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Abstract
This study was conducted to assess the effects of exclosure on mountain grassland’s species composition, richness, diversity 
and dominance in Sidama, Southern Ethiopia. Locally established exclosures aged between 10 and 12 years old were compared 
against adjacent open-grazed areas in Mollona-Meno Kebele for this study. The study was replicated at four sites. An exclosure 
was paired with adjacent open-grazed lands having a similar land area and slope. Both in the exclosures and adjacent open-
grazed lands, 87 and 86 plant species were recorded, representing 20 families, respectively. A significantly higher difference was 
observed between exclosures and adjacent open-grazed lands in terms of herbaceous species abundance, diversity, evenness and 
density. Higher herbaceous species’ important value index (IVI) was recorded inside exclosures than in the open-grazed lands. 
The results suggested that the establishment of exclosures on degraded lands could support the restoration of degraded native 
herbaceous species which consequently enhanced ecosystem services.
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Introduction 
Mountain ecosystems are important sources of feeds 
for animals and habitats for wildlife (Kricsfalusy, 
2013; Denbeshu et al., 2018). Inaccessibility and cool 
environmental conditions of mountain areas in the past 
might have played an important role in their resilience 
(Kricsfalusy, 2013). However, there is a growing concern 
about mountain areas and associated vegetation 
composition because of demographic changes. The 
diverse cultural and natural remnants of mountain 
grasslands are threatened by increased grazing pressure 
(Angassa, 2014) and climate change (Denbeshu et al., 2018). 
This seems to be a common problem in the mountain 
grasslands of Ethiopia. Exclosures are operational land 
management practices in terms of protecting grasslands 
from disturbances (Denbeshu et al., 2018; Fenetahun et 
al., 2021). Exclosures are a normal practice in Ethiopia 
by prohibiting livestock grazing, and tree cutting to 
enhance the restoration of biodiversity (Husain et al., 
2019). Angassa and Oba (2008) pointed out that the sizes of 
exclosures could vary from place to place within the range 

of one ha to 700 ha. Descheemaeker et al. (2009) argued 
that exclosures are a customary practice to revive hillside 
and degraded areas where grazing was severe in the past. 
According to Angassa et al. (2010), local exclosures are 
unfenced, but the local administration often hires guards 
to meet the intended goals of land management. Active 
participation of the local communities is also crucial for 
the management and protection of exclosures (Oba et al., 
2008). Studies (Mekuria and Veldkamp, 2012) have shown 
the benefits of exclosures in terms of improved vegetation 
cover, reduced soil erosion (Abebe et al., 2006), enhanced 
ecosystem carbon stores (Mekuria et al., 2015; Aynekulu 
et al., 2017), improved soil fertility (Abebe et al., 2006), and 
restoration of biodiversity (Angassa et al., 2010). As a result 
of reduced disturbance and runoff, exclosures can also 
improve water availability in an ecosystem (Anwar et al., 
2016), and minimize sediment load (Girmay et al., 2009; 
Anwar et al., 2016), restore groundwater recharge (Anwar 
et al., 2016) to improve the livelihoods of smallholder 
farmers (Tilahun et al., 2007). The role of exclosures as 
an approach to the restoration of degraded rangeland 



Debeko et al.

13

ecosystems has gained widespread popularity in many 
parts of the world (Verdoodt et al., 2009; Siebert et al., 
2010; Wilkerson et al., 2013; Mureithi et al., 2014; Mekuria 
et al., 2018). According to Ombega et al. (2017), restoration 
of degraded areas substantially improved floristic 
composition and productivity. Mbaabu et al. (2020) 
stated that restoration of degraded rangelands optimizes 
carbon sequestration for climate change mitigation and 
enhancves the productivity of grassland, and numerous 
ecosystem services. The restoration of degraded 
rangelands through the establishment of exclosures has 
been promoted in different parts of the world, such as 
in China (Fenetahun et al., 2021), Pakistan (Qasim et al., 
2017), Kenya (Wilkerson et al., 2013; Mureithi et al., 2014), 
and South Africa (Siebert et al., 2010). Exclosures have 
also been a common practice in many parts of Ethiopia 
(Angassa and Oba, 2008).
Despite the existing work done in Ethiopia and other 
parts of the world, little research has been carried out on 
the role of exclosures in the current study area. Generally, 
most studies in Ethiopia were carried out in the rangeland 
areas, focusing on mid and lower altitudes. This calls for 
the need to conduct the current research on mountain 
grassland floristic composition in response to the effects 
of exclosure. This paper presents scientific accounts of 
the causes of degradation and prospects of mountain 
landscape restoration and subsequent recovery of the 
grassland vegetation communities. The objective of the 
study was to assess the effects of exclosure on mountain 
grassland’s species composition, richness, diversity, and 
dominance in Sidama, Southern Ethiopia.

Materials and Methods

Study site: The study was conducted in Meno highland 
mountain grasslands (Mollona Meno Kebele) in the Bursa 
district of Sidama Regional State in Southern Ethiopia. 
The word ‘Kebele’ refers to the lowest administrative 
structure in Ethiopia. The area is located at 6° 42′16.73′′ 
N and 38° 34′45.77′′E with an altitude ranging between 
2814 and 3157 amsl. The topography is hilly, with slope 
percentages ranging from 10 to 45% (Denbeshu et al., 
2018). The mean annual rainfall is about 2000 mm. The 
rainy season extends from mid-March to mid-October. 
The mean annual temperature varies between 10 and 
15℃. The two rainy seasons are the Belg rains, which are 
from March to May, and the Kremt rains, which fall from 
June to mid-October. 

Experimental procedure: Four sites with two treatments 
(i.e., exclosures versus open-grazed areas) were selected 
to evaluate the effects of exclosures on herbaceous species 
composition, diversity, richness, abundance, density, 
dominance, and basal cover of native forages. Based on 
the information gathered from the local community, 

livestock had been excluded for more than a decade and 
since then, these exclosures were not grazed. Accordingly, 
exclosures against adjacent open-grazed areas were 
selected in Meno-Mollo Kebele for herbaceous vegetation 
sampling. Exclosures of 10 to 12 years old were selected 
from four sites (i.e., Dawalle, Mollo, Meno and Wosharbe) 
with their adjacent open-grazed lands all having similar 
land sizes, slopes, and soil types (Denbeshu et al., 2018). 
There were four exclosures and four adjacent open-grazed 
lands. Adjacent open-grazed areas were used as a control 
for each exclosure. The adjacent open-grazed lands were 
private grazing lands that were generally exposed to year-
round grazing. The exclosures were also privately owned 
lands that were used previously for communal grazing 
(Denbeshu et al., 2018). Three transects were randomly 
established within each exclosure and in the adjacent 
open-grazed land. Quadrats of 1 x 1 m dimensions were 
placed along each transect at 30 m intervals. A total of 180 
quadrats were placed inside exclosures (i.e., 90 quadrats) 
and in the adjacent open-grazed lands (i.e., 90 quadrats) 
in June 2018 to sample herbaceous vegetation attributes. 
As the four sampling sites were varied in size, unequal 
sampling sizes were collected in proportion to the size 
of each study site, targeting 90 quadrats individually for 
exclosures and adjacent open-grazed areas (Table 1). Data 
were collected in November 2019 for herbaceous forage 
species abundance, richness, diversity, frequency, density, 
importance value index (IVI), basal cover and dominance. 

Vegetation survey: Herbaceous species composition 
and richness were assessed about grazing pressure 
(i.e., exclosures against adjacent open-grazed areas) 
across the study sites consistent with the procedures 
used by Crowder and Chheda (1982). The study was 
conducted from October to early November 2019, when 
the plants were at their flowering stage. Herbaceous 
species sampling was carried out using 1 m2 quadrant 
at an interval of 30 m along each transact. The number 
of individuals of each herbaceous species was counted 
to estimate herbaceous species composition, diversity, 
richness, frequency, density, abundance, importance 
value index (IVI), dominance and basal area cover. 

Table 1. Experimental setup across the study sites in 
exclosures and open-grazed areas in Sidama, southern 
Ethiopia

Site
Exclosures Adjacent open-grazed areas

Size (ha) No. of 
quadrats Size (ha) No. of quadrats

1 2 12 2 12

2 3 18 3 18

3 5 30 5 30

4 5 30 5 30
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All herbaceous plant species encountered in each 
quadrat were identified in the field by a botanist from the 
Ethiopian Agricultural Research Organization, Holleta, 
by using the following illustrated plant identification 
guidebook (Hedberg et al., 2004). Other herbaceous plant 
species that were not identified in the field were collected 
from the study area, allotted collection numbers, pressed, 
dried, mounted and taken to the National Herbarium, 
Addis Ababa University for identification. Then the 
identification was done by comparing with already 
identified herbarium specimens and using taxonomic 
keys in the Flora of Ethiopia and Eritrea (Hedberg et al., 
2004). Voucher specimens were eventually kept at the 
National Herbarium.

Importance value index (IVI): Herbaceous species 
phytosociological characters were evaluated by analyzing 
the frequency, density, abundance, basal area cover, 
dominance, and importance value index (IVI) using a 
procedure suggested by Curtis and McIntosh (1950). 

Species diversity: Herbaceous plant species richness, 
diversity, and evenness were measured using the 
following procedures. Herbaceous species richness was 
determined as the total number of species counted per 
unit area (Oba et al., 2001). Herbaceous plant diversity 
was determined using the Shannon species diversity 
index (Shannon, 1948). The formula was as follows: H’ 
= - [Σ(pilnpi)] by calculating the proportion of each plant 
species. Where: H′ = Diversity index of species, Pi = the 
proportion of individuals abundance of the ith species, 
ln = log base. The Shannon diversity index was used for 
species diversity analysis because it takes both species 
richness and the relative abundance of each of these 
species into consideration. Species evenness (J) described 
how even the number of individuals in the species was. 
They had equal numbers of individuals with the same 
size and similarities in species abundance and could 
be calculated according to the formula described by 
Ambasht (1982): J = (H′/ln S), where: H′= Shannon diversity 
index; S = was the total number of species. Species 
composition was taken as the identity (names) of different 
species inside exclosures and open-grazed lands.

Density and dominance: The average total density 
of plant species per hectare was derived from the total 
number of individuals recorded in the sampling quadrats 
in the exclosures and adjacent open-grazed lands. The 
types of plant species found in exclosures and adjacent 
open-grazed lands were described in terms of species 
composition, richness, and life forms (grasses, legumes, 
and forbs). The dominance of the plant species was 
determined using the importance value index (IVI) of 
these species. Vegetation composition was evaluated 
by analyzing the frequency, density, abundance and 
important value index (IVI), using the formula given by 
Mishra (1968) and Curtis and McIntosh (1951).

Basal cover and data analysis: Basal cover or 
basal area for tufted herbaceous species (grasses) was 
determined by measuring the circumference (C = 2πr) of 
a tuft of grass or an herb using a caliber at a height of 2.5 
cm from the ground and determining the cross-sectional 
area of that plant. Thus, basal area (BA) for an herbaceous 
species was calculated as BA = πr2, where π = 3.14, r = 
radius of the grass base (Mishra, 1968). The remaining 
area proportion occupied by a spreading herbaceous 
species and bare ground/rock was estimated visually at 
1 x 1 m (Sutherland, 2000). The differences between the 
exclosures and adjacent open-grazed land in vegetation 
variables were analyzed using descriptive statistics and 
paired t-tests using SPSS (2015) version 25.

Results and Discussion

Floristic composition: The results showed more 
herbaceous plant species collection assemblage inside 
exclosures (87) than in the adjacent open-grazed lands 
(86). Species richness, percent composition, and basal 
cover of grasses, herbaceous legumes and forbs within 
exclosures against adjacent open-grazed lands were 
recorded (Table 2). The results disclosed that exclosures 
greatly improved the percent basal cover of grasses, 
herbaceous legumes and forbs as compared to the 
adjacent open-grazed lands. There was no significant 
difference between exclosures and adjacent open-grazed 

Table 2. Effects of exclosures versus adjacent open-grazed lands on species richness, percent composition and basal cover 
of grasses, herbaceous legumes and forbs

Variables Exclosures Adjacent open-grazed areas

Species richness Composition (%) Basal cover (%) Species richness Composition (%) Basal cover (%)

Grasses 35 40.23 56.1 35 40.7 50.6

Herb leguminous 11 12.64 12.2 10 11.63 10.4

Forbs 41 47.13 27.9 41 47.67 23.7

Total 87 100 96.2 86 100 84.7

Bare ground (%) 3.79 15.3

Total 100 100
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lands in terms of the species richness of grasses and forbs. 
The results showed that exclosures enhanced the percent 
composition of herbaceous legumes as compared to the 
adjacent open-grazed lands. 
The present study reaffirmed the higher abundance of 
herbaceous plant species in exclosures than in adjacent 
open-grazed lands. A probable explanation for the 
higher abundance of herbaceous species in exclosures 
might be attributed to the exclusion of disturbance that 
enhanced the restoration of most susceptible species to 
grazing and other human interferences. This could have 
positive management and policy implications for the 
restoration of the degraded mountain ecosystems. The 
most interesting part of the finding was that reduced 
disturbance within exclosures considerably improved 
the basal cover of grasses, herbaceous legumes and forbs 
against those from adjacent open-grazed lands. Similar 
results were reported in previous studies (Abebe et al., 
2006; Gebregergs, 2019). The current finding was also 
consistent with that of Angassa et al. (2010), who reported 
that the basal cover of herbaceous plants was significantly 
higher inside exclosures than in the adjacent open-grazed 
lands. Generally, no significant difference was exhibited 
between exclosures and adjacent open-grazed lands in 
terms of the species richness of grasses and forbs. The 
probable reason for the absence of difference between 
exclosures and open-grazed lands could be attributed to 
the wide range of environmental adaptation of grasses 
and forbs as well as their tolerance to grazing. By contrast, 
it was interesting to note that exclosures improved the 
composition of herbaceous legumes as compared to 
those in the adjacent open-grazed areas. This could be 
an indication of the vulnerability of highly palatable 
legume species to the influence of grazing pressure in 
the adjacent open-grazed lands. Similar reports were 
recorded in heavily grazed savannas of Africa (Tadesse, 

2002; Gemedo et al., 2006). Repeated grazing leads to a 
reduction in herbaceous species composition, which in 
turn accelerates the decline in rangeland conditions. In 
conformity with this argument, Van Der Westhuizen et 
al. (2001) explained that in rangelands, herbaceous species 
composition was greatly influenced by the effects of 
grazing pressure. This thought was also consistent with 
the report of Angassa et al. (2010), who stated that heavy 
grazing pressure could reduce plant species composition.
The top ten most dominant grass species inside 
exclosures and open-grazed lands were also recorded 
(Table 3). The results showed that exclosures improved 
the importance value index of certain grass species such 
as Andropogon abyssinicus, A. amethystinus, Pennisetum 
clandestinum, Agrostis schimperana, Poa leptoclada and P. 
schimperana as compared to the adjacent open-grazed 
areas. On the other hand, grasses like Festuca abyssinica, 
Poaannua, A. gracilifolia and Pennisetum humile had less IVI 
under exclosures than in the adjacent open-grazed areas. 
In terms of species dominance, the results revealed that 
A. abyssinicus, P. clandestinum and A. schimperana were 
more dominant in the exclosures than in the adjacent 
open-grazed areas. Conversely, the adjacent open-
grazed areas promoted the dominance of certain grass 
species such as A. amethystinus, F. abyssinica, P. annua, A. 
gracilifolia and P. humile (Table 3). Generally, the results 
showed that A. abyssinicus and A. amethystinus were the 
two dominant grass species both in the exclosures and 
open-grazed areas.
The results of the present study indicated that exclosures 
enhanced the importance value index of A. abyssinicus, A. 
amethystinus, P. clandestinum, A. schimperana, P. leptoclada 
and P. schimperana as compared to the adjacent open-
grazed areas. This occurrence could be explained by 
the fact that these grass species are highly palatable 
and susceptible to heavy grazing pressure. According 

Table 3. Effects of exclosures versus adjacent open-grazed lands on plant life form, IVI and dominance of the most dominant 
grass species

Grass species Life form
Exclosures Open-grazed areas

IVI Dominance IVI Dominance

A. abyssinicus R.Br.exFresen A 38.0 14.3 31.0 12.5

A. amethystinus Steud. P 34.6 12.6 31.4 13.9

P. clandestinum Chiov P 10.4 4.2 8.7 1.9

F. abyssinica A. Rich P 10.2 2.6 12.2 3.7

P. annua. L A 9.9 2.9 11.9 3.8

A. gracilifolia C.E. Hubb P 9.7 2.8 11.8 4.3

A. schimperana Steud. P 8.4 1.3 6.6 0.3

P. humile Hochst. ex A. Rich. P 7.4 1.6 11.3 4.1

P. leptoclada A. Rich. P 4.5 0.6 3.9 0.1

P. schimperana P 3.7 0.6 2.9 0.3

A: Annual; P: Perennial; IVI: Importance value index
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to Parthasarathy and Karthikeyan (1997), an analysis of 
IVI provides information about the status of a specific 
species that could be recognized as patterns of association 
of dominant species in a plant community. There are, 
however, other possible explanations whereby the seeds 
of some grass species may need favorable moisture 
conditions which could be improved by restoring 
degraded areas. This may be further explained by the fact 
that restoration and regeneration of grasses can improve 
the infiltration of runoff, which in turn increases the soil 
moisture content in the exclosures. Similar results have 
been reported by Angassa and Oba (2008), who suggested 
that reduced runoff inside exclosures and increased soil 
moisture most likely enhanced the dominance of certain 
species. Conversely, grass species such as F. abyssinica, 
P. annua, A. gracilifolia and P. humile had less IVI in the 
exclosures management than in the adjacent open-grazed 
areas. Such changes were also reported by researchers 
elsewhere (Sternberg et al., 2000; Angassa and Oba, 2007; 
Angassa and Oba, 2010), who suggested that exclosures 
might favor the dominance of grazing susceptible species 
whilst the unpalatable species might increase under 
increased grazing pressure in the open-grazed areas. This 
notion was consistent with the findings of Oba et al. (2003), 
who suggested that disturbances such as continuous 
grazing might favor the establishment of invasive species 
and the dominance of short-lived, annual plant species 
rather than the palatable perennial species. Similarly, 
previous studies (Angassa, 2014) concur with the idea 
that continuous grazing most likely affects the amount of 
plant litter at the soil surface and exerts indirect pressures 
on the germination and seedling establishment patterns 
of certain species. Herbivores can generally cause shifts 
in plant community composition toward the dominance 
of unpalatable plant species, where highly palatable plant 
species might decline or disappear in the community 

(Rutherford et al., 2012). Leguminous herbs (10) with 
the highest IVI and dominance values were recorded 
(Table 4). The current results disclosed that herbaceous 
legumes such as Trifolium semipilosum, T. rueppellianum, T. 
multinerve, T. decorum and T. acaule were more dominant in 
exclosures than in the adjacent open-grazed areas. On the 
other hand, certain legume species were better adapted 
to the adjacent open-grazed areas where disturbance 
was higher than inside exclosures. Overall, T. semipilosum 
was the single most dominant herbaceous legume inside 
exclosures, whilst T. burchellianum was the top dominant 
species in adjacent open-grazed areas. 
The ten most dominant forb species inside exclosures 
versus adjacent open-grazed areas were recorded 
(Table 5). Exclosures greatly improved the dominance 
of all identified forbs species. Among the ten forbs 
species, Alchemilla abyssinica showed better adaptation 
or ability to tolerate varied disturbance regimes. In the 
current study, comparing exclosures with the adjacent 
open-grazed areas indicated that A. abyssinicus, P. 
clandestinum, and A. schimperana were more dominant in 
the exclosures than in the adjacent open-grazed areas. 
One unanticipated finding was that the adjacent open-
grazed areas stimulated the dominance of A. amethystinus, 
Festuca abyssinica, P. annua, A. gracilifolia, and P. humile. 
The possible reason for the dominance of these species 
in open-grazed areas might be that grazing could 
promote the establishment and survival of these species 
by facilitating the dispersal of their seeds. Generally, the 
results showed that A. abyssinicus and A. amethystinus 
were the two most dominant grass species both in the 
exclosures and open-grazed areas.

Herbaceous species diversity: Herbaceous species 
diversity was recorded (Table 6). The results showed 
a significantly higher diversity index, equitability 

Table 4. Effects of exclosures versus adjacent open-grazed lands on plant life form, IVI and dominance of the most dominant 
legume species

Herbaceous legumes Life form
Exclosures Open-grazed areas

IVI Dominance IVI Dominance

T. semipilosum Fresen P 4.9 1.1 2.8 1.0

T. rueppellianum Fresen. A 3.7 1.1 2.2 0.9

T. burchellianum Ser. P 3.3 2.8 4.0 2.7

T. calocephalum Fresen. P 2.8 1.7 2.8 1.6

T. multinerve A. Rich. A 2.4 1.2 2.3 1.1

T. polystachyum Fresen A 2.4 0.8 2.8 0.6

T. decorum Chiov. A 2.1 1.4 1.7 1.1

T. simense Fres P 1.8 1.0 2.2 0.9

T. acaule Steud.ex A. Rich. P 1.7 0.6 1.5 0.5

T. repens - L. P 1.5 1.0 1.5 1.0

A: Annual; P: Perennial; A: Annual or short-lived Perennial; IVI: Importance value index
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(evenness), abundance, and density inside the exclosures 
than in the adjacent open-grazed lands (p <0.05). However, 
there was no significant difference (p >0.05) in species 
richness between exclosures and open-grazed lands. From 
the results on species diversity, key findings emerged, 
where exclosures dramatically had more accumulation of 
herbaceous species diversity than adjacent open-grazed 
areas. This suggested that reduced grazing pressure and 
disturbances favored the regeneration of grazing and 
disturbance-intolerant herbaceous species. Comparison 
of the findings with those of previous studies (e.g., 
Angassa et al., 2010; Gebrewahd, 2014; Mureithi et al., 
2016; Ombega et al., 2017) confirmed that high species 
diversity was recorded within exclosures as compared 
to adjacent open-grazed areas. A similar finding was 
reported by others (Mureithi et al., 2014), suggesting 
that the high diversity of herbaceous species might 
have been attributed to more accumulation of litter, the 
addition of organic matter to the soil, and increased soil 
moisture. The present study confirmed that the more 
diverse herbaceous plant communities were indications 

of more evenness in terms of species inside exclosures 
and restoration of mountain grassland ecosystems. 
This was an important finding in the understanding of 
the role of restoration of degraded mountain areas in 
terms of soil stability and enhancement of ecosystem 
services. According to the current results, a previous 
study (Mengistu et al., 2015) validated that exclosures 
facilitated the regeneration of more palatable herbaceous 
species that could be severely affected under continuous 
grazing pressure. The current result also tied well with 
the findings of previous studies (Angassa and Oba, 
2010), which reported that palatable herbaceous species 
dominate inside exclosures. The current study found that 
exclosures considerably increased the abundance and 
density of herbaceous species as compared to the adjacent 
open-grazing lands. Within the country and elsewhere 
in the world several studies (Metzger et al., 2005; Park 
et al., 2013; Rong et al., 2014; Selemani, 2015; Al-Rowaily 
et al., 2015) showed that degraded plant communities 
could be restored in a relatively short time following the 
establishment of exclosures.  

Table 5. Effects of exclosures versus adjacent open-grazed lands on life form, IVI and dominance of ten most dominant 
forb species 

Forbs Life form
Exclosures Open-grazed areas

IVI Dominance IVI Dominance

Alchemilla abyssinica Fresen P 8.5 4.7 5.6 3.0

Haplosciadium abyssinicum Hochst P 6.7 3.2 2.3 0.8

Satureja paradoxa (Vatke) Engl. ex Seybold P 6.3 3.9 3.5 1.7

Ipomoea purpurea (L.) Roth. P 5.7 2.1 2.5 1.0

Haplocarpha schimperi (Sch.Bip.) P 5.2 1.1 2.8 0.5

Stellaria sennii Chiov A 4.1 0.4 2.2 0.3

Centella asiatica (L.) Urban P 3.6 0.4 2.5 0.4

Thymus schimperi Ronniger P 3.6 0.5 2.7 0.4

Alchemilla alpina L. P 2.3 0.6 1.9 0.2

Sparmannia ricinocarpa (Eckl. & Zeyh.) P 2.1 0.8 1.8 0.8

A: Annual; P: Perennial; A: Annual or short-lived Perennial; IVI: Importance value index; Lf: Life forms  

Table 6. Effects of exclosures versus adjacent open-grazed lands herbaceous species, diversity, richness, evenness, density 
(individuals/m2), and abundance (individuals/quadrat)

Variables Mean exclosures Mean open-grazing p-value

Abundance 39.24a ± 6.73 28.42b ± 4.80 0.000

H’ (Shannon diversity index) 3.31a ±.11 2.69b ±.17 0.017

Shannon evenness 0.75a ± 026 0.62b ±.042 0.016

Species richness 83 ± 2.27 77 ± 3.03 0.232

Hmax 4.42±.028 4.34±.037 0.203

Density 30.33a ±8.14 26b ±6.9 0.000

Paired t-test was used to test for significant differences (n = 180) in quadrats in exclosures and adjacent grazed lands; Means within a 
row not bearing a similar superscript differed significantly (p < 0.05)w
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Conclusion 
This study showed that the exclosure system of land 
management influenced herbaceous species’ floristic 
composition and structure, resulting in a significant 
increase in herbaceous species diversity, species 
abundance, evenness, density, percent composition 
and percent basal cover inside exclosures than in the 
adjacent open-grazing lands. It also showed that the 
establishment of exclosures on degraded grazing lands in 
Sidama highlands is a viable option to restore herbaceous 
vegetation composition, diversity, evenness and density. 
Moreover, the study proved that area exclosure has the 
potential to enhance vegetation regeneration and, hence, 
forage productivity. The study indicated that exclosure 
land management is an advisable strategy for herbaceous 
species rehabilitation and restoration in Ethiopian 
highlands. 

Acknowledgment
The authors acknowledge the financial support 
received from Hawassa University and the 
Ethiopian Institute of Agricultural Research (EIAR) 
through Dr. Getnet Assefa’s project. The authors 
also sincerely thank the local communities in the 
study areas for their participation and cooperation 
during data collection.

References
Abebe, M. H., G. Oba, A. Angassa and R. B. Weladji. 2006. The 

role of area enclosures and fallow age in the restoration 
of plant diversity in northern Ethiopia. African Journal of 
Ecology 44: 507-514.

Al-Rowaily, S.L., M.I. El-Bana, D.A. Al-Bakre, A.M. Assaeed, 
A.K. Hegazy and M.B. Ali. 2015. Effects of open-grazing and 
livestock exclusion on floristic composition and diversity 
in the natural ecosystem of Western Saudi Arabia. Saudi 
Journal of Biological Sciences 22: 430-437.

Anwar, A.A., D.W. Aynalem, S. A. Tilahun, W. Mekuria, M. 
Azeze and T. S. Steenhuis. 2016. Effectiveness of land and 
water management interventions in reducing runoff and 
soil erosion in the northwestern highlands of Ethiopia. 
In: Proceedings of First African ESP (Ecosystem Services 
Partnership) Conference (Nov. 21-25, 2016). Nairobi, Kenya. 

Ambasht, R. S. 1982. Plant Ecology. 6th edn. Students Friends 
and CoLonka, Varanasi, India.

Angassa, A. and G. Oba. 2007. Relating long-term rainfall 
variability to cattle population dynamics in communal 
rangelands and a government ranch in southern Ethiopia. 
Agricultural Systems 94: 715-725.

Angassa A. and G. Oba. 2008. Effects of management and time 
on mechanisms of bush encroachment in southern Ethiopia. 
African Journal of Ecology 46: 186-196.

Angassa, A. and G. Oba. 2010. Effect of grazing pressure, age 
of exclosures, and seasonality on bush cover dynamics and 
vegetation composition in southern Ethiopia. Journal of Arid 
Environments 74: 111-120.

Angassa, A., G. Oba, A. C. Treydte and R. B. Weladji. 2010. Role 
of traditional enclosures on the diversity of herbaceous 
vegetation in a semi-arid rangeland, southern Ethiopia. 
Livestock Research for Rural Development 22: 1-8.

Angassa, A. 2014. Effects of grazing intensity and bush 
encroachment on herbaceous species and rangeland 
condition in southern Ethiopia. Land degradation and 
Development 25: 438-451.

Aynekulu, E., W. Mekuria, D. Tsegaye, K. Feyissa, A. Angassa, 
J. de Leeuw and K. Shepherd. 2017. Long-term livestock 
exclosure did not affect soil carbon in southern Ethiopian 
rangelands. Geoderma 307: 1-7.

Crowder, L.V. and M. R. Chheda. 1982. Tropical Grassland 
Husbandry. Longman, London. pp. 1-562.

Curtis, J. T. and R. P. McIntosh. 1950. The interactions of certain 
analytic and synthetic phytosociological characters. Ecology 
31: 434-455.

Curtis, J.J. and R. P. McIntosh. 1951. An upland forest continuum 
in the prairie forest border region of Wisconsin. Ecology 
32: 476-496.

Denbeshu, D., A. Angassa, A. Aster, B. Ashenafi and T. 
Adugna. 2018. Human-climate induced drivers of mountain 
grassland over the last 40 years in Sidama, Ethiopia: 
perceptions versus empirical evidence. Ecological Processes 
7: 34. https://doi.org/10.1186/s13717-018-0145-5.

Descheemaeker, K., B. Muys, J. Nyssen, W. Sauwens, M. Haile, 
J. Poesen, D. Raes and J. Deckers. 2009. Humus forms 
development during forest restoration in exclosures of the 
Tigray highlands, northern Ethiopia. Restoration Ecology 
17: 280-289.

Fenetahun, Y., Y. Yuan, X. Xinwen and W. Yongdong. 2021. 
Effects of grazing enclosures on species diversity, 
phenology, biomass, and carrying capacity in Borana 
rangeland, southern Ethiopia. Frontiers in Ecology and 
Evolution 8: 1-14.

Gebregergs, T. 2019. Herbaceous species composition, diversity 
and biomass of communal grazing lands under exclosure 
management in northwestern Tigray region of Ethiopia.. 
International Journal of Agriculture and Biosciences 8: 325-332.

Gebrewahd, A. 2014. Herbaceous vegetation restoration 
potential and soil physical condition in a mountain grazing 
land of eastern Tigray, Ethiopia. Journal of Agriculture and 
Environment for International Development 108: 81-106.

Gemedo, D. T., B. L. Maass and J. Isselstein. 2006. Rangeland 
condition and trend in the semi-arid Borana lowlands, 
southern Oromia, Ethiopia. African Journal of Range and 
Forage Science 23: 49-58.

Girmay, G., B.R. Singh, J. Nyssen and T. Borrosen. 2009. Runoff 
and sediment-associated nutrient losses under different 
land use in Tigray, northern Ethiopia. Journal of Hydrology 
376: 70-80.

Hedberg, I., I. Friis and S. Edwards. 2004. Flora of Ethiopia and 
Eritrea. Volume 4, Part 2. Asteraceae (compositae). The 
National Herbarium, Addis Ababa University, Addis Ababa 
and Department of Systematic Botany, Uppsala University, 
Uppsala.

Husain, M., S.N. Geelani, A.H. Mughal, A. A. Wani and G.M. 
Bhat. 2019. Floristic composition of alpine grassland in 



Debeko et al.

19

Gulmarg, Kashmir. Range Management and Agroforestry 40: 
188-195. 

Kricsfalusy, V.V. 2013. Mountain grasslands of high conservation 
value in the eastern carpathians: syntaxonomy, biodiversity, 
protection, and management. Thaiszia Journal of Botany 
23: 67-112.

Mbaabu, P.R., D. Olago, M. Gichaba, S. Eckert, R. Eschen, S. 
Oriaso, S. K. Choge, T.E.W. Linders and U. Schafner. 2020. 
Restoration of degraded grasslands, but not an invasion 
by Prosopis julifora, avoids trade between climate change 
mitigation and other ecosystem services. Scientific Reports 
10: 20391. https://doi.org/10.1038/s41598-020-77126-7.

Mekuria, W. and E. Veldkamp. 2012. Restoration of native 
vegetation following exclosure establishment on communal 
grazing lands in Tigray, Ethiopia. Applied Vegetation Science 
15: 71-83.

Mekuria, W., S. Langan, R. Johnston, B. Belay, D. Amare, T. 
Gashaw, and A. Wale. 2015. Restoring aboveground carbon 
and biodiversity: a case study from the Nile basin, Ethiopia. 
Forest Science and Technology 11: 86-96.

Mekuria, W., M. Wondie, T. Amare, A. Wubet, T. Feyisa and 
B. Yitaferu. 2018. Restoration of degraded landscapes for 
ecosystem services in north-western Ethiopia. Heliyon 4 
e00764. DOI: 10.1016/j.heliyon.2018.-00764.

Mengistu, A., A. Angassa and A. Abebe. 2015. The effects 
of area enclosures on rangeland condition, herbaceous 
biomass, and nutritional quality in southeast Ethiopia. 
Science, Technology and Arts Research Journal 4: 79. DOI: 
10.4314/star. v4i2.11.

Mishra, R. 1968. Ecology Workbook. Oxford and IBH Publishing 
Company, New Delhi. pp. 1-244.

Metzger, K.L., M.B. Coughenour, R.M. Reich and R.B. Boone. 
2005. Effects of seasonal grazing on plant species diversity 
and vegetation structure in a semi-arid ecosystem. Journal 
of Arid Environments 61: 147-160.

Mureithi, S. M., A. Verdoodt, C. K. Gachene, J. T. Jjoka, V. O. 
Wasonga, S.D.E. Neve, E. Meyerhoff and E. Van Ranst. 2014. 
Impact of exclosure management on soil properties and 
microbial biomass in restored semi-arid rangeland, Kenya. 
Journal of Arid Land 6: 561-570.

Mureithi, S. M., A. Verdoodt, J. T. Njoka, C. K. Gachene, F. 
Warinwa and E. Van Ranstt. 2016. Impact of community 
conservation management on the herbaceous layer and soil 
nutrients in a Kenyan semi-arid savannah. Land Degradation 
and Development 27: 1820-1830.

Oba, G., O. R. Vetaas and N. C. Stensteth. 2001. Relationships 
between biomass and plant species richness in arid-zone 
grazing lands. Journal of Applied Ecology 38: 836-846.

Oba, G., R. B. Weladji, W. J. Lusigi and N. C. Stenseth. 2003. Scale-
dependent effects of grazing on rangeland degradation in 
northern Kenya: a test of equilibrium and nonequilibrium 
hypothesis. Land Degradation and Development 14: 83-94.

Oba, G., P. Byakagaba and A. Angassa. 2008. Participatory 
monitoring of biodiversity in east African Grazinglands. 
Land Degradation and Development 19: 636-648.

Ombega, N. J., S. M. Mureithi, O. K. Koech, A. N. Karuma and 
C. K. Gachene. 2017. Effect of rangeland rehabilitation on 
the herbaceous species composition and diversity in Suswa 
catchment, Narok County, Kenya. Ecological Processes 6: 41. 
doi:10.1186/s13717-017-0109-1.

Parthasarathy, N. and R. Karthikeyan. 1997. Biodiversity and 
population density of woody species in a tropical evergreen 
forest in Courtallum reserve forest, Western Ghats, India. 
Tropical Ecology 38: 297-306.

Park, K. H., Z. Q. Qu, Q. Q. Wan, G. D., Ding and B. Wu. 2013. 
Effects of Exclosures on vegetation recovery and succession 
in Hulunbeier steppe, China. Forage Science Technology 9: 
25-32.

Qasim, S., S. Gulb, M.H. Shah, F. Hussain, S. Ahmad, M. Islam, 
G. Rehman, M. Yaqoob and S.Q. Shah. 2017. Influence of 
grazing exclosure on vegetation biomass and soil quality. 
International Soil and Water Conservation Research 5: 62-68.

Rong, Y., F. Yuan and L. Ma. 2014. Effectiveness of exclosures 
for restoring soils and vegetation degraded by overgrazing 
in the Junggar Basin, China. Grassland Science 60: 118-124.

Rutherford, M. C., L. W. Powrie and L. B. Husted. 2012. 
Herbivore-driven land degradation: consequences for 
plant diversity and soil in an arid subtropical thicket in 
southeastern Africa. Land Degradation and Development 25: 
541-553.

Selemani, I.S. 2015. Influence of ngitili management on 
vegetation and soil characteristics in semi-arid Sukumaland, 
Tanzania. Livestock Research for Rural Development 27: 37. 
http://www.lrrd.org/lrrd27/2/sele27037.htm.

Siebert, F., H.C. Eckhardt and S. J. Siebert. 2010. The vegetation 
and floristics of the Letaba exclosures, Kruger National 
Park, South Africa. Koedoe 52: 777. DOI: 10.4102/koedoe.
v52i1.777.

Shannon, C.E. 1948. A mathematical theory of communication. 
The Bell System Technical Journal 27: 379-423. https://doi.
org/10.1002/j.1538-7305.1948.tb01338.x.

SPSS (Statistical Package for Social Science). 2015. Version 25. 
IBM SPSS Statistics.  

Sternberg, M., M. Gutman, A. Perevolotsky, E. D. Ungar and J. 
Kigel. 2000. Vegetation response to grazing management 
in a Mediterranean herbaceous community: a functional 
group approach. Journal of Applied Ecology 37: 224-237.

Sutherland, W.J. 2000. Ecological Census: A handbook. Cambridge 
University Press, U.K.

Tadesse, G., M.A. Mohamed Saleem, A. Abyie and A. Wagnew. 
2002. Impact of grazing on plant species richness, plant 
biomass, plant attribute, and soil physical and hydrological 
properties of vertisol in the east African Highlands. 
Environmental Management 29: 279-290.

Tilahun, M., R. Olschewski, C. Kleinn and K. Gebrehiwot. 2007. 
Economic analysis of closing degraded Boswellia papyrifera 
dry forest from human interventions studies from Tigray, 
Northern Ethiopia. Forest Policy and Economics 9: 996-1005.

Van Der Westhuizen, H., H. Snyman, W. Van Rensburg and J. 
Potgieter. 2001. The quantification of grazing capacity from 
grazing and production values for species in the semi-arid 
grassland biome of southern Africa. African Journal of Range 
and Forage Science 18: 43-52.

Verdoodt, A., S.M. Mureithi, L. Ye and E. Van Ranst. 2009. 
Chronosequence analysis of two enclosure management 
strategies in degraded rangeland of semi-arid Kenya. 
Agriculture, Ecosystems and Environment 129: 332-339.

Wilkerson, M.L., L.M. Roche and T. P. Young. 2013. Indirect 
effects of domestic and wild herbivores on butterflies in an 
African savanna. Ecology and Evolution 3: 3672-3682.

https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x

	_Hlk52201926
	_Hlk31873817
	_Hlk98913647
	_Hlk96002198

