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Abstract
Rhino horn is highly valued and this drives the illegal hunting of rhino. As a strat-

egy to counter rhino losses incurred through poaching, managers of African protec-

ted areas face pressure to increase the number of rhino in their populations by

promoting their growth. These efforts are commonly constrained by being balanced

against other protected area objectives which seek to manage toward a “natural
ecological state”. This is reflected in the draft continental rhino conservation plan

as well as many national-level rhino plans in Africa, but details on how this can be

achieved at a site level are limited; indeed a framework for thinking about the prob-

lem is lacking. Here we develop a Theory of Change (ToC) which guides manage-

ment interventions when seeking to grow rhino numbers at a conservation site. We

identify four thematic areas for intervention namely; habitat management; range

availability; containment and natural attrition; and rhino population management.

As many protected areas are underfunded they seek to attract funding, but many

donors are uncertain as to best practice and/or are hesitant to dictate how funds

should be spent. This ToC can serve as a framework to guide funding. It can also

guide policy in this regard.
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1 | INTRODUCTION

Rhino horn is thought to be one of the most highly valued
commodities on the planet (Hübschle, 2016a). About 85% of
the global rhino population of ~29,000 is found in protected
areas in Africa; ~20,000 are white rhino Certotherium
simum and ~5,000 are black rhino Diceros bicornis (Emslie
et al., 2016). Illegal hunting (poaching) of African rhino for
their horn, forms a significant part of the illegal wildlife
trade (Milliken, 2014) despite a ban placed on international
trade in rhino horn in 1977 (UNEP-WCMC (2019)). It is

widely understood that poaching of African rhino is under-
taken because of the extremely high prices that can be
obtained for the horn (Hübschle, 2016a; Milliken, 2014).
The value of the illegal trade in rhino horn has been esti-
mated to be between USD 64 and USD 190 million
(Nellemann, Henriksen, Raxter, Ash, & Mrema, 2014), and
the horn itself has been valued, anecdotally, in the region of
USD 36,000 per kg or more when sold to the end user
(Gwin, 2012) and between USD 35,000 per kg and USD
65,000 per kg in 2013/2014 (Hübschle, 2016a). The poten-
tial supply of horn into these markets through annual rhino
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horn production in South Africa is estimated to range
between 5,300 and 13,000 kg (Taylor et al., 2017). In con-
trast, a living rhino is auctioned for between USD 10,000
and USD 30,000 (M. Knight (Personal communication, May
2016)), and this has implications for the management of the
two species.

Since 2008, a substantial increase in rhino poaching pres-
sure in African protected areas has resulted in many protec-
ted area managers having to increase their counter poaching
measures significantly (M. Knight (Personal communication,
May 2016)). In selected protected areas the protection of
rhinos has received significant resourcing (e.g., Howard
Buffet contributed USD 24 million to combat rhino
poaching in the Kruger National Park; The Guardian, 2014)
which has enabled the deployment of advanced technologies
(Nguyen et al. 2016; CSIR (2019); Peace Parks Foundation
(2019)) aimed at reducing what is effectively commercial
rhino poaching orchestrated by criminal syndicates
(Lunstrum, 2014). Various counter insurgency strategies,
some derived in the military, have also been adopted by law
enforcement units (Duffy, 2014). The consequences of this
type of intervention for neighboring communities, and their
relationships to protected areas (Cooney et al., 2016), have
raised concerns (Buscher & Ramutsindela, 2015; Duffy,
2014; Lunstrum, 2014), and led to further interventions
aimed at improving relationships between protected areas
and neighboring communities (see GKEPF) as well as to
contributing to a reduction in poaching.

Range state rhino poaching rates in Africa varied
between 0 and 12% in 2017 (Emslie et al., 2018). Rhino
poaching rates also vary between sites and at sites rhino
poaching rates vary over time. In South Africa, the annual
number of rhino poached nationally increased from 200 in
2009 to a peak of 1,300 in 2015 and more recently has
declined to an estimated 900 or less in 2018 (Emslie et al.,
2018). In this period, some sites have had the entire rhino
population exterminated, others have lost very few. Kruger
National Park with the world's largest population of rhino
has been losing rhino to poaching at approximately 8% per
annum for the past 5 years (Emslie et al., 2018). All else
being equal, sites which are better protected are likely to lose
a lower percentage of the rhino population to poaching
than those with less effective security measures. Securing
sites against poaching is thus a key element of rhino
management.

The converse of losing rhinos to poaching is growing
their numbers. From a national or global meta-population
perspective, every rhino born serves as a buffer to a
poaching loss, and thus decreases the risk of species extinc-
tion. Thus a site at which a rhino population zero has popu-
lation zero growth, represents an opportunity cost in the
fight against poaching. On the other hand, a site at which the

rhino population is growing at a high rate is able to buffer
losses to the meta-population. Importantly, considered over
time and across populations, increased growth in rhino
populations is compounded further reducing the extinction
risk. Individual sites may still be exposed to local extermina-
tion, but by growing rhino numbers, the global population is
more secure. Managing rhino populations for growth is thus
also a key element of rhino management.

The maximum growth rate of a normally structured rhino
population (rmax) can be derived from basic demographic
parameters in an ideal environment, for example, if half the
population is female and half of the females are immature,
and if the mean inter-calving interval of white rhino is
2.4 years (Owen-Smith, 1981), 40% of females (or 10% of
the population) will give birth each year; that is, the potential
birth rate is 10% per year. Subtracting mortalities (2–3%
annually) results in a net annual population growth rate of
7–8%. Stated theoretically as rmax is inversely related to
body weight in kg (W); or rmax = 1.5 W−0.36 (Caughley &
Krebs, 1983). For white rhino this is approximately 8% per
annum.

Our understanding of the biology and applied manage-
ment of rhino populations in protected areas has improved
rapidly recently (e.g., Ferreira & Okita-Ouma, 2012; Linkla-
ter & Shrader, 2017). Central to this has been managing
individual rhino populations in bounded protected areas in a
manner that stimulates them to grow at, or close to, their
maximum rate of increase sensu (Caughley and Krebs
(1983); see also Emslie (2001)). A rhino conservation site
has a density at which the population reaches its maximum
size (K), also called the ecological carrying capacity (ECC),
at which it has a zero-growth rate (Caughley, 1977). At a
population size lower than K, all else being equal, the popu-
lation will grow according to some species specific function
(Fowler, 1981; Jones & Sandland, 1974). If the density of a
rhino population is kept appropriately below a zero growth
density, by translocating a number of rhino to new range for
example, growth rates in the range predicted by Caughley
and Krebs (1983) can be achieved.

This approach, of actively managing rhino populations at
a site, where the overall management objectives relate to
broad biodiversity conservation, and specific rhino manage-
ment interventions seek to maintain largely natural
populations while stimulating high growth in rhino
populations has been implemented over the past two decades
in South Africa with positive outcomes (Emslie et al., 2016).
There remains, however, no overarching framework to guide
the conservation management of rhino, at the level of a
protected area, and thus how to better allocate resources. To
understand and guide interventions aimed at reducing rhino
losses to poaching and stimulating the underlying growth of
individual rhino populations, we developed a Theory of
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Change (ToC) aimed at providing a site level framework for
achieving the goal of “growing rhino populations close to
their maximum potential while at the same time minimizing
negative impacts on the general biodiversity conservation
objectives of the protected area”. We abbreviated this goal
to “grow more rhino as quickly as possible”.

Importantly, the ToC does not work in a more intensive
or semi intensive agricultural model for rhino production,
for example, “rhino farming as conducted on Buffalo Dream
Ranch which relies heavily on sex ratio manipulations and
supplemental feeding of the rhino (News Desk, 2018)”.
Rather it seeks to make more effective use of existing
protected areas, which are already significantly funded either
privately or by the state, and which have a number of other
conservation related objectives. It aims to achieve this by
managing the rhino populations in a manner that will pro-
mote their growth, while at the same time managing for a
natural ecosystem. This logic is underpinned by the uncer-
tainty that exists around the financial viability of intensive
rhino farming when there are no established and legal mar-
ket mechanisms for selling the horn to cover operating costs.

1.1 | Developing a ToC for site based rhino
conservation

A ToC is a structured approach to planning including the
process of defining desired outcomes, setting goals, and
being responsive to the need for flexibility in a complex
environment. It entails describing a causal framework
linking the present state to an agreed set of interventions
selected for their ability to lead to the desired outcome or
impact (see www.theoryofchange.org). This is enhanced by
a clear articulation of the logic linking interventions and out-
comes, including contextual assumptions that are being
made. By adopting a ToC approach it is possible to keep the
processes of implementation and evaluation transparent
(Margoluis et al., 2013) as used in the Conservation Mea-
sures Partnership and the Open Standards for the Practice of
Conservation. The ToC approach has been used in the con-
text of natural resource management, illicit wildlife trade,
and community engagement (Biggs et al., 2017). As with
adaptive management (Stankey, Clark, & Bormann, 2005), a
ToC ideally views each intervention as a hypothesis that
requires testing in relation to its contribution toward achiev-
ing a predefined outcome, and the review of inappropriate
interventions.

1.2 | Thematic elements of the rhino
growth ToC

The authors have collectively been working in rhino site
management in Africa for over 65 years. This has involved

numerous workshops and management meetings, interac-
tions with rhino conservation managers, veterinarians, mem-
bers of the IUCN/SSC African Rhino Specialist Group,
NGOs, and government officials and includes monitoring
and security experience. The elements of this site-level Afri-
can rhino conservation management ToC draw heavily on
and distil that experience. In addition, the draft African
Rhino Range States African Rhino Conservation Plan
(ANON, 2016) as well as available national and site-specific
management plans and strategies have been interpreted.
Informal review was sought by presenting the ToC to a
meeting of 49 African rhino conservation managers and sci-
entists in March 2018. There was no resulting criticism of
the ToC, and this was interpreted as clear support.

To establish a focus on countering losses that rhino
populations are experiencing at a site level due to poaching,
and at the same time to set an aspirational goal, the desired
outcome (impact) has been set as to “grow more rhino as
quickly as possible”. This is a SMART (i.e., specific,
achievable, results focused, and time-bound) goal and thus
avoids a weakness of the Biggs et al. (2017) ToC for com-
munity based responses to illegal wildlife crime which does
not define a desired outcome or impact. Because the current
reality is that the vast majority of African rhino are in protec-
ted areas, which mostly have multiple objectives, one of
which is variously phrased as “to maintain a natural state” or
“to conserve biodiversity in all its fluxes”, the ToC is aimed
at relatively un-manipulated wild populations of rhino sensu
Leader-Williams et al. (1997) and excludes intensive or
semi-intensive breeding facilities where management will
have access to different opportunities to intervene.

The ToC describes four thematic intervention streams
(“pathways to impact” in the language of Biggs et al.
(2017)). They are (a) habitat management, (b) range avail-
ability, (c) containment and attrition, and (d) rhino popula-
tion management (Figure 1). Although presented as a series
of parallel processes, in reality the intervention streams are
networked and developments in one stream can have an
influence on others. Successful rhino conservation requires
engagements, expertise, and resources at a number of levels
and a site with good enabling conditions (e.g., see Worboys,
Lockwood, Kothari, Feary, & Pulsford, 2015) is more likely
to succeed than one where the enabling conditions are weak.

1.3 | Thematic intervention 1: Habitat
management

Contemporary conservation practice has a focus on biodiver-
sity (sensu Noss, 1990). Underlying this approach is the
understanding that biodiversity objectives are best served if
the ecological context (pattern) under which species evolved
is kept largely intact together with the ecological processes
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that sustain the patterns (Balmford, Mace, & Ginsberg,
1998; Cowling, Pressey, Lombard, Desmet, & Ellis, 1999;
Walker & Goodman, 1983). This approach has entered into
the practice of both conservation management (Moritz,
2002) and conservation planning (Possingham, Franklin,
Wilson, & Regan, 2005).

For this reason, there is a Habitat Management interven-
tion stream in this ToC. The intervention stream effectively
acknowledges that conservation managers will make deci-
sions that are designed to benefit biodiversity conservation
as a whole but may not be ideal or optimal for rhino growth
for example, the restoration of an apex predator such as lion
Panthera leo to a rhino conservation site, at an appropriate
density, may increase the risk of predation of young rhino
calves but would be considered appropriate under this ToC
as it would promote natural ecological functioning with a
net biodiversity benefit. Equally, the removal of an alien
plant species which may be palatable to rhino would be
supported.

The Habitat Management theme is underpinned by the
logic for why the habitat in which rhino are being con-
served should not be managed in a manner that will spe-
cifically favor rhino (i.e., in a single-species agricultural
approach). Rather, that management should seek to inter-
vene as little as possible and then only to minimize the
impacts of an anthropogenic nature on the functioning of
local ecological processes. Thus for example management
will intervene if there is an altered ecology due to an inva-
sion by an alien plant (e.g., Rozen-Rechels et al., 2017;
Spear & Chown, 2009) or an anthropogenically altered fire
regime (Archibald, Stava, & Levin, 2012; Bond, Smythe, &
Balfour, 2001) or dispersal and population regulation
dynamics are affected by the presence of a fence around
the protected area which limits dispersal opportunities for
larger mammals (Elmhagen & Angerbjörn, 2001; Pulliam,

1988). It is not possible to prevent occasional rhino deaths
caused by disease but under the Habitat Management
theme it may become necessary to remove animals to pre-
vent large losses due to an infectious disease outbreak
(Hess, 1996).

Thus five sub-themes are identified (water, fire, disease,
alien species, and other large mammals). They may not be
exhaustive.

1.4 | Thematic intervention 2: Range
availability

The Range Availability intervention stream has two ele-
ments. The first is the need for rhino range to be legally
secure and to be committed to rhino conservation. In the
case of a state protected area, this usually means that the
necessary legislation is in place as well as the appropriate
management plans. For privately owned protected areas, this
usually means that appropriate agreements are in place as
well as an appropriate management plan.

Second, for a rhino population to grow, it needs space to
grow into. Once a population has reached its maximum size,
some rhino will need to be relocated to “new range” if fur-
ther growth is to be achieved (see Emslie, Amin, & Kock,
2009). Availability of new or additional range is thus impor-
tant for the success of any rhino conservation project. New
range needs to meet certain criteria (Emslie et al., 2009;
Linklater et al., 2011; IUCN, 2013). Preparation of new
range requires adequate resources and can take years to com-
plete. The process will be influenced by non-site specific
dynamics such as the recent move of private properties in
South Africa toward disinvesting in rhino due to the
increased risks and costs associated with countering the
recent surge in poaching (DEA, 2016).

MORE RHINO 
AS SOON AS POSSIBLE

Impact

Habitat 

Enabling conditions 

Land / Governance / Management / Operations / Finance / Policy & Procedures 

management
Range 

availability
Containment & 

attrition

Themes
Rhino population

management

Suitable 
rhino habitat

Adequate 
rhino range

Natural rhino 
attrition rate

Near natural 
genetics & 

demographics

Productive 
rhino 

density

Outcome

FIGURE 1 High level theory of
change to achieve “more rhino as quickly
as possible” under conditions of
conservation management. The four
intervention streams which feed into the
supporting outcomes are illustrated. The
streams have some interdependency. See
text for details
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1.5 | Thematic intervention 3a: Containment

Attrition or loss of rhino from a population can take place by
emigration or death. Emigration can take place if a rhino
walks out of an uncontained site or through theft; which is a
seldom reported event. Apart from a few populations in the
Cunene region of Namibia and Tsavo West National Park in
Kenya and in northern Botswana there are few free ranging
rhino remaining in Africa. In most instances there are fences
and human settlements or agricultural activities within
meters of the boundary of rhino conservation sites and rhino
are functionally restricted in their movement. Where there
are free ranging rhino they generally do not cross significant
landscape barriers such as steep slopes or perennial rivers
which can be seen as effective barriers to movement. Dis-
tance can substitute for containment where rhino occur in
large and open landscapes and are able to move considerable
distances yet still be considered part of the same population.
Increasingly there is an expectation of a rhino site manager
to ensure that the rhino population is adequately contained
within a site and this is achieved through adequately speci-
fied and maintained fencing (Grant, Bengis, Balfour, & Peel,
2008) and containment has the effect of preventing popula-
tion attrition through emigration or dispersal of rhino.

1.6 | Thematic intervention 3b: Reduced losses
to poaching

With the desired state being “more rhino as quickly as pos-
sible”, the focus of this theme is to minimize the loss of
rhino over and above natural attrition rates due to poaching.
Poaching of rhino is undertaken by groups ranging from
opportunistic small-scale poachers (individuals or small
groups) through to syndicated networks of individuals who
control the functioning of teams of people using modern
communication technologies. The increase in poaching over
the past decade represents an increase in the number of

poachers as well as an increase in levels of sophistication
behind poaching attempts (Hübschle, 2016b). While
increasing effort is being channeled into collapsing interna-
tional syndicates (Haas & Ferreira, 2016) and reducing
demand for rhino horn (Ayling, 2012), they lie outside the
control of a rhino conservation site manager and are thus
not considered here.

In recognition that poaching is more than simply an
enforcement problem (Challender & MacMillan, 2014)
efforts to reduce the loss of rhino to poaching are considered
in four sub-themes; (a) namely preemptive intelligence, (b)
patrol and response, (c) neighbor engagement, and (d) prose-
cutorial and judicial engagement. The logic of the sub-themes
is based on a conceptual flow of events (Figure 2) aimed at
understanding individual poaching events and where inter-
ventions may best take place to reduce losses due to
poaching. Before a poacher enters a rhino conservation site
(first panel) intelligence is a key tool available to site man-
agers and law enforcement officials and can assist them in
taking pre-emptive action to prevent a poaching event.

At a strategic level, conservation law enforcement gener-
ally aims to deter criminals through the threat of sanction
(Durlaf & Nagin, 2011; Nagin, 2013), and this is
operationalized by creating an environment where it is diffi-
cult for a poacher to operate freely. Once a rhino site has
been entered by a person intending to poach it is important
to detect and prevent them from firing a shot (or setting a
snare) (Critchlow et al., 2016). This requires the capacity to
detect and to respond to poachers (Figure 2, second panel).

There are many reasons why a rhino conservation site
should work to establish a good relationship with neighbor-
ing communities (Biggs et al., 2017; Brockington, 2004;
Child, 2004; Milupi, Somers, & Ferguson, 2017), and there
are many risks to not doing so, but they are not the focus
here. This ToC recognizes that where neighbors of a rhino
conservation site perceive the site positively its members are

A greater 
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higher levels 
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apprehension, 
conviction and 

custodial 
sentencing 

Judicial 

engagement

Neighbour 
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Patrol and 
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deployed 
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to increase 
chance of 
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would - be 
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FIGURE 2 The flow of logic which
on which the Theory of Change is based.
Each shaded block represents a set of
interventions and the arrows highlight
some of the flows and feedback between
these sets of interventions
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more likely to act in a manner which is favorable to the site
and wildlife conservation in general (Cooney et al., 2016;
Ihwagi et al., 2015). With the value of rhino horn as high as
it currently is, it is unrealistic to argue that good neighbor
relations can replace strong law enforcement efforts, but care
also needs to be taken to ensure that strong law enforcement
does not result in negative community experiences which
then sour relationships between the rhino conservation site
and neighboring communities (Figure 2; third panel).

Poachers always have the element of surprise in relation
to when and how they enter a site. There is thus always a
chance that they will be successful in shooting a rhino and
removing the horn. The final opportunity to act is through
effective investigative policing and efficient administration
of prosecutorial and judicial processes. For this reason effec-
tive relationships between the conservation staff and the
policing, prosecutorial and judicial services can contribute in
a meaningful manner to deterring further would-be
poachers.

1.7 | Thematic intervention 4: Biological
management

Three features of a rhino population can reasonably be man-
aged, that is, the density, the age and sex ratios, and aspects
of the gene pool. A rhino conservation site has a density at
which the population reaches it maximum size (K), also
called the ECC, and thus a zero-growth rate (Caughley,
1977). This density may vary with time. The growth rate of
both black and white rhinos slows as the density approaches
the ECC (Greaver, Ferreira, & Slotow, 2013; Okita-Ouma,
Amin, Van Langevelde, & Leader-Williams, 2010;
Rachlow & Berger, 1998). If the density of a rhino popula-
tion is kept appropriately below ECC, by translocating a
number of rhino to new range, growth rates in the range
predicted by Caughley and Krebs (1983), that is, white rhino
in the region of 7 to 9% and black rhino at 8 to 9% per
annum, can be achieved. Similar results can be achieved by
removing rhino at a constant rate per annum as long as the
removal rate is in the appropriate range (Goodman, 2001).

In the absence of evidence to the contrary it is reasonable
to assume that the sex ratio of natural rhino populations fluc-
tuate around 1:1 (Clutton-Brock & Iason, 1986). This is the
ratio that rhino populations should be managed toward. The
same approach is applicable to the age structure of the popu-
lation where the closer it is to a natural rhino age structure
(e.g., Conway & Goodman, 1989; Goddard, 1970), the more
likely it is to meet conservation objectives. In a highly frag-
mented context with a substantially reduced gene pool and
no natural gene flow, it is important to manage toward a
genetically diverse population of rhino. New knowledge on
the genetic structure and history of individual rhino

populations (e.g., Moodley et al., 2017) should be incorpo-
rated into all population and meta-population management
decisions (Braude & Templeton, 2009; Frankham,
Bradshaw, & Brook, 2014). We recognize that any manage-
ment intervention (veterinary or otherwise) carries risk for
the life of the animal and simply argue that at all times
actions should be taken to keep loss of life to a minimum.

1.8 | Management, policy, and funding
implications

The draft African Rhino Range States' African Rhino Con-
servation Plan (ARRSARCP, 2016) specifically targets
sustained growth of African rhino populations to counter the
impact of loss due to poaching. The national Biodiversity
Management Plans for black and white rhino in
South Africa, which is custodian to over 80% of the conti-
nental rhino population, does likewise (Knight, Balfour, &
Emslie, 2013; Knight, Emslie, Smart, & Balfour, 2015). Yet
there is no framework as to how this should be achieved,
specifically in a protected area which has multiple objectives
which may limit specific interventions which are taken to
achieve rhino conservation goals. The ToC detailed here pro-
vides a framework for achieving the objective of growing
rhino populations at the level of a site and will serve to guide
any protected area manager wishing to counter rhino
poaching losses. A clear consequence of adopting this
approach to rhino population management is the need for a
monitoring program which enables a manager to track pro-
gress and to make appropriate decisions relating to the man-
agement of their area and the rhino populations.

It is possible, in an environment of effective counter-
poaching interventions at a site, that there will be a need to
remove rhino and place them as part of a founder population
in new sites. This raises the need for effective meta-
population management of rhino populations. Meta-
population management of rhino will require coordination
and movement of animals, both nationally and internation-
ally, and this will be best conducted in a policy environment
which articulates a clear governance structure for decision
making and which guides and regulates management inter-
ventions. The adoption of this ToC within a country would
contribute a framework for guiding policy development, and
common adoption among African rhino range states would
extend that to international governance and coordination of
rhino meta-population management and would provide a
mechanism for implementing the draft ARRSARCP (2016).

Although most protected areas in Africa receive some
funding they remain underfunded relative to their objectives
(Brunner, Gullison, & Balmford, 2004). This has led to a sit-
uation where many protected area managers approach
donors in their efforts to boost their financial resources.
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Although donors have historically supported protected areas
by contributing funds to buy equipment, vehicles and uni-
forms, increasingly they are looking to defining desired out-
comes for a protected area, rather than simply funding
inputs. This has led to the development of tools for certifica-
tion or measures of management effectiveness (IUCN &
WCPA, 2016). These tools still do not inform potential
donors of the value or appropriateness of specific interven-
tions which they may be approached to fund. This ToC,
however, provides a clear logic stream between the status
quo and a future desired state. This logic stream can then be
used to develop a specific set of appropriate interventions
and from this a work plan and a costing schedule. By using
this approach, it is clear what is funded through core funding
and what is unfunded. The ToC process thus contributes to
identifying the “funding gap” and provides a significant
opportunity to improve outcomes achieved through the
expenditure made by donors and opens the door to impact
investing which is gaining momentum globally (GIIN
(2019); ZSL (2019)).
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