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Abstract: Forest canopies are in a dynamic condition and
changing continually. The formation of gaps result in changes
microclimatic conditions of forests. The tree regeneration
triggered by gaps are a fundamental process of forest dynamics
and plays a key role in maintaining forest structure, composition,
and diversity of forest ecosystems. Thus, understanding of
the gaps dynamics in natural forests is principal for forest
restoration, sustainable management and conservation of
forests. This study was conducted at Kafa Afromontane forest,
located in Gimbo and Gawata Districts of Kafa Zone at 450 km
west of the capital Addis Ababa. For the purpose of this study,
three plots with an area of four hectares, (200 x 200 m) were
selected systematically inside the main forest area in each of the
three sites (Yeyibto, Achewa and Saja) from 15 March 2019 to
30 May 2019. Inside these plots, four transacts laid 50 m apart
from each other. For each gaps encountered along these transects
the longest distance between any two-canopy and the largest
distance perpendicular to the length was measured and ficted
using an ellipse formula. Distances from the centre of the gap to
the edges of the gaps was measured in eight compass directions,
namely 0, 45, 90, 135, 180, 225, 270 and 315 and a sketch map
of the gap was drawn. The result showed that the mean gap size
of the study area is 223.31 m2 with standard deviation of 152.14

m?%. Most of the gaps were caused by snapping of (43 %), that
followed by broken branches that accounts for 29 % of the gap
former trees. About 57 % of the gaps were categorized as smaller
gaps. Within these gaps 36 seedling of woody species belonging
to 21 families were recorded. Among these Rubiaceae family is
the most dominant family, which constitutes six seedlings woody
species. The population structure of the seedlings showed an
inverted J-shape.

Keywords: Canopy gaps, forest structure, gap dynamics,
diversity, afromontane.

Resumen: Las cubiertas forestales se encuentran en una
condicién dindmica y cambian continuamente. La formacién
de claros provoca cambios en las condiciones microclimaticas
de los bosques. La regeneracién de drboles provocada por claros
es un proceso fundamental de la dindmica forestal y juega un
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papel clave en el mantenimiento de la estructura forestal, la
composicion y la diversidad de los ecosistemas forestales. Por
lo tanto, la comprensién de la dindmica de las brechas en los
bosques naturales es fundamental para la restauracién forestal,
el manejo sostenible y la conservacién de los bosques. Este
estudio se realizd en el bosque Kafa Afromontane, ubicado en
los distritos de Gimbo y Gawata de la zona de Kafa, a 450 km
al oeste de la capital Addis Abeba. Para los fines de este estudio,
se seleccionaron sistemdticamente tres parcelas con un 4rea de
cuatro hectdreas (200 x 200 m) dentro del 4rea forestal principal
en cada uno de los tres sitios (Yeyibto, Achewa y Saja) del 15 de
marzo de 2019 al 30 de mayo. 2019. Dentro de estas parcelas,
cuatro transacciones dispuestas a 50 m de distancia entre si. Para
cada espacio encontrado alo largo de estos transectos, se midid y
ajustd usando una férmula de elipse la distancia mas larga entre
dos doseles y la distancia més grande perpendicular a la longitud.
Se midieron las distancias desde el centro de la brecha hasta los
bordes de las brechas en ocho direcciones de la brijula, a saber,
0, 45, 90, 135, 180, 225, 270 y 315 y se dibujé un croquis de

la brecha. El resultado arrojé que el tamafio medio del claro del
drea de estudio es de 223,31 m? con una desviacién estandar de

152,14 m?2 La mayoria de los huecos fueron causados por roturas
de arboles (43 %), seguidos por ramas rotas que representan el 29
% de los arboles con huecos. Alrededor del 57 % de las brechas se
clasificaron como brechas mas pequefias. Dentro de estos claros
se registraron 36 plantulas de especies lenosas pertenecientes a
21 familias. Entre estas, la familia Rubiaceae es la familia mas
dominante, que constituye seis especies lefiosas de pldntulas. La
estructura poblacional de las pléntulas mostré una forma de J
invertida.

Palabras clave: Claros del dosel, estructura del bosque, dindmica
de los claros, diversidad, afromontano.

INTRODUCTION

Forest canopies are in a dynamic condition and changing continually’. The major dynamic in forests
canopies constitutes the death of canopy trees that result in the formation of forest gaps and subsequent
regeneration of tree seedlings. The formation of gaps result in changes microclimatic conditions of forests

especially, light, moisture and temperature which favor establishment of shade intolerant seedlingsz. The
tree regeneration triggered by gaps are a fundamental process of forest dynamics and plays a key role in

maintaining forest structure, composition, and diversity of forest ecosystemsl. Natural disturbance is among
the major phenomenon that result in canopy gaps formation>*, Particularly, Afromontane forests are subject
to awide range of disturbances of variable duration, intensity, and frequency4. The presence of gaps associated

with mechanism is also important in forest ecosystem restoration>®. The incidents portray the death of one
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or more canopy trees or fall of large branches that resulted in the formation of small openings on the canopy

of forests.
Gap formation depends on several physical and biological factors involving canopy closure, intensive

growth of advanced regenerations and species colonization’. It passes through diverse stages, but the most

important stage is the initiation stage known as gap stageg. This stage contributes in altering light availability,
to enhance seedling and sapling establishment among species, which otherwise blocks most light from

reaching the forest interior’. Gaps help to maintain the tree diversity, density and niche partitioninglo. Thus,
regeneration processes are associated with gap building phase”. The occurrence particularly interplays with

recruitment, allowing the coexistence of species that otherwise could not make it! 12, Finally, construction

stage took place where the canopy gaps are forming virtually closed by tree vegetationlz.

Size distribution and frequency of gap occurrences in a forest is a function of local climate, topography,
soil, bedrock and the composition and size distribution of trees'’. This is the result of the shift in microclimate
near and below the ground, such as light intensity, temperature and drought stress at the soil surface, as gap
size. The micro-climatic features of a canopy gap might change with its size from one season to another, and
even with extreme climate events. These conditions may be optimal for certain species at a certain point in
time, though they can change in a mid/long term'?. Some plant species can only regenerate in a narrow range

of light availability14. In addition to the marked variation in the canopy opening, the reduction of basal area
and the increase in gap-area found in canopy gaps that can also interfere in the process of regeneration and

in the growth of tree seedlings'.

The colonization of gaps by species of different categories or successional groups are influenced by eco-
physiological responses'®. Moreover, it will also depend on the time the opening has occurred, the opening
size, the substratum conditions, and the relationship with herbivores as well as on density dependent
factors. In restricting population growth, a density-dependent factor intensifies as the population size
increases, affecting each individual more strongly”. Understanding the dynamics of gaps in tropical forests is

paramount for forest restoration, sustainable management and conservation of forest remnants'®. This study
aims to analyzing regeneration patterns of woody species in a natural gaps of Kafa Afromontane forest.

MATERIALS AND METHODS

Location. This study was conducted in Kafa Afromontane forests, found in Kafa Zone, Gimbo and Gawata
Districts, located at 450 km west of the capital Addis Ababa. The area lies between 6° 16" - 8° 13"N latitude
and 35° 12" - 36°47"E.

Longitude locations. The zone borders Benchi Maji zone in the west, Ilubabor zone in the north, Sheko
zone and Jimma zone in the east. The area is characterized by a long rainy season that extends from March
through October with mean annual rainfall of 1800 mm. The area has a relatively higher temperature in the
months December to February with maximum temperature that ranges from 26° to 29° C and the mean
annual temperature of the area is 19° C'’. Kafa zone lies within the altitudinal range of 1400 to 1650 masl.
Forests of this area are characterized as moist Afromontane forest, which is situated in areas that receive
rainfall for a longer period. The biggest trees of this forest community reach up to 40 m in height. Common
trees in this area include Pouteria adolfi-friederici, Ficus species, Syzygium guineense, Olea welwitschii and
Trilepisium madagascariense.
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FIGURE 1

Map showing location of Kafa Zone where the study area is located

Methods. The actual field study was conducted from 15 March 2019 to 30 May 2019. For the purpose of
this study a forest with an area of 4 ha, (200 x 200 m) plot was sclected systematically inside the main forest
blocks of Kafa forest one plot at each of the three sites (Yeyibto, Achewa and Saja). These sites are within two
districts (Gimbo and Gewata). Inside these plots identification of natural gaps were made along four transacts
laid 50 m apart from each other. Gap detection was made during field observation when encountered wood
debris, broken branches, snapped off trees or dead canopy tree boles which have over 10 m long and created
an area of over 40 m” foﬂowingzo. The species, Diameter at breast height. original height and type of damage
of gap former trees were determined or estimated"*’. The longest distance between any two-canopy trees
i.c. gap length and the largest distance perpendicular to the length (gap width) were measured for each gaps
encountered. Distances from the centre of the gap to the edges of the gaps was measured in eight compass
directions, namely 0, 45, 90, 135, 180, 225, 270 and 315 and a sketch map of the gap was drawn. Ellipsoidal
shapes can approximate many gaps. Therefore, the area of each gap was calculated by the ellipse formula

followingm, where: A -is gap area, L- is the longest width and W -is the longest perpendicular distance.
_nLW
A=
Gap former trees were categorized based on the category set as standing dead, tree fall by snapping off, tree

fall by uprooting, broken branch/crown and branch fall?2. Measurements of collar diameter and heights of
all woody seedlings and saplings were made in five sample plots of 3x3 m, which was set up one at the center
and four-border area of the gaps. Similarly, measurements were made inside four plots (3x3 m) in control
plots outside gaps separately which were used for comparison. The measurement was used for comparison of
seedling located in the extended gap zone of a canopy gap (‘gap’ seedling) and under a closed forest canopy

(‘forest” seedling) following™.
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FIGURE 2
Some of the causes of gap formation in Kafa moist Afromontane

forest (a- broken branch, b- snapping off and c-standing dead)

FIGURE 2A
Some of the causes of gap formation in Kafa moist Afromontane

forest (a- broken branch, b- snapping off and c-standing dead)

The data was summarized using Microsoft excel and Paleontological Statistics Software Package for
Education and Data Analysis Version 4.03 (PAST) and thus species richness, species diversity, species
evenness and frequency distribution of height classes were calculated as follows:

frequency of a single species
total frequency of all species

Relative frequency =

Species diversity of regeneration of woody species in gaps and control plots was calculated using the
Shannon-Wiener diversity index, H, as:

H'=ZS: ( PilnPi)
=1

Where H’ represents Shannon-Wiener diversity index and pi represents proportion of individuals

found in the i species.
Species richness (S) was calculated as where ni is the number of species in a community

S'=Zni
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Shannon equitability (J) or evenness was calculated using the following formula:

___H
J= "H'max
Where J is the evenness, H”  is the Shannon-Wiener diversity index, and Hmax’ = InS, in which In is

the natural logarithm and S is the total number of species in the sample.
The turnover time of the forest was calculated by dividing the total studied area by the total area covered
by gaps created during the last year. This way, an estimate of the total number of years necessary to cover the

entire plot with gaps (turnover time), was obtained?*,

RESULTS

Gap sizes. The size and frequency of gaps are important parameters that vary by location and nature of gap
maker trees. The areas of the gaps were calculating by using the ellipse formula. Thus the result showed gap

sizes ranged from 75 to 555 m? with the mean gap size of the study area is 223.31 m? with standard deviation

of 152.14 m* (Table 1). Most of the gaps had an area that falls <200 m* (57.1 % n=8) of the gaps. While
four gaps (28.6 %) were grouped as in gap size class, 200-400 m. On the other hand, gap size which has an

area of >400 m? was the least encountered (14.3 %, n=2) cach gap size class in the forest. Generally, the size
distributions of the gaps showed sleckness to the left.

TABLE 1
Area of different gaps and their relative frequencies
Category Area class Mean area in (m*  Number of gaps Percentage (%)
Small =200 11742 8 57.1
Medmum 200-400 2B9 £ 61 4 28.6
Large =400 513£39 2 143
Mean 223152
TABLE 2
Gap former tree species in Kafa moist afromontane forest and number of gaps
. . . Average Average Number Percentage
Gap maker tree Species Dbh (em)  Height(m) _ofgaps (%)
Olea welwitschii 47.12 209 5 3537
Prunus Africana 55.00 28.0 2 1419
Schefflera abyssinica 77.50 2935 2 1419
Syzygium guineense 32.00 210 2 1429
Ehretia cymosa 24.00 35.0 1 7.14
Elneodendron buchananii (Loes) 74.00 26.0 1 7.14
Palyscias fulvia 24.00 33.0 1 7.14

Gap maker species. Gap makers are the trees that initially fell to create gaps. These species were identified
during field collection by looking the intact leaves when available and recognized remnants. Hence, gap
maker species includes O. welwitschii, Ebretia cymosa, Polyscias fulvia, Prunus africana, S. guineense, Schefflera
abyssinica, and Elaeodendron buchananii (Loes). The largest proportions (36 %) of gaps were created by O.
welwitschii (Table 2). This species is also the most dominant tree species in the forest area.

Causes for gap formation. The major causes of gap formation in the study area were caused due to four
reasons, which include snapping off, uprooting, broken branches and standing dead. Among these snapping
of accounts (43 % n=6) of the causes of gap formation (Table 3).

136



BELAY HAILU, ET AL. DIVERSITY OF TREE SPECIES REGENERATION IN NATURAL GAPS OF KAFA MOIST AFROMONTA...

TABLE 3
Causes of gap formation in Kafa afromontane forests south west Ethiopia

Cause of gap formation  Frequemcy % age

Standing dead 1 7.14

Snapping off [ 4286

Uprooting 3 1143

Brocken branch 4 28,57

Total 14 100.00

Broken branches constitutes (29 %, n=4) and uprooting and standing dead constitutes 21 and 7 %

respectively.

TABLE 4
Comparison of Diversities of Kafa afromontane forest in gaps and control plots
Parameter Gap Control  p-value
Number of species 36 30 0.001
Number of seedlings 11274 7974 0.000
Domunance 0111 0127 0.034
Shannon H 1643 2599 0.012
Evenness e"H/S 0390 0448 0.001
Simpson indx 0879 0873 0.034

The gaps and gap surrounding areas sampled species, their families, successional characterization and
number of individuals are listed in (Table 5). The thirty-six species recorded during this study were
categorized in to families. Thus, the three families with great species abundance were Rubaceae represented
by six species, Fabaceae three species and Moraceae three species. The three dominant families Rubaceae,
Fabaceae and Moraceae accounts for about 40 % of the total species abundance recorded during this study.
Out of all tree families, only eight of them were represented by more than one species while the rest 13

families were represented by a single species (Table 5).
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FIGURE 3

Diversity profiles of gaps and control plots
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TABLE 5
Plant Families with their number species occurred in Kafa afromontane forest

Species number per site

SN Family Yevibto Achewa Saja Total % age
1 Rubiaceae [} 5 3 6 17.14
2 Fabaceas 2 2 3 3 37
3 Moraceae 2 1 3 257
4 Asteraceas 1 1 2 571
h] Celastraceae 1 1 2 57
] Meliaceae 1 1 2 2 371
7 Oleaceas 2 2 1 2 371
g Sapindaceae 1 1 1 2 571
9 Agmfoliaceas 1 1 286
10 Arahaceae 1 1 1 186
11 Boraginaceas 1 1 286
12 Euphorbiaceas 1 1 1 186
13 Icacimaceae 1 1 1 1 186
14 Melianthaceas 1 1 1 186
13 Myrsinaceas 1 1 286
16 Myrtaceae 1 1 186
17 Pittosporaceae 1 1 1 .86
18 Fosaceae 1 1 1 286
19 Rutacese 1 1 1 1 2186
20 Sapotaceae 1 1 1 1 186
iy Uhuaceas 1 1 186
Total 16 11 17 35 100

There were 35 species of woody seedlings; belonging to 21 families recorded in 14 gaps and at three sites
(Table 5). The number of tree species recorded in control plots is about 30 species. As shown in Table 4 the
gap area has higher density of 11274 stems per hectare as compared to 7974 in control plots which showed
significant difference (p<0.001). Besides there is also difference in species richness (36) in canopy gaps as
compared with (30) species in control plots. Evenness of the area was found to be 0.390 and 0.448 for gaps
and control plots respectively. Shannon diversity of 2.643 for gaps and 2.599 for control plots. Simpson index
of 0.879 for gaps and 0.873 for control plots (Table 4).

TABLE 6
Dominant tree seedling abundance in Kafa Afromontane forest inside gaps and control plots
Scientific name Gap Regeneration Control Regeneration
N Relative density (%0) N Relative density (%)
Chionanthus mildbrasdii 3030 209 01377 328
Rothmannia urcelliformis 1785 176 579 8.0
Elneadendron buchananii (Loes) 883 87 G691 93
Oxyanthus speciosus 837 82 725 10.0
Deinbollia kilimandschavica Taub 574 37 671 93
Allophylus abyssinicus 500 3.0 355 49
Albizia gummifera 448 14 235 32
Vepris dainellii 376 37 421 58
Galiniera saxifraga 336 33 104 18
Pouteria adolfi-fiiederici 311 3l 131 32
Lepidomichilia vollensii 256 2.3 127 18
Bersama abyssinica 243 24 135 19
Frunus Afficana 201 20 77 1.1
Millertia ferruginea 199 2.0 181 23
Oxyanthus speciosus 160 1.6 243 34
Total 10148 100.0 7252 100.0
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Chionandins wildbraedii Deinbollia kilimandscharica Taub Elacodendron buchananaii (Loes)
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Height class distribution of seedlings and saplings of the six dominant
species in gaps and control plots of Kafa afromontane forest

The patterns of height class distribution indicate the general trends of population dynamics and
recruitment processes of a given species. The evaluation of selected tree species reveals six main patterns
of population distribution. Species such as Cordia africana, Vernonia auriculifera, and Ilex mitis were only
recorded in gaps. Whereas, species like Ekebergia capensis, Lepidotrichilia volkensii, and Maesa lanceolatawere
specialized to control plots. The rest majority of the species were recorded in both gaps and control plots.
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FIGURE 5
Height class distribution of seedlings and saplings of the

communities in gaps and control plots of Kafa afromontane forest

The height class distribution of the seedlings growth inside gaps and control indicates that the number of
individuals in the lower height class is very high (Figure 4). The lowest numbers of individuals were found
in the height class of >200 c¢m increasing with decreasing height. The number of individuals in the gaps is
higher than in the closed forests (controls). The population structure regenerating seedlings in the gaps and
control plots almost follows a similar trend.
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Di1scussioN

Gap size is mainly responsible for variation of light intensity, which plays a major role in forest regeneration.

According to Dirzo et al. », the influence of gap size on light environment is important in understanding
the dynamics of communities. Based on the calculations using the ellipse formula gap sizes ranged from 75
to 555 m* with the mean gap size of the study area is 223.31 m* with standard deviation of 152.14 m* (Table
1). Most of the gaps had an area that falls <200 m? (57.1 % n=8) of the gaps. The study revealed that number
of small size gaps are more than large size gaps.

The species identified as gap makers include, O. welwitschii, E. cymosa, P. fulvia, P. africana S. guineense, S,
abyssinica and E. buchananaii (Loes). These species are dominant in the forest area and occupied the upper
story of the forest. As well, the upper story species could be exposed to the wind damage that could result
in gap formation O. welwitschii represented the largest proportions (36 %) of gaps among the identified gap
former tree species (Table 2).

The major causes of gap formation include; snapping off, uprooting, broken branches and standing dead.
These factors are the major cases in many studies. Snapping off accounts the largest share (43 % n=6) of the
causes of gap formation ( in a tropical rainforest of Papua New Guinea also showed that higher probability
of gaps formations due to boles snapping off than uprooting of trees followed by broken branches that
constitutes (29 %, n=4). Uprooting and standing dead were the least causes and represents only 21 and 7%
respectively. The deaths of trees happen because of aging and natural phenomenon such as lightening.Figure
4). For example, the study by Arihafa & Mack

Regenerations of seedlings were counted in both gaps and closed forests. The result revealed that, the three
most abundant families identified in the study area were Rubiaceae (6 species), Fabaceae (3), and Moraceae
(3). The regeneration of the three dominant families alone contributed about half of the total species. Out
of all tree families, only eight of them were represented by more than one species while the rest 13 families
were represented by a single species (Table 4). Many studies also reveal the prominence of Rubiaceae and

Fabaceae families in forest gaps compared to other families'®.

The height class distribution indicates the general trends of population dynamics and recruitment
processes of a given species (Figure 4 and 5). That showed high recruitment of seedlings and certain number
of seedlings'®. C. africana, V. auriculifera and Ilex mitis were recorded in gaps, while, species like E. capensis,
L. volkensii, and M. lanceolata were specialized to control plots or outside the gaps. The remaining species
were recorded in both gaps and control plots.

The study of gaps regenerations in Kafa Afromontane forest revealed that natural gaps caused by single
tree or multiple trees fall are essential for maintaining the diversity of woody species in the forest. The mode
of mortality was mainly related to snapping off the canopy trees (Table 3). Variations in the gap sizes were
observed due to factors such as mode of death of the canopy trees. Regeneration in the forest is low in closed
forest as compared to the gaps. The study of gap dynamics was not carried out in Kafa Afromontane forest
before. Therefore, the current study of gap dynamics could provide some information on aspects of gap
woody species regeneration in Kafa forest. In general, this study provides some of the firsthand information
on the structure and composition of woody species regenerations of Kafa Afromontane forest where such
data can be used in planning sustainable management of the forest. The longer term studies are also needed
to elucidate the species specific survival and growth strategies related to gap openings.

CITED LITERATURE

1. Runkle JR. Guidelines and sample protocol for sampling forest gaps [Internet]. Portland: US Department of
Agriculture, Pacific Northwest Research Station; 1992. 52 p. DOI: https://doi.org/10.2737/PNW-GTR-283

140


https://doi.org/10.2737/PNW-GTR-283

BELAY HAILU, ET AL. DIVERSITY OF TREE SPECIES REGENERATION IN NATURAL GAPS OF KAFA MOIST AFROMONTA...

2. Yamamoto SI. Forest gap dynamics and tree regeneration. J For Res 2000;5(4):223-9. DOI: https://doi.org/10.1
007/BF02767114

3. Dietze MC, Clark JS. Changing the gap dynamics paradigm: vegetative regeneration control on forest response to
disturbance. Ecol Monogr 2008;78(3):331-47. DOI: https://doi.org/10.1890/07-0271

4. Wiafe ED. Tree regeneration after logging in rain-forest ecosystem. Res J Biol 2014;2(1):18-28.

5. Omoro LMA, Luukkanen O. Native tree species regeneration and diversity in the mountain cloud forests of East
Africa. In: Grillo O, editor. Biodiversity Loss in a Changing Planet. London: IntechOpen; 2011. p. 241-56. DOI:
https://doi.org/10.5772/23108

6. Arihafa A, Mack AL. Tree fall gap dynamics in a tropical rain forest in Papua New Guinea. Pac Sci2013;67(1):47-58.
DOI: https://doi.org/10.2984/67.1.4

7. Arriaga L. Gap-building-phase regeneration in a tropical montane cloud forest of north-eastern Mexico. ] Trop Ecol

2000;16(4):535-62. DOL: https://doi.org/10.1017/50266467400001565

8. Schnitzer AS, Carson WP. Lianas suppress tree regeneration and diversity in treefall gaps. Ecol Lett
2010;13(7):849-57. DOL: https://doi.org/10.1111/j.1461-0248.2010.01480

9. Numata S, Yasuda M, Okuda T, Kachi N, Supardi MN. Canopy gap dynamics of two different forest stands in a
Malaysian lowland rain forest. ] Trop For Sci 2006;18(2):109-16.

10. Denslow JS. Gap partitioning among tropical rainforest trees. Biotropica 1980;11(Suppl 2):47-55. DOI: https:/
/doi.org/10.2307/2388156

11. Brokaw N, Busing RT. Niche versus chance and tree diversity in forest gaps. Trends Ecol Evol 2000;15(5):183-8.
DOI: https://doi.org/10.1016/50169-5347(00)01822-x

12. de Lima RAF. Canopy gap structure and regeneration in tropical rain forests. Braz ] Bot 2005;28(4):651-70. DOI:
https://doi.org/10.1590/S0100-84042005000400002

13. Brown N. The implications of climate and gap microclimate for seedling growth conditions in a Bornean lowland
rain forest. ] Trop Ecol 1993;9(2):153-68. DOI: https://doi.org/10.1017/50266467400007136

14. Whitmore TC. An introduction to tropical rain forests. Oxfords: Clarendon Press; 1990. 226 p.

15. Sapkota IP, Odén PC. Gap characteristics and their effects on regeneration, dominance and early growth of woody
species. ] Plant Ecol 2009;2 (1):21-9. DOI: https://doi.org/10.1093/jpe/rtp004

16. Nascimento ART, Aratjo GM, Giroldo AB, Silva PPF. Gap area and tree community regeneration in a
tropical semideciduous forest. In: Sudarshana P, Nageswara-Rao M, Soneji J, editors. Tropical Forests. London:

IntechOpen; 2012. p. 139-54. DOI: https://doi.org/10.5772/30277

17. Hartshorn GS. Application of gap theory to tropical forest management: natural regeneration on strip clear-cuts

in the Peruvian Amazon. Ecology 1989;70(3):567-76. DOL: https://doi.org/10.2307/1940208

18. Venancio Martins S, Ribeiro Rodrigues R. Gap-phase regeneration in a semideciduous mesophytic forest,

southeastern Brazil. Plant Ecol 2002;163(1):51-62. DOI: https://doi.org/10.1023/A:1020395519430

19. Senbeta F, Schmitt C, Woldemariam T, Boehmer HJ, Denich M. Plant diversity, vegetation structure and
relationship between plant communities and environmental variables in the Afromontane Forests of Ethiopia.

SINET: Ethiop J Sci 2014;37(2):113-30. DOI: https://doi.org/10.4314/SINET.V3712

20. Goulamoussene Y, Bedeau C, Descroix L, Linguet L, Hérault B. Environmental control of natural gap size
distribution in tropical forests. Biogeosciences 2017;14(2):353-64. DOI: https://doi.org/10.5194/bg-14-353-
2017

21.RunkleJR. Gap regeneration in some old-growth forests of the eastern United States. Ecology 1981;62(4):1041-51.
DOI: https://doi.org/10.2307/193700

22. Liu Q, Hytteborn H. Gap structure, disturbance and regeneration in a primeval Picea abies forest. ] Veg Sci
1991;2(3):391-402. DOL: hteps://doi.org/10.2307/323593

23. van der Meer PJ, Sterck FJ, Bongers F. Tree seedling performance in canopy gaps in a tropical rain forest at
Nouragues, French Guiana. ] Trop Ecol 1998;14(2):119-37. DOI: https://doi.org/10.1017/5026646749800
011X

141


https://doi.org/10.1007/BF02767114
https://doi.org/10.1007/BF02767114
https://doi.org/10.1890/07-0271
https://doi.org/10.5772/23108
https://doi.org/10.2984/67.1.4
https://doi.org/10.1017/S0266467400001565
https://doi.org/10.1111/j.1461-0248.2010.01480
https://doi.org/10.2307/2388156
https://doi.org/10.2307/2388156
https://doi.org/10.1016/s0169-5347(00)01822-x
https://doi.org/10.1590/S0100-84042005000400002
https://doi.org/10.1017/S0266467400007136
https://doi.org/10.1093/jpe/rtp004
https://doi.org/10.5772/30277
https://doi.org/10.2307/1940208
https://doi.org/10.1023/A:1020395519430
https://doi.org/10.4314/SINET.V3712
https://doi.org/10.5194/bg-14-353-2017
https://doi.org/10.5194/bg-14-353-2017
https://doi.org/10.2307/193700
https://doi.org/10.2307/323593
https://doi.org/10.1017/S026646749800011X
https://doi.org/10.1017/S026646749800011X

JOURNAL OF THE SELVA ANDINA BIOSPHERE, 2023, voL. 11, No. 2, ISSN: 2308-3867

24. Hartshorn GS. Tree falls and tropical forest dynamics [Internet]. New York: Tropical Trees as Living Systems;
1978 [cited Mar 22, 2023]. 34 p. Retrieved from: https://www.researchgate.net/publication/304024713_Tre

e_falls_and_tropical_forest_dynamics

25. Dirzo R, Horvitz CC, Quevedo H, Lopez MA. The effects of gap size and age on the understorey herb community
of a tropical Mexican rain forest. Journal of Ecology 1992;80(4):809-22. DOI: https://doi.org/10.2307/2260
868

NOTES

Source of financing:Ethiopian Environment and Research Institute covered a cost related to this research work.
Conflicts of interest: The authors declare that there are no conflicts of interest.

Acknowledgements: The authors would like to thank the initiators of the project and also for those who prepared the project
proposals. Special thanks go to Mr. Girma Meshesha who assisted us in the data collection. The Ethiopian Environment and
Forestry Research Institute provided funding for this study so the Institute deserves great thanks.

Ethical considerations:We hereby declare that this work was not submitted to other journal publishers for possible publication.
We further state that there was no scientific irregularity in the results.

Research limitations: The authors declare that there were no limitations, in some cases we were in some cases we had restrictions

in the management by COVID-19.

Authors' contribution: Hailu Belay, has involved in data collection, analyzing data, interpreting data and full write-up of the
manuscript. Mr. Tensay Teshome and Mr. Urge Cheru, have participated data collection, data encoding, and editing. Dr Abeje
Eshete (PhD), has also participated in editing the manuscript.

Article ID:130/JSAB/2023

Editor's Note:Journal of the Selva Andina Biosphere (JSAB). All statements expressed in this article are solely those of the
authorsand do not necessarily represent those of their afhiliated organizations, or those of the publisher, editors and reviewers.
Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed

by the publisher.
ALTERNATIVE LINK

http://www.scielo.org.bo/scielo.php?
script=sci_arttext&pid=52308-38592023000200131&Ing=es&nrm=iso (html)

142


https://www.researchgate.net/publication/304024713_Tree_falls_and_tropical_forest_dynamics
https://www.researchgate.net/publication/304024713_Tree_falls_and_tropical_forest_dynamics
https://doi.org/10.2307/2260868
https://doi.org/10.2307/2260868
http://www.scielo.org.bo/scielo.php?script=sci_arttext&pid=S2308-38592023000200131&lng=es&nrm=iso
http://www.scielo.org.bo/scielo.php?script=sci_arttext&pid=S2308-38592023000200131&lng=es&nrm=iso

