purpose,
we sought the survey effort at which predicted esti-
mates were within 10% of the estimate obtained
through 21% coverage of the study area and
defined these as accurate estimates (Thompson
1992). At the same time we evaluated the survey
efforts at which percentage confidence limits (PCL
is the 95% confidence interval as a percentage of
the estimate – Barnes 2002) were lower than 20%.
We thus randomly sub-sampled the 221 blocks to
achieve a range of survey efforts and calculated
population estimates and confidence intervals
using Jolly’s (1969) method.

The desired efforts obtained through the analyses
above, defined the likely coefficient of variance
extracted from the effort-related predicted PCLs.
We then used Gerrodette’s (1987) inequality
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where r is the exponential growth rate set at 0.05
(i.e. 5% increase per annum) or –0.02 (i.e.
2% decline per annum), n is the number of surveys
z

~/2 and zβ the inverse of the standard normal distri-
bution at � and �, i is the interval between surveys
in years and cv the coefficient of variance. Values
of ~ reflect minimizing making a Type I error (con-
cluding there is a trend when in fact there is none),
while 1 – � reflect minimizing making a Type II error
(concluding there is no trend when in fact there is).
We varied survey intervals to define trade-offs
between intervals, number of surveys and time to
detect trends. We used the shortest time to detect
trends as an optimal survey interval given the
coefficient of variance that desired survey efforts
will produce.

RESULTS

Availability bias
On average, rhinos were visible for 90.3% (95%

CI: 82.7–97.9%) of the time. This means that an
estimate needs to be corrected by a factor of 1.11
(95% CI: 1.02–1.21).

Ferreira et al.: Population performance of the black rhinos in Kruger National Park 195



Observer bias
Based on 54 rhino observations encountered on

33 blocks chosen for observer bias assessments,
observers were missing 3.8% of rhinos available to
be seen. This means that estimates corrected for
availability bias also needs an additional correc-
tion factor of 1.04.Note that the method provides a
point estimate with no confidence intervals.

Population estimate
We encountered black rhinos on 60 blocks (27%

of blocks surveyed). In total 155 black rhinos were
encountered. Of these 125 were within blocks and
30 in close vicinity to blocks. Population estimates
differed between landscape types (Table 1) with
627 (95% CI: 588–666) black rhinos estimated to
live in Kruger south of the Olifants River in 2009.

The black rhino estimate is substantially higher
than the 286 (95% CI: 75–497) estimated in 2007
when only areas south of the Sabie River were
included and no biases were accounted for (Judith
Kruger, SANParks, pers comm.). If we assume
biases for fixed-wing platforms of observation is

the same as that for helicopter platforms (typically
fixed-wing based platforms suffer excessively
from biases; Caughley 1974), estimates corrected
for biases observed in our study suggest 329 (95%
CI: 84–572) black rhino most likely occurred south
of the Sabie River in Kruger during 2007. When we
constrained our data to south of the Sabie River,
we estimated 437 (95% CI: 382–492). The uncer-
tainty associated with the estimates particularly
during 2007 limits a reliable derivation of annual
population growth. Historical trends derived from
the longer time series of strip transect estimates
was an exponential growth of 0.069 (95% CI:
0.041–0.098) for the total population in Kruger.
Exponential growth given introductions and the
estimated population size in 2009 was 0.066 (95%
CI: 0.064–0.068). The number of landscapes in
which observers noted black rhinos also increased
over time (Fig. 2).

Demographic profile
We noted 35% of individuals 7 years and younger

(Fig. 3). Although 53% of individuals older than
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Table 1. Black rhino population estimates for 19 different landscapes south of the Olifants River in Kruger National
Park. The number of blocks sampled in each landscape (n), estimates of the Lower (LCL) and Upper (UCL) 95%
confidence limits are provided.

Landscape type Area (km2) n Estimate LCL UCL

Lowveld Sour Bushveld of Pretoriuskop 372 10 57 28 86

Malelane Mountain Bushveld 473 14 30 12 48

Combretum collinum/Combretum zeyheri woodland 450 10 46 19 73

Thickets of the Sabie & Crocodile River 1241 45 145 106 184

Mixed Combretum/Terminalia sericea woodland 1483 35 60 38 82

Combretum/Colophospermum mopane woodland of Timbavati 400 10 36 15 57

Olifants River Rugged Veld 222 5 11 5 17

Acacia welwitschii thickets on Karoo sediments 486 11 62 40 84

Kumana Sandveld 115 2 0 0 0

Punda Maria Sandveld on Cave Sandstone 37 0 – – –

Sclerocarya birrea subspecies caffra/Acacia nigrescens 1350 28 12 4 20
savanna

Dwarf Acacia nigrescens savanna 343 7 13 3 23

Thornveld on gabbro 730 11 93 59 127

Bangu Rugged Veld 207 4 0 0 0

Combretum/Acacia nigrescens Rugged Veld 225 3 10 2 18

Combretum/Colophospermum mopane Rugged Veld 92 3 8 2 14

Colophospermum mopane shrubveld on basalt 38 0 0 0 0

Lebombo South 779 18 44 26 62

Lebombo North 120 3 0 0 0



7 years were female, the sex ratio did not differ
significantly from unity (Å1

2 = 0.36, P = 0.54). Note
that 5.7% of adult females had calves younger
than 0.25 years.

Smoothed age distributions (Fig. 4) together with
population growth rate (i.e. 0.0675, the mean of
the two methods of estimation) suggest that calves
survived well during the first year, but appeared to
have a higher chance of dying when they become
less dependent on cows (Table 2). Subadult
animals had the worst survival with males in this
age class having the lowest survival. Once rhinos
reach adulthood, survival was high.

Given the age structure, observed growth rates
and survival, and assuming that black rhino cows
have their first calf at the age of seven (Hitchins &
Anderson 1983), we estimated that cows will

have calves once every 2.45 years (95% CI:
1.5–4.0 years).

Optimal surveys
Population estimates varied considerably at low

coverage of the study area. Population estimates
were within 10% of the estimate obtained through
~21% coverage of an area when surveyors
covered 15–20% of the area (Fig. 5a). Percentage
confidence limits in contrast required less effort. In
this case PCLs were lower than 20% at between
10–15% coverage of the area (Fig. 5b). These
suggest that 20% coverage of an area will provide
accurate and precise estimates (see Thompson
1992 for definitions).

At 20% coverage PCLs typically were 12.5%
of the population estimate. That translates to a
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Fig. 2. Trends observed in observations of black rhinos during annual aerial surveys between 1988 and 2007.
Observation increased (a) as did the number of landscapes (b) in which black rhinos were observed.



typical coefficient of variance of 3.2%. At survey
intervals of 1 and 2 years it would take 2 years to
detect a 5% annual increase and by that time the
population would have had a total change of
10.3%. At survey intervals of 1 and 2 years it would
take 6 years to detect a 2% annual decline. By the
time of detection a total change of –11.4% would

have taken place (Table 3). Optimal intervals
would thus be 2 years.

DISCUSSION
The persistence of some mega-herbivores carries
significant challenges for conservationists. Rhino
species epitomize these. The illegal trade in
animal products fuelled poaching and had dire
consequences for some species (Dobson & Lynes
2008). Species with low fecundity and population
growth rates are likely to be more sensitive to
disturbances such as predation and poaching
effects (Grange et al.2004).Many mega-herbivore
populations plummeted in Africa and Asia (Emslie
& Brooks 1999; Douglas-Hamilton 2009), and
poaching led to the near extinction of both black
and white rhinos (Emslie & Brooks 1999).

Concerted efforts flipped the negative trends in
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Fig. 3. Age and sex structure defined from a sample of 155 black rhino in Kruger National Park in 2009.

Fig. 4. Smoothed age distribution for the black rhino population in Kruger during 2009.

Table 2. Sex-specific annual survival rates for black
rhinos extracted from age distributions and population
growth rates.

Age in years Males Females

0–1 0.99 0.99
2–4 0.94 0.99
5–6 0.64 0.82
Adults 0.99 0.99



some instances (Emslie 2002, 2004, 2006) as a
result of several initiatives directed at reducing
extinction risks by increasing rhino numbers (Mills
et al. 2006) and expanding their present distribu-
tion back into the historical distribution of both
African species (Sherriffs 2007; Knight & Kerley
2009). Actions involved increased anti-poaching
activities and re-introductions (Taylor 2003; van
der Westhuizen 2003; Linklater et al. 2011) that
are often augmented by focal actions such as
providing temporary safe areas (Emslie & Brooks
1999), or active husbandry to maximize birth rates
(Knight 2001; Patton et al. 2008). The restoration
of rhino populations thus carry the challenge of

reducing local extinction risks in areas within their
historical distribution after introductions.

Evaluating this challenge often use individual
histories to derive several population variables
(Patton & Jones 2007). However, at some point,
individual focal sampling may become time con-
suming, costly and inefficient (Walpole 2002)
given the objectives of maintaining 5% population
growth (Brooks & Adcock 1997) and the size that
populations reach. Several white as well as black
rhino populations are now of such size that regis-
tration studies (e.g. Patton & Jones 2008) may
carry too much cost to offset the benefit gained
from the information gathered. Our results illus-

Ferreira et al.: Population performance of the black rhinos in Kruger National Park 199

Fig. 5.Effects of survey effort on estimates of population size (a) as well as% confidence limits (b).At 15–20% survey
of the area population estimates will be within 10% (horizontal lines) of the estimate, while a % confidence limit of less
than 20% will be achieved by surveying 10–15% of the area.



trate that block sample techniques, particularly if
biases and sources of error can be assessed, may
support the efforts of conservationists wishing to
evaluate the success of reintroductions.

Availability or concealment bias (Caughley 1974;
Redfern et al. 2002) is a common source of error
that detracts conservationists from obtaining
accurate or precise estimates. Availability is
primarily affected by vegetation features. Note
that the detection of available animals may also
depend on horizontal distance that individuals are
from an observer as well as group and body size
(e.g.Kruger et al.2008).We did not explicitly check
detectability bias primarily because we used
narrow strips and black rhinos typically were noted
in small groups.Availability bias may thus primarily
increase when foliage density increases.Counters
often address this by making corrections, but
seldom are such corrections objective. In our case,
we estimated that black rhinos are only available to

be seen for ~90% of the time on average over all
landscapes, at our strip density, flight height and
speed for helicopters. However, we acknowledge
that this is unlikely to be constant as the land-
scapes in Kruger have very different vegetation
features (Gertenbach 1983). At present, sample
sizes do not allow estimation of landscape-specific
availability bias, but if this could be done, popula-
tion estimates may be more precise.

Observer bias, another source of error when
estimating black rhino population sizes, is also a
common bias in most animal surveys (Caughley
1974) and seldom if ever accounted for in African
large mammal surveys. Counters thus rarely
correct for this bias – population estimates tend to
be lower than expected as a result. Differential
observer recording (Seber 1982; Borchers et al.
1998) allowed us to estimate that observers will on
average miss 3.8% of visible black rhinos. This is
unlikely to differ between landscapes because
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Table 3. Survey trade-offs for black rhinos in Kruger National Park when surveyors cover 20% of an area wishing to
detect 5% increase (a) and 2% decrease (b) in the population.

(a) Number of years Number of Number of years Total change
between surveys surveys required to detection

(i ) (n) [i (n – 1)] [(1 + r)i (n – 1) – 1]

1 3 2 10.3%
2 2 2 10.3%
3 2 3 15.8%
4 2 4 21.6%
5 2 5 27.6%
6 2 6 34.0%
7 2 7 40.7%
8 2 8 47.7%
9 2 9 55.1%

10 2 10 62.9%

(b) Number of years Number of Number of years Total change
between surveys surveys required to detection

(i ) (n) [i (n – 1)] [(1 + r)i (n – 1) – 1]

1 7 6 –11.4%
2 4 6 –11.4%
3 4 9 –16.6%
4 3 8 –14.9%
5 3 10 –18.3%
6 2 6 –11.4%
7 2 7 –13.2%
8 2 8 –14.9%
9 2 9 –16.6%

10 2 10 –18.3%



availability bias should drive landscape differ-
ences. However, the variance in observer bias is
likely to increase when the number of observers
participating in the overall survey increases. That
then should induce wider confidence intervals for
the ultimate population estimate which will carry
more challenging trade-offs when conservation-
ists wish to detect (Gerrodette 1987) or evaluate
the  achievement  of  positive  population  growth
rates. Counters should thus design surveys that
minimize the number of observers, but include
estimation of observer bias in their approach
(Borchers et al. 1998).

Following the corrections for the biases esti-
mated above, between 588 and 666 black rhino
lived south of the Olifants River in Kruger during
2009.This translates to a CV of 3.2%, substantially
lower than what is typically obtained for mega-
herbivore species using sample survey designs
(Blanc et al. 2007). The low CV most likely result
from our consideration of landscape differences
since our analyses stratified our data into the
19 different landscapes available to black rhinos
south of the Olifants River in Kruger. Stratification
of data typically allows counters to accommodate
spatial differences and result in lower confidence
intervals when distribution of individuals is
clumped or they exhibit strong landscape selection
(Salehi & Seber 2002).

Reduction in CVs through assessing biases and
considering spatial realities carry some advantages
given that most rhino management actions wish to
achieve a population growth rate exceeding 5%
per annum in the short to medium term (Brooks &
Adcock 1997) and therefore need to detect that.
Monitoring programmes for smaller populations
usually focus on registration approaches (Patton
et al. 2007), but this is not practical for larger popu-
lations.Given that survey efforts affect precision of
population estimates (Barnes 2002;Ferreira & van
Aarde 2009) surveyors of larger populations can
further enhance precision of black rhino population
estimates by covering at least 20% of an area if
using the block count approach in similar condi-
tions to Kruger. Detecting trends however, has
different demands and trade-offs (Gerrodette
1987). For endangered species, conservationists
may thus wish to detect change relatively quickly
and minimize the total change by the time they
have detected the change, specifically if a popula-
tion is declining. In our case, detection of 5%
change per annum is best achieved when black
rhinos are surveyed once every two years using

the techniques and bias estimation we have
described here.

Recent insurgence of rhino poaching in Kruger
National Park may impose desires to detect
declines even though only six black rhinos were
poached since the rhino onslaught started in 2007
(SANParks, unpubl. data). Our analyses suggest
that surveying every two years will also allow
detection of 2% annual decline, but only within
six years.

Detecting trends has several other values other
than just evaluating a strategic objective. Often
conservationists do well in getting estimates of
population trends, but seldom do they know why
such a trend is the way it is. Demographic
complementarity (van Aarde & Ferreira 2009) may
greatly influence the ability of conservationists to
respond particularly if populations have undesir-
able trends. Knowledge of demographic drivers
(Trimble et al. 2009) thus carries high value that
may inform management actions better.Extraction
of values can be achieved when growth rate and
population age-structures are known (Michod &
Anderson 1980; Udevitz & Ballachey 1998). By
recording additional data such as age and sex of
observed individuals while surveying to obtain
population estimates, conservationists can thus
extract relevant demographic variables.

In our case we do not have a repeat survey for
black rhinos using the techniques developed and
described here. However, we extracted trends
from a time series of estimates obtained through
strip transect aerial surveys (Kruger et al. 2008) as
well as predictions of growth required to achieve
our population estimate given historical introduc-
tions. Although the aerial survey observations
suffer from the biases we noted above, the length
of the time series is beneficial (Gerrodette 1987)
and likely to reflect the average population growth
experienced since 1988. Both methods converge
onto similar exponential values of 6.9 and 6.6%,
respectively. The trends extracted for the popula-
tion carry high levels of uncertainty primarily
because of influences of biases not accounted for
in estimates derived from strip transect aerial
surveys. In addition, landscape-specific growth
rates may differ substantially.

The growth rate we noted does reflect an increase
at rates similar to other populations (Cromsigt et al.
2002;Adcock et al.2010).Caution should be made
though–most comparable populations are small
and population growth rates estimated for small
populations suffer from stochasticity (Walpole
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et al. 2001), large influences of survey errors in
population estimates when populations are small
(Barnes 2002; Ferreira & van Aarde 2009) and
destabilized age structures for a given fecundity
and survival schedule (Ferreira & van Aarde
2008). When one considers typical life-histories of
black rhinos (Smith & Read 1992) and fecundity
and survival schedules under optimal conditions
a sustained exponential growth of ~6–7% per
annum is possible as estimated through age-
structured models (Caswell 2001). The black
rhinos in Kruger are thus comparatively perform-
ing well in this context.

In addition, male and female sex ratios are nearly
equal and for both sexes survival rates are high
across all ages. Note that the sex and age struc-
ture as well as survival rates we derived may suffer
from stochastic small sample effects (Thompson
1992) that inflates estimates. In several popula-
tions residing in small areas, black rhino survival
tends to be high especially at low densities
(Walpole et al.2001;Cromsigt et al.2002;Hrabar &
du Toit 2005). For both sexes subadults in our
study had the lowest survival, which most likely
result through social interactions as young dis-
persing individuals may encounter older individu-
als more often. In the case of Kruger, little removal
of black rhinos has taken place removing the influ-
ence that slow management induced colonization
observed elsewhere (Linklater & Hutcheson 2010)
may have on our interpretations. In several cases
similar kind of socially induced rhino limitations
may prevail (Gottert et al. 2010) and explain why
black rhino introductions often have high success
rates initially, but thereafter suffer set-backs
particularly in small areas (Linklater & Swaisgood
2008; Linklater et al. 2011) – spatial restrictions
impose social regulation long before resources
may become limited.

In a large area such as Kruger, social limitations
do play out and may also be a driver of the contin-
ued colonization of new landscapes (Stoen et al.
2009) not occupied by black rhinos yet as we have
noted. Limitations imposed by resources as is the
case in the Hluhluwe-Umfolozi Park (Reid et al.
2007) and Pilanesberg National Park (Hrabar & du
Toit 2005) in South Africa, may play out on black
rhinos in Kruger and specifically locally within
specific landscape types. We do not have land-
scape-specific population growth rates to test this
prediction – our sample of landscape-specific time
series extracted for Kruger is inundated with zeros
and lead to spurious landscape-specific population

growth rates. However, to achieve the recorded
age structure given the noted overall population
growth, cows need to drop their calves once every
2.5 years. This is close to the physiological capa-
bility (Smith & Read 1992) and lower to that
recorded for a population thought to be already
resource limited (Patton et al. 2008), but similar to
that recorded elsewhere (2.2–2.9 years, Adcock
2009). These results reflect a population not
restricted by localized resource limitation. Our
conclusion is further supported by high estimated
calf survival. Large mammal populations are
expected to respond through juvenile survival
followed by reproductive variables and then adult
survival when they approach densities that experi-
ence resource restrictions (Eberhardt 2003; Sibly
et al. 2005).

CONCLUSION
We have estimated sampling and bias assess-
ments that provide strong guidelines in designing
surveys to help evaluate local achievement of
conservation objectives concerning black rhinos
(Emslie & Brooks 1999). These constraints are
applicable to several other mega-herbivores
(Barnes 2002;Ferreira & van Aarde 2009).We use
these biases estimated for black rhinos to estimate
population sizes for black rhinos. For black rhino it
provides estimates with defined and defendable
precision surveyed at optimal two year intervals.

The additional information on the sex- and age-
structure of the population allows the derivation of
other population variables. Demographic com-
plementarity has great potential to inform manag-
ers better, not just for black rhinos, but also for
other mega-herbivores (Ferreira & van Aarde
2009) and large mammals (Ferreira & Funston
2010).The application of a block survey, calibrated
by estimated biases and supplemented by popula-
tion structure data, allowed extraction of demo-
graphic variables. These illustrate a healthy
expanding population colonizing the rest of Kruger
supporting local and regional black rhino conser-
vation objectives.
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