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Abstract

Baboons inhabit diverse ecological and socio-political landscapes, from African savannahs
and forests to the fragmented habitats of the Arabian Peninsula. This comparative synthesis
examines how geography, governance, and adaptation shape human-baboon interactions
and conservation outcomes. Geography determines habitat heterogeneity, species dis-
tribution, and encounter rates with people. Governance ranges from community-based
management in Africa to centralized, technology-driven approaches in Saudi Arabia, influ-
encing mitigation and policy implementation. Adaptation, especially behavioral flexibility,
helps baboons persist in human-dominated landscapes while complicating management.
Together, these factors support locally tailored, scalable conservation strategies and high-
light the need for stakeholder engagement, technological innovation, and climate resilience
to improve coexistence.

Keywords: baboon management; human-wildlife conflict; socio-ecological systems (SES);
governance and conservation

1. Introduction

Baboons (Papio spp.) (Erxleben, 1777) are widely distributed Old World monkeys
spanning African savannahs and forests to Arabian arid mountains, where ecological and
socio-political contexts generate complex human-wildlife conflict dynamics. However,
human-baboon interactions were not always defined by conflict; these relationships have
deep historical roots, reaching as far back as ancient Egypt where hamadryas baboons
were frequently revered in art and religion. Today, their remarkable ecological adaptabil-
ity, complex social structures, and frequent interactions with human environments have
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biology, and biomedical research [1], with research expanding toward interdisciplinary
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baboon (P. cynocephalus) (Linnaeus, 1766), kinda baboon (P. kindae) (Lonnberg, 1919), Guinea
baboon (P. papio) (Desmarest, 1820), and hamadryas baboon (P. hamadryas) (Linnaeus, 1758)
across habitats ranging from moist savannahs to arid mountain ranges. Long-term field
projects, including the Amboseli Baboon Research Project in Kenya and the Tsaobis Ba-
boon Project in Namibia—although not focal management case studies—have generated
foundational knowledge on behavior, ecology, genetics, and conservation challenges [4-6].

In Saudi Arabia, the National Center for Wildlife’s baboon management program
incorporates advanced technologies, specifically Al-processed survey data and remote
sensing for population mapping and hotspot identification, with future phases exploring
the use of drones and sensor networks. These data-driven insights support ecological
restoration, conflict mitigation, and the enforcement of anti-feeding regulations focused on
P. hamadryas [7,8].

Baboons’ social plasticity and opportunistic foraging place them at the forefront
of human-wildlife conflict in regions undergoing urbanization and agricultural expan-
sion [4,9,10]. Rising conflict across Africa has driven non-lethal deterrents, community-
based management, and habitat connectivity initiatives [5,9,11], while Arabian studies
focus on hamadryas baboons adapted to fragmented arid habitats, inspiring centralized
governance combining ecological restoration and Al-assisted population analysis [7,12].
However, few studies compare baboon ecology and management across biogeographi-
cally distinct regions, constraining development of adaptive, cross-context conservation
frameworks [13,14]. Furthermore, traditional regional reviews frequently isolate ecological
variables from human socio-political factors. The SES framework explicitly bridges this
knowledge gap by demonstrating how biological traits, human behaviors, and governance
structures dynamically interact, thereby providing a mechanism to translate local observa-
tions into scalable, cross-regional policies. This study addresses these gaps by integrating
a literature review with SES theory and policy analysis to synthesize multidisciplinary
evidence across ecological, social, and governance dimensions of baboon conservation in
Africa and Saudi Arabia, providing a transparent, reproducible foundation for advancing
global baboon management.

2. Materials and Methods
2.1. Integrative Socio-Ecological Systems Framework and Systematic Review Design

This study integrates a systematic literature review with socio-ecological systems
(SES) theory to examine baboon populations’ behavior, conflict dynamics, and conservation
strategies across Africa and Saudi Arabia, elucidating how biophysical factors, human
practices, and governance structures interact to shape management outcomes. Table 1
summarizes the analytical approach.

A comprehensive search of Web of Science, Scopus, and Google Scholar (2000-2025)
included English-language peer-reviewed articles, governmental reports, and grey litera-
ture using the search terms: (‘human-wildlife conflict’ OR ‘management’ OR ‘governance’)
AND (“Africa’ OR ‘Saudi Arabia’). Following PRISMA guidelines, an initial retrieval of
543 records was screened, resulting in 28 core studies selected for synthesis. Inclusion
criteria required that literature address baboon behavioral ecology, conflict dynamics, or
conservation policy within these focal regions. Studies that focused solely on biomed-
ical research or lacked clear socio-ecological management applications were excluded.
Data extracted encompassed baboon ecological adaptations, habitat characteristics, human-
baboon interactions, management interventions, socio-cultural contexts, technological tools,
and policy frameworks [2,7,15]. Both qualitative narratives and quantitative indicators
(e.g., population trends, conflict incidence, intervention efficacy) were synthesized [6,16].
Analytical procedures involved thematic coding, where extracted data were systemati-
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cally mapped onto the four predefined layers of the SES framework (Ecological, Social,
Governance, and Technological).

Table 1. The Socio-Ecological Systems (SES) Integration Framework used to analyze baboon conser-
vation dynamics.

Layer

Focus Area Description

1. Ecological

Explores species interactions and habitat health,
Species and Habitat emphasizing how ecological factors influence
biodiversity and ecosystem stability.

2. Social

Focuses on human values and practices, highlighting

Community and Culture how community beliefs and cultural habits shape

environmental stewardship.

3. Governance

Examines the role of regulations, enforcement, and
Laws and Policies policies in preserving ecosystems through structured
governance frameworks.

4. Technological

Highlights advanced monitoring systems and data
Al and Data Tools analytics that drive adaptive management and enhance
ecological insights.

2.2. Analytical Approach and Framework Development

Guided by Ostrom’s SES theory [3], ecological and social data were integrated to de-
velop a dynamic, adaptive socio-ecological-policy framework for baboon conservation and
conflict management. This framework articulates feedback loops among baboon ecological
traits, habitat features, human behaviors, and governance mechanisms including regulatory
enforcement and community participation [17]. By situating species- and habitat-specific
characteristics within this integrated system, the framework facilitates identification of
leverage points critical for adaptive conservation strategies, while enhancing methodologi-
cal transparency and replicability for other human-wildlife conflict systems [13,18].

2.3. Governance and Policy Document Analysis

Governance and policy documents were systematically reviewed to characterize
regulatory frameworks, enforcement mechanisms, and management strategies across re-
gions [19]. Official plans and policy reports from conservation authorities (Saudi National
Center for Wildlife, South African National Parks) were prioritized to capture current
governance trends and support classification of governance modalities [13]. Governance
models were classified as centralized (defined as top-down, state-driven national man-
agement programs) or decentralized (defined as localized, community-driven, or NGO-
partnered initiatives), enabling structured comparative analyses within the SES frame-
work [20,21]. Key excerpts from primary documents illustrate governance diversity and
enhance reproducibility [18].

2.4. Linkage to Regional Ecology Synthesis

The systematic review and integrative SES framework (Table 1) underpin analyses
of baboon species diversity, habitat characteristics, human impacts, behavioral dynamics,
conflict drivers, and governance models [3,13]. Management is conceptualized as arising
from bi-directional interactions among ecological attributes, social behaviors, governance
regimes, and technological capacities forming adaptive management cycles—revealing
cross-scalar interactions shaping human-baboon coexistence throughout the study.
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3. Results

It is important to note that due to the heterogeneity of the extracted qualitative and
quantitative data, alongside the formatting constraints of this proceeding paper, a quan-
titative meta-analysis was not performed. Consequently, the findings are presented as
a systematic qualitative synthesis, which represents a methodological limitation of the
current study:.

3.1. Geography, Governance, and Adaptation

Human-baboon dynamics across Africa and Saudi Arabia are shaped by geography,
governance, and baboon adaptation as biophysical and societal landscapes rapidly evolve.

3.1.1. Geography: Diverse Landscapes and Species

Africa sustains six baboon species (Papio ursinus), (P. anubis), (P. cynocephalus),
(P. kindae), (P. papio), and (P. hamadryas), each occupying distinct ecological niches across
ecologically variable mosaics that support larger, stable groups with seasonal flexibility [4].
Saudi Arabia harbors only P. hamadryas, specialized to arid Sarawat Mountain ecological
islands (steep cliffs, <100 mm annual rainfall), where severe dietary and ranging constraints
apply [19,22]. Human encroachment differs regionally: African baboons face urban-rural
and agricultural edges driving crop raiding and retaliatory responses [23], while Saudi
urban expansion penetrates habitats directly, increasing reliance on anthropogenic foods
that fuel population growth and urban nuisance behavior [24,25]. Table 2 summarizes
species-habitat differences shaping management strategies.

Table 2. Comparative summary of baboon species, geographic ranges, and habitat characteristics
across regions.

. . . Ecological
Baboon Species Range Habitat Type Climate Adaptations
Chacma Southern Savannfah, Varied. Large troops,
(Papio ursinus) Africa mountains, seasonal rainfall flexible diet
P woodlands tubers/fruits
Olive Central and Savannah, Tropical f(()) f;)(;;tu.r{;srhz
(Papio anubis) East Africa forest edges to semi-arid BINE, are
ranging behavior
Seasonal movements
(Papio Zerlllg)c‘g halus) East Africa Vii‘é?ﬂ:;g; Seasonal rainfall tied to
plo cyrocep food availability
Kinda Angola, Congo Highly frugivorous
- SO Savannah Tropical wet-dry diet; peaceful
(Papio kindae) and Zambia . .
social dynamics
Gt‘unea’ West Africa Forest, savannah Tropical Smaller groups;
(Papio papio) wet-dry seasons arboreal tendencies
Hamadryas Red Sea, Arid mountains, Arid; low rainfall Spe?:fllllzei(;l cliff
(Papio hamadryas) Arabian Peninsula fragmented habitats (<100 mm/yr) sl

arid-adapted foraging

3.1.2. Governance: Contrasting Models of Policy and Practice

Management approaches reflect differing regional governance, cultural contexts, and
ecological realities. African countries predominantly adopt decentralized, community-
based frameworks emphasizing coexistence through non-lethal deterrents (noise stimuli,
baboon-proof bins), community education, legal protections, and adaptive interventions
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grounded in behavioral ecology, though enforcement and resources vary. Saudi Arabia
employs a centralized national program (NCW) incorporating Al-processed survey data
mapping conflict hotspots, enforcement fines for illegal feeding, field interventions, public
education, and ecological restoration.

3.1.3. Adaptation: Behavioral Dynamics Navigating Human-Modified Landscapes

Baboons exhibit behavioral and demographic adaptations to navigate human-modified
landscapes, varying across different countries and regions. In Africa, adaptive strategies
diverge among the continent’s species to match local ecological and anthropogenic pres-
sures [10,23]. For instance, Chacma baboons in Southern Africa manage seasonal rainfall
by utilizing a flexible diet of tubers and fruits but readily adjust their spatial use to exploit
anthropogenic waste in peri-urban areas. In Central and East Africa, Olive baboons rely on
opportunistic foraging and large ranging behaviors, adapting to agricultural expansion
by raiding cultivated crops; notably, this behavior peaks during planting and harvesting
seasons when natural forage is scarce. Meanwhile, Yellow baboons in East Africa adapt
through seasonal movements tied to fluctuating food availability, and Guinea baboons
in West Africa display more arboreal tendencies to navigate their forest-savannah habi-
tats. Conversely, Saudi Arabian hamadryas baboons are originally specialized for the
arid Sarawat Mountains, utilizing steep cliffs as refugia to cope with severe dietary and
ranging constraints (<100 mm annual rainfall). However, driven by habitat fragmentation
and a lack of natural predators, they have intensely habituated to humans. They have
adapted by shifting their reliance heavily toward urban refuse and direct feeding, result-
ing in unchecked population growth and conflict incidents, specifically aggression and
public health concerns [25]. Ultimately, in both regions, habitat fragmentation combined
with urban sprawl compresses natural ranges, amplifying human-baboon interactions and
necessitating these drastic behavioral shifts.

3.2. Intersection of Geography, Governance, and Adaptation in Management

Geography, governance, and baboon adaptive behaviors form an integrative frame-
work shaping distinct management outcomes across regions. African baboons benefit
from ecological diversity supporting flexible, community-based coexistence strategies, yet
outcomes remain constrained by inconsistent enforcement and socio-economic barriers.
Saudi Arabia’s spatially restricted hamadryas baboons occupy a highly fragmented arid
environment managed through centralized, technologically driven interventions that em-
phasize rapid population control and urban nuisance mitigation. This divergence reflects
different conflict landscapes: African contexts feature mosaic conflicts at urban—rural and
agricultural interfaces, while Saudi Arabia confronts dense urban conflicts driven by over-
population and habituation. Decentralized, non-lethal coexistence approaches characterize
African management, whereas centralized regulation with technological oversight defines
the Saudi strategy, underscoring the importance of context-specific solutions. Regarding
management success, comparative evaluations indicate that Africa’s community-based,
non-lethal programs effectively foster coexistence when consistently applied, though they
are frequently constrained by enforcement limitations and socio-economic barriers. Con-
versely, Saudi Arabia’s centralized, technological interventions efficiently control urban
populations but require substantial financial investment and face resistance from ingrained
public feeding habits. Critical changes are needed in both regions. Management frame-
works must move toward integrative, ecosystem-based strategies that address fundamental
ecological drivers such as habitat fragmentation and predator loss while combining the
technological precision of the Saudi model with the participatory community engagement
seen in African programs.
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3.3. Patterns, Drivers, and Environmental Contexts of Human—Baboon Conflict

Human-baboon conflict across Africa and Saudi Arabia shows distinct regional man-
ifestations shaped by local ecology and anthropogenic factors. In Africa, conflict pre-
dominantly involves crop raiding and property damage along agricultural and urban-
wildland edges, driven by farming expansion into primate habitats without adequate
buffers. Conflict intensity peaks during planting and harvesting periods when natural
forage is scarce [23], and economic threats to rural livelihoods frequently incite retaliatory
killings that disrupt troop social structures and complicate management. In Saudi Arabia,
conflict centers on urban and peri-urban zones, involving property damage, aggressive
encounters, public health risks, and tourism disruption. The absence of natural predators
combined with widespread anthropogenic food subsidies has fueled unchecked population
growth and intense urban habituation, creating persistent nuisance behaviors distinct from
Africa’s seasonal patterns. While habitat alteration underlies conflict in both regions, its
expression differs fundamentally: agricultural encroachment in Africa versus waste mis-
management and deliberate feeding in Saudi Arabia, underscoring the need for regionally
tailored strategies.

3.4. Integrative Baboon Management Framework

Leveraging comparative analyses from Kenya, South Africa, Ethiopia, and Saudi
Arabia, this study develops an integrative framework synthesizing three interactive dimen-
sions: (1) Geography and Habitat—species diversity, habitat fragmentation, climate vari-
ability, and resource distribution [4]; (2) Urbanization and Human Encroachment—urban
spread, agriculture, anthropogenic food access, and habitat compression shaping conflict
intensity [21]; and (3) Social and Management Contexts—human attitudes, governance
models, legal frameworks, enforcement capacity, and interventions ranging from non-lethal
deterrents to technological mechanisms [11].

3.5. Regional Case Study Applications

South Africa (Cape Peninsula) employs community-led, decentralized management
using non-lethal deterrents and public education [11]. Kenya and Ethiopia rely on commu-
nity engagement and traditional deterrents with potential for technological adoption. Saudi
Arabia employs centralized governance with Al-assisted analysis mapping ~36,000 baboons
across 561 hotspots, alongside fines, field interventions, and ecological restoration [19,26].
Comparative evaluations indicate that non-lethal community-based programs effectively
foster coexistence when consistently applied; centralized technological interventions effi-
ciently control urban populations but require substantial investment; and lethal control
offers limited long-term benefit due to social disruption. Together, these findings under-
score the need for tailored, integrative approaches that respect both ecological particularities
and sociopolitical contexts to foster sustainable coexistence amid accelerating environmen-
tal change.

4. Discussion
4.1. Socio-Cultural and Policy Drivers: Africa vs. Saudi Arabia

Socio-cultural values and governance frameworks critically inform baboon man-
agement approaches, as summarized in Table 3. Saudi Arabia employs a centralized,
government-led model through the National Center for Wildlife (NCW), emphasizing
regulatory enforcement, including SAR 500 fines for feeding [19,26] and multi-stakeholder
coordination to balance ecological restoration with public safety. In contrast, African cases
operate within decentralized, participatory models: South Africa’s Cape Peninsula Baboon
Management Program features collaborative efforts among NGOs, scientists, and residents
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emphasizing non-lethal deterrents [11,21,27], while Kenyan strategies balance wildlife
conservation with agricultural livelihoods through regionally variable community-driven
programs. However, these decentralized efforts predominantly rely on localized, low-cost
interventions such as noise stimuli, ground observers, and baboon-proof waste manage-
ment rather than formalized financial support or farmer reimbursement schemes for crop
destruction, which remain largely absent due to pervasive funding gaps.

Table 3. Governance Comparison.

Dimension

African Cases Saudi Arabia

Governance Structure

Decentralized,

community-based, participatory Centralized, NCW-led national program

Primary Tools

Al mapping (36 K baboons,
561 hotspots), SAR 500 fines,
restoration [19,26]

Non-lethal deterrents, education,
behavioral conditioning

Enforcement

Robust regulatory,

Variable, community-dependent multi-stakeholder coordination

Cultural Context

Diverse attitudes, coexistence emphasis ~ Public safety, tourism protection focus

Key Limitation

Enforcement capacity, funding Public resistance to strict measures

To overcome these socio-economic and infrastructural barriers and incorporate the
advanced, technology-driven strategies successfully employed in Saudi Arabia, African
programs would likely need to leverage international conservation partnerships. Fur-
thermore, Saudi Arabia’s centralized data infrastructure could be adapted into scalable,
cost-effective models designed specifically for resource-limited contexts, allowing African
nations to gradually integrate Al mapping and remote sensing without bearing the full
burden of centralized development.

Implementation success in both contexts depends critically on public compliance.
Saudi Arabia’s centralized approach faces resistance from deep-rooted urban feeding habits,
requiring continuous education campaigns alongside enforcement [26], while African mod-
els encounter enforcement limitations and funding gaps despite fostering community
engagement [21]. While specific financial metrics such as the exact cost per nation or
cost per managed baboon are currently lacking in comparative literature, there is a clear
economic divergence between the regions. Saudi Arabia’s centralized, technology-driven
interventions such as extensive Al mapping and ecological restoration require substan-
tial upfront and ongoing investment. In contrast, Africa’s grassroots, community-based
strategies are comparatively lower in direct technological costs but frequently encounter
significant funding gaps and resource limitations that hinder consistent enforcement. In
both regions, public fears regarding aggression and zoonotic diseases shape management
support [28]. Effective conservation therefore requires not merely selecting a governance
model but adapting it to the specific socio-cultural fabric building trust in community-led
African systems or enhancing compliance within Saudi Arabia’s regulatory framework.

4.2. Technology and Engagement: Operational Pathways

Technology and community engagement operationalize baboon management through
distinct ecological, social, and governance pathways, as summarized in Table 4. Saudi
Arabia’s National Center for Wildlife employs a centralized, data-driven program using
Al-processed survey data and remote sensing to map ~36,000 baboons across 561 hotspots,
combining digital mapping with anti-feeding enforcement, ecological restoration, and
public awareness campaigns [19,26]. Future phases could integrate drones and sensor
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networks to forecast conflict hotspots and support pre-emptive interventions [8]. African
management in the focal case studies relies primarily on ground observers, GPS collars,
camera traps, and baboon-proof waste management [10,15]; a centralized Al infrastructure
comparable to Saudi Arabia’s national program has not yet been documented in these
contexts, reflecting differences in resource availability and institutional governance.

Table 4. Integrative Framework.

Core Dimension

African

Case Characteristics Saudi Characteristics

Management Implications

Multi-species, Hamadryas only,

Habitat-specific

Geography /Ecology heterogeneous habitats, fragmented mountains, . o
. restoration priorities
seasonal resources constant scarcity
Governance Commumty led, Centralized, tech-enabled Ma.t ch ! nte.rvenuon sca le to
decentralized institutional capacity
GPS collars, camera traps, Al mappmg, remote Resource-
Technology sensing, future . L
ground observers ., O . appropriate monitoring
smart-city integration
Adaptation/ Crop raiding, Urban habituation, Target-specific
Human Behavior retaliatory killing illegal feeding behavioral interventions
Feedback loops: ecology <+ Feedback loops:

— INTERACTIONS

Adaptive management

community tolerance . .
across all dimensions

< enforcement

technology <+ regulation
<+ public compliance

Community engagement fulfills distinctive roles in each region. African participatory
approaches cultivate tolerance and support non-lethal spatial management [11], while
Saudi Arabia leverages engagement to complement enforcement through digital platforms
that encourage reporting and promote compliance with feeding regulations [25]. Expand-
ing Al and advanced monitoring into African baboon management could improve data
precision and predictive capabilities, though socio-economic and infrastructural barriers to
adoption must be identified to guide scalable implementation. While highly effective in its
native context, the Saudi centralized model presents significant limitations regarding costs,
equity, and transferability. The model relies heavily on substantial capital investments for
Al infrastructures, remote sensing, and large-scale ecological restoration, limiting its direct
transferability to resource-constrained regions. Furthermore, its top-down governance
which utilizes strict enforcement and financial penalties (e.g., SAR 500 fines) could raise
severe equity issues if transplanted to rural African contexts. Imposing punitive fines in
decentralized, agricultural communities that already suffer profound economic losses from
crop raiding, and who lack financial safety nets, risk marginalizing vulnerable populations
and exacerbating human-wildlife conflict. Long-term assessments of Al-driven programs’
ecological, economic, and social impacts remain limited, and comparative studies across di-
verse species, habitat types, and governance settings are needed. Therefore, Saudi Arabia’s
data-driven governance must be viewed critically; it offers a reference model that can com-
plement Africa’s rich field experience in socio-ecological coexistence, but only if adapted
into equitable, cost-effective, and scalable frameworks rather than direct replication.

4.3. Conservation Effectiveness: Ecosystem-Based Strategies

Saudi Arabia prioritizes ecological restoration—native vegetation recovery, preda-
tor reintroduction, and regulated baboon removals—to address habitat fragmentation,
resource scarcity, and predator absence [8]. Though slower to yield measurable outcomes,
this ecosystem-based approach promotes sustainable population control by realigning
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ecosystem functions and reducing anthropogenic food reliance. African programs have
historically emphasized faster-acting interventions such as culling, risking troop disrup-
tion and spatial conflict displacement. While non-lethal deterrents and community-based
coexistence are increasingly prioritized, large-scale habitat restoration remains underdevel-
oped in reviewed African programs, presenting opportunities to apply the Saudi model’s
landscape rehabilitation approach.

Furthermore, climate change acts as a significant threat multiplier in human-wildlife
conflict, necessitating that EBM strategies incorporate climate resilience. In Africa, shifting
seasonal rainfall affects the availability of natural forage, driving adaptable species to
increasingly rely on stable anthropogenic food sources during prolonged droughts [14].
Similarly, in Saudi Arabia’s harsh Sarawat Mountains, temperature variability and scarce
precipitation exacerbate natural resource depletion, pushing hamadryas populations further
into urban centers [22]. Achieving climate adaptation requires proactive management
strategies, such as restoring drought-resistant native vegetation, securing natural water
catchments, and utilizing predictive modeling to forecast climate-driven range shifts before
conflict intensifies.

Ecological variability demands tailored strategies: African management must priori-
tize landscape connectivity and habitat heterogeneity to support broad species distribu-
tions [4], while Arabian hamadryas populations require restoration of scarce water sources,
vegetation, and natural predators within arid mountain niches. Ecosystem-based man-
agement (EBM) addresses root ecological causes rather than episodic conflict symptoms,
fostering resilience, natural population control, and community acceptance through multi-
stakeholder collaboration. By integrating technologies ranging from field-based GPS collars
and camera traps to advanced Al-assisted mapping, remote sensing, and emerging drone
and sensor networks with ecological knowledge, EBM enables precise, resource-efficient
interventions that balance biodiversity conservation, human safety, and socio-economic
realities, principles applicable across diverse socio-ecological contexts.

The integrative SES framework developed here extends beyond baboon management;
it is highly generalizable to other adaptable, human-commensal primates such as macaques
in Asia or vervet monkeys in Africa that similarly navigate rapidly urbanizing landscapes.
By mapping the bi-directional feedback between species ecology, human behavior, and
governance, the framework can guide cross-taxa conflict mitigation. However, its primary
limitation lies in its heavy reliance on robust socio-economic and behavioral data. Applying
this framework to critically endangered or highly specialized primates with low behavioral
plasticity, or in regions lacking transparent governance data, may yield limited predictive
value, underscoring the need for context-specific data inputs.

5. Conclusions

This review synthesizes ecological, socio-cultural, and management contrasts across
African populations (Kenya, South Africa, Ethiopia) and Saudi Arabia’s Sarawat Moun-
tains. Saudi Arabia’s centralized, technology-driven approach—AlI-assisted monitoring
of ~36,000 individuals across 561 hotspots and ecological restoration complements decen-
tralized, community-based strategies emphasizing non-lethal deterrents and behavioral
conditioning in Africa. Context-specific interventions integrating geography, governance,
and adaptation prove essential.

Critical priorities include habitat restoration addressing root causes (predator loss,
fragmentation), technological precision (e.g., NCW mapping), and community engage-
ment to reduce anthropogenic habituation. Cross-regional learning opportunities abound:
African coexistence expertise informs Saudi urban challenges, while Saudi data infras-
tructure provides scalable models for resource-limited contexts. Future work must assess
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long-term outcomes of integrated ecosystem-based management, technology adoption, and
inclusive governance to sustain baboon populations amid expanding human settlement.
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Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Alberts, S.C. Social influences on survival and reproduction: Insights from a long-term study of wild baboons. J. Anim. Ecol. 2018,
88, 47-66. [CrossRef] [PubMed]

2. Obisa, M.A,; Too, E.C.; Osero, B.O. A review of artificial intelligence, machine learning, and deep learning and their applications
in detecting wildlife animals. In Measurement, Automation, and Control in Artificial Intelligence and Machine Learning; Naidoo, P.,
Sibanda, M., Eds.; Springer: Cham, Switzerland, 2025. [CrossRef]

3. Ostrom, E. A general framework for analyzing sustainability of social-ecological systems. Science 2009, 325, 419-422. [CrossRef]
[PubMed]

4. Alberts, S.C.; Altmann, ]. The Amboseli Baboon Research Project: 40 years of community. In Long-Term Field Studies of Primates;
Kappeler, PM., Watts, D.P, Eds.; Springer Science & Business Media: Berlin/Heidelberg, Germany, 2012; pp. 261-278.

5. Fehlmann, G.; O’Riain, M.J.; Kerr-Smith, C.; King, A.J. Adaptive space use by baboons (Papio ursinus) in response to management
interventions in a human-changed landscape. Anim. Conserv. 2016, 20, 101-109. [CrossRef]

6. Kifle, Z. Human-olive baboon (Papio anubis) conflict in the human-modified landscape, Wollo, Ethiopia. Glob. Ecol. Conserv. 2021,
31, e01820. [CrossRef]

7.  Piel, AK,; Crunchant, A.; Knot, LE.; Chalmers, C.; Fergus, P.; Mulero-Pazmany, M.; Wich, S.A. Noninvasive technologies for
primate conservation in the 21st century. Int. J. Primatol. 2022, 43, 133-167. [CrossRef]

8. Al-Ghamdi, G.; Alzahrani, A.; Al-Ghamdji, S.; Alghamdi, S.; Al-Ghamdi, A.; Alzahrani, W.; Zinner, D. Potential hotspots of
Hamadryas baboon-human conflict in Al-Baha Region, Saudi Arabia. Diversity 2023, 15, 1107. [CrossRef]

9.  Warren, Y. Crop-raiding baboons (Papio anubis) and defensive farmers: A West African perspective. West Afr. ]. Appl. Ecol. 2009,
14, 29-39. [CrossRef]

10. Mazué, F; Guerbois, C.; Fritz, H.; Rebout, N.; Petie, O. Less bins, less baboons: Reducing access to anthropogenic food effectively
decreases the urban foraging behavior of a troop of chacma baboons (Papio hamadryas ursinus) in a peri-urban area. Primates 2023,
64, 91-103. [CrossRef] [PubMed]

11. Van Doorn, A.C.; O’Riain, M.]J. Nonlethal management of baboons on the urban edge of a large metropole. Am. J. Primatol. 2020,
82, €23164. [CrossRef] [PubMed]

12. Mori, A.; Yamane, A.; Sugiura, H.; Shotake, T.; Boug, A.; Iwamoto, T. A study on the social structure and dispersal patterns of
hamadryas baboons living in a commensal group at Taif, Saudi Arabia. Primates 2007, 48, 179-189. [CrossRef] [PubMed]

13. Hoffman, T.S.; O’Riain, M.J]. Monkey management: Using spatial ecology to understand the extent and severity of human-baboon
conflict in the Cape Peninsula, South Africa. Ecol. Soc. 2012, 17, 13. [CrossRef]

14. Hill, S.; Winder, I.C. Predicting the impacts of climate change on Papio baboon biogeography: Are widespread, generalist primates
‘safe’? ]. Biogeogr. 2019, 46, 1380-1405. [CrossRef]

15. Hammond, P; Gaynor, K.M.; Easter, T.; Biro, D.; Carvalho, S. Landscape-scale effects of season and predation risk on the terrestrial
behavior of chacma baboons (Papio ursinus). Am. J. Biol. Anthropol. 2025, 186, €70052. [CrossRef] [PubMed]

16. Aliane, N. Drones and Al-driven solutions for wildlife monitoring. Drones 2025, 9, 455. [CrossRef]

17.  Hill, R.A.; Weingrill, T. Predation risk and habitat use in chacma baboons (Papio hamadryas ursinus). In Primate Anti-Predator
Strategies; Gursky, S.L., Nekaris, K.A L, Eds.; Springer: Boston, MA, USA, 2007; pp. 343-366. [CrossRef]

18.  Psiuk, K.; Enqvist, J. Control or coexist with urban baboons: Exploring residents’ views and values in Cape Town. Conserv. Sci.
Pract. 2024, 6, €13203. [CrossRef]

19. National Center for Wildlife. National Baboon Management Plan. Available online: https:/ /ncw.gov.sa/magazine/en/article/
national-plan-to-solve-the-baboon-problem-by-2026/ (accessed on 4 December 2024).

20. Borrini-Feyerabend, G.; Hill, R. Governance for the conservation of nature. In Protected Area Governance and Management; Worboys,

G.L., Lockwood, M., Kothari, A., Feary, S., Pulsford, I., Eds.; ANU Press: Canberra, Australia, 2015; pp. 169-206. [CrossRef]

https:/ /doi.org/10.3390/blsf2026062010


https://doi.org/10.1111/1365-2656.12887
https://www.ncbi.nlm.nih.gov/pubmed/30033518
https://doi.org/10.1007/978-3-031-91802-5_1
https://doi.org/10.1126/science.1172133
https://www.ncbi.nlm.nih.gov/pubmed/19628857
https://doi.org/10.1111/acv.12293
https://doi.org/10.1016/j.gecco.2021.e01820
https://doi.org/10.1007/s10764-021-00245-z
https://doi.org/10.3390/d15111107
https://doi.org/10.4314/wajae.v14i1.44705
https://doi.org/10.1007/s10329-022-01032-x
https://www.ncbi.nlm.nih.gov/pubmed/36436178
https://doi.org/10.1002/ajp.23164
https://www.ncbi.nlm.nih.gov/pubmed/32602204
https://doi.org/10.1007/s10329-007-0045-2
https://www.ncbi.nlm.nih.gov/pubmed/17415621
https://doi.org/10.5751/ES-04882-170313
https://doi.org/10.1111/jbi.13582
https://doi.org/10.1002/ajpa.70052
https://www.ncbi.nlm.nih.gov/pubmed/40230299
https://doi.org/10.3390/drones9070455
https://doi.org/10.1007/978-0-387-34810-0_16
https://doi.org/10.1111/csp2.13203
https://ncw.gov.sa/magazine/en/article/national-plan-to-solve-the-baboon-problem-by-2026/
https://ncw.gov.sa/magazine/en/article/national-plan-to-solve-the-baboon-problem-by-2026/
https://doi.org/10.22459/PAGM.04.2015.07
https://doi.org/10.3390/blsf2026062010

Biol. Life Sci. Forum 2026, 62, 10 11 of 11

21.

22.

23.

24.

25.

26.

27.

28.

Dressel, S.; Ericsson, G.; Sandstrom, C. Mapping social-ecological systems to understand the challenges underlying wildlife
management. Environ. Sci. Policy 2018, 84, 105-112. [CrossRef]

Almazroui, M. Temperature variability over Saudi Arabia and its association with global climate indices. JKAU Meteorol. Environ.
Arid Land Agric. Sci. 2012, 23, 85-108. [CrossRef]

Taylor, R.A.; Ryan, S.J.; Brashares, ].S.; Johnson, L.R. Hunting, food subsidies, and mesopredator release: The dynamics of
crop-raiding baboons in a managed landscape. Ecology 2016, 97, 951-960. [CrossRef] [PubMed]

Winney, B.; Hammond, R.L.; Macasero, W.; Flores, B.E.; Boug, A.; Biquand, V.; Biquand-Guyot, V.; Bruford, M.W. Crossing the Red
Sea: Phylogeography of the hamadryas baboon, Papio hamadryas hamadryas. Mol. Ecol. 2004, 13, 2819-2827. [CrossRef] [PubMed]
Boug, A,; Islam, M.Z.; Iwamoto, T.; Mori, A.; Yamane, A.; Schreier, A.L. The relationship between artificial food supply and
natural food selection in two troops of commensal Hamadryas baboons Papio hamadryas (Mammalia: Primates: Cercopithecidae)
in Saudi Arabia. J. Threat. Taxa 2017, 9, 10741-10756. [CrossRef]

Saudi Arabia’s ‘Baboon Problem’” Targeted by National Center for Wildlife. Arab News. Available online: https://www.
arabnews.com/node /2244826 (accessed on 22 June 2026).

Barton, R.A. Socioecology of baboons: Interaction. In Primate Males: Causes and Consequences of Variation in Group Composition;
Kappeler, PM., Ed.; Cambridge University Press: Cambridge, UK, 2000; p. 97.

Olarinmoye, A.O.; Niphuis, H.; Verschoor, E.; Olugasa, B.; Ishola, O.; Aldosari, A.; Boug, A.; Ogunro, B.; Al-Hezaimi, K.
Serological detection of flavivirus infections in Saudi baboons. EcoHealth 2021, 18, 283-287. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/blsf2026062010


https://doi.org/10.1016/j.envsci.2018.03.007
https://doi.org/10.4197/Met.23-1.6
https://doi.org/10.1890/15-0885.1
https://www.ncbi.nlm.nih.gov/pubmed/27220211
https://doi.org/10.1111/j.1365-294x.2004.02288.x
https://www.ncbi.nlm.nih.gov/pubmed/15315692
https://doi.org/10.11609/jott.3348.9.10.10741-10756
https://www.arabnews.com/node/2244826
https://www.arabnews.com/node/2244826
https://doi.org/10.1007/s10393-021-01539-7
https://www.ncbi.nlm.nih.gov/pubmed/34448974
https://doi.org/10.3390/blsf2026062010

	Introduction 
	Materials and Methods 
	Integrative Socio-Ecological Systems Framework and Systematic Review Design 
	Analytical Approach and Framework Development 
	Governance and Policy Document Analysis 
	Linkage to Regional Ecology Synthesis 

	Results 
	Geography, Governance, and Adaptation 
	Geography: Diverse Landscapes and Species 
	Governance: Contrasting Models of Policy and Practice 
	Adaptation: Behavioral Dynamics Navigating Human-Modified Landscapes 

	Intersection of Geography, Governance, and Adaptation in Management 
	Patterns, Drivers, and Environmental Contexts of Human–Baboon Conflict 
	Integrative Baboon Management Framework 
	Regional Case Study Applications 

	Discussion 
	Socio-Cultural and Policy Drivers: Africa vs. Saudi Arabia 
	Technology and Engagement: Operational Pathways 
	Conservation Effectiveness: Ecosystem-Based Strategies 

	Conclusions 
	References

