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1 | INTRODUCTION parts of the world the quality of the land is declining, thereby limiting
its capacity to provide the manifold goods and services, which human-
The land is a precious natural resource, and humans ultimately depend ity depends on for survival (Caspari, van Lynden, & Bai, 2015). One of

on it for their livelihoods and raw materials (Imeson, 2012). In many
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the major threats to terrestrial ecosystems and ecosystem services is
land degradation (Gomiero, 2016; Vogt et al., 2011).

Land degradation has been identified as one of the most pressing
global problems (Stocking, 2001). Although land degradation is com-
monly considered in environmental protection and nature conserva-
tion and management, a precise definition has been lacking both in
science and policy (Plesnik, Hosek, & Condé, 2011). This is because
land degradation is multifaceted, with varying definitions depending
on the subject to be emphasised (Tesfa & Mekuriaw, 2014). Generally,
the term ‘degradation’ is taken to mean a loss of structure, productiv-
ity and native species diversity (Lamb & Gilmour 2003). Land degrada-
tion is related to the loss of ecosystem services and is referred to as
desertification when it occurs in drylands (Abdi, Glover, &
Luukkanen, 2013). Bush encroachment is also regarded as one of the
most extensive forms of degradation in rangelands of arid and semi-
arid regions (Lukomska, Quaas, & Baumgirtner, 2014; Reed
et al., 2015). Poor grazing management strategies have often been
cited as one of the major anthropogenic causes of bush encroachment
(Lukomska et al., 2014). In many cases, land degradation leads to the
removal of organic matter, and subsequently reduced soil health
(Bhowmik et al., 2019). Poor soil health poses a threat to food security
and has important repercussions on societies depending on land for
their livelihoods (Gomiero, 2016).

Land degradation threatens the drylands of Sub-Saharan Africa
more than any other region in the world (Darkoh, 1993), due to pres-
sures from human and livestock populations, coupled with recurrent
droughts (Abdi et al., 2013). Darkoh (1993) called it the “scourge of
Africa”. These drylands occupy the peripheries of the Sahara and the
Kalahari Deserts, where the mean annual precipitation is low
(100-600 mm), and human livelihood is based mainly on livestock and
crop farming activities (United Nations Convention to Combat
Desertification, 2009). The dominant land type in Southern Africa is
rangeland, the primary use of which is livestock production
(Hodgson, 1975). These rangelands represent some of the most
degraded land-use types in the world (Papanastasis, 2009).

In Namibia, the most arid country in the south of the Sahara, 45% of
the national land area can only be used as rangeland (Mendelsohn,
20083). Thus, many Namibians are pastoralists, whose livelihoods mainly
depend on natural rangeland resources (Eisold, 2010). High variability of
rainfall and distinct seasonal changes of the amount and quality of range-
land fodder resources are typical characteristics of the semi-arid and arid
rangelands of Namibia (Schneiderat, 2011). Reduced vegetation cover
and subsequent soil denudation can be found in many regions in
Namibia, particularly in Erongo (in western Namibia), Kunene (in north-
western Namibia) and north-central regions (Seely & Jacobson, 1994).
Severe rangeland degradation and conflicts over rangeland use can cre-
ate significant social, economic and environmental problems (Bedunah &
Angere, 2012).

Kunene is one of the worst drought-affected and most deprived
regions in Namibia (National Planning Commission [NPC], 2015). It is
characterised by rocky and bare mountains receiving low and
unreliable rainfall, resulting in poor veld condition, with little ground

cover. The resource base and, subsequently, the livelihood of crop

and livestock farmers in this area have been significantly eroded and
are likely to worsen further, should the drought conditions continue
(Food and Agriculture Organization, 2016). At the household level,
livestock provides food and income and is considered to be a “savings
account”, which provides a safety net in times of hardship (Food and
Agriculture Organization, 2016). Kunene's tradition of livestock farm-
ing has been passed on from generation to generation, but it is no lon-
ger sustainable due to factors such as population increase and
recurrent droughts. Despite persistent drought and increased human
population, the same beliefs anchor the communities; “without live-
stock you are nothing”. Livestock is the currency, and as they lose
their livestock, they try to acquire more, though their land is no longer
able to sustain more. In a situation like this, it becomes increasingly
difficult to find a realistic solution that will benefit both the environ-
ment and people.

With the current pressures on rangelands in Namibia and world-
wide, which eventually impact on the livelihoods of many people, it is
crucial that something is done radically and urgently. One of the first
needs is to survey the present condition of rangelands. Such detailed
surveys can identify where improvement programs can be
emphasised; whether it be reseeding, stock control, sociological
restraints or other actions (Hodgson, 1975). Combating rangeland
degradation and desertification requires an accurate assessment of
the current status of land degradation and an evaluation of the poten-
tial magnitude of the degradation threat (Mahyou, Tychon, Balaghi,
Louhaichi, & Mimouni, 2016). It is, therefore, essential to have a con-
sistent source of information relating to factors such as biomass, veg-
etation composition and diversity as well as cover. Knowledge of the
patterns of vegetation dynamics provides an integrated response to
previous ecological events, managerial prescriptions and presents a
practical means to evaluate rangeland resources (Briske, Fuhlendorf, &
Smeins, 2005; Kacholi, 2014; Mishra et al., 2013).

To effectively combat rangeland degradation, rangeland manage-
ment systems also need to integrate community perceptions and prac-
tices (Khwarae, 2006). Local-participation approaches assume that
pastoralists' knowledge can supplement scientific knowledge concerning
environmental assessment and conservation (Behmanesh, Barani, Abedi
Sarvestani, Reza Shahraki, & Sharafatmandrad, 2016). Understanding the
differences between the perceptions of scientists and local communities
can help bridge the gaps to bring about sustainable use of natural
resources (Khwarae, 2006). One fundamental element in local environ-
mental monitoring in rangelands is the perception and rating of local key
forage species by the community members (Eisold, 2010; Niamir-Fuller,
1999). Pastoral communities have an elaborate knowledge of plant spe-
cies composition and palatability to grazing animals, and trends in vege-
tation change in response to factors such as rainfall variability and
grazing pressure (Behmanesh et al., 2016; Kgosikoma, Mojeremane, &
Harvie, 2012). Pastoral communities also have elaborate knowledge of
medicinal uses of the indigenous plants and the types of diseases they
treat (Otieno & Analo, 2012; Rakotoarivelo et al., 2015). A key question
in ethnobotany is why certain species are selected for a particular use
instead of others (Soldati, de-Medeiros, Duque-Brasil, Coelho, &
Albuguerque, 2017). Different communities may have different
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perceptions and beliefs, as well as preferences (Van-der-Hoeven
et al,, 2013). Understanding the factors that influence the edifice of local
knowledge about natural resources is vital for studies that investigate
the local context of biodiversity management and conservation
(Albuguerque et al. 2018).

In Kunene, trees and shrubs play an essential role in the livelihood
system of the communities as they are a source of fodder, food, medi-
cine and building materials (Integrated Environmental Consultants
Namibia, 2011). Due to this dependence on woody species, the com-
munities have accumulated extensive knowledge about individual
woody species used for fodder and medicine. Under harsh conditions,
the significance of plant utilisation for food and medicine increases
(Kassam, Karamkhudoeva, Ruelle, & Baumflek, 2010). Medicinal plants
provide enormous opportunities for local communities' development
(Cheikhyoussef,

Shapi, 2011). Other natural resources, such as wild fruits and herbs,

and livelihood improvement Mapaure, &
also make an essential contribution to the livelihoods of the people.
Documenting pastoralists' ethnobotanical knowledge and perception
of rangeland vegetation can provide context-specific recommenda-
tions for policies that will facilitate adaptation to woody encroach-
ment. This will, in turn, enhance the resilience of human communities
(Liao, Ruelle, & Kassam, 2016). Recording indigenous knowledge of
uses of species is, therefore, an important step in understanding the
impacts of land-use and land cover change (Cummings & Read, 2016;
Jamsranjav, Fernandez-Giménez, Reid, & Adya, 2019). Indigenous
knowledge is not only helpful in understanding the actual rangeland
condition but may also encourage local participation for rangeland
rehabilitation activities (Dabasso, Oba, & Roba, 2012).

This type of knowledge and insight has a significant influence on the
management strategies adopted to exploit a particular ecosystem
(Eisold, 2010). It is, therefore, essential to understand how pastoralists
perceive rangeland conditions and the extent of degradation in different
types of rangelands. A common understanding between researchers and
pastoral communities will help find practical solutions for combating rural
poverty and environmental degradation (Kessler & Stroosnijder, 2010).
Understanding and evaluating the significance of land degradation from
the farmers' perspective is, therefore, a crucial first step towards devel-
oping a response strategy to rural poverty and degradation (Kessler &
Stroosnijder, 2010).

The current study aims to record and describe the current status of
vegetation in different categories of perceived degradation in Kunene
Region, Namibia. We examined how woody species diversity, composi-
tion, structure and the demography of plant life—stages (seedlings,
trees, etc.)—varied among land degradation categories. We also com-
pared soil characteristics in different degradation categories and deter-
mined the relationships between vegetation parameters and distances
from the centres of villages. Furthermore, we explored the uses associ-
ated with plants from the rangeland of Kunene region by community
members. Finally, we compared the perception of degradation by com-
munity members with ecological results. We hypothesised that diver-
sity, composition and regeneration potentials, as well as soil
characteristics, would differ among different categories of degradation.

This information can help inform rangeland conservation and

management by providing baseline information on the present range-
land condition. Such information can pinpoint where improvement pro-
grams can be emphasised in terms of restoration, management or other
actions. It will also help identify gaps in the local perception of range-

land degradation to help improve pastoralists' knowledge.

2 | MATERIALS AND METHODS

21 | Study area

The field survey was conducted in Epupa Constituency, Kunene
Region, Namibia (Figure 1). Kunene Region occupies the north-west
corner of Namibia, bordering Angola in the north and the Atlantic
Ocean in the west, with a land area of 115,260 km. Kunene Region
has a population of 86,856 people, of which 17,696 live in Epupa
Constituency (NPC, 2015). Livestock production is one of the key
sources of livelihood to many rural households in Kunene Region.
Kunene has a shrubland-woodland mosaic vegetation structure
(2002). Annual rainfall in Kunene is sporadic and increases from west
to east from less than 50 to 415 mm (Integrated Environmental Con-
sultants Namibia [IECN]). Summer day temperatures are often very
hot, reaching up to 35°C with a minimum average temperature of
14°C. Average winter temperatures range from 5 to 26°C (Kunene
Regional Council, 2015). The most visible and readily felt impacts of
climate change are perhaps the persistent dry spells and frequent
droughts in this region. Farmers look forward to the rain every year,
always on a lookout for available grazing land, but lack of rainfall has
led to poor livestock condition and loss of animals (IECN, ). Kunene is
one of the most heavily degraded regions in Namibia. Well-known
causes, such as over-utilisation of the rangeland because of a high
concentration of livestock, as well as continuous grazing and trampling
by livestock were cited (NPC, 2015). For the past 10 years, average
annual rainfall for the study area ranged between 12 and 30 mm
(Morgan, Kunene River Lodge, personal communications, November
17, 2018). The inhabitants are the Himba people, a pastoral commu-
nity farming with goats, sheep and cattle.

2.2 | Data collection

Data were collected between September and October 2017. With the
help of the herders, sites representing different categories of degrada-
tion were selected. This was done with 12 herders between the age
of 27 and 68 who took part in drive transects to identify areas they
thought were degraded, moderately degraded and not degraded. Dur-
ing these drives, herders (Table S1 and Figure S1) shared their percep-
tion of degradation and what they based their classification on. From
these, three categories of land degradation (low, moderate and high)
were identified. The drive transects were taken in four different direc-
tions from the centre of the village (Otjimuhaka) located 10 km west
of Kunene river lodge (Figure S2). From the intersection located in

Otjimuhaka village, we drove east towards Ruacana, west towards
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Location of the study area (red) in Kunene Region, Namibia. Left: Map of Africa, right: map of Namibia showing different

constituencies, derived with QGIS, EPse32662 [Colour figure can be viewed at wileyonlinelibrary.com]

Epupa falls, south towards Opuwo and followed a track south-west
going to Orutumba village. We also sampled along the gravel road to
Ehomba village east of the gravel road going to Opuwo. All our points
were located along the main gravel road and village tracks going to
small villages, such as Orutumba. During the drives, herders pointed
out different sites in each category (Figure 2). At each point, we par-
ked the car by the road and walked for at least 200 m from the road
to randomly select the starting point of each plot. We took GPS coor-
dinates at each sampling point and pictures of each site. The herders
selected 10 sites in each category of degradation, and we established
plots of 20 m x 20 m at each site. Sites were selected at least 3-6 km
apart. So we had 10 sites/plots in each category of degradation. We
also sampled a protected site inside Kunene River Lodge, which has
been fenced off to prevent livestock access for the past 15 years.
Only five plots were established and sampled in the protected area
due to the small size of the protected site. In each plot, we counted all
the woody plants and measured their height, as well as stem diameter
(at breast height for individuals above 2 m and at the base of the trunk
for all woody species below 2 m). For each plant encountered, the
herders identified it in their local language and provided information
on the uses and benefits of that particular species to the local inhabi-
tants. We sampled soil from all 35 plots. Soil samples were taken to a
depth of 20 cm in each plot from selected points (at four corners and
middle of the plot) to form a composite soil sample representing each
plot. Soil samples were analysed for pH, conductivity, organic carbon,
organic matter and particle size analysis at a commercial laboratory
(Analytical Laboratory Services) in Windhoek, Namibia. Standard ana-
lytical procedures were followed. All villages within the study area
were geo-referenced, so for each sampling point (plot), we measured

the distance to all the villages included in the study. Using visual

evaluation, we assessed the grass cover, bare ground and leaf litter in
each plot. This was done by using quadrats (1 x 1 m) located at the
centre and the four corners of each plot. Each quadrat was divided
into 25 equal subsections, and cover (grass, bare and litter) was visu-
ally estimated by counting the total number of subsections covered
by either grass, bare ground or leaf litter. The subsections for each
type of cover were tallied (half-covered subsections were added as
0.5, etc.) and converted to percentage cover.

2.3 | Data analysis

2.31 | Floristic composition

Based on the individual plants recorded in the plots, vegetation data
were quantitatively analysed for basal area, relative density, relative
frequency and relative dominance. The Importance Value Index (IVI)
of all plant species was then determined as the sum of relative fre-
quency, relative density, and relative dominance (Curtis, 1959). Den-
sity and standing basal area were also calculated per plot. The

following formulae were used:

e Basal area, that is, cross-sectional area of a tree stem measured at
breast height (BA, m?) = pi * DBH (cm) 2/40,000.

e Dominance = total basal area of species A/area sampled.

e Relative dominance = dominance for species A/total dominance of
all species x 100.

e Density = number of individuals of species A/area sampled.

e Relative density = (number of individuals of species A/total number

of individuals in the area) x 100.
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FIGURE 2 Sites representing different categories of degradation identified in the study area (Kunene Region, Namibia) [Colour figure can be

viewed at wileyonlinelibrary.com]

e Frequency = number of plots in which species A occurs/total num-
ber of plots sampled.

o Relative frequency = frequency value for species A/total frequency
values for all species.

o |mportance value = relative density + relative frequency + relative

dominance.

For each degradation category, species diversity was calculated using
the Shannon-Wiener Diversity Index (Shannon & Wiener, 1963) and the
Simpson Diversity Index (Simpson, 1949). Evenness was also determined
by Pielou's Evenness Index (Pielou, 1966). Differences in the means of
the diversity measures between sites, as well as density and standing
basal area, were examined using generalized linear models (GLM) in R-
studio (R Core Team, 2013). All analyses were complemented with
Tukey's post hoc test where appropriate. The species richness for the four
degradation categories was estimated using the first-order Jackknife esti-
mator computed in the SpadeR program (Chao, Ma, & Hsieh, 2015).
SpadeR is the R-based online version of SPADE. Like the original SPADE,
it computes various biodiversity indices based on abundance data and

replicated incidence data taken from one or multiple sites.

23.2 | Life stages and structural composition

Individual plants were classified into different life stages using their
diameter at breast height/root collar measures (Mligo, Lyaruu, &
Ndangalasi, 2011). In order to avoid misleading interpretation of the
regeneration results, a well-known perennial invasive bush—Pechuel-
loeschea leubnitziae—was excluded from the classification and plotted
in its own category. The structural composition was analysed by com-
paring the distribution of different life stages. Generalised linear
models (GLM) in R-studio (R Core Team, 2013) were used to deter-
mine differences in density, mean height and DBH of life stages

among the different degradation categories.

2.3.3 | Frequency of occurrence

The frequency of occurrence was calculated as the proportion (%) of
the number of plots in which each woody species was recorded from
the total number of plots. The SpadeR program (Chao et al., 2015)
was used to separate the observed species into two groups: “rare”
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and “abundant”. The former group includes species observed at most
K (the cut-off point [default = 10]) times, and the latter includes those
observed at least x + 1 times. SpadeR was also used to determine the
number of observed individuals for the rare group and abundant
group; the number of observed species for the rare and abundant
group; and to estimate the coefficient of variance for the rare group.
Dominance curves for each degradation category were plotted using

the Importance Value Index for each species.

2.34 | Regeneration status

Regeneration status of all the degradation categories was analysed by
comparing the numbers of saplings and seedlings with the mature
trees according to Dhaulkhandi, Dobhal, Bhatt, and Kumar (2008) and
Tiwari, Tadele, Aramde, and Tiwari (2010). The regeneration status
was regarded as good if the number of seedlings > number of saplings
> number of poles/mature trees, fair if the number of seedlings > or <
number saplings < number poles/mature trees, and poor if the species
survives only in sapling stage (number of saplings may be < number
poles/mature trees). If a species is present only in an adult form

(mature tree), it is considered as not regenerating.

2.3.5 | Community composition

Characterisations of plant communities and species indicator analy-
sis were performed using PC-ORD V.5 (McCune & Mefford, 2006).
The significance of all tests was determined at a < .05 level. A non-
parametric method called multi-response permutation procedure
(MRPP) was used to test the hypothesis of no difference in species
composition between the four categories (Mielke, Berry, &
Johnson, 1976). An advantage of MRPP is the fact that it does not
require assumptions, such as normality and homogeneity of vari-
ances, which are rarely met with ecological community data (Mielke
et al, 1976). An MRPP was carried out in PC-ORD version
5 (McCune & Mefford, 2006) using Sorensen (Bray Curtis) as a mea-
sure of distance. We also visually represented site similarities in
plant species composition using non-metric multidimensional scaling
(NMDS) based on a Bray Curtis similarity matrix and displayed the
first two axes. We used Pearson's correlation coefficient (r) to exam-
ine the relationships between vegetation characteristics using IBM
SPSS v. 25 (SPSS Inc, 2017).

2.3.6 | Soil characteristics

Generalised linear models (GLM) in R-studio (R Core Team, 2013)
were used to determine the differences in soil properties between the
four degradation categories. Where significant differences were
found, Tukey's HSD test was applied to test for the differences
between means.

2.3.7 | Relationship between distances from the
centre of villages and vegetation parameters

We correlated the distances from the centre of villages with vegeta-
tion parameters (plant species diversity, density, standing basal area,
seedling and mature tree density, height as well as density of invasive
species) using Pearson correlations run in SPSS v.25 (SPSS Inc, 2017).

2.3.8 | Percentage cover for grass, bare ground
and leaf litter

Mean grass, bare and litter cover per plot were determined for each
degradation category, and GLMs were used to determine the differ-
ences in cover among the degradation categories. Where significant
differences were found, we used the Tukey's HSD test to test for dif-

ferences between means.

3 | RESULTS

3.1 | Herder perception of degradation

Herders described degradation based on the absence or presence of
woody plant species. They perceived an area that is bare or with few
woody plant species as degraded. An area with a high density of
woody plant species was perceived as “not degraded”. Hence the
absence of woody plant species was the indicator they used to mea-
sure degradation. All the herders attributed degradation to over-
grazing and lack of rain. They indicated that they depended on woody
rather than herbaceous plant species during prolonged drought. Most
herders cited an increase in the bare ground compared to how it used
to be in the past, and they seemed to know where the good, better

and worst degraded areas were in their community.

3.2 | Floristic composition and diversity

A total of 1,662 individuals, representing 56 species from 26 families,
were found in the 35 plots (Table S2). We recorded 117 individuals of
15 species in the high degradation sites, 419 individuals of 19 species in
the moderate degradation sites, 881 individuals of 30 species in the low
degradation sites and 245 individuals of 19 species in the protected sites.
The five species with the highest Importance Value Index across all sites
were Colophospermum mopane (165.7), Terminalia prunioides (59.0), Cat-
ophractes alexandri (47.5), Pechuel-loeschea leubnitziae (43.6) and Dialium
engleranum (31.9). The total importance value of these five dominant spe-
cies makes up 60% of the total of all the Importance Value Indices for all
56 species. Colophospermum mopane was the most abundant species in
the low degradation and moderate degradation sites, while Pechuel-
loeschea leubnitziae and Rhus quartiniana were the most abundant species

in the high degradation and protected sites, respectively.
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Species richness as estimated by first-order jackknife was lowest
in the high degradation sites (23 + 4.6 species), but quite similar
between the moderate degradation (25 + 3.4 species) and the protec-
ted sites (26 * 2.8 species). The highest species richness was recorded
in the low degradation sites (34 + 2.8 species).

For the Shannon-Weiner Diversity Index, significant differences
were observed between different categories of degradation (Fs
34 = 5.247, p = .005). Average Shannon-Weiner diversity values for
different categories were 0.6 +0.18 for high degradation sites,
1.2 + 0.13 for moderate degradation sites, 1.3 + 0.12 for low degrada-
tion sites and 1.4 + 0.18 for the protected sites. However, there were
no significant differences among degradation categories in Simpson
and Pielou (evenness) indices of species diversity (F3 34 = 2.636,
p =.067 and F3, 34 = 1.308, p = .289, respectively).

Of the 56 species recorded in the present study, only two were
common in all four degradation categories, 19 species occurred only
in the moderate and low degradation sites, and 34 species occurred
only in one degradation category. The largest number of species
occurring only in one category was recorded in the low degradation
sites, followed by the protected sites, then moderate and high degra-
dation sites (Table S3). The frequency distribution of species in the
study area resulted in about 60% of species showing a low-frequency
distribution (occurring only in one degradation category), and species
having higher frequency classes were few or almost absent.

For the dominance curves, the three categories represented by
high, moderate and low degradation sites showed a geometric distri-
bution model, while the protected sites showed a somewhat normal
distribution model (Figure S3). The geometric model showed that in
the three categories, the plant communities are characterised by dom-
inant species. SPADE analysis (Table 1) revealed that across all the
degradation categories, about 70% of the species were categorised as
rare. Only 30% of the total species were abundant in all the degrada-
tion categories, although the abundant species made up more than
80% of all the individuals in all the sites (Table 1).

GLM established that there was a significant difference in the
mean woody species density (F3 34 = 64.124, p = .001) and standing
basal area of woody species (F3, 34 = 6.938, p = .010) between the
four degradation categories. The highest standing basal area was
recorded in the protected sites, followed by the low degradation
sites and lowest in the high degradation sites (Figure 3a). The low
degradation sites recorded the highest overall mean density
(2,446 + 241 individuals/ha),
recorded the lowest mean density (361 + 97 individuals/ha). The

and the high degradation sites

protected and moderate degradation sites had a mean density of
1,225 + 148 individuals/ha and 1,154 + 192 individuals/ha, respec-
tively (Figure 3b).

The low degradation sites had the highest proportion and density
of seedlings, saplings and poles, but not mature trees (Figures 4a and
S4). The high degradation sites had the highest proportion of peren-
nial invasive bush (Pechuel-loeschea leubnitziae). Mean tree height was
significantly greater (F3, 34 = 5.948, p = .003) in the protected site
(11.2 £ 4.6 m) in comparison with the low degradation (4.6 = 1.03 m)
and moderate degradation sites (4.4 + 2.4 m) (Figure 4b).

TABLE 1 SPADE analysis on frequency counts of rare and
abundant species in different categories of degradation sampled in
Kunene Region, Namibia

High

Variable Va?ue Moderate Low Protected
Cut-off point

k 10 10 10 10
Number of observed individuals for rare group

n_rare 16 41 76 43
Number of observed species for rare group

D_rare 13 13 21 13
Number of observed individuals for abundant group

n_abun 101 378 805 202
Number of observed species for the abundant group

D_abun 2 6 9 6
% of rare species

%n_rare 86.7 68.4 68.4 70.0
% of abundant species

%n_abun 13.3 31.6 31.6 30.0
% of individuals of rare species

%D_rare 13.7 9.8 8.6 17.6
% of individuals of abundant species

%D_abun 86.3 90.2 914 824

3.3 | Community structure and similarity

An MRPP (A = 0.29 and p < .001) of the plant communities, identified by
the total species assemblage and abundance of the plots, showed a signifi-
cant difference in species composition between the sampled sites. The
high degradation sites were very different from the other sites in the three
categories, but the low degradation and the moderate degradation sites
were quite similar (Figure 5). The two-dimensional NMDS ordination
showed strong associations with several ecological gradients. Axis 1 was
strongly associated with species richness, mature trees and seedlings, as
well as the low degradation and protected sites. Axis 2 was strongly asso-

ciated with high degradation sites and Pechuel-loeschea leubnitziae.

3.4 | Uses of woody species

Community members use the available plants mostly for grazing,
medicine and food. They seem to have a rich knowledge of medicinal
uses of plants in their area. This knowledge was passed on from gen-
eration to generation because modern medicine was not accessible
to the people, and for hundreds of years, they have used traditional
medicines that still work today. These medicines range from treat-
ment of simple cases of a headache and pain to more serious sick-
nesses, such as sexually transmitted infections. Among the
56 sampled species, 50% are used for medicinal purposes, and more
than 50% are suitable for browsing (Table 2). Herders pointed out
that woody species play a significant role as a source of browse



A B
(A) 04 5 ®) 3000
= C
< 0.35 =
= £ 2500 i
= 03 - ]
g £ 2000
= 0.25 AB =
g 02 Z 1500 B B
- Y] =
2 015 A S '
2 A £ 1000 :
g 01 S
% = 500 A
£ 0.05
-
= 0 0
High Moderate Low  Protected High  Moderate Low Protected
Degradation categories Degradation categories

FIGURE 3 Mean (+SE) standing basal area (a) and woody species density (b) compared in different categories of degradation in Epupa,
Kunene Region, Namibia. Significant differences within entries are indicated with upper case letters [Colour figure can be viewed at

wileyonlinelibrary.com]

(a) ESeedling B Sapling
B Pechuel-loeschea leubnitziae B1Pole
N Mature tree

100
90
80 ?
, 70 :
o
g 50 :
g 40
R £
30 ] :
20 :E H“
: i b %
10 | g E A [ B
0 Hn r i < Hom l‘\
High Moderate Low Protected
Degradation categories
FIGURE 4

during dry periods. Woody plant species with multiple uses falling in
three or more categories include Colophospermum mopane, Cat-
ophractes alexandri, Terminalia prunioides and Grewia flava. These
species were also among the five most abundant species in the com-
munity, indicating that the most available species were also the ones

commonly used.

3.5 | Soil characteristics

We recorded significant differences in pH (F5, 34 = 4.247, p = .013),
organic matter (F3, 34 = 4.492, p = .010), organic carbon (F3, 34 = 4.879,
p = .007), conductivity ((F3, 34 = 4. 269, p = .002), sand (F5 34 = 4.880,
p =.007), silt (F3, 34 = 4.053, p = .015) and clay (F3, 34 = 6.868, p = .001),

(b) BSeedling
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(a) Proportions and (b) Mean (+SE) height of life stages compared in different degradation categories, Kunene Region, Namibia

among the four degradation categories with the protected sites record-

ing the highest organic matter, carbon and clay content (Table 3).

3.6 | Relationships between vegetation
parameters and distances to the villages

We recorded significant positive correlations between plant species
diversity (r = .550, p < .0001), standing basal area (r = .892, p < .0001),
density of mature trees (r = .289, p <.0001), density of seedlings
(r = .218, p <.002), height of woody plants (r = .547, p <.0001),
woody plant abundance (r = .152, p = .028) and distances from the
centre of the villages. All these parameters increased with the increase

in distance from the centres of the villages. We, however, recorded
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significant negative correlations between the density of an invasive
shrub (Pechuel-loeschea leubnitziae) (r = —.283, p < .0001), with dis-
tances from the centre of the villages. Invasive species decreased with
increase in distance from the villages.

3.7 |
leaf litter

Percentage cover for grass, bare ground and

The protected sites recorded the highest grass cover, followed by
moderate degradation sites. The grass cover in low and high degrada-
tion sites was very low to zero. Most high and low degradations sites
had a bare ground cover. Leaf litter was highest in moderate degrada-

tion sites followed by the protected sites (Figure 6).

4 | DISCUSSION
4.1 | Perception of degradation by community
members and uses of woody species

In this study, local land users perceived woody plant species to be
more important than herbaceous plant species because woody plants
provide palatable biomass in times of low resource availability, and
are thus an important objective of management decisions for livestock
herding in resource-scarce times (Eisold, 2010). The availability of her-
baceous biomass is determined by the high variability of annual rain-
fall, and thus the reliability of woody species is uppermost in local
perception (Eisold, 2010). Thus, in this study, degradation to the com-
munity members means an absence of or low density of woody spe-
cies. Thus, the sites classified as high degradation were those that
were mostly bare or with few woody species while sites with a high

density of woody species were classified as low or not degraded.

Understandably, community members would perceive degradation in
terms of availability of woody species because most of the benefits
they get from the environment (e.g., firewood, construction materials,
medicine and forage for browsing livestock) are derived from these
woody species (Table 2). Pastoralists have established rich ethnobo-
tanical knowledge based on subsistence livestock production. This
knowledge comprises a cognisance of the palatability of forage spe-
cies for their different livestock types and medicinal properties. Infor-
mation like this is the basis for context-specific adaptation to the
rapid increase of woody species in rangelands and other environmen-
tal problems (Liao et al., 2016). For example, over the years, they have
shifted to keeping more goats than cattle due to their drought resis-
tance. Medicinal plants that are used for food can also play a key role
in improving human health, where diet-related diseases are wide-
spread (Kassam et al., 2010).

4.2 | Ecological results

4.2.1 | Floristic diversity, richness and composition
Diversity varied across the different categories of degradation, with
the protected sites recording the highest species diversity and the
high degradation sites recording the lowest. The diversity values are
comparable to those from several other studies (e.g., Gobelle &
Gure, 2018; Rutherford, Powrie, & Husted, 2014) conducted in com-
munal or overgrazed African rangelands. This result was expected—
other studies have shown that increasing frequency and intensity of
disturbances leads to a decrease in plant diversity and other associ-
ated vegetation attributes (Funk & Vitousek, 2007; Perrings, 2010).
The relationships between disturbance and plant diversity, composi-
tion, structure, and regeneration have been discussed in many studies
(e.g., Gautam, Manhas, & Tripathi, 2016; Ren, Schonbach, Wan,
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(Continued)

TABLE 2

Uses

Others

Firewood

Grazing

Food

Medicine

Construction

Species

Liked a lot by livestock

Palatable

Treats coughing

Boscia albitrunca

Treat gonorrhoea and roots

Manilkara mochisia

treats stomach pains, it is
also used as a painkiller

INMAN ET AL

Fruits edible Palatable

Treats eye itching

Grewia flavescens

Treats fever

Euphorbia virosa

Fruits edible
Fruits edible

Relieve coughing

Erythrina decora

Used to clean teeth

Palatable

Cordia sinensis

Firelighter and make

Treats pregnancy pains

Commiphora mollis

cutleries

Gierus, & Taube, 2012; Shrestha, Maren, Arneberg, Sah, &
Vetaas, 2013; Singh, Malik, & Sharma, 2016; Symstad & Jonas, 2011).
Disturbances are perceived by many to be detrimental to plant diver-
sity, structure, and regeneration of ecosystems because they change
the environmental conditions and the ecosystem processes (Sheil &
Burslem, 2003). It is, however, important to note that disturbances
can also act as an essential part of ecological systems and have critical
impacts on the composition of species and diversity. The ecological
impact of a disturbance is, therefore, determined by the intensity and
frequency of the disturbance. Some studies (e.g., Shackleton, Griffin,
Banks, Mavrandonis, & Shackleton, 1994) found that woody stem
density, basal area, biomass, height, seedling density and species rich-
ness all exhibited a significant decrease with increasing disturbance
intensity.

The low plant diversity recorded in the high degradation category
reflects the fact that these sites were dominated by a single species—
Pechuel-loeschea leubnitziae. This species contributed nearly 90% of the
total number of individuals in high degradation sites (Table S2). Pechuel-
loeschea leubnitziae is indigenous to Southern Africa and is a pioneer spe-
cies that colonises sandy, alkaline soils, common in open woodland and
grassland regions, and often occurring in disturbed areas, such as over-
grazed and trampled sites (Murray-Hudson, 2009; Strohbach, 2000; Ted-
der, Kirkman, Morris, Trollope, & Bonyongo, 2012). Strohbach (2000)
observed that the cover of P. leubnitziae increased with increasing range-
land degradation. The species produces many small, wind-dispersed
seeds (Murray-Hudson, 2009) and has a chamaephyte growth form and
perennating buds close to the ground, making it fairly resistant to burn-
ing, and it resprouts from the base after the aboveground biomass has
been burnt (Tedder et al., 2012). This makes it difficult to manage and
control. The species is considered a problematic weed as it forms dense
monotypic stands in grasslands and woodlands, and is associated with
veld degradation and dominance of shade-tolerant, poor-quality grass
species, especially in the Okavango Delta, Namibia (Tedder et al., 2012).

Although the low degradation sites recorded the highest number
of species, most were rare, and the community was dominated by a
few species making up 80% of all the individuals (Table 1). The same
pattern was observed for the moderate degradation sites while the
protected sites had a more even distribution of species abundances
(Table S2). Bock, Jones, and Bock (2007) emphasised that species rich-
ness alone could be a misleading indicator of biological diversity if it is
uncorrelated or negatively correlated with other key attributes of spe-
cies assemblages, including evenness and the abundances of species.
In the present study, there was no correlation between diversity and
abundance, and although there was a strong correlation between
diversity and richness, the correlation between evenness and diversity
was quite weak (Table S4). Species diversity was more positively cor-
related with evenness than with richness among the plants. This could
be attributed to the fact that assemblages of plants were numerically
dominated by small subsets of common species, especially in the low
degradation and high degradation sites.

Significant relationships were found between distances from the
centres of the villages and woody plant species diversity, abundance,

richness, height and standing basal area. While these parameters
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TABLE 3 Descriptions of soil

properties in all the degradation Soil property Degradation category Mean Min. Max. SE
categories. Significant differences are pH (H20) High degradation 7.70b 7.00 8.00 0.11
indicated by different lower-case letters Moderate degradation 7.75b 6.50 8.40 0.22
Low degradation 8.18 a 7.50 8.50 0.15
Protected 7.36¢ 7.60 8.00 0.10
Conductivity (mS/m) High degradation 19.3b 6.30 29.00 2.32
Moderate degradation 12.27 b 4.10 25.00 2.81
Low degradation 20.25b 17.00 28.90 1.79
Protected 37.975a 24.30 59.40 7.51
Organic matter (% m/m OM) High degradation 0.23 ¢ 0.10 1.00 0.10
Moderate degradation 0.48b 0.10 0.60 0.05
Low degradation 0.52b 0.20 1.20 0.14
Protected 1.68a 1.30 2.10 0.18
Organic carbon (% m/m C) High degradation 0.39 ¢ 0.20 1.70 0.17
Moderate degradation 0.83b 0.25 0.20 0.08
Low degradation 0.95b 0.40 2.10 0.24
Protected 292a 2.20 3.60 0.30
Sand % High degradation 83.25a 4.42 76.10 1.47
Moderate degradation 77.55b 62.80 84.00 2.35
Low degradation 70.11c 52.70 81.70 4.50
Protected 71.72c 69.60 74.40 1.05
Silt % High degradation 12.01b 2.30 17.70 1.45
Moderate degradation 16.96 b 9.30 33.70 2.49
Low degradation 22.10a 11.60 36.50 4.09
Protected 16.22 b 14.00 18.90 1.05
Clay % High degradation 473b 1.00 9.60 0.93
Moderate degradation 5.51b 3.50 10.10 0.69
Low degradation 7.78 b 6.60 10.80 0.64
Protected 12.05a 10.50 13.80 0.69
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standard error (SE) for grasses, bare o -
ground and leaf litter, estimated using a 40 E=
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increased with increasing distances from the centres of the villages,
others, such as the density of the invasive species, decreased with
increasing distances from the centre of villages. The sites closer to the
villages, therefore, recorded the lowest species diversity and richness,
the lowest standing basal area and mature trees, as well as poor regener-
ation. This points to anthropogenic disturbances in the rangeland, and
the sites closest to the villages are more degraded than those further
away. Activities contributing to this could be cutting down trees near
their villages for building purpose, as well as harvesting medicine, and the
fact that the livestock are kept in the kraals near their homestead, and,
therefore, grazing on what is near them first. Grazing and trampling by
livestock, as well as pressure from both livestock and people around vil-
lages, could potentially remove plant cover and create bare soil patches.

4.2.2 | Soil characteristics

The protected sites recorded the highest organic matter (Table 3), and
this is an indication of soil fertility and good soil health. On the contrary,
high degradation and low degradation sites recorded the lowest organic
matter and carbon content. Soil organic carbon is one of the key indica-
tors for estimating soil quality and act as important carbon reservoirs
(Xue & An, 2018). Several studies have shown that grazing leads to a
decrease in plant cover and soil organic carbon (He et al., 2011; Moham-
med, Abule, & Lissahanwork, 2017; Zarekia, Jafari, Arzani, Javadi, &
Jafari, 2012). This may be the case in the three categories of degradation,
excluding the protected sites. The higher soil organic carbon and matter
in the protected sites could be ascribed to the increased vegetation pro-
duction, litter quality and nutrient cycling (Mohammed et al., 2017).

The pH ranged from 7.3 to 8.1 for all the degradation categories, with
the high degradation sites recording the highest pH value (8.1) moving
towards moderately alkaline soils (Table 3). According to USDA (1998), a
pH range of 6-7 is usually most favourable for plant growth because most
plant nutrients are readily available in this range. A pH of 6.6-7.3 is
favourable for microbial activities that contribute to the availability of
nitrogen, sulphur and phosphorus in soils (Abate, Ebro, & Nigatu, 2012).
Soil organic carbon in the high, moderate and low degradation sites was
below 0.9, compared with 2.8 in the protected sites (Table 3). These sites
also recorded low to no grass cover in most of the plots, while the protec-

ted sites recorded a grass cover of more than 80% (Figure 6).

423 |
plants

Density and standing structure of woody

The highest woody plant density was recorded in the low degradation
sites (2,446 individuals/ha) and the lowest in the high degradation
sites (361 individuals/ha) (Figure 3). According to Abate et al. (2012),
an increase in the woody plant density beyond a critical density limit
is referred to as “bush encroached”. A shrub cover of 40% and/or
2,400 woody plants/ha has been considered as a borderline between
(Dalle, Maass, &
Isselstein, 2006; Roques, O'Connor, & Watkinson, 2001), with 2,500

non-encroached and encroached condition

tree equivalents/ha indicating an encroached condition (Richter,
Snyman, & Smit, 2001). In Abate and others' study, pastoralists
reported that drought, overgrazing, livestock movement and absence
of fire were major factors triggering bush encroachment. Abate and
others claimed that there was ample evidence in the literature that
bush encroachment caused a decline in rangeland condition and the
respondents.

The low degradation sites in the present study are at the border-
line of being classified as bush encroached. This is not surprising con-
sidering the fact that the most abundant species (Colophospermum
mopane) in these sites is also classified among the nine encroaching
species in Namibia (de Klerk, 2004). Smit (2005) reported that savan-
nahs dominated by C. mopane in South Africa were water-limited,
resulting in the suppression of herbaceous plants. Due to this sup-
pression effect, the grazing capacity of large areas of these savan-
nahs are known to have declined due to bush encroachment, often
to such a degree that many formerly thriving livestock properties are
no longer economically viable. Studies focusing on native species
invasions are numerous. Examples include Grewia flava (Tews,
Schurr, & Jeltsch, 2004) in South Africa, which was the second most
abundant species in the low degradation sites in this study, Vachellia
species (Ward, Hoffman, & Collocott, 2014), Dichrostachys cinerea
and Grewia bicolor in Swaziland (Roques et al., 2001). Encroachment
has, in some cases, resulted in the loss of available grazing land
(Moleele, Ringrose, Matheson, & Vanderpost, 2002) reduced species
richness (Price & Morgan, 2008) and loss of biodiversity (Gobelle &
Gure, 2018). Grasses generally have shallow roots and higher relative
growth rates, while shrubs have deep roots that can reach the water
table (Gaitan et al., (2014)), making shrubs more drought-tolerant
than grasses.

A substantial body of thought suffusing the literature suggests that
bush encroachment is an ecological expression of degradation or desert-
ification (e.g., Baez & Collins, 2008; Havstad, Fredrickson, &
Huenneke, 2006; MEA, 2005; Schlesinger et al., 1990). It is, however,
important to note that the ecological impacts of bush encroachment
processes are diverse, and often ambiguous, ranging from negative
through neutral to positive depending on the particular ecosystem and
function (Wagner, Hane, Joubert, & Fischer, 2016). While some scholars
classify bush encroachment as a form of degradation, some have argued
that it is not necessarily degradation because, in some cases, it can
increase desirable ecosystem attributes. Eldridge et al. (2013) argued
that a single interpretation of bush encroachment as a form of degrada-
tion is not possible and that perspectives on the adverse effects of bush
encroachment have been strongly influenced by the prevalence of pas-
toralism involving grass-feeding livestock. If both human and natural
systems are considered, there are multiple components of the encroach-

ment outcome; utilitarian, functional and structural.

424 | Regeneration

Singh et al. (2016) established that the health of plant communities
depended on the potential regenerative status of species in space and
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time. We found that the high degradation sites showed poor regener-
ation, having fewer seedlings than mature trees (Figure 4). The regen-
eration status for the protected sites and the low degradation sites
was “good” because the density of seedlings was higher than the den-
sity of saplings and mature trees, and “fair” for the moderate degrada-
tion sites, because the density of seedlings was lower than that of
saplings and poles. Kikoti, Mligo, and Kilemo (2015) obtained similar
results in Tanzania, where the number of seedlings was significantly
higher in the least and ungrazed areas than heavily and moderately
grazed areas. The ratio of various age groups of plants in a population
determines the reproductive status of the population and indicates its
future course (Malik & Bhatt, 2016). Ballabha, Tiwari, and
Tiwari (2013) and Malik and Bhatt (2016) pointed out that some
anthropogenic disturbances, such as forest fires, overgrazing and lop-
ping, affect both plant diversity and their regeneration. More often,
the plant regeneration process is adversely affected by the uncon-
trolled grazing by domestic livestock, which removes young seedlings
and saplings, causing soil loss due to trampling, and this is likely to be
the case for this study.

425 | Matching the perception of degradation
with ecological results

Our results show that the herders' perception of degradation for high
and moderate degradation matches the ecological results. For exam-
ple, the ecological results show that diversity, richness, regeneration
and density of woody plant species increased in order along the deg-
radation gradient from high to low levels of degradation. As classified
by herders, the high degradation sites recorded the lowest species
richness, the poorest regeneration, low organic carbon and matter, as
well as the lowest density of woody plant species, followed by moder-
ate degradation. On the other hand, the ecological results indicated
that the sites perceived as being in the low degradation category are,
in fact, at the borderline of another form of degradation—bush
encroachment (having a density of more than 2,400 plants/ha). The
ecological results also recorded the second-lowest organic matter and
carbon in these sites, indicating poor soil fertility. Soil organic carbon
threshold for sustaining soil quality is widely suggested to be about
2%, below which deterioration may occur (Patrick et al., 2013). There-
fore, the area also classified as least degraded or not degraded, by
herders, could be interpreted as being degraded according to the
results. However, bush encroachment is the type of degradation that
community members do not currently recognise because woody spe-
cies provide important benefits, especially in times of scarcity.
According to Katjiua and Ward (2012), while bush encroachment may
reduce range productivity on some Namibia rangelands, it may also
provide valuable forage for livestock production on other rangelands.
In a case like this, the pastoralists will perceive bush encroachment as
a positive outcome of vegetation change. Woody plant species also
provide shelter for livestock, building materials, medicine and fuel-
wood. Thus, current levels of bush encroachment in this study were

regarded as beneficial to the communities.

It may be that the herders are not looking at the bigger picture of
the whole ecosystem but only from the perspective of what helps
them. Here, the indicator of degradation is the absence of woody spe-
cies to community members. According to Ibrahim (2017), the pasto-
ralist's view of land degradation is not a complex relationship between
landscape and the vegetation, but rather in the context of the avail-
ability of pasture. To them, land degradation takes place when the
landscape can no longer provide enough for their livestock. Pastoral-
ists farming with grass-eating livestock will probably see bush
encroachment as a problem due to a reduction in grass availability,
while pastoralists farming with mainly browsers, such as goats, may
not see bush encroachment as a problem. This may be the case in this
study because most of the community members farm mainly with
goats. Other studies looking at the perception of degradation by
farmers have shown different opinions, with some recognising bush
encroachment (e.g., Abate et al., 2012; Angassa & Oba, 2008) and
others stating the benefits of bush encroachment (e.g., Wigley,
Bond, & Hoffman, 2009). So where to from here? If the future of the
rangeland will be affected by increasing shrub encroachment, how can
this be rectified when farmers do not see it as a problem? Moreover,
where does one draw a line in terms of what degradation truly means?
Hobbs (2016) suggested that the perception of degradation is subjec-
tive; people can have fairly different perspectives about the same
landscape. A certain forest may seem impoverished to a wildlife
enthusiast, but a forester may see it as a productive forest reg-
enerating after logging. Likewise, a forester may see a degraded forest
while a shifting cultivator sees a piece of prime agricultural land.

Unescapably, ‘degradation’ is in the eye of the beholder.

5 | CONCLUSIONS

This study sought to address the current status of woody vegetation
in different perceived levels of degradation in the selected rangeland.
The results revealed that the study area currently had patches differ-
ing in vegetation attributes and regeneration potentials. Species diver-
sity, seedling density, basal area and regeneration of woody plants
increased sequentially from high degradation to low degradation. The
degradation categories occur in the same rangeland under the same
climate, sharing similar environmental conditions, and yet differing in
vegetation attributes. This points to anthropogenic disturbances caus-
ing changes in the vegetation structure and composition in this range-
land. The area classified as low degradation by community members
shows signs of another type of degradation—bush encroachment,
suggesting that bush encroachment is not perceived as degradation.
The findings from the ecological sampling highlight the present and
future threats the study area is facing, including bush encroachment,
bare patches and an increase of unpalatable annual herbs/shrubs. The
high degradation sites are dominated by an undesirable and unpalat-
able herb and show poor regeneration, very low species diversity and
richness, and this is cause for concern. It is likely that, in the absence
of intervention, even the low degradation sites will eventually become

heavily degraded in the future. Without some form of intervention to
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improve the ecological situation, it is hard to imagine the future of the
people living in the area, 10 and 20 years from now. There is an
urgent need to find effective interventions that can improve range-
land condition and subsequently help sustain the livelihood of many
living there. Sharing knowledge between local people and researchers
may be helpful because both parties can learn from each other. Deal-
ing with land degradation will require a behaviour change that may be
promoted through increased knowledge. Farmers can no longer afford
to just focus on food production, without considering the ecosystem
processes that ensure long-term production and provide other essen-
tial resources required, such as for their well-being (Ingram,
DeClerck, & del Rio, 2012). The way forward will require synergistic
effort from farmers, researchers, educators, among others.
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