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Scale, Distribution and Forest Ownership of Poor Production Natural Evergreen Broadleaf Forest in the Former Gia Lai Province, Vietnam: Implications for Management





Abstract 

	This study examines the former Gia Lai province as it existed prior to the July 2025 administrative merger with Binh Dinh province; all data and analyses refer exclusively to pre-merger boundaries. The former Gia Lai was located in the northern Central Highlands of Vietnam. With its diverse topography, including mountains, highlands, and valleys, the province holds significant potential for forestry development. This potential contributes to the local economy, creates employment opportunities, and supports social sustainability for ethnic communities in the region. This study provides an overview of the scale, distribution, and ownership of degraded natural evergreen broadleaf forests in the former Gia Lai, based on secondary data from the 2023 Vietnam national forest dataset (Decision No. 861/QD-BNN-KL, March 2024), analysed using descriptive statistical methods. The findings indicate that the total area of degraded natural evergreen broadleaf forests in the province is 90,736.57 hectares, distributed across 10,503 plots spanning all 17 districts. The forest area is allocated to seven categories of ownership: Communities (3,111.83 ha), Commune People's Committees (36,283.67 ha), Protection Forest Management Boards (37,315.75 ha), Forestry Companies (12,832.85 ha), Private Enterprises (143.51 ha), Armed Forces Units  (910.81 ha), and Others (138.15 ha). Plots smaller than 0.5 ha are scattered throughout the province, presenting significant challenges for investment, management, and development efforts. The Commune People's Committees account for 40.00% of the total area of degraded natural evergreen broadleaf forests, despite not being specialised management entities. This institutional mismatch poses substantial difficulties for the effective management and development of these forest areas.
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1. Introduction

According to the provisions of the Forestry Law of Vietnam No. 16/2017/QH14, Decree No. 156/2018/NĐ-CP and No. 27/2024/NĐ-CP, and Circular No. 33/2018/TT-BNNPTNT and No. 16/2023/TT-BNNPTNT, secondary mountain evergreen broadleaf forests with standing timber volumes ranging from greater than 50 m³/ha to 100 m³/ha are classified as production forests and termed "Poor Production Natural Evergreen Broadleaf Forest" (PPNEBF). Areas designated for forestry are allocated to one of 11 categories of users: (1) Households and individuals, (2) Community groups, (3) Commune People's Committees (CPC), (4) Protection Forest Management Boards (PFMB), (5) State Forest Enterprises (SFE), (6) Forestry Companies (FC), (7) Private Enterprises (PE), (8) Foreign Enterprises (FE), (9) Other entities, (10) Special-use Forest Management Boards (SUFMB), and (11) Armed Forces Units (AFU). The designated users are responsible for managing, protecting, and developing forest resources within their allocated areas in accordance with legal regulations.

The former Gia Lai was a mountainous province in the northern Central Highlands, Vietnam with a natural area of 15,500 km² and a population of 1.6 million people. As a mountainous province with an average elevation of 700-800 meters above sea level, the former Gia Lai features three main topographical types: hills and mountains, plateau, and valleys. These conditions are highly favorable for forestry development. Consequently, forestry plays a crucial role in the local economy, providing employment and social stability for ethnic minorities whose livelihoods depend on forest resources (Gia Lai Provincial Party Committee, 2023). This study examines the former Gia Lai province as defined by its administrative boundaries prior to July 2025, when the former Gia Lai and Binh Dinh provinces were merged. All forest data and management assessments herein pertain exclusively to the territory of the former Gia Lai province. Vietnam's forests have undergone substantial policy reform since the Doi Moi period, with progressive decentralisation of forest land allocation to local actors including households, communities, and Commune People's Committees (Dang et al., 2018; Dinh & Wesseler, 2024). However, research has consistently shown that devolving responsibility without adequate technical capacity and institutional support fails to improve forest outcomes (Bayrak et al., 2013). Deforestation and forest degradation have been most acute in Vietnam's Central Highlands and northern regions (Khuc et al., 2018), where poor production forests are particularly vulnerable due to fragmented ownership and weak governance. Similar challenges of fragmented forest ownership and management by non-specialized entities have been documented across Vietnam's mountainous regions, where households and Commune People's Committees manage over 80% of poor production forests despite lacking adequate technical capacity (Pham et al., 2025). Given this context, providing an overview of the scale, distribution, and ownership of PPNEBF is essential for guiding the sustainable management and development of these forest areas in the former Gia Lai.

2. Study Site and Methods

2.1 Study Site

The former Gia Lai province, Vietnam is geographically located between 13°16′ to 15°00′ North latitude and 107°33’ to 109°31’ East longitude, situated in the northern part of the Central Highlands region. The geographic scope of this research corresponds to the former Gia Lai province's administrative boundaries as they existed before the July 2025 merger with Binh Dinh province. All subsequent data on forest area, distribution, and management reflect these pre-merger territorial limits. The former Gia Lai's climate is characterized by two distinct seasons: the dry season and the rainy season, with an average annual temperature of 22-25°C. The dry season, with low humidity, extends from November to April of the following year, with average temperatures of 18-25°C. The lowest temperatures during the year can drop below 15°C. The rainy season lasts from May to October, during which average temperatures range from 25-30°C with high humidity. Average annual rainfall in the Western Truong Son is 2,200-2,500 mm and in the Eastern Truong Son is 1,200-1,750 mm.

The vegetation cover in the former Gia Lai is highly diverse and abundant, with the largest area being evergreen broadleaf forests and the distinctive dipterocarp forests, which hold significant ecological value. The diversity of vegetation covers and forest tree biodiversity in the former Gia Lai is clearly demonstrated at Kon Ka Kinh National Park, which features various primary and secondary forest types (Kon Ka Kinh National Park, 2024).

With a population of approximately 1.6 million people, the former Gia Lai accounts for 1.6% of the national population. The province comprises 17 district-level administrative units, including 1 city, 2 towns, and 14 districts, with 220 commune-level administrative units consisting of 24 wards, 14 townships, and 182 communes (Resolution No. 859, 2020). The former Gia Lai is home to 44 ethnic groups, with ethnic minorities accounting for 46.22% of the population.

2.2 Data Collection and Analysis

This research employed secondary data derived from Vietnam's national forest data in 2023, as promulgated through Decision No. 861/QĐ-BNN-KL dated 20 March 2024, in accordance with Vietnamese forestry standards specified in Circular No. 33/2018/TT-BNNPTNT. Forest quality classification adhered to standing timber volume thresholds established by national standards: rich forests exceeding 200 m³/ha, medium forests ranging from 100 to 200 m³/ha, poor forests spanning 50 to 100 m³/ha, and very poor forests containing 10 to 50 m³/ha. Forest data were obtained from the former Gia Lai Forest Protection Department and subjected to descriptive statistical analysis using Microsoft Excel.

The analytical framework systematically organized forest data into two primary classification schemes: firstly, spatial distribution of PPNEBF by administrative jurisdiction and plot size class; and secondly, allocation patterns of PPNEBF across distinct management entity categories. Spatial fragmentation was assessed through a five-tier plot size classification system comprising plots smaller than 0.5 ha, plots between 0.5 and 1.0 ha, plots between 1.0 and 2.0 ha, plots spanning 2.0 to 5.0 ha, and plots exceeding 5.0 ha. Note: the sub-class of plots smaller than 0.5 ha is specifically highlighted because these micro-plots present the most severe challenges for access, monitoring, and investment, warranting targeted policy attention.

3. Results and Discussion

3.1 Area of PPNEBF by Administrative Unit

The entire province of the former Gia Lai contains 90,736.57 ha of PPNEBF distributed across 10,503 forest plots (Table 1). There is considerable variation in the area of PPNEBF amongst districts. Krông Pa district has the largest area (37,114.62 ha, 3,674 plots), whilst Chư Sê district has the smallest area (1.65 ha, 1 plot).

Of the total 10,503 PPNEBF plots in the former Gia Lai province, 28.11% of plots (88.32% of area) exceed 5.0 ha per plot (Table 1), whilst 20.4% of plots (0.60% of area) are smaller than 0.5 ha per plot.

3.2 Area of PPNEBF by Ownership Category

There are seven categories of forest owners managing PPNEBF in the former Gia Lai province (Table 2): (1) Community groups (3,111.83 ha, 291 plots), (2) Commune People's Committees (36,283.67 ha, 4,980 plots), (3) Protection Forest Management Boards (37,315.75 ha, 3,171 plots), (4) Forestry Companies (12,832.85 ha, 1,750 plots), (5) Private Enterprises (143.51 ha, 164 plots), (6) Armed Forces Units (910.81 ha, 98 plots), and (7) Other entities (138.15 ha, 49 plots). Consequently, 95.26% of the total PPNEBF area in the former Gia Lai province belongs to three principal ownership categories: Commune People's Committees, Protection Forest Management Boards, and Forestry Companies.
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Table 1. Area (ha) of PPNEBF by administrative unit and plot size class in the former Gia Lai province

	No.
	Districts 
	Plot size (ha)

	
	
	< 0.5
	0.5 - 1.0
	1.0 - 2.0
	2.0 - 5.0
	> 5.0
	Total

	
	
	Area (ha)
	Plots
	Area (ha)
	Plots
	Area (ha)
	Plots
	Area (ha)
	Plots
	Area (ha)
	Plots
	Area (ha)
	Plots

	1
	Chư Păh
	24.83
	133
	69.92
	95
	197.67
	140
	485.46
	149
	3,160.07
	140
	3,937.95
	657

	2
	Chư Prông
	9.27
	34
	46.66
	62
	94.85
	63
	265.12
	82
	2,078.74
	98
	2,494.64
	339

	3
	Chư Pưh
	17.44
	62
	32.15
	48
	56.33
	42
	88.4
	27
	432.99
	33
	627.31
	212

	4
	Chư Sê
	
	
	
	
	1.65
	1
	
	
	
	
	1.65
	1

	5
	Đắk Đoa
	32.82
	127
	64.65
	89
	177.23
	120
	404.88
	130
	4509.8
	172
	5,189.38
	638

	6
	Đắk Pơ
	8.51
	27
	24.85
	34
	61.07
	45
	177.41
	55
	2,399.11
	98
	2,670.95
	259

	7
	Đức Cơ
	5.49
	20
	7.13
	9
	22.37
	14
	46.1
	16
	89.75
	9
	170.84
	68

	8
	Ia Grai
	54.37
	204
	105.54
	147
	193.15
	140
	308.56
	103
	637.6
	46
	1,299.22
	640

	9
	Ia Pa
	32.62
	119
	49.87
	69
	137.54
	94
	377.64
	115
	11,696.33
	276
	12294
	673

	10
	Kbang
	107.43
	392
	149.06
	213
	335.66
	241
	580.41
	187
	5429.7
	275
	6,602.26
	1,308

	11
	Kông Chro
	41.38
	170
	89.7
	129
	189.27
	134
	616.14
	196
	8,432.63
	280
	9,369.12
	909

	12
	Krông Pa
	146.6
	609
	414.79
	574
	823.7
	566
	2,353.15
	722
	33,376.38
	1,203
	37,114.62
	3,674

	13
	Mang Yang
	48.04
	197
	83.19
	117
	159.08
	112
	421.12
	130
	4,507.02
	197
	5,218.45
	753

	14
	Phú Thiện
	1.42
	6
	4.25
	6
	5.01
	4
	23.56
	7
	71.27
	4
	105.51
	27

	15
	TP. Plei Ku
	
	
	
	
	
	
	5.87
	2
	14.95
	1
	20.82
	3

	16
	TX. An Khê
	0.65
	2
	1.56
	2
	1.21
	1
	12.82
	4
	153.07
	8
	169.31
	17

	17
	TX. Ayun Pa
	11.46
	44
	39.96
	56
	91.06
	63
	155.08
	50
	3,152.98
	112
	3,450.54
	325

	Total
	542.33
	2,146
	1,183.28
	1,650
	2,546.85
	1,780
	6,321.72
	1,975
	80,142.39
	2,952
	90,736.57
	10,503

	Ratio (%)
	0.60 
	20.4
	1.30 
	15.7
	2.81 
	16.9
	6.97 
	18.8
	88.32 
	28.11
	100 
	     100 

















Table 2. Area (ha) of PPNEBF by ownership category and plot size class in the former Gia Lai province

	No.



	Districts



	Ownership

	
	
	Community groups 


	Commune People's Committees 

	Protection Forest Management Boards
	Forestry Companies 


	Private Enterprises


	Armed Forces Units

	Other entities 




	1
	Chư Păh
	
	1,047.96
	2,846.2
	
	43.79
	
	

	2
	Chư Prông
	
	2,166.13
	319.87
	
	
	8.64
	

	3
	Chư Pưh
	
	447.32
	179.99
	
	
	
	

	4
	Chư Sê
	
	1.65
	
	
	
	
	

	5
	Đắk Đoa
	
	1,387.13
	3,773.34
	
	0.56
	
	28.35

	6
	Đắk Pơ
	
	403.08
	1,728.99
	
	
	
	538.88

	7
	Đức Cơ
	
	87.67
	83.17
	
	
	
	

	8
	Ia Grai
	
	180.21
	1,036.75
	
	82.26
	
	

	9
	Ia Pa
	
	53.54
	12,240.46
	
	
	
	

	10
	Kbang
	75.45
	993.71
	244.44
	5,288.66
	
	
	

	11
	Kông Chro
	
	3,943.63
	
	5,412.25
	
	
	13.24

	12
	Krông Pa
	1,840.03
	21,055.81
	14,072.41
	
	16.9
	129.47
	

	13
	Mang Yang
	1,196.35
	997.96
	687.53
	2,131.94
	
	
	204.67

	14
	Phú Thiện
	
	7.23
	98.24
	
	
	0.04
	

	15
	TP. Plei Ku
	
	20.82
	
	
	
	
	

	16
	TX. An Khê
	
	41.71
	4.36
	
	
	
	123.24

	17
	TX. Ayun Pa
	
	3,448.11
	
	
	
	
	2.43

	Are (ha)

	Total
	3,111.83
	36,283.67
	37,315.75
	12,832.85
	143.51
	138.15
	910.81

	
	Ratio (%)
	3.4 
	40.0 
	41.1 
	14.1 
	0.2 
	0.2 
	1.0 

	Plots

	Total
	291
	4,980
	3,171
	1,750
	164
	49
	98

	
	Ratio (%)
	2.8 
	47.4 
	30.2 
	16.7 
	1.5 
	0.5 
	0.9 



3.3 Analysis and Evaluation

3.3.1 Challenges of Plot Fragmentation and District-Level Disparities

The distribution of PPNEBF across the former Gia Lai province reveals significant spatial fragmentation that poses substantial challenges for sustainable forest management. At the global scale, tropical forest fragments under 1.0 ha are disproportionately vulnerable to loss compared to larger patches (Taubert et al., 2018), underscoring the urgency of addressing micro-fragmentation in management planning. The total area of plots smaller than 0.5 ha amounts to 542.33 ha distributed across 2,146 plots (Table 1), representing a highly fragmented landscape. These small plots are scattered throughout the province, often interspersed amongst bare land parcels, making them particularly difficult to access and monitor effectively.

The fragmentation issue is compounded by extreme disparities in forest area amongst districts. Krông Pa district manages 37,114.62 ha (40.9% of the provincial total), whilst Chư Sê district has only 1.65 ha. This 22,493-fold difference in forest area creates profound inequalities in management capacity and resource allocation. Similar extreme disparities have been documented in Northeast Vietnam, where the uneven distribution of forest areas amongst districts creates comparable challenges for effective management and equitable resource allocation (Pham et al., 2025). Districts with minimal forest areas, such as Chư Sê, Đức Cơ (170.84 ha), and Phú Thiện (105.51 ha), face particular difficulties in justifying dedicated forestry programs and securing proportional investment. The administrative burden of implementing forest development policies remains constant regardless of area, making small allocations economically inefficient and administratively burdensome. Protected areas in the Central Highlands have provided stronger conservation outcomes compared to unprotected production forests (Ebright et al., 2023), highlighting the importance of adequate institutional coverage across all forest ownership categories.

Moreover, the human resource allocation within district forest ranger stations does not correspond proportionally to forest area. This structural mismatch creates a situation where districts with extensive forest areas are understaffed, whilst those with minimal areas may have relatively adequate personnel. For instance, Krông Pa district, managing over 40% of the province's PPNEBF, faces immense pressure on its forest protection staff, potentially compromising monitoring effectiveness and intervention capacity. This disproportionate distribution of management responsibility represents a critical institutional weakness that impedes effective forest protection and sustainable development at the local level (Gia Lai Forest Protection and Development Fund, 2022).

The fragmentation of plots smaller than 0.5 ha presents additional practical challenges. These scattered parcels are difficult to incorporate into systematic management plans, as they require disproportionate investment in boundary demarcation, monitoring, and silvicultural interventions relative to their productive potential. Furthermore, their location amongst agricultural lands increases vulnerability to encroachment and makes them susceptible to edge effects that can accelerate degradation. The cumulative impact of these factors significantly reduces the likelihood of successfully upgrading these degraded forests to medium or rich production forests capable of supporting sustainable multi-purpose management (Gia Lai Forest Protection and Development Fund, 2022).

3.3.2 Ownership Structure and Management Capacity

The ownership structure of PPNEBF in the former Gia Lai province reveals significant institutional strengths and weaknesses that directly affect management effectiveness. Notably, no PPNEBF area is allocated to individual households (Table 2), which represents a considerable advantage for sustainable forest management. Individual household management typically results in highly fragmented ownership patterns with small, scattered plots that are difficult to coordinate for landscape-level conservation objectives (Dinh & Wesseler, 2024). The absence of household-level ownership eliminates challenges associated with mobilising numerous smallholders to adopt new technical practices, comply with management regulations, or access investment capital through formal procedures (Dang et al., 2018). This concentrated ownership structure facilitates more coordinated policy implementation and reduces transaction costs associated with stakeholder engagement (Resolution No. 859, 2020). This ownership pattern differs markedly from Northeast Vietnam, where households and individuals manage 47.77% of poor production forests across 141,536 plots, creating substantially greater fragmentation and coordination challenges (Pham et al., 2025).

Community groups manage 3,111.83 ha (3.4% of the total area), representing another positive aspect of the ownership structure. Village communities in the former Gia Lai typically have established customary regulations (hương ước) governing forest protection to secure communal benefits such as water supply for domestic use and agricultural production, as well as sustainable harvesting of non-timber forest products. These traditional governance systems provide a strong foundation for participatory forest management, as community members have direct incentives to protect forest resources upon which their livelihoods depend. Research has demonstrated that community-based forest management can effectively reduce illegal logging and promote natural regeneration when communities maintain strong institutional arrangements and direct livelihood connections to forest resources (Diansyah et al., 2021; Porter-Bolland et al., 2012; Ostrom, 1990). Community-based management has demonstrated effectiveness in reducing illegal logging and promoting natural regeneration in comparable contexts throughout Vietnam (Gia Lai Forest Protection and Development Fund, 2022; Center for Biodiversity Conservation and Nature, 2019). The potential of community-based governance is also recognised in the Vietnamese legal and policy framework for co-management in special-use forests (KimDung et al., 2017).


However, the ownership structure also presents a critical weakness: Commune People's Committees manage 36,283.67 ha, representing 40.00% of the total PPNEBF area and 47.4% of all plots (Table 2). This concentration of forest area under non-specialized management entities constitutes the most significant institutional challenge facing PPNEBF conservation in the former Gia Lai. Commune People's Committees are general-purpose administrative bodies responsible for diverse governance functions, including social services, infrastructure development, and agricultural extension.  Forestry represents only one of many competing priorities, and these committees lack specialised technical staff, equipment, and dedicated budgets for forest management activities. This institutional mismatch has been identified as a systemic problem in Vietnam's forest governance, with decentralisation policies transferring responsibilities without sufficient technical and financial support (Dang et al., 2018; Bayrak et al., 2013).

The practical consequences of this institutional arrangement are severe. Field assessments documented by provincial authorities indicate that PPNEBF managed by Commune People's Committees receives minimal active management intervention (Gia Lai Forest Protection and Development Fund, 2022). Without dedicated forest rangers or regular monitoring programmes, these areas are effectively treated as de facto open-access resources by local communities, despite their legal status as state-owned forests. This perception encourages opportunistic harvesting of timber and non-timber products, agricultural encroachment, and other activities that degrade forest condition and undermine regeneration potential. The absence of visible management authority creates a governance vacuum that accelerates forest degradation and prevents the natural succession processes necessary for these poor production forests to develop into higher-quality forest types (Gia Lai Forest Protection and Development Fund, 2022; Center for Biodiversity Conservation and Nature, 2019). This institutional challenge reflects broader policy failures in Vietnam's forest decentralisation (Bayrak et al., 2013; Tu & Burgers, 2012). This governance challenge extends beyond the former Gia Lai; Commune People's Committees manage 35.08% of poor production forests in Northeast Vietnam with comparable capacity limitations, suggesting systemic institutional deficiencies requiring national-level policy reforms rather than province-specific interventions (Pham et al., 2025).

3.3.3 Comparative Advantages of Specialized Management Entities

In contrast, the remaining ownership categories, Protection Forest Management Boards (37,315.75 ha, 41.1%), Forestry Companies (12,832.85 ha, 14.1%), Private Enterprises (143.51 ha, 0.2%), Armed Forces Units (910.81 ha, 1.0%), and Other entities (138.15 ha, 0.2%), collectively demonstrate substantially better management outcomes. These entities possess legal personality, enabling them to enter contracts, access formal credit, and implement long-term management plans. More importantly, they typically employ dedicated forest protection staff with technical training in silviculture, forest inventory, and conservation practices.

Protection Forest Management Boards, which manage the largest single category of PPNEBF (41.1% of total area), operate under a specialized mandate focused exclusively on forest conservation and sustainable use. Their institutional structure includes permanent ranger stations, regular patrol schedules, and direct accountability to provincial forestry authorities. Similarly, Forestry Companies and Armed Forces Units maintain disciplined management systems with clear lines of authority and adequate resources for basic forest protection activities. Field assessments consistently demonstrate that forests under these specialized management entities experience lower rates of illegal harvesting, better natural regeneration, and more stable boundary demarcation compared to areas managed by Commune People's Committees (Gia Lai Forest Protection and Development Fund, 2022; Center for Biodiversity Conservation and Nature, 2019). The superior conservation outcomes achieved by specialized management entities have been consistently documented across Vietnam's forest landscapes, where natural succession processes and biodiversity recovery proceed more rapidly under professional forestry management than under household or commune management (Pham et al., 2025; Ebright et al., 2023; Khuc et al., 2018; Meyfroidt & Lambin, 2011).

The stark difference in management effectiveness between specialized entities and Commune People's Committees underscores the need for institutional reform. Transferring responsibility for the 36,283.67 ha currently managed by Commune People's Committees to Protection Forest Management Boards or establishing dedicated management units would significantly enhance prospects for successful forest restoration and sustainable development. Such institutional restructuring would align management responsibility with technical capacity, improving both conservation outcomes and economic returns from PPNEBF in the former Gia Lai province.

4. Conclusion

Based on forest data from the former Gia Lai province as defined by its pre-July 2025 administrative boundaries (prior to merger with Binh Dinh province), this study reveals that the former Gia Lai province contains 90,736.57 ha of poor production natural evergreen broadleaf forest distributed across 10,503 plots in all 17 district-level administrative units. The entire forest area is allocated amongst seven ownership categories: Community groups (3,111.83 ha), Commune People's Committees (36,283.67 ha), Protection Forest Management Boards (37,315.75 ha), Forestry Companies (12,832.85 ha), Private Enterprises (143.51 ha), Armed Forces Units (910.81 ha), and Other entities (138.15 ha). Significant disparities in forest area exist amongst districts; however, staffing levels at district forest ranger stations are not proportionally allocated according to forest area. This represents a major institutional deficiency for forest management and protection at the local level. Plots smaller than 0.5 ha, which are scattered throughout the province and interspersed amongst agricultural lands, present substantial challenges for management, investment, and development activities. The concentration of 40.00% (36,283.67 ha) of PPNEBF under the management of Commune People's Committees poses the most significant challenge for sustainable forest development in the former Gia Lai. As non-specialized administrative bodies, Commune People's Committees lack the technical capacity, dedicated personnel, and institutional focus necessary for effective forest resource management and development. Addressing this institutional weakness through management reform represents a critical priority for improving conservation outcomes and enabling the sustainable development of poor production natural evergreen broadleaf forests in the former Gia Lai province. The management challenges documented in the former Gia Lai mirror broader patterns observed across Vietnam's mountainous regions. In Northeast Vietnam, similar fragmentation (55.93% of plots <1 ha) and management by non-specialized entities (82.85% under households and communes) constrain forest restoration efforts. These consistent patterns across regions underscore the need for coordinated national-level institutional reforms addressing systemic governance deficiencies, rather than isolated province-specific interventions (Dang et al., 2018; Bayrak et al., 2013). Future research should incorporate primary field data collection and spatial mapping of ownership boundaries to complement the secondary data approach of this study.
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