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Abstract
The impact of unsustainable land‐use conversions, changes in climate and anthropo-
genic activities on abundance and distribution of baobab populations was assessed 
in semi‐arid regions of Tanzania. Baobabs were sampled in plots of 1 km long and a 
50 m wide, which were carried out in 337 grids located in different land‐use types. 
Transects for each land‐use type were located using a stratified random sampling 
technique to compare baobab population variations and occurrences in semi‐arid 
areas of Tanzania. Baobab density was found to be highest in strictly protected areas 
and the lowest density in unprotected areas, suggesting that anthropogenic activi-
ties coupled with local management practices within land‐uses may be influencing its 
viability in semi‐arid areas. In species like this, with less and slow recruitment rate, it 
takes a long time to bring the population to recovery when substantial disturbance 
and overutilisation have reduced the populations to certain levels. Thus, increased 
human and climate change pressures on land are likely to drive the species to extinc-
tion in these fragmented populations.

Résumé
L'impact des conversions non durables de l'utilisation des terres, des changements 
climatiques et des activités anthropiques sur l'abondance et la répartition des popula-
tions de baobabs a été évalué dans les régions semi‐arides de Tanzanie. Les baobabs 
ont été échantillonnés dans des parcelles de 1 km de long et de 50 m de large, réali-
sées dans 337 grilles situées dans différents types d'utilisation du sol. Des transects 
pour chaque type d'utilisation des terres ont été localisés à l'aide d'une technique 
d'échantillonnage aléatoire stratifié afin de comparer les variations et les occurrences 
de la population de baobabs dans les zones semi‐arides de Tanzanie. La densité de 
baobab était la plus élevée dans les zones strictement protégées et la plus faible 
dans les zones non protégées, ce qui suggère que les activités anthropiques associées 
aux pratiques de gestion locales dans les utilisations des sols peuvent influer sur sa 
viabilité dans les zones semi‐arides. Dans des espèces comme celle‐ci, où le taux de 
recrutement est faible et lent, il faut beaucoup de temps pour rétablir la population 
lorsque des perturbations importantes et une surutilisation ont réduit les populations 
à certains niveaux. Ainsi, les pressions croissantes exercées par l'homme sur les terres 
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1  | INTRODUC TION

The baobab (Malvaceae: Adansonia digitata [Linn. 1759]) is a spe-
cies native to the Sudano‐Zambesian drier areas that receive a 
range of 200–800 mm of rain annually, with its lifespan range 
estimates varying between 1,000 and 2,000  years (Sidibe & 
Williams, 2002; Wickens, 1982). It is a large, deciduous tree that 
can reach 25  m high, and its germination rate is generally low 
due to physical dormancy of the seeds (Baskin & Baskin, 2001; 
Muthane & Gyanchand, 1980). Typically, A. digitata is distributed 
in the savannahs of Africa where it functions as a keystone spe-
cies making an important contribution to ecosystem function-
ing and people's livelihoods for food, fibre and medicine (Lisao, 
Geldenhuys, & Chirwa, 2018; Sanchez, Osborne, & Haq, 2010; 
Schumann, Wittig, Thiombiano, Becker, & Hahn, 2012; Venter 
& Witkowski, 2010). The tree is harvested by humans for food, 
fodder and medicinal purposes. Elephants (Loxodonta africana) 
also tend to eat its fruits and commonly strip the bark, potentially 
acting as agent of dispersal while at the same time increasing the 
vulnerability of baobab trees to diseases and increase mortality 
rates of trees with smaller stem diameters, respectively (Romero 
et al., 2001; Wilson, 1998).

While the baobab generates various products that are bartered 
and sold in urban and informal markets across Africa (Venter & 
Witkowski, 2010), these food products form an important source of 
income, especially in the dry season or at times of drought and are 
increasingly being commercialised and exported around the world, 
with pressures on its use growing. To manage the species and its 
associated products sustainably, a thorough understanding of the 
spatial distribution of the species, along with an understanding of 
the effects of land‐use and environment factors on baobab density 
in these areas, is required.

Land degradation is a major threat to sustainable management 
of biodiversity, and unsustainable land conversions and changes in 
climate and human populations have been predicted to increase 
pressure on baobab populations in their range areas (Schumann, 
Wittig, Thiombiano, Becker, & Hahn, 2010; Van den Bilcke, Smedt, 
Simbo, & Samson, 2013). Furthermore, international interest in 
nontimber forest products (NTFP) has resulted in an increase on 
the utilisation pressures in the species, which can potentially af-
fect its abundance and distribution in the areas where it occurs. 
Despite the importance of the baobab to local communities in the 
semi‐arid regions of Tanzania, data on the distribution of the spe-
cies are limited and no known study quantifying the distribution 
hotspots of baobabs in Tanzania. Also, the factors influencing on 

baobab populations in its range areas are not well understood. The 
main objective of this study was to compare baobab population 
variations and occurrences in three different land‐use types across 
semi‐arid areas of Tanzania. The specific objectives of the study 
were (a) to determine the current distribution, occurrence and vari-
ation of baobab densities in different land‐uses in the semi‐arid 
areas of Tanzania and (b) to assess how variations among land‐use 
systems and across the precipitation, temperature and altitudinal 
gradient affect the abundance and distribution of baobabs in the 
semi‐arid areas of Tanzania.

2  | METHODS

2.1 | Study area description

The study area was the semi‐arid zone in Tanzania (Latitude: 
2°39′5.225″S, Longitude: 34°8′29.364″E and Latitude: 
8°2′53.048″S, Longitude: 35°3′18.731″E) and comprised of strictly 
protected areas (National Parks and Forest Reserves), nonstrictly 
protected areas (Game Controlled Areas, Game Reserves, Open 
Areas and Wildlife Management Areas) and unprotected areas 
(croplands, pastures and settlements; Figure 1). Dudley (2008) de-
fined strictly protected areas as the area set aside to protect bio-
diversity and also possibly geological/geomorphological features, 
where human visitation, use and impacts are strictly controlled 
and limited to ensure protection of the conservation values. In this 
study, the strictly protected areas are the conservation areas that 
do not allow for resource extraction that may lead to biodiversity 
loss including baobab harvest. Nonstrictly protected areas here re-
ferred to those areas (e.g. Game Open Areas) that allow resource 
extraction with potential degradation of biodiversity. Unprotected 
areas (e.g. village lands and settlements) are the areas where un-
regulated resource extraction is practiced, and human visitation, 
use and impacts are not limited such as farms, residential areas and 
grazing areas. The semi‐arid regions of Tanzania cover about 22% 
of the Tanzanian total land area (World Bank, 1994), which is used 
by almost 30% (population density of approximately 62 people per 
square kilometre) of the human population. Semi‐arid areas cover 
about 22% of the Tanzanian total land area (World Bank, 1994), 
which is used by about 30% (population density of approximately 
62 people per square kilometre) of the human population. The semi‐
arid areas were delineated by ODA/NRI in relation to Tanzania's 
administrative regions (LRDC, 1987; NRI, 1991, 1996). This classi-
fication has been used widely by the World Bank amongst others 
(World Bank, 1994).

et les changements climatiques pourraient entraîner l'extinction de l'espèce dans ces 
populations fragmentées.

K E Y W O R D S
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F I G U R E  1  Map showing all land‐use types within the study area in Tanzania
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2.2 | Data collection

2.2.1 | Prefield work

Before the main field data collection, a reconnaissance survey was 
carried out in the study area. The main aim was to get the actual 
information about the terrain characteristics, land‐use systems and 
baobab distribution as well as to reconcile the reality with the infor-
mation obtained from topographic map. After the reconnaissance 
survey, the information generated was used to design and establish 
sampling points and sample size as described in the section below. 
The focus of this study was on baobab distribution in certain land‐
use types other than government's gazetted towns, urbans, formal 
settlements and cities. Therefore, land‐use was restricted to forms 
of human management of vegetation that turns out to affect bao-
bab species. land‐use in this study therefore referred to (a) strictly 
protected areas; (b) nonstrictly protected areas and (c) unprotected 
areas.

Using the map for the study area, the coordinates of all sampled 
points were plotted on maps and imputed in a Global Positioning 
System (GPS). The nearest land‐use to a sample point was firstly 
located by using the combination of digitized land‐use map of the 
study area, sampled points map and the topographic map. At each 
land‐use type, the sampled point was navigated, following the GPS 
reading until the GPS direction became perpendicular to the direc-
tion that could be used to reach the desired point. The size of each 
grid was calculated during reconnaissance survey to ensure propor-
tionate distribution of the sample points, which is a requirement of 
stratified random sampling (de Gruijter, Brus, Bierkens, & Knotters, 
2006).

2.2.2 | Sampling strategy

Using a topographic map of the study area in combination with some 
level of knowledge of the site about the baobab distribution in dif-
ferent major land‐use types, the study area was marked into grids of 
20 km × 20 km. A stratified systematic random sampling design was 
used whereby grids were selected randomly from maps for each of 
the three land‐use types. Each grid was 20 km × 20 km, and a plot 
size of 1 km long and 50 m wide (i.e. 5 ha) was established in the 
northwestern corner of the grids using one strip transect. For a given 
sampling error, stratification ensures reduced number of sampling 
units and improved precision (Kent & Cooker, 1992). Based on the 
background hypothesis for this study, it was assumed that each grid 
is uniform in terms of baobab density and each land‐use type was 
uniform. The climate map was constructed from more than 30 years 
of rainfall and temperature data to reflect the distinctive patterns/
gradients of this across the study area.

A total of 337 grids were surveyed for this study, with the num-
ber of surveyed plots in each land‐use type being determined by 
their relative sizes. Using the grid count located within the study 
area, the respective areas surveyed in strict protected area, non-
strict protected area and unprotected area were 23,200 km2, 

46,400 km2 and 65,200 km2, respectively. Strictly protected area 
had 21 plots; nonstrictly protected areas 26 plots and unprotected 
areas had 68 plots that were surveyed during the study period, 
covering approximately 40% of the entire semi‐arid areas. In each 
of these plots, information on the number of baobab stems and 
land‐uses was recorded. All baobab plants in each transect were 
counted. The GPS coordinates obtained during field survey were 
used to locate the actual plots where the main baobab survey car-
ried out. The 337 points were confirmed to lie within semi‐arid 
areas after being overlaid on the climatic maps of Tanzania that 
were reconstructed from long‐term rainfall and temperature data 
spanning 30 years (TMA, 2014).

2.3 | Data analysis

We compared baobab population variations and occurrences in three 
different land‐use types (which were generated from the recent map 
of Tanzania and validated in the field) across semi‐arid regions of 
Tanzania. Using the coordinates and the baobab counts in each of 
the sampled plots, the distribution (i.e. occurrence of baobab in the 
study area), abundance (variation in extent of occurrence of baobabs 
classified into high, medium and low) and density (number of bao-
babs per unit area) in the major land‐use types were constructed. 
The distribution, abundance (high, medium and low) and density of 
baobabs were compared between the three land‐use types in the 
study area. These aspects were also compared between different 
gradients of rainfall and altitude in the study area. Mapping (Figures 
2, 4 and 5) and descriptive statistics of each aspect were firstly done 
to compare the hotspots, distribution and mean densities, within and 
between land‐use types and the rainfall and altitudinal gradients. 
Baobab numbers were converted into densities (baobab stems/ha) 
as follows:
Baobab stem density = Number of individual trees/Area of the plot

A one‐way analysis of variance (ANOVA) followed by Fisher's 
Least Significant Difference (LSD, p  <  .05) test was used to com-
pare baobab densities between the three land‐use types. A general 
linear model (GLM), in SPSS version 17.0 (IBM Corp), was used to 
determine the effects of environmental variables on baobab density 
whereby land‐use type was used as fixed/random factor with rain-
fall, temperature and elevation as covariates. Relationships between 
environmental variables (rainfall, temperature and elevation) and 
baobab density were analysed using Pearson's correlation analysis.

3  | RESULTS

3.1 | Baobab abundance and distribution in Tanzania

The survey findings recorded distinct and wide spatial variations of 
baobabs across different land‐use types (Figure 2). The most evident 
from the results were the varied distribution and hotspots of bao-
bab across the study area and in land‐use categories. Most of the 
baobab populations concentrated in the central regions (Dodoma 
and Singida) running from the southern central parts to the northern 
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F I G U R E  2  Map showing abundance of baobabs in the surveyed grids in the semi‐arid region
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central parts (Figure 2). The result also indicated that baobab popula-
tion and distribution are increasingly being isolated and fragmented 
mainly within strictly protected areas of varying size, habitat and 
environmental diversity. Furthermore, it was detected that strictly 
protected areas are areas of baobab hotspots. In addition, it was 
noted that the hotspots reflected a gradient of elevation, rainfall and 
land‐use types.

3.2 | Variations of baobab density among land‐
use types

A total of 115 grids (34.12%) of the 337 surveyed grids had bao-
babs in the surveyed area, and the mean density was 1.86 ± 1.10 
stems per ha across all land‐use types in the study area. However, 
baobab density varied substantially and significantly (F2, 115 = 5.436, 
p  =  .006) across land‐use types after controlling for rainfall, tem-
perature and elevation. Baobab densities did not vary significantly 
within land‐use types in the semi‐arid areas. There was no significant 
(F1, 21 = 0.117, p = .736) difference in baobab density within strictly 
protected areas. There was no significant (F1, 26 = 1.744, p = .187) dif-
ference in baobab density within nonstrictly protected areas.

As summarised in Table 1, the highest baobab density (2.45 ± 1.29 
stems per ha) was observed in strictly protected areas. Nonstrictly 
protected areas had an average density of 1.62 ±  1.04 stems per 
ha. The lowest density (1.52 ± 1.00 stems per ha) was recorded in 
unprotected areas (Figure 3). Based on post hoc LSD multiple com-
parisons, baobab densities varied significantly across land‐use types 
in the semi‐arid region. Baobab density was greater for strictly pro-
tected areas than in the nonstrictly and unprotected areas, and this 
density differed significantly between strictly protected areas and 
unprotected areas (p =  .004). Furthermore, there was a significant 
(p =  .003) difference in baobab density between strictly and non-
strictly protected areas. However, no significant (p  =  .687) differ-
ence in baobab density was observed between nonstrictly protected 
and unprotected areas.

3.3 | Variations of baobabs with 
environmental factors

Baobab distribution showed different responses to the environ-
mental variables studied. There was a significant (F1, 115 = 22.289, 
p  <  .001) main effect of rainfall on baobab density across the 
semi‐arid region. There was a significant (r = −.16, p =  .04) nega-
tive correlation between baobab density and rainfall suggesting 
that baobab density declines with increasing rainfall (>800 mm). 
As shown in Figure 4, regardless of land‐use, rainfall ranges of be-
tween 500 and 650 mm per annum are key to the distribution of 
baobabs in the semi‐arid regions of Tanzania. Also, there was no 
significant (F1, 115  =  1.515, p  =  .221) main effect of temperature 
on baobab density (Figure 4). It was observed that baobab den-
sity was highest in areas with the mean temperature between 28 
and 30°C (Figure 5). However, there was no significant (r = −.06, 
p  =  .24) correlation between baobab density and temperature. 

There was a significant (F1, 115 = 8.201, p < .005) main effect of el-
evation on baobab density across the semi‐arid region. Also, there 
was a significant (r = −.37, p < .001) negative correlation between 
baobab density and elevation suggesting that baobab density de-
clines with increasing elevation.

There was a significant interaction between land‐use ×  rainfall 
on baobab density (F2, 115 = 3.763, p < .027). In addition, there was 
a significant interaction between land‐use and elevation on bao-
bab density (F2, 115 = 4.513, p = .013). Furthermore, a significant (F2, 
115 = 7.845, p = .001) interaction between land‐use × temperature on 
baobab density was found. There was a significant (F1, 115 = 20.759, 
p  <  .001) rainfall  ×  elevation interaction on baobab density was 
observed. Furthermore, there was a significant (F1, 115  =  26.277, 
p  <  .001) rainfall  ×  temperature interaction on baobab density 
was observed. Also, a significant (F1, 115  =  4.616, p  =  .034) eleva-
tion  ×  temperature interaction on baobab density was observed. 
However, no significant (F1, 115 = 1.455, p = .231) rainfall × tempera-
ture × elevation interaction on baobab density was observed. There 
was a significant interaction between land‐use × rainfall × tempera-
ture × elevation on baobab density (F2, 115 = 3.680, p = .029).

4  | DISCUSSIONS

4.1 | Variations of baobab density with land‐use

Our results indicate that baobab density and distribution are sen-
sitive to both land‐use types and environmental factors. Land‐use 
intensification has been predicted to increase pressure on baobab 
populations in the future (Schumann et al., 2010, 2012; Wilson, 
1998). land‐use is known to impact on baobab population struc-
ture (Schumann et al., 2012; Venter & Witkowski, 2010). A study 
by Schumann et al. (2010) that compared stands in a protected area 
with those of surrounding communal area revealed that the land‐
use type has an impact on the population structure of the baobab. 
We found an uninformed distribution of baobabs in the semi‐arid 
regions of Tanzania. However, baobab density varied substantially 
and significantly across land‐use types.

F I G U R E  3  Mean density (number of individuals/ha, ±SE) of 
Adansonia digitata in different land‐use types, bars marked with 
different letters (a and b) are significantly different (p = .05)
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F I G U R E  4  Map showing effects of rainfall on baobabs distribution in the surveyed grids in the semi‐arid region
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F I G U R E  5  Map showing effects of temperature on distribution of baobabs in the surveyed grids in the semi‐arid regions
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Most of the baobab populations concentrated in the central re-
gions (Dodoma and Singida), which fall into unprotected areas run-
ning from the southern central parts (Iringa) to the northern central 
parts (Manyara and Kilimanjaro), which fall into protected areas. 
Dodoma and Singida areas had more baobab populations proba-
bly due to a combination of environmental factors that favour the 
growth of the baobab species and the protection due to economic 
and social importance of the baobab products to the local communi-
ties living in those areas (Aluko, Kinyuru, Chove, Kahenya, & Owino, 
2016; Sidibe & Williams, 2002).

The overall mean density for the three sampled land‐use types 
was variable and ranged 1.52–2.45 baobab stems per ha. This is 
within the range of recorded baobab densities in other African 
countries (Ndoro, Mashapa, Kativu, & Gandiwa, 2014; Venter & 
Witkowski, 2010). The observed lowest baobab density in unpro-
tected areas likely due to land‐use changes resulting from increased 
human populations. Increased domestic animal numbers may also be 
responsible for low density in unprotected areas. Low densities of 
baobab in unprotected areas could be attributed to livestock brows-
ing and trampling, clearing new fields, digging up seedlings to eat 
taproots, fire, and overharvesting of fruit and leaves. Other stud-
ies (e.g. Assogbadjo, Kakaï, Edon, Kyndt, & Sinsin, 2011; Chirwa, 
Chithila, Kayambazinthu, & Dohse, 2006; Dhillion & Gustad, 2004) 
have found that low baobab densities in human‐dominated areas 
were attributed to livestock browsing and trampling, clearing new 
fields, fire, and overharvesting of fruit and leaves.

The population of baobab trees in unprotected areas was widely 
spread with more exposure to disturbances caused by human activ-
ity. High human densities, infrequent domestic use of baobab fruit 
and lack of seedling protection may have a negative effect on density 
in unprotected areas. The people in central regions appear to have 
a stronger ‘baobab culture’ than the people in other regions, which 
may be the reason for the high baobab populations in the central 
regions. Duvall (2007) reports that the Manika‐speaking people of 
West Africa effectively disperse baobab seed by collecting and using 
large quantities of fruit, the seeds of which are discarded around 
villages, where they germinate. There is also a culture of actively 
protecting seedlings from livestock, thus increasing the recruitment 
success of baobabs near human habitation (Assogbadjo et al., 2011; 
Dhillion & Gustad, 2004; Duvall, 2007). The protection is due to the 
benefits that the local communities derived from the mature trees 
(Lisao et al., 2018).

It may be possible that in some parts within protected areas, 
lack of baobab recruitment was caused by elephants browsing. 

Previous studies (Barnes, Barnes, & Kapela, 1994; Swanepoel, 
1993; Wilson, 1998) have documented the distribution and popula-
tion structure of A. digitata, which was determined by the elephant 
population densities. In their study, Barnes et al. (1994) revealed 
that baobab tree densities dropped between 1976 and 1982 due 
to elephant browsing in Ruaha National Park, Tanzania,while the 
same was reported in Lake Manyara in 1969 and 1981 (Douglas‐
Hamilton, 1973; Owen‐Smith, 1988). Abundant livestock in 
unprotected areas may account for the low baobab density in com-
parison with other land‐use types, whereas elephants are highly 
associated with baobab populations and believed to negatively af-
fect baobab populations (Edkins, Kruger, Harris, & Midgley, 2008). 
They have been observed to reduce baobab densities by destroy-
ing young baobab trees by trampling or feeding on them (Barnes, 
1980; Edkins et al., 2008; Ndoro et al., 2014). According to the 
Southampton Centre for Underutilized Crops, ICUC (2006), bao-
babs need to be protected against animals, especially during the 
juvenile stage. The semi‐arid areas of Africa are facing intractable 
challenges related to practical pathways to social and environmen-
tal sustainability in rangelands. The rangelands make up ~90% of 
habitat for the species, and the rangeland area is currently un-
dergoing enormous change including shifts from large communal 
to partitioned private tenure, coupled with the effects of climate 
change (Venter & Witkowski, 2010).

4.2 | The effect of environmental factors on baobab 
distribution

Our results suggest that out of the climatic variables investigated, 
rainfall is the main factor determining baobab distribution in Tanzania. 
Temperature also influences the distribution of a number of several 
species, although it explains much less of the variation. Insight into 
how individual species' distribution and abundance are influenced 
by environmental factors is critical (Condit, Engelbrecht, Pino, Perez, 
& Turner, 2013). At a large scale, rainfall has been shown to influ-
ence species distribution (Amissah, Mohren, Bongers, Hawthorne, & 
Poorter, 2014; Engelbrecht et al., 2007; Toledo et al., 2012), whereas 
at smaller scales, soil fertility, topography and irradiance can affect 
species distribution (John et al., 2007; Mashapa, Zisadza‐Gandiwa, 
Gandiwa, & Kativu, 2013). Most tropical forests show seasonal vari-
ation in rainfall, and species drought performance and physiologi-
cal drought tolerance have therefore been found to determine the 
distribution of tropical species (Baltzer, Davies, Bunyavejchewin, & 
Noor, 2008; Engelbrecht et al., 2007).

land‐use type Sample size (N) Average abundance
Average stems 
per ha SE

Strictly protected 
areas

21 12.24 2.45 0.28

Nonstrictly pro-
tected areas

26 8.12 1.62 0.20

Unprotected areas 68 7.16 1.52 0.13

TA B L E  1  Baobab density in different 
land‐use types in the semi‐arid regions of 
Tanzania
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We analysed the distribution of baobabs in relation to environ-
mental variables and determined the relative importance of rainfall 
and temperature to their distribution. Baobab distributions were 
more strongly influenced by rainfall than by temperature. Other 
studies also found that rainfall is the main driver of large‐scale dis-
tribution patterns of tropical plant and tree species (Amissah et al., 
2014; Bongers, Poorter, Rompaey, & Parren, 1999; Maharjan et al., 
2011; Toledo et al., 2012). Temperature may have an indirect effect 
on plant growth. Short‐term leaf‐level measurements in a number of 
tropical forest regions showed that net carbon assimilation declines 
with an increase in daytime temperatures (Doughty & Goulden, 
2008). In many countries where seasonal variability in temperature 
is large compared with daily variation, an increase in temperature 
may affect the distribution of a limited number of species (Vasseur 
et al., 2014). However, in areas with larger temperature variation, 
increases in temperature are likely to shift the distribution of plant 
species (Amissah et al., 2014; Toledo et al., 2012).

Baobabs are dominant and originate in the dry tropical eco-
systems. Sidibe and Williams (2002) argued that the extent of the 
distribution of the baobabs is probably determined by its relatively 
wide‐ranging ecological tolerance. It usually grows at low altitudes 
(450–700 m), at mean annual rainfall of 150–1,500 mm (Wickens, 
1982). Adansonia digitata occurs on well‐drained soils, from clay 
to sand, and is often spared when land is cleared for cultivation 
(Wickens & Lowe, 2008). It has been demonstrated that vegetation 
structure and composition vary continuously along environmental 
gradients (Gauch & Whittaker, 1972; Oksanen & Minchin, 2002) 
especially when the gradient is long such as the rainfall gradient 
in Tanzania. The observed significant differences in baobabs stand 
density across the semi‐arid regions of Tanzania were also related 
to environmental factors. The highest baobabs stem densities were 
observed in areas with a relatively medium (500–800 mm) annual 
rainfall. High annual rainfall may, therefore, not necessarily be the 
primary factor in determining high baobabs densities. Wetter areas 
have relatively high baobab densities in comparison with dry areas 
(Edkins et al., 2008; Mashapa et al., 2013; Mpofu, Gandiwa, Zisadza‐
Gandiwa, & Zinhiva, 2012). We found a significant main effect of 
rainfall on baobab density across the semi‐arid region. It appears 
that baobab density declines with increasing rainfall above 800 mm. 
Regardless of land‐use, rainfall ranges of between 500 and 650 mm 
per annum are key to the distribution of baobabs in the semi‐arid 
regions of Tanzania.

Studies that have evaluated the response of tropical plant spe-
cies to individual environmental gradients have focused on soil nu-
trients, rainfall and water availability, but far less attention has been 
paid to the role of temperature (Amissah et al., 2014). Seasonal vari-
ation in temperature is rather minor across most tropical forests, 
but recent studies suggest that small changes in temperature are 
likely to affect plants species distribution patterns (Amissah et al., 
2014; Wright, 2010), although there are still few data to support 
this point. Determination of individual species response curves to 
a range of climatic variables is imperative to identify the climatic 
variables that are biologically most relevant to individual plant 

species, as they can help to predict the possible consequences of 
climate change for tropical forests (Amissah et al., 2014; Borchert, 
1998). Although we did not found a significant main effect of tem-
perature on baobab density, we learned that baobab density was 
highest in areas with the mean temperature between 28 and 30°C. 
Temperature seasonality is important for plants species growth 
and hence for their distribution, because most annual net primary 
production of plants in seasonal forests is concentrated in the 
months with high rainfall and growth is likely to be most sensitive 
to temperature variability during this time of the year (Amissah et 
al., 2014; Vlam, Baker, Bunyavejchewin, & Zuidema, 2014). We also 
observed a significant main effect of elevation on baobab density 
suggesting that baobab density declines with increasing elevation 
(>1,000 m asl).

4.3 | Structural and climatic differences among 
land‐use categories

Largely dry, the semi‐arid extends well into highland zones to 
North and South and displays various elevation gradients due to 
prevalence of volcanic and other activities below the Earth's sur-
face (Millennium Ecosystem Assessment, 2005). Local landscapes 
at various scales are distinguished by substantial geological het-
erogeneity, dissected landforms and resultant steep gradients of 
precipitation and vegetation, as reflected by results of baobab 
abundance and distribution. The consequent pronounced fragmen-
tation of habitats and sharp juxtaposition of distinct landscape and 
use types, combined with climatic oscillations in geological time, 
may have contributed to major variations observed in this study. 
The study further indicates that baobab population and distribu-
tion are increasingly being isolated and fragmented mainly within 
strictly protected areas of varying size, habitat and environmental 
diversity. Thus, the ability to sustain the species in the absence of 
active management is increasingly becoming constrained. The field 
survey in the study area recorded that wide spatial variations of 
baobab densities were distinct across land‐use and environmental 
gradient. The most evident from the results are the varied densi-
ties and distribution and hotspots of baobab across the study area 
and in particular land‐use categories.

In many of the semi‐arid areas, a high density of baobab co-
existed with extensive overlap in the land‐use/rainfall/extensive 
long‐term elephant migratory routes, effectively clustered in strictly 
protected areas, known to harbour many elephants and located 
in and at extreme end of climate‐elevation continuum (Wato et 
al., 2018). The proportion of different intensities of occurrence/
hotspot of baobab population indicated environmental/ land‐use 
distinctions across semi‐arid region. They have been described as 
being dissimilar largely because of their use, structural and bound-
ary elevation. For example, residence and annual movements of the 
elephants delineate the semi‐arid ecosystem, of which most of the 
time elephants are confined in the strictly protected areas and other 
nonstrictly protected areas with sporadic movements between loca-
tions (Wato et al., 2018). Consequently, elephants are able to act as 
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dispersers more in the strictly protected areas where availability and 
access of baobab by elephants can be made. Elephants, for example, 
regularly migrate across the National Park boundaries to habitats 
that are not protected.

The geographic distributions of baobab are documented but 
less understood. On local scale, this is the first and most compre-
hensive and rigorously quantitative study that measured its distri-
bution and abundance in semi‐arid regions of Tanzania in relation 
to land‐use types. Application of GIS technology to these data 
identified key hotspots that segregated this population to various 
locations across environmental and land‐use types. The hotspots 
reflected a gradient of elevation, rainfall and land‐use types. 
Occupying in strictly protected areas, the management policies 
are designed such that they stabilize the densities in such land‐use 
types whereas disappearance and low densities may be traced to 
the activities of humans. Although some other background factors 
such as edaphic factors, dissected topography and dispersal agents 
(elephants) may be independent of human beings. Many protected 
areas are intensively managed; thus, claims of high plant and animal 
biomasses not unique. Elephant populations that have been cen-
sused regularly in these areas have in fact indicated high numbers 
compared with other land‐use types, providing room for dispersal 
of baobab seeds within and around such areas lease (Barnes et al., 
1994; Owen‐Smith, 1988; Swanepoel, 1993). The distribution of 
baobabs varies with geomorphology and climate in the semi‐arid 
regions of Southern Africa including Tanzania (Wickens & Lowe, 
2008). This suggests that most baobab populations tend to grow in 
arid‐eutrophic soil types of savannahs that are likely to be found in 
low‐rainfall, open grasslands (Wickens, 1982).

In the past, the herbivores in the semi‐arid areas used to consist 
of particularly elephant (L. africana) and buffalo that then contrib-
uted 75% or more of total animal biomass interacting closely with 
baobab species and in areas where elephant populations had shown 
a sign of overpopulation, and managers were posed a dilemma for 
managing populations due to worries of regulating/reducing tree 
abundance (Douglas‐Hamilton, 1973). While in the past, both trees 
and elephant densities have been shown to be highest in strict pro-
tected areas such as national parks (Douglas‐Hamilton, 1973), re-
sults of from other studies (e.g. Kupika, Shakkie, Edson, & Gumbie, 
2014) indicated that elephants target large baobabs with girth ≥5 m. 
Thus, Kupika et al.'s (2014) study suggests that damage of baobab by 
elephants in these areas is not necessarily detrimental to succumb 
to mortality. Baobabs act as biomass of high quality forage and high 
density and principal forage plants for elephants. Baobab seeds are 
dispersed by elephants and can be transported long distances else-
where, which germinate easily after passing through the alimentary 
canal of elephants. There is a potential for damage and clearance of 
plant species, which could at some point, if no action is taken lead to 
local extinction. The current land‐use intensifications likely due to 
increased cultivation may lead to an increasing pressure on baobab 
population in the future and display a conservation concern over the 
long term. Therefore, there is need to adopt management strategies 

that guarantee the continuous existence of this economically im-
portant plant species.

5  | CONCLUSIONS

Our results clearly show that an understanding of baobab population 
hotspots in Tanzania is of paramount importance if we are to sustain-
ably conserve the species. The variations in land‐use types have been 
important in shaping their abundance and distribution. Unsustainable 
land‐use type conversions, changes in climate and anthropogenic activ-
ities can play major roles in reducing abundance and distribution of ba-
obab populations. The semi‐arid regions of Tanzania harbour one of the 
important baobab populations in savannah regions, which are continu-
ously threatened by changes land‐use changes and unsustainable utili-
sation of baobabs. We found evidence of population variations both in 
density and occurrence among land‐uses with the highest baobab den-
sity being observed in strictly protected areas and the lowest density 
recorded in unprotected areas. The results suggest that anthropogenic 
activities coupled with habitat fragmentation and population pressure 
may be contributing to reduction and occurrence of baobabs popula-
tions in unprotected areas across the semi‐arid savannah ecosystem. 
A comparison of baobab density between nonstrictly protected and 
unprotected areas showed a significant difference, which suggests that 
environmental factors play a lesser role than land‐use and anthropo-
genic changes in influencing the observed variation in hotspots, dis-
tribution and densities within land‐use and across the landscape in 
semi‐arid savannahs. In long‐lived species like baobabs, with less and 
slow recruitment rate, it takes long time to bring population to recovery 
when substantial disturbance and overutilisation. Therefore, there is 
need for management authorities to develop strategies that can ensure 
not only sustainable utilisation of the species but also further imple-
ment actions protecting the species in all land‐use types. In the event 
of increased human population and pressure due to climate change and 
other triggers, unsustainable land‐use conversions are likely to drive 
the local extinction of baobabs in these fragmented populations.
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