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Abstract: As landscapes continue to fall under human influence through habitat loss and fragmentation, fencing
is increasingly being used to mitigate anthropogenic threats and enhance the commercial value of wildlife. Sub-
sequent intensification of management potentially erodes wildness by disembodying populations from landscape-
level processes, thereby disconnecting species from natural selection. Tools are needed to measure the degree to
which populations of large vertebrate species in formally protected and privately owned wildlife areas are self-
sustaining and free to adapt. We devised a framework to measure such wildness based on 6 attributes relating to the
evolutionary and ecological dynamics of vertebrates (space, disease and parasite resistance, exposure to predation,
exposure to limitations and fluctuations of food and water supply, and reproduction). For each attribute, we set
empirical, species-specific thresholds between 5 wildness states based on quantifiable management interventions.
We analysed data from 205 private wildlife properties with management objectives spanning ecotourism to
consumptive utilization to test the framework on 6 herbivore species representing a range of conservation
statuses and commercial values. Wildness scores among species differed significantly, and the proportion of
populations identified as wild ranged from 12% to 84%, which indicates the tool detected site-scale differences
both among populations of different species and populations of the same species under different management
regimes. By quantifying wildness, this framework provides practitioners with standardized measurement units that
link biodiversity with the sustainable use of wildlife. Applications include informing species management plans at
local scales; standardizing the inclusion of managed populations in red-list assessments; and providing a platform
for certification and regulation of wildlife-based economies. Applying this framework may help embed wildness
as a normative value in policy and mitigate the shifting baseline of what it means to truly conserve a species.
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Un Marco de Trabajo para Medir el Estado Salvaje de Poblaciones de Vertebrados Mayores bajo Manejo

Resumen: Conforme los paisajes siguen cayendo bajo la influencia del humano por causa de la pérdida del hábitat
y la fragmentación, cada vez se usa más el encercado para mitigar las amenazas antropogénicas o incrementar el
valor comercial de la fauna. La intensificación subsecuente del manejo tiene el potencial para erosionar el estado
salvaje al desincorporar a las poblaciones de los procesos a nivel de paisaje, desconectando aśı a las especies del
proceso de selección natural. Por lo tanto, se necesitan herramientas para medir el grado al cual las poblaciones
de especies de vertebrados mayores dentro de áreas de fauna protegidas y privadas son autosostenibles y libres de
adaptarse. Diseñamos un marco de trabajo para medir dicho estado salvaje con base en seis atributos relacionados
con las dinámicas evolutivas y ecológicas de los vertebrados (espacio, resistencia a las enfermedades y a los
parásitos, exposición a la depredación, exposición a las limitaciones y fluctuaciones en las reservas de agua y
alimentos, y reproducción). Para cada atributo, establecimos umbrales emṕıricos y espećıficos por especie entre
cinco estados salvajes basados en las intervenciones de manejo cuantificables. Usamos datos de 205 propiedades
privadas de fauna con objetivos de manejo que abarcan desde el ecoturismo hasta el uso para consumo para probar
el marco de trabajo en seis especies de herb́ıvoros con una gama de estados de conservación y valores comerciales.
Los puntajes de estado salvaje entre las especies difirieron significativamente y la proporción de poblaciones
identificadas como salvajes osciló del 12% al 84%, lo que indica que la herramienta detectó diferencias a escala de
sitio entre las poblaciones de diferentes especies y las poblaciones de la misma especie bajo diferentes reǵımenes
de manejo. Si cuantificamos el estado salvaje, este marco de trabajo les proporciona a los practicantes las unidades
de medida estandarizadas que vinculan a la biodiversidad con el uso sostenible de la fauna. Las aplicaciones de
este marco de trabajo incluyen informar a los planes de manejo de las especies a escalas locales; estandarizar la
inclusión de las poblaciones manejadas en las evaluaciones de listas rojas; y proporcionar una plataforma para la
certificación y regulación de las economı́as basadas en la fauna. La aplicación de este marco de trabajo puede
ayudar a insertar a la fauna como un valor normativo dentro de la poĺıtica y a mitigar la ĺınea base cambiante de lo
que significa conservar verdaderamente a una especie.

Palabras Clave: dinámicas, fauna, indicador, manejo, poĺıticas, regulación
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Introduction

Fragmentation from road construction, human settle-
ment expansion, and a myriad of associated anthro-
pogenic pressures is bringing wildlife species under hu-
man influence (Peterson et al. 2005; Laurance et al. 2014;
Jones et al. 2018). Many protected area managers across
the world, most notably in southern Africa, Australia,
New Zealand, and the United States, are increasingly
using fencing to respond to these threats (Hayward &
Kerley 2009; Packer et al. 2013; Ringma et al. 2017),
but there are concerns that such confinement under-
mines conservation value by stabilizing abundance at the
expense of broader landscape connectivity (Woodroffe

et al. 2014). Private landowners also use fences to re-
duce business risks and manage the commercial utiliza-
tion of wildlife (Butler et al. 2005; Carruthers 2008;
Mysterud 2010), which includes activities such as trophy
hunting, selective breeding for live sales, meat produc-
tion, and ecotourism (reviewed in Taylor et al. [2015]).
Both conservation- and commerce-oriented paradigms
can thus result in the intensification of management.

Management practices may convert selective pres-
sures from natural to artificial by controlling breeding
(e.g., mate pairing), mortality (e.g., disease control,
hunting or predator removal), access to food and wa-
ter (e.g., supplementary feeding and artificial water-
point construction), and patterns of space use (e.g.,
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perimeter fencing and the installation of enclosures)
(Von Brandis & Reilly 2007; Hetem et al. 2009; Mys-
terud 2010; Taylor et al. 2015; Pitman et al. 2017),
which undermines the fitness of the managed animals
(Jule et al. 2008; Willoughby et al. 2017). Such prac-
tices may ultimately reduce natural variability in pattern
and process and thus homogenize ecological communi-
ties (Clements & Cumming 2017). Because management
strategies exist along a spectrum from captive-breeding
to landscape-scale management, conservationists must
determine at what point wildlife ceases to be wild so
that biodiversity conservation and sustainable develop-
ment can be balanced. Measuring wildness can be used
to evaluate the effectiveness of interventions in conserv-
ing flourishing populations in functioning ecosystems
(Redford et al. 2011) and may also assist policy makers to
foster multifunctional landscapes that provide economic
opportunities but retain biodiversity. Developing tools
that help to quantify and visualize the potential trade-offs
and synergies between these 2 goals will be crucial in
bridging the gap between science and policy.

Wildness concerns the degree to which individuals ex-
ist autonomously in evolutionarily and ecologically func-
tioning populations where genetic and phenotypic di-
versity enables natural selection to produce adaptation
(Moritz et al. 2002; Redford et al. 2011; Mallon & Stanley
Price 2013). The dynamic functional relationships be-
tween and within species sustain biodiversity by creat-
ing niches and generating landscape heterogeneity, thus
establishing feedback loops between ecological and evo-
lutionary processes (Erwin 2008; Laland & Boogert 2010;
Odling-Smee et al. 2013). Cumulatively, these emergent
properties of flux, dynamism, and autonomy can be called
“wildness” (Evanoff 2005; Mallon & Stanley Price 2013;
Pickett 2013), where interactive processing between or-
ganisms and their environment produces resilient sys-
tems (Cookson 2011). Thus, wildness is an integral prop-
erty of ecosystem functioning and potentially ecosystem
service delivery. Wildness, however, does not necessarily
correspond to pristineness. Rather, they can be seen as
orthogonal qualities where the apex of both is wilderness
(Aplet et al. 2000). Specifically, Aplet et al.’s (2000) con-
tinuum of wildness distinguishes between naturalness,
which describes the composition and structure of an
ecosystem, and “freedom from human control,” which
describes the degree of biodiversity being self-willed. It is
this latter quality, as applied to wildlife populations, that
we aimed to describe here. Selective pressures may be
different in human-modified landscapes (“novel ecosys-
tems”; Hobbs et al. 2013), but degrees of wildness can
still occur if species are provided with the opportunity
to adapt to these pressures through natural selection and
fulfill their functional roles within the landscape. Manage-
ment that enables interaction between all components
of the ecosystem will work to “produce wild things”
(Cookson 2011) even within novel environments.

Biodiversity assessments should thus incorporate the
capacity of populations (which we define as geograph-
ically distinct groups between which there is little de-
mographic or genetic exchange), to be self-organized,
self-sustaining, and integrated into an ecosystem. Cur-
rently, there is no standardized, measurable definition
of wildness of a population. For example, the Interna-
tional Union for Conservation of Nature’s (IUCN) Red
List criteria define managed populations as wild if man-
agement aims to counteract human-induced threats or
manage the overall habitat for the long-term persistence
of the population. Conversely, populations dependent on
direct intervention, where they would become locally
extinct within 10 years without management, are not
considered wild (IUCN 2017). These guidelines lack com-
prehensive empirical thresholds that can be used to stan-
dardize wildness evaluations. The vagueness of wildness
as a concept prevents decision makers from establishing
clear interventions and standards relating to species and
land management and may lead to inflated estimates of
conservation success. Given the global push to expand
protected areas, and the simultaneous demands of con-
servation areas to contribute to sustainable development
(Watson et al. 2014; Taylor et al. 2015), evaluating the
effectiveness of these multifunctional landscapes in re-
taining conservation value is becoming a key policy issue.

Decision makers need objective, standardized, and
fine-scale frameworks to both measure wildness and de-
termine at what point management intensity may negate
wildness. The framework should provide information on
wildness for a particular species at a local population
scale, corresponding to the extent of the management
regime or habitat island imposed by artificial barriers
and identify wildness equitably across species, manage-
ment regimes, and land-use types. This requires defin-
ing wildness states, mapping the relevant management
attributes and actions applicable to each state, and delin-
eating quantifiable thresholds between each state. Previ-
ous frameworks have categorized attributes fundamental
to the wildness of populations but without determining
fully quantitative thresholds. Those developed by Leader-
Williams et al. (1997) and Mysterud (2010) distinguish
between wild and nonwild populations and are con-
gruent in their identification of breeding manipulation,
space requirement, harvest selectivity, resource provi-
sion, and predation as key management interventions.
Redford et al. (2011) defined 5 states of conservation suc-
cess along a wildness spectrum. However, this classifica-
tion also cannot be operationalized as a decision-making
tool because the attributes are qualitative and do not
provide species-specific, measurable thresholds to objec-
tively distinguish between states. Additionally, they apply
to the species overall and thus do not provide a platform
for assessing the conservation value of local populations.
We adapted Redford et al.’s (2011) framework to create
a tool that both articulates and measures the wildness
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of populations by quantifying management interventions
that impact on the evolutionary and ecological dynamics
of species.

Methods

Building the Framework

To lay the foundation for a wildness framework, 2 expert
workshops were convened by the South African National
Biodiversity Institute (SANBI) at the Pretoria National
Botanical Gardens in 2015. Thirty experts were invited,
of whom 13 participated in one or more workshop and
3 others commented on draft versions of the framework.
The participants had expertise across a broad spectrum
of relevant wildlife management fields including popula-
tion biology, conservation science, resource economics,
evolutionary biology, natural resource management, and
spatial ecology. Participants were drawn from organiza-
tions representative of wildlife management and policy
development in South Africa. Iterative discussions at the
first workshop produced the prototype framework. Par-
ticipants identified attributes that influence short-term
survival of populations and long-term adaptive poten-
tial of the population overall (reflecting functioning evo-
lutionary processes); defined states along the wildness
spectrum by adapting the Redford et al. (2011) classifica-
tion to a local context and justified the boundary between
wild and nonwild states; listed the potential management
actions or characteristics that influence each attribute
(drawn from field surveys, e.g., Taylor et al. [2015], and
from the experience of the experts); and developed mea-
surable thresholds for each attribute to discern between
states. Species-specific threshold values (home range size,
social group size, and social group composition) in each
habitat type were gleaned from the literature (Supporting
Information).

The prototype framework was then validated at the
second workshop based on a training data set from a
2014 survey sent out to private landowners to support the
revision of the Red List of Mammals of South Africa (Sup-
porting Information). Additional indicator variables for
some attributes were identified to give further empirical
power in determining wildness states and the quantitative
thresholds were recalibrated.

Piloting the Framework

We then piloted the revised framework on 6 herbivore
species that are of conservation concern and have high
value in the South African wildlife industry (breeding for
live sale, trophy hunting and ecotourism); values ranged
from US$1,200 to $38,000 at game auctions in 2014 (F.
Cloete, personal communication): white rhinoceros (Cer-
atotherium simum); tsessebe (Damaliscus lunatus);

bontebok (Damaliscus pygargus pygargus); mountain
zebra (Equus zebra); roan antelope (Hippotragus equi-
nus); and sable antelope (Hippotragus niger). The poten-
tial trade-off between conservation and commercial goals
for these species thus provided an opportunity to test the
efficacy of the framework in identifying wild populations
across a range of management goals. We used a com-
prehensive data set on the management systems of 205
private wildlife areas (hereafter properties) comprising
structured interviews conducted between 2014 and 2015
across South Africa (Taylor et al. 2015). These properties
pertain to landowners utilizing wildlife on a commer-
cial basis. Management regimes ranged from intensive
breeding to extensive ecotourism and sizes ranged from
0.9 to 1030 km2. Many properties have mixed economic
portfolios with management regimes that vary according
to the species (Taylor et al. 2015). Because all properties
in the data set are fenced, we considered the property
boundary to define a population of each species because
movement is limited between properties aside from de-
liberate translocation. The data set included information
relevant to all identified attributes, including property
variables (size, location, land-use type, and fencing pat-
terns); herbivore species composition and abundance;
predator species composition; and management interven-
tions, including veterinary care, supplementary feeding
and water provision, predator control, intensive breed-
ing, hunting, and habitat management practices.

Applying the Framework

Once we developed the framework, we applied the data
from Taylor et al. (2015) to assess the wildness of pop-
ulations belonging to the focal species. For each pop-
ulation, the attributes were scored by evaluating the
data against the thresholds between wildness states. For
each attribute, a score was assigned on an ordinal scale;
the least wild state scored 1. The final wildness score
for each population was calculated as the median value
across attribute scores (details in Supporting Informa-
tion). Interquartile ranges (IQR) were used to express
the variation around wildness scores, both on a pop-
ulation and species level. We then tested whether the
distribution of wildness scores across populations was
significantly different between species with Mood’s me-
dian test. The explanatory power of both population size
and property size in determining the wildness status of a
population was tested using ordered logistic regression.
Species identity was included as a factor in the model to
determine species-specific effects (details in Supporting
Information). All analyses were performed in R version
3.4.2 (R Core Team 2014).
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Table 1. Definition of identified attributes relating to the evolutionary and ecological dynamics of managed populations and their key quantifiable
indicator variables used to set threshold values between wildness states.

Attribute Definition Reference∗ Indicator variables

Space facilitates coexistence and niche
differentiation and adaptation
through microhabitat use and
habitat partitioning; allows
populations to meet nutritional
requirements across seasons;
enables intraspecific interactions
between social units (e.g.,
breeding and competition),
interspecific interactions (e.g.,
predator-prey dynamics), and
interactions with abiotic
components of the landscape (e.g.,
ecological engineering)

Walker et al. 1987; Jule et al.
2008; Hayward & Kerley
2009; Jackson et al. 2014

home range size of species in
specific biome or habitat

dispersal capacity of species
deduced by fence type and
surrounding land use
compatibility

Disease and parasite
resistance

major role in regulating and creating
biodiversity through coevolution;
periodic disease outbreaks
important population control
mechanism; biodiversity loss
exacerbates spread of infectious
diseases

Altizer et al. 2003; Fincher
& Thornhill 2008;
Pongsiri et al. 2009

frequency, extent, and
purpose of veterinary care
(preventing all diseases
versus preemptive
vaccination against
non-native diseases)

Exposure to natural
predation

predation plays a top-down role in
sustaining biodiversity.
Predator-prey relationships are
important drivers of evolution,
creating trait diversity and new
species, and enhance overall
biodiversity through the creation
of landscapes of fear. Intraguild
competition within the predator
community has large effects on
predator population dynamics.

Linnell & Strand 2000; Creel
2001; Ripple et al. 2001;
Yoshida et al. 2003;
Thomson et al. 2006;
Creel et al. 2007; Oro
et al. 2013; Sandom et al.
2013; McArthur et al.
2014; Owen-Smith 2015;
Terborgh 2015

presence or absence of
predators

functional composition of
predator community

frequency of exposure to
predators

Exposure to natural
food limitations
and fluctuations

exposure to fluctuations in food
availability, or resource pulses,
influences evolution by driving
diversity of life-history traits and
thus facilitates the coexistence of
ecological communities, especially
when synergizing with the effects
of predation. Limited food
availability regulates population
sizes and enhances community
diversity.

Walker et al. 1987; Bond &
Loffell 2001; Schmidt &
Hoi 2002; Chesson et al.
2004; Peterson et al.
2005; Blanchong et al.
2006; Yang et al. 2008;
Bishop et al. 2009

presence or absence of food
provisioning

frequency of food provision
presence or absence of habitat

modifications for production
or ecosystem restoration

population inside or outside
native range

Exposure to natural
water limitations
and fluctuations

migrations and dispersals forced by
water fluctuations are critical for
ecosystem functioning as
individuals will transport nutrients,
energy, and other organisms
between locations and enable
ecological interactions between
species in both space and time.
Subsequent range expansions can
feed back into evolutionary
processes. Limited water
availability regulates population
sizes and enhances community
diversity.

Walker et al. 1987;
Owen-Smith 1996;
Gaylard et al. 2003;
Peterson et al. 2005; Smit
et al. 2007; Bauer & Hoye
2014; Fronhofer &
Altermatt 2015; Selebatso
et al. 2018

even versus clumped
distribution of water points,
average interpoint distance

frequency of water provision
at artificial water points
(pumped year-round or
collects water seasonally)

Continued

Conservation Biology
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Table 1. Continued.

Attribute Definition Reference∗ Indicator variable

Reproduction competition for mates determines
what alleles are passed onto the
next generation and at what
frequencies, thus influencing
evolutionary trajectories. Spatial
and temporal variability in habitat
and climate helps conserve genetic
diversity because natural selection
ensures individuals with the best
chance to survive and reproduce
in a particular setting will do so
most successfully. This engenders
adaptive capacity within the
population and resilience to the
population overall.

Jarman 1974; Price 1984;
Allendorf et al. 2001;
McPhee 2004; Olden
et al. 2004; Von Brandis
& Reilly 2007; Allendorf
et al. 2008; Jule et al.
2008; Mysterud et al.
2008; Hetem et al. 2009;
Champagnon et al. 2012;
Willoughby et al. 2017

degree of breeding
competition control

degree of mate selection
control

off-take or augmentation
strategy selective or
nonselective

∗
References are not exhaustive but rather emblematic of the research supporting the importance of the listed attributes.

Results

The Framework

Six linked attributes relating to evolutionary and ecologi-
cal dynamics were identified as contributing to the wild-
ness of a population (Table 1). The attributes were then
used to characterize 5 states along the wildness spectrum
(Table 2): captive managed (CM), intensively managed
(IM), simulated natural (SN), near natural (NN), and self-
sustaining (SS). The quantifiable variables for each at-
tribute from Table 1 were then converted into empirical
thresholds (binary and continuous) to delineate between
states (see framework summary in Table 3). The division
between nonwild and wild states was drawn between IM
and SN (Table 2), meaning that CM and IM states were
nonwild and received a wildness score of 1 and 2, re-
spectively, whereas SN, NN, and SS were defined as wild
states and received scores of 3, 4, and 5, respectively.
Thus, a population was considered wild if the median
score across attributes was �3.

Framework Application

The wildness scores varied considerably for each species
across the sampled properties. The distribution of wild-
ness states between species yielded significant differ-
ences (Mood’s median test, χ2 = 89.7, df = 5, p < 0.05)
(Fig. 1). Three species had median scores of �3 (wild),
and 3 species had median scores of <3 (nonwild). At the
population level, 186 populations were analyzed across
the 6 focal species; 63 (34%) populations were wild. Most
populations (102, 55%) exhibited low variation across at-
tribute scores (IQR <1), and 134 (72%) populations pos-
sessed a wildness score and IQR that fell entirely within
either wild or nonwild states. The proportion of wild
populations among species ranged from 12% (Hippotra-
gus equinus) to 84% (Ceratotherium simum) (Fig. 1

& Supporting Information). Wildness states of species
were not entrained by property identity: of 23 properties
where 3 or more of the focal species co-occurred, 74% (n
= 17) of the properties contained both wild and nonwild
populations for different species, meaning the same prop-
erty contained some species that were considered wild
and some that were not. Wildness scores did not correlate
with population size (ordered logistic regression model
p = 0.21), but did correlate with property size across
species (p < 0.01). Smaller areas generally had lower
wildness scores, but the effect was species dependent
(Supporting Information).

Discussion

We defined CM and IM states as nonwild because manage-
ment influences reproduction, mortality, and resource
requirements of all individuals directly. Conversely, SN,
NN, and SS states were considered wild and characterized
by management at the population or landscape scale.
The division thus marked the difference between ensur-
ing short-term survival of a population versus facilitat-
ing its long-term resilience. For natural selection to be
the primary driver in managed ecosystems, animals must
be allowed to die and thrive in spatially and temporally
explicit cycles linked to nonequilibrium landscape-level
processes (Pickett 2013). The attributes relate to the po-
tential of a population to experience fluxes in landscape-
level patterns and processes relating to resource distri-
bution, intra- and interspecific competition, and environ-
mental conditions. Populations characterized as wild are
thus more likely to be functionally diverse and contribute
to local ecosystem functioning (e.g., Gagic et al. 2015).

Although previous conceptual frameworks laid the
foundations for assessing the wildness of populations
(Leader-Williams et al. 1997; Mysterud 2010; Redford
et al. 2011), ours is the first to set comprehensive
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Table 2. A description of the wildness states adapted from Redford et al. (2011) during the expert workshops and a summary of the predicted
effects on short-term survival and long-term resilience of a population.

Wildness state Definition
Effects on short-term

survival Effects on long-term resilience

Captive managed there is total control over individuals
and populations in breeding
camps. Animals will die at this
location without continual
management. Social dynamics and
resource fluctuations negated by
management.

population completely
dependent on
provisioning and
veterinary care. Will die
within days without
intervention.

selective breeding negates
adaptation and undermines the
adaptive capacity of the
population.

Intensively managed direct human intervention at the
individual or population levels or
both. Social dynamics and resource
requirements actively manipulated;
thus, mate selection occurs in an
artificial setting with limited
opportunity for adaptation to the
natural environment. Resource
fluctuation negated by
provisioning in times of nutritional
stress. These populations may exist
in semiextensive systems (as
opposed to breeding camps) but
with conditions controlled to
benefit the focal species. This
category includes captive breeding
for conservation.

more individuals may be
present than can
naturally be supported.
Veterinary care provided
continuously and
nonselectively in
landscape. Population
may be nonviable
without provisioning and
thus may become locally
extinct within 10 years
without human
intervention.

only selected ecological
interactions allowed, typically
to maximize production of
specific traits. Selective
breeding or mate selection
under nonnatural conditions
dominates so population may
not become adapted to the
environment. Adaptation and
adaptive capacity thus severely
limited.

Simulated natural limited but specific set of
interventions to sustain
populations and mitigate extrinsic
factors (e.g., metapopulation
management). Management aimed
at reducing the impact of humans
(i.e., habitat fragmentation, fences
and illegal trade) at population
level, rather than focusing on the
individual. Inability to maintain
viable and self-sustaining
populations without long-term,
periodic management of habitat
and extrinsic factors. Social and
resource requirements thus need
punctuated intervention. No
deliberate interference with mate
selection although indirectly
affected through harvesting or
hunting of breeding individuals.
Management is aimed at simulating
natural processes through hunting,
harvesting, and translocation.

no resource provisioning to
individuals except under
severe conditions where
ordinarily animals would
disperse. Veterinary care
is in response to
nonnative diseases.
Number of individuals is
close to what can be
supported naturally
(without intervention).
Population likely to
become extinct over
time.

most ecological interactions are
functional but links may be
missing due to absence of
certain species or habitats.
Limited movement occurs
across the landscape and there
is limited dispersal between
populations.

Near natural (NN) very few interventions, all of which
are directed at long-term
ecosystem-process management
and not at either specific
individuals or populations. Social
requirements of the population are
met, but resource requirements
may be altered in response to
anthropogenically induced
limitations. No deliberate
interference with mate choice
because management aims to
sustain long-term ecosystem
processes.

food provisioning is very
occasional. Space is
sufficient for the species
to survive amidst
environmental
fluctuations (through
die-offs if necessary).
Major unnatural
disturbances are
mitigated periodically.

evolutionary process functioning
in a near natural setting with
mate choice unimpeded by
human artifact. However,
long-term resilience may still
need assistance through
periodic translocation between
areas to ensure gene flow.

Continued
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Table 2. Continued.

Wildness state Definition
Effects on short-term

survival Effects on long-term resilience

Self-sustaining no deliberate human interference to
sustain or increase the population.
However, there may be, or may
have been, indirect human
influence to which the population
has adapted (.e.g., black-backed
jackals [Canis mesomelas] on
farmland in South Africa). Social
and resource requirements are
met.

no direct provisioning.
Space is sufficient for the
species to survive amidst
environmental
fluctuations (through
die-offs if necessary).
Population self-sustaining
under current conditions.

ecological and evolutionary
dynamics unimpeded. Dispersal
and migration are possible such
that natural selection is
operating and adaptive capacity
is sustained in the population.

Figure 1. Distribution of wildness scores across properties for each species where the threshold for net wild
populations is a median score of �3 (horizontal dotted line) (boxes, interquartile range (IQR); bold line, median;
dotted lines, minima and maxima). The median wildness scores (and IQR) of each species are Ceratotherium
simum 3.5 (3–4) (n = 25); Damaliscus lunatus 3 (2.5–3) (n = 23); Damaliscus pygargus pygargus 2.3 (2–3) (n = 18);
Equus zebra 3 (2.1–3.5) (n = 18); Hippotragus equinus 2 (1.5–2.5) (n = 26); and Hippotragus niger 2 (1–2) (n = 76).

empirical thresholds between wildness states. We took
these foundational frameworks a step further by testing
whether their theoretical underpinnings had efficacy as
a regulatory tool. We found significant differences in the
median wildness scores of the 6 pilot species, possibly
covarying negatively with commercial value (Dalerum &
Miranda 2016; Supporting Information), which demon-
strates the ability of the tool to delineate broad patterns
between species under different management regimes.
Each species exhibited both wild and nonwild popula-
tions (where the proportion of wild populations ranged
from 12% to 84% across species) across a range of man-
agement systems, indicating that the tool can detect dif-
ferences between populations of the same species on

differently managed properties. Similarly, populations of
different species co-occurring on the same property often
spanned wild and nonwild states. These patterns indicate
that wildness would be underestimated if deduced from
the commercial value of species or top-down land-use
classifications. Conversely, wildness would be overesti-
mated if population size was used as a proxy because our
preliminary results showed that local abundance did not
necessarily correlate with wildness, which may be due to
managers using intensive management to increase num-
bers for commercial goals. This framework thus enables a
bottom-up quantification of wildness, avoiding the pitfalls
of qualitative classifications, and can detect differences
in wildness patterns between species overall; between

Conservation Biology
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Table 3. Summary of the framework used to determine the wildness state of managed populations. Empirical thresholds between each wildness
state are shown for each attribute.

Thresholds∗

Attribute captive managed
intensively
managed simulated natural near natural self-sustaining

Space single species
camps

area <1 home
range unit

area �1 home
range unit

area �2 home
range units

home range units
of area > no.
social groups
present

camp (internal)
fence:
electrified or
impermeable

electrified game
perimeter fence

meshed or
stranded
perimeter fence
with artificial
passageways

perimeter cattle
fence with
artificial
passageways

no fence or
perimeter cattle
fence with
artificial
passageways

Disease and
parasite
resistance

veterinary care
continuous
direct to all
individuals
(including
antibiotics) to
mitigate native
and non-native
diseases

veterinary care
permanent
preventative
measures in
landscape (e.g.,
Duncan
applicators and
dips) to mitigate
native and
non-native
diseases

veterinary care ad
hoc, including
preventative
vaccination
against native
and non-native
diseases

veterinary care ad
hoc, including
preventative
vaccination
against
non-native
diseases

no disease control

Exposure to
natural
predation

0 small-predator
species
(excluded or
removed)

0 mesopredator
species
(excluded or
removed)

0 apex predator
species
(excluded or
removed)

�1 small predator
species,
continual
exposure

�1 mesopredator
species,
occasional
exposure
(removed)

0 apex predator
species
(excluded or
removed or
absent)

�3 small predator
species,
continual
exposure

�2 mesopredator
species,
continual
exposure
(removed ad
hoc)

�1 apex predator
species,
occasional
exposure
(removed ad
hoc, controlled
or absent)

�3 small predator
species,
continual
exposure

�2 mesopredator
species,
continual
exposure

�1 apex predator
species,
continual
exposure
(removed ad
hoc)

�3 small predator
species,
continual
exposure

�2 mesopredator
species,
continual
exposure

�2 apex predator
species,
continual
exposure

Exposure to
natural food
limitations
and
fluctuations

continuous food
provision to all
individuals in
enclosures

>1 supplementary
feeding events
per year on
average; salt
licks

1 supplementary
feeding event
per year on
average

<1 supplementary
feeding event
per year on
average

no supplementary
feeding

no access to
natural habitat

�1 habitat
modification for
production

1 habitat
restoration
intervention

2 habitat
restoration
interventions

�3 habitat
restoration
interventions

population outside
indigenous
range

population outside
indigenous
range

population inside
or outside
indigenous
range

population inside
indigenous
range

population inside
indigenous
range

Exposure to
natural water
and
limitations
and
fluctuations

�1 water point
per encamped
animal group

�1 water point
per home-range
unit, even
spacing

<1 water point
per home range
unit, even
spacing

<0.5 water point
per home range
unit,
asymmetrical
spacing

<0.25 water point
per home range
unit,
asymmetrical
spacing

Continued
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Table 3. Continued.

Thresholds∗

Attribute captive managed
intensively
managed simulated natural near natural self-sustaining

100% artificial
water points,
continuous
availability

�50% artificial
water points,
continuous
availability

<50% artificial
water points,
mixed
availability

<25% artificial
water points,
seasonal
availability

100% natural
water points,
seasonal
availability

Reproduction 1 breeding male
per enclosure

population size
<1 social unit
(= 1 breeding
male)

population size =
1 social unit (�2
breeding males)

population size
�2 social units
(multiple
breeding males)

population size
�3 social units
(multiple social
groups)

individuals
matched and
selected for
specific traits
(controlled
breeding);
presence of
non-native
subspecies or
ecotypes

intensive breeding
for production,
periodically
replacing
breeding stock;
presence of
non-native
subspecies or
ecotypes

individuals not
matched or
selected, but
limited mate
choice de facto
from small
population size;
absence of
non-native
subspecies or
ecotypes

no breeding
manipulation,
mate choice
uninhibited, but
some
demographic
processes may
be lacking;
absence of
non-native
subspecies or
ecotypes

no breeding
manipulation,
mate choice
uninhibited, all
demographic
processes
functioning,
absence of
non-native
subspecies or
ecotypes

selective off-take
or augmentation
of individuals
with specific
genotypes (e.g.
via stud books)

selective off-take
or augmentation
of individuals
with specific
traits

selective off-take
or augmentation
of individuals to
simulate
dispersal (e.g. as
part of
metapopulation
strategy)

non-selective
off-take or
augmentation
(based on
postreproduc-
tive age where
appropriate)

non-selective
off-take (based
on postrepro-
ductive age
where
appropriate); no
augmentation
following initial
reintroduction

∗
The division between wild and nonwild populations is drawn between simulated natural and intensively managed, respectively. For each

population, scores are assigned to each attribute based on the thresholds. The score corresponds to the wildness state on an ordinal scale (captive
managed—1 to self-sustaining—5). Net wildness score of the focal population is calculated as the median of the attribute scores.

populations on properties under different management
regimes; and between populations of different species
on the same property. This will enable policy makers
to produce more meaningful national assessments and
provide a fine-scale species management planning and
auditing tool.

In line with species conservation guidelines (IUCN
2017), we consider wild populations within their indige-
nous range as possessing conservation value. The frame-
work can be used to objectively identify populations that
contribute to the conservation of the species and thus
included in IUCN Red List assessments, thereby mitigat-
ing the often subjective interpretation of the guidelines
by different assessors (Hayward et al. 2015). Captive-
breeding programs for populations of threatened species
managed outside their indigenous range (e.g., due to se-
curity threats or lack of natural habitat) may also have
conservation value and here the framework can be ap-
plied to ensure the population remains as wild as pos-
sible to facilitate successful reintroduction. Populations
outside their natural range, which are not considered
of conservation value, can still benefit from the frame-

work by using it to facilitate ecological land management
for broader biodiversity benefits. Similarly, because this
framework measures the viability of populations, it may
also have utility in the newly developed IUCN Green
List of species (Akçakaya et al. 2018), particularly in
quantifying and standardizing the ecological functionality
parameter.

Discerning between wild and nonwild populations will
allow policy makers to create multifunctional landscapes
where wildlife can both provide socioeconomic opportu-
nity and sustain ecological processes. For example, there
is increasing pressure on the hunting industry to demon-
strate that the quarry is free-roaming and that hunting
contributes to maintenance of wild populations of in-
digenous species and their habitats, which has resulted
in the proposal of a certification scheme for informing
consumer choice (Wanger et al. 2017). Evaluating wild-
ness could thus contribute to the green economy be-
cause the framework provides a mechanism to deliver
market information to consumers of ecotourism or tro-
phy hunting who are concerned about the sustainabil-
ity and authenticity of their experience. Additionally,

Conservation Biology
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nonwild populations provide economic value in their
contribution to the rural economy and food security
through game meat markets and associated services
(Mysterud 2010; Taylor et al. 2015). Although a prop-
erty owner may be specializing in intensive breeding
for a certain species, the rest of the property may be
extensive and provide conservation benefits for other
species. Quantifying the possible trade-offs between bio-
diversity and economic activity on landscape scales can
help decision makers design incentives and landowner
regulations.

Although our framework does not explicitly link to
indices of natural habitat, intactness, or productivity, the
wildness scores can be aggregated for each property or
protected area (if a standardized set of species is assessed)
and incorporated into broader biodiversity assessments
at landscape scales. For example, the wildness scores
can be incorporated into landscape-scale indicators that
measure wilderness characteristics (Carver et al. 2013) to
prioritize areas for protected-area expansion or corridor
creation.

This framework is currently most applicable to pop-
ulations of large vertebrate species that may be directly
affected by management activities (smaller species with
high mobility and small home ranges would likely be
classified as self-sustaining). Large vertebrates possess
economic value (both consumptive and nonconsumptive
use) and are thus most often the focal points of man-
agement plans and conservation strategies. The way in
which they are managed is likely to have ramifications
for other species and the ecosystem as a whole (i.e.,
umbrella species). The attribute scores provide a diagnos-
tic to design appropriate conservation-oriented manage-
ment plans. For example, protected area managers may
use the framework to modify management effectiveness
templates so that the data more accurately incorporate
the possible effects of management on species. Although
our data set included private protected areas, future work
will survey statutory protected areas to provide base-
line wildness evaluations and management effectiveness
indicators.

The framework can also be modified to suit user needs.
For it to be widely applied across geographic regions
and land management systems around the world, it must
become less data intensive. Once a larger sample size has
been obtained, attributes that covary can be identified
and redundant variables removed in favor of the covariate
that is easier to measure to produce a data-light version
of the framework. For example, intensive breeding and
veterinary care may covary because both are used by
managers to produce disease-free Cape buffalo (Syncerus
caffer caffer) (Laubscher & Hoffman 2012), meaning data
on either reproduction or veterinary care may be used as
a proxy for the other.

Similar to reducing the attribute load of the framework,
the relative explanatory power of each management vari-

able should be explored through statistical modeling and
weighted accordingly because some may be more im-
portant in determining wildness. For example, as one of
the main mechanisms of natural selection is competition
for scarce resources, supplementary feeding may more
directly influence the evolutionary dynamics of species
than other attributes (reviewed in Oro et al. 2013). Space
is also likely to be more influential because wildness
scores are negatively correlated with decreasing property
size, which is expected because smaller areas require
more intensive management. Determining property size
thresholds for species of varying body sizes, below which
all populations of a particular species can be considered
nonwild, will reduce processing time in applying the
framework.

A major theme for future research must focus on
ground-truthing the wildness states quantified through
the framework. Current evidence demonstrates that
captive-bred animals have reduced fitness in unmanaged
landscapes (McPhee 2004; Jule et al. 2008; Willoughby
et al. 2017), but much work remains to measure the
long-term effects of various management intensities on
the survival and adaptive capacity of populations across
species. One approach is measuring population-level indi-
cators of evolutionary and ecological functioning, such as
genetic and trait diversity, and the persistence probability
of the population when management interventions are
removed or when animals originating from various wild-
ness states are reintroduced into unmanaged areas. We
expect animals at the lower end of the wildness spectrum
to have lower chance of long-term persistence, whereas
animals at the higher end should have increasingly higher
probabilities of survival and persistence over time be-
cause these populations should have retained relatively
more adaptive capacity. Collecting these data would en-
able calibration of the threshold values, which could
lead to collapsing or expanding the number of wildness
states.

Because wildlife is increasingly brought under human
influence, embedding an empirical evaluation of wild-
ness into regulatory processes becomes paramount to
counteract the shifting baseline syndrome of the con-
servation ideal: evolutionary and ecologically dynamic
species integrated into functioning ecosystems. Our
framework standardizes the measurement of the wild-
ness of managed large vertebrate populations at the prop-
erty scale and conceptually aligns management with the
overarching goal of sustaining biodiversity and ecosys-
tem functioning. The quantification of wildness also has
importance beyond technical measurement for policy
and assessment purposes because it represents a more
positive and creative conservation agenda. If conser-
vation ideals are not articulated, measured, and main-
streamed, the world will be composed of little more than
megalopolises, technogardens, and zoos bereft of the
wildness needed to sustain human imagination.
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Akçakaya HR, Bennett EL, Brooks TM, Grace MK, Heath A, Hedges S,
Hilton-Taylor C, Hoffmann M, Keith DA, Long B. 2018. Quantify-
ing species recovery and conservation success to develop an IUCN
Green List of Species. Conservation Biology 32:1128–1138.

Allendorf FW, England PR, Luikart G, Ritchie PA, Ryman N. 2008.
Genetic effects of harvest on wild animal populations. Trends in
Ecology & Evolution 23:327–337.

Allendorf FW, Leary RF, Spruell P, Wenburg JK. 2001. The problems
with hybrids: setting conservation guidelines. Trends in Ecology &
Evolution 16:613–622.

Altizer S, Harvell D, Friedle E. 2003. Rapid evolutionary dynamics
and disease threats to biodiversity. Trends in Ecology & Evolution
18:589–596.

Aplet G, Thomson J, Wilbert M. 2000. Indicators of wildness: using
attributes of the land to assess the context of wilderness. Pages
89–98 in McCool SF, Cole DN, Borrie WT, O’Loughlin J, editors.
Proceedings RMRS-P-15-VOL-215. U.S. Department of Agriculture,
Forest Service, Rocky Mountain Research Station, Ogden, Utah.

Bauer S, Hoye BJ. 2014. Migratory animals couple biodiversity and
ecosystem functioning worldwide. Science 344:1242552.

Bishop CJ, White GC, Freddy DJ, Watkins BE, Stephenson TR. 2009.
Effect of enhanced nutrition on mule deer population rate of change.
Wildlife Monographs 172:1–28.

Blanchong JA, Scribner KT, Epperson BK, Winterstein SR. 2006.
Changes in artificial feeding regulations impact white-tailed deer
fine-scale spatial genetic structure. Journal of Wildlife Management
70:1037–1043.

Bond WJ, Loffell D. 2001. Introduction of giraffe changes acacia dis-
tribution in a South African savanna. African Journal of Ecology
39:286–294.

Butler MJ, Teaschner AP, Ballard WB, McGee BK. 2005. Wildlife ranch-
ing in North America—arguments, issues, and perspectives. Wildlife
Society Bulletin 33:381–389.

Carruthers J. 2008. “Wilding the farm or farming the wild”? The evo-
lution of scientific game ranching in South Africa from the 1960s
to the present. Transactions of the Royal Society of South Africa
63:160–181.

Carver S, Tricker J, Landres P. 2013. Keeping it wild: mapping wilder-
ness character in the United States. Journal of Environmental Man-
agement 131:239–255.

Champagnon J, Elmberg J, Guillemain M, Gauthier-Clerc M, Lebreton
J-D. 2012. Conspecifics can be aliens too: a review of effects of
restocking practices in vertebrates. Journal for Nature Conservation
20:231–241.

Chesson P, Gebauer RL, Schwinning S, Huntly N, Wiegand K, Ernest
MS, Sher A, Novoplansky A, Weltzin JF. 2004. Resource pulses,
species interactions, and diversity maintenance in arid and semi-
arid environments. Oecologia 141:236–253.

Clements HS, Cumming GS. 2017. Positives and pathologies of natural
resource management on private land-conservation areas. Conser-
vation Biology 31:707–717.

Cookson LJ. 2011. A definition for wildness. Ecopsychology 3:187–193.
Creel S. 2001. Four factors modifying the effect of competition on

carnivore population dynamics as illustrated by African wild dogs.
Conservation Biology 15:271–274.

Creel S, Christianson D, Liley S, Winnie JA. 2007. Predation risk affects
reproductive physiology and demography of elk. Science 315:960–
960.

Dalerum F, Miranda M. 2016. Game auction prices are not related to
biodiversity contributions of southern African ungulates and large
carnivores. Scientific Reports 6:21922.

Erwin DH. 2008. Macroevolution of ecosystem engineering, niche con-
struction and diversity. Trends in Ecology & Evolution 23:304–310.

Evanoff RJ. 2005. Reconciling realism and constructivism in environ-
mental ethics. Environmental Values 14:61–81.

Fincher CL, Thornhill R. 2008. A parasite-driven wedge: infectious dis-
eases may explain language and other biodiversity. Oikos 117:1289–
1297.

Fronhofer EA, Altermatt F. 2015. Eco-evolutionary feedbacks during
experimental range expansions. Nature Communications 6:6844.

Gagic V, et al. 2015. Functional identity and diversity of animals pre-
dict ecosystem functioning better than species-based indices. Pro-
ceedings of the Royal Society of London B: Biological Sciences
282:20142620.

Gaylard A, Owen-Smith N, Redfern J. 2003. Surface water availability:
implications for heterogeneity and ecosystem processes. Pages 171–
188 in du Toit JT, Rogers KH, Biggs HC, editors. The Kruger expe-
rience: ecology and management of savanna heterogeneity. Island
Press, Washington, D.C.

Hayward MW, Child MF, Kerley GIH, Lindsey PA, Somers MS,
Burns B. 2015. Ambiguity in guideline definitions introduces
assessor bias and influences consistency in IUCN Red List
status assessments. Frontiers in Ecology and Evolution 3.
https://doi.org/10.3389/fevo.2015.00087.

Hayward MW, Kerley GI. 2009. Fencing for conservation: Restriction
of evolutionary potential or a riposte to threatening processes? Bio-
logical Conservation 142:1–13.

Hetem RS, de Witt BA, Fick LG, Fuller A, Kerley GI, Meyer LC,
Mitchell D, Maloney SK. 2009. Body temperature, thermoregula-
tory behaviour and pelt characteristics of three colour morphs
of springbok (Antidorcas marsupialis). Comparative Biochemistry
and Physiology Part A: Molecular & Integrative Physiology 152:
379–388.

Conservation Biology
Volume 33, No. 5, 2019

https://doi.org/10.3389/fevo.2015.00087


1118 Wildness of Managed Populations

Hobbs RJ, Higgs ES, Hall C, editors. 2013. Novel ecosystems: intervening
in the new ecological world order. John Wiley & Sons, London,
United Kingdom.

IUCN (International Union for Conservation of Nature). 2017. Guide-
lines for using the IUCN Red List categories and criteria. Ver-
sion 13. Standards and Petitions Subcommittee, IUCN, Gland,
Switzerland.

Jackson CR, Power RJ, Groom RJ, Masenga EH, Mjingo EE, Fyumagwa
RD, Røskaft E, Davies-Mostert H. 2014. Heading for the hills: risk
avoidance drives den site selection in African wild dogs. PLOS ONE
9 (e99686) https://doi.org/10.1371/journal.pone.0099686.

Jarman PJ. 1974. The social organisation of antelope in relation to their
ecology. Behaviour 48:215–267.

Jones KR, Venter O, Fuller RA, Allan JR, Maxwell SL, Negret PJ, Wat-
son JEM. 2018. One-third of global protected land is under intense
human pressure. Science 360:788–791.

Jule KR, Leaver LA, Lea SEG. 2008. The effects of captive experience
on reintroduction survival in carnivores: a review and analysis. Bio-
logical Conservation 141:355–363.

Laland KN, Boogert NJ. 2010. Niche construction, co-evolution and
biodiversity. Ecological Economics 69:731–736.

Laubscher L, Hoffman L. 2012. An overview of disease-free buffalo
breeding projects with reference to the different systems used in
South Africa. Sustainability 4:3124–3140.

Laurance WF, et al. 2014. A global strategy for road building. Nature
513:229–232.

Leader-Williams N, Brett RA, Brooks M, Craig I, du Toit RF, Emslie
RH, Knight MH, Stanley-Price MR, Stockil O. 1997. A scheme for
differentiating and defining the different situations under which
live rhinos are conserved. Pachyderm 23:24–28.

Linnell JDC, Strand O. 2000. Interference interactions, co-existence and
conservation of mammalian carnivores. Diversity and Distributions
6:169–176.

Mallon DP, Stanley Price MR. 2013. The fall of the wild. Oryx 47:467–
468.

McArthur C, Banks PB, Boonstra R, Forbey JS. 2014. The dilemma of
foraging herbivores: dealing with food and fear. Oecologia 176:677–
689.

McPhee EM. 2004. Generations in captivity increases behavioral vari-
ance: considerations for captive breeding and reintroduction pro-
grams. Biological Conservation 115:71–77.

Moritz C, Funk V, Sakai AK. et al. 2002. Strategies to protect biological
diversity and the evolutionary processes that sustain it. Systematic
Biology 51:238–254.

Mysterud A. 2010. Still walking on the wild side? Management actions
as steps towards “semi-domestication” of hunted ungulates. Journal
of Applied Ecology 47:920–925.

Mysterud A, Bonenfant C, Loe LE, Langvatn R, Yoccoz NG, Stenseth
NC. 2008. The timing of male reproductive effort relative to female
ovulation in a capital breeder. Journal of Animal Ecology 77:469–
477.

Odling-Smee J, Erwin DH, Palkovacs EP, Feldman MW, Laland KN. 2013.
Niche construction theory: a practical guide for ecologists. The
Quarterly Review of Biology 88:3–28.

Olden JD, LeRoy Poff N, Douglas MR, Douglas ME, Fausch KD. 2004.
Ecological and evolutionary consequences of biotic homogeniza-
tion. Trends in Ecology & Evolution 19:18–24.

Oro D, Genovart M, Tavecchia G, Fowler MS, Mart́ınez-Abráın A. 2013.
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