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Abstract.   The Javan Surili is a critically endangered colobine primate found only in Java that is under threat from habitat loss. Mount Merbabu National Park (TNGMb), one of its most important sanctuaries in Central Java, has suffered considerable forest loss and repeated fire disturbances, imposing further strain on the species' existence. This study, which took place between 2019 and 2023, used field observations, vegetation evaluations, community interviews, and document reviews to determine the suitability of Merbabu's habitat for Surili. Forest degradation and fragmentation have substantially decreased canopy complexity, and recurring fire scars were detected largely on the western and southern slopes, impeded forest regeneration and connectivity. Burnt areas had less tree diversity, inadequate understory vegetation, and fewer food plants, leading Surili populations into smaller forest patches and closer proximity to farmlands. Most fires are manmade, as indicated by interviews, that are triggered by land clearing, grazing, and tourism pressures, while governance constraints such as weak enforcement, outdated ecological data, and limited community participation make conservation challenging. These data suggest that habitat suitability in Merbabu is formed by a feedback loop between ecological disturbance and socio-economic behaviors, with fire appearing as the most immediate driver of change. This study fills an important knowledge gap by linking ecological vulnerability to fire recurrence, providing evidence for integrated conservation strategies. Effective Surili conservation requires collaborative fire management, stronger governance, and incentive-based techniques linking biodiversity protection to local livelihoods.
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1. Introduction 
Global biodiversity is declining at an unprecedented rate, with primates among the most threatened mammal groups. Over 60% of monkey species are threatened with extinction owing to habitat loss, hunting, and climate change, making their conservation a major global issue (Khawarizmi et al., 2024). This issue is most visible on the Indonesian island of Java, where high human population density and land use pressure collide with the last surviving habitats of numerous unique primate species. Mount Merbabu National Park (TNGMb), located in Central Java, is one of the final refuges for the Javan Surili (Presbytis comata fredericae Sody, 1930), also known as the gray-haired leaf monkey. This species is endemic to Java and is classified as Endangered by the IUCN (Nijman, 2019). Its limited distribution, along with ongoing habitat degradation, makes it a symbol of biodiversity conservation and an indication of the health of mountain forests. 
Mount Merbabu’s significance extends far beyond its role as a last refuge, rooted in its remarkable ecological uniqueness, intricate socio-ecological dynamics, and critical policy relevance. Ecologically, Merbabu is a vital conservation area that provides essential environmental services, particularly water, to numerous surrounding villages, with its water sources supporting both biodiversity and human livelihoods and holding substantial economic value for local communities (Dewi et al., 2024). The mountain’s landscape is not only a source of life but also a site of conflict and negotiation, reflecting the socio-ecological complexity of water management, where diverse community perceptions, competing interests, and even political pressures shape resource use (Nugroho et al., 2023; Gunawati et al., 2025). Social capital and community engagement are pivotal for effective conservation, as robust participation and collaboration among stakeholders facilitated by forestry extension officers are necessary to balance environmental protection with local needs (Lestari et al., 2023). Policy-wise, Merbabu exemplifies the challenges and opportunities of sustainable forest management in Indonesia, where evolving regulations, the integration of local wisdom, and the strengthening of community-based governance are essential for harmonizing ecological, economic, and social objectives (Nugroho et al., 2023). Thus, Merbabu stands as a microcosm of broader environmental and governance issues, highlighting the need for nuanced, participatory, and adaptive policy approaches that recognize its unique ecological and socio-cultural landscape.
Despite its importance for conservation, the Javan Surili population is declining, mostly owing to habitat degradation and loss. The combination of manmade pressures, such as land use change, encroachment, and illegal logging, as well as natural forces, particularly repeated wildfires, has substantially diminished the quality and extent of appropriate habitat. For example, from 2001 to 2013, Mount Merbabu National Park lost 1,037 hectares of Surili habitat, with an average yearly forest cover loss of 87 hectares (Hidayat et al., 2016). Subsequent research indicated that forest fires continue to be a persistent concern, hastening habitat fragmentation and biodiversity loss in the park.
Studies on habitat appropriateness and conservation planning for the Javan Surili in Java has increased in recent years, but there are still substantial gaps. Supartono et al. (2020) evaluated the factors influencing Presbytis comata population density in West Java, focusing on the role of vegetation composition, food availability, and human disturbance. Dharma et al. (2024) underlines the need of selecting feed plants for Surili at Mount Gede Pangrango National Park. Saputra et al. (2023) conducted study on the canopy vegetation structure of Mount Merbabu's Surili ecosystem, providing key insights on habitat composition and conservation implications. Similarly, Nurmiyati et al. (Saputra et al., 2023) studied the understory plant community structure, correlating vegetation type to food substrate availability. However, while these studies provide ecological and botanical insights, they do not adequately address how disturbances including land cover change and wildfires impact habitat suitability.
Other studies conducted outside of Merbabu provide further context. Abimanyu et al. (2021) assessed the Surili monkey population on Mount Slamet, providing distribution information but not relating it to fire risk or habitat fragmentation. Santoso et al. (2023) used geospatial machine learning to model habitat suitability for the Surili, showing methodological advances while largely focused on West Java. Ardiaristo et al. (2025) examined the sustainability of conservation area management on Mount Merbabu, citing land cover changes and emphasizing the urgent need for integrated management measures, but did not directly link these changes to the fragility of the Surili habitat. Similarly, Lindayu et al. (2024) studied the distribution of Javan primates on Mount Sanggabuana, revealing a general decline pattern but offering no location-specific information on Mount Merbabu.
Those studies demonstrate the Javan Surili's ecological sensitivity to habitat degradation, but they also disclose significant study gaps. Although vegetation structure, population estimates, and general land cover changes have been researched, few studies have looked systematically at the relationship between habitat appropriateness for Javan Surili on Mount Merbabu and the threat of repeated forest fires. Given the park's history of considerable habitat loss and the increased frequency of wildfires, it is vital to assess how fire risk affects these endangered primate's long-term conservation prospects (Ardiaristo et al., 2025; Gunawati et al., 2025). Despite increasing research attention to the ecology and conservation of the Javan Surili, substantial gaps remain in understanding how biophysical degradation and socio-environmental pressures interact to shape habitat suitability particularly in Mount Merbabu, where recurring forest fires are increasingly shaping landscape dynamics. Existing studies have largely focused on vegetation structure, species distribution, or food availability, yet they rarely integrate disturbance regimes such as fire recurrence, land-use change, and human pressure into habitat suitability analyses (Bhandari et al., 2024; Pearson et al., 2024). Likewise, although recent modelling and population assessments have expanded knowledge in other regions of Java, no research has systematically examined how ecological conditions, fire disturbance patterns, and local governance structures intersect to affect Surili persistence in Merbabu (Hasan, 2024). This absence of an integrated socio-ecological perspective limits the ability to develop conservation strategies that respond to both ecological threats and the human dimensions driving them.
Therefore, the purpose of this study is to assess the suitability of Mount Merbabu National Park as habitat for Presbytis comata fredericae by examining vegetation structure, land-cover dynamics, and fire disturbance, and by analyzing how these ecological patterns intersect with human practices and governance conditions influencing forest resilience and species survival.
2. Methods 
2.1. Research Design 
This study employed a socio-ecological case study design to examine how ecological disturbance and human land-use practices influence habitat suitability for the Javan Surili in Mount Merbabu National Park (Denzin, 2012). The approach integrates qualitative inquiry with ecological field assessment, allowing the analysis of the interaction between vegetation structure, fire disturbance, governance, and community behavior. A mixed-data strategy combining field observation, interviews, document review, and participatory mapping was used to enable methodological triangulation and comparative interpretation across biophysical and social datasets. The design aligns with conservation research traditions in complex human-dominated landscapes, where ecological conditions cannot be separated from social systems shaping environmental change.

2.2 Study Area 
This study was conducted in Mount Merbabu National Park (TNGMb), Central Java, Indonesia. The park covers 5,725 ha and ranges from 800 to 3,145 m a.s.l. It represents one of the last refuges of the Javan Surili (Presbytis comata fredericae), an endangered primate threatened by habitat loss, land conversion, and recurrent forest fires.
2.3. Sampling and Participants
Participants were selected using purposive sampling based on their direct involvement with land-use practices, fire activity, or wildlife encounters in and around Mount Merbabu National Park. A snowball strategy was later applied to include additional individuals identified as key knowledge holders (Gill, 2020). The final sample consisted of local farmers, park rangers, community leaders, and tourism actors living or working along the forest boundary, representing diverse perspectives on fire use, habitat conditions, and human–Surili interactions.
2.4. Data Collection technique and Instruments
Data were collected between 2019 and 2023 using mixed qualitative ecological approaches, using a combination of: (1) Field observations – documenting vegetation cover, forest conditions, signs of fire damage, and Surili presence along established trails and forest edges. (2) Community interviews – semi-structured discussions with local residents, park rangers, and community groups living around the park to capture perceptions of land-use change, fire causes, and conservation challenges. (3) Document review – analysis of secondary sources including park management reports, conservation plans, government documents, and prior ecological studies on Surili habitat in Java. (5) Participatory mapping – involving rangers and local community representatives to identify areas most affected by land cover change, frequent burning, and Surili sightings.
The research used a structured instrument framework with analytical dimensions and indicators for systematic data collection. Developed using socio-ecological systems perspective, it recognized habitat condition, fire dynamics, governance, and human behavior as drivers of conservation outcomes. Ecological indicators measured habitat characteristics and fire disturbance, while social indicators assessed community practices and institutional processes (Withaningsih et al., 2022). Semi-structured interviews allowed participant context, while field observations used checklists tied to spatial reference points. The framework enabled comparative analysis while remaining open to emergent patterns.
Table 1. Instrument Framework Table
	Dimension
	Operational Indicators
	Data Source

	Habitat Characteristics
	· Canopy continuity and height
· Understory density
· Tree species richness
· Presence of Surili food plants
	Field observation, vegetation records

	Fire Disturbance and Landscape Change
	· Evidence of recent or repeated fire scars
· Burn severity (low–high)
· Frequency and spatial clustering of fire events
· Post-fire vegetation condition
	Field transects, park fire archives, participatory mapping

	Human Land-Use Practice
	· Purpose of land burning
· Farming proximity to forest edge
· Livestock grazing activity
· Tourism or recreational pressure
	Community interviews, ranger testimony, mapping sessions

	Human–Wildlife Interaction
	· Frequency of Surili sightings near settlements
· Crop-raiding incidents
· Perceived risks or benefits of wildlife presence
	Interviews, field records, informal community reporting

	Governance and Conservation Management
	· Enforcement activity level
· Community participation mechanisms
· Access to monitoring tools
· Implementation gaps between policy and practice
	Official reports, ranger interviews, document review



2.5. Data Analysis 
The analysis employed an iterative, inductive methodology, incorporating ecological measurements, interviews, participatory mapping, and documentary evidence. Interview transcripts underwent thematic analysis following Braun and Clarke's six stages: familiarization, coding, theme generation, revision, definition, and synthesis. Themes emerged organically from recurring patterns in the data (Aspers & Corte, 2019).  Ecological observations including canopy structure, vegetation, fire scars, and Surili sightings, were classified using habitat indicators and compared with stakeholder narratives on fire use, land-use pressure, governance, and human–wildlife interaction. GIS layers, fire records, and participatory mapping were used to validate themes related to habitat fragmentation and burning.  Triangulation across ecological evidence, community perspectives, and institutional documentation enhanced validity and identified convergent and divergent information (Morgan, 2022). Analysis was guided by a socio-ecological systems framework, examining relationships between land cover, fire disturbance, governance, and Surili populations. Theme refinement was collaboratively reviewed by the research team before final synthesis.
2.6. Ethical Considerations 
All interviews were voluntary and conducted with informed consent. Sensitive information about land use and fire incidents was anonymized. Research followed ethical guidelines for human-environment studies and was approved by the relevant institutional committee.
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3.1 The geographical location of Mount Merbabu's habitat 
Field studies indicated significant evidence of habitat deterioration within the TNGMb. The decline in canopy cover and development of secondary vegetation were particularly visible in the mid-elevation zones, where primary forest had been substantially disturbed. Guardians frequently state that these once-continuous woods are now dispersed with open shrubland and grassland, diminishing the quality and relationship of available Surili habitat. These findings correspond to previous studies of forest loss in Merbabu, where approximately 1,000 ha of habitat were lost between 2001 and 2013 (Alkaf et al., 2014).
Vegetation assessments revealed that tree variety in disturbed regions is declining, with pioneer species predominating where forest recovery is incomplete. Saputra et al. (Saputra et al., 2023) identified similar vegetation change dynamics, noting that canopy communities in Merbabu had changed toward lower structural complexity, potentially affecting primates' food availability. This type of habitat simplification affects Surili populations' ecological resilience, as they rely on structurally diversified forests for shelter as well as food.
Surili habitat in the park is marked by fragmentation. Local foresters have noticed that Surili populations are now restricted to isolated spots, mainly along ridgelines and in less damaged valleys. This is in line with broader tendencies described across Java, where Surili populations are increasingly confined to forest islands amidst agricultural matrices (Lindayu et al., 2024; Supartono et al., 2020). Fragmentation not only genetically isolates populations, but it also increases exposure to human pressures along forest boundaries.
These findings indicate that the state of Surili habitat in TNGMb represents a larger island-wide dilemma for primate conservation. Habitat reduction and fragmentation have made the species heavily reliant on a decreasing network of forest patches, making the preservation of Merbabu's remaining core zones critical for long-term survival.
3.2 The Impact of Fire as a Disruption
Fire has been identified as the most widespread disturbance in TNGMb, with a major effect on both biological processes and socioeconomic dynamics. According to official data and guard testimony, fires occur most frequently on the park's western and southern slopes, especially during extended dry seasons when vegetation becomes very flammable. Field surveys verified this pattern: burn scars and charred pieces were consistently found in the same areas, indicating a cyclical occurrence of fire. Such recurrent disturbance hinders natural regeneration, accelerates soil deterioration, and contributes to long-term modifications in forest structure. Ardiaristo (2024) underscored the significance of recurring fires in leading to land-cover loss in Merbabu, emphasizing the constant danger to biodiversity.
This study shows that the Javan Surili (Presbytis comata fredericae) on Mount Merbabu is extremely susceptible to habitat degradation, with fire appearing as a particularly important disturbance in altering both ecological processes and human-wildlife interactions. Previous studies have consistently underlined the species' dependence on structurally complex forests and their sensitivity to fragmentation, canopy loss, and understory decline (Indri Septiani et al., 2024; Lindayu et al., 2024; Saputra et al., 2023). Our findings confirm these patterns in addition to revealing that in Merbabu, unlike in other Javan habitats where agricultural conversion is the primary driver of fragmentation, fire recurrence is the predominant driver of habitat simplification fire recurrence is the predominant driver of habitat simplification fire recurrence is the predominant driver of habitat simplification (Ardiaristo et al., 2024; Ariyanto, 2015). Burn scars and recurrent disturbance restrict canopy connectivity and tree diversity, creating ecological barriers that isolate Surili groups and increase the likelihood of inbreeding and population declines. These findings are similar with previous research from Mount Slamet (Abimanyu et al., 2021) and Gunung Gede Pangrango (Dharma et al., 2024), where even moderate disturbance events were enough to threaten primate survival.
Based on community interviews, human activities, rather than natural ignition, cause the majority of wildfires. Residents linked fires to the expansion of agriculture, hunting techniques, and unmanaged tourism practices. For instance, numerous respondents freely recounted how fire is intentionally used to stimulate new grass growth for cattle or to clear plots for seasonal crops. These findings reflect broader trends in Java, where manmade fires are the primary cause of habitat fragmentation in protected areas (Ardiaristo et al., 2025). Thus, fire is more than just an ecological disturbance; it is also a representation of socioeconomic realities, survival strategies, and social customs that influence land use near TNGMb (Wunder et al., 2021). The continuance of such practices shows both economic need and limited options for local farmers. 
Beyond the immediate destruction of plants and animals, fire has far-reaching environmental impacts. Recurrent burning lowers the availability of critical food resources for the Surili, a monkey species that is already under risk from habitat loss. Burnt areas in TNGMb showed a sharp reduction in tree diversity, lower canopy density, and sparse understory vegetation, which was consistent with previous studies in other Javan forests (Dharma et al., 2024). These structural changes have a substantial impact on arboreal primates: open gaps caused by fire impede canopy connectivity, forcing Surili groups to remain in smaller, isolated forest patches. Such fragmentation not only limits their mobility, but also raises the likelihood of inbreeding and local population collapse. Abimanyu et al. (Abimanyu et al., 2021) discovered in Mount Slamet that even moderate amounts of forest disturbance can have a significant impact on Surili survival if habitat connectivity is lost.
Fire has far-reaching ecological and social repercussions. On the one hand, fire is a tool that is ingrained in the cultural and economic fabric of local communities, aiding agricultural output and pastoral activity. On the other hand, it weakens forest resilience, diminishes biodiversity, and jeopardizes the survival of endangered animals like the Surili. This contradiction underscores the critical necessity for coordinated fire management techniques. Community-based fire monitoring, greater land-use limitations, ecological restoration of burnt zones, and the promotion of alternative livelihood approaches may all contribute reduce dependence on fire-based land management. Without such efforts, fire will continue to be the dominating factor influencing the course of ecological change and biodiversity decrease on Mount Merbabu.
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Figure 2. Farmers doing land-checking activities at TNGMb in 2021 (TNGMb Hall 2012)
These images show the close and ongoing relationship between locals and the national park. Farmers are usually seen working near forest edges, surveying land and agricultural plots, where fire is commonly utilized as a land management strategy (Hasan, 2024). While these activities support local livelihoods, they also raise the risk of uncontrolled fires spreading into protected areas. These figures represent Merbabu's socio-ecological dynamics: human activity is ongoing and ingrained within the park's perimeter, influencing the frequency and intensity of fire disturbance. Importantly, it emphasizes the possibility of local communities to play a dual role: as contributors to ecological degradation and as critical collaborators in conservation projects and fire control. Harnessing this dual role will be critical in transforming fire from a destructive force to a regulated element within a sustainable conservation framework.
3.3 Local Perspectives on Human-Animal Interactions
 Interviews with those living around TNGMb revealed diverse and often ambivalent perspectives about the Javan Surili. On the one hand, many respondents viewed the Surili as a symbol of Merbabu's forest, recognizing its scarcity and symbolic worth in local culture. Its presence was regarded as a sign of ecological health, with some linking it to spiritual significance. This positive attitude corresponds to broader findings from Java, where communities occasionally perceive endemic primates as part of their natural heritage (Lindayu et al., 2024). On the other hand, a second group of respondents linked the species to tangible economic losses, particularly crop degradation in forest-bordering communities. These opposing impressions highlight a contradiction typical in conservation landscapes: species may be cherished in principle, but are viewed as a nuisance when interactions directly disrupt subsistence livelihoods. 
Despite these differing points of view, the majority of respondents agreed that habitat changes, notably fire and land conversion, were driving causes behind increased human-wildlife interactions. Communities reported that recurrent fires not only reduced forest cover but also affected wildlife movement, driving primates closer to agricultural plots in pursuit of food. The finding corresponds to Saputra et al. (Saputra et al., 2023), who discovered that understory loss and vegetation alterations diminish food availability for monkeys, increasing the demand on them to forage in disturbed or human-dominated landscapes. As a result, crop raiding becomes a visible manifestation of larger ecological damage, strengthening negative attitudes of Surili among impacted farmers.
This socio-ecological feedback loop is intensified as forest loss brings Surili populations closer to farmlands, increasing crop-raiding occurrences and fostering community ambivalence. These opposing attitudes, which see Surili as a cultural emblem while also viewing them as an agricultural nuisance, correspond to findings from other Javan landscapes (Khawarizmi et al., 2024; Lindayu et al., 2024). Unless livelihood concerns are addressed simultaneously with ecological restoration, conservation strategies risk being considered limiting rather than cooperative.
The interviews also revealed systemic limitations that prevent community participation in conservation. Residents reported restricted access to fire management infrastructure, minimal participation in decision-making processes, and a lack of economic incentives to pursue sustainable land-use practices. Many people contended that, while they faced the risks of living in a protected forest, they received few tangible advantages from conservation measures. This is in line with Ardiaristo et al. (Ardiaristo et al., 2025), who stated that conservation in Merbabu must take into account local livelihoods and socioeconomic realities in order to prevent additional land-cover loss. Without addressing these structural issues, conservation policies risk being regarded as restrictive rather than helpful, raising doubts about their long-term effectiveness.
Thus, the findings show that conservation in Merbabu involves not only an ecological but also a highly social effort. Cultural values and livelihood demand impact local perspectives on the Surili, and the forest in general. Conservation initiatives that approach communities solely as passive stakeholders are unlikely to succeed (Gunawati et al., 2025). Instead, collaborative approaches that involve locals as co-managers may foster mutual trust, improve attitudes toward the Surili, and reduce conflict. This could include incentive-based systems like agroforestry programs, community fire brigades, or ecotourism benefit-sharing methods. Merbabu can develop a more collaborative framework that benefits both biodiversity and human well-being by linking conservation objectives with local needs (Hasan, 2024).
3.4 Conservation Management and Governance Issues
Document inspections and guard interviews revealed persistent governance issues inhibiting conservation operations at Mount Merbabu National Park (TNGMb). Although the Javan Surili is legally protected both domestically and internationally by CITES Appendix II (Cahyaningsih et al., 2021), enforcement on the ground is patchy. Patrols are infrequent and limited by persistent staffing, budget, and logistical issues. Fire and wildlife monitoring systems are also undeveloped, making extensive areas of the park vulnerable to unmanaged disturbances. These limitations resonate with Supartono et al. (2020), who noticed that ecological monitoring of Surili populations across Java is often unsatisfactory, even in protected areas. In practice, the difference between government protection and practical application makes the Surili's legal claim only partially effective.
Governance issues exacerbate these trends. Enforcement has historically been hindered by limited resources and insufficient coordination, as indicated by Hidayat et al. (2016) in their early research on Merbabu's management, and this study confirms this. Patrols remain limited, monitoring systems are undeveloped, and community involvement is insufficient, resulting in fragmented and reactive conservation. Supartono et al. (2020) observed that ecological monitoring of Surili populations across Java is often disappointing, even in officially protected areas. Furthermore, the use of outdated distribution records in global conservation databases (Nijman, 2017, 2019) highlights a continuous knowledge gap. Although recent developments in habitat modelling (Santoso et al., 2023; Sutopo et al., 2025) have enhanced predictive capacity, they are still biased toward West Java (Withaningsih et al., 2022), leaving Central Java underrepresented. Our findings fill an important gap by directly tying fire recurrence to habitat appropriateness in Merbabu, providing a more solid evidence base for management.
Despite these restrictions, park management has attempted to improve coordination with the local community through education campaigns, participatory meetings, and occasional collaborative patrolling efforts (de la Torre & Morelos-Juárez, 2022; Joanny, 2020). These strategies have created some goodwill, but they are inconsistent and frequently overshadowed by unresolved land-access problems. Farmers and communities continue to challenge border limitations, particularly in buffer zones were resource access conflicts with conservation requirements. Similar conflicts were noted by Ariyanto (Ariyanto, 2015), in efforts to coordinate conservation between Merapi and Merbabu, where conflicting land rights and a lack of institutional capacity hindered cross-border collaboration. As a result, governance issues in Merbabu are more than just technical shortcomings; they are also linked to contentious land rights and sociopolitical resource use patterns (Ba’in et al., 2021).
An additional restriction is the knowledge basis that guides conservation decisions. Current management strategies frequently use out-of-date or incomplete data. The IUCN Red List continues to use Nijman's (Nijman, 2019) initial findings for Surili distribution, highlighting the lack of systematic field assessments in Central Java. Although more recent research, such as Santoso et al. (Santoso et al., 2023) has refined habitat modelling techniques, it is still concentrated in West Java, leaving Merbabu underrepresented in regional conservation planning. This scientific gap undermines the evidence base for local policy, leading to reactive rather than proactive management decisions. Prioritizing measures and assessing their effectiveness are difficult without good population counts, habitat connectivity data, or fire damage evaluations.
Table 2. Governance Gaps in Mount Merbabu Conservation Management
	Governance Gaps
	Key Issues
	Main Consequences

	Enforcement Gap
	· Infrequent patrols and a lack of patrol personnel
· Weak fire monitoring systems 
· legal protection is not fully implemented in practice
	· Forests remain vulnerable to fire and illegal activities
· Conservation laws and CITES listing have little impact on the ground

	Knowledge Gap 
	· Outdated distribution data for Surili (IUCN uses outdated records) 
· Central Java has few organized field surveys
· The lack of long-term ecological monitoring systems
	· Poor planning and misplaced priorities 
· Conservation decisions are reactive and short-term, not strategic

	Participant Gap
	· Communities' limited involvement in decision-making
· Land disputes between park officials and farmers 
· No financial incentives to encourage sustainable practices
	· Low cooperation from local residents
· Weak legitimacy of conservation rules 
· Human-wildlife conflict continues, especially as Surili inflict crop damage.



The three governance shortcomings, particularly enforcement, knowledge, and participation, are not present in isolation, but rather reinforce one another, resulting in a cycle of poor conservation outcomes. Limited enforcement capacity sets ecological systems at risk, while obsolete knowledge inhibits adaptive planning. Simultaneously, little community participation undermines legitimacy and cooperation, further straining park-community relations. Together, these shortcomings result in a fragmented and reactive conservation system that struggles to address the Surili's long-term viability. Bridging these gaps requires a comprehensive approach that improves institutional resources, invests in scientific monitoring, and empowers communities to co-manage Merbabu's environmental future. 
Collectively, these data indicate that Merbabu's governance faces a dual challenge: limited institutional capacity within the park authority and insufficient integration with community-based methods. The former causes fragmented enforcement and monitoring, whereas the latter weakens long-term legitimacy and cooperation. Unless these two dimensions are addressed concurrently, conservation efforts are likely to remain fragmented, reactive, and subject to external pressures like as agricultural development and recurring fires.
3.5 Emerging socio-ecological patterns
The two sets of data show that Surili conservation on Mount Merbabu is influenced by a complex interplay of ecological degradation and human demands, resulting in patterns that are best understood through a socio-ecological perspective. Forest degradation, fragmentation, and periodic fire events diminish habitat appropriateness and connectivity, increasing the likelihood of Surili population reduction. Field surveys found that recurrent burning not only decreases tree regeneration, but also reduces canopy cover, resulting in open patches that isolate primate populations. These conditions correspond to broader patterns across Java, where habitat fragmentation, whether through agriculture, logging, or fire has repeatedly decreased primate survivability (Ardiaristo et al., 2025; Lindayu et al., 2024). Surili studies in other settings, such as Mount Slamet (Abimanyu et al., 2021) and Gunung Gede Pangrango (Dharma et al., 2024), have shown that even intact populations decline when disturbance causes not to be addressed frequently.
When these ecological and governance findings are examined in light of new molecular and genetic studies, they become more profound (Khawarizmi et al., 2024). Pelage variation research (Karyanto et al., 2023) underlines the distinctive characteristics of Merbabu's Surili population, while phylogenetic analyses (Maulani Pradiana & Yayan Hendrayana, 2025) corroborate the taxonomic importance of conserving local lineages within the Presbytis genus. The intersection of genetic uniqueness, morphological variation, and ecological vulnerability increases the significance of conservation action in Merbabu, as the loss of these populations would result in not only local extinction but also an erosion of evolutionary diversity. Similarly, Nijman (2017) behavioral observations on group composition and reproductive strategies in Surili indicate that population fragmentation could have far-reaching demographic implications, as smaller and more isolated groups are less able to sustain sustainable social and reproductive systems.
The data comparison from other primate studies conducted in Indonesia emphasizes the demand for a more comprehensive managerial approach. Research on Presbytis frontata in disturbed mining landscapes (Fithria et al., 2023) and langurs in Kalimantan (Sutopo et al., 2025) shows that monkeys may demonstrate some ecological flexibility but remain extremely vulnerable to repeated disturbance and habitat modification. In Merbabu, the frequency of fire incidents diminishes even the little buffers that such flexibility might afford, leaving the species with less adaptive alternatives (Ardiaristo et al., 2024; Iryadi et al., 2025; Prasetyo & Kusumandari, 2021). This emphasises the significance of incorporating fire management directly into conservation strategy rather than considering it as a secondary threat.
On the social level, community livelihoods and governance flaws increase ecological vulnerability. Local testimonies revealed a considerable reliance on fire for land clearance, combined with few economic alternatives, sustaining cycles of destruction. In addition, varied community views on the Surili, ranging from cultural admiration to perceived nuisance, indicate ambivalence, complicating conservation support (Mehtta, 2019). Poor governance, defined by sporadic patrols, insufficient monitoring, and low community participation, exacerbates these constraints (Ardiaristo et al., 2025). As a result, conservation concerns in Merbabu include more than just environmental issues; they are additionally impacted by livelihood strategies, resource conflict, and institutional shortages. 
Fire plays a major role in Merbabu's socio-ecological system as both a livelihood tool and a driver of habitat change. Unlike in places where agriculture is the dominant driver of fragmentation, Merbabu communities consistently acknowledged fire as the most obvious and immediate cause of forest disturbance. Burn marks demonstrate its recurring nature, and interviews have linked fire use to pasture management, agricultural development, and hunting habits. This dynamic distinguishes Merbabu from other Javan ecosystems, implying that effective Surili conservation here requires including fire risk reduction within management techniques (Ariyanto, 2015). Fire emerges not only as an ecological disturbance, but also as a socially embedded activity, emphasising the importance of socio-ecological solutions (Gunawati et al., 2025).
Thus, our findings suggest that the Surili's survival in Merbabu depends on addressing feedback loops between social and ecological processes. Fire and fragmentation limit food supply and movement routes, causing primates to relocate closer to human settlements. This worsens human-wildlife conflict, increasing negative attitudes and reducing local collaboration, undermining governance and enabling more land-use demands. Breaking this loop necessitates a holistic approach that includes fire management, participatory co-management with communities, and greater governance. Conservation efforts can only progress beyond reactive measures to establish resilience for biodiversity and local livelihoods if ecological restoration is aligned with social incentives and institutional reforms.
5. Conclusion 
The Javan Surili's survival in Merbabu requires breaking the cycle of fire, habitat loss, human-wildlife conflict, and poor governance. Conservation must integrate fire control, alternative livelihoods and institutional reforms to address enforcement gaps. Merbabu can demonstrate how combining ecological restoration with social incentives preserves endangered primates while strengthening socio-ecological resilience. Overall, this study emphasizes the urgency of preserving the Javan Surili in Mount Merbabu in light of the landscape's socio-ecological realities. Forest degradation, fragmentation, and, in particular, recurring fires reduce habitat quality and isolate populations, while human practices based on subsistence livelihoods exacerbate the disturbance. The combination of ecological vulnerability, community reliance on fire, and insufficient governance creates a feedback cycle that compromises long-term species survival. Unlike other Javan environments where agriculture is the primary driver of fragmentation, Merbabu's uniqueness resides in the dominance of fire as an ecological and social force. Protecting Surili populations involves more than standard ecological monitoring; it necessitates coordinated measures that reduce fire risk, increase institutional capacity, and empower local communities as conservation co-managers. Integrating fire management into habitat conservation, rehabilitating degraded areas, and developing alternative sources of income through agroforestry or ecotourism will be critical for integrating biodiversity objectives with community needs. By putting fire at the heart of conservation planning, this study lays the groundwork for establishing more robust strategies to protect one of Java's few remaining Presbytis comata fredericae populations.
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