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1  Introduction
Ethiopia is a country with diverse land features, climatic characteristics, and an 
extremely heterogeneous ecology that contribute to its having different vegetation types. 
Ethiopian vegetation range from Afro-alpine ecosystems at 4533  m above sea level at 
the summit of Ras Dashen to arid desert vegetation located 125 m below sea level in the 
Afar region. This makes Ethiopia a key area for biodiversity hotspots and plant diversity 
center [10].

The country’s highland regions are primarily home to the afromontane forest type, 
specifically dry and moist forests. Dry evergreen afromontane forests are located around 
the central plateau of the region and in the northern, northwestern, and northeastern 
parts of Ethiopia [59]. This forest type consists of different woody species used for tim-
ber production and other non-wood forest products. Today, Ethiopia enhances domestic 
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wood harvesting from the existing natural forests. Due to it, much hard currency is lost 
for importing a substantial amount of wood to meet the growing national demand [72]. 
Understanding the structure of woody species is important to determine which species 
reach harvesting stages for timber production. The moist afromontane forests are the 
other forest type mainly found in the southwestern, western, and southeastern parts 
of the country. These forests serves as the backbone of the country’s economic devel-
opment due to the significant percentage of organic coffee collected from these forest 
patches [47].

The Afromontane forest types in different parts of Ethiopia are continuously threat-
ened by land use change and forest degradation. To sustain the remaining forests and 
improve their stocks per hectare, forest resource information is a prerequisite. Woody 
species diversity and structure are baseline information about the status of the existing 
natural forest [82]. The diversity of woody plant species indicates the number of differ-
ent species in the forest, while the population structure highlights the number of indi-
viduals per diameter class and health status of the forest. In addition, the information 
on woody species diversity and structure of certain forest types is useful in identifying 
ecologically and economically important and threatened plant species [15]. However, 
much of the forest research lost one or more key elements for understanding the status 
of forests like the Shannon Wiener diversity index, basal area, population pattern, stem 
density, and regeneration, was the main problem in many articles. The main reason for 
the missing data in different research articles on diversity indices, basal area, population 
pattern, stem density, and regeneration status in Ethiopian forests might be due to the 
lack of a comprehensive study. However, the addition of woody species diversity, popula-
tion structure, and other ecological perspectives is very crucial for conservation priori-
ties and sustainable utilization of forest resources [9].

An overview of various research is an important to easily identify research gaps and 
reduce research redundancy, which ultimately saves capital resources and time. Addi-
tionally, this review provides a holistic understanding of the species composition, diver-
sity, and regeneration status of Ethiopian dry and moist forests to develop sustainable 
conservation strategies for forest ecosystems. The main reason behind the selection of 
woody species composition, diversity, and regeneration status is that the species compo-
sition determines the sustainability of the forest ecosystem and the environment. There-
fore, the current objective is to summarize woody species diversity and the structure of 
Ethiopian dry and moist forests for conservation and research gap purposes.

2  Materials and methods
2.1  The study sites

This review mainly focused on research done on different forest patches of the dry and 
moist Afromontane of Ethiopia. Specifically forest patches from national forest priority 
areas, church forests, national parks, and community forests.

2.2  Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) is 
an established set of reporting principles for systematic review and meta-analysis in bio-
logical studies. Then used two techniques to get the required documents from different 
databases.
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2.3  Search engines

Different research articles collected from indexed databases (Scopus, Web of Science, 
DOAJ, and Sherpa Romeo) focused on the woody species composition, diversity, and 
regeneration status of Ethiopian dry and moist afromontane forests by using search 
engines. In this review, preprint and non-indexed journal articles of the related title 
were excluded. The reviewed manuscript ranged from 2008 to September 14, 2025; the 
study period was published during the last seventeen years. This review mainly focused 
on state forests, biosphere reserves, community forests, national forest priority areas, 
church forests, and national parks in Ethiopia. The chosen terms (the Shannon–Wie-
ner diversity index, basal area, population patterns, density, and regeneration) are widely 
used and comparable to those found in studies on vegetation composition and popula-
tion structure conducted in the countries. Since the main goal of this analysis is to pro-
vide policymakers with thorough, up-to-date information. The woody species diversity 
and structure, measurements of the initial diameter at breast height were take place 
between 1 and 5 cm.

2.4  Inclusion and exclusion techniques

Specific criteria guided our review, which included the use of the English language and 
limiting the selection of publication types to journal articles. Only looked at publications 
from the aforementioned years and limited our geographic location emphasis to Ethio-
pia. After a thorough review of the literature, 450 potential records were found. One 
hundred fifty were omitted at the first stage of title-based repetition checks. The second 
phase was reading the abstracts and summaries of the 300 records that remained, using 
the inclusion and exclusion criteria as a guide. Consequently, after reading the article, 
200 out of 300 records were eliminated due to the article missing two elements at a time 
from the Shannon diversity index, basal area, population pattern, density, and regenera-
tion, and the article was considered if one element was missed. The articles published 
before 2008 and preprints were excluded from this document. The remaining 100 
records were then evaluated in full text for required information.

Generally, in this document the range was used for the Shannon–Wiener diversity 
index of the altitudinal gradient’s effect on the studied forest and plant community. 
Employed different patterns for the plant community’s regeneration as well as vegetation 
patterns if there was more than one regeneration status (good, fair, and poor) and more 
than one population pattern. Regeneration is good if seedling > sapling > mature tree, fair 
regeneration if seedling > sapling < mature tree, and poor regeneration if seedling < sap-
ling < mature tree.

3  Literature review
3.1  Overview of Afromontane forests of Ethiopia

Ethiopia is endowed with different landscape features, resulting in different vegetation 
categories in the country (EFAP, 1993). The structure and species composition of the 
natural vegetation types are diverse due to the wide range of physiognomic and climatic 
conditions in the country [10].

Dry evergreen afromontane forests are the predominantly known forest biomes in the 
country and are widely distributed in the highland and mountainous areas. They are lim-
ited to five national regions in the country. The first one is the Amhara region, mainly 
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found in northern, eastern, and western Gojjam; northern and southern Gonder; south-
ern and northern Wello and the Awi zones. The second is the Oromia region, mainly 
distributed around East, West, and North Shoa, Arsi, East and West Hararghe, Bale, and 
Borona zones. The third is the Tigray region, widely distributed in the south, east, and 
west Tigray zones. The fourth is the Central Ethiopia region, mainly found in the Gurage 
zones, and the fifth is the South Ethiopia regional state, mainly found in the South and 
North Omo zones [59]. It is well recognized for its complex vegetation, which includes 
both coniferous and broad-leaved plants. In addition, this forest has three distinct verti-
cal layers, namely, the emergent layer: the top story consists of dominant and co-domi-
nant trees; the below layer consists of the mass of shorter trees of various height classes; 
and the lowest layer is the last layer, which is dominated by herbs. The mirror reflec-
tion of the tree species for dry forests is Olea europea subsp. africana, Juniperus proc-
era, Podocarpus falcatus, Celtis kraussiana, Euphorbia amplipylla, and Dracaena spp. 
Carissa edulis, Rosa abyssinca, Mimusops kummel, Ekebergia capensis, etc. The coun-
try’s altitudinal range of 1500–2700 m, typical average annual temperatures of 14–25 °C, 
and rainfall of 700–1100 mm are an ideal environment for its distribution. These forests 
are mainly found where dry seasons are long, approximately from four to eight months.

Moist afromontane forests are the other types of Ethiopian biomes widely found in the 
southwestern highlands, southeastern highlands, and central and southern areas. It is 
widely distributed at elevations between 1500 and 2600 m and sometimes up to 3000 m. 
This forest received the highest rainfall, exceeding 1500 to 2000  mm annually. These 
forests are similar to dry Afromontane forests characterized by multi-layered canopies. 
Broad-leaved evergreen trees like Pouteria, Albizia, Schefflera, etc., are mirror reflec-
tions of the moist afromontane forest. These forests (dry and moist afromontane) are 
heavily fragmented and degraded due to agricultural expansion, settlement, overgrazing, 
and demand for wood products, affecting biodiversity and ecosystem services [47].

3.2  Vegetation conservation system in Ethiopia

Forest management is a combination of economic, ecological, and social practices. Sus-
tainable forest management must balance three main pillars: ecological, economic, and 
socio-cultural. Successfully achieving sustainable forest management will provide inte-
grated benefits to all, ranging from safeguarding local livelihoods to protecting the bio-
diversity and ecosystems provided by forests [68]. Forest resources provide medicine, 
fuelwood, watershed protection, soil and water conservation, wildlife conservation, and 
recreational value. They also support the production of incense, gums, resin, bamboo, 
and honey. Forest resources and forestlands should be managed and used on a sustain-
able basis to fulfill the social, economic, cultural, and spiritual needs of the present and 
future generations [5].

Ethiopia uses a different conservation system for sustaining forest ecosystems in the 
country. Among the protected areas is one that includes national parks and Forest Pri-
ority Areas. The protected area system in Ethiopia includes twenty-one national parks, 
three wildlife sanctuaries, two wildlife reserve areas, seventeen controlled hunting areas, 
seven open hunting areas, three community conservation areas, and five biosphere 
reserves. Generally, there are 58 well-known national forest priority areas in the coun-
try. The primary objective of these protected areas is to preserve the nation’s remaining 
forests [84].
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3.3  Community-based forest management

Participatory Forest Management (PFM) was formulated to address the issue of open 
access to forest resources and to encourage sustainable forest management in the coun-
try through community engagement. PFM was introduced to Ethiopia by different 
development organizations, notably Farm Africa, SOS Sahel, German Technical Coop-
eration (GTZ), and Japan International Cooperation Agency (JICA). The few PFM pilot 
activities that started in Ethiopia include projects at Chilimo and Bonga forests by Farm 
Africa, at Borana by Farm Africa and SOS Sahel, at Adaba Dodola by GTZ, and at Belete 
Gera forest by JICA. The final objective of PFM is to allow local people to manage the 
forest resources sustainably and partially utilize the forest resources for livelihood sup-
port [44].

3.4  Factors that hinder vegetation composition and regeneration ability

Both disturbance factors (natural and human-induced) affect the vegetation compo-
sition, diversity, and regeneration status of Ethiopian biomes. Human induced distur-
bances, mainly through free grazing activities, charcoal production, fuelwood collection, 
road construction, low-income level, timber production, debarking, production of bee-
hives, and agricultural expansion, strongly influence the regeneration success of woody 
species and, in turn, determine the vegetation structure and composition of the forests 
[32]. Natural disturbances included landslides, plant diseases and pests, uprooting, fire, 
storms, drought, wildlife disturbances, and stand death [82] or a combination of the two.

4  Results
4.1  Summary of diversity of woody species in dry forest patches

The Shannon–Wiener diversity index is one of the diversity indices that we concentrated 
on since it provides a comprehensive perspective of biodiversity by combining the num-
ber of species and the distribution of individuals within those species into a single met-
ric. Various dry forest patches were evaluated across 45 forests located in different parts 
of the country (Table 1). Based on ecological studies, species diversity is categorized into 
three levels: low diversity (less than 1.5), medium diversity (1.5 to 2.5), and high diversity 
(greater than 2.5). During the summary of different information about diversity, we put 
NA where the diversity result is not available. The level of diversity of evaluated forests 
was presented under Fig. 1.

4.2  Basal area of different forest patches

Basal area was also assessed for different dry forest patches in the region of the coun-
try (Table 1). Basal areas were categorized into three groups based on tropical African 
forests’ basal area ranges. The first is below 23 square meters per hectare, the second is 
between 23 and 37 square meters per hectare, and the third is above 37 square meters 
per hectare. NA is used when basal area information is not available. A summary of the 
different basal areas of different forest patches was presented in Fig. 2.

4.3  Woody structure of dry forest patches

Population structure is the other component of forest structure used to know the 
health status of the forests. Based on the information collected from different dry forest 
patches, the population structure was grouped into six. The first is inverted J-shaped, the 



Page 6 of 19Egeta Discover Sustainability           (2026) 7:875 

No Shannon 
diversity 
index

Basal area 
(m2 / ha)

Population 
pattern

Density 
(stem/ 
ha)

Regeneration Forest name Au-
thors

1 3.24 18.03 I. J-shaped 642.8 Good Wof Ayzurish [75]

2 2.85 9.66 I. J-shape 4400.37 Good Harego. F [28]

3 3.84 91.03 I. J-shaped 1838 Good Bradi. F [90]

4 3.8 93.8 R. J-shape 2016 Good Gelawoldie community. F [64]

5 2.26 15.85 R. J-shape 1,768.13 Fair Yegof. F [83]

6 3.42 32 U. D 868.33 Fair Ruruki. F [22]

7 3.54 43.08 I. J-shaped 2656.88 Fair Alka. F [81]

8 2.66 35.54 I. J-shaped 1403 Good Dindin. F [53]

9 2.12 27.4 I. J-shaped 1079.3 Good Seqela. F [25]

10 NA 454.52 I. J-shaped 3,328.47 Good Chilimo-Gaji [58]

11 1.74 to 
2.18

NA I. J-shaped 5115 Fair Adaba-Dodola. F [79]

12 0.99 to 
3.47

29.27 I. J- shaped 5880 Good Church. F [18]

13 3.1 9.66 I. I. J-shaped 3032 Fair Kelta. F [17]

14 3.3 21.9 I. I. J-shaped 4938 Fair Chekaw. F [17]

15 3.15 23.3 I. J- shaped 2916 Fair Wanzaye. F [11]

16 2.6 91.75 I. J-shaped 481 Good Munessa. F [2]

17 2.58 21.3 m2 NA 84 Good to no Arbagugu. F [52]

18 2.17 0.56 R. J-shaped 115 Good Yerer Mountain. F [87]

19 1.61 22.45 I. shaped 875.97 Good Asabot. F [80]

20 2.30 32.10 B. shaped 3547 Poor Weiramba. F [78]

21 NA 34.74 I. J-shaped 1011 Fair to Good Denkoro. F [16]

22 3.04 31.12  > one 
pattern

3430 Good Gemechis. F [34]

23 2.34 202.2 B. shaped 931.8 Fair Gewecha. F [54]

24 NA 57.3  > one 
pattern

446 Poor Shashemenne- Munessa. F [33]

25 NA 64. 32 I. J-shaped 698.8 Good Wof Washa. F [39]

26 2.6 19.81 I. J-shaped 1586.75 Fair Gosh-Beret. F [60]

27 2.92 39.54 I. J-shaped 4,740 Good Kahitassa. F [85]

28 3.07 25.18  > one 
pattern

3,322 Fair Jib Godo. F [86]

29 2.67 15.65 I. J- shaped 272 Fair Arero. F [69]

30 3.4 17.23  > one 
pattern

3252.5 Good Endiras. F [74]

31 NA 7.1 I. J-shaped 627.68 Good Gara Duro. F [41]

33 2.28 to 
2.41

9.43 I. J-shaped 522 Poor Hafursa forest [29]

34 NA 114.4 I. J-shaped 533.21 Good Kimphe Lafa [3]

35 NA 73.18 I. J- shaped 831.31 Poor Loka Abaya National Park [13]

36 3.29 83.03 NA 865 Poor Zijje Maryam Church. F [62]

37 2.8 NA NA 2,202.5 Good Wonjeta St Micheal Church. 
F

[61]

38 3.5 98.4 I. J-shaped 2180.6 poor Dangila church. F [26]

39 1.84 56.30  > one 
pattern

395.83 D. P Menfeskidus Monastery. F [66]

40 NA 9.5  > one 
pattern

734 Good Munessa-Shashemene.F [42]

41 3.82 45.5 B-shaped 625 Good Church. F [61]

42 3.5 ± 0.6 35.31 ± 2.5 I. J-shaped 556 ± 89 Good Gara MuletaF [1]

43 NA 33.459 R. J-shaped 459.500 Good Debra-libanos [69]

Table 1  Diversity and population structure of dry afromontane forest of Ethiopian
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Fig. 2  Basal area of different dry forest patches

 

Fig. 1  Shannon–Wiener diversity indices of different dry forest patches

 

No Shannon 
diversity 
index

Basal area 
(m2 / ha)

Population 
pattern

Density 
(stem/ 
ha)

Regeneration Forest name Au-
thors

44 2.77 20.67 I. J-shaped 557 Good Muger Zala.F [12]

45 2.5 15.3 I. J-shaped 3086 Good Kuandisha. F [23]
Where: I. J-shaped an inverted J-shaped, R. J-shaped Reverse J-shaped, U.D uneven distribution, I. I. J-shaped Irregular 
inverted J-shaped, I. R Irregular shaped, B. shaped Bell-shaped, > one pattern more than one patterns, S.R. J-shaped skewed 
to a reverse J-shaped and D. P Different patterns. Under forest name “F” is stand for forest

Table 1  (continued) 
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second is uneven distribution, the third is irregular inverted J-shaped, the fourth is irreg-
ular-shaped, the fifth is bell-shaped, and the sixth is more than one pattern. When infor-
mation about population structure is missing in the forest patches, “NA” is used, which 
“not available” (Table 1). A summary of different population structures is presented in 
Fig. 3.

4.4  Stem density of woody species of dry forest patches

Stem density is the other component of vegetation composition that tells us the number 
of individual stems per given area. Based on the information collected from different for-
est patches, stem density was categorized into three groups. The first is the value below 
six hundred per hectare, the second is the stem density between six hundred and four 
thousand four hundred, and the last value is above four thousand four hundred from dif-
ferent forest patches. Information is missing in the forest patches where it indicates “not 
available” or “NA.” A summary of this information was presented under Fig. 4.

4.5  Regeneration status of dry forest patches

The last and very interesting component of the forest structure is their regeneration, 
which tells about the sustainability of the forest. Using information collected from dif-
ferent forest patches, the regeneration status of certain forest biomes was classified into 
three groups. The first is good regeneration, the second is fair regeneration, and the last 
is poor regeneration. The number and regeneration status of different dry forest patches 
were presented in Fig. 5.

The summary of the diversity of woody species and the population structure within 
dry forest patches.

Based on the above diversity classification, most of the Ethiopian dry afromontane for-
ests are found under high diversity indices, or more than 55.56 percent of the total eval-
uated forests. Around 22.22 percent of the forest patches had a medium diversity index. 

Fig. 3  Population structure of different dry forest patches
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Finally, most of the forest patches lack diversity information. Based on the assessed 
diversity information from various forest patches, only one patch exhibited a low diver-
sity index (Fig. 1 and Table 1).

Based on the basal area groups, most of the forest patches had a basal area of approx-
imately 37.78 percent of the total assessed forests in the country (Fig. 2 and Table  1). 
Around 35.56 percent of assessed forests had a basal area below 23 square meters per 
hectare. Twenty-two percent of the basal area was found to be between 23 and 37 square 
meters per hectare. Only two forest patches were found to lack basal area information 
among the assessed forests. Approximately two groups of basal area (below 23 and above 
37 square meters per hectare) had similar percentage information.

Population structure tells about the size of individual trees in the forest. It also gives 
baseline information on which trees are at mature stages for timber harvest. From the 

Fig. 5  Regeneration status of different dry forest patches

 

Fig. 4  Stem density of different dry forest patches
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total forty-five forest patches assessed, inverted J-shaped ones occupied more than 64 
percent. The next major portion, occupied by more than one pattern, is approximately 
13 percent of the total assessed. The rest of the population structure occupies less than 
seven percent (Fig. 3 and Table 1).

Stem density is the inventory of individual trees measured at breast height. The major-
ity of the assessed forest patches fall within the ranges from six hundred to four thou-
sand four hundred stem density per hectare. The next highest portion of stem density of 
different forest patches was found below six hundred stems per hectare. Only thirteen 
percent of assessed forest patches had stem density above four thousand four hundred 
(Fig. 4 and Table 1).

Regeneration status report about different stages of life forms (mature, saplings, and 
seedlings) in certain forest patches. From the total assessed (forty-five) forest patches of 
dry afromontane forests, more than fifty percent had good regeneration. The next high-
est portion occupied by fair regeneration had twenty-four percent from assessed forests. 
Poor regeneration was only found in the six forest patches. For a few forest patches, 
regeneration information was absent (Fig. 5 and Table 1).

Moist afromontane forests are the last remaining forests found throughout the south-
western regions of the country. Vegetation information was gathered from thirty-four 
forest patches found in different parts of the region. All information about species diver-
sity and population structure was presented in Table 2. When information is missing, we 
put NA. A summary of different information was put under figures six to ten. All infor-
mation about woody species diversity, basal area, population patterns, stem density, and 
regeneration status classification used in dry Afromontane forests is also used for moist 
Afromontane forests.

The summary of the diversity of woody species and the population structure within 
moist forest patches.

Based on the information presented in Table 2, most woody species of moist Afromon-
tane forest had high diversity index (forty-seven percent) from the total forest patches 
evaluated (Fig.  6). Different scholars missed around forty-one percent of the species 
diversity information during data analysis. From the total assessed forest patches by dif-
ferent researchers, around twelve percent had a medium diversity index. None of the 
studied forest patches had a low diversity index.

From various forests studied by different scholars, almost more than seventy-nine per-
cent of the forest patches had a basal area above thirty-seven square meters per hectare. 
Around nine percent of the studied forest had a basal area below twenty-three square 
meters per hectare. Approximately around three percent had a basal area between 
twenty-three and thirty-seven square meters per hectare. Finally, nine percent of the 
total assessed information was not available (Fig. 7).

Based on the assessed information from different moist afromontane forests, they 
had three population structures (an inverted J-shaped, irregular pattern, and more than 
one pattern) (Fig. 8). From assessed information of different forest patches, fifty percent 
were occupied by an inverted J-shaped pattern. More than forty-one percent had more 
than one pattern of the evaluated forest patches. Only one forest patch had an irregular 
pattern from thirty-four forest sites. Finally, exactly two forest sites had lost population 
structure.
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Based on the information collected from different articles done on the moist afromon-
tane forest divided into three levels (below six hundred, between six hundred and four 
thousand four hundred, and above four thousand four hundred) (Fig. 9). From thirty-
four forest sites evaluated, around sixty-five percent had stem density between six hun-
dred and four thousand four hundred per hectare. Around twenty-one percent of the 
evaluated forest had below six hundred-stem density per hectare. Only two forest sites 
had above four-thousand four hundred stem density per hectare. Stem density of three 
forest sites missed this information.

Using information collected from different research articles done on moist afromon-
tane forests almost thirty-eight percent had good regeneration status (Fig.  10). The 
next major portion occupied by poor regeneration had twenty-six percent from evalu-
ated information presented in Table 2. Fair regeneration also occupied only twelve per-
cent from thirty-four forest patches. Around twenty-one percent had more than one 

Table 2  Diversity and population structure of moist afromontane forest of Ethiopia
No Shannon 

diversity 
index

Basal area 
(m2 / ha)

Population 
pattern

Density 
(stem/ ha)

Regeneration Forest name Au-
thors

1 2.17 21.03 I. J-shaped 6,050 Good Gera. F [37]

2 2.99 67.85 I. J-shaped 1319.17 Poor Abbo Sacred. F [91]

3 1.99 50.7 NA 1628 Fair Setema. F [21]

4 NA 41.9 I. J-shape 736.9 Fair Hereje. F [57]

5 NA 98.87 I. J-shape 557.09 Good Gelesha. F [24]

6 2.81 2612  > one NA Poor Keja Araba. F [88]

7 3.14  > one NA Poor Tula. F [88]

8 1.95 3.40  > one 619 Poor Ambericho. F [77]

9 NA 60.9  > one 720.3 Poor Jibat. F [31]

10 3.54 NA R. J shape 1778 Good Gera. F [65]

11 3.45 142.6  > one 2600 Good Masha. F [14]

12 NA 88.89 I. J-shape 21,737 Good Wabero. F [67]

13 NA 94  > one 408 Poor Mana Angetu. F [55]

14 NA 56.8 I. J shape 840 Fair Kenech. F [20]

15 NA 103.5  > one 760.95 Good Belete. F [40]

16 NA 87.49  > one 349 D. P Berbere. F [27]

17 NA 58.68 I. J-shape 822.5 D. P Debelle. F [51]

18 2.58 NA  > one 1265 Good Sirso. F [63]

19 3.38 126.47 I. J-shaped 1745.27 Good Wurg. F [30]

20 3.79 NA I. J-shaped 458 Good Belete. F [89]

21 3.25 80.8  > one 1446 D. P Agama. F [35]

22 NA 77.32  > one 3516 Poor Shoti. F [6]

23 2.62 103.7 I. J-shape 1288 D. P Doshke. F [76]

24 2.45 9.43 I. J-shaped 522 Poor Hafursa. F [29]

25 NA 50.72  > one 952.83 D. P Komto. F [45]

26 NA 63.6  > one 1350 D. P Biosphere [73]

27 NA 90.6 I. pattern 1373 NA Gurra Farda. F [48]

28 3.76 51.68 I. J-shape 819 Good Aba Sena. F [38]

29 NA 65.05  > one 1829 D. P Gerba Dima. F [36]

30 3.47 87.58 I. J-shaped NA Good Shatto. F [71]

31 3.88 30.92 NA 426.5 Good National Park [43]

32 2.72 76.33 R. J-shape 488.9 Fair Shato. F [4]

33 2.92 119.84 I. J-shape 712.5 Poor Modi-Geyi. F [15]

34 4.34 170.26 I. J-shape 1567 Good Bale Mountains 
National Park

[8]
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regeneration status in the certain forest patches. Finally, only one forest patch missed 
regeneration information.

5  Discussion
Floristic composition, species diversity, and population structure are essential for pro-
viding basic information about forest condition. Knowing various types of vegetation is 
essential for managing forests, using them sustainably, and studying their ecology since 
it helps to understand how vegetation changes over time and space. The evaluated forest 
biomes (dry and moist) had high diversity indices (Fig. 1 and 6). High diversity might be 
the result of diverse land features, climatic condition, soil, and an extremely heteroge-
neous ecology [10]. A few forest patches from two forest biomes had medium diversity 
indices. This might be due to a few woody species that can survive under the certain 
altitudinal ranges in addition to various environmental factors. In addition, the aspects 
are the other factor that contribute to the level of diversity in the studied forest sites. In 

Fig. 7  Basal area of different moist forest patches

 

Fig. 6  Shannon–Wiener diversity indices of different moist forest patches
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moist Afromontane forest, many of the forest patches were missed; diversity informa-
tion might be due to the research objective of the study and ecological challenges [92]. In 
Ethiopia, moist afromontane forests were predominated by wild and semi-forest coffee, 
which affects the diversity of woody species. Intensive coffee forest management leads 
to homogenization of natural forest ages, sizes, and species composition due to leaving 
only tree species used for shading [50]. Finally, altering the species diversity of the forest 
may influence the forest’s functional role, like ecosystem resilience, and disrupt ecosys-
tem services [19].

Basal areas are a very intriguing component of certain forests by providing required 
information about the current state of the forests, future growth, and informing silvicul-
tural management needs [70]. Under two forest biomes (dry and moist), a major portion 
of the basal area is occupied by above thirty-seven square meters per hectare (Figs.  2 

Fig. 9  Stem density of different moist forest patches

 

Fig. 8  Population structure of different moist forest patches
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and 7). This might be due to proper management and conservation applied to the for-
ests. However in dry afromontane had high number of basal area below twenty-three 
square meters. This variation in basal area may be caused by competition for resources, 
the health of the forest ecosystems, the local community’s standard of living, the land 
use system, forest management interventions, stand age and diameter, the extent of for-
est disturbance, harvesting stems of various diameters, fluctuations in the climate, and 
excessive cutting [49]. The basal area of moist Afromontane forests is affected due to 
selective logging of timber tree species to minimize over shading to improve coffee 
yields in the forest.

Population structures in the forests show the diameter distribution of woody species 
(trees and shrubs), providing information about the forest’s condition. They also reveal 
the height class distribution of trees and shrubs, which is important for understanding 
vertical structure (such as dominance, co-dominance, and lower layers) [90]. Addition-
ally, this information serves as a baseline for implementing conservation measures aimed 
at maintaining the sustainability of forest patches. The highest population structure in 
both dry and moist forests exhibits an inverted J-shape based on the evaluated forest 
patches (Fig. 3 and 8). This indicates that smaller diameter classes are in specific forest 
fragments occupied by a large number of trees and shrubs, which are used as a reserve 
to replace the losses of large-sized individuals. Such a pattern shows the forest had a 
healthy or normal population structure and good regeneration and recruitment potential 
[75]. However, in some forests, it has an irregular inverted J-shaped distribution, which 
shows an unhealthy forest status because of the selective removal of the woody species 
for charcoal production, selective logging for different uses, and fuel wood. The other 
pattern was a bell-shaped pattern of distribution, which shows that there are a higher 
number of middle-sized individuals and a lower number of small-sized and large-sized 
individuals in the forest. This data shows that the species has poor recruitment potential 
due to human-induced and natural factors. Irregularly shaped patterns were observed in 
different forest patches, which shows good regeneration but non-uniform recruitment 
due to selective cutting of preferred sizes of the individuals in the forest [46].

Stem density population is an important figure for forest evaluation and determin-
ing regeneration information of a forest. The evaluation of various patches of dry and 

Fig. 10  Regeneration status of different moist forest patches
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moist afromontane forest in Ethiopia revealed that the majority of forests had a density 
of stems ranging from six hundred to four thousand four hundred per hectare (Fig. 4 
and 9). The probable reason for the high density of stems per hectare in the selected 
forest patches was a result of a wide range of adaptability, dispersal mechanisms, initial 
diameter used during data collection, and the availability of the favorable environmental 
conditions with conservation efforts [56]. Below six hundred-stem density per hectare 
was found in various forest patches from dry and moist forests in various regions of the 
country. The reason for the lowered stem density per hectare might be due to human 
intervention, expansion of settlement, selective logging, illegal timber collection, char-
coal production, fuelwood collection, and land use change. Only a few woody species of 
trees and shrubs are found in different forest fragments from Ethiopian biomes above 
four thousand four hundred [79]. The reason might be due to proper management, low 
impacts of the local community, awareness created by different stakeholders, and the 
level of demand for species in the forests.

Using information analysis done on various forest patches from dry and moist biomes 
of Ethiopia, most of the remaining forests had good regeneration status (Figs. 5 and 10). 
The probable reason for better regeneration might be the open canopy by selective log-
ging, which could favor seed germination and seedling establishment [7]. Despite their 
high ecological regeneration potential, some moist Afromontane forests in Ethiopia 
show poor regeneration due to intense human and livestock pressure. This might be due 
to moist forests practicing forest coffee production, which needs intensive management 
activities like weeding, selective thinning, and slashing of understory vegetation, which 
harm biodiversity. Furthermore, there is growing evidence that the expansion of coffee 
production has direct effects on the variety and number of forest species and the struc-
ture of the forest [47]. No one pays enough attention to allowing the favored tree species 
to regenerate by keeping their seedlings and saplings. Fair regeneration was better in the 
dry forest patches compared to the moist forests (Fig. 5). The difference might be due to 
an open canopy, better abiotic seed dispersal, and less soil compaction, which is better 
for soil seed bank germination.

6  Conclusion
Woody species diversity, population structure, and regeneration ability had provided 
satisfactory information on the status and quality of the forest resources. An inverted 
J-shaped population structure was common in dry and moist forest patches. Different 
observed forest patches had stem density per hectare between six hundred and four 
thousand four hundred. The poor regeneration status from different forest patches of 
dry and moist afromontane forest required immediate conservation and sustainable 
management. For wisely use of forest resources and management plan five elements 
(woody species diversity, basal area, population structure, stem density and regenera-
tion status) will be got attention. In addition, information about the total population, age 
classes, environmental factors, disturbance factors, and livelihood of the studied Kebele 
where the forest will be found should be taken into account. This review is important 
to create images of the status of different forest patches and the remaining activities 
needed for the forest’s sustainability. Preferable forest conservation and management 
options are in situ, ex situ, participatory forest management, and local bylaws. The poor 
regeneration status of dry and moist Afromontane forests shares information with those 
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government and non-government bodies that work on forest conservation and manage-
ment. Silvicultural treatment will be required to improve the regeneration of different 
forest patches and the transition of seedlings to saplings’ growth stages.
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