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Participatory forest management (PFM) approach has been promoted widely as a mechanism to conserve forest resources while
contributing to local livelihoods. However, most PEM evaluations focused on livelihood contributions with less attention to the
conservation effects of PFM. The present study examines the contributions of PFM in maintaining the diversity, structure, and
composition of the dry forest resources in northwestern lowlands of Ethiopia. Vegetation data were collected from three forest
sites managed under PFM and their adjacent open-access dry forests for comparison. Woody vegetation data were collected from
216 sample plots of size 20 x 20m laid in systematic random sampling in the PFM forest and adjacent open-access forests.
Standard woody vegetation analysis indices followed by an independent ¢ test were employed to investigate the variations in
woody species diversity, structure, and composition between forests under PFM and open-access conditions. The dry forests
under PFM harbor 23%-62% more woody plant species, 15%-45% more genera, and 30%-40% more families than their adjacent
open-access forests. Moreover, PFM-managed forests exhibit significantly higher densities of trees (p <0.01) and seedlings
(p <0.01) than the adjacent open-access forests. The mean cumulative basal areas of the PFM forests (24.4 m? ha™!) are also
significantly higher (p < 0.01) than those of the non-PFM forest (9.4 m* ha™") counterparts. The overall importance value index
(IVI) analysis also indicates the better conservation status of high-value and locally demanded tree species such as Boswellia
papyrifera, Anogeissus leiocarpa, and Pterocarpus lucens in the PFM forests. On the other hand, locally lesser economically
demanded tree species constituted the highest IVI values in the non-PEM forests. Overall, the empirical evidence demonstrated
the significant contribution of PFM in dry forest resource conservation demonstrated by maintaining the structure and
composition of the forest resources. Our findings highlighted that promoting PFM can address conservation objectives while
contributing to local livelihoods through local empowerment.
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1. Introduction

Comanagement strategy has been widely recognized in
forest management aiming the participation of local
stakeholders in the management endeavors and sharing
associated benefits of forest conservation [1, 2]. Co-
management is conceptualized as a functional natural re-
source governance system that engages networks of actors
such as the state, the community, and other relevant actors,

in decision-making processes of resource management [1]. It
is a decentralized forest governance targeting sustainable
forest management with the consideration of social di-
mension through livelihood improvement as well as eco-
logical aspect in improving forest resources [3]. Thus, such
a forest governance system has attracted attention due to the
multifaceted role in achieving conservation and livelihoods
outcomes [4], alleviating poverty [5] and improving local
forest governance [6]. Participatory forest management
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(PFM) has emerged as a potential framework and forest
management scheme for collaborative forest management
between forest adjacent communities and government
forestry agencies on the basis of predefined responsibilities
and benefit sharing mechanisms [7-9].

In Ethiopia, centralized forest management approaches
undermined the potential of local communities to benefi-
cially harness sustainable forest management [10, 11].
Consequently, the exclusion of local communities in the
traditional centralized forest governance has resulted in a de
facto open-access condition. Forest adjacent communities
lost interest and commitment to forest conservation, and
consequently, forest resources were exposed to an open-
access situation, leading to the exploitation of the resource
without considering future generations [10]. Hence, the
forest resources of Ethiopia have been continuously de-
clining in the alarming rate in both size and quality [12].
Increasing human and livestock population, lack of clear
forest policy, and associated factors also contributed to the
rapid deforestation and degradation of the country’s forest
resource [13]. Cognizant to this, comanagement approaches
including PFM have been adopted over the last 3 decades by
the Ethiopian government for the sustainable management
of forest resources [8, 11, 14] with a positive livelihood
impacts [15, 16].

Since the introduction of PFM in the mid-1990s [8], the
geographical coverage and the extent of the forest area under
PFM have increased substantially across Ethiopia with the
help of local and international NGO’s as well as government
sectors [17]. However, majority of the PFM intervention
sites are concentrated in Afromontane and moist forests of
Oromia and Southern Nations Nationalities and Peoples
(SNNP) regions [8, 10]. Recently, PFM approaches have
been scaling up to woodland resources in the lowlands of the
country facilitated by government and nongovernmental
organizations (NGOs) [8]. Likewise, PEM implementation
has been introduced to the Combretum-Terminalia dry
forest of northwestern Ethiopia in 2011 by NGOs and the
government.

Despite the general expectation of the PEM approach in
achieving sustainable forest management, there are rather
divergent results on the contribution of PFM in forest
conservation [10, 15, 16, 18, 19]. This could be associated
with the diverse and varying nature of the approach as well
as the biophysical conditions across regions [20]. As to
Agrawal [21] and Girma and Beyene [13], the simultaneous
livelihood and conservation outcomes of collective action in
the forest management is rather context specific. Hence,
answering the research questions “under what condition and
to what extent PFM approaches contribute to forest con-
servation?” remains open and demands context-specific
empirical studies [7, 22]. Studies evaluating the perfor-
mance of PFMs in the Afromontane and moist forests of
Oromia and SNNP regions reported the improvement of
forest conditions and reduction of forest disturbance
[9, 10, 23, 24].

Despite the expansion of PFM in the lowland woodland,
their performance in achieving conservation outcomes has
not yet been evaluated in a comprehensive manner with due
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consideration of their livelihood and conservation outcomes
[15, 16]. Hence, the objective of the present study is to
examine the contribution of PFM in forest conservation
through the maintenance of forest conditions. It evaluates
the performance of PFM in improving forest conditions in
the dry Combretum-Terminalia woodland context in which
PFMs mainly target high-value nontimber forest products
such as frankincense for local livelihood improvement
[16, 25]. The investigation compared the forest structure and
composition indicators from three forests managed under
PFM with that of adjacent state forests in a de facto open-
access condition.

2. Materials and Methods

2.1. Description of the Study Area. The study was conducted
in the northwest lowlands of Amhara National Regional
State, Metema district (Figure 1). The district was purpo-
sively selected given the recent piloting of PFM approaches
over the last one and a half decade with the aim of sus-
tainable utilization of commercial NTFPs from dry forest
resources with the engagement of local communities. Spe-
cifically, the study was conducted in three kebeles, the lowest
administrative unit, namely, Delello, Gundo, and Meshiha
(Figure 1), where PFM-managed forests and their adjacent
open-access forests were available.

Metema district is located between 12°19'19” and
13°27'08"N latitude, and 35°51'20"” and 36°49'44"E longi-
tude. It is one of the largest districts in the region, covering
an area of 399,500 ha, and its altitude ranges from 550 to
1608 m.a.s.]. The area receives unimodal rainfall, which
extends from June to September, with an annual average of
955 mm. The annual mean minimum and maximum tem-
peratures are 19.1°C and 35.6°C, respectively. Based on the
2007 National Census conducted by the Central Statistics of
Ethiopia, the district has a total population of 110, 252 [26].

The lowlands of Northwest Amhara Region are home to
Combretum-Terminalia broad-leaved deciduous vegetation,
one of the four biomes of Ethiopia that host diverse fauna
and flora species [28]. The Combretum-Terminalia biome is
widely acknowledged for its diverse socioeconomic and
ecological services at local, national, and international levels
[26, 28]. The vegetation type present in the area provides
benefits including the source of income to the rural liveli-
hood and serves as a means to buffer the encroachment of
the Sahara desert, biodiversity conservation, protection of
wetlands, improvement of soil fertility, and carbon se-
questration [28]. This vegetation is also an important source
of commercially valuable gums and resins such as frank-
incense and gum arabic [26]. These forest products play an
essential role in the livelihoods of the local communities.
Considering their diverse socioeconomic and ecological
importance and growing interest of decentralizing the
governance of the forest resources, very recently, the local
government has transferred forest management rights to
local communities. As a result, the dry forests of the area
started to be managed under PFM and PFM cooperatives
have been established in each village since 2012 with the help
of local NGOs, with the objective of addressing rapid
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FIGURE 1: Map of the study area and kebeles in Metema district, Ethiopia.

deforestation and use of the dry forests found in the study
area [16].

2.2. Sampling Techniques and Data Collection. To analyze
variations in densities of various tree species, species rich-
ness, regeneration status, and population structure between
forests under participatory management and adjacent non-
PEM forests, vegetation inventory data were collected in
three PFM forest sites (Delello, Gundo, and Meshiha) in
2023. The detailed description of PFM forests investigated is
presented in Table 1. The comparator non-PFM or open-
access adjacent forests are extensions of the PFM-designated
forests, which share similar environmental conditions ex-
cept the management approach. Two separate forest patches,
one under PFM and the other outside PFM but adjacent to
the first, were identified, and an inventory was carried out
using systematic line transect sampling [27]. Following the
approaches of Eshetie et al. [28], Kent [29], and Wale et al.
[30], sample plots of 20 m x 20 m (400 m?) were systemat-
ically laid at intervals of 200 m between plots in the selected
forest blocks. The line transects were laid out across the
contour at a regular interval of 300 m. Data on adult trees
were taken from the larger plots of 400 m?* area. However, for
seedling and sapling inventory, two subquadrats of
2m x 2 m and 5 x 5 m were nested on the opposite corners of
the main plots [30], as illustrated in Figure 2.

A total of 216 plots (116 in the PFM forest [Delello 35,
Gundo 41, and Meshiha 40] and 100 in the open-access
forest blocks [Delello 34, Gundo 26, and Meshiha 40]) were

taken proportional to the size of the sampled forest areas.
The growth stages of woody species were defined according
to Hundera and Gadissa [31] as adult, sapling, and seedlings.
Accordingly, adult trees are those having a diameter at breast
height (DBH) >2 cm and height greater than 2 m, sapling
DBH < 2 cm and height less than 2 m, whereas seedlings are
those having a DBH < 2 cm but height less than 1 m. For all
trees and shrubs, we measured the height and DBH. For
regeneration assessment, we counted seedling and sapling
numbers by species. To easily identify the names of the
species encountered, knowledgeable individuals from the
community were involved in the survey and scientific names
were identified with flora of Ethiopia [32] and useful trees of
Ethiopia [33].

2.3. Data Analysis

2.3.1. Forest Structure and Composition. Standard woody
vegetation analysis indices [29] were used to examine the
structure and composition of forest blocks under PFM
management and their adjacent comparators, which are
under open access. Then, independent ¢ test was applied to
investigate variations in woody species diversity, structure,
and composition between forests under PFM and open-
access conditions. With and without approach was used to
capture the effects of PFM implementations on forests under
participatory management (treatment group), which were
compared with adjacent non-PFM-managed forests
(NPFMs) (control group).
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TaBLE 1: Description of the PFM sites selected for this study.

Attributes Gundo Meshiha Delello
Number of members 974 802 101

Year of establishment 2011 2013 2012
Disturbance Moderately disturbed Moderately disturbed Moderately disturbed
Accessibility Accessible Limited access Accessible
Forest area (Ha) 5,090 4,740 18,000
Established and supported by ORDA* Government SRMP**
Distance from nearby town in km 42 79 64

Land use Dominantly woodland Dominantly woodland Dominantly woodland
Altitude 750-823 960-1010 756-820
Terrain Undulating Undulating Undulating

"ORDA, Organization for Rehabilitations and Development in Amhara.
**SRMP, Sustainable natural Resource Management Program [16].

20 m

20 m

55 m

FIGURE 2: Illustration of the vegetation assessment plots.

2.3.2. Measurement of Woody Species Composition, Diversity,
and Population Structure. Based on Husch [34], the
structure of a stand, that is, the distribution of trees by
species and size, is the result of species growth habits, en-
vironmental conditions, and management practices done by
the different initiatives. Species composition can be

Number of individuals of a species in all quadrats

examined by estimating the stem density, importance value

index (IVI), forest structure, population structure, and di-

versity patterns [29, 35]. These variables were computed for

both PFM-managed and the adjoining non-PFM forests

open-access forests using the equations described below.
Stem density in the study forests:

Density = <

2.3.2.1. Diversity Analysis. Woody species diversity in the
studied forests was analyzed using the Shannon-Wiener
diversity index (H') [29]. Species richness is the number of
species in a sample of standard size [36]. Species i comprises
proportion pi of the total individuals in a community of S
species,

H' = —Z pi * In pi, (2)
i=1

where H' is the Shannon diversity index and pi is the
proportion of individuals found in the ith species.

Total area of quadrats

) % 100. (D

2.3.2.2. Shannon’s Equitability (EH) or Evenness

H H
EH = =— (3)
Hmax ins

where S is the number of species recorded.

Woody species structure of the studied forests was an-
alyzed using the indicators such as the mean basal area,
dominance, and size class distribution. Dominance is de-
scribed in terms of IVI, which is the sum of the relative basal
area, relative density, and relative frequency in the sample
plots for each species [29]. Woody species with the highest
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value of the IVI were selected for population structure
analyses.

Frequency is an indicator of the distribution of the
species that measures the probability or chance of finding

Frequency value for species i

a plant species in a given sample area or quadrat. Relative
frequency is the number of plots in which species A occur
divided by the total number of plots computed using the
following equation:

Relative frequency (RF) =

Density of woody species measures the number of plants
of a certain species per unit area. In this study, the mean
density of woody species was determined by converting the
number of individuals of each woody species encountered in

Relative density (Rd) =

Total of all frequency values forall species

Number of individuals of species i counted

(4)

all the quadrats and all transects of the study areas in each
study site to equivalent number per hectare. The relative
density was also computed using the following formula:

* 100. (5)

Relative dominance (RDO) refers to the degree of

coverage of a species as an expression of the space it occupies
in a given area. Dominance is expressed in terms of the basal

Relative dominance (RDO) =

Dominance of species i

Total number of individuals in the area

area of the species. Then, the RDO is computed as the
percentage of the total basal area of a given species out of the
total measured stem basal areas of all species,

(6)

Total dominance of all species

The relative ecological importance of each woody spe-
cies, commonly referred to as IVI, was determined by
summing its relative frequency, relative density, and RDO
[29]. The IVI is a unitless score calculated by adding the
RDO, RD, and RF of a species [29]. The IVI is useful to
compare the ecological significance of a species [37] and
hence used as an index for summarizing vegetation char-
acteristics and ranking species for management and con-
servation practices. Later, tree species with higher IVI values
and locally demanded tree species were selected for analyses
of the population structure. The population structure of the
studied forests and selected species was analyzed with eight
diameter class distribution patterns. The population struc-
ture was depicted using frequency histograms,

IVI = RDO + Rd + RF. (7)

In addition, the regeneration status of woody species was
summarized based on the total count of seedlings and
saplings of each species across all quadrats. The regeneration
status of trees, shrubs, and other woody plants was de-
termined by computing density ratios between seedlings and
mature individuals, seedlings and saplings, and saplings and
mature individuals [38].

Furthermore, the similarity of the studied PFM forests
with their counterpart adjacent non-PFM forests was done
by computing the Sorensen similarity coefficient. As per
Kent [29], similarity coefficient values range from 0 (com-
plete dissimilarity) to 1 (total similarity),

2a

Ss=————,
2a+b+c

(8)
where Ss is the Sorensen similarity coeflicient, a is the
number of species common to both forests, and b and ¢ are
the number of species in forests b and ¢, respectively.

Species diversity, structure, and regeneration data
computed for the studied different PFM and non-PFM
forests were compared and described, and their statistical
varjation at ¢ =0.05 was tested using an independent ¢ test
with Statistical Package for Social Science (SPSS).

3. Results and Discussion

3.1. Contribution of PFM Interventions in Maintaining Woody
Species Composition. Table 2 and Table 3 present the woody
plant species encountered in the studied PFM forests and
their adjacent forest blocks with de facto open-access
conditions. The woodlands under PFM management har-
bor 23%-62% more woody plant species, 15%-45% more
genera, and 30%-40% more families than their adjacent
forests. The result illustrates the higher woody plant species
composition and diversity in the PFM forests. A total of 45
woody plant species belonging to 21 families were recorded
from both PFM and non-PFM forest sites. The highest
woody plant species was recorded in PFM forests than in the
non-PFM forests. Among the studied PFM forests, Meshiha
PFM forest has the highest woody plant species (39 species)
followed by Gundo (34 species) and Delello (32 species)
forests. Moreover, the recorded woody plant species in PFM



International Journal of Forestry Research

TABLE 2: Number of woody species in PFM and their adjacent forests.

Woody species Delello Gundo Meshiha Metema forest Godebe protected
composition attributes PEM NPFM PFM NPFM PFM NPEM [30] area [38]

No. of species 32 26 34 26 39 24 36 56
Number of genera 23 20 29 22 29 20 27 43

No. of families 14 10 14 14 17 13 16 29

forests is comparable with the recorded species number
a decade ago [30] in Metema and protected forests in the
adjacent district [38]. These variations in the species com-
position among PFM and non-PEM forests are directly
associated with the management regime followed and the
uncontrolled degradation and extraction of forest products
in the open-access forests. Unlike the PFM forests, the non-
PEM forests are open to the entire local communities and
highly disturbed due to the selective harvesting of timber
and other wood products for both subsistence and
market uses.

Among the different families recorded in the study PFM
forests, Fabaceae is by far the dominant family with the
highest number of species constituting more than a quarter
of all species in the studied forests. Tree species in the
Fabaceae family account for 26.5%, 32.5%, and 33.3% of the
woody species recorded in Gundo, Delello, and Meshiha
forests, respectively. Combretaceae family is the second most
abundant family, following Fabaceae with five species
(15.62%) in Delello, five (14.7%) in Gundo, and six (15.4%) in
Meshiha PFM forests. The rest of the 16 families for the three
studied PFM forests comprise different percentages of the
woody plant species (Table 3). Like the PFM forests,
Fabaceae and Combretaceae were the dominant families
with the highest number of woody plant species. In both
Delello and Meshiha PFM, forest highest numbers of
families were recorded compared with their non-PFM
counterparts, but the same family numbers were recorded
in Gundo PFM and non-PFM forests.

The number of woody plant species recorded in Meshiha
PEM forests was even higher than a study conducted in the
area before a decade by Wale et al. [30], whereas the number
of woody species, families, and genera recorded in the study
forests were less than the adjacent Godebe protected area
forest [39]. This is due to the strict protection of the pro-
tected area from human and animal interference, whereas in
the studied forests, the PFM members have the right to use
the forests with minimum restriction. Only one species
(2.2%) encountered in the studied non-PFM forest (Delello)
was absent from the entire studied PFM forest. Among the
45 species found in the entire studied forests, 10 (22.2%)
species found in the PFM forest were absent in three of the
non-PEM forests. Whereas 13 (28.9%) species were shared
with the entire PFM and non-PFM studied forests, the rest of
21 (46.6%) of woody plant species were observed in both
PEM and non-PFM forests in either one or two of the
studied forests.

The difference in the number of woody plant species and
families is associated with the implementations of PFM in
the studied forests. Similar findings reported the positive
contributions of PFM toward forest conditions; for example,

Tadesse et al. [19] reported the highest number of woody
plant species in PFM forests compared to the non-PFM
forests in the Gebradima forest, southwest Ethiopia. Simi-
larly, a study conducted on the role of PEMCs in forest
resource conservation revealed that the formation of
community-initiated or NGO-initiated PFMCs has im-
proved the status of the forest [40] and the state of the forest
is perceived to have improved with the introduction of
PEM [24].

3.2. Similarity of PFM and Adjacent Open-Access Forests.
Sorenson’s similarity coefficient for all woody plant species
between the studied PFM forests and their respective
adjacent non-PFM forests was found below 0.5 (Table 4),
indicating higher species heterogeneity. Despite the
similar biophysical conditions in the PFM and their ad-
jacent non-PFM forests, the species heterogeneity and
variation between the studied forests could mainly be
explained by the expected disturbance in the non-PFM
forests. The overextraction of timber and other wood
products of the non-PFM forests might result in the
emergency of other woody plant species. The emerging
species in the non-PFM forests are mainly of light de-
manding and agro-forestry type of plant species like
Balanites aegyptiaca, and this in turn decreases the
similarities of the woody species compositions of the PFM
and non-PFM forests. Similarly, the non-PFM forests
show lower similarity of species composition than that of
protected forests in Godebe National Park [41] located
nearby the present study forests. However, the highest
similarity of species composition of the PFM and non-
PFM forests was reported elsewhere [19].

3.3. Contribution of PEM Intervention to Woody Plant Species
Diversity. Table 5 presents the variation in woody species
diversity, richness, and evenness of the studied PFM and
non-PFM forests. Considering the pooled data, PFM for-
ests show significantly higher woody species diversity
(p<0.05), seedling (p<0.001), and adult density
(p<0.001), as well as basal area (p <0.001), Like the species
composition, the studied forests exhibited different woody
plant species diversity values and the PFM forest had
a higher Shannon-Wiener diversity (H') index than the
non-PFM forests. This variation demonstrates the im-
portance of PFM in maintaining species diversity and
biodiversity conservation in the studied forest blocks
through decreasing disturbance. Consistent with our
findings, similar evidence in the forests of southwest
Ethiopia [42, 43] reported an increase in plant species
richness as a result of PFM interventions.
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TaBLE 4: Similarities of the studied forests.

Studied forest Delello PFM Delello NPFM Meshiha PFM Meshiha NPFM Gundo PFM Gundo NPFM

Delello PFM 1

Delello NPEM 0.43 1

Meshiha PFM 0.45 0.43 1

Meshiha NPFM 0.41 0.41 0.43 1

Gundo PFM 0.45 0.43 0.46 0.42 1

Gundo NPFM 0.42 0.42 0.44 0.44 0.43 1

Godebe National Park 0.4 0.37 0.42 0.36 0.27 0.36

According to Engida [9], forests with low levels of
disturbance have a high species diversity compared to the
disturbed forest. Similar findings were reported on the
positive contributions of PFM in other parts of the country
on species diversity and evenness [10, 19, 42, 44]. However,
the present results were even lower than those of a study
done on dry forests of northwestern Ethiopia [30] and
Godebe protected area, which is found adjacent to the
studied forest [39]. The low level of diversity of the woody
plant species for the PEM-managed forests is associated with
the intention of PFM. While PFM was initiated in the study
area, its prime target was to save the ever-declining Boswellia
forest and to use the forest for frankincense production and
only Boswellia-dominated forests were demarcated, but for
the non-PFM forests, it was directly related to the human
disturbance.

3.4. Contribution of PEM Intervention in Maintaining Woody
Species Stocking and Enhancing Regeneration. A visible
variation was observed in the tree, sapling, and seedling
densities of individual species per hectare in the studied
PFM and non-PFM forests (Appendix 1). The tree, sap-
ling, and seedling densities in the PFM forests are higher
than their non-PFM counterparts. The overall mean
density of mature trees/shrubs per hectare was 1,003, 810,
and 693 for Delello, Gundo, and Meshiha PFM forests,
respectively, whereas the lowest number of individual
mature trees/shrubs ha ~' was recorded for the non-PEM
forests. The overall mean density of mature tree/shrub
ha™' for the two management categories had also shown
a considerable difference ranging from 872 individuals
ha™" for PFM-managed forests to 179 individuals ha™" for
forests without PFM. PFM implementations in the studied
forests have significantly influenced the mature tree
density (Table 5).

The lowest number of mature trees/shrubs recorded in
the non-PFM forests is associated with the selective logging
of valuable trees for subsistence consumption and cash
income of households in the area. Unlike the non-PFM
forests, PFM forests are better protected by bylaws from
illegal logging where local communities are only allowed to
collect nontimber forest products, frankincense, that might
have created an incentive for better protection of the forests.
The investigated PFM forests had a larger number of user
members compared with other related PFM groups func-
tioning in the study area, and larger PFM groups are ex-
pected to have a positive contribution to forest condition
improvement [15, 40].

The densities and basal areas of particular species for
each of the studied PFM and non-PFM forests had also
shown variation (Table 6, Appendix 1). In the PFM-
managed forests, high-value and economically deman-
ded tree species such as Boswellia papyrifera, Dalbergia
melanoxylon, Oxytenanthera abyssinica had the highest
density. On the other hand, locally lesser economically
demanded tree species such as Ba. aegyptiaca, Anogeissus
leiocarpa, and Sterculia setigera constituted the highest
mature tree/shrub density in the non-PFM forests. The
lowest number of individual mature trees/shrubs ha™" on
the non-PFM forests might also be associated with the
presence of the leakage effect. While restrictions were
made on the PFM-managed forests, local communities
might be forced to extract forest products found on the
non-PFM forests for their HH consumption and com-
mercial purposes.

The aggregated sapling densities ha™' for PFM-managed
forests and non-PFM forests were not statistically significant.
However, the sapling density was highest in forests managed
under PEM. This clearly indicated that sapling densities in both
forest management regimes had not shown a difference and this
is widely attributed to the recurrent forest fire happening in both
PEM and non-PEM forests. As a result, there are poor re-
cruitment and succession of seedlings to sapling stages.

The average seedling densities ha™" calculated for the
respective studied forests had shown great variations;
comparatively, forests managed under PFM had the largest
number of seedlings ha™' than the adjacent non-PFM for-
ests, and this difference was statistically significant. The
highest seedling density was recorded in Delello PFM forests
(964 individuals ha™'), and among the species, the highly
demanded frankincense-bearing tree B. papyrifera consti-
tuted the highest seedling density (414 individuals ha ~").
Contrary to this Meshiha, non-PFM forest had the lowest
seedling density per hectare (154 individuals ha ~'). The
variation in the seedlings recorded in the two forest man-
agement strategies is a clear indication of the positive impact
of PFM interventions in the dry forest resources of the area
primarily by reducing human and animal disturbance.
Several similar studies on the contribution of PFM in-
tervention on regeneration status mainly of seedling density
enhancement reported in different forest types. Mengist
et al. [42] noted that more seedlings and saplings were
recorded in PFM-managed forests than the forests without
PFM. The number of seedlings reported on the entire studied
PFM-managed forests is greater than the previous report of
the study district [30]; however, the number of individual
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TABLE 6: Species basal area (m* ha™') and their percentage input of the PEM and non-PFM forests.
Delello forest
Scientific name PFM Non-PFM
BA (m® ha™) % BA (m” ha™) %
Boswellia papyrifera 11.69 40.72 0.14 1.71
Sterculia setigera 5.42 18.89 0.47 5.83
Combretum molle 2.09 7.29
Dalbergia melanoxylon 1.73 6.02 0.16 1.93
Balanites aegyptiaca 1.6 5.58 2.62 32.29
Anogeissus leiocarpa 1.4 4.89 1.24 15.23
Lannea fruticosa 1.24 431 1.11 13.72
Pterocarpus lucens 1 3.49 0.6 7.34
Ficus thonningii 0.43 1.51
Combretum adenogonium 0.38 1.33
Combretum hartmannianum 0.93 11.44
Commiphora africana 0.38 4.71
Acacia seyal 0.15 1.85
Total of other species 1.71 5.95 0.37 4.5
Total 28.71 100 8.16 100
Gundo forest
Scientific name PFM Non-PFM
BA (m® ha™') % BA (m” ha™') %
B. papyrifera Hochst 9.48 37.83 2.029 18.02
Acacia polyacantha Willd. 2.37 9.45 0.201 1.79
Lannea fruticosa 1.9 7.58 0.769 6.83
A. leiocarpa 1.86 7.42 1.036 9.2
P. lucens 1.64 6.56 1.642 14.58
Sterculia setigera 1.5 5.97 1.996 17.72
Ziziphus abyssinica 1.19 4.76
Combretum molle 1.12 4.46
Terminalia laxiflora 1 4.01 0.428 3.8
F. thonningii 1.672 14.84
Combretum hartmannianum 0.31 2.75
Combretum adenogonium 0.237 21
Combretum collinum 0.78 3.11
Total of other species 2.22 8.86 1 8
Total 25.05 100 11 100
Meshiha forest
Scientific name PFM NPFM
BA (m” ha™) % BA (m? ha™) %
P. lucens 3.68 18.39 0.77 8.38
Lannea fruticosa 2.19 10.92 0.83 8.93
A. leiocarpa 2.05 10.24 1.38 14.92
B. papyrifera 1.9 9.49 1.07 11.57
Sterculia setigera 1.47 7.35 4.08 44.11
Acacia polyacantha 1.39 6.95
Commiphora africana 1.05 5.24
Stereospermum kunthianum 0.84 421
Terminalia laxiflora 0.79 3.95
Combretum hartmannianum 0.61 3.04 0.1 1.12
Strychnos innocua 0.46 5.02
Commiphora africana 0.24 2.59
Flueggea virosa 0.04 0.45
D. melanoxylon 0.04 0.42
Total of other species 4.05 20.22 0.23 2.5
Total 20.03 100 9.25 100

Note: Bold values are the total/cumulative of all the species.

seedlings ha™' reported was lower for the non-PFM forests.

Furthermore, an overall higher density of mature trees ha™

1

in PFM forests than in state forests in the Adaba-Dodola
forest area of the Oromia region, Ethiopia [44].

Considering the stocking or woody species density, PEM
forests have significantly higher woody stocking (Table 5,
P <0.00) with a basal area 127%-225% higher than that of
their adjacent open-access forests (Table 6). Moreover, the
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highly valued species like Boswellia are better preserved in
the PFM forests constituting the highest RDO in Delello
(40%) and Gundo (37%) PFM forests. This is consistent with
the objective of the PFM scheme by which incentives are
created for the sustainable management of the targeted tree
species while contributing to the local livelihood. However,
the lower stocking and basal area of woody plant species in
non-PFM forests can be explained by the degradation of the
open-access forests with the harvesting of timber and other
wood products.

In the adjoining open-access forests, lesser econom-
ically demanded and agroforestry tree species constituted
the highest RDO. In Delello non-PFM forests, Ba.
aegyptiaca constituted almost one-third of the total RDO
followed by A. leiocarpa (15.2%), while in Delello adjacent
open-access forests, Ficus thonningii constituted 14.84%
of the total amount. The variation arises because in the
non-PFM forests, selective cutting of individual trees
having the highest diameter and economic values has been
exploited exhaustively and this has hugely reduced the
basal areas of these forests. Similar findings were reported
on the positive contribution of PFM on basal area im-
provement by Tadesse et al. [19] who reported that PFM-
managed forests had the highest basal areas than the non-
PFM forests. However, a contrary finding [10] reported
that PFM forests had the lowest basal area than the PFM-
managed forests. A higher basal area in the study area was
also reported by Wale [30] who reported 42.54 m?* before
a decade.

3.5. Contribution of PEM in Maintaining Population Structure
of Major Tree Species. Figure 3 presents the cumulative
diameter class frequency distribution for the studied forests
and selected tree species. The population structure of the
studied forests and selected species was analyzed with eight
diameter class distribution patterns following Worku et al.
[45]. The diameter class distribution of the selected tree
species shows different patterns for PFM and non-PFM
forests. Cumulative diameter class distribution for Delello
and Gundo PFM-managed forests exhibited an inverted J
shape, while Meshiha PFM forests showed a bell shape.
Similarly, Delello and Meshiha NPMFs blocks exhibited an
inverted J shape, whereas Gundo non-PFM forest block
showed a bell shape. This is not close to the inverted J-shape
structure of a “healthy” forest [43]. Although PFM in-
terventions are believed to have an impact on the pop-
ulation structure of the species, in the study area the same
diameter class distribution irregularities were observed in
the PFM-managed forests. This could be attributed to the
unfolding recurrent forest fire occurrences, livestock
grazing, and trampling happening in both the PFM and
non-PFM forests. However, a normal diameter class dis-
tribution of individuals was recorded in PFM forests in
other parts of the country with different forest types
[19, 42, 43].

As the aggregated species population structure might not
tell much about the health and distribution patterns of the
key species, the population structure of the major tree
species was further examined. Based on their IVI, three
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dominant species selected for diameter class frequency
distribution (B. papyrifera, A. leiocarpa, and Pterocarpus
lucens). As illustrated in Figure 3 (C), the diameter class
distribution of B. papyrifera had not shown any variations
between the two management regimes despite the fact that
this species is highly demanded for its frankincense pro-
duction potential. The diameter class distribution shows
a bell-shaped pattern with a similar pattern also reported in
the study area [30]. This clearly indicates the need for urgent
conservation intervention to sustain its existence by PFMCs
and stakeholders since the resource is the source of income
for PFM cooperatives and local communities. Similar studies
in Ethiopia highlighted that B. papyrifera population is
declining rapidly due to the anthropogenic effects and re-
searchers are calling for immediate actions by the different
stakeholders to sustain the resource [46-48]. The diameter
class distribution pattern of A. leiocarpa showed a bell-
shaped pattern in both PFM-managed forests and the ad-
jacent open-access forests where the highest number of
individual trees are found in Class 3 as demonstrated in
Figure 3(b).

3.6. Stocking and Conservation Status of Major Tree Species in
PFM Forests. Table 7 presents the IVI values and conser-
vation status of tree species in the studied PFM and non-
PEM forests. Highly valued tree species have a higher
conservation status as demonstrated by their high IVI, while
other species depict a higher IVI in the non-PFM forests.
B. papyrifera tree with diverse ecological and economic
benefits had the highest value indices of 75.54 and 34.9 for
Delello and Gundo PFM-managed forests, respectively. This
indicates the better conservation status of the Boswellia tree
in the PEM-managed forests unlike the adjacent open-access
forests. This is not a surprise since the major motivation for
the establishment of PFM cooperative in the study area is to
manage and to enhance the socioeconomic importance of
gum and frankincense-bearing tree species. On the other
hand, economically less demanded tree species such as Ba.
aegyptiaca, A. leiocarpa, and S. setigera constituted the
highest IVI values for Delello, Gundo, and Meshiha non-
PEM forests, respectively. These tree species have little
importance for construction materials and fuel wood for the
local population.

Similar research findings were reported on woody
plant species that had the highest IVI values in the
Metema dry forest with B. papyrifera, A. leiocarpa, and
P. lucens, which were the species with the highest IVI
values [30]. The present study also found that these species
had still retained the highest IVI values despite the in-
tensification of the human disturbance, mainly the ex-
traction of forest products and expansion of agriculture
on the expense of the forest. This indicates the potential of
PFM or local institutions in improving the forest con-
ditions and contributing for sustainable forest manage-
ment. Several studies to date have documented the
positive impacts of PFM in improving the forest condi-
tions in different parts of the world. For instance, Seymour
et al. [49] in their review of the literature studies on
community-based forest management concluded that
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FiGure 3: Diameter class frequency distribution for the studied forests and selected tree species. DBH classes versus the number of
individuals per hectare in both forests. Diameter class in centimeters: Class 1 =1-10.6 cm, Class 2=10.7-20.3 cm, Class 3 =20.4-30 cm,
Class 4=30.1-39.6 cm, Class 5=239.7-49.3 cm, Class 6 =49.4-59 cm, Class 7 =59.1-68.6 cm, Class 8 > 68.7 cm.

TaBLE 7: Importance value indices for woody species for the studied forests.

Scientific name

Delello PFM forest

Scientific name

Delello NPFM forest

RD RF RDO 1IVI RD RF RDO 1VI
Species with the highest IVI values Species with the highest IVI values
Boswellia papyrifera 26.24 8.57 40.73 75.54 Balanites aegyptiaca 27.57 14.38 20.96 62.92
Dalbergia melanoxylon 1428 714 6.02 27.44 Stereospermum kunthianum 115 4.58 2521 30.93
Sterculia setigera 2.32 6 189 2722 Combretum hartmannianum 10.77 1242 7.43 30.62
Combretum molle 6.48 457 729 1834 Acacia seyal 157 1111 12 28.02
Combretum hartmannianum 793 829 04 16.61 Anogeissus leiocarpa 791 719 9.89 2499
Lannea fruticosa 3.61 829 431 162 Lannea fruticosa 319 654 891 18.63
Dichrostachys cinerea 893 657 031 1581 Pterocarpus lucens 447 719 477 1642
A. leiocarpa 402 571 4.89 14.62 Ziziphus spina-christi 779 719 015 1513
B. aegyptiaca 244 543 558 1345 Sterculia setigera 0.51 196 12.59 15.06
P. lucens 2.89 514 349 1152 Dichrostachys cinerea 357 588 013 9.9
Total species with middle IVI values 18.8 2829 7.51 54.6 Total species with middle IVI values 12.25 1242 8.08 32.75
Species with least IVI values Species with least IVI values
Strychnos innocua 027 086 015 1.28 Diospyros abyssinica 1.66  0.65 2.31
Acacia seyal 032 086 0.01 1.19 Grewia villosa 077 1.31 2.07
Acacia sieberiana Dc. 0.29 0.86 0 1.15 Gardenia ternifolia 051 131 016 1.97
Terminalia laxiflora 013 057 036 1.06 Ziziphus abyssinica 026 131 0.05 1.61
Cissus populnea 0.45 0.57 0 1.02 Ficus sycomorus 026 131 0 1.56
Ficus sycomorus 035 0.57 0 0.93 Combretum adenogonium 038 065 026 13
Tamarindus indica 01 057 0 0.67 Piliostigma thonningii 038 065 02 1.24
Commiphora africana 0.05 057 0.02 0.64 Strychnos innocua 038 065 0.02 1.05
Maytenus undata 01 029 0.38 Cissus populnea 0.38  0.65 0 1.04
Combretum collinum 0.03 029 003 035 Tamarindus indica 0.13  0.65 0 0.78
Total 100 100 100 300 Total 100 100 100 300
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TaBLE 7: Continued.

e . Gundo PFM forest
Scientific name

s . Gundo NPFM forest
Scientific name

RD RF RDO 1IVI RD RF RDO 1IVI
Species with the highest IVI values Species with the highest IVI values
B. papyrifera 9.60 698 1832 34.90 A. leiocarpa 46.12 1041 9.36 65.89
A. leiocarpa 1241 578 936 27.55 B. papyrifera 433 793 1832 30.59
P. lucens 272 538 14.83 2293 Dichrostachys cinerea 17.70 1091 0.28 28.89
Sterculia setigera 051 1.79 18.02 20.32 P. lucens 246 694 14.83 2423
Lannea fruticosa 568 7.58 6.95 20.21 Sterculia setigera 0.88 397 18.03 22.88
Combretum molle 1241 6.78 1.01 20.20 Ficus thonningii 0.88 198 1510 17.97
F. thonningii 0.03 020 1510 15.33 Lannea fruticosa 2,65 595 6.95 15.55
Dichrostachys cinerea 9.19 558 028 15.05 Combretum molle 580 496 1.01 11.77
Acacia polyacantha 647 638 1.82 14.67 Combretum hartmannianum 118 496 280 893
Combretum collinum 556 658 1.59 13.73 Stereospermum kunthianum 206 545 0.65 817
Total species with middle IVI values 33.85 42.95 12.5 89.27 Total species with middle IVI values 8.75 22.15 10.79 41.69
Species with least IVI values Species with least IVI values
Commiphora africana 0.25 0.80 0.00 1.05 D. melanoxylon 1.38 347 0.09 4.94
Piliostigma thonningii 016 0.60 025 1.00 Strychnos innocua 098 347 016 4.6l
Balanites aegyptiaca 019 0.60 0.00 0.79 Commiphora africana 2,65 099 0.00 3.65
Tamarindus indica 016 0.60 0.00 0.76 Cissus populnea 0.98 198 0.00 297
Gardenia ternifolia 0.16 0.40 0.00 0.56 Gardenia ternifolia 029 1.49 1.78
Terminalia brownii 0.06 040 0.00 046 Boscia mossambicensis 010 0.50 070 1.29
Oxytenanthera abyssinica 0.22 020 0.00 042 Ziziphus spina-christi 029 099 0.00 1.29
Acacia Senegal 0.28 0.00 0.28 Flueggea virosa 0.29 099 0.00 1.29
Ficus elastica 0.06 0.20 0.26 Piliostigma thonningii 010 0.50 025 0.84
Acacia sieberiana Dc. 0.03 020 0.00 023 Diospyros abyssinica 0.10 0.70  0.80
Total 100 100 100 300 Total 100 100 100 300
Scientific name Meshiha PFM forest Scientific name Meshiha NPEM forest

RD RF RDO 1IVI RD RF RDO 1IVI
Species with the highest IVI values Species with the highest IVI values
P. lucens 6.11 6.52 1839 31.02 Sterculia setigera 6.11 8.98 4425 59.35
Oxytenanthera abyssinica 13.75 4.28 088 1891 Flueggea virosa 3420 14.06 0.45 48.71
A. leiocarpa 3.58 4.68 10.24 18.50 A. leiocarpa 13.26 1094 14.97 39.17
Stereospermum kunthianum 7.86 611 421 1818 B. papyrifera 5.07 547 11.61 2215
Lannea fruticosa 2.68 428 1092 17.88 Lannea fruticosa 442 742 896 20.80
Acacia polyacantha 592 326 695 1613 P. lucens 351 625 841 1817
B. papyrifera 2,65 3.05 949 1519 Cissus populnea 7.80 7.81 0.00 15.61
Combretum hartmannianum 577 570 3.04 14.52 Dichrostachys cinerea 637 547 041 1225
Terminalia laxiflora 332 468 395 1195 Strychnos innocua 299 352 503 11.54
Sterculia setigera 149 305 735 11.89 Stereospermum kunthianum 325 625 014 9.64
Total species with middle IVI values 424 47.45 22.6 112.40 Total species with middle IVI values 9.62 17.19 4.43 31.24
Species with least IVI values Species with least IVI values
Combretum collinum 048 143 035 226 Combretum molle 0.78 156 0.33 2.67
Grewia villosa 0.52 1.63 0.00 215 Acacia sieberiana Dc. 0.65 1.56 0.00 221
F. thonningii 0.04 020 134 158 Terminalia laxiflora 0.26 0.78 0.36 1.40
Flueggea virosa 0.75 081 0.00 156 Diospyros abyssinica 0.39 078 0.00 117
Albizia malacophylla 078 041 0.00 1.19 Ximenia Americana 0.39 039 033 111
Boscia mossambicensis 048 041 029 118 Terminalia brownii 0.39 039 0.00 0.78
B. aegyptiaca 041 061 0.04 107 Combretum collinum 013 039 015 0.67
Erythrina abyssinica 0.75 020 0.00 0.95 Combretum adenogonium 0.26 039 0.00 0.65
Tamarindus indica 015 061 0.00 0.76 Adansonia digitata 013 0.39 0.52
Terminalia brownii 011 061 0.00 0.72 Erythrina abyssinica 0.00 0.00 0.17 017
Total 100 100 100 300 Total 100 100 100 300

Note: Bold values are the total/cumulative values of all woody species.

community-managed forests had a positive impact on
forest management outcomes than state-managed forests.

4. Conclusion and Recommendations

PFM is considered a forest management strategy that can
help to curve the rate of deforestation and forest

degradation. The findings of the current study highlighted
the positive impacts of PFM on the forest condition im-
provement of the dry forest resources as demonstrated by
the better structure and composition of PFM-managed
forests. Forest conditions and various forest stand param-
eters under the two forest management strategies showed
a significant difference. Forests managed under PFM had
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a better forest condition than the forests without PFM.
Higher species diversity, richness, better regeneration with
higher density of seedlings, saplings, and stocking of trees
were recorded in the PFM-managed forests than forests
without PFM. This is mainly associated with the un-
controlled extraction of forest products in the adjacent open-
access forests. However, the lowest number of trees in the
smaller diameter class in the two forest management regimes
is an indication of the presence of recruitment problems of
the selected high-value species and guided for the relevance
of further forest protection. The presence of human dis-
turbance has contributed to the poor regeneration and
succession of the seedlings to the sapling stage. The ex-
amination of the dynamics in the species composition and
structure based on permanent sample plots can give better
and detailed understanding on the conservation values of
PFM interventions than a cross-sectional study in the
present study.
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