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ABSTRACT

Participatory forest management (PFM) is increasingly recognized as an effective approach for forest conservation and sustainable

resource use in Ethiopia, yet empirical evidence of its ecological outcomes remains limited. This study assessed the effects of PFM

on forest composition, diversity, and regeneration in the Guangua Elala Forest, Northwestern Ethiopia. Using a systematic

sampling design, 44 paired permanent plots (20 X 20 m) were surveyed, with pre- and post-PFM data collected on species richness,

diversity, seedling and sapling density, tree/shrub density, and basal area. Paired t-tests revealed significant improvements in

species richness, seedling and sapling densities, tree/shrub density, and basal area (p < 0.05). Species diversity increased from
H' =2.99 (E =0.39) before PFM to H' =3.11 (E = 0.36) after PFM. A total of 104 woody species representing 50 families were
recorded, with 98 species shared between management periods. These results indicate that PFM enhances forest structure, re-

generation, and resilience, supporting biodiversity conservation. The findings underscore the importance of community-based

management for sustaining forest ecosystems and informing forest policy and restoration strategies in Ethiopia.

1 | Introduction

In many developing countries, forests have traditionally been managed
by government institutions with limited community involvement,
leading to centralized management failures [1, 2]. To address these
challenges, there has been a global shift toward decentralized forest
governance, particularly participatory forest management (PFM),
which emphasizes active community participation in planning, uti-
lization, and conservation of forest resources [3, 4].

In Africa, PFM has gained significant momentum, especially in
countries such as Tanzania, where community-based forest

management (CBFM) and joint forest management (JFM) have
shown promise in improving forest condition, regeneration, and
stakeholder engagement [4-6]. In Ethiopia, PFM was formally
introduced in the mid-1990s to address pressing issues such as
rapid deforestation, forest degradation, and unsustainable re-
source extraction [2]. Studies indicate both successes and chal-
lenges: PFM has enhanced forest regeneration, improved
biodiversity conservation, and supported local livelihoods in
some contexts [8, 9], while persistent issues such as illegal
logging, unclear tenure, and weak institutional support have
limited its effectiveness in others [10].
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Despite extensive research on PFM in Ethiopia, most studies
focus on socio-economic outcomes or general forest conditions,
and few provide detailed ecological assessments examining
species composition, diversity, and regeneration, particularly
using before-after comparisons within the same forest [11]. This
limits our understanding of how PFM affects forest biodiversity
and structural integrity at the local scale.

The Guangua Elala Forest in Northwestern Ethiopia is an eco-
logically important site where PFM has been implemented, yet its
ecological effects have not been rigorously quantified. This study
therefore examines how PFM has influenced species composi-
tion, diversity, and regeneration by comparing forest conditions
before and after its implementation. We hypothesize that PFM
has improved species composition, enhanced diversity, and
supported the regeneration of woody species. The findings aim to
provide evidence to guide adaptive forest management and in-
form policy and practice for community-based forest conserva-
tion in Ethiopia.

2 | Materials and Methods

2.1 | Description of the Study Area

The study was conducted in Guangu Elala Natural Forest, Awi
Zone of Amhara National Regional State, Northwestern
Ethiopia. The study site is located between latitudes 10° 48’
N-10° 54’ N and longitudes 36° 33’ E—36° 39’ E (Figure 1).
The altitudinal range lies between 1799 and 2284 masl. with
an area of 4494 ha. The major town nearby is Chagni and is
16 km from the forest. The forest area falls within the Weyna
Dega agro-climatical zone, with temperatures ranging from
22°C to 32°C. Annual rainfall ranges between 1300 and
1800 mm/year [12].

The topography includes areas with mild to steep slopes. The
landscape consists of rivers, valleys, hills, and small- to medium-
sized mountains. The slope of the biggest part of the study area
(60%) ranges from 0% to 25%, and the remaining have slopes
above 25%. Flatland and steep slopes each account for approx-
imately 7% of the study area. A variety of perennial rivers and
small streams move the look at the district [13].

The soils of the study area are largely developed from parent
substances of volcanic origin, in particular, reddish or brown,
drain freely, and are of medium to heavy texture.

The study area is characterized by a mix of geological formations,
predominantly consisting of pre-Cambrian rocks, with some
areas featuring late Tertiary volcanic formations. The soils in the
region fall into five textural classes, with the majority being clay
and clay loam. Fewer areas are classified as silty clay loam, silt
loam, or sandy clay loam [14].

The natural vegetation in the study area faces significant stress
due to rapid population growth over recent decades. Indigenous
trees have been largely removed to make way for agricultural
land, fuelwood collection, construction of houses and fences, and
charcoal production for the market [13]. Additionally, eucalyptus
plantations are common, with these trees being planted around
residences, farmlands, and in various other locations, including
slopes, stream banks, swampy areas, and even productive agri-
cultural land [12].

The region is home to a diverse range of plant species, including
Cordia africana, Albizia gummifera, Croton macrostachyus, Ficus
vasta, Ficus sur, Acacia abyssinica, Prunus africana, Rothmannia
urcelliformis, Vepris dainellii, Erythrococca trichogyne, Vernonia
amygdalina, Bersama abyssinica, and Ficus thoningi. The vegeta-
tion is primarily composed of Dry Evergreen Afromontane Forest.
The local economy is largely based on mixed farming, which is
heavily reliant on seasonal rainfall and traditional agricultural
practices, with limited irrigation facilities available [15].

2.2 | PFM Project

The Guangua Elala PFM project was initiated by GIZ in col-
laboration with the Amhara Regional Agriculture Office and ran
from 2012 to 2021. The PFM scheme covered four rural kebeles
and established four forest user groups responsible for managing
approximately 4494 ha of forest. These groups, comprised of local
communities living around the forest, operate under agreements
with the government. GIZ played a crucial role in the estab-
lishment of the PFM scheme and covered the transactional costs
associated with the process to promote sustainable forest man-
agement through participatory approaches and to improve the
livelihoods of forest-dependent communities by fostering forest-
based and alternative livelihoods.

2.3 | Sampling Design and Data Collection
2.3.1 | Sampling Design

Various field equipment, including calipers, meter tapes, and
hypsometers, were used during the fieldwork to measure tree
diameter and height. A reconnaissance survey was conducted to
identify vegetation types and relocate previously established
permanent sample plots using GPS coordinates recorded during
the baseline survey. These plots were originally set up to ensure
representative coverage of the forest. Based on the initial design,
a systematic sampling layout with a random starting point was
followed. A total of 44 permanent sample plots representing 10%
of the forest were revisited.

These plots were spaced 200 m apart within transects and 500 m
between transects, beginning at the lower part of the forest. The
same GPS-referenced layout from the baseline survey was used to
ensure consistency in data collection before and after PFM
implementation. In each plot, all individual trees and shrubs with
a diameter at breast height (DBH, measured at 1.3 m above ground
level) of > 2 cm were measured using a caliper. For trees with
branching at breast height, the diameter was measured separately
for each branch and averaged. Trees or shrubs with multiple stems
or forks below 1.3 m in height were treated as single individuals,
following the method described by Ayanaw and Dalle [16]. Plants
with a height of less than 2m and a DBH of less than 2 cm were
classified as seedlings or saplings. The vegetation was categorized
into three growth stages to assess regeneration status: Adult trees,
which had a DBH of 2 cm or greater and a height exceeding 2.5 m;
saplings, defined as having a DBH of less than 2 cm and a height
under 2 m; and seedlings, which had a DBH of less than 2 cm and
a height of less than 1 m [2].

2.3.2 | Field Data Collection

Field data were collected in January to capture species at their
full growing stage, which typically occurs at the end of the rainy
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FIGURE 1 | Location map of the study area.

season in the area. A systematic sampling design was employed
to gather vegetation data from the study site, following the
methodology outlined by Ayanaw and Dalle [16].

Sampling plots measuring 20 m X 20 m were established for the
main data collection (see Figure 2). Within each main plot, all
woody plant species, including trees and shrubs, were recorded.
To assess saplings and seedlings, subplots were used:
a 10 m X 10 m subplot for saplings and two 5m X 5m subplots
located at opposite corners of the main plot for seedlings. This
approach was chosen to maintain consistency with the baseline
data collection techniques used at the site (Figure 2).

2.4 | Data Collection Procedures and Justification

A systematic sampling design with a random starting point was
employed to ensure representative coverage of the forest. This
approach was used because it provides even coverage across the
forest, captures its natural variation, and allows direct comparison
with baseline plots. Systematic sampling also reduces bias com-
pared to purely random sampling while ensuring reliable statistical
representation [17].

Plot number and location were chosen based on forest heteroge-
neity, precision, and baseline consistency. Reconnaissance surveys
revealed differences in vegetation, topography, and human

disturbance, requiring adequate coverage to reflect structural and
compositional variation. Following standard forestry protocols
[18, 19], the sampling design ensures enough replication to detect
meaningful changes in species composition, diversity, and re-
generation. The plots were originally established during the
baseline survey, allowing reliable temporal comparisons.

Within each plot, altitude and GPS coordinates were recorded, and
all plant species were identified using vernacular names with
guidance from knowledgeable local community members. Tran-
sect walks with residents complemented the plot measurements,
providing insights on regeneration status, species composition,
human encroachment, and PFM management practices.

Combining systematic plots with transect-based observations
enabled a comprehensive assessment of forest structure, com-
position, and regeneration. This approach integrates quantitative
data and local ecological knowledge, ensuring a robust evalua-
tion of PFM outcomes while accounting for forest heterogeneity.

2.5 | Measured Variables

2.5.1 | Vegetation Species Composition

Data on vegetation species composition were collected to esti-
mate species abundance and frequency. Species abundance was
measured as canopy cover, while frequency was determined by
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FIGURE 2 | Simple sketch of data collection quadrant.

the distribution of each species across the sampling area.
Community-based estimates included species richness, compo-
sition, and diversity [20].

2.5.2 | Regeneration Status

The regeneration status of woody species in both the APFM and
BPFM systems was assessed by counting seedlings and saplings
of each species across all sample plots. These counts were used to
determine the regeneration status, which is presented through
frequency bar graphs and tables, following the methods of
Tadesse et al. [2]. Seedlings were defined as having a height <1 m
and DBH<2cm, while saplings were characterized by
a height < 2.5m and DBH <2 cm [2].

2.5.3 | Regeneration Status Classification

The regeneration status of the forest was categorized based on the
criteria established by Fisaha et al. [21], and Jayakumar and Nair
[22].

1. “Good”: seedling > sapling > adult trees
2. “Fair”: seedling > sapling < adult trees

3. “Poor”: species surviving only as saplings but not as seedlings
(saplings may or may not be present as mature trees)

4. “None”: species absent in both sapling and seedling stages
but present as mature trees

5. “New”: species absent as mature trees but present in sapling
and/or seedling stages

2.6 | Data Analysis

The analysis included computation of vegetation variables such as
stem density (trees per hectare), diameter distribution, and basal
area in both BPFM and APFM plots to assess the influence of PFM
on forest regeneration, diversity, and structure. Woody plant species
richness was determined from the total number of species recorded.

Species Diversity and Evenness: Shannon-Weiner species di-
versity (H') and evenness (E) have been employed to calculate
species diversity and evenness indices to examine the diversity
among the PFM and non-PFM forest blocks using the formula.

2.6.1 | Species Diversity Index (H')

s
Shannon — Weiner species diversity H = Y, PilnPi, (1)
i=1
where H' = Shannon diversity index; pi = the proportion of in-
dividuals or the abundance of the ith species expressed as
a proportion of total cover; In = natural logarithm base e., S is the
total number of species.

H max 2)

e evenness index (E) venness (E) n(s)

where H'max = Shannon diversity index; S =total number of
species in the sample.

2.6.2 | Basal Area

The basal area, representing the cross-sectional area of stems at
breast height (1.3 m), was used to describe stand density and species
dominance. It is expressed in square meters per hectare. The basal
area of individual species with DBH > 2 cm was calculated using

2
basal area = n(¥> , 3)

where DBH is measured in centimeters, and z\piz = 3.14.

2.6.3 | Frequency

number of plotsinwhich speciesoccur

100, (4
totalnumbre of plots ¥ @

Frequency =

frequencyof aparticularspecies

Relativef; RF) = 100.
elativefrequency (RF) totalnumbre of plots ¥
5
2.6.4 | Density
. totalnumberof all trees
Density = — *100, (6)
samplesizeinhectare
density of particul i
Relativedensity (RD) = ens1tyol Partic arspecies . 1oo. @)

totaldensity of all species

2.6.5 | Dominance

basalareaof particularspecies

Relative domi RDO) =
elativedominance( ) total basal areaof all species

®)

2.6.6 | Importance Value Index (IVI)

The IVI combines relative frequency (RF), relative density (RD),
and relative dominance (RDO) to assess the ecological signifi-
cance of species:
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importance value index (IVI) = IVI = RF + RD + RDO.  (9)

2.6.7 | Species Richness and Similarity

Species richness was determined as the number of species per
plot:

species richness (S) = RNumber of species per plot. (10)

The Sorensen’s similarity coefficient (Ss) was used to determine
the similarity in woody species composition between two forests:

2c
+b

similarity (Ks) = ( ) + 100, (11)
a

where a =number of species in community 1, b =number of

species in community 2, c = number of species common to both

communities.

2.7 | Statistical Analysis

To compare mean variations in vegetation variables before and
after PFM implementation, a paired t-test was applied, as
measurements were taken from the same plots over time. Sta-
tistical significance of mean differences was evaluated at the 5%
level (p <0.05). Analyses were performed using SPSS software
(Version 25) to ensure accurate and reliable computation.

The paired t-test allows for direct assessment of temporal changes
within plots, accounting for the repeated-measures design and
providing a robust evaluation of PFM impacts on species com-
position, diversity, and regeneration.

3 | Results and Discussion

3.1 | Woody Species Composition

The floristic composition of the APFM and BPFM forests
revealed notable similarities and differences (Table 1). The post-
PFM forest supported slightly more species and families, with
104 species across 50 families, compared to 98 species from 48
families pre-PFM. Fabaceae remained the most diverse family in
both periods, followed by Celastraceae, Euphorbiaceae, Mor-
aceae, and Rubiaceae, reflecting the persistence of key functional
groups within the forest.

Trees dominated the forest in both periods, while shrubs and
lianas increased modestly after PFM. This pattern suggests that
participatory management not only maintains canopy species but
also promotes regeneration and understory diversity, which are
critical for ecological stability and habitat complexity. Most
species were shared across both periods, yet a few appeared
exclusively post-PFM, indicating that community involvement
can facilitate the persistence or recovery of less common species,
enhancing overall forest heterogeneity.

The observed increase in species richness underscores the role of
local stewardship in supporting forest biodiversity, consistent with
findings from Jagger and Pender [23], who reported higher species
densities in Ethiopian forests under community management. In
contrast, species diversity showed only modest change, suggesting
that although more species are present, their relative abundance
remains uneven, a pattern also noted by Tadesse et al. [2].

These compositional improvements likely reflect reduced an-
thropogenic pressures such as illegal logging, overgrazing, and
fuelwood collection, combined with active management and
monitoring by forest user groups. Such community-driven in-
terventions help maintain forest structure, encourage natural
regeneration, and reinforce forest resilience, ultimately sup-
porting ecosystem functions and long-term sustainability.

These findings are consistent with previous studies: Bekele et al.
[24] at the Adaba Dodolla PFM project, Gobeze et al. [25] at Bonga
forest, and Tadesse et al. [2] at Gebradima forest. The number of
woody species recorded in this study is lower than that reported in
Zegie Peninsula (113 species) [26] and Denkoro Forest (174 spe-
cies) [27], which may be attributed to better environmental ad-
aptation in those areas. Conversely, this study’s findings are higher
than those from Katasay State Forest (86 species) [14], Wof Washa
Forest (62 species) [21], Yemrehane Kirstose Church Forest (39
species) [16], and Wogello Natural Forest (20 species) [28].

3.2 | Woody Species Similarity

As the study in Table 2 confirmed, the dominant woody species
common to both management systems include Albizia gummi-
fera, Apodytes dimidiata, Cordia africana, Crateva adansonii,
Croton macrostachys, Ehretia cymosa, Justicia schimperiana,
Maytenus arbutifolia, Prunus africana, Rothmannia urcelliformis,
and Vepris dainellii. The persistence of these species across both
management systems highlights that PFM contributes to
maintaining core forest composition even under varying an-
thropogenic pressures.

These findings align with those of Tadesse et al. [2], who reported
high similarity in plant species composition between PFM and
non-PFM sites in Gebradima forest, attributing it to the strong
management practices in the PFM system.

From an ecological and management perspective, the similarity
of species composition suggests that PFM practices are effective
at preventing local extinctions and supporting forest resilience.
At the same time, the few species unique to the post-PFM forest
indicate that community engagement may facilitate natural re-
generation and the recolonization of less common species, which
is crucial for enhancing overall biodiversity. These patterns
provide evidence for the broader applicability of PFM in Ethiopia
and underscore the importance of scaling up community-based
approaches while monitoring species evenness and regeneration
dynamics to maintain a balanced and resilient forest ecosystem.

3.3 | Woody Species Richness

Species richness, an indicator of forest condition, measures the
average number of species within a defined area (plot). The
overall species richness in the APFM system showed a mean
number of 28.68 adult, 44.86 sapling, and 54.04 seedling species
per sample plot (400 m?). In contrast, the BPFM system had
a mean of 18.22 adult, 15.09 sapling, and 20.25 seedling species
per plot (Figure 3).

The reduced species richness in the BPFM system may reflect
higher utilization pressures, such as selective logging and
browsing by herbivores, which can lead to the elimination of
some woody species. The greater number of species in the APFM
system is likely attributed to effective forest conservation and
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Species richness, family composition, growth habits, and species distribution between APFM and BPFM.

TABLE 1

BPFM forest

APFM forest

Category

98 species

104 species

Total species

48 families

50 families
Fabaceae (9 spp., 8.65%)

Total families

Fabaceae (7 spp., 7%)

Most diverse family

Celastraceae (6 spp., 6%)

Celastraceae (6 spp., 5.77%)

Second most diverse family

Euphorbiaceae, Moraceae, Rubiaceae (5 spp. each, 5%)

Euphorbiaceae, Moraceae, Rubiaceae (5 spp. each, 4.80%)

Other key families

Growth habit composition

51 spp. (52.04%)
32 spp. (32.65%)
15 spp. (15.30%)

51 spp. (49.03%)
37 spp. (35.58%)
16 spp. (15.38%)

Trees

Shrubs

Lianas

Species distribution

2 spp. (2.04%)
96 spp. (95.05%)

8 spp. (7.69%)
96 spp. (95.05%)
All 50 families present (100%)

Unique to forest

Shared between forests

48 families present (96%)

Family distribution

management practices, suggesting that PFM systems enhance
woody species richness (Figure 3).

Several studies have indicated that human activities significantly
impact species richness in various forest ecosystems. For in-
stance, research by Gurmessa et al. [29] in Komto Forest and by
Fisaha et al. [21] in Wof Washa Forest demonstrated that forests
with minimal human disturbance have higher species richness
compared to those subjected to significant disturbances. Simi-
larly, Gebeyehu et al. [13] also found that Awi forests with lower
disturbance levels exhibited higher species richness.

These findings underscore the importance of forest manage-
ment practices, such as regulated access and controlled hu-
man activities, which can help preserve and enhance species
diversity. The positive effect of PFM observed in the APFM
system is consistent with these studies, which suggest that
effective management and conservation strategies, including
community involvement and stringent regulations, are crucial
for maintaining and improving forest biodiversity [25]. By
contrast, the BPFM system, with its less stringent controls, has
shown reduced species richness, likely due to ongoing en-
croachment and high utilization pressure, reflecting the
critical need for effective forest management to safeguard
species diversity.

3.4 | Woody Species Diversity and Evenness

In the study area, a few species dominated in terms of abundance,
while many others were rare or had low abundance. The woody
plant species diversity index (H') for APFM and BPFM systems
were 3.11 and 2.99, respectively, indicating slightly higher di-
versity in the APFM system. The corresponding evenness indices
(E) were 0.36 for APFM and 0.39 for BPFM, suggesting a more
even distribution of species in BPFM. Despite this, the diversity
was quantitatively higher in the APFM system.

This observation aligns with findings that managed forests, such
as those under PFM, typically exhibit higher species diversity
compared to less managed forests [2]. For instance, Division et al.
[6] reported increased species diversity in JFM forests in Tan-
zania compared to non-JFM forests.

Ecologically, the modest increase in diversity under PFM implies
improved forest resilience, as a richer species pool can enhance
ecosystem stability, recovery from disturbances, and the pro-
vision of key ecosystem services such as carbon sequestration and
habitat complexity. From a management perspective, these
findings support the scaling up of PFM in Ethiopia to safeguard
biodiversity, while also highlighting the potential for socio-
ecological trade-offs, where dominant species may still mo-
nopolize resources unless targeted interventions encourage the
establishment of rarer species.

3.5 | Regeneration Status and Density of Woody
Species

As summarized in Table 3 the APFM system, the mean density of
mature trees and shrubs was 707.99 individuals ha™", signifi-
cantly higher than the 446.06 individuals ha™' in the BPEM
system (p < 0.05). The highest densities in APFM were found in
Vepris dainellii (72.73 individuals ha™"), Albizia gummifera and
Rothmannia urcelliformis (71.02 individuals ha™" each), and
Croton macrostachys (47.73 individuals ha™).
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TABLE 2 | Woody species recorded from APFM and BPFM systems in Guangua Elala Forest.

Scientific name Family name Ambharic name Agewogna GH A B
Acacia abyssinica Fabaceae Bazira girar Tsatsi Tree + +
Acacia brevispica Fabaceae Kentefa Shrub +

Acacia lahai Fabaceae Tsivi Shrub + +
Acanthus eminens C. B. Clarke Acanthaceae Danduri Shrub + +
Acanthus sennii Chiov. Acanthaceae Kosheshilie Danduri Shrub + +
Acokanthera schimperi Apocynaceae Merenz Bisira Shrub + +
Albizia gummifera Fabaceae Sesa Kantsikantsi Tree + +
Albizia schimperiana Oliv. Fabaceae Sesa Kantsini Tree + +
Allophylus abyssinicus (Hochst.) Radlk. Sapindaceae Abalat Tree + +
Apodytes dimidiata Icancinaceae Dong Zindi Tree + +
Asparagus africanus Lam. Asparagaceae Yeset Kesit Liana + -
Bersama abyssinica Melianthaceae Azamira Dinkifi Tree + +
Bridelia micrantha Euphorbiaceae Yenebir Tifir Shrub + +
Brucea antidysenterica Simaroubaceae Abalo Abali Shrub + -
Buddleja davidii Franch Loganiaceae Tikuir Anfar Shrub - +
Buddleja polystachya Loganiaceae Nech Anifar Shrub + +
Cajanus cajan Fabaceae Yewof ataer Shrub + -
Calpurnia aurea (Ait.) Benth. Fabaceae Tintirasi Shrub + +
Canthium oligocarpum subsp. oligocarpum Rubiaceae Chingursti Shrub + +
Capparis tomentosa Capparaceae Gumero Hanguri Liana + +
Carissa edulis Apocynaceae Agam Atsri Shrub + +
Cassipourea malosana (Baker) Alston Rhizophoraceae Marqedi Shrub + +
Celtis africana Ulmaceae Kewot Tsaringi Tree + +
Cissus petiolata Hook. f. Vitaceae Bokehera Liana + +
Clausena anisata (Willd.) Benth. Rutaceae Limch Lumsi Shrub + +
Clematis longicauda Steud. ex A. Rich. Ranunculaceae Azo harg Liana + +
Clutia abyssinica Jaub. & Spach Euphorbiaceae Fiyelefej Shrub + +
Combretum paniculatum Vent. Combretaceae Gori Liana + +
Cordia africana Boraginaceae Wanza Bugtsi Tree + +
Crateva adansonoi Capparaceae Dingy seber Dakurti Tree + +
Croton macrostachys Euphorbiaceae Bisana Asisi Tree + +
Cupressee lusitanica Cupressaceae Yeferenji tsid Tsidi Tree + -
Discopodium penninervium Hochst. Solanaceae Aluma Shrub + +
Dombeya quinqueseta (Del.) Exell Sterculiaceae Sheksheki Tree + +
Dombeya rotundifolia (Hochst.) Planch. Sterculiaceae Tsari Shrub + +
Dombeya torrida Sterculiaceae Wulkifa Tree + +
Dracaena steudneri Engler Dracaenaceae Zagrim Tree + +
Ehretia cymosa Tonny Boraginaceae Chabugtsi Tree + +
Ekeberiga capensis Meliaceae Lol Churi Tree + +
Entada abyssinica Fabaceae Kentefa Atsiri Shrub + -
Erythrina abyssinica Fabaceae Korch Buri Tree - +
Erythrococca trichogyne Euphorbiaceae Shamli Shrub + +
Euclea racemosa subsp. schimperi Ebenaceae Dedeho Tree + +
Eugenia bukobensis Engl. Myrtaceae Girni Shrub + +
Euphorbia abyssinica Euphorbiaceae Kulkuli Tree + +
Ficus sur Forssk Moraceae Shola Umi Tree + +
Ficus sycomorus Moraceae Bamba Gisgna Umi Tree + +

(Continues)
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TABLE 2 | (Continued)
Scientific name Family name Ambharic name Agewogna GH A B
Ficus thonningii Moraceae Chibiha Tsiwawi Tree +  +
Ficus vasta Moraceae Warka Dugni Tree + +
Flacourtia indica Flacourtiaceae Gerkadumi Shrub + +
Gardenia ternifolia Rubiaceae Dawi Tree + +
Gouania longispicata Engl. Rhamnaceae Maya Areg Liana + +
Grewia ferruginea Hochst. Tiliaceae Lenkuata Tsankuy Tree + +
Grewia villosa Tiliaceae Lenkuata Tree/Shrub + +
Hippocratea goetzei Loes. Celastraceae Gashini Liana + +
Hippocratea pallens Celastraceae Ankimahari Liana + +
Jasminum abyssinicum Oleaceae Awiri Liana + +
Justicia schimperiana Acanthaceae Sensel Lili Shrub + +
Landolphia buchananii Apocynaceae Kufey Liana + +
Lepidotrichilia volkensii Meliaceae Yedur abalo Kewan abali Tree + +
Lobelia giberroa Hemsl. Lobeliaceae Gibera Bambi Shrub + +
Maesa lanceolata Forssk Myrsinaceae Kilaba Kempata duri Shrub + +
Maytenus addat (Loes.) Sebsebe Celastraceae Antuy Shrub + +
Maytenus arbutifolia Celastraceae Atat Antuy Shrub + +
Maytenus obscura (A.Rich.) Cuf. Celastraceae Koba Koki Tree + +
Maytenus undata (Thunb.) Blakelock Celastraceae Geram atat Gisegna duli Shrub + +
Millettia ferruginea (Hochst.) Bak. Fabaceae Birbira Cheyekoi Tree + +
Mimusops kummel A. DC. Sapotaceae Enkoy Tree + +
Morus mesozygia Moraceae Injori Injori Liana + +
Nuxia congesta R. Br. ex Fresen Loganiaceae Lamiaceae Masha ashkori ~ Tree/shrub + +
Ocimum lamiifolium Damakassie Shrub + -
Olea capensis L. subsp. Macrocarpa Oleaceae Damot woyira Wiri Tree + +
Olea europaea Oleaceae Woyira Wiri Tree + +
Paveta abyssinica Fresen. Rubiaceae Eshagimbi Shrub + +
Phytolacca dodecandra L 'Herit. Phytolaccaceae Endod Sibiti Liana + +
Pittosporum viridiflorum Sims Pittosporaceae Weylwiha Kantakuna Tree + +
Podocarpus falcatus Podocarpaceae Zigiba Eziy Tree + +
Polyscias fulva (Hiern) Araliaceae Yezinjero wonber Tree + +
Pouteria altissima Sapotaceae Kerero Tree + +
Premna schimperi Verbenaceae Chocho Tree + +
Prunus africana Rosaceae Tikur enchet Demsi Tree + +
Rhamnus prinoides Rhamnaceae Gesho Gebo Tree/shrub + +
Rhoicissus tridentata Vitaceae Wodel asfes Shrub + +
Rhus glutinosa A. Rich. subsp. glutinosa Anacardiaceae Embus, Kumini Tree/shrub + +
Rhus natalensis Krauss Anacardiaceae Gullo Chakima Tree/shrub + +
Rhus vulgaris Anacardiaceae Yeregna kolo Tree/shrub + +
Ritchiea albersii Gilg. Capparidaceae Yetota Kolet Tree/shrub + +
Rosa abyssinica Rosaceae Kega Gimsi Shrub + +
Rothmannia urcelliformis (Hiern) Robyns Rubiaceae Chemneknekey Tree + +
Rubus steudneri Schweinf. Rosaceae Enjori Liana + +
Rytigynia neglecta (Hiern) Robyns Rubiaceae Jakuti Shrub + +
Salix mucronata subsp. subserrata Salicaceae Wonz admik Tsutsui Tree + +
Schefflera abyssinica Araliaceae Getem Pinpini Tree + +
(Continues)
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TABLE 2 | (Continued)

Scientific name Family name Ambharic name Agewogna GH A B
Solanecio gigas (Vatke) C. Jeffrey Asteraceae Yeshikoko gomen Bambili Shrub + +
Solanum giganteum Jacq. Solanaceae Tikur emboy Shrub + -
Steganotaenia araliacea Hochst. Apiaceae Kanidemsa Shrub + +
Stereospermum kunthianum Bignoniaceae Zana Zana Tree + +
Syzygium guineense Myrtaceae Dokima Bezira Tree + +
Teclea nobilis Del. Rutaceae Atesa Sini Shrub + +
Tiliacora troupinii Cufod. Menispermaceae Efkuli Liana + +
Urera hypselodendron (A. Rich.) Wedd. Urticaceae Dungudingi Liana + +
Vepris dainellii (Pich. Serm.) Kokwaro Rutaceae Gimblitini Tree + +
Vernonia amygdalina Asteraceae Grawa Kukitsi Tree/shrub + +
Vernonia myriantha Hook.f. Asteraceae Dengorita Kokietsa Shrub + +
Ximenia americana Olacaceae Inkoy Tutuga Tree/shrub + +
Zehneria scabra (Linn.f.) Sond Cucurbitaceae Nech hareg Liana + +

Note: (+) indicate the presence of spp. (—) indicates the absence of spp., (GH) indicates growth habit, (A) indicates after participatory forest management, and (B) indicates

before participatory forest management.

Number of spp. per sampled plots

300

Number of species
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——— No. of spp. (BPPFM)
No. of spp. (APPFM)

FIGURE 3 | Number of spp. recorded in sampled plots.

In BPFM, the most abundant species were Albizia gummifera
(49.43 individuals ha™"), Vepris dainellii (39.20 individuals ha™"),
and Rothmannia urcelliformis (38.64 individuals ha™?'). The APFM
system exhibited a notably higher density of seedlings (1350.62
individuals ha™") compared to saplings (1121.60 individuals ha™"),
suggesting a robust regeneration status. Noteworthy species in-
cluded Maytenus arbutifolia with the highest sapling (335.80 in-
dividuals/ha™") and seedling density (395.45 individual’s ha™"). In
BPFM, the densities of saplings and seedlings were lower, at 376.18
and 503.37 individuals ha™, respectively, with Maytenus arbuti-
folia again showing the highest sapling density (55.68 individuals
ha™') and Vernonia myriantha the highest seedling density (59.09
individuals ha™"). The absence of regeneration for several species,
including some canopy trees like Podocarpus falcatus, was linked
to disturbances such as trampling, seed predation, and habitat
unsuitability [25]. Overall, APFM demonstrated a better re-
generation status compared to BPFM, which suffered from fre-
quent disturbances and grazing pressures, leading to lower species
density and regeneration success [2, 30]. This difference highlights
the impact of effective forest management and reduced human
interference on forest regeneration.

Plots

Similarly, Abrar and Inoue [31] reported higher standing tree
densities in co-managed Mangrove Forests in Kenya (4341 trees/
ha) compared to state forests (2673 trees/ha). Luoga et al. [32]
attributed increases in mean stem density to reduced fire oc-
currences, controlled grazing, and reduced tree cutting due to
effective PFM protection.

In Ethiopia, several studies have shown considerable increases in
the density of mature trees, saplings, and seedlings under PFM
regimes. Bekele et al. [24], Gobeze et al. [25], and Tadesse et al.
[2] noted that seedlings were generally healthy and free from
trampling or browsing, with more regeneration of indigenous
species observed in forests managed under PFM compared to
those under state control or open access regimes.

Ameha et al. [9] found improved forest conditions across five
pilot PFM sites due to management interventions and effective
protection from human activities and fires. However, some areas
showed relatively lower densities compared to the Amaro State
Forest in Northwestern Ethiopia [33], though still higher than in
Bari Forest patches in Banja District [13]. The findings align with
Tadesse et al. [2], who observed greater mean seedling densities
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Note: Where (xx) is absence of recording, (APM) is after participatory forest management, and (BFM) is before participatory forest management.

in the PFM-managed Gebradima Forest, with 2844 seedlings
ha™! in unmanaged areas compared to 4133 seedlings ha™" in
PFM areas, indicating a more robust regeneration under PFM.

These findings emphasize the ecological significance of PFM; by
limiting human interference and promoting local stewardship,
forest resilience is enhanced, biodiversity is conserved, and
structural integrity is maintained. They also have broader policy
implications, supporting the scaling up of CBFM across Ethiopia.
However, species with poor regeneration highlight the need for
further research on factors limiting recruitment, seed dispersal,
and long-term population dynamics of rare or sensitive woody
species.

3.6 | Frequency, Basal Area, and IVI
3.6.1 | Frequency

In this study, frequency is expressed as a percentage, calculated
by dividing the number of plots in which individuals of a given
species were recorded by the total number of plots surveyed. A
greater variety of species in higher frequency classes, and fewer
species in lower frequency classes, indicate homogeneity in forest
composition, whereas a low number of species in higher fre-
quency classes suggests heterogeneity. The present study found
a high percentage of species in lower frequency classes and
a relatively low percentage of species in higher frequency classes,
confirming the existence of significant vegetative heterogeneity
in the Guangua Elala Forest.

The six most frequently observed woody species in the forest
under the APFM system include Albizia gummifera (93.18%),
followed by Maytenus arbutifolia (90.09%), Crateva adonsonia
(90.09%), Rothmannia urcelliformis (68.18%), Bersama abyssin-
ica, and Vepris dainellii (both at 56.81%). In contrast, in the forest
under the BPFM system, Maytenus arbutifolia (93.18%) was the
most frequently observed species, followed by Rothmannia
urcelliformis (86.36%), Albizia gummifera (84.09%), Vernonia
myriantha (68.18%), Croton macrostachys (63.64%), and Bersama
abyssinica (56.81%).

Overall, approximately 92.3% of species had a frequency below
50%, with 27.88% of species each occurring in a single plot under
the APFM system. Similarly, under the BPFM system, 92.86% of
species had a frequency below 50%, with 27.55% of species oc-
curring in a single plot or two plots. Similar studies in Tsahare
Kan Natural Forest found that the most frequent species were
pioneer species such as Croton macrostachyus and Bersama
abyssinica [12]. Another study in Kuandisha Forest indicated
that the frequency of woody species ranged from 1.9% to 92.5%,
with 55% of species absent in most plots, falling into the lowest
frequency class [34].

3.6.2 | Basal Area

The total basal area of all woody species in the forest under the
APFM system was approximately 32.35m? ha™', while in the
forest under the BPFM system, it was about 17.48 m* ha™"' Ta-
ble 4. Although the total basal area in the APFM forest was
higher than in the BPFM forest. The highest proportion of basal
area in the APFM forest was contributed by Prunus africana
(6.76 m* ha™" or 20.90%), followed by Albizia gummifera (6.19 m*
ha™! or 19.19%) and Apodytes dimidiata (4.37 m* ha™! or 13.5%).
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TABLE 4 | Comparison of BA m*/ha in both systems.

Scientific name BA (APFM) % (APFM) BA (BPFM) % (BPFM)
Albizia gummifera 6.19 19.13 3.27 18.99
Apodytes dimidiata 4.38 13.54 2.84 16.49
Celtis africana 1.26 3.89 0.5 2.9
Croton macrostachys 1.23 3.8 0.6 3.48
Ficus sur 1.16 3.59 0.6 3.48
Ficus thonningii 0.81 2.5 0.5 2.9
Millettia ferruginea 0.61 1.89 XX XX
Prunus africana 6.76 20.9 3.15 18.29
Rothmannia urcelliformis 1.05 3.25 0.53 3.08
Vepris dainellii (Pich. Serm.) Kokwaro 1.42 4.39 0.48 2.79
Ficus vasta XX XX 0.63 3.66
Total of others 7.47 23.09 4.15 23.93
Grand total 32.35 100 17.48 100

Note: Where APFM is after participatory forest management, BPFM is before participatory forest management, and “xx” indicates the species was not recorded.
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FIGURE4 | Species having the highest IVI value in both management systems. Where IVI is the important value index, APFM is after participatory
forest management, BPFM is before participatory forest management, and xx is the species that was not recorded.

TABLE 5 | Summary statistics for comparison of forest condition variables in the APFM versus the BPFM system.

Mean before Mean after
Variable PFM + SD PFM + SD t-value df p value
Species richness (S) 17.85 + 2.60 42.53 +12.84 12.1 43 < 0.001
Species diversity (H') 7.24 £10.52 15.34 £16.25 2.02 43 0.049
Seedling density (ha™) 9.41 £17.15 24.38 £ 62.19 4.05 43 < 0.001
Sapling density (ha™") 7.71 £13.56 25.48 + 65.20 4.02 43 < 0.001
Tree/shrub density (ha™) 4,74 + 8.72 7.45 +14.37 5.25 43 < 0.001
Basal area (m” ha™) 0.08 +0.16 0.27 £ 0.96 2.5 43 0.016
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In the BPFM forest, the highest basal area was contributed by
Albizia gummifera (3.27 m* ha™" or 18.99%), followed by Prunus
africana (3.15m> ha™' or 18.29%) and Apodytes dimidiata
(2.84 m* ha™" or 16.49%). This indicates that Prunus africana had
the highest dominance in the APFM forest, whereas Albizia
gummifera demonstrated the highest dominance in the BPFM
forest.

The difference in total basal area between APFM and BPFM
forests also reflects the broader ecological benefits of
community management, including enhanced carbon
storage potential, improved microhabitat stability, and fa-
cilitation of natural regeneration for understory species [2];
FAO, 2018). Maintaining dominant species with high basal
area is critical for biodiversity conservation and forest
structural integrity, which are central goals of sustainable
forest management.

The comparison of mean basal area results showed that the basal
area of the forest under the APFM system was higher than that of
the forest under the BPFM system. Both joint and CBFM ap-
proaches led to increases in basal area and volume compared to
forests managed by the government or under open access regimes
[2, 5]. Gobeze et al. [25] reported mean basal areas of 19.6 m*ha™*
and 17.4m?ha~"! for PEM and non-PFM forests, respectively, in
Bonga Forest. These figures are smaller than those found in this
study’s APFM system but slightly higher than those in the BPFM
system. The relatively lower basal area in the BPFM system may be
attributed to the harvesting of large trees.

In Kenya, the basal area of the Mangrove Forest was sig-
nificantly higher in the co-managed forest (16 m*ha™')
compared to the state forest (10.3 m* ha™') (Kairu et al., 2021).
The improved forest structure in the co-managed forest is also
linked to support from the national government, donor as-
sistance, and international partnerships that have sustained
the carbon offset facility in the community-managed forest in
Kenya.

3.6.3 | IVI

The IVIis a key metric used to assess the ecological significance
of species within a forest. In the study area, IVI values for
woody species ranged from 0.01 to 31.26 in the APFM (after
participatory forest management) forest site and from 0.04 to
32.65 in the BPFM (before participatory forest management)
forest site Figure 4. In the APFM forest, Albizia gummifera had
the highest IVI of 31.24, followed by Prunus africana (29.91)
and Maytenus arbutifolia (28.26). Conversely, in the BPFM
forest, Maytenus arbutifolia led with an IVI of 17.68, with
Rothmannia urcelliformis (15.96) and Albizia gummifera
(13.66) following.

A significant portion of species in both forest management
systems had low IVI values, indicating their limited domi-
nance. Specifically, 51.9% of species in the APFM forest and
63.3% in the BPFM forest had an IVI of less than one. This
highlights the heterogeneity in forest composition and the
varying ecological roles of species under different management
practices.

Gobeze et al. [25] highlighted that in the Bonga forest, Schefflera
abyssinica, Ficus sur, Cassipourea malosana, Croton

macrostachyus, and Albizia gummifera were the five most im-
portant species within the PFM site, accounting for 32.8% of the
total IVI. In contrast, the non-PFM forest had Ficus sur, Mar-
garitaria discoidea, Albizia gummifera, Cordia africana, Millettia
ferruginea, and Schefflera abyssinica as the most significant
species, contributing to 29.5% of the total IVI. Compared to this
study, where IVI values ranged from 0.04 to 32.65, the IVI in
Kuandisha forest was smaller, ranging from 0.13 to 28.4, with
Croton macrostachyus, Carissa spinarum, Calpurnia aurea,
Acacia abyssinica, Albizia schimperiana, and Maytenus arbuti-
folia being the most dominant species [34]. Similarly, in this
study, Albizia gummifera, Prunus africana, and Maytenus
arbutifolia were among the top species in both the APFM and
BPFM forests.

The IVI reflects the ecological significance of species within
a given area, with higher IVI values indicating species that
dominate the ecosystem and lower IVI values suggesting
species that may require focused conservation efforts [2, 29].
In this context, species with higher IVI values in the study
area, such as Albizia gummifera and Prunus africana, play
a critical role in forest composition and require ongoing
monitoring, while those with lower IVI values may need
targeted conservation actions to ensure their persistence in
the ecosystem.

3.6.4 | Comparison of Forest Status Variables
Before and After PFM Implementation

The results presented in Table 5 indicate that PFM has had
a positive impact on the biodiversity and structure of Guangua
Elala Forest. Species richness improved markedly after PFM
implementation, suggesting that local community involvement
supports the presence of a greater variety of tree and shrub
species. This is consistent with observations by Jagger and
Pender [23], who found that community-managed forests in
Ethiopia had higher species densities compared to government-
managed areas.

Species diversity also increased, although the improvement was
relatively modest, reflecting that while more species are present,
their relative abundances remain uneven. Similar patterns were
reported by Tadesse et al. [2], who noted that PFM areas often
show higher species counts without a proportional increase in
evenness.

PFM has contributed substantially to forest regeneration, as evi-
denced by increases in seedling and sapling densities. This likely
results from reduced anthropogenic pressures and enhanced forest
protection under community management. Comparable positive
effects of participatory approaches on regeneration have been
documented in Nepal, where forest user groups successfully
limited grazing and illegal harvesting, supporting natural re-
generation [20], as well as in Ethiopia [25].

Structural attributes of the forest, including tree and shrub
density and basal area, also improved under PFM, reflecting
enhanced forest structure and biomass accumulation. These
findings align with studies in Myanmar, where community-
managed forests exhibited greater stand density and basal area
than unmanaged areas [35], and with observations in Ethiopia
showing that PFM promotes tree cover maintenance and growth
through fostering local ownership and stewardship [36].

International Journal of Forestry Research, 2026

15 of 17

858017 SUOWILLOD BAEa.D 8|qedljdde aup Aq peusencb ae S9p1e YO ‘8SN JO SBINJ o A%eiq1 8UlUQ AB]IM UO (SUONIPLOD-PpUR-SLUIBIAL0D A8 | 1M AfeIq 1 U1 |UO//SdNL) SUORIPUOD PUe SIS 1 8y} 885 *[9202/20/60] U0 A%l 73ullu A8|IM ‘VIdOIHL3 - SSI00V DNE3 Aq 6/65788/14(1/SGTT OT/I0p/A0D A8 |1 AreIq1 Ul |UO//SANY WO} pepeojumod ‘T ‘9202 ‘v8E6



4 | Conclusion and Recommendation

This study demonstrates that PFM significantly enhances forest
composition, structure, and regeneration in the Guangua Elala
Forest, as evidenced by increased species richness, improved seedling
and sapling densities, higher tree/shrub density, and greater basal
area. The findings confirm that local stewardship through PFM
promotes forest resilience, biodiversity conservation, and sustainable
ecosystem functions. To sustain and expand these benefits, it is
recommended to strengthen the capacity and monitoring of Forest
User Groups, prioritize conservation of species with low ecological
dominance or poor regeneration, and encourage planting of in-
digenous and suitable exotic species near homesteads to reduce
pressure on natural forests. Future research should explore soil seed
banks, herbaceous diversity, species-specific regeneration, and land-
use interactions to inform adaptive management and guide the
scaling up of PFM initiatives across Ethiopia.
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