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Abstract

Apex predators occupy a crucial position in ecosystems, exerting significant influence on trophic dynamics, biodiversity,
and ecological stability. This mini-review explores the multifaceted adaptations of apex predators, including their
physical, behavioral, physiological, and ecological traits, which enable them to maintain their status as top-tier
consumers. The review highlights the critical ecological roles these predators play in regulating prey populations,
controlling mesopredators, and promoting biodiversity. Additionally, it addresses the challenges faced by apex
predators, such as habitat loss, climate change, human-wildlife conflict, and declining prey populations, and examines
the cascading ecological consequences of their decline. The findings emphasize the necessity of conserving apex
predators to ensure ecosystem resilience and advocate for further research to deepen understanding and inform
conservation strategies. By safeguarding these keystone species, we contribute to the preservation of biodiversity and
the stability of global ecosystems.

Keywords: Apex predators; Ecological balance; Predator adaptations; Biodiversity conservation; Habitat loss;
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1. Introduction

Apex predators, often regarded as the top-tier consumers in various ecosystems, play a crucial role in maintaining
ecological balance and stability. Their presence influences the structure and dynamics of food webs, as they regulate
prey populations and, consequently, the populations of organisms at lower trophic levels. For instance, apex predators
can suppress herbivory and promote biodiversity by controlling mesopredator populations, which in turn allows for
the flourishing of various species within an ecosystem [1; 2]. The interactions between apex predators and their prey
can lead to significant ecological outcomes, such as the facilitation of diverse habitats and the maintenance of ecosystem
functions [3; 4].

Studying the adaptations of apex predators is essential for a comprehensive understanding of ecosystems. These
adaptations, which may include behavioral, physiological, and morphological traits, enable apex predators to thrive in
their environments and effectively interact with other species [5; 6]. Understanding these adaptations not only sheds
light on the evolutionary processes that shape predator-prey dynamics but also informs conservation strategies aimed
at preserving these vital species. For example, the loss of apex predators can lead to cascading effects throughout the
ecosystem, resulting in increased populations of mesopredators and subsequent declines in biodiversity [7; 8]. Thus,
investigating how apex predators adapt to their environments can provide insights into the resilience and functionality
of ecosystems under various pressures, including human-induced changes.
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2. Methodology

This review investigates the adaptations, challenges, and ecological roles of apex predators within various ecosystems.
The methodology employed for this mini-review is detailed below:

2.1. Literature Selection and Data Sources

A comprehensive search for relevant literature was conducted using academic databases. The search focused on peer-
reviewed articles, scientific reports, and credible reviews published between 2000 and 2024. Specific keywords used in
the search included "apex predators,” "adaptations," "ecological roles," "trophic cascades," "human-wildlife conflict,"
and "habitat loss." References within key articles were also reviewed to identify additional relevant studies.

2.2. Inclusion and Exclusion Criteria

To ensure the relevance and quality of the included literature:

¢ Inclusion Criteria: Articles were selected if they focused on apex predator adaptations (physical, behavioral,
physiological, or ecological), their roles in ecosystems, or the challenges they face due to anthropogenic or
natural factors. Studies providing empirical data or theoretical frameworks were prioritized.

o Exclusion Criteria: Articles not written in English, studies focused solely on non-apex predators, and
publications without a peer-review process were excluded.

2.3. Analysis Approach

The selected literature was systematically analyzed and categorized into key themes:
Adaptations of apex predators (physical, behavioral, physiological, and ecological).
Challenges and threats impacting apex predator populations.

Implications of apex predator decline on ecosystems and biodiversity.
Conservation strategies and future research directions.

Relevant data and findings were extracted, summarized, and synthesized to provide a comprehensive understanding of
the subject matter. A thematic approach was applied to highlight the interconnectedness of predator adaptations,
ecosystem dynamics, and conservation.

2.4. Scope and Limitations

This review aims to provide a broad yet detailed overview of apex predator adaptations and their ecological significance.
However, it is limited by the availability of published literature, particularly for less-studied or recently discovered apex
predators. Additionally, some studies may exhibit regional biases, which could limit the generalizability of findings to
global contexts.

3. Key Adaptations of Apex Predators

3.1. Physical Adaptations

Apex predators exhibit a range of physical adaptations that enhance their survival and effectiveness as top-tier hunters
in their respective ecosystems. These adaptations include anatomical features such as sharp claws, camouflage, and
keen senses, which are critical for their predatory lifestyle.

3.1.1. Anatomical Features

Sharp claws are a common adaptation among apex predators, serving multiple functions including hunting, grasping
prey, and self-defense. For instance, the coconut crab (Birgus latro) possesses powerful claws that allow it to consume
a variety of foods, including hard-shelled organisms, thereby reinforcing its role as an active predator in terrestrial
ecosystems [9]. Similarly, the claws of durophagous crabs have evolved to break shells, illustrating how specific
morphological traits can enhance predation efficiency [10]. In the context of dinosaurs, the anatomical structure of the
tyrannosaurids, particularly their robust skulls and sharp teeth, facilitated their role as apex predators during the
Cretaceous period [11].
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3.1.2. Camouflage

Camouflage is another critical adaptation that apex predators utilize to enhance their hunting success. Many species
have evolved coloration and patterns that allow them to blend into their environments, making it easier to ambush prey.
For example, the coloration of certain large carnivores helps them remain undetected by both prey and competitors,
thereby increasing their hunting efficiency. This adaptation not only aids in predation but also plays a role in avoiding
detection by potential threats [12].

3.1.3. Keen Senses

Keen sensory capabilities are paramount for apex predators, enabling them to detect prey from significant distances
and navigate their environments effectively. The enhanced olfactory senses observed in tyrannosaurids, for instance,
suggest that these dinosaurs were well-equipped to locate prey and carcasses, which is a crucial aspect of their
predatory behavior [13]. Similarly, the sensory adaptations of modern apex predators, such as killer whales (Orcinus
orca), allow them to hunt effectively in complex marine environments, showcasing the importance of sensory acuity in
predation [14].

The physical adaptations of apex predators—including sharp claws, effective camouflage, and acute sensory
capabilities—are vital for their survival and success as top predators. These adaptations not only facilitate hunting but
also play a significant role in maintaining ecological balance by regulating prey populations and influencing community
dynamics.

3.2. Behavioral Adaptations

Apex predators exhibit a variety of behavioral adaptations that enhance their survival and effectiveness within
ecosystems. These adaptations can be categorized into hunting strategies, social structures, and territorial behaviors,
each playing a crucial role in the dynamics of their respective environments.

3.2.1. Hunting Strategies

Apex predators employ diverse hunting strategies that are often tailored to their prey and environmental conditions.
For instance, optimal foraging theory suggests that these predators maximize their energy intake by selecting prey that
offers the highest energy return for the least effort [15]. This is evident in species such as golden eagles, which exhibit
specialized hunting techniques depending on prey availability, showcasing a balance between energy expenditure and
gain [16]. Additionally, apex predators can influence prey populations through both direct predation and indirect
effects, such as instilling fear in prey species, which alters their behavior and habitat use [17]. This behavioral
modification can lead to cascading ecological effects, as prey species may avoid certain areas, allowing vegetation and
other species to thrive [18].

3.2.2. Social Structures

The social structures of apex predators significantly influence their hunting success and territorial behavior. Many apex
predators, such as wolves and lions, hunt cooperatively, which allows them to take down larger prey that would be
difficult to capture individually [19]. This cooperative behavior not only enhances their hunting efficiency but also
reinforces social bonds within packs, contributing to the stability of their populations [20]. Furthermore, social stability
among apex predators is critical for maintaining ecosystem functions, as it facilitates coexistence with other species and
regulates mesopredator populations [20; 21]. The interactions within these social groups can also dictate territorial
boundaries, which are essential for resource allocation and minimizing conflicts with other predators [22].

3.2.3. Territorial Behavior

Territoriality is a fundamental aspect of the behavior of apex predators, serving to protect resources and maintain
population dynamics. Many apex predators establish and defend territories to secure access to food and mates, which
is vital for their reproductive success [23; 24]. The dynamics of territory establishment can be influenced by individual
quality and environmental factors, leading to variations in reproductive outcomes among different territories [23].
Moreover, the presence of apex predators can suppress mesopredator populations, thereby reducing competition for
resources and allowing for a more balanced ecosystem [21; 22]. The loss of apex predators, conversely, can lead to
increased mesopredator populations, which may disrupt the ecological balance and lead to overgrazing or depletion of
vegetation [25; 26].

In conclusion, the behavioral adaptations of apex predators—encompassing their hunting strategies, social structures,
and territorial behaviors—are integral to their survival and the health of the ecosystems they inhabit. These adaptations
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not only enhance their predatory efficiency but also play a critical role in maintaining ecological balance and promoting
biodiversity.

3.3. Physiological Adaptations

Apex predators exhibit a range of physiological adaptations that enhance their survival and efficiency in various
ecosystems. These adaptations include energy efficiency, metabolic adjustments, and resilience to harsh environmental
conditions.

3.3.1. Energy Efficiency

Energy efficiency is a critical adaptation for apex predators, allowing them to maximize their foraging success while
minimizing energy expenditure. For instance, studies have shown that apex predators often exhibit specialized hunting
strategies that enable them to target high-energy prey, which is essential for sustaining their metabolic demands [5].
The European catfish, for example, demonstrates dietary adaptability, allowing it to exploit both aquatic and terrestrial
prey, thereby optimizing energy intake [5]. This adaptability is crucial in environments where prey availability
fluctuates, as it allows apex predators to maintain energy balance and reproductive success [27].

3.3.2. Metabolic Adjustments

Metabolic adaptations also play a significant role in the survival of apex predators. These adaptations can manifest as
changes in metabolic rates that align with the energy demands of their environment. For instance, apex predators in
nutrient-rich ecosystems tend to exhibit higher metabolic rates, which correlate with increased prey availability and
energy flow within the food web [27]. Furthermore, research indicates that the metabolic efficiency of apex predators
can influence their ecological roles, particularly in regulating prey populations and maintaining biodiversity [28]. This
is evident in the interactions between apex predators and mesopredators, where the presence of apex predators can
suppress mesopredator populations, thereby stabilizing the ecosystem [29].

3.3.3. Resilience to Harsh Environments

Resilience to harsh environments is another vital physiological adaptation observed in apex predators. Many apex
predators have evolved physiological traits that enable them to thrive in extreme conditions, such as deserts or cold
climates. For example, cougars have been shown to adapt their hunting techniques and prey selection based on
environmental conditions, which enhances their survival in diverse habitats [30]. Additionally, apex predators like the
southern sea otter have demonstrated resilience through their ability to control invasive species in marine
environments, showcasing their role in maintaining ecological balance even under anthropogenic pressures [31]. This
resilience is often linked to their metabolic flexibility, allowing them to adjust their energy use based on environmental
challenges [29].

In summary, the physiological adaptations of apex predators, including energy efficiency, metabolic adjustments, and
resilience to harsh environments, are crucial for their survival and ecological roles. These adaptations not only enhance
their foraging success but also contribute to the stability and health of the ecosystems they inhabit.

3.4. Ecological Adaptations

Apex predators play a crucial role in maintaining ecological balance through their interactions with prey, competition
with other predators, and their influence on ecosystem dynamics. Their presence can significantly regulate prey
populations and the behavior of mesopredators, thereby shaping community structure and biodiversity.

One of the primary ecological adaptations of apex predators is their ability to control prey populations through direct
predation and indirect behavioral modifications. For instance, apex predators can suppress the populations of
mesopredators, which in turn allows for greater stability in prey communities. This phenomenon, known as
mesopredator release, occurs when apex predators are removed from an ecosystem, leading to an increase in
mesopredator populations and subsequent over-predation of smaller prey species [32; 28]. The cascading effects of
such dynamics can disrupt food webs and lead to significant biodiversity loss [33; 29]. For example, the dingo (Canis
lupus dingo) in Australia has been shown to regulate the populations of large macropods and emus, demonstrating the
critical role apex predators play in maintaining ecosystem health [34].

Moreover, apex predators exhibit adaptive foraging strategies that allow them to exploit available resources effectively,

which can vary based on prey availability and competition [35; 36]. The dietary niches of apex predators can shift in
response to prey depletion, indicating their flexibility and the importance of their role in ecological communities [35].
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This adaptability not only helps in stabilizing prey populations but also influences the overall structure of the ecosystem
by promoting resource partitioning among competing species [37]. For instance, the presence of apex predators like
coyotes has been linked to reduced predation pressure on smaller prey species, allowing for a more balanced ecosystem
[38; 39].

The sensory adaptations of apex predators also play a significant role in their ecological interactions. For example, the
use of visual and olfactory cues by coyotes enhances their foraging efficiency and influences the behavior of their prey,
leading to evolutionary "arms races" between predator and prey [40; 41]. Such interactions can drive the evolution of
prey species, leading to adaptations that enhance their survival in the presence of apex predators.

In summary, apex predators are integral to the functioning of ecosystems through their multifaceted interactions with
prey and other predators. Their ability to regulate prey populations, adapt their foraging strategies, and influence the
behavior of mesopredators underscores their importance in maintaining ecological balance and biodiversity. The loss
of these predators can have profound consequences, leading to increased prey populations, altered community
dynamics, and diminished ecosystem resilience [42; 28].

4. Challenges and Threats to Apex Predators

Apex predators face numerous challenges and threats that significantly impact their populations and the ecosystems
they inhabit. Among the most pressing issues are habitat loss, climate change, human-wildlife conflict, and declining
prey populations. Habitat loss, driven primarily by urbanization, agriculture, and deforestation, has been shown to
reduce the availability of suitable environments for apex predators, leading to population declines. The International
Union for the Conservation of Nature (IUCN) reports that approximately 70% of apex predator species are in decline
due to habitat degradation and fragmentation [43]. Climate change further exacerbates these threats by altering prey
availability and habitat conditions, which can disrupt the delicate balance of ecosystems [44].

Human-wildlife conflict is another critical challenge, as expanding human populations encroach on predator territories,
leading to increased encounters that often result in the persecution of apex predators [44]. This conflict not only
threatens the survival of these species but also affects their role in maintaining ecological balance. For example, the
removal of apex predators can lead to a phenomenon known as mesopredator release, where smaller predators
proliferate unchecked, resulting in detrimental effects on prey populations and overall biodiversity [43; 45].

The decline of apex predators has cascading effects on ecosystems, significantly altering species interactions and
community dynamics. The loss of these top predators can lead to trophic cascades, where the absence of predation
pressure allows herbivore populations to explode, which in turn can lead to overgrazing and degradation of vegetation
[25; 2]. This phenomenon has been documented in various ecosystems, including terrestrial and marine environments,
where the removal of apex predators has resulted in significant shifts in community structure and function [46; 47]. For
instance, the decline of the Tasmanian devil due to disease has resulted in an increase in feral cat populations, which
has had a negative impact on native prey species such as bandicoots [48; 49].

Moreover, the physiological and behavioral responses of prey species to the absence of apex predators can further
destabilize ecosystems. Changes in prey behavior, such as increased foraging activity in the absence of predation risk,
can lead to overexploitation of resources and subsequent population declines [50; 51]. The interplay between apex
predators and their prey is crucial for maintaining ecological stability, and their decline can have far-reaching
consequences that extend beyond immediate population dynamics [2; 52].

In summary, apex predators face significant challenges from habitat loss, climate change, human-wildlife conflict, and
declining prey populations. The consequences of their decline are profound, leading to trophic cascades and altered
ecosystem dynamics that can jeopardize biodiversity and ecological health.

5. Discussion

Apex predators exhibit a range of adaptations that have evolved to enhance their survival and ecological roles within
ecosystems. These adaptations include physical traits such as size, strength, and sensory capabilities, as well as
behavioral strategies like hunting techniques and territoriality. For instance, the evolutionary trajectory of
tyrannosaurids demonstrates a shift from mesopredator to apex predator status, characterized by increased body size
and advanced sensory adaptations that facilitated their dominance in late Cretaceous ecosystems [53; 11]. Similarly,
modern apex predators like the European catfish have shown remarkable dietary adaptability, allowing them to thrive
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in diverse environments and maintain their apex status [5]. These adaptations not only enhance individual survival but
also play critical roles in shaping community dynamics and ecosystem functions, as apex predators exert top-down
control over prey populations, influencing the structure and composition of ecological communities [32; 3].

The preservation of apex predators is vital for maintaining ecosystem health. Their presence helps regulate populations
of herbivores and mesopredators, which in turn supports biodiversity and ecosystem stability. For example, the removal
of apex predators such as dingoes in Australia has led to overpopulation of herbivores, resulting in significant vegetation
degradation and altered soil nutrient dynamics [25]. This phenomenon aligns with the mesopredator release
hypothesis, which posits that the absence of apex predators allows mesopredators to proliferate, further destabilizing
ecosystems [54; 55]. Studies have shown that apex predators can mitigate the impacts of invasive species, thereby
protecting native prey populations and preserving ecological integrity [48; 56]. Thus, the conservation of apex
predators is not merely about protecting individual species but is crucial for the overall health and resilience of
ecosystems.

Future research directions should focus on understanding the complex interactions between apex predators, their prey,
and the broader ecological community. This includes investigating the effects of anthropogenic changes on apex
predator populations and their adaptive responses [57; 58]. Additionally, exploring the role of apex predators in various
ecosystems, including marine and freshwater environments, can provide insights into their ecological functions and the
consequences of their decline [1; 59]. Research should also consider the implications of climate change and habitat
fragmentation on apex predator dynamics, as these factors may significantly alter predator-prey relationships and
ecosystem stability [60; 55]. By integrating ecological theory with empirical studies, future research can enhance our
understanding of apex predator adaptations and their critical roles in ecosystem functioning.

6. Conclusion

Apex predators play a pivotal role in maintaining ecological balance, influencing trophic dynamics, and shaping
biodiversity. This review highlights the extensive range of adaptations that enable apex predators to thrive in diverse
ecosystems, including physical, behavioral, physiological, and ecological traits. These adaptations not only enhance their
survival but also underscore their critical function in regulating prey populations, controlling mesopredators, and
promoting ecosystem stability. The intricate interplay between apex predators and their environment reinforces their
ecological importance and the cascading impacts of their presence—or absence—on community dynamics.

Despite their ecological significance, apex predators face severe challenges, including habitat loss, climate change,
human-wildlife conflict, and declining prey populations. The decline of apex predator populations has profound
consequences, leading to trophic cascades, overgrazing, loss of biodiversity, and ecosystem destabilization. These
findings underscore the urgent need for targeted conservation strategies to mitigate threats and safeguard apex
predators and the ecosystems they inhabit.

Call to action to preserve the critical roles of apex predators, it is imperative to prioritize their conservation through
habitat restoration, anti-poaching measures, and policies that mitigate human-wildlife conflict. Global initiatives must
address the underlying causes of their decline, such as climate change and unsustainable land use practices.
Furthermore, there is a pressing need for continued research to deepen our understanding of apex predator ecology,
particularly in the face of anthropogenic pressures and environmental change.

Collaboration between scientists, policymakers, and conservationists will be essential to develop innovative strategies
that ensure the survival of apex predators. By protecting these keystone species, we not only preserve biodiversity but
also enhance ecosystem resilience, securing a sustainable future for the planet's intricate web of life.

Compliance with ethical standards

Acknowledgments

The author would like to extend heartfelt gratitude to all the professionals of VAALO avant-garde Limited for their
invaluable support and guidance throughout this study. Their expertise and contributions were instrumental in the
successful completion of this research.

Disclosure of conflict of interest

The author declares that there is no conflict of interest.

605



World Journal of Advanced Research and Reviews, 2026, 31(01), 600-609

Funding

This research project was funded by S.M. Anwar Shadat, Senior Teacher of Bindu Basini Government Girls' High School,
Tangail. The authors sincerely acknowledge his support in making this study possible.

References

[1]

[2]

[3]

[4]

[10]

[11]

[12]

[13]

[14]

[15]

Rizzari JR, Frisch A], Hoey AS, McCormick MI. Not worth the risk: apex predators suppress herbivory on coral
reefs. Oikos [Internet]. 2014 Mar 19;123(7):829-36. Available from: https://doi.org/10.1111/0ik.01318

Leo V, Reading RP, Gordon C, Letnic M. Apex predator suppression is linked to restructuring of ecosystems via
multiple ecological pathways. Oikos [Internet]. 2018 Nov 5;128(5):630-9. Available from:
https://doi.org/10.1111/0ik.05546

Lennox R], Brownscombe JW, Darimont C, Horodysky A, Levi T, Raby GD, et al. The roles of humans and apex
predators in sustaining ecosystem structure and function: Contrast, complementarity and coexistence. People
and Nature [Internet]. 2022 Aug 8;4(5):1071-82. Available from: https://doi.org/10.1002/pan3.10385

Newsome TM, Greenville AC, Cirovi¢ D, Dickman CR, Johnson CN, Krofel M, et al. Top predators constrain
mesopredator distributions. Nature Communications [Internet]. 2017 May 23;8(1). Available from:
https://doi.org/10.1038/ncomms15469

Vejtik L, Vejiikova I, Blabolil P, Eloranta AP, Ko¢vara L, Peterka ], et al. European catfish (Silurus glanis) as a
freshwater apex predator drives ecosystem via its diet adaptability. Scientific Reports [Internet]. 2017 Nov
15;7(1). Available from: https://doi.org/10.1038/s41598-017-16169-9

Prowse T a. A, Johnson CN, Cassey P, Bradshaw CJA, Brook BW. Ecological and economic benefits to cattle
rangelands of restoring an apex predator. Journal of Applied Ecology [Internet]. 2014 Nov 24;52(2):455-66.
Available from: https://doi.org/10.1111/1365-2664.12378

Wallach AD, Johnson CN, Ritchie EG, O’Neill A]. Predator control promotes invasive dominated ecological states.
Ecology Letters [Internet]. 2010 Jun 10;13(8):1008-18. Available from: https://doi.org/10.1111/j.1461-
0248.2010.01492.x

Ferretti F, Worm B, Britten GL, Heithaus MR, Lotze HK. Patterns and ecosystem consequences of shark declines
in the ocean. Ecology Letters [Internet]. 2010 May 27;13(8):1055-71. Available from:
https://doi.org/10.1111/j.1461-0248.2010.01489.x

Oka SI, Tomita T, Miyamoto K. A mighty claw: pinching force of the coconut crab, the largest terrestrial
crustacean. PLoS ONE [Internet]. 2016 Nov 23;11(11):e0166108. Available from:
https://doi.org/10.1371 /journal.pone.0166108

Dietl GP, Vega F]. Specialized shell-breaking crab claws in Cretaceous seas. Biology Letters [Internet]. 2008 Mar
10;4(3):290-3. Available from: https://doi.org/10.1098/rsbl.2008.0031

Brusatte SL, Averianov A, Sues HD, Muir A, Butler IB. New tyrannosaur from the mid-Cretaceous of Uzbekistan
clarifies evolution of giant body sizes and advanced senses in tyrant dinosaurs. Proceedings of the National
Academy of Sciences [Internet]. 2016 Mar 14;113(13):3447-52. Available from:
https://doi.org/10.1073/pnas.1600140113

Ripple W], Estes JA, Beschta RL, Wilmers CC, Ritchie EG, Hebblewhite M, et al. Status and ecological effects of the
world’s  largest carnivores. Science [Internet]. 2014 Jan 9;343(6167). Available from:
https://doi.org/10.1126/science.1241484

Witmer LM, Ridgely RC. New Insights Into the Brain, Braincase, and Ear Region of Tyrannosaurs (Dinosauria,
Theropoda), with Implications for Sensory Organization and Behavior. The Anatomical Record [Internet]. 2009
Aug 26;292(9):1266-96. Available from: https://doi.org/10.1002/ar.20983

Pitman RL, Totterdell JA, Fearnbach H, Ballance LT, Durban JW, Kemps H. Whale killers: Prevalence and ecological
implications of killer whale predation on humpback whale calves off Western Australia. Marine Mammal Science
[Internet]. 2014 Nov 27;31(2):629-57. Available from: https://doi.org/10.1111/mms.12182

Prokopenko CM, Kingdon KA, Dupont DL], Naaykens TM, Prokopenko ], Turner JW, et al. Evidence for optimal
behavior of predators from parallel field investigations in two distinct wolf-prey systems. bioRxiv (Cold Spring
Harbor Laboratory) [Internet]. 2024 Jun 6; Available from: https://doi.org/10.1101/2024.06.06.597612

606


https://doi.org/10.1111/oik.01318
https://doi.org/10.1111/oik.05546
https://doi.org/10.1002/pan3.10385
https://doi.org/10.1038/ncomms15469
https://doi.org/10.1038/s41598-017-16169-9
https://doi.org/10.1111/1365-2664.12378
https://doi.org/10.1111/j.1461-0248.2010.01492.x
https://doi.org/10.1111/j.1461-0248.2010.01492.x
https://doi.org/10.1111/j.1461-0248.2010.01489.x
https://doi.org/10.1371/journal.pone.0166108
https://doi.org/10.1098/rsbl.2008.0031
https://doi.org/10.1073/pnas.1600140113
https://doi.org/10.1126/science.1241484
https://doi.org/10.1002/ar.20983
https://doi.org/10.1111/mms.12182
https://doi.org/10.1101/2024.06.06.597612

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

World Journal of Advanced Research and Reviews, 2026, 31(01), 600-609

Schmidt JH, McIntyre CL, Roland CA, MacCluskie MC, Flamme M]. Bottom-up processes drive reproductive
success in an apex predator. Ecology and Evolution [Internet]. 2018 Jan 11;8(3):1833-41. Available from:
https://doi.org/10.1002/ece3.3800

Engelbrecht TM, Kock AA, O’Riain MJ. Running scared: when predators become prey. Ecosphere [Internet]. 2019
Jan 1;10(1). Available from: https://doi.org/10.1002/ecs2.2531

Preisser EL, Bolnick DI, Benard MF. SCARED TO DEATH? THE EFFECTS OF INTIMIDATION AND CONSUMPTION
IN PREDATOR-PREY INTERACTIONS. Ecology [Internet]. 2005 Feb 1;86(2):501-9. Available from:
https://doi.org/10.1890/04-0719

Wooster EIF, Ramp D, Lundgren EJ, O’'Neill A], Yanco E, Bonsen GT, et al. Predator protection dampens the
landscape of fear. Oikos [Internet]. 2022 Aug 16;2022(11). Available from: https://doi.org/10.1111/0ik.09059

Wooster E, Wallach AD, Ramp D. The Wily and Courageous Red Fox: Behavioural analysis of a mesopredator at
resource points shared by an apex predator. Animals [Internet]. 2019 Nov 1;9(11):907. Available from:
https://doi.org/10.3390/ani9110907

Jiménez ], Nufiez-Arjona ]JC, Mougeot F, Ferreras P, Gonzalez LM, Garcia-Dominguez F, et al. Restoring apex
predators can reduce mesopredator abundances. Biological Conservation [Internet]. 2019 Sep 10;238:108234.
Available from: https://doi.org/10.1016/j.biocon.2019.108234

Brook LA, Johnson CN, Ritchie EG. Effects of predator control on behaviour of an apex predator and indirect
consequences for mesopredator suppression. Journal of Applied Ecology [Internet]. 2012 Oct 4;49(6):1278-86.
Available from: https://doi.org/10.1111/j.1365-2664.2012.02207 x

Ferndndez-Gil A, Lamas JA, Ansola LM, Roman ], De Gabriel Hernando M, Revilla E. Population dynamics of
recovering apex predators: Golden eagles in a Mediterranean landscape. Journal of Zoology [Internet]. 2022 Oct
30;319(2):99-111. Available from: https://doi.org/10.1111/jz0.13026

De Gabriel Hernando M, Fernandez-Gil A, Lamas JA, Ansola LM, Roman ], Revilla E. Reduced trophic niche breadth
is associated with higher productivity in a recovering apex predator population. Ecosphere [Internet]. 2024 Aug
1;15(8). Available from: https://doi.org/10.1002/ecs2.4887

Morris T, Letnic M. Removal of an apex predator initiates a trophic cascade that extends from herbivores to
vegetation and the soil nutrient pool. Proceedings of the Royal Society B Biological Sciences [Internet]. 2017 May
10;284(1854):20170111. Available from: https://doi.org/10.1098/rspb.2017.0111

Wallach AD, Dekker AH, Lurgi M, Montoya JM, Fordham DA, Ritchie EG. Trophic cascades in 3D: network analysis
reveals how apex predators structure ecosystems. Methods in Ecology and Evolution [Internet]. 2016 Sep
24;8(1):135-42. Available from: https://doi.org/10.1111/2041-210x.12663

Ernest SKM, Enquist B], Brown JH, Charnov EL, Gillooly JF, Savage VM, et al. Thermodynamic and metabolic effects
on the scaling of production and population energy use. Ecology Letters [Internet]. 2003 Sep 26;6(11):990-5.
Available from: https://doi.org/10.1046/j.1461-0248.2003.00526.x

Wallach AD, Izhaki I, Toms JD, Ripple W], Shanas U. What is an apex predator? Oikos [Internet]. 2015 Feb
16;124(11):1453-61. Available from: https://doi.org/10.1111/0ik.01977

Ritchie EG, Johnson CN. Predator interactions, mesopredator release and biodiversity conservation. Ecology
Letters [Internet]. 2009 Jul 15;12(9):982-98. Available from: https://doi.org/10.1111/j.1461-
0248.2009.01347.x

Lundgren EJ, Ramp D, Middleton OS, Wooster EIF, Kusch E, Balisi M, et al. A novel trophic cascade between
cougars and feral donkeys shapes desert wetlands. Journal of Animal Ecology [Internet]. 2022 Jul
24;91(12):2348-57. Available from: https://doi.org/10.1111/1365-2656.13766

Jeppesen R, De Rivera CE, Grosholz ED, Tinker MT, Hughes BB, Eby R, et al. Recovering populations of the
southern sea otters suppress a global marine invader. Research Square (Research Square) [Internet]. 2024 Jul
10; Available from: https://doi.org/10.21203 /rs.3.rs-4583652/v1

Feit B, Feit A, Letnic M. Apex predators decouple population dynamics between mesopredators and their prey.
Ecosystems [Internet]. 2019 Mar 19;22(7):1606-17. Available from: https://doi.org/10.1007/s10021-019-
00360-2

607


https://doi.org/10.1002/ece3.3800
https://doi.org/10.1002/ecs2.2531
https://doi.org/10.1890/04-0719
https://doi.org/10.1111/oik.09059
https://doi.org/10.3390/ani9110907
https://doi.org/10.1016/j.biocon.2019.108234
https://doi.org/10.1111/j.1365-2664.2012.02207.x
https://doi.org/10.1111/jzo.13026
https://doi.org/10.1002/ecs2.4887
https://doi.org/10.1098/rspb.2017.0111
https://doi.org/10.1111/2041-210x.12663
https://doi.org/10.1046/j.1461-0248.2003.00526.x
https://doi.org/10.1111/oik.01977
https://doi.org/10.1111/j.1461-0248.2009.01347.x
https://doi.org/10.1111/j.1461-0248.2009.01347.x
https://doi.org/10.1111/1365-2656.13766
https://doi.org/10.21203/rs.3.rs-4583652/v1
https://doi.org/10.1007/s10021-019-00360-2
https://doi.org/10.1007/s10021-019-00360-2

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

World Journal of Advanced Research and Reviews, 2026, 31(01), 600-609

Schuttler SG, Parsons AW, Forrester TD, Baker MC, McShea W], Costello R, et al. Deer on the lookout: how hunting,
hiking and coyotes affect white-tailed deer vigilance. Journal of Zoology [Internet]. 2016 Nov 21;301(4):320-7.
Available from: https://doi.org/10.1111/jz0.12416

Johnson CN, Isaac JL, Fisher DO. Rarity of a top predator triggers continent-wide collapse of mammal prey:
dingoes and marsupials in Australia. Proceedings of the Royal Society B Biological Sciences [Internet]. 2006 Oct
31;274(1608):341-6. Available from: https://doi.org/10.1098/rspb.2006.3711

Steinmetz R, Seuaturien N, Intanajitjuy P, Inrueang P, Prempree K. The effects of prey depletion on dietary niches
of sympatric apex predators in Southeast Asia. Integrative Zoology [Internet]. 2020 Jul 6;16(1):19-32. Available
from: https://doi.org/10.1111/1749-4877.12461

Rosenblatt AE, Nifong JC, Heithaus MR, Mazzotti F], Cherkiss MS, Jeffery BM, et al. Factors affecting individual
foraging specialization and temporal diet stability across the range of a large “generalist” apex predator.
Oecologia [Internet]. 2015 Feb 1;178(1):5-16. Available from: https://doi.org/10.1007/s00442-014-3201-6

Sivy K], Pozzanghera CB, Colson KE, Mumma MA, Prugh LR. Apex predators and the facilitation of resource
partitioning among mesopredators. Oikos [Internet]. 2017 Oct 25;127(4):607-21. Available from:
https://doi.org/10.1111/0ik.04647

Lukasik VM, Alexander SM. Spatial and Temporal Variation of Coyote (Canis latrans) Diet in Calgary, Alberta.
Cities and the Environment [Internet]. 2011 Jan 1;4(1):1-25. Available from:
https://doi.org/10.15365/cate.4182011

Gordon CE, Feit A, Griiber |, Letnic M. Mesopredator suppression by an apex predator alleviates the risk of
predation perceived by small prey. Proceedings of the Royal Society B Biological Sciences [Internet]. 2015 Feb
4;282(1802):20142870. Available from: https://doi.org/10.1098/rspb.2014.2870

Lawson RR, Fogarty DT, Loss SR. Use of visual and olfactory sensory cues by an apex predator in deciduous
forests. Canadian Journal of Zoology [Internet]. 2019 Jan 15;97(5):488-94. Available from:
https://doi.org/10.1139/cjz-2018-0134

Haswell PM, Jones KA, Kusak ], Hayward MW. Fear, foraging and olfaction: how mesopredators avoid costly
interactions with apex predators. Oecologia [Internet]. 2018 Apr 13;187(3):573-83. Available from:
https://doi.org/10.1007/s00442-018-4133-3

Ordiz A, Aronsson M, Persson ], Stgen OG, Swenson JE, Kindberg J. Effects of human disturbance on terrestrial
apex predators. Diversity [Internet]. 2021 Feb 9;13(2):68. Available from: https://doi.org/10.3390/d13020068

Jachowski DS, Butler A, Eng RYY, Gigliotti L, Harris S, Williams A. Identifying mesopredator release in multi-
predator systems: a review of evidence from North America. Mammal Review [Internet]. 2020 Jul 13;50(4):367-
81. Available from: https://doi.org/10.1111/mam.12207

Rizzari JR, Bergseth BJ, Frisch AJ. Impact of conservation areas on trophic interactions between apex predators
and herbivores on coral reefs. Conservation Biology [Internet]. 2014 Sep 3;29(2):418-29. Available from:
https://doi.org/10.1111/cobi.12385

Wang Y, Allen ML, Wilmers CC. Mesopredator spatial and temporal responses to large predators and human
development in the Santa Cruz Mountains of California. Biological Conservation [Internet]. 2015 Jun 3;190:23-
33. Available from: https://doi.org/10.1016/j.biocon.2015.05.007

Marshall KN, Hobbs NT, Cooper DJ. Stream hydrology limits recovery of riparian ecosystems after wolf
reintroduction. Proceedings of the Royal Society B Biological Sciences [Internet]. 2013 Feb
6;280(1756):20122977. Available from: https://doi.org/10.1098/rspb.2012.2977

Casey JM, Baird AH, Brandl S, Hoogenboom MO, Rizzari JR, Frisch A], et al. A test of trophic cascade theory: fish
and benthic assemblages across a predator density gradient on coral reefs. Oecologia [Internet]. 2016 Oct
15;183(1):161-75. Available from: https://doi.org/10.1007 /s00442-016-3753-8

Cunningham CX, Johnson CN, Jones ME. A native apex predator limits an invasive mesopredator and protects
native prey: Tasmanian devils protecting bandicoots from cats. Ecology Letters [Internet]. 2020 Feb
13;23(4):711-21. Available from: https://doi.org/10.1111/ele.13473

Hollings T, Jones M, Mooney N, Mccallum H. Trophic cascades following the Disease-Induced decline of an apex
predator, the Tasmanian Devil. Conservation Biology [Internet]. 2013 Sep 11;28(1):63-75. Available from:
https://doi.org/10.1111/cobi.12152

608


https://doi.org/10.1111/jzo.12416
https://doi.org/10.1098/rspb.2006.3711
https://doi.org/10.1111/1749-4877.12461
https://doi.org/10.1007/s00442-014-3201-6
https://doi.org/10.1111/oik.04647
https://doi.org/10.15365/cate.4182011
https://doi.org/10.1098/rspb.2014.2870
https://doi.org/10.1139/cjz-2018-0134
https://doi.org/10.1007/s00442-018-4133-3
https://doi.org/10.3390/d13020068
https://doi.org/10.1111/mam.12207
https://doi.org/10.1111/cobi.12385
https://doi.org/10.1016/j.biocon.2015.05.007
https://doi.org/10.1098/rspb.2012.2977
https://doi.org/10.1007/s00442-016-3753-8
https://doi.org/10.1111/ele.13473
https://doi.org/10.1111/cobi.12152

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

World Journal of Advanced Research and Reviews, 2026, 31(01), 600-609

Hollings T, McCallum H, Kreger K, Mooney N, Jones M. Relaxation of risk-sensitive behaviour of prey following
disease-induced decline of an apex predator, the Tasmanian devil. Proceedings of the Royal Society B Biological
Sciences [Internet]. 2015 Jun 17;282(1810):20150124. Available from:
https://doi.org/10.1098/rspb.2015.0124

Hammerschlag N, Fallows C, Mejer M, Seakamela SM, Orndorff S, Kirkman S, et al. Loss of an apex predator in the
wild induces physiological and behavioural changes in prey. Biology Letters [Internet]. 2022 Jan 1;18(1).
Available from: https://doi.org/10.1098/rsbl.2021.0476

Sanders LE, Chalfoun AD. Mechanisms underlying increased nest predation in natural gas fields: a test of the
mesopredator release hypothesis. Ecosphere [Internet]. 2019 May 1;10(5). Available from:
https://doi.org/10.1002/ecs2.2738

Therrien F, Zelenitsky DK, Tanaka K, Voris ]JT, Erickson GM, Currie PJ, et al. Exceptionally preserved stomach
contents of a young tyrannosaurid reveal an ontogenetic dietary shift in an iconic extinct predator. Science
Advances [Internet]. 2023 Dec 8;9(49). Available from: https://doi.org/10.1126/sciadv.adi0505

Takimoto G, Nishijima S. A simple theory for the mesopredator release effect: when does an apex predator protect
their shared prey from a mesopredator? Oikos [Internet]. 2022 Mar 8;2022(5). Available from:
https://doi.org/10.1111/0ik.09021

Colman NJ, Crowther MS, Letnic M. Macroecological patterns in mammal abundances provide evidence that an
apex predator shapes forest ecosystems by suppressing herbivore and mesopredator abundance. Journal of
Biogeography [Internet]. 2015 Jul 8;42(10):1975-85. Available from: https://doi.org/10.1111/jbi.12563

Letnic M, Greenville A, Denny E, Dickman CR, Tischler M, Gordon C, et al. Does a top predator suppress the
abundance of an invasive mesopredator at a continental scale? Global Ecology and Biogeography [Internet]. 2010
Nov 4;20(2):343-53. Available from: https://doi.org/10.1111/j.1466-8238.2010.00600.x

Dorresteijn I, Schultner ], Nimmo DG, Fischer ], Hanspach ], Kuemmerle T, et al. Incorporating anthropogenic
effects into trophic ecology: predator-prey interactions in a human-dominated landscape. Proceedings of the
Royal Society B Biological Sciences [Internet]. 2015 Sep 4;282(1814):20151602. Available from:
https://doi.org/10.1098/rspb.2015.1602

Elmhagen B, Ludwig G, Rushton SP, Helle P, Lindén H. Top predators, mesopredators and their prey: interference
ecosystems along bioclimatic productivity gradients. Journal of Animal Ecology [Internet]. 2010 Mar
10;79(4):785-94. Available from: https://doi.org/10.1111/j.1365-2656.2010.01678.x

Urban MC. Evolution mediates the effects of apex predation on aquatic food webs. Proceedings of the Royal
Society B Biological Sciences [Internet]. 2013 May 29;280(1763):20130859. Available from:
https://doi.org/10.1098 /rspb.2013.0859

Cairns KM, Brown SK, Sacks BN, Ballard JWO. Conservation implications for dingoes from the maternal and
paternal genome: Multiple populations, dog introgression, and demography. Ecology and Evolution [Internet].
2017 Oct 19;7(22):9787-807. Available from: https://doi.org/10.1002/ece3.3487

609


https://doi.org/10.1098/rspb.2015.0124
https://doi.org/10.1098/rsbl.2021.0476
https://doi.org/10.1002/ecs2.2738
https://doi.org/10.1126/sciadv.adi0505
https://doi.org/10.1111/oik.09021
https://doi.org/10.1111/jbi.12563
https://doi.org/10.1111/j.1466-8238.2010.00600.x
https://doi.org/10.1098/rspb.2015.1602
https://doi.org/10.1111/j.1365-2656.2010.01678.x
https://doi.org/10.1098/rspb.2013.0859
https://doi.org/10.1002/ece3.3487

