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Introduction
Prey-predator interaction is among the major evolutionarily 

and ecological forces which play imperative role to determine the 
distribution, abundance, habitat selection, behaviour, fitness, and 
population dynamics of different species in a biotic community.1–5 
Such kinds of interaction are crucial to understanding the ecological 
and evolutionarily relationships, pathways, and co-evolution between 
prey and predator species in an ecological system. Moreover, it can 
increase our insights to discern the attributes of ecosystems, including 
structure, function, interactions-interdependence, heterogeneity, 
complexity, spatial, and temporal dynamics. It is also relevant to 
develop an insight on how natural selection shapes the morphology, 
behaviour, anatomy, and physiology of prey versus predator species. 
On top of these, such kinds of knowledge are important to understand 
how energy flows and matter cycles through the various trophic 
levels in an ecosystem.6,7 All these insights and knowledge in turn 
help conserve and manage wildlife, including saving the endangered 
species from extinction, and also to sustainably utilize the biodiversity 
found in an area.

Ecological carrying capacity can be arbitrarily defined as the 
optimum number of individuals (i.e. all sex-age classes) of a species 
that an environment can support over time through the provision 
of essential habitat requirements, including space, energy, water, 
nutrients, oxygen, food, cover, nesting site, and the like. Therefore, 
knowledge and insights on the ecological carrying capacity of a 
predator species is crucial for the conservation and management of 

an enclosed wildlife protected area.8 An enclosed wildlife protected 
area is to mean that the wildlife reserve is self-sustaining and there 
is no influx of wild animals to come from outside or losses to the 
outside. There are various theoretical and empirical quantitative 
models that help predict and determine the ecological carrying 
capacity of a predator species in an enclosed system.8–18 However, a 
central challenge in wildlife ecology is to develop quantitative model 
that faithfully captures all important mechanistic details of natural 
systems that are required in making reliable and valid predictions on 
the ecological carrying capacity of a predator species in an enclosed 
system. This is because the ecosystem where predator and prey 
species interact and co-exist is naturally very complex. 

Hence, predicting and determining the ecological carrying capacity 
of a predator species in an enclosed system needs careful and objective 
insights and judgments in making reliable and valid estimations.8,17 
To accurately predict and determine the ecological carrying capacity 
of a predator species, quantitative models should consider as many 
relevant factors as possible by which reliable and valid estimations can 
be made. The objective of this review was to suggest and discuss the 
relevant factors and formulate quantitative statistical model that helps 
accurately predict and determine the ecological carrying capacity of 
a predator species in an enclosed wildlife reserve. Therefore, the goal 
of this paper is to highlight existing concerns about the ecological 
carrying capacity of a predator species in an enclosed system, 
which may assist wildlife decision- and policy-makers, researchers, 
managers, and conservationists to optimally conserve and manage 
predator species in an enclosed wildlife reserve. 
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Abstract

Knowledge and insights on the ecological carrying capacity of a predator species is crucial 
for the conservation and management of an enclosed wildlife protected area. The objective 
of this review was to suggest and discuss the relevant factors and formulate quantitative 
statistical model that helps accurately predict and determine the ecological carrying 
capacity of a predator species in an enclosed system. To accurately predict and determine 
the ecological carrying capacity of a predator species, theoretical and empirical quantitative 
models should consider as many relevant factors as possible by which reliable and valid 
estimations can be made. Having considered several imperative factors, this review 
suggested and formulated a quantitative statistical model that helps accurately predict and 
determine the ecological carrying capacity of a predator species in an enclosed system. It is 
recommended that wildlife conservation researchers should consider the various essential 
factors in an integrated fashion while testing their hypotheses through experimental and/or 
observational scientific studies. More importantly, the application of multiple hypotheses 
testing will help improve the accuracy in making reliable and valid estimations on the 
ecological carrying capacity of a predator species in a complex natural system.
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Testable hypotheses

A summary of the relevant factors that help formulate the plausible 
hypotheses, their expected effects, and intensities to accurately 
predict and determine the ecological carrying capacity of a predator 
species in an enclosed wildlife protected area was presented in Table 
1. Factor refers to the process input that a researcher manipulates to 
cause a change in the output. Effect implies how changing the setting 
of a factor changes the response. Intensity refers to the measurable 
amount of the strength of a factor on the ecological carrying capacity 
of a predator species in an enclosed wildlife protected area. Each 
of the relevant factors, their expected effects, and intensities on the 
ecological carrying capacity of a predator species in an enclosed 
system were thoroughly discussed as followed.

The abundance and availability of preferred prey 
species 

Prey-predator interaction serves as a basis in predicting and 
determining the prey-specific biomass intake of a predator species 
which can in turn be used to estimate the ecological carrying capacity of a 
predator species in an enclosed wildlife reserve.8 The prey preferences 
of predators affect prey-predator interaction. Understanding the 
processes behind such kinds of phenomena is essential in predicting 
and determining the dynamics of biotic assemblage.17,18 Hence, a 
predator species that preys on a readily surveyed prey species can 
have its ecological carrying capacity predicted and determined based 
on the abundance and availability of its preferred prey species.8 For 
example, previous studies predicted that the abundance of a predator 
species is positively correlated with the abundance and availability 
of preferred prey species.8,9,16–18 Accordingly, I hypothesize that the 
abundance and availability of preferred prey species have positive 
effect and strong intensity to accurately predict and determine the 
ecological carrying capacity of a predator species (Table 1). Hence, 
understanding such kinds of phenomena in turn helps in accurately 
predicting and determining the ecological carrying capacity of a 
predator species in an enclosed system. 

The body size and biomass of preferred prey species 

Knowledge on body size and biomass of individuals of preferred 
prey species is important because a single predator species may have 
more than one preferred prey species whose biomass largely varies 
with the body size of an individual of a prey species. To meet their 
nutritional and energy requirements, large body sized predators 
proportionally need to prey on large body sized prey.8 One of the 
probabilistic models used to quantify such kind of relationship was the 
simplistic model developed by Carbone and Gittleman.9 This model 
stated that 10,000 kg of prey will support 90 kg of a given predator 
species. Other studies also noted that prey body size is an important 
determinant of prey preference for large body sized African predators, 
such as cheetah (Acinonyx jubatus), leopard (Panthera pardus), 
African lion (Panthera leo), spotted hyena (Crocuta crocuta), and 
African wild dog (Lycaon pictus).10–14,17,19 Accordingly, I hypothesize 
that body size and biomass of an individual of preferred prey species 
have positive effect and strong intensity to accurately predict and 
determine the ecological carrying capacity of a predator species in 
an enclosed wildlife protected area (Table 1). Hence, it is possible to 
predict that body size and biomass of an individual of a prey species 
will affect predator body size and biomass which ultimately influence 
the ecological carrying capacity of a predator species in an enclosed 
system.

The prey behaviour 

Predators directly affect their prey by killing and consuming them. 
Nonetheless, this is not the only way they can affect them. Non-lethal 
effects, such as fear and apprehension generated from the possibility 
of being attacked, may be enough to change prey behaviour.4,20–25 
This suggests that non-lethal effects can affect the fitness of prey 
individuals because the prey’s options are constrained and the 
behavioural response may be costly,21,22 and even physiologically 
stressful when it is at its extreme case.25 For example, previous studies 
on invertebrates,26–28 and amphibians,29 have shown that non-lethal 
effects may be larger than lethal effects in determining the habitat 
section, patch use, foraging behaviour, morphology, survival and 
reproductive rates, activity density, time budgets and distribution of 
animals over a range of trophic levels.22,25 Due to the potentially high 
costs of avoiding predation and the tendency for large portions of 
populations to respond to risk of predation, the risk effects of predators 
can have impacts on individuals of prey species that may even surpass 
those of direct predation.30 This is because effects of predation risk 
can exist even when direct rate of predation is zero.31 Risk-sensitive 
behaviour resulting from non-lethal causes may ultimately affect the 
foraging behaviour, habitat use, change ecological processes, and 
potentially affect the structure of the biodiversity and the function of 
an ecosystem.

To reduce the negative impacts of predation risk, individuals 
of prey species may develop different behavioural strategies. For 
example, prey develop anti-predator behaviour, such as spending 
more time being vigilant and less time feeding, using apprehension 
or restricting their feeding to certain times, feeding in larger groups,32 
using sociality to enhance group defense, and avoiding exploitation 
of risky habitats.22,33,34 Moreover, individuals of prey species may 
develop morphological adaptations (e.g. size, structure, such as 
presence of horns, spikes, hard hooves, camouflage, and coloration) 
as defensive mechanisms against predators’ attack.18 For example, an 
analysis of cheetah (Acinonyx jubatus) kills throughout South Africa 
revealed that the presence of prey horns significantly interacted with 
prey size to affect the cheetah’s prey preference.18 As a result, cheetah 
avoided large body sized and horned prey from their kills, suggesting 
that large body size and presence of horns have evolved as anti-
predator defensive structures in prey species. Lima and Dill,35 also 
noted that predation has long been implicated as a major selective 
force in the evolution of several morphological and behavioral 
characteristic of prey species. Thus, individuals of prey species need 
to protect themselves from risk of predation.4,36–38 This suggests that 
predation can affect the fitness of individuals of prey species in a biotic 
community, including the abundance and availability of preferred 
prey species, and the availability and abundance of alternative prey 
species, which in turn, affects the ecological carrying capacity of a 
predator species in an enclosed ecological system. It is hypothesized 
that prey behaviour has negative effect and strong intensity to 
accurately predict and determine the ecological carrying capacity of 
a predator species in an enclosed system (Table 1). Hence, wildlife 
researchers should consider the prey behaviour to accurately predict 
and determine the ecological carrying capacity of a predator species 
in an enclosed wildlife reserve. 

The availability and abundance of alternative prey 
species 

Natural ecosystems are mostly complex entities because they 
are composed of biotic and abiotic factors that interact in space and 
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time.7 Although it is frequently convenient and useful to examine the 
movement of energy along a single trophic chain, such knowledge 
generally does not provide an adequate understanding and insights on 
the energy relationships in the whole ecosystem. This is because trophic 
classification is one of the functions, but not of species as such. For 
example, a given predator species may occupy one, or more than one, 
trophic level according to the source of energy actually assimilated.6 
Therefore, simple food chains rarely exist in nature by themselves 
because: one animal may feed on several different types of food at the 
same trophic level; one animal, such as an omnivore eats different kinds 
of plants and animals at several trophic levels; one organism may be 
eaten by several animals of its higher trophic levels; the type of food 
an animal feeds on may change with age (e.g. larva versus adults); 
food preferences are violated or ignored during shortage and deviations 
are common; according to the second law of thermodynamics, energy 
quality and quantity decreases as we go to the higher trophic levels (i.e. 
the  greater the number of steps in a food chain, the greater is the loss 

of usable energy).6,7 Therefore, because of these more complex eating 
and being eaten patterns and processes, natural ecosystems consist of 
interconnected networks of many feeding relationships called food webs.

Based on the above explanation, it is suggested that it is not only 
the abundance, availability, and biomass of the individuals of the 
preferred prey species that will help accurately predict and determine 
the ecological carrying capacity of a predator species in an enclosed 
system, but also the availability and abundance of alternative prey 
species can potentially affect the abundance of predator species.6,7 
Such kinds of knowledge and understanding help accurately predict 
and determine the ecological carrying capacity of a predator species 
in an enclosed wildlife protected area. Accordingly, I hypothesize 
that the availability and abundance of alternative prey species have 
positive effect and moderate intensity to accurately predict and 
determine the ecological carrying capacity of a predator species in an 
enclosed system (Table 1).   	

Table 1 A summary of the relevant factors that help formulate the plausible hypotheses, their expected effects, and intensities to accurately predict and 
determine the ecological carrying capacity of a predator species in an enclosed wildlife protected area. “Positive” indicates that a given factor has an increasing 
effect on the ecological carrying capacity of a predator species whereas “negative” illustrates that a given factor has a decreasing effect on the ecological carrying 
capacity of a predator species in an enclosed system. Strong intensity indicates that a given factor has a substantial amount of strength to affect the ecological 
carrying capacity of a predator species. However, moderate intensity implies that a given factor has a medium amount of strength to influence the ecological 
carrying capacity of a predator species in an enclosed system

Serial 
Number Factors

Expected effect of a factor on the 
ecological carrying capacity of a 
predator species in an enclosed system

Expected intensity of a factor on 
the ecological carrying capacity of a 
predator species in an enclosed system

1
Abundance and availability 
of preferred prey species Positive Strong

2
Body size and biomass of 
preferred prey species Positive Strong

3 Prey behavior Negative Strong

4
Availability and abundance 
of alternative prey species Positive Moderate

5
Type and abundance of 
other predator species Negative Moderate

6 Predators’ social structure Positive Strong

7 Sex-age structure of prey 
versus predator species Positive or negative Strong

8 Human impacts Positive or negative Strong

9 Seasons of a year Positive or negative Strong

10 Habitat types Positive or negative Moderate

The type and abundance of other predator species 

When there are more than one predator species in an enclosed 
system, there will be antagonistic interactions between or among the 
individuals of the different predator species, mainly including inter-
specific competitions and producer–scrounger games.39 For example, 
previous studies suggested that inter-specific competition is one of the 

natural selective forces that influence the ecological niche breadth, 
distribution, abundance, habitat selection, resource access and 
utilization, and fitness of organisms in a biotic community.1,5,28,36 In 
a recent study, Murray-Berger and Gese,40 found that the interference 
competition imposed by wolves limit the distribution and abundance 
of coyotes, suggesting that coexisting predator species may adversely 
influence each other due to their limiting effect on shared resources. 
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Mills and Gorman,41 also found that the density and distribution 
of African hunting dogs are negatively affected by the presence of 
African lions and spotted hyena, suggesting that dominant predator 
species can negatively affect the ecological carrying capacity of 
subordinate predator species through aggressive behaviour.

Mathot and Giraldeau,39 noted that when different predator species 
are found in the same enclosed system, individuals can either search 
for food by themselves (i.e. producer tactic) or they can search for and 
join other individuals that have located the food (i.e. scrounger tactic). 
The scrounger tactic may provide greater benefits than the producer 
tactic because the scroungers do not need to chase and capture the 
prey; however, the producers need to locate, chase, capture and 
kill the prey which in turn adds costs of foraging for the producers, 
including facing risks from the prey due to defensive attack while 
trying to capture and kill the prey.42 Thus, such kinds of antagonistic 
interactions between or among the different predator species will 
reduce the availability and abundance of preferred prey species for 
the producer species. This in turn suggests that the survival and 
reproductive fitness of a predator species will be compromised and 
reduced, which ultimately affects the ecological carrying capacity of 
a predator species in an enclosed system. Hence, it is hypothesized 
that the type and abundance of other predator species have negative 
effect and moderate intensity to accurately predict and determine 
the ecological carrying capacity of a predator species in an enclosed 
wildlife reserve (Table 1).

The predators’ social structure 

Predators’ social structure (e.g. sex and sociality - group hunters) 
have evolved to increase the preferences and success of prey capture 
by predator species.18,43–45 For example, a field study conducted by 
Clements et al.18 in South Africa revealed that cheetahs that hunt in 
groups (i.e. predator sociality) have access to a broader body mass 
range of prey than does a solitary cheetah, which may infer higher 
fitness benefits by way of expanded resource options. Similarly, 
sociality favored both African lion (i.e. lions hunting in pride can 
subdue even adult buffalos and elephants),45,46 and African hunting 
dog (i.e. hunting in pack facilitates subduing even adult plain zebra 
and wildebeest),43  to bring down larger body sized prey species than 
their own, suggesting that group hunting has evolved to increase the 
hunting success of many predator species, which may be achieved 
through the formation of social structure. For example, Creel and 
Creel,43 noted that hunting success, individual prey biomass and the 
probability of multiple kills increased with number of adults in African 
hunting dogs. In another study, the individual prey weight range 
accessible to male African lion is wider than that accessible to female 
African lion,45 suggesting that, in the absence of cooperative hunting, 
the larger body size of the male African lion may infer the hunting 
advantage that resulted from the evolution of sexual dimorphism (i.e. 
sex structure).18,45,47,48

Such kinds of information provide insight on the predation 
pressures driving the evolutionary selection strategy for large body 
size and expanded resource access leading to predator sociality 
favored in African hunting dogs,43,44 though cooperative hunting does 
not favor sociality in African lions.45 However, in a recent study, 
Mosser and Packer,49 found that African lions living in larger prides 
were significantly more likely to maintain control of disputed area, 
which helps improve the quality of their territories, suggesting that 
sociality increases the ecological carrying capacity of predator species 
in an enclosed system. Accordingly, I hypothesize that the predators’ 

social structure (e.g. sex and sociality - group hunters) have positive 
effect and strong intensity to accurately predict and determine the 
ecological carrying capacity of a predator species in an enclosed 
system (Table 1).

The sex-age structure of prey versus predator species 

Various studies noted that sex-age biased prey preferences have 
been observed in several large body-size predator species.50–54 
Previous studies also demonstrated that the behaviours of prey species 
are generally affected by their sex-age structure.55–61 In line with those 
studies, it was found that the behavioural responses of prey species 
(i.e. activity time-budget allocated to vigilance, feeding and moving), 
habitat use, distribution, and abundance should vary with sex-age 
class. It is also predicted that adult females should more strongly 
select habitats with lower risk of predation than do adult males of their 
con-specific species. This should be true especially for females with 
young because bearing and raising young during the calving season 
may increase the predation cost to females and thereby limit their use 
of habitat types with high predation risk.59–61 In contrast, in several 
prey species, males have larger body size than con-specific females, 
suggesting that sexual dimorphism in prey species have evolved as an 
anti-predator defensive mechanism where males are less susceptible 
to risks of predation than do females of the same species.58–60,62–64

Young prey individuals are less experienced in defending 
themselves from predator’s attack and/or they may not have good 
defensive structure against predators (e.g. absence of horns or smaller 
body size), suggesting that they are more prone to be affected by 
predators.58,59,60 These in turn will have consequences on the fitness 
of the individuals of a given prey species in a biotic community. In 
contrast, male predators are larger in body size than their con-specific 
females, suggesting that, in the absence of cooperative hunting, the 
larger body size in male predators implies the hunting advantage that 
resulted from the evolution of sexual dimorphism (i.e. sex structure) 
in predator species.16,18,45,47,48 Radloff and Du-Toit,65 also noted that 
the body size of a predator species determines its prey size range, 
suggesting that the predator and its prey body sizes are positively 
correlated. In contrast, young predators are less experienced to have 
lower hunting success than do adults of the same predator species.18 
Accordingly, it is hypothesized that the sex-age structure of prey 
versus predator species has positive or negative effects and strong 
intensity to accurately predict and determine the ecological carrying 
capacity of a predator species in an enclosed system (Table 1). Hence, 
such kinds of sex-age structure (i.e. the social structure) of prey versus 
predator species are essential in accurately predicting and determining 
the ecological carrying capacity of a predator species in an enclosed 
wildlife reserve.

The human impacts 

Human impacts can have positive or negative effects on predators 
and their respective prey species. For example, provisioning of foods 
and water, habitat management (i.e. manipulating the types, amount, 
or arrangement of food, water, cover, nesting and breeding sites 
within a habitat for the purpose of making the habitat more suitable 
for predators and their associated prey species), law enforcement, 
restocking of predators and their preferred prey species, control of 
competing predators, game farming, establishment of refuges, control 
of overharvests, preventing and/or controlling wildlife diseases and 
parasites have positive effects on prey and their predators. Hence, 
positive human impacts help increase the ecological carrying capacity 
of a predator species in an enclosed wildlife reserve. 
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However, poaching, introduction of invasive alien species, habitat 
destruction, mass tourism, pollution, deforestation, human-wildlife 
conflicts, war, introduction of wildlife diseases and parasites, stress, 
accidents, fossil burning, uncontrolled burning, desertification, flood, 
over grazing, poisoning, land degradation, drought, illegal settlement, 
urbanization, agricultural land expansion, starvation, and malnutrition 
have negative effects on prey and their predators. Maximizing 
the negative effects of those factors will reduce the habitat quality 
(e.g. decreases the availability of essential habitat resources), prey 
availability and later have negative impacts on the populations of 
predator species. Therefore, these kinds of human impacts ultimately 
reduce the ecological carrying capacity of a predator species in an 
enclosed wildlife reserve. Accordingly, I hypothesize that human 
impacts have positive or negative effects and strong intensity to 
accurately predict and determine the ecological carrying capacity 
of a predator species in an enclosed system (Table 1). So, explicitly 
introducing the positive and negative impacts of humans into the 
quantitative model will help increase the accuracy in predicting and 
determining the ecological carrying capacity of a predator species in 
an enclosed system.   

The seasons of a year

The distribution and abundance of prey species will vary depending 
on the seasons of a year.66 For example, habitat essentials, such as 
food, water, cover, nesting, and breeding sites are more available 
in the wet than in the dry season. Hence, prey distribution and 
abundance are more aggregated in the wet than in the dry season.59,60,67 
Moreover, group fusion in prey species is a common phenomenon 
in the wet season, but group fission is widely seen in many prey 
species in the dry season.60 Accordingly, depending on the seasons 
of a year, the distribution and abundance of predator species follow a 
similar pattern to that of their corresponding prey species. Therefore, 
the ecological carrying capacity of a predator species is affected by 
the seasons of a year. In another instance, prey species may need 
high quality and quantity of food during their peak reproductive 
season.64,68 However, pregnant and/or lactating adult females may be 
highly sensitive to risk of predation during their peak reproductive 
season.63 Some previous studies demonstrated that prey species use 
time allocation and apprehension to avoid risk of predation so as 
to meet their high physiological demands of food during their peak 
reproductive season.69 This in turn affects the prey availability and 
later the ecological carrying capacity of a predator species in a given 
ecological system. Therefore, it is hypothesized that the seasons of a 
year have positive or negative effects and strong intensity to accurately 
predict and determine the ecological carrying capacity of a predator 
species in an enclosed wildlife reserve (Table 1). 

The habitat types 

Through their different mechanisms of adaptation, organisms 
may value habitats differently.70 For example, habitat selection by 
individuals of a species is governed by the presence of quality habitat 
essentials (i.e. food, water, cover, and nesting site),71 freedom of 
extreme competition from associated species,72 suitability of escape 
terrains for avoidance of predation risk,5,71 human nuisance,73–75 
and livestock disturbance.62,75–77 Previous studies demonstrated that 
habitat quality and characteristics influence temporal activity patterns, 
foraging behaviour, anti-predator behaviours, and other social 
organization of a species.5,67,78–81

Several studies revealed that behaviours of prey species are 

generally affected by the type of habitat (e.g. poor versus rich habitats, 
risky versus safe habitats, open versus closed habitats).67,69,78,82 
Prey species trade-off between food acquisition and safety.35,60 For 
example, prey species prefer to spend more time in safe than in risky 
habitat.59,60,69 In line with this, it is noted that the behavioural responses 
of prey species (i.e. activity time-budget allocated to vigilance, 
feeding, moving, and resting) should vary with habitat types. For 
example, it is predicted that prey species should spend more time 
on vigilance or moving in habitats with high risk of predation.59,60,69 
In contrast, they should spend more time on feeding or resting in 
habitats with low risk of predation. This may increase the predation 
cost and thereby limit the use of habitat type by prey species with high 
predation risk.61 When the abundance, availability, habitat selection, 
distribution, and fitness of prey species are affected by habitat types 
as explained above, it likely affects the distribution and abundance 
of predator species and ultimately influences the ecological carrying 
capacity of a predator species in an enclosed system. Previous studies 
also noted that the hunting success of a predator species is affected 
by habitat types.15,41,78,80 Therefore, I hypothesize that habitat types 
have positive or negative effects and moderate intensity to accurately 
predict and determine the ecological carrying capacity of a predator 
species in an enclosed wildlife reserve (Table 1). 

Quantitative statistical model

To accurately predict and determine the ecological carrying 
capacity of a predator species in an enclosed wildlife reserve, 
theoretical and empirical quantitative models should consider as 
many essential factors as possible. Hence, this review paper suggested 
and formulated the following quantitative statistical model that helps 
accurately predict and determine the ecological carrying capacity of 
a predator species in an enclosed system. So, the ecological carrying 
capacity of a predator species in an enclosed system should be 
predicted and determined as functions of: abundance and availability 
of preferred prey species + body size and biomass of preferred prey 
species – prey behaviour + availability and abundance of alternative 
prey species–type and abundance of other predator species + 
predators’ social structure±sex-age structure of prey versus predator 
species±human impacts±seasons of a year±habitat types. “+”indicates 
a positive change in the ecological carrying capacity of a predator 
species in an enclosed system, “–” indicates a negative change in 
the ecological carrying capacity of a predator species in an enclosed 
system, and “±” indicates positive or negative change in the ecological 
carrying capacity of a predator species in an enclosed system.

Once the data on the aforementioned relevant factors are made 
available, multiple hypotheses testing can be done. Hence, to test the 
effects and intensities of the independent variables on the dependent 
variable, Generalized Linear Model (GLM) with multivariate 
tests can be used. In the same analysis, univariate tests will follow 
the multivariate ones for better interpretation of the multivariate 
results.59,60,83 The independent variables which will be entered into 
the GLM should include the followings: abundance and availability 
of preferred prey species, body size and biomass of preferred prey 
species, prey behaviour, availability and abundance of alternative 
prey species, type and abundance of other predator species, predators’ 
social structure, sex-age structure of prey versus predator species, 
human impacts, seasons of a year, and habitat types. For the vector of 
the dependent variable, the ecological carrying capacity of a predator 
species in an enclosed system will be used. 
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Conclusion
To accurately predict and determine the ecological carrying 

capacity of a predator species in an enclosed wildlife reserve, 
theoretical and empirical quantitative models should consider as 
many essential factors as possible. To realize such phenomena, some 
of the most relevant factors may include: abundance and availability 
of preferred prey species; body size and biomass of preferred prey 
species; prey behaviour (e.g. distribution, anti-predator behaviours, 
such as vigilance, apprehension, time allocation, avoiding exploitation 
of risky habitats, and sociality (e.g. enhancing group defense or the 
many eyes or dilution effect), prey morphological adaptations (e.g. the 
presence of horns, spikes, and hard hooves as defensive mechanisms 
against predator attack or the use of camouflage and coloration 
to reduce detection by predators)); availability and abundance of 
alternative prey species; type and abundance of other predator species 
(e.g. competitors and scroungers); predators’ social structure (e.g. 
solitary versus group hunters); sex-age structure (i.e. social structure) 
of prey versus predator species; human impacts; seasons of a year 
(e.g. dry versus wet seasons, breeding versus non-breeding seasons); 
and habitat types (e.g. risky versus safe habitats, closed versus open 
habitats, quality versus poor habitats). This review paper suggested 
and formulated a quantitative statistical model that helps accurately 
predict and determine the ecological carrying capacity of a predator 
species in an enclosed system. Therefore, it is recommended that 
wildlife conservation researchers should consider the various relevant 
factors in an integrated fashion while testing their hypotheses 
through experimental and/or observational scientific studies. More 
importantly, the application of multiple hypotheses testing will help 
improve the accuracy in making reliable and valid estimation on the 
ecological carrying capacity of a predator species in a complex natural 
system because one hypothesis may complement the shortcomings of 
the others and vice versa.  

Funding
The author declares that no funding assistance was received for 

this review work.

Acknowledgments
None.

Conflicts of interest
Author declares that there is no conflict of interest.

References
1.	 Abramsky Z, Rosenzweig ML, Brand S. Habitat selection in Israel 

desert rodents: comparison of a traditional and a new method of analysis. 
Oikos. 1985;45(1):79–88.

2.	 Brown JS. Patch use as an indicator of habitat preference, predation 
risk, and competition. Behavioural Ecology and Sociobiology. 
1988;22(1):37–47.

3.	 Brown JS. Patch use under predation risk: models and predictions. Ann 
Zool Fenn. 1992;29:301–309.

4.	 Brown JS. Vigilance, patch use, and habitat selection: foraging under 
predation risk. Evolutionary Ecology Research. 1999;1:49–71.

5.	 Kotler BP, Brown JS, Mitchell WA. The role of predation in shaping the 
behaviour, morphology and community organization of desert rodents. 
Australian Journal of Zoology. 1994;42(4):449–466.

6.	 Ayal Y. Productivity, organism size, and the trophic structure of the 
major terrestrial biomes. Theoretical Ecology. 2011;4:1–11.

7.	 Tadesse SA. Community structure and trophic level interactions in the 
terrestrial ecosystems: a review. Int J Avian & Wildlife Biol. 2017;2:185–
192. 

8.	 Hayward MW, O’Brien J, Kerley GIH. Carrying capacity of large 
African predators: Predictions and tests. Biological Conservation. 
2007;139(1–2):219–229.

9.	 Carbone C, Gittleman JL. A common rule for the scaling of carnivore 
density. Science. 2002;295:2273–2276. 

10.	 Hayward MW. Prey preferences of the spotted hyena (Crocuta crocuta) 
and degree of dietary overlap with the lion (Panthera leo). Journal of 
Zoology. 2006;270:606–614. 

11.	 Hayward MW. Scarcity in the prey community yields anti-predator 
benefits. Acta Oecologica. 2011;37(4):314–320. 

12.	 Hayward MW, Henschel P, O’Brien J, et al. Prey preferences of the 
leopard (Panthera pardus). Journal of Zoology. 2006a;270(2):298–313. 

13.	 Hayward MW, Hofmeyr M, O’Brien J, et al. Prey references of the 
cheetah (Acinonyx jubatus) (Felidae: Carnivora): morphological 
limitations or the need to capture rapidly consumable prey before klepto 
parasites arrive?. Journal of Zoology. 2006b;270:615–627. 

14.	 Hayward MW, O’Brien J, Hofmeyr M, et al. Prey preference of the African 
wild dog Lycaon pictus (Canidae: Carnivora): Ecological requirements 
for conservation. Journal of Mammalogy. 2006c;87(6):1122–1131.

15.	 Owen-Smith N, Mills MGL. Predator-prey size relationships in an 
African large-mammal food web. J Anim Ecol. 2008;77(1):173–183.

16.	 Clements HS. Incorporating prey demographics and predator social 
structure into prey selection and carrying capacity estimates for cheetah. 
Biology. 2012. 

17.	 Clements HS, Tambling CJ, Hayward MW, Kerley GIH. An objective 
approach to determining the weight ranges of prey preferred by and 
accessible to the five large African carnivores. Plos One. 2014;9(7):1–9.

18.	 Clements HS, Tambling CJ, Kerley GIH. Prey morphology and predator 
sociality drive predator prey preferences. Journal of Mammalogy. 
2016;97:919–927.

19.	 Hayward MW, Kerley GIH. Prey preferences of the lion (Panthera leo). 
Journal of Zoology. 2005;267:309–322. 

20.	 Brown JS, Kotler BP. Hazardous duty pay and the foraging cost of 
predation. Ecology Letters. 2004;7(10):999–1014.

21.	 Lima SL. Non-lethal effects in the ecology of predator-prey interactions. 
BioScience. 1998;48(1):25–34.

22.	 Cresswell W. Non-lethal effects of predation in birds. Ibis. 
2008;150(1):3–17.

23.	 Fortin D, Boyce MS, Merrill EH, et al. Foraging costs of vigilance in 
large mammalian herbivores. Oikos. 2004;107:172–180.

24.	 Heithaus MR, Wirsing AJ, Thomson JA, Burkholder DA. A review of 
lethal and non-lethal effects of predators on adult marine turtles. Journal 
of Experimental Marine Biology and Ecology. 2008;356:43–51.

25.	 McCauley SJ, Rowe L, Fortin, MJ. The deadly effects of “non-lethal” 
predators. Ecology. 2011;92:2043–2048.

26.	 Luning J. Phenotypic plasticity of Daphnia pulex in the presence of 
invertebrate predators: Morphological and life history responses. 
Oecologia.  1992;92(3):383–390.

27.	 Pangle KL, Peacor SD, Johannsson OE. Large non-lethal effects of an 
invasive invertebrate predator on zooplankton population growth rate. 
Ecology. 2007;88:402–412.

https://doi.org/10.15406/freij.2020.04.00093
https://www.jstor.org/stable/4600116?seq=1
https://www.jstor.org/stable/4600116?seq=1
https://www.jstor.org/stable/4600116?seq=1
https://www.jstor.org/stable/23735632?seq=1
https://www.jstor.org/stable/23735632?seq=1
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.489.6835&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.489.6835&rep=rep1&type=pdf
https://www.publish.csiro.au/ZO/ZO9940449
https://www.publish.csiro.au/ZO/ZO9940449
https://www.publish.csiro.au/ZO/ZO9940449
https://link.springer.com/article/10.1007/s12080-010-0077-x
https://link.springer.com/article/10.1007/s12080-010-0077-x
https://medcraveonline.com/IJAWB/community-structure-and-trophic-level-interactions-in-the-terrestrial-ecosystems-a-review.html
https://medcraveonline.com/IJAWB/community-structure-and-trophic-level-interactions-in-the-terrestrial-ecosystems-a-review.html
https://medcraveonline.com/IJAWB/community-structure-and-trophic-level-interactions-in-the-terrestrial-ecosystems-a-review.html
https://www.sciencedirect.com/science/article/abs/pii/S0006320707002595
https://www.sciencedirect.com/science/article/abs/pii/S0006320707002595
https://www.sciencedirect.com/science/article/abs/pii/S0006320707002595
https://science.sciencemag.org/content/295/5563/2273
https://science.sciencemag.org/content/295/5563/2273
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-7998.2006.00183.x
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-7998.2006.00183.x
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-7998.2006.00183.x
https://www.sciencedirect.com/science/article/abs/pii/S1146609X11000476
https://www.sciencedirect.com/science/article/abs/pii/S1146609X11000476
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-7998.2006.00139.x
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-7998.2006.00139.x
https://www.academia.edu/1961991/Prey_preferences_of_the_cheetah_Acinonyx_jubatus_Felidae_Carnivora_morphological_limitations_or_the_need_to_capture_rapidly_consumable_prey_before_
https://www.academia.edu/1961991/Prey_preferences_of_the_cheetah_Acinonyx_jubatus_Felidae_Carnivora_morphological_limitations_or_the_need_to_capture_rapidly_consumable_prey_before_
https://www.academia.edu/1961991/Prey_preferences_of_the_cheetah_Acinonyx_jubatus_Felidae_Carnivora_morphological_limitations_or_the_need_to_capture_rapidly_consumable_prey_before_
https://www.academia.edu/1961991/Prey_preferences_of_the_cheetah_Acinonyx_jubatus_Felidae_Carnivora_morphological_limitations_or_the_need_to_capture_rapidly_consumable_prey_before_
https://academic.oup.com/jmammal/article/87/6/1122/885511
https://academic.oup.com/jmammal/article/87/6/1122/885511
https://academic.oup.com/jmammal/article/87/6/1122/885511
https://www.ncbi.nlm.nih.gov/pubmed/18177336
https://www.ncbi.nlm.nih.gov/pubmed/18177336
https://www.semanticscholar.org/paper/Incorporating-prey-demographics-and-predator-social-Clements/fca7cbbedcbf4b2e90779e1124f716212e6dce2f
https://www.semanticscholar.org/paper/Incorporating-prey-demographics-and-predator-social-Clements/fca7cbbedcbf4b2e90779e1124f716212e6dce2f
https://www.semanticscholar.org/paper/Incorporating-prey-demographics-and-predator-social-Clements/fca7cbbedcbf4b2e90779e1124f716212e6dce2f
https://www.ncbi.nlm.nih.gov/pubmed/24988433
https://www.ncbi.nlm.nih.gov/pubmed/24988433
https://www.ncbi.nlm.nih.gov/pubmed/24988433
https://academic.oup.com/jmammal/article/97/3/919/2459710
https://academic.oup.com/jmammal/article/97/3/919/2459710
https://academic.oup.com/jmammal/article/97/3/919/2459710
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1017/S0952836905007508
https://zslpublications.onlinelibrary.wiley.com/doi/abs/10.1017/S0952836905007508
https://onlinelibrary.wiley.com/doi/10.1111/j.1461-0248.2004.00661.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1461-0248.2004.00661.x
https://academic.oup.com/bioscience/article/48/1/25/322778
https://academic.oup.com/bioscience/article/48/1/25/322778
https://onlinelibrary.wiley.com/doi/10.1111/j.1474-919X.2007.00793.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1474-919X.2007.00793.x
https://www.jstor.org/stable/3548015?seq=1
https://www.jstor.org/stable/3548015?seq=1
https://www.sciencedirect.com/science/article/pii/S0022098107005801
https://www.sciencedirect.com/science/article/pii/S0022098107005801
https://www.sciencedirect.com/science/article/pii/S0022098107005801
https://www.ncbi.nlm.nih.gov/pubmed/28312604
https://www.ncbi.nlm.nih.gov/pubmed/28312604
https://www.ncbi.nlm.nih.gov/pubmed/28312604
https://www.ncbi.nlm.nih.gov/pubmed/17479758
https://www.ncbi.nlm.nih.gov/pubmed/17479758
https://www.ncbi.nlm.nih.gov/pubmed/17479758


How can we predict and determine the ecological carrying capacity of a predator species in an enclosed 
wildlife protected area?

7
Copyright:

©2020 Tadesse

Citation: Tadesse SA. How can we predict and determine the ecological carrying capacity of a predator species in an enclosed wildlife protected area? Forest 
Res Eng Int J. 2020;4(1):1‒8. DOI: 10.15406/freij.2020.04.00093

28.	 Wesner JS, Billman EJ, Belk MC. Multiple predators indirectly 
alter community assembly across ecological boundaries. Ecology. 
2012;97(7):1674–1682.

29.	 McCollum SA, Leimberger JD. Predator-induced morphological 
changes in an amphibian: Predation by dragonflies affects tadpole shape 
and color. Oecologia. 1997;109(4):615–621.

30.	 Preisser EL, Bolnick DI, Benard MF. Scared to death? The effects of 
intimidation and consumption in predator–prey interactions. Ecology.  
2005;86:501–509.

31.	 Creel S, Christianson D. Relationships between direct predation and risk 
effects. Trends Ecol Evol. 2008;23(4):194–201.

32.	 Hebblewhite M, Pletscher DG. Effects of elk group size on predation by 
wolves. Canadian Journal of Zoology. 2002;80:800–809.

33.	 Brown JS, Kotler BP. Foraging and the ecology of fear. In: Stephens 
D, Brown JS, Ydenberg R, editors. Foraging: Ecology and Behaviour. 
Chicago: University of Chicago Press; 2007. p.25 .

34.	 Peacor SD, Werner EE. Context dependence of non-lethal effects of a 
predator on prey growth. Israel Journal of Zoology. 2004;50:139–167.

35.	 Lima SL, Dill LM. Behavioural decisions made under the risk of 
predation: A review and prospectus. Canadian Journal of Zoology. 
1990;68(4):619–640.

36.	 Abramsky Z, Strauss E, Subach A, et al. The effect of barn owls (Tyto 
alba) on the activity and microhabitat selection of Gerbillus allenbyi and 
G. pyramidum. Oecologia. 1996;105(3):313–319.

37.	 Kotler BP. Harvesting rates and predatory risk in desert rodents: a 
comparison of two communities on different continents. Journal of 
Mammalogy. 1984a;65(1):91–96.

38.	 Kotler BP. Risk of predation and the structure of desert rodent 
communities. Ecology. 1984b;65:689–701.

39.	 Mathot KJ, Giraldeau LA. Increasing vulnerability to predation 
increases preference for the scrounger foraging tactic. Behavioural 
Ecology. 2007;114:131–138. 

40.	 Murray Berger K, Gese EM. Does interference competition with 
wolves limit the distribution and abundance of coyotes?. J Anim Ecol. 
2007;76(6):1075–1085.

41.	 Mills MGL, Gorman ML. Factors affecting the density and distribution 
of African wild dogs in the Kruger National Park. Conservation Biology. 
1997;11:1397–1406.

42.	 Toyokawa W. Scrounging by foragers can resolve the paradox of 
enrichment. Royal Society Open Science. 2017;4:1–12.

43.	 Creel S, Creel NM. Communal hunting and pack size in African wild 
dogs (Lycaon pictus). Animal Behaviour. 1995;50(5):1325–1339.

44.	 Gusset M, Macdonald DW. Group size effects in cooperatively breeding 
African wild dogs. Animal Behaviour. 2010;79(2):425–428.

45.	 Packer C, Scheel D, Pusey AE. Why lions form groups: Food is not 
enough. American Naturalist. 1990;136(1):1–19. 

46.	 Power RJ, Compion RXS. Lion predation on elephants in the Savuti, 
Chobe National Park, Botswana. African Zoology. 2009;44(1):36–44.

47.	 Packer C. Sexual dimorphism: The horns of African antelopes. Science. 
1983;221:1191–1193. 

48.	 Shine R. Ecological causes for the evolution of sexual dimorphism: A 
review of the evidence. The Q Rev Biol. 1989;64(4):419–461.

49.	 Mosser A, Packer C. Group territoriality and the benefits of sociality in 
the African lion (Panthera leo). Animal Behaviour. 2009;78(2):359–370.

50.	 Fitzgibbon CD. Why do hunting cheetahs prefer male gazelles?. Animal 
Behaviour. 1990;40(5):837–845.

51.	 Fuller TK, Nicholls TH, Kat PW. Prey and estimated food consumption 
of African wild dogs in Kenya. South African Journal of Wildlife 
Research. 1995;25(3):106–110.

52.	 Ginsberg JR, Milner-Gulland EJ. Sex-biased harvesting and population 
dynamics in ungulates: Implications for conservation and sustainable 
use. Conservation Biology. 1994;8:157–166.

53.	 Karanth KU, Sunquist ME. Prey selection by tiger, leopard and dhole in 
tropical forests. Journal of Animal Ecology. 1995;64:439–450.

54.	 Mills MGL, Broomhall LS, Du-Toit JT. Cheetah (Acinonyx jubatus) 
feeding ecology in the Kruger National Park and a comparison across 
African savanna habitats: Is the cheetah only a successful hunter on open 
grassland plains?. Wildlife Biology. 2004;10(1):177–186.

55.	 Laundre´ W, Hernandez L, Altendorf KB. Wolves, Elk, and Bison: 
reestablishing the ‘‘landscape of fear’’ in Yellowstone National Park, 
USA. Canadian Journal of Zoology. 2001;79(8):1401–1409.

56.	 Rieucau G, Martin JGA. Many eyes or many ewes: vigilance tactics in 
female bighorn sheep (Ovis canadensis) vary according to reproductive 
status. Oikos. 2008;117(4):501–506.

57.	 Ruckstuhl KE. Foraging behaviour and sexual segregation in bighorn 
sheep. Anim Behav. 1998;56(1):99–106.

58.	 Ruckstuhl KE. Sexual segregation in vertebrates: proximate and ultimate 
causes. Integr Comp Biol. 2007;47(2):245–257.

59.	 Tadesse SA, Kotler BP. The seasonal responses of habitat use by Nubian 
ibex (Capra nubiana) evaluated with behavioural indictors. Israel 
Journal of Ecology and Evolution. 2011;57(3):223–246.

60.	 Tadesse SA, Kotler BP. Effects of habitat, group-size, sex-age class 
and seasonal variation on the behavioural responses of mountain 
nyala (Tragelaphus buxtoni) in Munessa, Ethiopia. Journal of Tropical 
Ecology. 2014;30(1):33–43.

61.	 Childress MJ, Lung MA. Predation risk, gender and the group-size 
effect: does elk vigilance depend upon the behaviour of conspecifics?. 
Animal Behaviour. 2003;66(2):389–398.

62.	 Evangelista P, Swartzinski P, Waltermire R. A profile of the Mountain 
nyala (Tragelaphus buxtoni). African Indaba. 2007;5:1–48.

63.	 Gross JE, Alkon PU, Demment MW. Grouping patterns and 
spatial segregation by Nubian Ibex. Journal of Arid Environments. 
1995;30(4):423–439.

64.	 Muller DM, Kohlmann SG, Alkon PU. Nubian Ibex nursery: creche or 
natural trap. Israel Journal of Zoology. 1995;41(2):163–174.

65.	 Radloff FGT, Du-Toit JT. Large predators and their prey in a southern 
African savanna: a predator’s size determines its prey size range. Animal 
Ecology. 2004;73(3):410–423.

66.	 Shettleworth SJ, Hampton RR, Westwood RP. Effects of season 
and photoperiod on food storing by black-capped chickadees, Parus 
atricapillus. Animal Behaviour. 1995;49(4):989–998.

67.	 Druce DJ. Species requirements, coexistence and habitat partitioning 
at the community level: Rock Hyrax and Klipspringer. PhD dissertation. 
University of KwaZulu-Natal, Durban- South Africa; 2005. p. 122.

68.	 Dmmenet MW. Feeding ecology and the evolution of body of baboons. 
African Journal of Ecology. 1983;21:219–233.

69.	 Hochman V, Kotler BP. Patch use, apprehension, and vigilance behaviour 
of Nubian Ibex under perceived risk of predation. Behavioural Ecology. 
2007;18(2):18368–374.

https://doi.org/10.15406/freij.2020.04.00093
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/11-2061.1
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/11-2061.1
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/11-2061.1
https://www.ncbi.nlm.nih.gov/pubmed/28307347
https://www.ncbi.nlm.nih.gov/pubmed/28307347
https://www.ncbi.nlm.nih.gov/pubmed/28307347
https://www.jstor.org/stable/3450969?seq=1
https://www.jstor.org/stable/3450969?seq=1
https://www.jstor.org/stable/3450969?seq=1
https://www.ncbi.nlm.nih.gov/pubmed/18308423
https://www.ncbi.nlm.nih.gov/pubmed/18308423
https://www.glerl.noaa.gov/pubs/fulltext/2004/20040025.pdf
https://www.glerl.noaa.gov/pubs/fulltext/2004/20040025.pdf
https://www.jstor.org/stable/4221188?seq=1
https://www.jstor.org/stable/4221188?seq=1
https://www.jstor.org/stable/4221188?seq=1
https://academic.oup.com/jmammal/article-abstract/65/1/91/1127117
https://academic.oup.com/jmammal/article-abstract/65/1/91/1127117
https://academic.oup.com/jmammal/article-abstract/65/1/91/1127117
https://www.jstor.org/stable/1938041?seq=1
https://www.jstor.org/stable/1938041?seq=1
https://www.academia.edu/13680469/Increasing_vulnerability_to_predation_increases_preference_for_the_scrounger_foraging_tactic
https://www.academia.edu/13680469/Increasing_vulnerability_to_predation_increases_preference_for_the_scrounger_foraging_tactic
https://www.academia.edu/13680469/Increasing_vulnerability_to_predation_increases_preference_for_the_scrounger_foraging_tactic
https://www.ncbi.nlm.nih.gov/pubmed/17922704
https://www.ncbi.nlm.nih.gov/pubmed/17922704
https://www.ncbi.nlm.nih.gov/pubmed/17922704
https://www.jstor.org/stable/2387366?seq=1
https://www.jstor.org/stable/2387366?seq=1
https://www.jstor.org/stable/2387366?seq=1
https://royalsocietypublishing.org/doi/10.1098/rsos.160830
https://royalsocietypublishing.org/doi/10.1098/rsos.160830
https://psycnet.apa.org/record/1996-19105-001
https://psycnet.apa.org/record/1996-19105-001
https://www.sciencedirect.com/science/article/pii/S0003347209005260
https://www.sciencedirect.com/science/article/pii/S0003347209005260
https://www.jstor.org/stable/2556343?seq=1
https://www.jstor.org/stable/2556343?seq=1
https://bioone.org/journals/african-zoology/volume-44/issue-1/004.044.0104/Lion-Predation-on-Elephants-in-the-Savuti-Chobe-National-Park/10.3377/004.044.0104.short
https://bioone.org/journals/african-zoology/volume-44/issue-1/004.044.0104/Lion-Predation-on-Elephants-in-the-Savuti-Chobe-National-Park/10.3377/004.044.0104.short
https://www.ncbi.nlm.nih.gov/pubmed/17811523
https://www.ncbi.nlm.nih.gov/pubmed/17811523
https://www.ncbi.nlm.nih.gov/pubmed/2697022
https://www.ncbi.nlm.nih.gov/pubmed/2697022
https://psycnet.apa.org/record/2009-12562-019
https://psycnet.apa.org/record/2009-12562-019
https://psycnet.apa.org/record/1991-11865-001
https://psycnet.apa.org/record/1991-11865-001
https://journals.co.za/content/wild/25/3/EJC116973
https://journals.co.za/content/wild/25/3/EJC116973
https://journals.co.za/content/wild/25/3/EJC116973
https://www.jstor.org/stable/2386730?seq=1
https://www.jstor.org/stable/2386730?seq=1
https://www.jstor.org/stable/2386730?seq=1
https://www.jstor.org/stable/pdf/5647.pdf?seq=1
https://www.jstor.org/stable/pdf/5647.pdf?seq=1
https://bioone.org/journals/wildlife-biology/volume-10/issue-1/wlb.2004.024/Cheetah-Acinonyx-jubatus-feeding-ecology-in-the-Kruger-National-Park/10.2981/wlb.2004.024.full
https://bioone.org/journals/wildlife-biology/volume-10/issue-1/wlb.2004.024/Cheetah-Acinonyx-jubatus-feeding-ecology-in-the-Kruger-National-Park/10.2981/wlb.2004.024.full
https://bioone.org/journals/wildlife-biology/volume-10/issue-1/wlb.2004.024/Cheetah-Acinonyx-jubatus-feeding-ecology-in-the-Kruger-National-Park/10.2981/wlb.2004.024.full
https://bioone.org/journals/wildlife-biology/volume-10/issue-1/wlb.2004.024/Cheetah-Acinonyx-jubatus-feeding-ecology-in-the-Kruger-National-Park/10.2981/wlb.2004.024.full
https://www.sciencebase.gov/catalog/item/50577b02e4b01ad7e027e2ce
https://www.sciencebase.gov/catalog/item/50577b02e4b01ad7e027e2ce
https://www.sciencebase.gov/catalog/item/50577b02e4b01ad7e027e2ce
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.0030-1299.2008.16274.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.0030-1299.2008.16274.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.0030-1299.2008.16274.x
https://www.ncbi.nlm.nih.gov/pubmed/9710466
https://www.ncbi.nlm.nih.gov/pubmed/9710466
https://www.ncbi.nlm.nih.gov/pubmed/21672835
https://www.ncbi.nlm.nih.gov/pubmed/21672835
https://brill.com/view/journals/ijee/57/3/article-p223_8.xml
https://brill.com/view/journals/ijee/57/3/article-p223_8.xml
https://brill.com/view/journals/ijee/57/3/article-p223_8.xml
https://pubag.nal.usda.gov/catalog/5176414
https://pubag.nal.usda.gov/catalog/5176414
https://pubag.nal.usda.gov/catalog/5176414
https://pubag.nal.usda.gov/catalog/5176414
https://www.sciencedirect.com/science/article/pii/S0003347203922172
https://www.sciencedirect.com/science/article/pii/S0003347203922172
https://www.sciencedirect.com/science/article/pii/S0003347203922172
https://www.academia.edu/27137941/A_profile_of_the_mountain_nyala_Tragelaphus_buxtoni_
https://www.academia.edu/27137941/A_profile_of_the_mountain_nyala_Tragelaphus_buxtoni_
https://www.sciencedirect.com/science/article/abs/pii/S0140196385700377
https://www.sciencedirect.com/science/article/abs/pii/S0140196385700377
https://www.sciencedirect.com/science/article/abs/pii/S0140196385700377
https://brill.com/view/journals/ijee/41/2/article-p163_6.xml?rskey=6s0U27&result=2
https://brill.com/view/journals/ijee/41/2/article-p163_6.xml?rskey=6s0U27&result=2
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.0021-8790.2004.00817.x
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.0021-8790.2004.00817.x
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.0021-8790.2004.00817.x
https://psycnet.apa.org/record/1995-39717-001
https://psycnet.apa.org/record/1995-39717-001
https://psycnet.apa.org/record/1995-39717-001
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2028.1983.tb00323.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2028.1983.tb00323.x
https://academic.oup.com/beheco/article/18/2/368/203166
https://academic.oup.com/beheco/article/18/2/368/203166
https://academic.oup.com/beheco/article/18/2/368/203166


How can we predict and determine the ecological carrying capacity of a predator species in an enclosed 
wildlife protected area?

8
Copyright:

©2020 Tadesse

Citation: Tadesse SA. How can we predict and determine the ecological carrying capacity of a predator species in an enclosed wildlife protected area? Forest 
Res Eng Int J. 2020;4(1):1‒8. DOI: 10.15406/freij.2020.04.00093

70.	 Melton DA. Habitat selection and resource scarcity. South African 
Journal of Science. 1987;83:269–288.

71.	 Stephens DW, Krebs JR. Foraging theory. Princeton University Press, 
New Jersey; 1986.

72.	 Tilman D. Resource competition and community structure. Monogr 
Popul Biol. 1982;17:1–296.

73.	 Gill JA, Norris K, Sutherland WJ. Why behavioural responses may not 
reflect the population consequences of human disturbance. Biological 
Conservation. 2001;97(2):265–268.

74.	 Manor R, Saltz D. Impact of human nuisance disturbance on vigilance 
and group-size of a social ungulate. Ecological Applications. 
2003;13:1830–1834. 

75.	 Stephens PA, Sillero-Zubiri C, Leader-Williams N. Impact of 
livestock and settlement on the large mammalian wildlife of the Bale 
Mountains National Park, Southern Ethiopia. Biological Conservation. 
2001;100:307–322.

76.	 Mamo Y. Ecology and conservation of mountain nyala (Tragelaphus 
buxtoni) in Bale Mountains National Park, Ethiopia. PhD Dissertation. 
University of Aberdeen, United Kingdom; 2007. 201 p.

77.	 Tadesse SA, Kotler BP. The impacts of humans and livestock 
encroachments on the habitats of mountain nyala (Tragelaphus buxtoni) 
in Munessa, Ethiopia. International Journal of Biodiversity and 
Conservation. 2013;5:572–583. 

78.	 Arenz CL, Leger DW. Artificial visual obstruction, anti-predator 
vigilance, and predator detection in the Thirteen-Lined Ground Squirrel 
(Spermophilus tridecemlineatus). Animal Behaviour. 1997;134:1101–
1114.

79.	 Brown JS, Alkon PU. Testing values of crested porcupine habitats by 
experimental food patches. Oecologia. 1990;83(4):512–518.

80.	 Cresswell W. Flocking is an effective anti-predation strategy in Red 
Shanks (Tringa tetanus). Anim Behav. 1994;47:433–442.

81.	 Rosenzweig ML. A theory of habitat selection. Ecology. 1981;62:327–
335.

82.	 Lagory KE. Habitat, group size, and the behaviour of white-tailed deer. 
Behaviour. 1986;98:168–179.

83.	 Zar JH. Biostatistical analysis. 4th edn. Prentice-Hall, London; 1999.

https://doi.org/10.15406/freij.2020.04.00093
https://journals.co.za/content/sajsci/83/10/AJA00382353_5414
https://journals.co.za/content/sajsci/83/10/AJA00382353_5414
https://press.princeton.edu/books/paperback/9780691084428/foraging-theory
https://press.princeton.edu/books/paperback/9780691084428/foraging-theory
https://www.ncbi.nlm.nih.gov/pubmed/7162524
https://www.ncbi.nlm.nih.gov/pubmed/7162524
https://www.sciencedirect.com/science/article/abs/pii/S0006320700000021
https://www.sciencedirect.com/science/article/abs/pii/S0006320700000021
https://www.sciencedirect.com/science/article/abs/pii/S0006320700000021
https://www.jstor.org/stable/4134780?seq=1
https://www.jstor.org/stable/4134780?seq=1
https://www.jstor.org/stable/4134780?seq=1
https://www.academia.edu/14638848/Impact_of_livestock_and_settlement_on_the_large_mammalian_wildlife_of_Bale_Mountains_National_Park_southern_Ethiopia
https://www.academia.edu/14638848/Impact_of_livestock_and_settlement_on_the_large_mammalian_wildlife_of_Bale_Mountains_National_Park_southern_Ethiopia
https://www.academia.edu/14638848/Impact_of_livestock_and_settlement_on_the_large_mammalian_wildlife_of_Bale_Mountains_National_Park_southern_Ethiopia
https://www.academia.edu/14638848/Impact_of_livestock_and_settlement_on_the_large_mammalian_wildlife_of_Bale_Mountains_National_Park_southern_Ethiopia
https://www.semanticscholar.org/paper/The-impacts-of-humans-and-livestock-encroachments-Tadesse-Kotler/d2c859890f2b3e8bf74002f6a327b4656f78301c
https://www.semanticscholar.org/paper/The-impacts-of-humans-and-livestock-encroachments-Tadesse-Kotler/d2c859890f2b3e8bf74002f6a327b4656f78301c
https://www.semanticscholar.org/paper/The-impacts-of-humans-and-livestock-encroachments-Tadesse-Kotler/d2c859890f2b3e8bf74002f6a327b4656f78301c
https://www.semanticscholar.org/paper/The-impacts-of-humans-and-livestock-encroachments-Tadesse-Kotler/d2c859890f2b3e8bf74002f6a327b4656f78301c
https://brill.com/view/journals/beh/134/13-14/article-p1101_10.xml?language=en
https://brill.com/view/journals/beh/134/13-14/article-p1101_10.xml?language=en
https://brill.com/view/journals/beh/134/13-14/article-p1101_10.xml?language=en
https://brill.com/view/journals/beh/134/13-14/article-p1101_10.xml?language=en
https://www.ncbi.nlm.nih.gov/pubmed/28313185
https://www.ncbi.nlm.nih.gov/pubmed/28313185
https://fdocuments.in/document/flocking-is-an-effective-anti-predation-strategy-in-redshanks-tringa-totanus.html
https://fdocuments.in/document/flocking-is-an-effective-anti-predation-strategy-in-redshanks-tringa-totanus.html
https://www.jstor.org/stable/1936707?seq=1
https://www.jstor.org/stable/1936707?seq=1
https://www.jstor.org/stable/4534540?seq=1
https://www.jstor.org/stable/4534540?seq=1
https://www.scirp.org/(S(vtj3fa45qm1ean45vvffcz55))/reference/ReferencesPapers.aspx?ReferenceID=1899346\

	Title
	Abstract
	Keywords: 
	Introduction
	Testable hypotheses 
	The abundance and availability of preferred prey species  
	The body size and biomass of preferred prey species  
	The prey behaviour  
	The availability and abundance of alternative prey species  
	The type and abundance of other predator species  
	The predators’ social structure  
	The sex-age structure of prey versus predator species  
	The human impacts  
	The seasons of a year 
	The habitat types  
	Quantitative statistical model 

	Conclusion
	Funding
	Acknowledgments
	Conflicts of interest 
	References
	Table 1 

