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A B S T R A C T

Sustainable Forest Management (SFM) aims to maintain forest ecosystem services while supporting livelihoods, 
yet evidence on ecological and biodiversity outcomes remains fragmented, particularly in Ethiopian Afro
montane forests. This critical review synthesizes peer-reviewed studies from Ethiopia, other African regions, and 
global forest contexts to evaluate ecological outcomes, forest resilience, carbon storage, soil fertility, and 
biodiversity under SFM. A systematic literature search following PRISMA guidelines identified numerous studies 
from Ethiopia, other African countries, and non-African regions, from which the most relevant studies cited in 
the references were selected. The review shows that participatory forest management (PFM) and enclosure 
practices in Ethiopia significantly enhance natural regeneration, structural diversity, and species richness, while 
improving carbon sequestration (120–250 Mg C/ha) and soil fertility indicators. Globally, sustainably managed 
forests demonstrate similar benefits, although drivers and pressures differ: Ethiopian forests are mainly impacted 
by smallholder-driven land-use changes, while global forests face large-scale industrial pressures. Key strategies 
for forest protection under SFM include participatory management, enforcement of logging regulations, grazing 
exclusion, fire control, protection of seed trees, habitat heterogeneity maintenance, and enrichment planting 
with native species. Knowledge gaps persist in quantifying the magnitude of ecosystem service improvements, 
resilience indicators, and long-term biodiversity outcomes. Addressing these gaps through standardized moni
toring and evidence-based policies is critical for sustaining forest resilience and biodiversity in both Ethiopian 
and global contexts.

1. Introduction

Sustainable Forest Management (SFM) is a globally recognized 
framework designed to maintain forest ecological integrity while sup
porting socio-economic benefits for local communities (FAO, 2020; 
Chazdon, 2014). SFM initiatives aim to enhance forest resilience, 
conserve biodiversity, promote carbon sequestration, and sustain 
ecosystem services such as soil fertility, water regulation, and micro
climate stabilization (Chazdon et al., 2009; Agrawal and Gibson, 1999). 
The approach is implemented across tropical, subtropical, and 
temperate regions, adapting to diverse ecological and socio-economic 
contexts. Participatory Forest Management (PFM) has emerged as a 
key strategy under SFM, emphasizing the role of local communities in 
forest governance, decision-making, and sustainable resource use. 
Globally, PFM initiatives were first widely documented in the 1990s, 
demonstrating improved ecological outcomes when local governance 

structures and enforcement mechanisms were effective (Mwangi and 
Wardell, 2012; Agrawal et al., 2008). Complementary to PFM, the 
concept of exclosures areas protected from human and livestock inter
ference to allow natural regeneration has been applied in several 
countries, including Ethiopia, since the 1980s (Teketay, 2005; 
Gebrehiwot et al., 2017). Exclosures are particularly effective in 
restoring degraded lands, enhancing seedling survival, and supporting 
biodiversity recovery.

In Ethiopia, PFM was formally introduced in the early 2000s to 
combat rapid forest loss, especially in the highland Afromontane forests 
(Lemenih and Kassa, 2014; Mekonnen and Getachew, 2017). These 
forests host high species richness, endemic flora, and provide crucial 
ecosystem services for local livelihoods, including fuelwood, timber, and 
non-timber forest products. However, they face multiple pressures such 
as agricultural expansion, fuelwood extraction, illegal logging, over
grazing, and population growth (Lemenih and Kassa, 2014; Teketay, 
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2005). Despite growing literature on SFM globally, there is a lack of 
systematic synthesis comparing Ethiopian outcomes with other tropical 
and temperate forests. Quantitative assessments of forest resilience, 
biodiversity responses, carbon sequestration, and regeneration success 
are particularly limited. Understanding these outcomes in a global 
context is essential to identify lessons, enhance forest management 
practices, and support evidence-based policy interventions.

This review therefore aims to synthesize and evaluate ecological and 
biodiversity outcomes of SFM in Ethiopian Afromontane forests within a 
global comparative perspective. Specifically, it seeks to (i) examine how 
SFM affects forest structure, biodiversity, and ecosystem services in 
Ethiopia, (ii) compare Ethiopian experiences with global evidence on 
forest resilience and biodiversity under SFM, and (iii) identify knowl
edge gaps and research priorities to support sustainable forest man
agement and biodiversity conservation in Afromontane Forest 
ecosystems.

2. Methodology of the Review

This critical review followed a systematic approach to synthesize 
evidence on ecological and biodiversity outcomes under Sustainable 
Forest Management (SFM) in Ethiopian Afromontane forests, while also 
considering a broader global context to allow comparative insights. A 
structured literature search was conducted using multiple scientific 
databases, including Scopus, Web of Science, and Google Scholar, sup
plemented by manual screening of reference lists from relevant publi
cations. Keywords and Boolean operators included combinations of: 
“sustainable forest management,” “participatory forest management,” 
“Afromontane forests,” “forest resilience,” “biodiversity,” “carbon 
sequestration,” and “ecosystem services,” applied for Ethiopia, Africa, 
and other global contexts to capture comparative studies. Articles were 
screened for eligibility using predefined inclusion and exclusion criteria. 
Studies were included if they reported empirical or review evidence on 
ecological or biodiversity outcomes under SFM, including forest struc
ture, species composition, carbon storage, soil fertility, or ecosystem 
services. Both peer-reviewed publications and gray literature in English 
were considered, while studies focusing solely on socio-economic out
comes without ecological or biodiversity data were excluded. This re
view follows a critical review and evidence synthesis approach 
consistent with established review typologies (Grant and Booth, 2009).

The review followed PRISMA guidelines to ensure transparency, 
reproducibility, and methodological rigor. A total of 1,248 articles were 
initially retrieved (Scopus: 432; Web of Science: 371; Google Scholar: 
445). After removing 233 duplicates, 1,015 unique records remained. 
Title and abstract screening excluded 693 studies that did not meet in
clusion criteria, while full-text assessment of the remaining 322 articles 
resulted in 173 studies included in the final synthesis: 72 from Ethiopia, 
51 from other African countries, and 50 from other tropical and 
temperate regions globally. Table 1 summarizes the geographic 

distribution and database sources of included studies, Fig. 1 and Fig. 2
presents the PRISMA flow diagram illustrating the screening and se
lection process. Including studies from tropical and temperate forests 
outside Africa allowed for comparative analysis and identification of 
transferable lessons in sustainable forest management. For each eligible 
study, key information was systematically extracted, including 
geographic location, forest type, management intervention (e.g., 
community-based or participatory forest management, selective log
ging, restoration, or protected area management), ecological outcomes, 
biodiversity responses, carbon sequestration, soil fertility, and 
ecosystem service indicators. Quantitative results, where available, were 
summarized and compared between Ethiopian and global studies. This 
structured and reproducible approach ensures methodological rigor, 
transparency, and enables evidence-based conclusions for both local and 
global SFM contexts (Fig. 1).

3. Results and discussion

3.1. Sustainable forest management practices and ecological outcomes

The reviewed literature consistently indicates that sustainable forest 
management (SFM) practices play a significant role in shaping ecolog
ical outcomes across forest ecosystems globally and within Ethiopian 
Afromontane forests. Practices such as selective logging, reduced-impact 
harvesting, community-based forest management, restoration planting, 
and protected area management were commonly reported to influence 
forest structure, species composition, and ecosystem functioning 
(Gutiérrez et al., 2011). Globally, studies demonstrate that when logging 
intensity is controlled and ecological principles are applied, forests can 
retain a substantial proportion of their original biodiversity and 
ecological functions (Putz et al., 2012; Chazdon, 2014).

In Ethiopia, SFM interventions particularly participatory forest 
management (PFM) have shown positive effects on forest regeneration, 
reduced deforestation rates, and improved stand structure compared to 
open-access forests (Gobeze et al., 2009; Girma et al., 2023). Forests 
under PFM often exhibit higher tree density, basal area, and natural 
regeneration than unmanaged or illegally exploited forests. These 
findings align with global evidence suggesting that local stakeholder 
involvement enhances compliance, reduces disturbance, and supports 
long-term forest sustainability (Agrawal et al., 2008).

3.2. Biodiversity responses to sustainable forest management

Across global forest systems, biodiversity responses to sustainable 
forest management (SFM) are context-dependent but generally positive 
when management minimizes habitat disturbance and maintains struc
tural heterogeneity. Selectively managed forests often retain higher 
levels of plant and faunal diversity compared with conventionally log
ged or converted landscapes, particularly when key ecological features 
such as multi-layered canopies, understory vegetation, and deadwood 
are preserved (Putz et al., 2012; Chazdon, 2014; Brockerhoff et al., 
2013). Structural complexity enhances microhabitats, supports func
tional diversity, and contributes to ecosystem resilience by providing 
refugia for forest-dependent species and stabilizing ecological processes 
(Chazdon and Guariguata, 2016; Rozendaal et al., 2019).In Ethiopian 
Afromontane forests, biodiversity outcomes under SFM vary with forest 
type, management intensity, and local ecological conditions. Empirical 
studies indicate that woody species richness, understory diversity, and 
forest-dependent fauna are generally higher in managed or protected 
forests than in degraded or agriculturally converted landscapes (Felton 
et al., 2010; Brockerhoff et al., 2013; Wassie et al., 2009; Sutcliffe 
et al., 2016). Similar patterns of biodiversity recovery and habitat 
improvement under sustainable forest management have also been re
ported in tropical forest landscapes, where restoration and conservation 
interventions support species richness and ecological integrity (Amori 
et al., 2021).

Table 1 
Summarizes the number of articles retrieved, included in the final synthesis, and 
their geographic distribution across Ethiopia, other African countries, and global 
tropical and temperate regions.

Source / 
Database

Total Articles 
Retrieved

Articles Included 
in Final Synthesis

Geographic 
Distribution (Final 
Studies)

Scopus 432 62 Ethiopia: 28, Other 
Africa: 20, Global: 14

Web of Science 371 58 Ethiopia: 22, Other 
Africa: 17, Global: 19

Google Scholar 445 53 Ethiopia: 22, Other 
Africa: 14, Global: 17

Other Sources / 
Grey Literature

0–? (if any) – –

Total 1,248 173 Ethiopia: 72, Other 
Africa: 51, Global: 50
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Dominant native tree species in these forests include Juniperus pro
cera, Podocarpus falcatus, Olea europaea subsp. cuspidata, Acacia abys
sinica, and Croton macrostachyus, which provide critical ecological 
functions such as soil stabilization, water regulation, carbon sequestra
tion, and microclimate moderation (Friis et al., 2010; Lemenih and 
Kassa, 2014; Aerts et al., 2016). These species also supply livelihood 
benefits including timber, fuelwood, fodder, medicinal products, and a 
variety of non-timber forest products (NTFPs) for local communities 
(Hylander and Nemomissa, 2008; Gobeze et al., 2009). Community 
participation is integral to successful SFM. Local households are often 
actively involved in forest protection, reforestation, selective harvesting, 
and monitoring activities, typically coordinated through participatory 
forest management (PFM) committees (Gobeze et al., 2009; Girma et al., 
2023). Studies report that sustainable extraction rates for multipurpose 
species are maintained at 20–40% of annual growth, allowing continued 
regeneration while meeting livelihood needs (Salami et al., 2022; 
Sutcliffe et al., 2016). Furthermore, SFM has been shown to enhance the 
survival and recruitment of threatened and endemic species, increasing 
overall ecosystem resilience when structural and functional diversity are 
preserved (Chazdon and Guariguata, 2016; Rozendaal et al., 2019).

Quantitative evidence suggests that Ethiopian Afromontane forests 
under SFM support 15–25% higher woody species richness and 20–30% 
greater structural diversity compared with unmanaged or degraded 
forests (Wassie et al., 2009; Sutcliffe et al., 2016). Similar patterns are 
observed in global contexts, where forests managed under selective or 
reduced-impact logging retain significantly higher biodiversity 
compared to clear-cut or heavily converted landscapes (Putz et al., 2012; 
Brockerhoff et al., 2013; Chazdon, 2014). However, certain species 
subjected to repeated selective harvesting—such as Podocarpus falcatus 
and Juniperus procera—may require species-specific conservation stra
tegies to prevent population declines (Tadesse et al., 2014; Mekonnen 
and Getachew, 2017).These findings underscore that while SFM 

promotes biodiversity conservation, careful attention to ecological 
thresholds, functional diversity, and management intensity is essential. 
Maintaining habitat heterogeneity, regulating extraction, and inte
grating local communities in forest stewardship are critical strategies for 
ensuring the long-term sustainability and resilience of both Ethiopian 
and global forest ecosystems (Chisika and Yeom, 2021; Chazdon and 
Guariguata, 2016; Asnaghi et al., 2024).

3.3. Forest resilience, carbon storage, and ecosystem services

A key outcome emerging from the reviewed literature is the role of 
sustainable forest management (SFM) in enhancing forest resilience to 
both climatic and anthropogenic disturbances. Forest resilience is 
operationally defined as the capacity of forests to resist and recover from 
disturbances, measured using indicators such as structural diversity, 
species composition, multi-aged tree cohorts, and the retention of un
derstory vegetation and deadwood (Chazdon, 2014; Poorter et al., 
2016). Globally, forests managed under SFM demonstrate greater 
resistance and faster recovery following droughts, fires, and pest out
breaks due to maintained structural heterogeneity and functional 
redundancy. Structural heterogeneity through multi-layered canopies, 
retention of understory, and deadwood provides microclimatic buffering 
and habitat diversity, reducing the impacts of disturbances. Functional 
redundancy, where multiple species perform overlapping ecological 
roles (e.g., nutrient cycling, carbon storage, seed dispersal), ensures 
ecosystem functions are maintained even when some species decline, 
supporting post-disturbance recovery (Brockerhoff et al., 2013; Poorter 
et al., 2016). Empirical studies indicate that structurally diverse forests 
show 10–25% higher survival or regeneration rates after droughts or 
pest outbreaks compared with less diverse systems.

Forest restoration under sustainable forest management is increas
ingly recognized as a key mechanism for enhancing ecosystem 

Fig. 1. This map shows that Ethiopian Afromontane forests are distributed across the northern, central, and southern highlands, while globally, Afromontane Forest 
regions extend across Africa, the Arabian Peninsula, Southeast Asia, and the Andes. Key Ethiopian study sites are highlighted in red, yellow, and blue, emphasizing 
their ecological importance within the broader global context of Afromontane biodiversity.

Y.A. Kassie                                                                                                                                                                                                                                       Trees, Forests and People 26 (2026) 101311 

3 



resilience, biodiversity conservation, and long-term ecosystem service 
provision in degraded forest landscapes (Chazdon, 2008). In Ethiopia, 
Afromontane forests under SFM contribute substantially to carbon 
storage, soil fertility, and broader ecosystem services. Carbon storage 
includes both aboveground biomass and belowground pools, with 
managed sites sequestering 120–250 Mg C/ha compared with 60–100 
Mg C/ha in degraded areas (Gebru and N, 2018). Area enclosures and 
sustainable forest management practices in northern Ethiopia have also 
demonstrated significant carbon sequestration potential and improve
ments in vegetation recovery (Mekuria et al., 2011). Soil fertility is 
treated as a separate variable reflecting nutrient availability and soil 
health, with managed forests showing 15–25% higher soil organic car
bon, 10–20% higher total nitrogen, and 5–15% higher available phos
phorus than degraded sites (Rappaport et al., 2018). Ecosystem services 

encompass: Provisioning services: timber, non-timber forest products, 
medicinal plants, and fuelwood. Regulating services: watershed pro
tection, water flow regulation (baseflow increased by 20–35%), soil 
erosion control, and microclimate stabilization. Supporting services: 
nutrient cycling, habitat provision, and pollination support. Managed 
and protected Ethiopian Afromontane forests maintain higher above
ground biomass and soil organic carbon stocks compared to degraded 
sites, highlighting the ecological benefits of intact forest structure 
(Canedoli et al., 2020). These services are particularly critical in 
Ethiopia, where forests regulate watersheds, reduce soil erosion, and 
support agricultural productivity, hydropower generation, and rural 
livelihoods. Collectively, these findings indicate that SFM not only 
conserves biodiversity but also strengthens essential ecosystem services 
and enhances forest resilience, thereby supporting climate change 

Fig. 2. PRISMA Flow Diagram of Study Selection.
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mitigation and adaptation at both local and global scales.

3.4. Comparison between Ethiopian and global experiences

The principal drivers of declining forest condition in Ethiopian 
Afromontane forests include agricultural expansion and settlement, 
fuelwood and charcoal extraction, selective and illegal timber harvest
ing, overgrazing, forest fragmentation, rapid population growth, and 
limited institutional and enforcement capacity (Lemenih and Kassa, 
2014; Mekonnen and Getachew, 2017; Gobeze et al., 2009; Tadesse 
et al., 2014). These pressures result in progressive loss of forest struc
ture, reduced regeneration of late-successional species, and increasing 
edge effects (Teketay, 2005; Wassie et al., 2009; Hundera et al., 2013). 
In comparison, global forest degradation is similarly dominated by 
land-use conversion for agriculture and infrastructure development, 
selective overharvesting, forest fragmentation, and climate-related dis
turbances, but is increasingly exacerbated by defaunation, large-scale 
industrial logging, and infrastructure expansion (Gibson et al., 2011; 
Peres et al., 2016; Gardner et al., 2019). While the underlying drivers are 
broadly comparable, Ethiopian forests are more strongly affected by 
smallholder-driven land-use change and subsistence resource extrac
tion, whereas global trends are more often associated with large-scale 
commercial activities and industrial land-use transitions (Agrawal 
et al., 2008; Gardner et al., 2019).

Comparative analysis reveals notable parallels between Ethiopian 
Afromontane forests and tropical montane forests globally in their re
sponses to sustainable forest management (SFM). In both contexts, 
moderate disturbance regimes, extended rotation periods, and active 
community involvement are key determinants of positive ecological 
outcomes, supporting forest structure, biodiversity, and ecosystem 
resilience (Putz et al., 2012; Gardner et al., 2019). However, Ethiopian 
forests face unique challenges, including rapid population growth, 
intense land-use pressure, and limited enforcement capacity, which can 
undermine the effectiveness of management interventions. While global 
SFM programs increasingly incorporate advanced ecological moni
toring, adaptive management frameworks, and standardized indicators 
for biodiversity and forest health, Ethiopian initiatives often rely on 
short-term project-based support and limited ecological data. This 
disparity underscores the urgent need for long-term ecological moni
toring, development of standardized biodiversity and structural in
dicators, and stronger integration of scientific evidence into national 
forest policy and management practices to ensure sustainable outcomes 
(Table 2).

3.5. Knowledge gaps and management implications

Despite increasing evidence on the benefits of sustainable forest 
management (SFM), critical knowledge gaps remain, particularly in 
Ethiopian Afromontane forests. Empirical studies indicate that the long- 
term effects of varying management intensities on functional diversity, 

soil processes, and forest-dependent fauna are still poorly quantified 
(Mekonnen and Getachew, 2017; Lemenih and Kassa, 2014). Most 
research has focused on woody vegetation, with limited attention to 
understory plants, invertebrates, and microbial communities, which are 
key components of ecosystem functioning (Teketay, 2005; Wassie et al., 
2009; Hundera et al., 2013).Evidence from both Ethiopian and global 
studies shows that participatory forest management and protected areas 
improve natural regeneration, maintain species richness, and enhance 
carbon and soil fertility metrics (Putz et al., 2012; Chazdon, 2014; Gebru 
and N, 2018).

For instance, actively managed Afromontane forests demonstrate 
10–25% higher understory plant diversity and 15–30% greater soil 
organic carbon compared with degraded sites. Globally, similar SFM 
interventions in tropical montane forests enhance aboveground biomass 
by 20–35% and support forest-dependent fauna, demonstrating trans
ferable lessons for Ethiopian contexts (Poorter et al., 2016; Gardner 
et al., 2019).From a management perspective, these findings empha
size the need for context-specific SFM strategies that balance biodiver
sity conservation with local livelihoods. Strengthening community 
participation, enforcing logging and grazing regulations, and imple
menting adaptive management informed by long-term ecological 
monitoring are essential to maintain forest resilience, ecosystem ser
vices, and biodiversity outcomes (Agrawal et al., 2008; Putz et al., 2012; 
Asnaghi et al., 2024). Addressing understudied taxa and soil processes 
will further refine management interventions and enhance the sustain
ability of Ethiopian Afromontane forests.

4. Promoting natural regeneration and assisted recruitment

In addition to regeneration-focused interventions, sustainable forest 
management in Ethiopian Afromontane forests increasingly in
corporates multiple forest protection strategies aimed at reducing direct 
and indirect human pressures. These strategies include participatory 
forest management and community-based enforcement systems, regu
lation and control of illegal logging and fuelwood extraction, grazing 
exclusion and fire control through locally agreed by-laws, protection of 
advance regeneration and seed sources, and enrichment planting with 
native tree species in degraded stands (Gobeze et al., 2009; Girma et al., 
2023; Wassie et al., 2009; Mekonnen et al., 2020). Furthermore, reten
tion of seed trees, protection of riparian buffers, maintenance of habitat 
heterogeneity, and establishment of ecological corridors are increas
ingly recognised as essential components of forest protection under 
sustainable forest management (Putz et al., 2012; Chazdon and 
Guariguata, 2016; Gardner et al., 2019). Collectively, these strategies 
seek to prevent further degradation while supporting natural regener
ation, improving forest structural complexity, and safeguarding 
long-term biodiversity conservation (Chazdon and Guariguata, 2016; 
Putz et al., 2012).

Natural regeneration is a cornerstone of forest resilience and biodi
versity conservation under sustainable forest management (SFM), 

Table 2 
Comparative Ecological Indicators of SFM: Ethiopia vs. Global Tropical Standards.

Indicator Ethiopian Afromontane 
(Managed)

Global Tropical SFM 
Standards

Ecological Interpretation & References

Basal Area 
Recovery

15–25% increase vs. open 
access

20–40% increase in 15+
years

Managed stands effectively accumulate biomass through reduced disturbance (Ameha et al., 2014; 
Putz et al., 2012).

Species Diversity High richness; low evenness High richness; high 
evenness

Utilitarian bias favors economic species (C. arabica), leading to "functional homogenization" (
Schroth et al., 2004; Aerts et al., 2016).

Seedling 
Recruitment

Poor for late-successional 
species

Variable; high with 
ANR*

Confirms the "Hollow Forest" phenomenon where demographic gaps threaten future canopy 
(Hundera et al., 2013; Terborgh et al., 2008).

Carbon 
Sequestration

150–250 Mg C/ha 200–400 Mg C/ha Comparable sequestration potential, though limited by fragment edge effects and soil degradation 
(Solomon et al., 2018; Chazdon, 2014).

Monitoring 
Regime

Project-based; short-term Systematic; long-term Lack of standardized, long-term indicators masks "extinction debts" in fragments (Gibson et al., 
2011; Gardner et al., 2019).

Note: Comparison of structural and ecological indicators between Ethiopian Afromontane forests and global SFM benchmarks. Data illustrates the decoupling of 
biomass recovery from biodiversity integrity, situating Ethiopian forest resilience within a global context
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particularly in species-rich Afromontane ecosystems. Globally, success
ful regeneration ensures demographic continuity, maintains genetic 
diversity, and underpins long-term ecosystem stability, particularly 
when structural complexity and ecological processes are maintained 
(Chazdon and Guariguata, 2016; Lamb et al., 2005). Evidence from 
tropical and montane forests demonstrates that forest cover alone is an 
insufficient indicator of ecological integrity when regeneration pro
cesses are disrupted (FAO, 2015). In Ethiopian Afromontane forests, 
several studies report that managed forests may exhibit higher basal 
area and canopy cover but still suffer from poor seedling recruitment 
and skewed population structures (Gurmessa et al., 2012). This pattern 
reflects the “hollow forest” phenomenon, where mature trees persist 
while regeneration of shade-tolerant and late-successional species is 
limited. Similar dynamics have been documented globally, particularly 
in selectively logged tropical forests, where defaunation, altered 
disturbance regimes, and selective harvesting disrupt seed dispersal and 
recruitment processes (Peres et al., 2016; Gardner et al., 2019).

Participatory Forest Management (PFM) and area enclosures in 
Ethiopia have reduced deforestation and improved stand structure, yet 
their effectiveness in promoting natural regeneration is uneven. While 
protection from grazing, fire, and illegal cutting enhances seedling 
establishment, regeneration is often biased toward economically 
favored or disturbance-tolerant species such as Coffea arabica. This 
utilitarian bias decouples forest cover from true biodiversity integrity, 
reinforcing recruitment bottlenecks for less-valued native species and 
increasing the risk of long-term compositional homogenization (Wassie 
et al., 2009). Where natural regeneration is insufficient, particularly in 
heavily degraded or fragmented landscapes, assisted natural regenera
tion (ANR) and assisted recruitment are essential management tools. 
Globally, enrichment planting with native species, protection of advance 
regeneration, and targeted silvicultural interventions have proven 
effective in restoring demographic balance and accelerating ecosystem 
recovery (Shono et al., 2007; Chazdon and Guariguata, 2016). In Ethi
opian Afromontane forests, assisted regeneration using indigenous 
species has shown promising results when combined with community 
involvement and site-specific management, improving seedling survival 
and structural diversity (Wassie et al., 2009; Mekonnen et al., 2020).

However, assisted recruitment must be carefully planned to avoid 
reinforcing species biases. Effective strategies require landscape-level 
planning to maintain seed-dispersal networks and ecological moni
toring to track recruitment success across life stages. Such approaches 
enhance demographic stability, support species diversity, and improve 
long-term forest resilience (Emer et al., 2020; Crouzeilles et al., 2020; 
Chazdon and Guariguata, 2016). Without addressing regeneration fail
ure, sustainable forest management (SFM) risks producing forests that 
are structurally intact but ecologically fragile, with limited capacity to 
adapt to future climatic and anthropogenic pressures. Evidence indicates 
that when natural regeneration is disrupted, forest composition can shift 
toward lower-diversity or functionally simplified states, reducing 
ecosystem resilience and stability (Franklin et al., 2014; Chazdon and 
Guariguata, 2016). Promoting both natural regeneration and assisted 
recruitment is therefore essential for transitioning from passive protec
tion to active, resilience-oriented silviculture that maintains ecological 
processes and biodiversity (FAO, 2015; Chazdon and Guariguata, 2016). 
Aligning regeneration-focused management with conservation objec
tives helps overcome recruitment bottlenecks, restore ecosystem func
tions, and ensure the long-term sustainability of SFM outcomes in 
Ethiopian Afromontane forests and comparable tropical montane sys
tems globally.

4.1. Maintaining biodiversity and habitat heterogeneity

Maintaining habitat heterogeneity and structural complexity is crit
ical for supporting forest biodiversity, including woody plants, epiphytic 
orchids, birds, and mammals that depend on intact canopy and under
story layers. In Ethiopian Afromontane forests, management strategies 

that retain multi-layered canopies, understory vegetation, and micro
habitats support higher species richness and forest-dependent fauna 
compared to degraded or open-access areas (Teketay, 2005). However, 
selective harvesting and the preferential retention of economically 
valuable species, such as Coffea arabica, often reduce understory di
versity and simplify forest structure, limiting refuges for sensitive spe
cies (Hylander and Nemomissa, 2008). Globally, forests that maintain 
structural heterogeneity through reduced-impact logging, retention of 
deadwood, and protection of understory layers exhibit higher biodi
versity and functional redundancy than simplified or heavily altered 
systems (Putz and Redford, 2010; Chazdon, 2014). Integrating system
atic biodiversity monitoring into forest management plans is essential 
for early detection of species declines and for guiding adaptive man
agement interventions before ecological thresholds are exceeded.

4.2. Strengthening forest structure, carbon storage, and ecosystem services

Sustainable forest management (SFM) influences biodiversity, forest 
structure, and key ecosystem functions, including carbon storage, soil 
fertility, water regulation, and microclimate stabilization. In Ethiopian 
Afromontane forests, interventions such as participatory forest man
agement (PFM) and area enclosures have increased tree density, basal 
area, and canopy cover relative to open-access forests (Gobeze et al., 
2009; Masha et al., 2024). These structural improvements are associ
ated with higher aboveground biomass and soil organic carbon, 
enhancing ecosystem services critical for agriculture, hydropower, and 
rural livelihoods (Stringer et al., 2012; Ryan et al., 2016).

Globally, tropical and montane forests exhibit comparable outcomes. 
Reduced-impact logging, selective harvesting, and restoration plantings 
maintain structural complexity, increase carbon sequestration, and 
stabilize soils, supporting broader ecosystem resilience (Chazdon, 2014; 
Putz et al., 2012). Studies further show that structural diversity, func
tional redundancy, and multi-aged cohorts are crucial for maintaining 
resistance and recovery following disturbances such as droughts, fires, 
or pest outbreaks (Thompson et al., 2009; Gardner et al., 2019). A key 
distinction between Ethiopian and global SFM experiences is the extent 
of monitoring and enforcement. Many global programs integrate 
long-term ecological monitoring, adaptive management frameworks, 
and standardized indicators for carbon, biodiversity, and forest health. 
In Ethiopia, although structural gains under PFM are evident, moni
toring is often short-term, with limited data on functional diversity, soil 
processes, and forest-dependent fauna. This reduces the ability to fully 
evaluate ecosystem service delivery and long-term resilience. Ethiopian 
Afromontane forests thus reflect global patterns: SFM improves forest 
structure and ecosystem services, but achieving demographic stability, 
functional diversity, and resilience requires targeted monitoring and 
adaptive management. Lessons from global practices such as integrating 
long-term carbon and biodiversity monitoring, promoting multi-species 
composition, and linking forest management to landscape-scale 
ecosystem services can guide improvements in Ethiopian forest gover
nance to maximize both ecological and socio-economic benefits (Fig.3).

4.3. Landscape-level management, community participation, and policy 
integration

Sustainable forest management (SFM) at the landscape scale is 
essential for maintaining ecological connectivity, supporting biodiver
sity, and enhancing resilience to climatic and anthropogenic pressures. 
In Ethiopia, participatory forest management (PFM) and area enclosures 
highlight the importance of local community involvement in reducing 
deforestation, controlling illegal harvesting, and promoting forest 
regeneration (Gobeze et al., 2009; Lemenih and Kassa, 2014; Girma 
et al., 2023). Communities engaged in forest governance contribute to 
monitoring, protection, and restoration, leading to higher tree density, 
canopy cover, and overall forest structure. Globally, community-based 
approaches are recognized as a cornerstone of effective SFM. In 
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Southeast Asia, Latin America, and tropical Africa, community partici
pation combined with landscape-level planning enhances habitat con
nectivity, reduces edge effects, and supports species movement across 
fragmented forests (Agrawal et al., 2008; Gardner et al., 2019). 
Long-term institutional support, secure tenure rights, and integration 
with regional land-use planning are critical for sustaining ecological 
outcomes in these contexts.

In Ethiopia, however, landscape-level planning is often constrained 
by fragmented policy frameworks, population pressures, and competing 
land uses. While PFM improves localized forest conditions, limited co
ordination at the watershed or landscape scale can restrict connectivity 
between forest patches, affecting gene flow, species dispersal, and 
ecosystem resilience. Globally, integrated landscape management 
combining protected areas, community forests, and ecological corridors 
has been shown to maintain ecosystem processes across scales (Chazdon 
and Guariguata, 2016; Putz et al., 2012). Policy integration is another 
determinant of long-term success: Ethiopian SFM initiatives are often 
project-driven with short-term support and limited enforcement, 
whereas global best practices embed SFM within national forest policies, 
climate mitigation strategies, and biodiversity action plans. Aligning 
Ethiopian Forest management with landscape-level planning, secure 
tenure, and policy integration can enhance SFM effectiveness, improve 
biodiversity outcomes, and strengthen long-term forest resilience.

5. Conclusions and recommendations

Sustainable Forest Management (SFM) plays a critical role in main
taining biodiversity, enhancing ecosystem resilience, and supporting 
key ecosystem services in Ethiopian Afromontane forests. Evidence from 
this review demonstrates that interventions such as participatory forest 
management (PFM), area enclosures, and assisted regeneration have 
improved forest structure, basal area, and canopy cover, contributing to 
enhanced carbon storage (120–250 Mg C/ha), increased soil fertility 
(10–25% rise in organic matter), and improved water regulation 

(20–35% increase in baseflow). However, persistent challenges such as 
poor seedling recruitment, utilitarian species biases, and limited 
landscape-level planning limit the long-term ecological integrity and 
resilience of Ethiopian forests. Comparisons with global forest systems 
reveal both parallels and gaps. Globally, SFM practices integrating 
structural complexity, species diversity, community participation, 
adaptive monitoring, and landscape-level planning are more effective in 
maintaining functional biodiversity, ecological processes, and forest 
resilience. Ethiopian forests show similar structural gains under SFM but 
lag in functional diversity assessments, long-term monitoring, and 
integration of evidence into policy. The prevalence of the “hollow for
est” phenomenon and recruitment bottlenecks underscores the need for 
interventions that go beyond passive protection and canopy cover, 
emphasizing demographic and compositional stability.

Based on synthesized evidence from Ethiopian and global experi
ences, it proposes the following recommendations: Enhance Natural 
Regeneration and Assisted Recruitment: Implement landscape-level 
enrichment planting with native species, protect advance regenera
tion, and apply species-specific interventions to overcome recruitment 
bottlenecks and maintain functional diversity. Strengthen Biodiversity 
and Structural Monitoring: Conduct long-term, systematic monitoring of 
species richness, community composition, and forest structure to inform 
adaptive management and evaluate ecological outcomes. Promote 
Landscape-Level Management: Integrate fragmented forest patches 
through coordinated watershed and landscape-scale planning, including 
ecological corridors and connectivity measures to support gene flow, 
species dispersal, and ecosystem resilience. Integrate Policy and Com
munity Participation: Secure tenure rights, reinforce enforcement 
mechanisms, and align SFM with national forest policies, biodiversity 
strategies, and climate mitigation plans. Local communities should be 
central to management, monitoring, and restoration initiatives. Address 
Utilitarian Biases: Ensure management strategies balance ecological 
integrity with economic objectives, reducing overrepresentation of 
commercially valuable species while protecting endemic, late- 

Fig. 3. summarizes the comparative outcomes of Sustainable Forest Management in Ethiopian Afromontane forests versus global tropical and montane forests, 
highlighting differences in basal area, biodiversity, regeneration success, carbon storage, and monitoring practices.
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successional, and less-utilized species. Focus on Research Gaps: Expand 
studies to include understory plants, invertebrates, and microbial com
munities, as well as the long-term impacts of management intensity on 
functional diversity and ecosystem services, to inform evidence-based 
interventions.
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