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Abstract
Traditional grazing management practices are central to rangeland productivity and 
biodiversity. However, the degradation of rangelands and loss of ecosystem ser-
vices have raised concerns about the future of pastoralism as a form of land use. 
It is imperative to understand how these practices influence vegetation attributes, 
e.g., herbaceous species diversity and composition, growth forms (grass, forbs), life 
form (annuals, perennials), tree metrics (density, canopy cover, and biomass). This 
study evaluates vegetation shifts under three grazing management practices-enclo-
sures, open grazing, and browsing lands-in the Somali pastoral ecosystem of Ethiopia. 
Enclosures exhibited the highest diversity in herbaceous species, with open grazing 
lands favoring forbs and annuals. Distinct compositional shifts in herbaceous species 
were observed across regimes, especially in grass and annuals. Enclosures had three 
times higher herbage biomass of open grazing and double that of browsing manage-
ment practice. Conversely, browsing management practices presented optimal wood 
biomass, density, and canopy cover. The results highlight that a transition to combined 
enclosure and browsing practices can elevate plant production and diversity, benefit-
ing the Somali rangeland economy. Consequently, dryland restoration should incorpo-
rate indigenous knowledge to ensure future rangeland sustainability and biodiversity 
preservation.
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1  |  INTRODUC TION

Rangelands are a fundamental component of the global ecosys-
tem, covering an estimated 54% of the world's terrestrial area 
(Teillard et  al.,  2016). These landscapes support a diverse array 
of plants, animals, and microbes, holding ecological, economic, 
and cultural importance (Seid et  al.,  2016). Furthermore, range-
lands supply about 70% of the global forage to both domestic 
and wild ungulates through grazing and browsing (Derner et  al., 
2006). In Africa and Ethiopia, rangelands' cover 43% and 62% of 
the total landmass respectively. They serve as the primary source 
of feed for ruminants and crucial habitat for dry-land biodiversity. 
However, challenges like poor management, population growth, 
deforestation, overgrazing, and changing land use and climate pat-
terns have degraded these arid and semi-arid ecosystem (Maitima 
et al., 2004; Miehe et al., 2010; Oba & Kotile, 2001). Factors ex-
acerbating this degradation include the loss of traditional indig-
enous knowledge and reduced elder participation in rangeland 
management (CARE, 2015; Oba, 2012). This has led to a decline in 
rangeland resources and biodiversity, adversely affecting forage 
production and conservation efforts.

Traditional grazing management practices significantly influence 
the vegetation functional and structural attributes of rangelands. For 
instance, implementing grazing enclosures in dryland areas has been 
shown to enhance vegetation productivity (Pucheta et  al.,  1998) 
and promote species diversity (Abebe et  al.,  2006; Hailu,  2017). 
However, Tagesson et al. (2016) noted that areas with higher graz-
ing intensity displayed superior vegetation productivity compared 
to low-grazing areas. Multiple studies have highlighted that a mo-
bile livestock grazing strategy supports biodiversity conservation 
and sustainable rangeland management (Angassa & Beyene, 2003; 
Tefera et al., 2007a; Treydte et al., 2011). In contrast, areas with re-
stricted livestock mobility risk overgrazing, which can undermine 
biodiversity and biomass yields.

Identifying species that are essential to rangeland ecosystem 
functioning is challenging due to intricate interactions. In response, 
applied ecologists have recommended classifications based on func-
tional groups (Chieppa et  al.,  2020; Feagin & Wu,  2007; Hashemi 
et  al.,  2018; Pettit et  al.,  1995), categorizing rangeland plants by 
phenology, growth form (grass vs. forbs), and reproductive strategy 
(annuals vs. perennials). Distinct responses to grazing between forbs 
and grasses have been observed regarding their vegetation cover 
(Fulbright et al., 2021; Stahlheber & D'Antonio, 2013). Moreover, spe-
cies responses to grazing vary with their life form and reproductive 
strategy, with annuals often being more disturbance-tolerant than 
perennials due to faster growth rates (McIntyre & Lavorel,  2001). 
However, studies on the plant functional group's response to tra-
ditional grazing are limited in the East African rangelands. Most 
studies have traditionally focused on maximizing forage productiv-
ity rather than considering plant diversity. This approach may result 
in misinterpretation regarding local species diversity conservation, 
restoration, and management of these rangelands. Therefore, study-
ing the response of plant functional groups to traditional grazing is 

crucial for a comprehensive understanding of the overall ecological 
dynamics.

The Somali Regional State in Ethiopia is primarily a pastoral eco-
system, with rangelands comprising 90% of its area (Gezahegn, 2006). 
Pastoralists in this region use various traditional rangeland resource 
management strategies, including enclosures and herd-splitting, to 
enhance vegetation recovery and adapt to drought and variable 
ecosystem productivity. For instance, they divide herds into brows-
ers and graziers to address the uneven distribution of rangeland 
resources. The potential benefits of these alternative management 
practices have often been overlooked by extension and research 
services, especially knowledge on the impacts of various indigenous 
grazing management practices on rangeland vegetation functional 
and structural attributes including plants functional groups across 
growth (grass and forbs) and life forms (annuals and perennials).

This study evaluates the impacts of three grazing management 
regimes—enclosure, open grazing, and browsing lands—on herba-
ceous and woody species composition, diversity, canopy cover, and 
biomass in the Somali Region of Ethiopia. We hypothesis that transi-
tioning from deeply ingrained traditional open grazing, often linked 
with vegetation attribute decline, to contemporary indigenous graz-
ing methods can boost vegetation productivity. We further hypoth-
esize that these adaptive grazing strategies, evolved in response to 
dwindling rangeland resources, are instrumental in preserving vege-
tation functional (species diversity and composition) and structural 
(density and biomass) attributes.

2  |  MATERIAL S AND METHODS

2.1  |  Description of the study area

The study was conducted in the Jigjiga field site (9.35° N, 42.79° W) 
located in the Somali Regional State of Ethiopia (Figure 1), a part of 
the expansive East African pastoral ecosystem. The area experiences 
two rainy seasons annually: the main season from July to September 
and a shorter season from March to April. With an average annual 
rainfall of 660 mm (Gebremedhn et al., 2022), the region predomi-
nantly features sandy loam soils (Alemie & Gebremedhin,  2019). 
Temperatures remain high year-round, averaging between 20°C 
and 35°C (Gezahegn,  2006). The local vegetation consists of 
wooded grasslands dominated by species such as Acacia etbaica, 
A. busse, Vachellia nilotica, Chrysopogon aucheri, and Eragrostis spp 
(Hailu, 2017). The predominant land-use system is pastoralism, with 
the community relying heavily on livestock and utilizing much of the 
land for grazing.

2.2  |  Site selection

A reconnaissance survey was conducted with the help of local natu-
ral resource management experts and elders who had considerable 
knowledge of grazing management practices in the study area. This 
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F I G U R E  1  Location of the study area and experimental site layout.
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enabled us to identify and choose three dominant and traditional graz-
ing management practices for this study: enclosures, communal open 
grazing, and browsing land. Enclosures are part of the rangeland that 
remains fenced off until sufficiently rehabilitated and ready for hay 
production. They are often used on the basis of scheduled cuts and 
carry when there is a feed shortage for grazing in the open commu-
nal grazing areas. Communal open grazing areas are characterized by 
open grass vegetation with scattered trees and are used for extensive 
livestock grazing throughout the year. The communal open grazing 
area represents the traditional and most common land-use system in 
the Somali rangelands. This form of land use is based on the princi-
ples of collective actions whereby community members have equal 
access to grazing and water resources throughout the year. Browsing 
lands are a responsive grazing system designed to adapt to changing 
environmental conditions and enhance resilience to climate change. It 
involves the deliberate division of herds based on their diversity and 
an understanding of local ecosystems. Pastoralists categorize grazing 
areas into subcategories that are based on factors such as plant cover, 
soil types, and ecological knowledge. Herd diversity plays a crucial 
role in optimizing resource utilization since different domestic animals, 
such as camels and goats, are browsers, while sheep and cattle are 
grazers. This approach maximizes the use of available fodder. One spe-
cific subcategory, referred to as “bay land,” features open bush mixed 
vegetation and is utilized for camel and goat browsing when feed be-
comes scarce in the grass-dominated communal open grazing areas.

The three grazing management practices are implemented 
within the Jigjiga zone of the Somali regional state. For the purpose 
of this study, these practices were considered in areas with similar 
climate, soil, and ecological characteristics (see Figure 1). The only 
notable difference among them is the way local pastoralists utilized 
the grazing land resources, including the intensity, frequency, and 
timing of harvesting grass and browsing materials. For instance, in 
the open grazing systems, various livestock species such as cat-
tle, goats, sheep, and camels grazed the area throughout the year. 
During the vegetation growth period and early dry season, there is 
an abundance of forage biomass with good nutritive value. However, 
as the dry season progresses, forage biomass decreases, prompting 
many pastoralists to relocate their herds in search of better feeding 
resources, dividing their herds according to suitable grazing areas. 
Goats and camels are typically allocated to areas dominated by 
bushes (browsing lands). These browsing lands remain accessible 
throughout the year, but grazing intensity decreases during the rainy 
season when there is sufficient forage biomass available in the com-
munal open grazing areas. Enclosure areas are reserved for herds 
consisting of milking cows, sick animals, and calves that are unable 
to travel long distances in search of feed and water.

2.3  |  Sampling design and data collection

A transect survey method was used to sample vegetation attributes 
across the three different management practices. Specifically, nine 
square plots of 400 m2 each were established at an interval of 5 km 

for the open grazing practice along the Harishin and Kebri Beyah 
rangelands (approximately a distance of 45 km) of the Jigjiga zone 
(Figure 1). Similarly, nine 400 m2 plots were laid at an interval of 1 km 
for the browsing land management practice in Awebere rangelands 
of the same zone (Figure 1). We randomly selected three private en-
closures of an average size of 1–2 ha each, in which three 400 m2 
plots at an interval of 30 m were established, also yielding nine plots 
for vegetation sampling.

We measured tree/shrub density, canopy diameter, canopy height, 
and stem height of woody species in each 400 m2 plot. Canopy cover 
was calculated using the average of the two longest canopy diameters 
perpendicular to each other and parallel to the ground, following the 
method of Greig- Smith (1983). Stem height was measured as the total 
height of the plant stems from the ground level to the highest foliage. 
For species with multiple stems, each stem was measured separately, 
and the average value was calculated. Height measurement and can-
opy length and width were conducted for the whole plant by measur-
ing multiple stems as if it were one tree.

Herbaceous vegetation attributes (e.g., species names, abun-
dance, and biomass) were measured in five sub-quadrats of 1 m2 
placed within each of the 400 m2 plots following a zigzag pattern 
(i.e., four at all corners and one at the middle position). In total, 135 
quadrats were laid out for sampling herbaceous vegetation. Species 
richness was recorded as the sum of all herbaceous species present 
in the 1 m2 quadrats. The nomenclature of the plant species followed 
the Flora of Ethiopia (Hedberg et al., 2003). The recorded species 
were categorized into three desirability classes based on their pref-
erence for grazing by livestock animals, using local ecological knowl-
edge derived from herders and documented literature (Jerry et al., 
1989). In addition, we identified all herbaceous vegetation within 
the quadrats as either grass or non-grass species (forbs) following 
Behnke  (1986). We measured aboveground herb biomass by har-
vesting live and dead material inside each 1 m2 quadrat at ground 
level. We weighed the harvested samples in the field to obtain fresh 
weight. Thirty percent of the harvested samples from each quadrat 
were placed in a paper bag for dry matter analysis.

2.4  |  Data processing and laboratory analyses

For woody aboveground biomass estimations relied on the allomet-
ric biomass equations as propounded by Hasen-Yusuf et al. (2013). 
Herb samples harvested from the field were oven-dried at a tem-
perature of 105°C over 48 h, post which their dry weight was de-
termined. The cumulative dry biomass for each quadrat was derived 
by juxtaposing the proportion of each dried sample biomass to the 
comprehensive fresh biomass weight.

2.5  |  Data analyses

Statistical analyses were performed using the R Statistical Software 
version 4.1.1. (R Core Team, 2020). The impact of traditional grazing 
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management practices on species diversity and composition was 
gauged via species accumulation curves and intricate multivariate 
analyses. First, species accumulation curves were constructed for all 
species as well as growth (forb and grass) and life (annual and per-
ennial) forms based on the species x quadrats abundance matrix, 
with the help of the accuncomp function of the BiodiversityR package 
(Kindt & Coe, 2005). A sample-based rarefaction procedure was used 
to estimate the 95% confidence intervals and compare the patterns 
of plant richness among traditional grazing management practices.

Species frequency collected in the plots was averaged for each 
of the three grazing management practices to determine the relative 
dominance of each species. To explore the impact of traditional graz-
ing management practices on herbaceous species composition, we 
performed separate non-metric multidimensional scaling (NMDS) 
for all species, as well as for growth and life forms. The NMDS was 
used to group plots with similar species into separate classes using 
the Bray–Curtis dissimilarity matrix. The NMDS analysis was per-
formed using the metaMDS function in the vegan package (Oksanen 
et al., 2022). In addition, we performed correspondence analysis (CA) 
on the matrix of species abundance (frequency) per management 
practice with the FactoMineR package (Luo et  al.,  2009). The CA 
method uses a simple Chi-square statistic to test for significant de-
pendence between herbaceous species and management practices.

We used general linear models (GLMs) to test for significance 
(p < .05) effects of grazing management practices on canopy cover, 
tree density, and aboveground woody biomass. Specifically, binomial 
GLM was used for canopy cover modeled as percentage data (Zuur 
et al., 2009) whereas the Gaussian family was applied for tree density 
and aboveground woody biomass after log-transformation. For herb 
biomass, we used a linear mixed-effect with a quadrat nested within the 
plot as a random factor and management practice as the fixed factor. In 
case of significant effects of grazing management practices, group-level 
averaged values were graphically presented for better visualization.

3  |  RESULTS

3.1  |  Herbaceous species richness and composition

A total of 47 herbaceous species were recorded (Table S1). The spe-
cies accumulation curves for all species showed that enclosures 
were the most diverse management practice, followed by open graz-
ing lands and browsing areas, which had the lowest species richness 
(Figure 2). Similar patterns were noted for grass species and peren-
nials. Notably, forbs and annuals exhibited the most diversity in open 
grazing lands (Figure 2).

F I G U R E  2  Species accumulation curves for all species and separately for growth and life forms in the 1 m2 plots.
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Species composition among different grazing management 
practices indicated a discernible shift (Figure  3a; Figure  S1a). This 
shift was more evident in grass and annuals compared to perennials 
(Figure  3b–d; Figure  S1b–d). Unfortunately, an ordination solution 
wasn't achievable for forbs due to insufficient data.

The CA revealed a significant association between species and 
grazing management practices (Chi2 = 814; p < .001). The first axis 
predominantly represented browsing and enclosure (64.8%), while 
the second axis encapsulated open grazing areas (35.2%). The asym-
metric plot illustrated a clear differentiation between the three 
grazing management practices and their associated herbaceous spe-
cies. For instance, species like Chrysopogon aucheri, Chloris gayana, 
Digitaria abyssinicum, and Themeda triandera species were widely dis-
tributed in the enclosure management sites (Figure 4). Conversely 
Tragus berteronianus and Eragrostis spp. species were highly dis-
tributed in the open grazing sites. In contrast, Abutilon fruticosum, 
Hibiscus asperhook, and Tragus racemosus species were dominant in 
the browsing sites (Figure 4).

The distribution of desirable herbaceous species was greater in 
the enclosure sites than in other management sites (Table S1). Among 
herbaceous species, desirable species of Chloris gayana, Chrysopogon 
aucheri, Cynodon dactylon, and Themeda triandera were distributed 
by 88.9%, 100%, 64.00%, and 93.33% respectively in the enclosure 
sites. In contrast, the distribution of undesirable herbaceous species 
was higher in the open communal grazing and browsing sites than in 
the enclosure sites. In the browsing site, the less desirable species of 

Tragus racemosus and Sida sp were highly distributed by 56.67% and 
46.67%, respectively.

3.2  |  Wood species richness, dominance, 
density, and canopy cover

Our survey enumerated five Acacia spp and one Vachellia spp. Acacia 
etbaica emerged as the dominant species in browsing sites, whereas 
Acacia busie prevailed in both the enclosure and open grazing sites 
(Table S2). Both tree density and canopy cover showed significant 
variations (p < .001; Table  1) across the different grazing manage-
ment practices. Browsing sites exhibited superior woody density 
and canopy cover, followed by open grazing lands, with enclosures 
logging the lowest values (Figure 5).

3.3  |  Herb and woody biomass, and relation with 
diversity across grazing management practices

Enclosure sites manifested a significantly higher herb biomass (GLM: 
F = 63.64; p < .001) than the other grazing management systems 
(Table 1; Figure 5). In contrast, browsing sites displayed significantly 
increased woody biomass (GLM: F = 7.51, p = .003) over open graz-
ing and enclosure sites (Table 1; Figure 5). Moreover, we observed 
a positive correlation between species richness and biomass for 

F I G U R E  3  Ordination plot of plant community composition from non-metric multidimensional scaling analysis (NMDS) for all species and 
separately for growth and life forms. Note that an ordination solution could not be reached for forbs because of insufficient data.
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both herbs and trees across the three grazing management practices 
(Figure 6).

4  |  DISCUSSION

Our research reveals marked variations in crucial vegetation at-
tributes across the three grazing management practices em-
ployed by Somali pastoralists in Eastern Ethiopia. In the ensuing 
discussion, we delineate the ramifications of these practices on 
herbaceous and woody vegetation structures, as well as biomass. 
Our overarching aim is to underscore the implications of differ-
ent strategies on rangeland health, productivity, and biodiversity 
preservation.

4.1  |  Species richness and composition

We found that herbaceous species accumulation estimates for en-
closures, open grazing, and browsing areas were 30, 24, and 20, re-
spectively (Table S1; Figure 2). A higher number of grass species and 
perennials were found in the enclosure sites while forbs species and 
annuals prevailed in the open grazing management sites (Figure 2). 
The sites considered as browsing management in this study declined 
in species richness possibly due to the presence of highly competi-
tive tree densities. These results are consistent with prior research 
on tree-grass interactions (Angassa et al., 2010; Hailu, 2016; Mekuria 
et al., 2018; Yayneshet et al., 2009), which demonstrated the effi-
cacy of enclosure management in improving rangeland vegetation.

Moreover, grazing management practices had a significant im-
pact on the segregation of species functional group composition of 
the rangeland (Table  1; Figure  3). The enclosure sites were domi-
nated by grass species composition, whereas the communal open 
grazing sites had a dominant forbs species composition. Fulbright 
et al.  (2021) noted that cattle selectively forage on grasses, which 

F I G U R E  4  Asymmetric plot showing the distribution patterns 
of all herbaceous species according to enclosure, open grazing, and 
browsing management systems. Enclosure and browsing lands are 
associated with axis 1, whereas open grazing is associated with axis 
2. Abbreviations for the species: Abfr, Abutilon fruticasum; Acem, 
Acanthus eminens; Anar, Anagallis arvensis; Anab, Andropogon 
abyssinicus; Aead, Aristida adoensis; Arri, Aristida rigida; Asra, 
Asparagus racemosus; Asga, Asystasia gangetica; Blci, Blepharis 
ciliaris; Bled, Blepharis edulis; Boin, Bothriochloa insulpta; Ceci, 
Cenchrus ciliaris; Chga, Chloris gayana; Chau, Chrysopogon 
aucheri; Chpl, Chrysopogon plumulosus; Crla, Crotalaria 
laburnifolia; Crsp, Crotalaria sp; Cyda, Cynodon dactylon; Daae, 
Dactyloctenium aegyptium; Diab, Digitaria abyssinicum; Ersp, 
Eragrostis sp; Erci, Eragrostis cilianensis; Eras, Eragrostis aspera; 
Gofr, Gomphocarpus fruticosus; Heci, Heliotropium cinerascens; 
Hias, Hibiscus asperhook; Hima, Hibiscus macranthus; Hyru, 
Hyparrhenia rufa; Inar, Indigofera arrecta, Ipoc, Ipomoea 
ochracea; lasp, lactuca sp; Ocur, Ocimum urticifolium; Paat, 
Panicum atrosanguineum; Pahy, Parthenium hystrophorus; Seob, 
Senna obtusifolia; Sisp, Sida sp; Soso, Solanum somalense; Spaf, 
Sporobolus africanus; Tete, Tetrapogon tenellus; Thtr, Themeda 
triandera; Trbe, Tragus berteronianus; Trra, Tragus racemosus; Trte, 
Tribulus terrestris.

Df Sum Sq Mean Sq F-value/Chisq p-value

Herb biomass

Management practice 2 69.47 34.74 63.64 3.10e-10

Tree density

Management practice 2 52.22 26.11 192.1 1.71e-15

Residuals 24 3.26 0.14

Tree canopy cover

Management practice 2 — — 68.9 1.08e-15

Residuals

Tree biomass

Management practice 2 29.17 14.59 7.51 .003

Residuals 24 46.63 1.94

Abbreviations: Chisq, Chi-square; Df, degree of freedom; Mean Sq, mean square; Sum Sq, sum of 
squares.

TA B L E  1  Effects of grazing 
management practices on herb biomass, 
tree density, canopy cover, and tree 
biomass.
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can reduce competition between forbs and grasses, resulting in an 
increased abundance of forbs. This suggests that certain forb spe-
cies benefit from reduced competition with grass and were able to 
colonize the grazed areas. The current study finding of a higher pro-
portion of perennial herbaceous species in enclosure management 
sites (see Figure 3) aligns with Pettit et al. (1995), who reported that 
perennial species dominated lightly grazed areas, while annual forbs 
and weedy species prevailed in heavily grazed locations. The domi-
nance of annual species in the open grazing site might be due to their 
ability to complete their life cycle before summer, thus avoiding the 
season of highest grazing pressure.

Furthermore, the prevalence of preferred herbaceous species, 
such as Chloris gayana, Chrysopogon aucheri, Cynodon dactylon, and 
Themeda triandera, and Themeda triandera, was higher in enclosures 
than in other management sites (Table S1; Figure 4). The decrease 
in these desirable species under grazing and browsing management 
practices might be due to overgrazing. Gemedo-Dalle et al.  (2006) 
suggested that alterations in community composition resulting from 
grazing pressure could signal rangeland deterioration. Supporting 

this hypothesis, our study found a greater distribution of undesir-
able herbaceous species in grazing and browsing areas compared to 
enclosures. Similarly, Miehe et al. (2010) observed a marked increase 
in low-quality herbaceous plants at a grazed site relative to a non-
grazed site in Senegal's savannah ecosystem.

Overall, our study provides evidence that the establishment 
of enclosures in response to declining rangeland resources is an 
appropriate management strategy in terms of maintaining herba-
ceous species diversity and composition. Therefore, it is essential 
to recognize the participation of pastoral communities in environ-
mental monitoring and decision-making as a fundamental aspect of 
effective rangeland management. Their knowledge and its outcomes 
can significantly contribute to the development of local policies 
(Oba, 2012).

4.2  |  Woody species density and canopy cover

The average tree densities per hectare in browsing, open grazing, 
and enclosure areas were estimated at 1125, 294, and 39, respec-
tively. Browsing sites promoted higher tree density but still lower 
than the 2500 trees equivalent, which is the minimum threshold 
limit for woody species to be considered as threats for bush en-
croachment (Richter et  al.  (2001). Somali pastoralists view this 
increase in tree density as indicative of rangeland degradation, re-
sulting in an imbalance in the grass-to-bush ratio, and consequently, 
a decrease in palatable herbaceous species diversity and productiv-
ity. Supporting this notion, the low number of herbaceous species 
richness in browsing management practices in our study may be due 
to woody vegetation encroachment. The phenomenon we observed 
in the browsing sites was consistent with other studies that demon-
strated a shift in favor of trees and shrubs across many East African 
rangelands (Angassa & Oba, 2008; Gilo & Kelkay, 2017; Gobelle & 
Gure, 2018; Tefera et al., 2007a, 2007b; Woods et al., 2019; Yusuf 
et al., 2011).

In the current study, the density and canopy cover of woody 
species in the enclosure and open grazing areas were too small 
to be classified as a woody-encroached state that significantly 
suppresses understory herbaceous species. However, the canopy 

F I G U R E  6  Scatterplots showing the 
relationship between species diversity and 
biomass for herbaceous (a) and trees (b) 
species separately.

F I G U R E  5  Bar plots showing means ± SE (standard error) of 
herbaceous biomass (a), tree density (b), canopy cover (c), and tree 
biomass (d) in an enclosure, open grazing, and browsing land.
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cover in browsing land management practices exceeded the upper 
limit set at 90% beyond which the grazing value of rangeland is 
greatly reduced (O'Rourke and van Wijngaarden (1987). We spec-
ulate that the long-standing practice of Somali pastoralists to split 
their herds as graziers and browsers reflects such dynamism in 
woody species density and cover noticed in the browsing sites. 
Consequently, policymakers and extension workers should ac-
knowledge and recognize the Somali pastoralists' experiences 
and knowledge in maintaining browsing sites as important feeding 
niches for their livestock.

4.3  |  Vegetation biomass

The herbage biomass within enclosures was three times greater than 
that of open grazing areas and twice as much as in browsing land 
management practices (Figure 5; Table S3). This increase in herbage 
biomass in the enclosure management sites may be attributed to the 
overall better management inputs, including controlled grazing pres-
sure. Consistent with our findings, studies conducted in Borana and 
other pastoral regions in Ethiopia have confirmed that periodically 
resting grazing lands enable herbaceous forage species to regener-
ate from the soil seed bank, thus increasing biomass yield (Abdulatife 
Ibrahim, 2016; Abebe et al., 2006; Angassa et al., 2010; Behnke, 1986; 
Mohammed et al., 2017; Nyberg et al., 2019). In contrast, the woody 
biomass in enclosures was approximately half that of open grazing 
areas and five times less than browsing land management practices 
(Figure 5; Table S3). This is attributable to the fit-for-purpose manage-
ment style of enclosures by Somali pastoralists that of maximizing 
grass and hay production while maintaining minimum tree and shrub 
cover for shade. Such resilience of the local community is not given 
the level of support it needs to promote sustainable grazing sys-
tems and is often undermined by pastoralism policymakers. Finally, 
we found that, for herbs and trees, biomass was positively related 
to species richness (Figure 6). These positive effects of diversity on 
biomass are reminiscent of previous findings, and have repeatedly 
been explained by ecological mechanisms such as complementarity 
and dominance effects, which increase as herb/tree diversity also in-
creases (Mensah et al., 2021; Noulèkoun et al., 2021).

5  |  CONCLUSION

Our study demonstrates that transitioning from open grazing to 
enclosure and browsing management practices can enhance plant 
production and foster better forage establishment in the Somali 
rangelands of Ethiopia. Specifically, we found that enclosures ex-
hibit greater herbaceous species richness, abundance of desirable 
species, and biomass in comparison to open grazing and browsing 
management sites. Conversely, browsing areas exhibited signifi-
cantly higher woody biomass, density, and canopy cover than the 
other grazing management practices. As a result, we advocate for 

the promotion of traditional pastoralist knowledge and practices, 
which entail splitting herds and assigning browser animals (camels 
and goats) to bush-rich areas and grazers (cattle and sheep) to open 
grazing areas. Embracing traditional enclosure grazing management 
practices is essential for maintaining the resilience capacity of the 
natural environment and preserving rangeland ecosystem biodiver-
sity. Consequently, rangeland restoration approaches should incor-
porate indigenous rangeland management practices to ensure the 
sustainable utilization of rangeland resources while upholding the 
social and cultural values of the community.

ACKNOWLEDG MENTS
The first author (HHG) acknowledges the financial support re-
ceived from the New Zealand Government to support the objec-
tives of the Global Research Alliance on Agricultural Greenhouse 
Gases, and the Research and Education Platform (PPZS) for pro-
viding office facilities. HHG, SM and AJMD are grateful to the UK 
Research and Innovation (UKRI) through the Global Challenges 
Research Fund (GCRF) program, Grant Ref: ES/P011306, imple-
mented by the Regional Universities Forum for Capacity Building 
in Agriculture (RUFORUM), which enabled further international 
collaborations. We are also very grateful to the Editor and anony-
mous reviewers whose critical comments helped improve the 
manuscript significantly.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare no conflicts of interest.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings in this study are available from 
the corresponding author upon reasonable request.

ORCID
Haftay Hailu Gebremedhn   https://orcid.
org/0000-0002-9615-114X 
Sylvanus Mensah   https://orcid.org/0000-0001-6838-749X 

R E FE R E N C E S
Abdulatife Ibrahim, M. (2016). Impact of enclosure on plant species com-

position and biomass production in Ewa Woreda of Afar region 
state, Ethiopia. Journal of Biodiversity & Endangered Species, 4(1), 
1–4. https://​doi.​org/​10.​4172/​2332-​2543.​1000157

Abebe, M. H., Oba, G., Angassa, A., & Weladji, R. B. (2006). The role of 
area enclosures and fallow age in the restoration of plant diver-
sity in northern Ethiopia. African Journal of Ecology, 44(4), 507–514. 
https://​doi.​org/​10.​1111/j.​1365-​2028.​2006.​00664.​x

Alemie, D. K., & Gebremedhin, H. H. (2019). Vegetation diversity and 
soil Physico-chemical properties under traditional management of 
rangeland in Eastern Ethiopia. Journal of Agricultural Science, 11(5), 
515. https://​doi.​org/​10.​5539/​jas.​v11n5​p515

Angassa, A., & Beyene, F. (2003). Current range condition in Southern 
Ethiopia in relation to traditional management strategies: The per-
ceptions of Borana pastoralists. Tropical Grasslands, 37, 53–59.

Angassa, A., Oba, G., Treydte, A. C., & Weladji, R. B. (2010). Role of tra-
ditional enclosures on the diversity of herbaceous vegetation in a 

 25756265, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pei3.10127, W

iley O
nline L

ibrary on [01/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-9615-114X
https://orcid.org/0000-0002-9615-114X
https://orcid.org/0000-0002-9615-114X
https://orcid.org/0000-0001-6838-749X
https://orcid.org/0000-0001-6838-749X
https://doi.org/10.4172/2332-2543.1000157
https://doi.org/10.1111/j.1365-2028.2006.00664.x
https://doi.org/10.5539/jas.v11n5p515


    |  351GEBREMEDHN et al.

semi-arid rangeland, Southern Ethiopia. Livestock Research for Rural 
Development, 22(9), 2010.

Angassa, A., & Oba, G. (2008). Effects of management and time on mech-
anisms of bush encroachment in Southern Ethiopia. African Journal 
Of Ecology, 46(2), 186–196. https://​doi.​org/​10.​1111/j.​1365-​2028.​
2007.​00832.​x

Behnke, R. H. (1986). The implications of spontaneous range enclosure 
for African livestock development policy. African livestock pol-
icy analysis network paper No. 12. ILCA, Addis Ababa, Ethiopia, 
2000(12), 2–3.

CARE. (2015). Resilience in the rangeland: Changes and challenges for pas-
toral communities in Kenya and Ethiopia (pp. 1–25). CARE Climate 
Resilience.

Chieppa, J., Power, S. A., Tissue, D. T., & Nielsen, U. N. (2020). Allometric 
estimates of aboveground biomass using cover and height are im-
proved by increasing specificity of plant functional groups in east-
ern Australian rangelands. Rangeland Ecology and Management, 
73(3), 375–383. https://​doi.​org/​10.​1016/j.​rama.​2020.​01.​009

Derner, J. D., Boutton, T. W., & Briske, D. D. (2006). Grazing and 
Ecosystem Carbon Storage in the North American Great 
Plains. Plant and Soil, 280(1–2), 77–90. https://​doi.​org/​10.​1007/​
s11104-​005-​2554-​3

Feagin, R. A., & Wu, X. B. (2007). The spatial patterns of functional groups 
and successional direction in a coastal dune community. Rangeland 
Ecology and Management, 60(4), 417–425. https://​doi.​org/​10.​2111/​
1551-​5028(2007)​60[417:​TSPOFG]​2.0.​CO;​2

Fulbright, T. E., Drabek, D. J., Ortega-S, J. A., Hines, S. L., Saenz, R., 
Campbell, T. A., Hewitt, D. G., & Wester, D. B. (2021). Forb standing 
crop response to grazing and precipitation. Rangeland Ecology and 
Management, 79, 175–185. https://​doi.​org/​10.​1016/j.​rama.​2021.​
08.​007

Gebremedhn, H. H., Kelkay, T. Z., Tesfay, Y., Tuffa, S., Dejene, S. W., 
Mensah, S., John, A., Devenish, M., & Egeru, A. (2022). Carbon 
stock and change rate under different grazing management prac-
tices in semiarid pastoral ecosystem of eastern Ethiopia. Land, 
11(5), 639. https://​doi.​org/​10.​3390/​land1​1050639

Gemedo-Dalle, Maass, B. L., & Isselstein, J. (2006). Rangeland condi-
tion and trend in the semi-arid Borana lowlands, southern Oromia, 
Ethiopia. African Journal of Range and Forage Science, 23(1), 49–58. 
https://​doi.​org/​10.​2989/​10220​11060​9485886

Gezahegn, A. K. (2006). Characterization of rangeland resources and dy-
namics of the pastoral production systems in the Somali Region of 
Eastern Ethiopia. Water Management, May.

Gilo, B. N., & Kelkay, T. Z. (2017). Changes in vegetation structure and 
aboveground biomass in response to traditional rangeland man-
agement practices in Borana, Southern Ethiopia. African Journal of 
Range and Forage Science, 34(1), 21–31. https://​doi.​org/​10.​2989/​
10220​119.​2017.​1331934

Gobelle, S. K., & Gure, A. (2018). Effects of bush encroachment on 
plant composition, diversity and carbon stock in Borana range-
lands, Southern Ethiopia. International Journal of Biodiversity and 
Conservation, 10, 230–245. https://​doi.​org/​10.​5897/​IJBC2​017.​1143

Greig-Smith, P. (1983). Quantitative Plant Ecology (3rd ed., p. 359). 
Blackwell Scientific Publishing.

Hailu, H. (2017). Analysis of vegetation phytosociological characteris-
tics and soil Physico-chemical conditions in Harishin rangelands 
of eastern Ethiopia. Land, 6(1), 4. https://​doi.​org/​10.​3390/​land6​
010004

Hailu, T. A. (2016). The contribution of grazing enclosures for sustainable 
management and enhancing restoration of degraded range lands 
in Ethiopia : Lessons and forward. Journal of Environment and Earth 
Science, 6(8), 112–126.

Hasen-Yusuf, M., Treydte, A. C., Abule, E., & Sauerborn, J. (2013). 
Predicting aboveground biomass of woody encroacher species in 
semi-arid rangelands, Ethiopia. Journal of Arid Environments, 96, 
64–72. https://​doi.​org/​10.​1016/j.​jarid​env.​2013.​04.​007

Hashemi, E. B., Kohyani, P. T., & Asadi, E. (2018). Variation of plant func-
tional groups along livestock grazing gradient in semi-steppe range-
lands (case study: Tangsayad rangelands of Chaharmahal Bakhtiari 
Province, Iran). Journal of Rangeland Science, 8(1), 52–64.

Hedberg, I., Edwards, S., & Nemomissa, S. (2003). Flora of Ethiopia and 
Eritrea (p. 405). Addis Ababa University, Ethiopia.

Jerry, L. H., Carton, R. D. P., & Herbal, H. (1989). Rangeland physical char-
acteristics. Journal of Range Management, 42, 104–122.

Kindt, R., & Coe, R. (2005). Tree diversity analysis. A manual and software 
for common statistical methods for ecological and biodiversity studies. 
World Agroforestry Centre (ICRAF).

Luo, X. J., Liu, J., Luo, Y., Zhang, X. L., Wu, J. P., Lin, Z., Chen, S. J., Mai, B. 
X., & Yang, Z. Y. (2009). Polybrominated diphenyl ethers (PBDEs) in 
free-range domestic fowl from an e-waste recycling site in South 
China: Levels, profile and human dietary exposure. Environment 
International, 35(2), 253–258. https://​doi.​org/​10.​1016/j.​envint.​
2008.​06.​007

Maitima, J., Reid, R. S., Gachimbi, L. N., Majule, A., Lyaruu, H., Pomery, 
D., Mugatha, S., Mathai, S., & Mugisha, S. (2004). Regional synthesis 
paper : The linkages between land use change, land degradation and 
biodiversity across East Africa LUCID Working Paper Series Number : 
42 By A regional synthesis paper : The linkages between land use 
change, land degradation and biodi.

McIntyre, S., & Lavorel, S. (2001). Livestock grazing in subtropical pas-
tures: Steps in the analysis of attribute response and plant func-
tional types. Journal of Ecology, 89(2), 209–226. https://​doi.​org/​10.​
1046/j.​1365-​2745.​2001.​00535.​x

Mekuria, W., Wondie, M., Amare, T., Wubet, A., Feyisa, T., & Yitaferu, B. 
(2018). Restoration of degraded landscapes for ecosystem services 
in North-Western Ethiopia. Heliyon, 4(8), e00764. https://​doi.​org/​
10.​1016/j.​heliy​on.​2018.​e00764

Mensah, S., van der Plas, F., & Noulèkoun, F. (2021). Do functional iden-
tity and divergence promote aboveground carbon differently in 
tropical semi-arid forests and savannas? Ecosphere, 12(6), e03563. 
https://​doi.​org/​10.​1002/​ecs2.​3563

Miehe, S., Kluge, J., von Wehrden, H., & Retzer, V. (2010). Long-term deg-
radation of Sahelian rangeland detected by 27 years of field study 
in Senegal. Journal of Applied Ecology, 47(3), 692–700. https://​doi.​
org/​10.​1111/j.​1365-​2664.​2010.​01815.​x

Mohammed, M., Abule, E., & Lissahanwork, N. (2017). Soil organic carbon 
and total nitrogen stock response to traditional enclosure manage-
ment in eastern Ethiopia. Journal of Soil Science and Environmental 
Management, 8(2), 37–43. https://​doi.​org/​10.​5897/​jssem​2015.​
0545

Noulèkoun, F., Birhane, E., Mensah, S., Kassa, H., Berhe, A., Gebremichael, 
Z. M., Adem, N. M., Seyoum, Y., Mengistu, T., Lemma, B., Hagazi, 
N., & Abrha, H. (2021). Structural diversity consistently mediates 
species richness effects on aboveground carbon along altitudinal 
gradients in northern Ethiopian grazing exclosures. Science of the 
Total Environment, 776, 145838. https://​doi.​org/​10.​1016/j.​scito​
tenv.​2021.​145838

Nyberg, G., Mureithi, S. M., Muricho, D. N., & Ostwald, M. (2019). 
Enclosures as a land management tool for food security in African 
drylands. Journal of Land Use Science, 14(1), 110–121. https://​doi.​
org/​10.​1080/​17474​23X.​2019.​1636147

Oba, G., & Kotile, G. (2001). Assessments and landscape level degra-
dation in Southern Ethiopia: Pastoralists versus ecologists. Land 
Degradation & Development, 12, 461–475. https://​doi.​org/​10.​1002/​
ldr.​463

Oba, G. (2012). Harnessing pastoralists' indigenous knowledge for 
rangeland management: Three African case studies. Pastoralism: 
Research, Policy and Practice, 2(1), 1. https://​doi.​org/​10.​1186/​
2041-​7136-​2-​1

Oksanen, r. J., Simpson, G. L., Blanchet, F. G., Solymos, P., Stevens,  
M. H. H., Szoecs, E., Wagner, H., Barbour, M., Bedward, M., Bolker, 
B., Borcard, D., Carvalho, G., Chirico, M., Durand, S., Beatriz, H., 

 25756265, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pei3.10127, W

iley O
nline L

ibrary on [01/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/j.1365-2028.2007.00832.x
https://doi.org/10.1111/j.1365-2028.2007.00832.x
https://doi.org/10.1016/j.rama.2020.01.009
https://doi.org/10.1007/s11104-005-2554-3
https://doi.org/10.1007/s11104-005-2554-3
https://doi.org/10.2111/1551-5028(2007)60%5B417:TSPOFG%5D2.0.CO;2
https://doi.org/10.2111/1551-5028(2007)60%5B417:TSPOFG%5D2.0.CO;2
https://doi.org/10.1016/j.rama.2021.08.007
https://doi.org/10.1016/j.rama.2021.08.007
https://doi.org/10.3390/land11050639
https://doi.org/10.2989/10220110609485886
https://doi.org/10.2989/10220119.2017.1331934
https://doi.org/10.2989/10220119.2017.1331934
https://doi.org/10.5897/IJBC2017.1143
https://doi.org/10.3390/land6010004
https://doi.org/10.3390/land6010004
https://doi.org/10.1016/j.jaridenv.2013.04.007
https://doi.org/10.1016/j.envint.2008.06.007
https://doi.org/10.1016/j.envint.2008.06.007
https://doi.org/10.1046/j.1365-2745.2001.00535.x
https://doi.org/10.1046/j.1365-2745.2001.00535.x
https://doi.org/10.1016/j.heliyon.2018.e00764
https://doi.org/10.1016/j.heliyon.2018.e00764
https://doi.org/10.1002/ecs2.3563
https://doi.org/10.1111/j.1365-2664.2010.01815.x
https://doi.org/10.1111/j.1365-2664.2010.01815.x
https://doi.org/10.5897/jssem2015.0545
https://doi.org/10.5897/jssem2015.0545
https://doi.org/10.1016/j.scitotenv.2021.145838
https://doi.org/10.1016/j.scitotenv.2021.145838
https://doi.org/10.1080/1747423X.2019.1636147
https://doi.org/10.1080/1747423X.2019.1636147
https://doi.org/10.1002/ldr.463
https://doi.org/10.1002/ldr.463
https://doi.org/10.1186/2041-7136-2-1
https://doi.org/10.1186/2041-7136-2-1


352  |    GEBREMEDHN et al.

Evangelista, A., Friendly, M., Hannigan, G., Hill, M. O., … Weedon, J. 
(2022). vegan: Community Ecology Package. R Package, version 2. 
6-4. https://​CRAN.​R-​proje​ct.​org/​packa​ge=​vegan​

O'Rourke, J. T., & van Wijngaarden, W. (1987). Elephants-trees-grass-
grazers: Relationships between climate, soils, vegetation and 
large herbivores in a semiarid savanna ecosystem (Tsavo, Kenya). 
Journal of Range Management, 40(2), 191. https://​doi.​org/​10.​2307/​
3899222

Pettit, N. E., Froend, R. H., & Ladd, P. G. (1995). Grazing in remnant 
woodland vegetation: Changes in species composition and life form 
groups. Journal of Vegetation Science, 6(1), 121–130. https://​doi.​org/​
10.​2307/​3236263

Pucheta, E., Cabido, M., Díaz, S., & Funes, G. (1998). Floristic compo-
sition, biomass, and aboveground net plant production in grazed 
and protected sites in a mountain grassland of Central Argentina. 
Acta Oecologica, 19(2), 97–105. https://​doi.​org/​10.​1016/​S1146​-​
609X(98)​80013​-​1

R Core Team. (2020). R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing. https://​www.R-​proje​
ct.​org/​

Richter, C. G. F., Snyman, H. A., & Smit, G. N. (2001). The influence of 
tree density on the grass layer of three semi-arid savanna types of 
southern africa. African Journal of Range and Forage Science, 18(2–3), 
103–109. https://​doi.​org/​10.​2989/​10220​11010​9485762

Seid, M. A., Kuhn, N. J., & Fikre, T. Z. (2016). The role of pastoralism in 
regulating ecosystem services. OIE Revue Scientifique et Technique, 
35(2), 435–444. https://​doi.​org/​10.​20506/​​rst.​35.2.​2534

Stahlheber, K. A., & D'Antonio, C. M. (2013). Using livestock to man-
age plant composition: A meta-analysis of grazing in California 
Mediterranean grasslands. Biological Conservation, 157, 300–308. 
https://​doi.​org/​10.​1016/j.​biocon.​2012.​09.​008

Tagesson, T., Ardö, J., Guiro, I., Cropley, F., Mbow, C., Horion, S., Ehammer, 
A., Mougin, E., Delon, C., Galy-Lacaux, C., & Fensholt, R. (2016). 
Very high CO2 exchange fluxes at the peak of the rainy season in 
a West African grazed semi-arid savanna ecosystem. Geografisk 
Tidsskrift—Danish Journal of Geography, 116(2), 93–109. https://​doi.​
org/​10.​1080/​00167​223.​2016.​1178072

Tefera, S., Snyman, H. A., & Smit, G. N. (2007a). Rangeland dynamics in 
Southern Ethiopia: (1). Botanical composition of grasses and soil 
characteristics in relation to land-use and distance from water in 
semi-arid Borana rangelands. Journal of Environmental Management, 
85(2), 429–442. https://​doi.​org/​10.​1016/j.​jenvm​an.​2006.​10.​007

Tefera, S., Snyman, H. A., & Smit, G. N. (2007b). Rangeland dynamics of 
Southern Ethiopia: (2). Assessment of woody vegetation structure 
in relation to land use and distance from water in semi-arid Borana 
rangelands. Journal of Environmental Management, 85(2), 443–452. 
https://​doi.​org/​10.​1016/j.​jenvm​an.​2006.​10.​008

Teillard, F., Anton, A., Dumont, B., Finn, J. A., Henry, B., Souza, D. M., 
Manzano, P., Milà i Canals, L., Phelps, C., Said, M., Vijn, S., & White, 
S. (2016). A review of indicators and methods to assess biodiver-
sity. In Livestock environmental assessment and performance (LEAP) 
partnership. FAO.

Treydte, A. C., Riginos, C., Jeltsch, F., Stuth, J., Maraschin, G. E., Sprintsin, 
M., Karnieli, A., Sprintsin, S., Cohen, S., Berliner, P., Program, E. S., 
Natural, T., Program, H., Noble, J. C., Müller, W. J., MacLeod, N. D., 
Bodulovic, Z., Jones, P., Wood, J. T., … Snyman, H. A. (2011). Grazing 
response in the vegetation communities of the Kamiesberg, South 
Africa: Adopting a plant functional type approach. Journal of Arid 
Environments, 75(2), 1–7. https://​doi.​org/​10.​1016/j.​jarid​env.​2007.​
01.​006

Woods, N. N., Dows, B. L., Goldstein, E. B., Moore, L. J., Young, D. R., 
& Zinnert, J. C. (2019). Interaction of seed dispersal and environ-
mental filtering affects woody encroachment patterns in coastal 
Grassland. Ecosphere, 10(7), e02818. https://​doi.​org/​10.​1002/​ecs2.​
2818

Yayneshet, T., Eik, L. O., & Moe, S. R. (2009). The effects of exclosures 
in restoring degraded semi-arid vegetation in communal grazing 
lands in northern Ethiopia. Journal of Arid Environments, 73(4–5), 
542–549. https://​doi.​org/​10.​1016/j.​jarid​env.​2008.​12.​002

Yusuf, H., Treydte, A. C., Demissew, S., & Woldu, Z. (2011). Assessment 
of woody species encroachment in the grasslands of Nechisar 
National Park, Ethiopia. African Journal of Ecology, 49(4), 397–409. 
https://​doi.​org/​10.​1111/j.​1365-​2028.​2011.​01271.​x

Zuur, A. F., Ieno, E. N., Walker, N., Saveliev, A. A., & Smith, G. M. (2009). 
Mixed effects models and extensions in ecology with R (p. 574). 
Springer. https://​doi.​org/​10.​1007/​978-0-​387-​87458-​6

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Gebremedhn, H. H., Dejene, S. W., 
Tuffa, S., Tesfay, Y., Mensah, S., & Devenish, A. J. M. (2023). 
The dynamics of vegetation diversity and biomass under 
traditional grazing in Ethiopia's Somali rangeland. Plant-
Environment Interactions, 4, 342–352. https://doi.org/10.1002/
pei3.10127

 25756265, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pei3.10127, W

iley O
nline L

ibrary on [01/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://CRAN.R-project.org/package=vegan
https://doi.org/10.2307/3899222
https://doi.org/10.2307/3899222
https://doi.org/10.2307/3236263
https://doi.org/10.2307/3236263
https://doi.org/10.1016/S1146-609X(98)80013-1
https://doi.org/10.1016/S1146-609X(98)80013-1
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.2989/10220110109485762
https://doi.org/10.20506/rst.35.2.2534
https://doi.org/10.1016/j.biocon.2012.09.008
https://doi.org/10.1080/00167223.2016.1178072
https://doi.org/10.1080/00167223.2016.1178072
https://doi.org/10.1016/j.jenvman.2006.10.007
https://doi.org/10.1016/j.jenvman.2006.10.008
https://doi.org/10.1016/j.jaridenv.2007.01.006
https://doi.org/10.1016/j.jaridenv.2007.01.006
https://doi.org/10.1002/ecs2.2818
https://doi.org/10.1002/ecs2.2818
https://doi.org/10.1016/j.jaridenv.2008.12.002
https://doi.org/10.1111/j.1365-2028.2011.01271.x
https://doi.org/10.1007/978-0-387-87458-6
https://doi.org/10.1002/pei3.10127
https://doi.org/10.1002/pei3.10127

	The dynamics of vegetation diversity and biomass under traditional grazing in Ethiopia's Somali rangeland
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Description of the study area
	2.2|Site selection
	2.3|Sampling design and data collection
	2.4|Data processing and laboratory analyses
	2.5|Data analyses

	3|RESULTS
	3.1|Herbaceous species richness and composition
	3.2|Wood species richness, dominance, density, and canopy cover
	3.3|Herb and woody biomass, and relation with diversity across grazing management practices

	4|DISCUSSION
	4.1|Species richness and composition
	4.2|Woody species density and canopy cover
	4.3|Vegetation biomass

	5|CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


