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The impact of global wildlife trafficking on biological diversity imposes pressures on
authorities to respond. Reliable estimates of population sizes of keystone species such as
rhinoceroses (rhinos) are often a key requirement to evaluate the effectiveness of interven-
tions. Black rhinoceroses (Diceros bicornis) are cryptic and targeted by poachers for their
horns. Several interventions aim to curb the effects of poaching and achieve black rhino
conservation targets in the short to medium term. We used black rhinos to evaluate the
survey requirements that will allow the detection of 1% annual change in population size
over a five-year period,a key short-term target for black rhinos in Kruger National Park,South
Africa. We found that a mark-recapture technique provided the most precise estimates, but
authorities need to mark 94% of all black rhinos. This is logistically challenging and costly.
Development of inclusive conservation plans need to consider realistic measures to report
outcomes and achieve effective conservation evaluation.

Keywords: black rhinos, Kruger National Park, population growth rates, conservation targets,
power to detect trends, mark-recapture estimates, rhino ear notching.

INTRODUCTION
Biodiversity degrades due to global drivers of
environmental change (Sala et al., 2000). Traf-
ficking fuels the wildlife trade, a key international
commodity market (Rosen & Smith, 2010). Illegal
overharvesting has many causes (Conrad, 2012)
that can lead to declines of charismatic species
like rhinoceroses (rhinos) (Emslie et al., 2019).
Although societal influencers pressure authorities
to respond (Decker et al., 2016), militarized inter-
ventions receive criticism (Dunlap & Jakobsen,
2020) often embedded in viewpoints of competing
ideologies of exclusionary animal rights versus
inclusive human rights and democracy (Madzwa-
muse, Rihoy & Louis, 2020). Even so, a key ques-
tion is how many rhinos are left and how well are
they doing?

Defining population size and change in charis-
matic wildlife species depends on different re-
quirements at different scales and environmental

conditions. For instance, for various rhino species,
authorities need a range of techniques (Ferreira
et al., 2017). Cryptic wild animals intensify the
challenge (Willson, Winne & Todd, 2011), espe-
cially if few animals live in large areas. An example
is the south-central black rhino (Diceros bicornis
minor) population in Kruger National Park, hereaf-
ter Kruger, the world’s rhino stronghold (Emslie &
Brooks, 1999).

Continental rhino action (e.g. Emslie & Brooks,
1999) and South African management plans
(Knight, Balfour & Emslie, 2013) have targets –
typically these require at least 5% annual growth in
the number of rhinos. Authorities are able to meet
few of these because poaching impacts key popu-
lations (Ferreira, Greaver, Nhleko & Simms, 2018;
Ferreira, le Roex & Greaver, 2019). Authorities
responded to the decline of rhinos (Ferreira et al.,
2018; Ferreira et al., 2019) with new conservation
targets – 1% annual change over a five-year
period (SANParks, 2020). New targets, however,
may not be realistically measurable. For instance,
the detection of a growth trend is a trade-off
between the size of change, precision of esti-
mates, intervals between surveys, number of
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surveys and total change by the time authorities
detect a change (Gerrodette, 1987). The smaller
the change, the more precise estimates must be.

We use the cryptic black rhino as a case study.
Surveys from 2009 to 2019 in Kruger made use of
block-based sample surveys (Ferreira, Greaver &
Knight, 2011; Ferreira et al., 2015; Ferreira et al.,
2017; Ferreira et al., 2018; Ferreira et al., 2019;
le Roex & Ferreira, 2020).Sample survey methods
should provide unbiased estimates. Variance of
estimates, however, increases with small popula-
tions or unevenly dispersed individuals (Ferreira &
Pienaar, 2020). Threatened species, like black
rhino, thus pose particular challenges for reporting
authorities.

In this study, we evaluate the use of mark-
recapture methods to obtain population size
estimates. A mark-recapture method uses the
ratio of ear-notched rhinos to ‘clean’ animals
observed in a survey, along with the known total
number of notched animals, to determine a popu-
lation estimate (Seber, 1982). Such estimators
also provide confidence intervals (Seber, 1982),
much like block-based sample surveys do
(Ferreira et al., 2011; Ferreira et al., 2015; Ferreira
et al., 2017; Ferreira et al., 2018; Ferreira et al.,
2019; le Roex & Ferreira, 2020). The accuracy
(i.e. the combined effect of precision and bias,
Thompson 1992) of a mark-recapture estimate,
however, depends on the total proportion of the
population that has ear notches, as well as the
recapture probability. The recapture probability
depends on whether observers see live, marked
individuals during the recapturing occasion
(Seber, 1982).

Mark-recapture methods are preferable if they
have narrower confidence intervals than the
block-based sampling approach. We compare our
precision of estimates with that obtained through
block-based sample surveys (Ferreira et al., 2011;
Ferreira et al., 2015; Ferreira et al., 2017; Ferreira
et al., 2018; Ferreira et al., 2019; le Roex &
Ferreira, 2020).To help evaluate new performance
targets (SANParks, 2020) we focus on the method
with the best precision and evaluate ways to
improve that.We ask what the required precision is
and, if it hinges on marked rhinos, what proportion
of a population should authorities mark?

MATERIALS AND METHODS

Study area
Administratively Kruger, 19 485 km2 in size, has

22 Sections each with a Section Ranger responsi-

ble for socio-ecological integrity. Most of the black
rhinos live in the southern part of Kruger (Ferreira
et al., 2011). Our study thus focused on the seven
southernmost sections that cover a total area of
5366 km2. These sections consist of low-lying
savannas. Annual rainfall exceeds 450 mm
(Gertenbach, 1980). Granite and gneiss deposits
separated by Karoo sediment combine with
wooded savanna comprising Sclerocarya caffra
and Acacia nigrescens on basalts and mixed
Combretum spp. and Acacia spp. on granites
(Gertenbach, 1983).

Data collection
SANParks engaged in individual ear-notching

102 black rhinos in the seven sections that
comprised our focal study area from 2016 to 2019
(Table 1). Ear notches provide a visual identifica-
tion method for rhinos even if observation is from a
helicopter. Observers can recognize an individual
based on a specific pattern of ear notches that
veterinarians cut out of a rhino’s ear. Using high-
quality digital cameras to take images of rhinos
while conducting helicopter-based aerial surveys
eases recognition. The locations of notches on
the ears of a rhino link to a numbering system
that provides an individual rhino’s identification
number (Ngene et al., 2011). Veterinarians and
pilots assisted with the capture of individuals using
helicopter-based platforms for darting following
the South African standards (SABS, 2000).

Monitoring of marked rhinos is intensive. Game
guides, researchers and field rangers contribute
sightings to an ongoing and updating database.
Given the records of observations and knowledge
of deaths, we presumed that 62 adults, 27 young
adults and subadults and 2 juveniles were still alive
and available for observation at the time of the sur-
vey. These rhinos thus served as marked rhinos
available for ‘recapturing’during the ensuing aerial
survey.

SANParks conducts aerial surveys of rhino
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Table 1. Summary of black rhinos notched in Kruger
National Park between January 2016 and shortly before
the start of our survey in 2019. We used individual ear
notches and assigned ages (see Brooks & Adcock,
1997) to individuals at the time of capture.

Age category Age class Male Female

Adult F (>7 years) 26 38
Young adult E (>3.5–7 years) 10 9
Subadult D (>2–3.5 years) 4 3
Juvenile C (>1–2 years) 5 7



populations in Kruger during the early dry season
in August and September each year. Surveys use
a helicopter as observation platform and target the
11 ranger sections in southern Kruger. SANParks
marks 3 km × 3 km blocks across the Kruger and
randomly choses 878 of these blocks as annual
survey blocks (Ferreira et al., 2015). Of these, 487
are within the 9138 km2 of Kruger south of the
Olifants River where most black rhinos live. Each
year since 2013, observers have counted black
and white rhinos (Ceratotherium simum) in most of
these blocks depending on logistical challenges in
a specific year (Ferreira et al., 2015; Ferreira et al.,
2017; Ferreira et al., 2018; Ferreira et al., 2019;
le Roex & Ferreira, 2020).

During 2019, SANParks adapted the standard
sample-based annual survey to help evaluate the
use of mark-recapture approaches. SANParks
surveyed all the blocks south of the Olifants
River including ones that were not part of the
usual sample survey each year. To reduce costs
of surveying and ease strain on observers,
SANParks combined four 3 km × 3 km blocks to
survey blocks 6 km × 6 km in size. Observers,
however, recorded in which 3 km × 3 km block
they made an observation.

The survey used a helicopter from 17 August
2019 to 16 September 2019.Surveyors systemati-
cally completed transects comprising a 200 m
observation strip on each side of the helicopter
within each block, with flights 45 m above ground
at a speed of 65 knots. The survey team comprised
a pilot, a data recorder and two observers.For each
black rhino encountered, surveyors also checked
for ear notches and recorded the individual ear
notch code when an individual had an ear-notch.
Observers also noted the age, sex and geograph-
ical position of each rhino encountered. Assigning
ages followed Brooks & Adcock (1997).

Mark-recapture analyses
The known number of rhinos present at the start

of the census allowed us to use the Lincoln-
Petersen estimator with Chapman correction
(Chapman, 1951) to obtain mark-recapture popu-
lation estimates during the single census. The
method assumes a closed study population with
no deaths, births or movements between the
field visits to mark and recapture individuals. The
estimator also assumes that marks remain the
same and are present between the marking and
recapturing occasions which observers record
correctly (Seber, 1982). By using ranger observa-

tion records of notched rhinos, we defined the
number of marked rhinos available at the time of
the survey. This reduced the time interval between
marking (i.e. number of rhinos available with
notches at the time of the start of a survey) and
recapturing (i.e. the time elapsed when observers
completed a survey). In our case, that time interval
was 31 days. This minimized the chance of non-
compliance with the key assumptions of the esti-
mator.

We applied four analytical approaches. The first
used a batch-marking method. In this case, the
analysis did not recognize individual notches and
recorded a rhino as marked or not, irrespective of
previous sightings of that individual.This approach
could be useful if population recovery results in
high numbers of rhinos and consequently the
depletion of unique ear-notch markings – ear
notches have a limited number of patterns that
authorities can use (see Ngene et al., 2011). We
acknowledge that the batch-marking method with-
out individual recognition inadvertently violates
assumptions of no double counting, but we include
the approach for illustrative purposes. It is thus
unlikely that the batch-mark method without indi-
vidual recognition may produce estimates with the
best precision values.

In the second instance, we recognized individual
notches allowing removal of repeat observa-
tions. Aerial coverage of the focal study area is
not possible in one day. While black rhinos have
high levels of site fidelity within their home ranges
during the dry season (le Roex, Dreyer, Viljoen,
Hofmeyr & Ferreira, 2019), individuals can still
move from one block to abutting blocks between
the times that surveyors were sampling blocks.
Applying the batch-marking method to the
reduced dataset allowed us to test whether the
use of unique notches improved precision of
estimates.

Observers see dependent black rhino calves
only when they see their mothers. The detection
probability of a calf is not equal to the other age
classes, but links to that of the mother. Our third
approach thus calculated estimates by age groups
and added age group estimates together using the
FSA package (Ogle, Wheeler & Dinno, 2019) in
R v3.6.1 (R Core Team).

The final approach corrected for the absence of
marked A- and B-class calves (A-class calves: <3
months old; B-class calves: 3 months to 1 year old;
Brooks & Adcock 1997). First, we calculated the
observed ratio of A- and B-class calves to the rest
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of the population irrespective of whether individu-
als had marks. Next, we estimated the population
excluding A- and B-class calves. Then, we used
the ratio to estimate the number of calves relative
to the estimated population size without A- and
B-class calves. Combining estimates of calves
and individuals other than calves provided a popu-
lation estimate. To obtain confidence intervals we
made use of Monte Carlo simulation methods
(Hammersley & Handscomb, 1964). We randomly
extracted a value from an assumed normal distri-
bution of estimates without A- and B-class calves
and multiplied that with a randomly extracted
value from the assumed normal distribution of
the observed ratio. We added this value to the
randomly extracted population estimate excluding
A- and B-class calves to get a total population esti-
mate. One-hundred thousand iterations allowed
us to extract the median as a point estimate and
the 2.5% and 97.5% percentiles as estimates of
lower and upper confidence limits respectively
(Ferreira & Greaver, 2016).

Mark-recapture population estimates came from
the FSA package (Ogle et al., 2019) in R v3.6.1 (R
Core Team). We calculated confidence intervals
as a percentage of the point estimate (percentage
confidence intervals) that serves as a measure of
precision.Comparing extracted variances for each
estimate using an Fmax-test helped us to identify
the approach with the best precision, i.e. signifi-
cant narrowest confidence interval.

Block-based sample estimates
We extracted data for the randomly placed

blocks in 2013 that surveyors target each year
within the focal seven sections (Ferreira et al.,
2015; Ferreira et al., 2017; Ferreira et al., 2018;
Ferreira et al., 2019; le Roex & Ferreira, 2020).
This totalled to 305 blocks used to derive a
block-based population estimate for our focal
study area. We used the same estimation
approach as before (Ferreira et al., 2015; Ferreira
et al., 2017; Ferreira et al., 2018; Ferreira et al.,
2019; le Roex & Ferreira, 2020). The approach
uses Jolly’s estimator to calculate uncorrected
estimates from sample surveys (Jolly, 1969). The
methodology then correct estimates for availability
bias (i.e. rhinos are present, but concealed from
observation by vegetation cover; Caughley, 1974)
and observer bias (i.e. even though rhinos are not
hidden, some observers do not see them, due to
varying observation skills; Seber, 1982).Detection
bias is a third correction we account for (i.e. rhinos

are not hidden, but an observer finds it hard to see
a rhino, for instance when it is further away from
the helicopter; Buckland, Anderson, Burnham &
Laake, 1993).

Availability bias arises from restricted visibility
of rhinos on a block and associates with the vege-
tation cover of that block at the time of a sur-
vey. To estimate availability bias, we used pub-
lished relationships to estimate vegetation cover
and then used that to estimate proportion of
rhinos missed. As few as 73.6% of black rhino
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the percentage of rhinos seen and x is the vegeta-
tion cover) could be visible and available for
sampling in areas with high vegetation cover
(Ferreira et al., 2015). Observers do not measure
woody cover easily or on an annual basis. We thus
used the relationship between vegetation cover
(Bucini et al., 2011) and the Normalized Difference
Vegetation Index (NDVI) (vegetation cover =
(0.019 × NDVI) – 22.67, r 2 = 0.32; Ferreira et al.,
2018) to estimate vegetation cover, then rhino
visibility that provides availability bias for each
block. We corrected estimates by dividing the esti-
mated values by the percentage of rhinos visible.

Calculations from a previous survey provided
values for observer bias when observers noted
96.2% of the visible rhinos (Ferreira et al., 2011).
We multiplied the estimates already corrected for
availability bias by the percentage of visible rhinos
noted by observers. Detection bias is negligibly
low because observation strips were the same
width as the first distance class previously used
in establishing a detection function for distance
sampling (Kruger, Riley & Whyte, 2008).

We used the same methodology as before that
randomly drew a value from each of the distribu-
tions of estimates and biases that then produce
an estimate corrected for bias using the approach
described above. By repeating this 100 000 times,
we could extract the median as an estimate with
the 2.5% and 97.5% percentiles as the 95% confi-
dence limit (Ferreira et al., 2015; Ferreira et al.,
2017; Ferreira et al., 2018; Ferreira et al., 2019).
We calculated as before the percentage confi-
dence interval and use an Fmax-test to check how
precision of block-based sampling estimates
compared with that derived through mark-recap-
ture approaches.

Optimal marking requirements
After identifying the approach with the highest
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precision, we used that approach to estimate
precision  required  to  detect  1%,  2%,  5%  and
10% annual changes over a five-year period
(Gerrodette, 1987). Detecting trends at a given
annual change trades off intervals between sur-
veys, number of surveys and total change by the
time analysts detect a trend. The trade-off is sensi-
tive to confidence intervals of estimates. We thus
fixed the interval between surveys at one year and
the total surveys at six to cover a five-year period.
A five-year period typically reflects the time over
which authorities set rhino conservation targets.
We then used Gerrodette’s (1987) inequality
considering that capture-recapture estimates
have coefficients of variance (cv) of an estimate
( N ) with dependence on abundance scaling to
1/ N (de la Mare, 1984) as
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where r is the finite fractional rate of change per
time, n is the number of surveys, z is the value of a
standardized random normal variable such that
the area under one tail of the probability density
function beyond za is a with α set at 0.05 reflecting
the probability of concluding that a trend in abun-
dance is occurring, when in fact it is not, and β set
at 0.2 reflecting the probability of concluding that
no trend is occurring, when in fact it is. The power
to detect a trend is 1–β (Gerrodette, 1987).To iden-
tify the required precision for this specific survey
design that will allow detection of 1% to 10%
annual changes, we estimated cv’s required at
1%, 2%, 5% and 10% annual change (r ) to satisfy
the inequality.We then converted that to a percent-
age confidence interval (confidence interval
expressed as the percentage of an estimate) and
plotted resultant values against percentage
annual change. We fitted a power relationship to
derive a generalized equation allowing prediction
of percentage confidence intervals required at any
percentage change from 1% to 10% per year.

To model the proportion of marked individuals
required to obtain a confidence interval that allows
a 1% to 10% change through annual surveys over
a five-year period, we used the Lincoln-Petersen
population and variance estimator (Chapman,
1951). We arbitrarily chose a population size of N
of which we assigned a proportion (Pm) of individu-
als hypothetically marked to give the number with
marks (M) in the modelling. The empirically calcu-
lated fraction of known marked individuals

observed during our survey (po) allowed us to
define the number of marked animals our model
survey would observe (m). Estimating po(N–M)
provides the number of unmarked animals (n) our
model survey would observe. Using M, m and n as
inputs into the Lincoln-Petersen estimator would
give N, but importantly we could use the inputs to
estimate variance (Chapman, 1951) from which
we estimated percentage confidence intervals.

Our generalized equation allowed us to predict
percentage confidence intervals required to detect
changes from 1% to 10% per annum at 1%
increasing intervals. At each percentage, we
varied Pm until the percentage confidence interval
estimated through the Lincoln-Petersen estimator
equalled that required. We plotted the resultant Pm

against annual percentage change and fitted a
polynomial to obtain a generalized equation that
predicts marked proportions required for detection
of a specific annual rate of change.

RESULTS
We presumed 91 black rhinos with notches were
alive at the start of the survey. Observers recorded
214 black rhinos of which 64 had notches. After
confirming individual notches, nine records were
repeat observations (14%) resulting in 55 unique
observations. Observers thus saw 60.4% of
assumed known animals.

Population size estimates for (a) the batch-mark
method, (b) batch-mark without repeats, (c) by age
class groups, and (d) age class groups with A+B
calf adjustment were similar. Point estimates
ranged from 303 to 334 (Table 2).Estimates by age
class groups had significantly narrower confi-
dence intervals than any of the other approaches
(groups vs batch-mark: F303,311 = 2.29, P < 0.01;
groups vs no repeats batch-mark: F337,311 = 3.44,
P < 0.01; groups vs calf adjustment: F332,311 = 1.82,
P < 0.01). All four approaches, however, had
higher estimates than that estimated using the
block-based sampling approach. In addition, all
mark-recapture estimates had narrower confi-
dence intervals than that estimated through block
sample technique for the same seven sections
(Table 2, batch-mark vs block-based sampling:
F245,303 = 1.87, P < 0.01; no repeats batch-mark vs
block-based sampling: F245,337 = 1.25, P < 0.03;
groups vs block-based sampling: F245,311 = 5.64,
P < 0.01;calf adjustment vs block-based sampling:
F245,332 = 2.33, P < 0.01).

Detecting annual change of 1% over a five-year
period required high precision. Percentage confi-
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dence interval required being 5.2% or less of the
estimate (Fig. 1). The most precise estimate of 311
black rhino needed a confidence interval of 303 to
319. Authorities needed to mark 94%, or 292, of all
black rhinos to achieve that (Fig. 1). To detect 5%
annual change over a five-year period required
11.7% confidence intervals and the individual
marking of at least 70% of black rhinos. To detect
10% annual change over a five-year period,
percentage confidence intervals needed to be

16.6% and 54% of black rhinos needed marks
(Fig. 1).

DISCUSSION
Our study addressed the challenge of estimating
the size of a small population dispersed over
a large area as is the case for black rhino in
Kruger. Our evaluation of mark-recapture methods
(Seber, 1982), an alternative approach to the
block-based sample surveys used in Kruger

6 African Journal of Wildlife Research Vol. 50, 2020

Table 2. Population estimates for the four mark-recapture methods. CI, Confidence interval; PCI, percentage confi-
dence interval calculated as the confidence interval expressed as a percentage of the estimate.

Method Estimate 95% CI 95% PCI

Batch-mark 303 250–375 41.3

Repeat observations removed 337 273–426 45.4

By group 311 275–347 23.2

By group + calves 332 278–390 33.7

Block-based sampling 245 165–336 69.8

Fig. 1. Precision (percentage confidence interval) and marking (percentage marked) requirements to detect annual
black rhino population changes ranging from 0.01 (1%) to 0.1 (10%) per annum over a five-year period.



(Ferreira et al., 2011; Ferreira et al., 2015; Ferreira
et al., 2017; Ferreira et al., 2018; Ferreira et al.,
2019; le Roex & Ferreira, 2020) highlighted that all
analytical mark-recapture approaches produced
similar estimates to each other. Although individ-
ual identifications allowed the removal of repeat
observations, it did not significantly change the
results of the batch-mark population estimate.
Notching with unique markings did not alter
estimates derived from aerial mark-recapture for
black rhino. Calculating population estimates by
group and adjusting for lower calf detection also
did not change the estimates significantly. All the
mark-recapture approaches, however, produced
point estimates higher than that estimated through
the block-sample approach.

Differences in block-sample and mark-recapture
point estimates may originate from how these
methods account for biases. Observers seldom
see all individual animals because availability,
detectability, observer and sample biases occur
(see Ferreira et al., 2015).For instance, availability
bias occurs when rhinos are present but are
concealed from observation by vegetation cover.
Observer bias happens when all rhinos are visible,
but some observers do not see them due to
varying observation skills.Detection bias relates to
observers finding it hard to see a rhino, for instance
when it is further away from the helicopter. Block-
based sample surveys account for these biases
(Ferreira et al., 2018). Depending on woody cover,
observers can miss up to 26.4% of black rhinos
(Ferreira et al., 2015). Block-based sample
surveys assume detectability bias as negligible
because the observation strip is narrow at 200 m
from the helicopter (Ferreira et al., 2015), while
observers miss 3.8% of individuals available to be
seen (Ferreira et al., 2011).

Mark-recapture approaches account for biases
by estimating the proportion of marked animals
observers missed. In our study, observers did not
see 39.6% of marked animals, a similar proportion
to the 42.9% of marked rhinos missed in a previ-
ous study (Ferreira & Pienaar, 2020). Unrecorded
deaths of notched individuals prior to the survey
may result in a bias overestimate. Even so, block-
based sample surveys most likely under-correct
for biases reducing estimates for black rhinos.

Our results have implications on a continental
scale. South Africa plays a key role in African rhino
conservation. For instance, the African Rhino
Specialist Group reported 1792 south-central and
208 southwestern black rhinos in 2012 (Emslie,

Milliken & Talukdar, 2012), 1560 south-central and
254 southwestern black rhinos in 2015 (Emslie
et al., 2015), and 1632 south-central and 331
southwestern black rhinos in 2017 (Emslie et al.,
2019) for South Africa. Southwestern black rhino
numbers grew at 9.1% (95% CI: 5.6–12.6%) and
will reach 435 (95% CI: 391–483) by 2020.
South-central black rhinos grew at –2.1% (95% CI:
–5.8–1.6%) only reaching 1533 (95% CI: 1372 to
1712) by the end of 2020.

South Africa had two short-term conservation
goals (2010 to 2020) embedded within national
rhino conservation policies. The first was to
achieve 5% per annum population growth for two
indigenous subspecies of black rhino. The second
was to have at least 2800 south-central black
rhinos and 260 southwestern black rhinos (D. b.
bicornis) by 2020 (Knight et al., 2013). South
Africa achieved black rhino conservation goals for
the southwestern subspecies, but failed to do so
for south-central black rhinos.

For south-central black rhino, Kruger holds a
key population (Emslie & Brooks, 1999), which
declined from 627 (95% CI: 588–666) in 2008
(Ferreira et al., 2011) to 268 (95% CI: 191–342) in
2019 (le Roex & Ferreira, 2020) because of poach-
ing impacts (Ferreira et al., 2018). Over the same
period, black rhinos were resistant to drought
impacts (le Roex & Ferreira, 2020). South Africa
adopted an integrated approach to curb poaching
in 2014 (DEA, 2014). Kruger is a focal population
where SANParks set new targets, one of which is
1% annual growth (SANParks, 2020).

These various targets of population growth
introduce challenges to detect changes in popula-
tion size. The precision of population estimates
plays a key role (Gerrodette, 1987). The better the
precision (i.e. narrower percentage confidence
interval), the easier the detection of a trend.
Mark-recapture analyses by age group outper-
formed all other mark-recapture analytical
approaches as well as the block-based sampling
method. This approach requires percentage confi-
dence intervals to be 5% of the population
estimate. Authorities need to mark nearly all black
rhinos. Even detecting the short-term target of 5%
annual growth of South African black rhinos
(Knight et al., 2013) requires the marking of 70% of
black rhinos.Slightly more realistic is when author-
ities seek to measure peak performance (Ferreira
et al., 2011; Ferreira & Greaver, 2016). Black rhino
cows can have their first calves at 5 years of age
and then calves every two years thereafter until
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they are approximately 35 years old (Owen-Smith,
1988). Top performing populations grow at 7% per
annum (e.g. Ferreira et al., 2011; Ferreira &
Greaver, 2016). To detect 7% annual change over
a five-year period requires a 13.9% confidence
interval and the individual marking of 62% of all
rhinos.

Our analyses suggest that conservation policies
should consider realistic metrics. For existing
policies, authorities should extract complimentary
metrics. Our analyses, however, focused on a
single marking and recapturing approach. Using
multiple recapture approaches through continu-
ous notching and marking of rhinos over time will
allow additional value.For instance, multiple mark-
ing and recapture approaches allow estimation of
population sizes as well as survival rates of
marked individuals using both discrete (Barker
et al., 2004) and continuous time capture-
recapture models (Hwang & Chao, 2002). Most
black rhinos live in small isolated populations with
well-kept management records (e.g. Linklater,
Law, Gedir & du Preez, 2017). Observing individu-
ally marked rhinos establishes a history that also
allows extraction of age at first calving and calving
intervals (e.g. Eberhardt, 1988). This allows devel-
oping survival and fecundity schedules to help
evaluate short-term conservation goals. Such
approaches can complement existing methods of
estimating black rhino population sizes and
provide robust information to evaluate conserva-
tion effectiveness.
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