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a b s t r a c t

This study assessed the population structure of baobabs (Adansonia digitata) in Kunene,
Omusati, Otjozondjupa and Zambezi Regions in northern Namibia. Data were collected
from 240 trees in randomly selected baobab clusters. The stem girth at breast height (gbh,
converted to stem diameter), height and crown diameter were recorded for each indi-
vidual tree. Any sign of damage on the stem was recorded. Average stem densities were
determined and compared between regions. Stem number per diameter classes were
presented in histograms. The highest baobab density (6.7 stems per ha) was observed in
Omusati Region and the lowest (0.2 stems per ha) was observed in Otjozondjupa Region. A
J-shaped stem diameter distribution was observed in Zambezi Region and an inverse J-
shaped distribution in Kunene Region. Bell-shaped distributions were observed in Otjo-
zondjupa and Omusati Regions. The percentage of damaged stems in the sampled pop-
ulations showed more damaged than undamaged baobabs in Kunene (63%), Omusati (83%)
and Otjozondjupa (95%), but in Zambezi there were fewer damaged (46%) stems. Elephant
damage accounted for 41% of the damaged stems whereas human damage was 59%. Se-
lective protection of large baobabs by communities may attribute to the high densities and
occurrence of trees in larger size classes in comparison to juveniles. Overall, the baobab
population is currently considered as stable in Namibia. However, factors that negatively
affect recruitment and establishment of baobab need to be monitored to ensure that a
higher proportion of young trees survive. The study recommends protection and propa-
gation of baobab seedlings in order to maintain viable populations of the species. Sus-
tainable harvesting practices of baobab bark is also recommended.
© 2018 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

It has been generally found, in a number of studies on baobab (Adansonia digitata) population structure and size classes,
that there is a lack of young trees (Chirwa et al., 2006; Schumann et al., 2011; Mashapa et al., 2013; Venter and Witkowski,
2013;Munyebvu, 2015). This has led to the current study in Namibia to establish if the situation is the same, and if so, to devise
conservation strategies. Furthermore, althoughwe did not study the causes specifically, we elaborate on factors thatmay have
an impact on the population structure.
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The stem size distribution of a population serves as an important determinant of population stability (Shen et al., 2013). A
stable population shows a higher proportion of young individuals and the size class distribution reveals an inverse J-shaped
distribution curve. Lower proportions of young individuals may be an indication of low recruitment or a declining population.
However, long-lived species, like the baobab, may display a bell-shaped distribution, i.e. a higher proportion of trees in the
middle size classes (Venter and Witkowski, 2010). The bell-shaped distribution could be a result of episodic recruitment and
considered normal for baobab (Venter and Witkowski, 2010).

Desertification and land degradation are major threats to sustainable land use in Namibia (Pr€opper et al., 2010). Moreover,
agricultural expansion and livestock farming, which are major drivers of land change in Southern Africa, are also widespread
in Namibia (Biggs et al., 2008; Kamwi et al., 2015). This may result in unsustainable population structures for non-timber
forest product (NTFP) species, such as baobab that has multiple uses, because of such disturbances. Furthermore, interna-
tional interest in NTFP's has resulted in an increase in the species that are being commercialized for their NTFP's in Namibia.
The recorded number of species providing non-timber products for commercial uses has increased from one species
(Acanthosicyos horridus) in 1990 (Erkkila and Siiskonen, 1992) to close to 10 species in 2014 (Cole, 2014). Examples of such
species include Sclerocarya birrea (Marula), Harpagophytum procumbens (Devil's claw) and Ximenia americana (Blue sour
plum). The current study will provide quantitative information of the baobab to understand the potential for this resource in
Namibia.

The increase in human population growth has further increased pressure on exploited plant resources for subsistence use
and resulted in a reduction of some species in Namibia. Some of these species have become locally extinct in commonage
areas (owned by more than one person) and only available in adjacent protected areas (Kangombe, 2012). Lushetile (2009)
observed the scarcity of Bobgunnia madagascariensis, a sought after medicinal plant in Zambezi Region (north-eastern
Namibia). The species was not available in areas around Sachinga but abundant on the adjacent protected government farm.
Rural communities selectively protect and conserve important indigenous tree species due to the contribution to their
livelihood (Shackleton et al., 2015). However, such multipurpose species are faced with disturbances such as unsustainable
harvesting practices, removal as development extends to pristine areas, herbivory or destruction by fire (Arnold and Perez,
1998; Alfaro et al., 2014; Ticktin, 2015). This warrants conservation efforts to maintain the population of important species
such as the baobab.

Baobabs are distributed in the savannas of Africa where it functions as a keystone species (Whyte, 2001; Wickens and
Lowe, 2008), and provides important non-timber forest products to rural communities (Assogbadjo et al., 2005; Diop
et al., 2005; Chirwa et al., 2006; Buchmann et al., 2010; Venter and Witkowski, 2010; Cuni Sanchez et al., 2011; Schumann
et al., 2011; Munthali et al., 2012; Munyebvu, 2015; Lisao et al., 2017). Every part of the baobab tree is believed to be use-
ful to local communities as a food source, fiber, medicine or for spiritual welfare (Sidibe andWilliams, 2002; De Caluwe et al.,
2009; Kamatou et al., 2011). According to Lisao et al. (2017), the bark is the most important part of the baobab in Namibia. It is
harvested by humans for fodder and medicinal purposes. Elephants (Loxodonta africana) also commonly strip the bark. This
may potentially increase vulnerability of baobab trees to diseases and increase mortality rates of trees with smaller stem
diameters (Wilson, 1988; Mudavanhu, 1998; Romero et al., 2001; Kassa et al., 2014).

Several studies have shown that the population structure of the baobab is influenced by land use and human activities
through economic and socio-cultural uses of the tree (Wilson, 1988; Schumann et al., 2011). The baobab seems to thrive well
in human settlements, crop fields and rocky outcrops in Mali while in other areas it is only in well protected areas or rocky
outcrops, supposedly with little human disturbance (Assogbadjo et al., 2005; Duvall, 2007). In West Africa, there is a high
population of baobabs in human dominated landscapes especially near homesteads (Duvall, 2007; Schumann et al., 2011).

The baobab is native to the Sudano-Zambesian drier areas that receive 200e800mm of rain (Wickens, 1982). It is found in
a range of habitats but Sidibe andWilliams (2002) argue that its distribution is mainly restricted by a certainminimum annual
rainfall. In Namibia, baobabs mainly occurs in the northern part of the country in Colophospermummopanewoodlands (Giess,
1998). Curtis and Mannheimer (2005) states that in Namibia, it is restricted to hot, dry woodland on stony, well-drained soils
and in frost-free areas that receive low rainfall.

Baobab is currently listed as Least Concern (LC) according to the IUCN Red List Criteria (The IUCN Red List of Threatened
Species, 2016). However, there are records of increased reduction in baobab populations across Africa (Leach et al., 2011). A
study by Cuni Sanchez et al. (2010) predicted that there will be no areas in Namibia suitable for baobab growth in future due
to effects of climate change caused by change in land use and global warming. In Namibia, the baobab is protected under the
Forest Act No 2 of 2001 due to extensive uses by humans and animals (Government Republic of Namibia, 2015). However, the
high demand for baobab products and associated changes in land use (exacerbated by human activities and climate change)
are major factors that may threaten the occurrence of baobabs (Dhillion and Gustad, 2004; Venter and Witkowski, 2010;
Schumann et al., 2011).

Despite the importance of the baobab to local communities in Namibia, data on the population structure of the species is
limited (Lisao et al., 2017). There exists only one study on the population structure of baobab in Namibia (Munyebvu, 2015).
The study was limited to Omusati Region where a bell-shaped distribution for the baobab population was observed. The aim
of this study was therefore to describe the population structure of baobab populations in four selected areas in northern and
north-eastern Namibia where the species occurs in relative abundance. The study assessed tree density and population
structure (stem diameter class distribution) of baobab along a rainfall gradient, in order to develop site specific management
guidelines for conservation interventions. It addresses the following study questions: Is the population structure of baobabs
in Namibia stable? What conservation strategies will improve sustainability of the baobab population in Namibia?
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2. Methods

2.1. Study areas

The study areas covered variable environmental parameters and a rainfall gradient that increases from the western to the
eastern regions in northern and north-eastern Namibia (Fig. 1, Table 1). Generally, Namibia is a hot and dry country with high
climatic variability. There is a variation in soil types across the country; the majority of this is poor and therefore not suitable
for crop production (Coetzee, 2003). The study area lies in the woodland vegetation type as classified by Giess (1998). Land
tenure is communal with traditional administration through customary law.
2.2. Study site selection and sampling design

Sites for data collection were selected based on knowledge of the distribution of baobab, and herbarium specimens of
baobabs from the Windhoek Herbarium (WIND) (Curtis and Mannheimer, 2005). Baobab also occurs in other regions
(Oshana, Ohangwena and Kavango Regions) but field observations indicated that they occur in limited numbers and therefore
would not have made sufficient plots for data analysis.

Ground-truthing was done prior to data collection to verify the presence of baobab as well as a test for identification of
baobab trees from the satellite images (using Google Earth images). Baobab has a disjunct spatial distribution; therefore
selection of data collection sites was done through stratified sampling of areas with variable rainfall and occurring in different
geographic regions of Namibia. Geographic areas of baobab presence were identified and marked on a satellite image ob-
tained from Google Earth (Assessment date, 10 October 2014). This was done to ensure that the major populations of baobabs
in different rainfall regimes were included and had an equal chance of being selected. From each marked baobab population,
major baobab clusters weremarked and numbered in each rainfall regime (Fig. 2). Four clusters were randomly selected from
each marked baobab population per region/rainfall regime, i.e. 16 clusters in total. The geographic coordinates were deter-
mined at the centre of each cluster, and entered into a GPS to be located in the field for data collection.
Fig. 1. Map indicating the study areas and distribution of baobab in Namibia.
(Source: National Remote Sensing, 2015; Curtis and Mannheimer, 2005).



Table 1
Important environmental and anthropogenic features in the four baobab study areas in northern and north-eastern Namibia.

Study area Kunene Omusati Otjozondjupa Zambezi

Landscape features Rocky mountains, high species
diversity and endemism

Seasonal water bodies,
degraded landscape

Water pans, high bird
diversity and wildlife

Rivers, associated flood plains,
woodlands and wildlife

Rainfall, mm 100e200 250e300 500e650 660e750
Minimum

temperature, �C
13 14 13 15

Maximum
temperature, �C

26 32 29 31

Soil formation Rocky outcrops Cambisols Arenosols Arenosols and Cambisols
Vegetation types Mopane Woodland Mopane Woodland Tree savanna and

woodland
Tree savanna and woodland

Natural disturbances
to vegetation

Fire, herbivory Seasonal flooding Fire, herbivory Seasonal flooding, fire, herbivory

Crop cultivation Limited Common Limited Common
Human population

density per km2
0.8 9.2 4.6 6.2

Baobab populations Wild In and around human
settlements

Wild Wild, human settlements

(Mendelsohn et al. 2002; Namibia Statistical Agency, 2011; Namibia Meteorological Services, 2015).

Fig. 2. Example of mapping major baobab populations in an area (top photo), marking of clusters (bottom photo) in population 5, from which baobab clusters
were selected for data collection.
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Table 2
Descriptive statistics of variables in different study areas (with annual rainfall between brackets) and ANOVA results.

Variable (Mean) Kunene
(166 mm/a)

Omusati
(285 mm/a)

Otjozondjupa
(617 mm/a)

Zambezi
(740 mm/a)

F P

Stem diameter: dbh range (m) 1.4 (0.61e2.7) 4.1 (0.64e8.8) 4.5 (1.9e8.6) 1.6 (0.03e9.1) 60.7 0.046
Height (m) 12.7± 3.5 16.6± 4.7 19.8± 4.7 14.3± 6.3 23.7 0.009
Crown diameter (m) 9.6± 5.2 20.2± 5.9 19.9± 5.3 10.5± 7.7 53.3 0.00002
Stems/ha 5.8± 2.5 6.7± 2.5 0.2± 0.08 2.7± 5.7 3.7 0.042
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2.3. Data collection and analysis

Stand density and population structure was based on a fixed number of 15 baobab plants around the sampling point
because of the variable distance between trees in the clusters. Plot size was determined from the distance from the random
sampling point to the 15th plant. The stem diameter, tree height and crown diameter of each treewere recorded. A 50-m tape
measurewas used tomeasure the girth of the stem at 1.3m height above the ground (Girth at breast height). A clinometer was
used to measure tree height, from ground level to highest point of the crown. Crown diameter was calculated as the mean of
two cross sectional lengths, i.e. the narrowest and widest diameters of the crown, measured with a tape measure. Fieldwork
was carried out during thewet season (February andMarch 2015) for easy identification of young baobab trees and to observe
seedlings that have just germinated. Data collection in all areas was done in the same season for consistency and precise
comparison between different areas because baobab stem diameter is typically variable between the wet and dry seasons
(Patrut et al., 2007). Each individual stem was assessed for bark damage and recorded when a fresh scar was present. The
damage to stem by elephants and humans was differentiated by the distinction in the scars. Scars by humans have clear
geometric lines into the bark because of the sharp objects normally used (e.g axe, panga or hoe). Scars by elephants have no
clear hard horizontal lines and often extends much higher into the tree.

Data were analysed using SPSS Statistics 20 and Microsoft Excel 2010. All stem girth measurements were converted to
stem diameter (dbh) for analyses. Trees were categorized into stem diameter classes of 1m interval (Munyebvu, 2015). Life
stage classifications were adopted from Venter and Witkowski (2013). Baobab saplings of <5m height were considered as
juveniles. Trees�5m height and �1m dbh with developed crowns were classified as sub-adults. Adult trees were trees with
>1m dbh.

The average baobab tree densities were determined using the following formula:

Baobab stem density ¼ Number of individual trees=Area of plot:
The area of the plot, A, was calculated using A ¼ pr2, where rwas the distance from the centre of the plot to the 15th tree
(furthest away from the centre).

A test for normality of the data was carried out using the Kolmogorov-Smirnov Test, before ANOVA procedures. Data that
was not normally distributed (dbh) were transformed before being analysed. One-way ANOVA test was used to determine if
there were significant differences in tree density, dbh, height and crown diameter in different regions, at a 0.05 significant
level. Baobab dbh class distributions across study sites were presented as histograms derived from analysis using Microsoft
Excel (2010).

3. Results

3.1. Description of baobab populations in different regions

Baobab plants were observed mainly in small patches of dense stands and as isolated trees further away from the dense
stands. In Kunene Region, baobab trees were observed in dense clusters on mountains, showing a disjunct distribution be-
tween clusters. Observed plants were categorized into juvenile (<5 m height), sub-adult (5 m height to <1 m stem diameter)
and adult (1 þm stem diameter) life stages after Venter andWitkowski (2013). The number of baobabs with damaged stems,
by both elephants and humans in the different regions, was presented in graphs.

Trees were growing on highly elevated mountain slopes and crests from up to 1351m to 1450m above sea level but
occasionally at the foot of mountains, in areas south of Orumana and north of Okavare, Okatomba and south of Orokatundu.
All observed trees in Kunene Regionwerewild populations. In Omusati Region, the baobab populations weremainly observed
in human settlements in the Outapi, Tsadi, Onesi and Ewunda areas. They were mainly in crop fields or homesteads that were
fenced. In Otjozondjupa Region, baobab populations were observed east of Tsumkwe settlement towards the border with
Botswana. Baobab populations in this Region are wild, occurring in Acacia thickets and open woodlands. Baobabs were
observed around areas such as Djxohoe, Makuri and around a pan known as Gura. In Zambezi Region, baobabs were observed
in the eastern part of the region, with dense baobab populations in the Ioma, Muyako and Sikanjabula areas. It is evenly
spread in the mopane belt across Salambala Conservancy. Trees were observed in crop fields, in the wild and around human
settlements.



Fig. 3. The population structure of baobab in different rainfall regimes.
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Descriptive statistics for stem diameter, tree height, crown diameter and stand density are summarised in Table 2. The
ANOVA showed that stand density, dbh, tree height and crown diameter were significantly different between regions
(p< 0.05). The highest mean density of 6.7 stems per ha was recorded in Omusati Region, and. the lowest mean density of
0.2± 0.1 stems per ha in Otjozondjupa Region. Zambezi Region with highest annual rainfall, had the second lowest baobab
density, whereas Kunene Region with the lowest rainfall had the second highest baobab population density. The tallest trees
were recorded in Otjozondjupa Region. The widest crowns were observed in Omusati Region. From field observations, dense
baobab extends over relatively larger areas in Omusati Region in comparison to other regions.

Signs of sooty mould disease were observed on one tree in Omusati Region. Up to 3% of the observed trees had natural
beehives, and 10% had bird nests. Dead trees only made about 2% of the population. The causes of death was assumed to have
been caused by fire.

3.2. Dbh size class distributions of baobabs in different regions

In the Omusati and Otjozondjupa Regions (250e650mm rainfall), the trees showed the typical Bell-shaped stem diameter
class distributions, i.e. fewer trees in the smaller and large size classes than trees in the intermediate size classes (Fig. 3). The
population in the Zambezi Region (660e750mm) showed J-shaped distribution with a left peak, i.e. more young trees and
fewer trees in the adult size classes. The population in Kunene Region (100e200mm) revealed an inverse J-shaped distri-
bution, the number of trees in the largest size class were higher than those in the smaller size classes.

3.3. Regeneration

Categorising all baobab trees into life stages gave insights into the lack of regeneration (Fig. 4). Juvenile baobabs were only
found in Zambezi Region with the highest annual rainfall (>600mm annual rainfall). The results indicate that there are no
Fig. 4. Percentage of total number of recorded stems of baobab in different life stages in the different geographic regions.



Fig. 5. Proportion of intact and damaged stems in different size classes.
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baobab plants in the juvenile life stage in Kunene, Omusati and Otjozondjupa Regions (Fig. 4). Regeneration is poorest in
Otjozondjupa Region, where plants in the sub-adult life stagewere absent. Generally, thereweremore individuals in the adult
stage in all areas in relation to the juvenile and sub-adult stages.

3.4. Damage to bark of baobabs in different regions

The percentage of damaged baobab stems in the sampled populations were higher than the percentage of intact stems in
Kunene (63%), Omusati (83%) and Otjozondjupa Regions (95%), but were lower (46%) in Zambezi Region. There were sig-
nificant differences between stem conditions of sampled baobabs in different regions (c2¼ 49.261, df¼ 3, P< 0.001). The
trend observed in all regions was that the larger the tree the higher the rate of damage. Larger trees are more preferred for
bark harvesting than smaller trees. Overall, 72% of observed plants had scars on the stem, 59% by humans and 41% by ele-
phants. All trees in Omusati Region were damaged by humans (Fig. 5). The highest damage by elephants was recorded in
Otjozondjupa Region.

4. Discussion

4.1. Factors that affect baobab stem density in different rainfall regimes

The overall mean density for the four sampled regions was variable and ranged from 0.16 to 6.73 stems per ha. This is
within range of other recorded baobab densities in other African countries (Venter and Witkowski, 2010; Ndoro et al., 2014).
The observed significant differences in stand density between different regions were not related to causal factors for the
differences. These were assumed to be caused by differences in the micro-environmental conditions, land-use types and
arability of soil as well as biological factors such as herbivory and fruit predation. These assumptions need further
investigation.

The highest stem densities were observed in the Omusati Regionwith a relatively low annual rainfall. High annual rainfall
may therefore, not necessarily be the primary factor in determining high densities. However, the occurrence of seasonal pans
in the region may have contributed to the high density. Wetter areas have relatively high baobab densities in comparison to
dry areas (Edkins et al., 2007; Mashapa et al., 2013; Mpofu et al., 2012).

The densities in Omusati Region were higher than the densities of 3.96 and 4.13 stems per ha recorded in two areas in the
Omusati Region by Munyebvu (2015). The variation may be due to differences in sampling units, however stand density also
varies between clusters in the same area. Land use is known to impact on baobab population structure (Schumann et al., 2011;
Venter and Witkowski, 2010). With a population density of 9.2 people per square kilometer, Omusati Region is the most
densely populated region in the study areas (Namibia Statistical Agency, 2011) and yielded the highest baobab stem density.
The baobab is also highly associated with human settlements. This may explain the high density of baobab observed in
Omusati Region. The protection is due to the benefits that the local communities derived from the mature trees (Lisao et al.,
2017).
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Abundant elephants in the sampled areas of Otjozondjupa Region may account for the low baobab density in comparison
to other regions. Elephants are highly associated with baobab populations and believed to negatively affect baobab pop-
ulations (Edkins et al., 2007). They have been observed to reduce baobab densities by destroying young baobab trees by
trampling or feeding on them (Barnes, 1996, Edkins et al., 2007, Ndoro et al., 2014).

4.2. Factors that affect size class distributions in different rainfall regimes

Bell-shaped size class distributions for Omusati and Otjozondjupa may not necessarily be an indicator of an unstable
population. Baobab can sustain population levels with low or sporadic recruitment (Venter andWitkowski, 2013). The lack of
baobab plants of <2m dbh in Otjozondjupa Region indicates high rates of seedling mortality that may be due to elephant
damage and human use of baobab seeds. The lack of plants in some size classes may be a result of a natural disaster such as
drought, flood, fire or diseases as this may result in death of cohorts.

The J-shaped distribution in Kunene and Zambezi Regions are an indication of successful recruitment, but may be short-
lived because of the dynamics of the vegetation. Long-term monitoring of these populations may yield results that will assist
in understanding baobab population dynamics in Namibia.

There were no juvenile baobabs in all regions, except Zambezi Region. The lack of juveniles is a common observation for
baobab (Eltahir et al., 2015). The low numbers of sub-adult trees in comparison to juveniles in Kunene and Zambezi Regions
indicates good recruitment. The observed higher numbers of sub-adult size classes than juveniles in Omusati and Otjo-
zondjupa Regions indicates poor recruitment. The factors that determine the life stages are variable in different regions. The
absence of both juveniles and sub-adults in the 400e500mm rainfall zone in Otjozondjupa Region may be due to a com-
bination of various factors such as destructive use of seeds, destruction and trampling of seedlings by animals, and agri-
cultural activities.

Land use type is a major factor that impact on the population structure of baobabs (Schumann et al., 2011; Venter and
Witkowski, 2010). Agricultural cropping may result in fewer seedlings because baobab seedlings are normally removed
when clearing new sites for growing crops, to reduce competition with their crops (Lisao et al., 2017). Similar observations
have been made in other countries, including Malawi (Dhillion and Gustad, 2004) and South Africa (Venter and Witkowski,
2013). However, the adult trees are normally retained, resulting in more adult trees than those in the juvenile stages.
Traditionally, important large trees, such as baobab, are protected by cultural norms in African communities (Sidibe and
Williams, 2002; Lisao et al., 2017). This may contribute to the high ratio of mature trees to juveniles. The same trend was
observed in previous studies by Munyebvu (2015) in Namibia and other parts of Africa (Cuni Sanchez et al., 2010; Schumann
et al., 2011; Venter andWitkowski, 2010; Edkins et al., 2007; Chirwa et al., 2006; Assogbadjo et al., 2005; Dhillion and Gustad,
2004).

Cattle (Bos taurus) and goats (Capra aegagrus hircu) are common domestic animals that occur in all sampled regions. While
these are dispersers, they may also destroy seeds when feeding and therefore negatively impact on recruitment. Seeds may
also be dispersed to areas where suitable germination conditions are not met and therefore fail to establish. Venter and
Witkowski (2013) indicated that baobab seedlings may be destroyed by repeated browsing by livestock, contributing to
lack of juveniles. In Otjozondjupa Region, the lack of juveniles may indicate a high rate of destruction of seeds before
establishment or destruction of fruits before maturing, resulting in reduction of viable seeds.

Rainfall is an important factor for successful recruitment of baobab seedlings. The higher annual rainfall in Zambezi Region
may be the causal factor for the observed best regeneration, possibly due to increased source of moisture to break dormancy
of baobab seeds and providing nourishment for young seedlings. Cuni Sanchez et al. (2011) compared seedlings with varying
amounts of moisture received. Seedlings exposed to higher moisture conditions (rainfall or watering) establish and grow
faster than those under lower moisture conditons.

The slow growth of seedlings in the more arid study areas (Kunene, Omusati and Otjozondjupa) may expose seedlings to
more disturbances before growing beyond the juvenile stage, and cause reduced numbers of juveniles. In a study in Benin,
seedlings of seeds from wetter provenances grew faster, whilst seedlings from more arid provenances allocated more re-
sources to the taproot, a characteristic related to drought adaptation (Cuni Sanchez et al., 2011). Venter andWitkowski (2013)
attributed seedling mortality to infrequent rainfall in South African.

The Zambezi Region has a higher plant diversity than the other regions (Giess, 1998), providing alternative options for
available feed for animals. This may reduce browsing pressure on young baobab plants. Seedlings may also find refuge in
thickets, which are difficult to access by animals (Venter andWitkowski, 2010), and increasing successful recruitment. This is
different in Omusati Region because of degraded and overgrazed landscapes. It is likely that geminated baobab seedlings may
be browsed by cattle, goats and donkeys (Equus africanus asinus) which are found in high densities in that region.

Communities in Kunene, Omusati, Otjozondjupa and Zambezi Regions use baobab seeds as food and therefore reduce the
number of viable seeds that may potentially establish (Lisao et al., 2017). Additionally, fire scars observed on stems may
potentially destroy juveniles before recruiting into larger trees, which are more resilient to fire.

4.3. Assessment of baobab stem condition

The majority of baobab stems were damaged. In northern Namibia, the bark is harvested by humans, mainly for use in
administering various ailments (Munyebvu, 2015; Lisao et al., 2017). Elephants are also a major contributor to baobab bark
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damage, especially in the dry seasons (Weyerhauser, 1985; Romero et al., 2001). As a succulent, it can serve as a source of
water. Mudavanhu (1998) suggests a relationship between bark harvesting and sooty disease. However, Romero et al. (2001)
could not determine any relationship between harvesting intensity and presence of sooty disease. Ndoro et al. (2014)
observed that 98% of baobab trees in a National Park in Zimbabwe were damaged by elephants. Elephants strip damage
the bark of older baobab trees, weakening the tree and making them more prone to diseases, fire and infections. A study in
Zimbabwe has indicated that some trees may not produce fruits for up to a period of four years due to depleted resources as a
result of elephant damage to the bark (Swanepoel, 1993). A study into the effects of bark harvesting of baobab trees in the
variable landscape where baobab occurs in Namibia is recommended.

The high rate of damage of stems in Otjozondjupa Region is a combination of stripping by elephants and harvesting of bark
by humans. The trees in Kunene Region had the lowest rate of damage, possibly due to the difficult access to these trees that
occur on rocky mountains. This supports findings by Edkins et al. (2007) who indicated that damage by elephants to baobabs
decreased with increasing slope and rockiness. Baobab bark is the most important part of the baobab tree used across the
study areas (Lisao et al., 2017), but the use of baobab bark needs to be regulated. Sustainable harvesting is recommendedwith
recovery periods of 8 years for bark thickness and 12 years for fibre quality (Romero et al., 2001).
4.4. Implications for conservation

Overall, the baobab population is currently considered as stable. However, if factors that affect regeneration are not
monitored, the population of baobab may become threatened. Nevertheless, protection is accorded to adult trees by locals
and therefore this contributes positively to the population structure of baobab. The study identified that baobab populations
in the Otjozondjupa and Omusati Regions may be exposed to local extinction. Investigation of seedling refugia in these re-
gions is critical for conservation of baobab. Regardless of the resilient nature of the baobab stems, excessive bark harvesting
increases the vulnerability of the trees to diseases (Kassa et al., 2014). The observed rates of damage to the baobab trees may
not be sustainable. Recovery periods is recommended to allow the bark to fully recover before harvesting. Since water is a
limited resource in Namibia, in situ conservation of the baobab needs to be incorporated into conservation strategies. Active
protection of established baobab seedlings and transplanting seedlings to desirable areas by local communities is recom-
mended in order to ensure successful recruitment. This may also contribute to conservation of the local genetic pool in future
populations.

Studies to investigate population genetics is critical to ensure genetic diversity is maintained and for better conservation
strategies. Overall, data from this study will generate knowledge that will be used in value addition, domestication and
revision of the IUCN status of baobab in Namibia for conservation. Additionally, baobab trees play important ecological roles
as a keystone species. This is supported by the presence of bee hives and bird nests observed on the trees. Conservation of this
species is therefore important in maintaining stability in the ecosystem.
5. Conclusion

The study assessed the baobab population structure in different regions in northern Namibia and found significant dif-
ferences in densities between different regions. The results revealed that there is a lack of baobab trees in the juvenile life
stage in three of the four regions. Stem diameter class distributions revealed fewer young trees than adults in Otjozondjupa
and Omusati Regions, whereas a higher number of young than adult trees were observed in Zambezi and Kunene Regions,
indicating a young and stable population. Trees with smaller diameters were observed in areas that were hard to access in
Kunene and Zambezi Regions. This may provide a shield to elephants and other animals from damaging the young seedlings.
The study indicated that a significant number of trees have damaged stems, making them vulnerable to infections of the
damaged stems. Though baobab recruitment is sporadic, factors that disturb and reduce numbers of baobab seedlings need to
be monitored to ensure higher proportions of young trees in order to conserve baobab in Namibia.
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