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(Miserendino et al. 2011; Díaz-Pascacio et al. 2018). Com-
munal land use is often associated with conversion of land 
for crop production, livestock rearing and urbanisation/
human settlement (Díaz-Pascacio et al. 2018). These land 
conversions result in reduction in plant canopy cover and 
selective removal of some species, leading to low species 
diversity (Moffatt et al. 2004). Furthermore, the anthropo-
genic disturbances on riparian woodland vegetation may 
lead to introduction of invasive species, change in micro-
climate conditions and alteration of hydrologic and nutri-
ent cycles, which will alter ecosystem functioning (Zipperer 
2002), such as fluxes of organic matter and energy (McCord 
et al. 2007). As a result of these progressing anthropogenic 
activities, the riparian woody vegetation may shrink and 
degrade (Agbo et al. 2011), resulting in reduction of their 
capacity to provide ecosystem services (Burton et al. 2009).

Introduction

Despite their importance, riparian forests are globally 
threatened by anthropogenic fragmentation due to defores-
tation (Freitas et al. 2021) associated with land use changes 
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Abstract
Land use change threatens the integrity of riparian woodland vegetation. The aim of this study was to investigate the 
diversity and population structure of riparian plant species in protected and communal areas. A total of 71 transects were 
sampled from each of the protected and communal areas. Total species richness recorded was 36 and 38 in communal 
and protected areas, respectively. Species diversity was significantly (p < 0.05) higher in the protected than communal 
areas. Vachellia tortilis (communal areas) and Croton megalobotrys (both areas) showed a reverse J shaped pattern with 
more individuals in the lower diameter size classes than in the large ones. Dichrostachys cinerea (both areas), Ziziphus 
mucronata (communal areas), Combretum imberbe (protected areas), C. hereroense (protected areas), Berchemia discolor 
(protected areas) and Vachellia erioloba (communal areas) showed a reverse-J distribution pattern, but with missing size 
classes. Philenoptera violacea (protected areas) was characterized by a bell-shaped distribution with more individuals 
in the middle size classes than in the lower and upper ones while Combretum hereroense, C. imberbe and B. discolor 
were characterized by irregular population structure in communal areas. Croton megalobotrys, D. cinerea, C. imberbe, 
C. hereroense, Z. mucronata, B. discolor and S. erubescens had higher Important Value Indices (IVIs) in protected than 
communal areas. Comparatively, Vachellia tortilis, P. violacea and V. erioloba had higher IVIs in communal than protected 
areas. We recommended that species with J-shaped population structure and those with only one size class be protected 
to enable them to attain healthy population structures.
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Riparian ecosystems are important for their ecologi-
cal, biological and hydrological functions (Harting et al. 
1997). The interaction of hydrologic gradient, moist con-
ditions and nutrient influx make them rich in biodiversity 
(Graziano et al. 2022). Riparian vegetation is also impor-
tant for water purification, provision of freshwater (Pastor 
et al. 2022), flood regulation, carbon sequestration (Zhu 
et al. 2022), habitat provision (Rouquette et al. 2013), 
regulation of water flow (Nunes et al. 2019) and nutrient 
cycling (La Notte et al. 2017). In the Okavango Delta, 
riparian woody plant species help to maintain water qual-
ity through evapotranspiration. The Okavango Delta loses 
98% of its total inflow through evapotranspiration (Gum-
bricht and McCarthy 2003) with riparian woodland veg-
etation being one of the key factors contributing to the loss 
(Lubinda et al. 2017). This evapotranspiration water loss 
results in the Okavango Delta being a freshwater system, 
which supports wildlife and local communities (Zimmer-
mann et al. 2006; Kujinga et al. 2014). This is because the 
evaporative water losses create a unidirectional gradient 
of underground water flow from the floodplains such that 
solutes are sequestered underneath the islands (McCarthy 
et al. 1993). As a result of this, saline and freshwater do 
not mix, resulting in a surface freshwater system (Ram-
berg and Wolski 2008). Therefore, considering how the 
riparian vegetation is crucial to ecosystem functioning and 
livelihood support, there is a need to determine how they 
are influenced by land use.

Most studies in riparian zones were mainly concerned 
with investigating the effect of physico-chemical environ-
mental factors on species composition and distribution of 
riparian plant communities at the expense of land use (Fer-
reira et al. 2005). Therefore, the changes on plant popula-
tion structure associated with land use indicative of riparian 
integrity may go unnoticed in some riparian landscapes due 
to the current dearth of knowledge. Past studies have found 
that land use in communal areas has negative impacts on 
population structure and diversity of riparian plant popula-
tions (Pennington et al. 2010; Me´ndez-Toribio et al. 2014; 
Díaz-Pascacio 2018).

In the Okavango Delta, there is currently scarce infor-
mation on the influence of land use on the population 
structure of riparian plant species. This is despite the Oka-
vango Delta being an important global habitat for biodi-
versity conservation (Francis et al. 2021). Past studies on 
the influence of land use (communal and protected areas) 
on riparian plant species in the Okavango Delta have been 
on regeneration status inferred through height class distri-
butions (Tsheboeng et al. 2017), the impact of flood reces-
sion farming on selected plant species compared between 

three villages of Tubu, Shorobe and Xobe (Neelo et al. 
2013),the impact of wine tapping on Hyphaene petersiana 
in Shorobe (Babitseng and Teketay 2013) and the impact 
of the removal of herbivores in Maun Educational Park 
(Kashe et al. 2021). These studies had limitations in that 
they did not investigate the influence of land use on plant 
population structure based on diameter size class distribu-
tion (Tsheboeng et al. 2017), were only limited to com-
munal land use (Neelo et al. 2013) and only focused on 
one species (Babitseng and Teketay 2013). A recent study 
by Kashe et al. (2021) on the effect of wildlife removal 
on plant diversity and population structure was limited in 
terms of spatial scope as it was only confined to one pro-
tected area being Maun Educational Park. Therefore, there 
still exists a knowledge gap on the influence of land use on 
riparian plant population structure and species diversity in 
the Okavango Delta.

The current study aims to address this knowledge gap 
by comparing plant population structure and diversity 
between communal and protected areas along Thamal-
akane river in the distal region of the Okavango Delta. 
Thamalakane river was chosen as a study site as it is sur-
rounded by fast growing Maun village (from 149 755 in 
2011 to 193 725 residents in 2022) (Statistics Botswana 
2022) where residential plots are allocated along its river 
banks. This poses a threat to riparian woodland species 
due to increased anthropogenic pressure from commu-
nal land use. Therefore, assessment of diversity, plant 
species composition and plant population structure can 
give insights on the health status of its vegetation (Sop 
et al. 2011; Kuma and Shibru 2015). The information 
on plant population structure can be important for mak-
ing inferences on how activities associated with land use 
will impact plant population structure (Feeley et al. 2007; 
Tabuti 2007). It can also indicate species that are threat-
ened by possible local extermination (Addo-Fordjour et 
al. 2009; Maua et al. 2020). Therefore, such information 
may have implications on efforts aimed at restoration of 
degraded riparian woodland habitats (Teketay 2005ab; 
Tesfaye et al. 2010).

The hypotheses for the study were: (i) Plant species 
diversity will be higher in protected areas than in communal 
ones and (ii) Riparian plant species in communal areas will 
exhibit unstable/unhealthy population structure while pro-
tected areas will have a healthy population structure. The 
specific objectives of the study were: (i) To compare ripar-
ian plant species diversity between communal and protected 
areas and (ii) To compare riparian plant population structure 
between communal and protected areas along Thamalakane 
river.
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Materials and methods

Study area

The study was conducted in the Okavango Delta along the 
Thamalakane River, which passes through the Maun Village 
(Fig. 1).

The Okavango Delta is fed by the annual floods that 
originate from the Angolan highlands. The floods reach the 
inlet of the Okavango Delta (Mohembo) during March and 
April and the distal regions, including Thamalakane River, 
between May and October (McCarthy 2006). The inflow in 
the Delta shows both intra- and inter-annual variations in 
terms of its magnitude and areal extent (Wolski et al. 2006), 
largely influenced by amount of rainfall in the Angolan 
highlands. In addition to the short flooding variations, the 
Okavango Delta floods also experience long-term pluri-
annual variation, where they experience either high or low 
flood over a series of years. The hydrology of the Delta is 

also influenced by local annual rainfall of approximately 
500  mm, which occurs between November and February 
(Wilson and Dincer 1976).

Vegetation sampling

The Field Survey was carried out between February and 
April 2016. A total of 71 plots were surveyed between the 
Boteti junction in the southwest and the Matsaudi crossing 
in the northeast. These were sampled from both communal 
and protected areas. Protected area refers to an area with an 
exclosure to prohibit anthropogenic and animal disturbance. 
In this study, they were represented by Maun Educational 
Park, Big Tree Lodge and Island Safari Lodge. From a ran-
dom starting point at Boteti junction, plots were located on 
alternating sides of the Thamalakane river, 500  m apart. 
Plots measured 20 m (along the river’s edge) × 50 m (away 
from the river’s edge) each and were sub-divided into five 
subplots each, measuring 20 m × 10 m. In each plot, woody 

Fig. 1  Map showing the location of the study area
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study site (Lamprecht 1989), was determined from the 
summation of the relative values of density, frequency and 
dominance of each woody species (Kent and Coker 1992). 
Relative density was calculated as the percentage of the 
density of each species by total density of all species. Rela-
tive frequency was computed as the ratio of the frequency of 
the species to the sum total of the frequency of all species. 
Relative dominance was calculated as the percentage of the 
total basal area of a species out of the total basal area of all 
species.

Regeneration status

To assess the regeneration status of woody species, histo-
grams were prepared using the DBH of all individuals of 
each woody species categorized into the following diameter 
classes: < 10, 10–20, 20–30, 30–40, 40–50, 50–60, 60–70 
and > 70 cm and their corresponding densities. We assessed 
the regeneration status of each species and categorized it as 
good, fair, poor and none (Carmona et al. 2013; Gebeyehu 
et al. 2019). Good regeneration occurred when seedling 
density was greater than sapling density and sapling density 
greater than adult tree density. Regeneration was considered 
fair when seedling density was more than sapling density, 
which was less than adult tree density (Jayakumar and Nair 
2013; Neelo et al. 2015; Storch et al. 2018). In terms of poor 
regeneration, the plant is only represented in the sapling 
and adult growth stages without the seedlings, while those 
with none regeneration have the adult stage only without the 
seedlings and saplings (Carmona et al. 2013; Gebeyehu et 
al. 2019; Maua et al. 2020).

Ordination of sites by species composition

Ordination of sites by plant species composition was done 
through Non-metric multi-dimensional scaling (NMDS) 
(Tsheboeng et al. 2016; Lukhele et al. 2021) in PC-ORD 
version 6. The similarities in species composition between 
the communities in communal and protected areas were 
assessed using Multi-response permutation procedures 
(MRPP) (Tsheboeng et al. 2016).

Results

Species, genera and family richness of riparian 
woodland species

A total of 45 species, representing 16 families and 29 genera 
were recorded in both communal and protected areas along 
Thamalakane River (Tables 1 and 2). Of these, 36 species, 
14 families and 24 genera were found in the communal areas 

plant species with diameter at breast height (DBH) ≥ 2 cm 
were identified counted (Teketay et al. 2018). Plants were 
identified using Van Wyk and Van Wyk (2013) and Setshogo 
and Venter (2003) references. For species that could not be 
identified in the field, herbarium specimens were collected, 
pressed, dried and identified in the Peter Smith University 
of Botswana Herbarium (PSUB). The plant nomenclature 
used in this article follows Setshogo and Venter (2003) and 
Kyalangalilwa et al. (2013). Canopy cover of each plot was 
determined using the Braun-Blanquet method (Mueller-
Dombois and Ellenberg 1974).

Data analyses

Diversity

Mean species diversity, richness, evenness, density and 
frequency were computed from species composition data 
using standard formulae. The density, species evenness and 
diversity were compared between communal and protected 
areas using paired t-test statistical analysis. Species rich-
ness was determined from the total number of the different 
woody species recorded in the study area. The diversity of 
woody species was represented by Shannon-Wiener Diver-
sity Index (H’) (Krebs 1989; Magurran 2004). Evenness or 
Equitability (E) was calculated by using Shannon-Wiener 
Equitability Index (E) (Krebs 1989; Magurran 2004).

Total density of woody species was determined by con-
verting the abundance of each woody species encountered 
in all the quadrats of the study site to an equivalent number 
per unit of area (ha− 1) (Kent and Coker 1992). Frequency of 
the woody species was determined through the calculation 
of the proportion (%) of the number of quadrats in which 
each woody species was recorded from the total number of 
quadrats assessed in the study site. The mean dominance/
basal area of the woody species, with diameter at breast 
height (DBH) of > 2 cm, was determined from the sum of 
the space it covers on the ground, i.e. its basal areas (m2 
ha− 1), occupied by all individuals of each woody spe-
cies (Kent and Coker 1992). Basal area (BA) was calcu-
lated using the following formula: BA (m2) = π × [DBH 
(cm)]2/40,000, where, π = 3.14.

Similarity in Species Composition

The similarity in species composition was determined using 
Jaccard’s Similarity Index (Sj) (Kent and Coker 1992).

Importance value index

The importance value index (IVI), which indicates the rela-
tive ecological importance of a woody species in a given 
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protected areas was Vachellia (5 species) followed by Com-
bretum (4 species). Other genera either had one or two spe-
cies (Table 2).

Similarities in richness of riparian woody species, 
families and genera

Of all the 45 species that were encountered, 31 were com-
mon to both communal and protected areas, representing 
Jaccard’s similarity (Sj) index of 72% (Table 3). Five spe-
cies were found only in communal areas. Comparatively, 7 
species were found only in the protected areas. Of the 16 
families encountered, 14 were shared between communal 
and protected areas representing Jaccard’s similarity index 
(Sj) of 88% (Table  3). Only 2 families of Rubiaceae and 

(Table  1). In terms of family species richness, Fabaceae 
exhibited the highest number with 11 species followed by 
Combretaceae (5 species), Euphorbiaceae (3 species), Tili-
aceae (3 species) and Ebenaceae (2 species) in communal 
areas. Other families had one species each (Table 1). Genera 
Vachellia (4), Combretum (4), Senegalia (3) and Grewia (3) 
had the highest richness in communal areas. The other gen-
era were represented by either two or one species (Table 1).

A total of 38 species, belonging to 28 genera and 16 fami-
lies were recorded in the protected areas (Table 2). Just like 
in communal areas, family richness in protected areas was 
dominated by Fabaceae (11 species). This was followed by 
Combretaceae (5 species), Euphorbiaceae (3 species) and 
Ebenaceae (3 species). Other families had one species each 
(Table 2). In terms of Genera, the most common genus in 

Table 1  List of riparian woody species in communal areas along Thamalakane River
Species Family Total Density RD %Frequency RF Dominance RDO IVI
Croton megalobotrys Müll. Arg Eurphorbiaceae 4370.0 ± 14.4 13.2 81.4 7.0 522.0 34.3 73.4
Vachellia tortilis (Forssk) Galasso & Banfi Fabaceae 7470.0 ± 17.0 23.0 100.0 9.0 176.0 12.0 60.0
Philenoptera violacea (Klotzsch) Schrire Fabaceae 3590.0 ± 13.0 11 85.2 7.3 195.0 13.0 25.4
Dichrostachys cinerea (L) Wight & Arn Fabaceae 3090.0 ± 10.1 9.4 81.4 7.0 39.2 3.0 18.2
Combretum imberbe Wawra Combretaceae 330.0 ± 2.2 1.0 46.3 4.0 158.0 10.4 17.2
Albizia harveyi E. Fourn Fabaceae 50.0 ± 1.0 0.2 11.1 1.0 171.0 11.2 12.4
Phyllanthus reticulatus Poir Euphorbiaceae 1620.0 ± 8.0 5.0 52.0 4.4 - - 9.4
Vachellia erioloba (E. Mey.) P. J. H. Hurter Fabaceae 1370.0 ± 6.0 4.2 46.3 4.0 34.1 2.2 8.2
Terminalia prunioides M. A. Lawson Combretaceae 320.0 ± 2.0 1.0 41.0 4.0 27.0 2.0 7.3
Ficus sycomorus L Moraceae 50.0 ± 1.0 0.2 20.4 2.0 77.0 5.0 7.3
Hyphaene petersiana (Klotzsch ex Mart Arecaceae 3320.0 ± 27.0 10.1 39.0 3.3 24.0 2.0 7.0
Grewia retinervis Burret Tiliaceae 260.0 ± 1.2 1.0 54.0 5.0 - - 6.0
Ziziphus mucronata Willd Rhamnaceae 220.0 ± 2.0 1.0 37.0 3.2 20.0 1.3 6.0
Combretum hereroense Schinz Combretaceae 50.0 ± 1.0 0.2 19.0 2.0 26.0 2.0 5.0
Diospyros mespiliformis Hochst. Ex. A. DC Ebenaceae 20.0 ± 0.2 0.1 19.0 2.0 42.0 3.0 5.0
Senegalia mellifera (Vahl) Seigler & Ebinger Fabaceae 440.0 ± 3.4 1.3 26.0 2.2 - - 4.0
Berchemia discolor (Klotzsch) Engl Rhamnaceae 200.0 ± 1.2 1.0 26.0 2.2 10.4 1.0 3.4
Gymnosporia senegalensis (Lam) Loes Celastraceae 990.0 ± 7.2 3.0 39.0 3.3 - - 3.3
Capparis tomentosa Lam Capparaceae 210.0 ± 1.2 1.0 26.0 2.2 - - 3.3
Combretum mossambicense (Klotzsch) Engl Combretaceae 80.0 ± 1.0 0.2 27.0 3.0 - - 3.2
Grewia bicolor Juss Tiliaceae 130.0 ± 1.0 0.4 26.0 2.2 - - 3.0
Colophospermum mopane (J. Kirk ex Benth) Fabaceae 20.0 ± 0.2 0.1 24.1 2.1 - - 2.1
Garcinia livingstonei T. Anderson Guttiferae 80.0 ± 1.0 0.2 17.0 1.4 0.2 0.01 2.0
Combretum albopunctatum Suess Combretaceae 80.0 ± 1.0 0.2 17.0 1.4 - - 2.0
Vachellia luederitzii (Engl.) Kyal. & Boatwr Fabaceae 70.0 ± 1.0 0.2 17.0 1.4 - - 2.0
Grewia villosa Willd Tiliaceae 60.0 ± 0.4 0.2 17.0 1.4 - - 2.0
Senegalia erubescens (Welw. Ex Oliv.) Kyal. & Boatwr Fabaceae 10.0 ± 0.1 0.03 46.3 4.0 1.0 0.1 2.0
Senegalia nigrescens (Oliv.) P. J. H. Hurter Fabaceae 1.3 0.1 20.4 2.0 0.3 0.02 2.0
Diospyros lycioides Desf Ebenaceae 4070.0 ± 23.0 12.3 17.0 1.4 - - 1.4
Vachellia hebeclada (DC) Kyal. & Boatwr Fabaceae 300.0 ± 2.4 1.0 15.0 1.3 - - 1.3
Flueggea virosa (Roxb. Ex Willd) Voigt Euphorbiaceae 100.0 ± 1.1 0.30 11.1 1.0 - - 1.3
Ximenia americana Welw. Ex Oliv Olacaceae 30.0 ± 0.3 0.1 13.0 1.1 - - 1.2
Markhamia zanzibarica (Bojer ex DC) K. Schum Bignoniaceae 30.0 ± 0.4 0.1 7.4 1.0 - - 1.1
Searsia tenuinervis (Engl.) Moffett Anacardiaceae 20.0 ± 0.3 0.1 9.3 1.0 - - 1.0
Maerua angolensis DC Capparaceae 20.0 ± 0.2 0.1 6.0 0.4 - - 1.0
Total 33 010
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Cordiaceae were found exclusively in the protected areas. 
In terms of genera, of the 29 encountered, 23 were found 
in both sites while 1 was found exclusively in communal 
areas, and 5 were found only in protected areas (Tables 1 
and 2). The Jaccard’s similarity index (Sj) for the genera 
recorded in the study sites was 79% (Table 3).

Diversity and evenness

There was no significant (p < 0.05) difference in even-
ness between communal and protected areas (Table  4). 

Table 2  List of woody species in protected areas along Thamalakane River
Species Family Total Density RD Frequency RF Dominance RDO IVI
Croton megalobotrys Müll. Arg Eurphobiaceae 4890.0 ± 33.0 12.4 100.0 0.05 73.4 36.0 48.2
Philenoptera violacea (Klotzch) Schrire Fabaceae 5310.0 ± 40.0 14.0 88.0 0.04 30.0 15.0 29.0
Diospyros mespiliformis Hochst. Ex. A. DC Ebenaceae 6880.0 ± 111.0 18.0 50.0 0.03 20.3 10.0 28.0
Combretum imberbe Wawra Combretaceae 590.0 ± 7.0 2.0 75.0 0.04 28.0 14.0 16.0
Vachellia tortilis (Forssk) Galasso & Banfi Fabaceae 1180.0 ± 12.0 3.0 100.0 0.05 24.0 12.0 15.0
Phyllanthus reticulatus Poir Euphorbiaceae 5140.0 ± 62.4 13.1 50.0 0.03 - - 13.1
Dichrostachys cinerea (L) Wight & Arn Fabaceae 3680.0 ± 24.0 10.0 100.0 0.05 - - 10.1
Combretum hereroense Schinz Combretaceae 340.0 ± 4.0 1.0 63.0 0.03 14.0 7.0 8.0
Diospyros lycioides Desf Ebenaceae 2890.0 ± 46.0 7.4 38.0 0.02 - - 7.4
Ziziphus mucronata Willd Rhamnaceae 160.0 ± 2.0 0.4 63.0 0.03 3.0 1.4 5.0
Hyphaene petersiana Klotzsch ex Mart Arecaceae 700.0 ± 10.0 2.0 50.0 0.03 4.2 2.0 4.1
Combretum mossambicense (Klotzsch) Engl. Combretaceae 1200 ± 13.0 3.0 100.0 0.03 - - 3.1
Flueggea virosa (Roxb. Ex Willd) Voigt Euphorbiaceae 880.0 ± 10.4 2.2 88.0 0.04 - - 2.2
Garcinia livingstonei T. Anderson Guttiferae 630.0 ± 7.1 2.0 38.0 0.02 - - 2.0
Gymnosporia senegalensis (Lam) Loes Celastraceae 590.0 ± 8.0 2.0 75.0 0.04 - - 2.0
Terminalia prunioides M. A. Lawson Combretaceae 400.0 ± 8.0 1.0 75 0.04 2.0 1.0 2.0
Berchemia discolor (Klotzsch) Engl Rhamnaceae 350.0 ± 4.0 1.0 100.0 0.05 2 1.0 2.0
Vachellia erioloba (E. Mey.) P.J.H.Hurter Fabaceae 120.0 ± 3.0 0.3 13.0 0.006 3.0 1.4 2.0
Grewia retinervis Burret Tiliaceae 470.0 ± 5.0 1.2 88.0 0.04 - - 1.2
Capparis tomentosa Lam Capparaceae 280.0 ± 4.0 1.0 88.0 0.04 - - 1.1
Ximenia americana Welw. Ex Oliv Olacaceae 230.0 ± 3.4 1.0 63.0 0.03 - - 1.0
Kigelia africana (Lam) Benth Bignoniaceae 10.0 ± 0.3 0.03 13.0 0.006 1.0 1.0 0.7
Senegalia erubescens (Welw. Ex Oliv.) Kyal. & Boatwr Fabaceae 180.0 ± 3.3 0.4 25.0 0.01 - - 0.4
Grewia bicolor Juss Tiliaceae 180.0 ± 3.0 0.4 75.0 0.04 - - 0.4
Searsia tenuinervis (Engl.) Moffett Anacardiaceae 120.0 ± 2.1 0.3 50.0 0.03 - - 0.3
Albizia harveyi E. Fourn Fabaceae 100.0 ± 2.0 0.3 25.0 0.01 - - 0.3
Cordia sinensis Lam Cordiaceae 10.0 ± 0.3 0.03 13.0 0.006 - - 0.3
Senegalia mellifera (Vahl) Seigler & Ebinger Fabaceae 1330.0 ± 16.3 3.4 63.0 0.03 - - 0.1
Vachellia sieberiana (DC.) Kyal. & Boatwr. Fabaceae 50.0 ± 1.1 0.1 38.0 0.02 - - 0.1
Euclea divinorum Hiern Ebenaceae 40.0 ± 1.0 0.1 25.0 0.01 - - 0.1
Combretum albopunctatum Suess Combretaceae 30.0 ± 1.0 0.08 13.0 0.006 - - 0.1
Gardenia volkensii K. Schum Rubiaceae 30.0 ± 1.0 0.1 100.0 0.02 - - 0.1
Boscia albitrunca (Burch) Gilg & Gilg-Ben Capparaceae 30.0 ± 0.8 0.1 25.0 0.01 - - 0.1
Markhamia zanzibarica (Bojer ex DC) K. Schum Bignoniaceae 20.0 ± 1.0 0.1 13.0 0.006 - - 0.1
Vachellia nilotica (L.) P.J.H. Hurter & Mabb Fabaceae 20.0 ± 0.5 0.05 13.0 0.006 - - 0.1
Vachellia luederitzii (Engl.) Kyal. & Boatwr Fabaceae 10.0 ± 0.3 0.03 13.0 0.006 - - 0.04
Colophospermum mopane (J. Kirk ex Benth) Fabaceae 10.0 ± 0.3 0.03 13.0 0.006 - - 0.04
Ficus sycomorus L Moraceae 180.0 ± 3.0 0.4 50.0 0.03 - - 0.03
Grewia flavescens Juss Tiliaceae 10.0 ± 0.3 0.03 - -
Total 39 270

Table 3  Jaccard’s coefficient of similarity for different taxa in the two 
sites
Taxa % Similarity
Family 88
Genera 79
Species 72
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Dichrostachys cinerea showed significantly higher seedling 
densities in communal areas than in protected ones (Table 5). 
Vachellia tortilis and Diospyros lycioides had significantly 
(p < 0.05) higher sapling densities in communal areas than 
in protected ones while C. megalobotrys, D. cinerea and 
Phyllanthus reticulatus had significantly higher densities in 
protected areas than in communal ones (Table 5).

Importance value index (IVI)

The IVI of riparian woody species in communal areas 
ranged between 73.0 and 1.0% (Table 1) while in protected 
areas it was between 48.2 and 0.03% (Table  2). The five 
riparian woody species with the highest IVIs were C. mega-
lobotrys (73.4%), V. tortilis (60.0%), P. violacea (25.4%), 
D. cinerea (18.2%) and C. imberbe (17.2%) (Table 1). In 
protected areas, the five species with the highest IVIs were 

Conversely, species diversity (H’) was significantly 
(p < 0.05) higher in protected areas than in communal ones 
(Table 4).

Density of seedlings

Croton megalobotrys, Philenoptera violacea and Diospy-
ros mespiliformis had significantly (p < 0.05) higher seed-
ling densities in protected areas than in communal ones 
(Table 5). Conversely, H. petersiana, Vachellia tortilis and 

Table 4  Comparison of Shannon-Weiner diversity and evenness indi-
ces between communal and protected areas along Thamalakane River
Diversity and Equitability indices Communal Protected
Evenness(± SE) 0.48 ± 0.02 0.48 ± 0.03
Shannon-Wiener index(± SE) 0.83 ± 0.05 1.40 ± 0.08*
*Significantly different (p < 0.05)

Species Seedling density (Individuals/ha) Sapling density (Individuals/
ha)

Communal Protected Communal Protected
Vachellia tortilis 4280.0 ± 8.0 600.0 ± 6.0* 950.0 ± 3.0 180.0 ± 2.4
Croton megalobotrys 1400.0 ± 5.0 3250.0 ± 21.0* 230.0 ± 1.0 500.0 ± 4.0*
Diospyros lycioides 1310.0 ± 7.0 1360.0 ± 23.0 1090.0 ± 7.0 760.0 ± 11.0
Philenoptera violacea 2780.0 ± 8.0 4960.0 ± 35.3* 190.0 ± 1.0 150.0 ± 2.0
Hyphaene petersiana 2160.0 ± 17.0 380.0 ± 5.0 760.0 ± 6.2 140.0 ± 2.3
Dichrostachys cinerea 2100.0 ± 5.0 1900.0 ± 10.0* 310.0 ± 1.1 690.0 ± 4.4*
Phyllanthus reticulatus 1280.0 ± 6.0 3180.0 ± 35.0* 220.0 ± 1.3 920.0 ± 12.0*
Vachellia erioloba 1090.0 ± 4.0 100.0 ± 2.4* 80.0 ± 0.4 0.0 ± 0.0
Gymnosporia senegalensis 550.0 ± 4.1 250.0 ± 2.1 170.0 ± 1.0 100.0 ± 1.4
Senegalia mellifera 310.0 ± 2.2 900.0 ± 9.1* 20.0 ± 0.2 200.0 ± 3.0*
Combretum imberbe 160.0 ± 1.2 110.0 ± 1.1 30.0 ± 0.2 0.0 ± 0.0
Terminalia prunioides 60.0 ± 0.3 40.0 ± 1.0 10.0 ± 0.1 50.0 ± 1.0
Grewia retinervis 120.0 ± 1.0 290.0 ± 3.0 0.0 ± 0.0 40.0 ± 1.0
Ziziphus mucronata 40.0 ± 0.3 0.0 ± 0.0** 10.0 ± 0.1 10.0 ± 0.3
Capparis tomentosa 60.0 ± 0.3 100 ± 1.0* 40.0 ± 0.3 80.0 ± 1.0*
Berchemia discolor 150.0 ± 1.0 210.0 ± 2.0* 30.0 ± 0.2 60.0 ± 1.0*
Grewia bicolor 40.0 ± 0.2 50.0 ± 1.0 10.0 ± 0.1 30.0 ± 0.4
Flueggea virosa 30.0 ± 0.3 380.0 ± 4.2* 10.0 ± 0.1 170.0 ± 2.0*
Combretum mossambicense 60.0 ± 0.3 900.0 ± 9.4* 0.0 ± 0.0 60.0 ± 1.0
Garcinia livingstonei 30.0 ± 0.2 610.0 ± 7.0* 0.0 ± 0.0 10.0 ± 0.3
Combretum albopunctatum 0.0 ± 0.0 0.0 ± 0.0** 0.0 ± 0.0 20.0 ± 1.0
Vachellia luederitzii 50.0 ± 1.0 0.0 ± 0.0** 10.0 ± 0.1 0.0 ± 0.0
Combretum hereroense 0.0 ± 0.0 10.0 ± 0.3** 0.0 ± 0.0 40.0 ± 1.0
Ficus sycomorus 10.0 ± 0.1 90.0 ± 1.2* 10.0 ± 0.1 60.0 ± 1.0*
Albizia harveyi 40.0 ± 1.0 80.0 ± 2.0 10.0 ± 0.1 20.0 ± 0.4
Markhamia zanzibarica 0.0 ± 0.0 0.0 ± 0.0** 0.0 ± 0.0 0.0 ± 0.0
Ximenia americana 0.0 ± 0.0 80.0 ± 1.1** 0.0 ± 0.0 10.0 ± 0.3
Searsia tenuinervis 10.0 ± 0.1 10.0 ± 0.3 0.0 ± 0.0 10.0 ± 0.3
Diospyros mespiliformis 20.0 ± 0.2 6730.0 ± 108.1* 0.0 ± 0.0 20.0 ± 0.4
Colophospermum mopane 20.0 ± 0.2 10.0 ± 0.3 0.0 ± 0.0 0.0 ± 0.0
Senegalia erubescens 0.0 ± 0.0 20.0 ± 0.4** 0.0 ± 0.0 0.0 ± 0.0
Vachellia sieberiana 10.0 ± 0.1 30.0 ± 1.0 0.0 ± 0.0 10.0 ± 0.3

Table 5  Comparison of seedlings 
and saplings densities between 
communal and protected areas 
along Thamalakane river

*Significantly different from 
each other (p < 0.05)
**Not compared statistically 
since they had “0” mean(s) either 
in one site or both sites
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Ordination of sites by species composition

The ordinated sites fall into two discrete classes corre-
sponding to protected and communal areas (Fig. 3). Multi-
response permutation procedures comparison of the two 
sites showed that they differed significantly (p = 0.00001) in 
terms of species composition.

Discussion

The results of our study showed that there were more spe-
cies, families and genera in protected areas than in com-
munal areas. Furthermore, species diversity was higher in 
protected areas than in communal ones. This was in support 
of our first hypothesis that protected areas will have higher 
species diversity than in communal areas. Therefore, this 
demonstrates that protected areas along Thamalakane river 
are important for enhancing riparian plant species diversity 
and conservation as they serve as refugia against anthropo-
genic impacts. Consequently, the protected areas along Tha-
malakane river may enhance the gene pool of riparian woody 
species by promoting optimal recruitment and regeneration 
while severe disturbance in communal areas could reduce 
diversity through curtailing recruitment and regeneration 
of sensitive species (Bongers et al. 2009).Ecologically, this 

C. megalobotrys (48.2%), P. violacea (29.0%), D. mespili-
formis (28.0%), C. imberbe (16.0%) and V. tortilis (15.0%) 
(Table 2).

Population structure

Vachellia tortilis (communal areas) and C. megalobotrys 
(both areas) showed a reverse J- shaped pattern with more 
individuals in the lower diameter size classes than in the 
large ones (Fig.  2), which indicates stable regeneration 
status. Dichrostachys cinerea (both sites), Ziziphus mucro-
nata (communal areas), C. imberbe (protected areas), C. 
hereroense (protected areas), Berchemia discolor (pro-
tected areas) and Vachellia erioloba (communal areas) 
showed a reverse-J distribution pattern, but with missing 
size classes (Fig.  2), suggesting hampered regeneration 
status. Philenoptera violacea (protected areas) was char-
acterized by a bell-shaped distribution with more individu-
als in the middle size classes than in the lower and upper 
ones while Combretum hereroense, C. imberbe and B. dis-
color were characterized by irregular population structure 
in communal areas (Fig. 2), suggesting hampered regen-
eration status.

Fig. 2  Population structure of riparian woody plants in different land use types along Thamalakane river
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al. 2021). Fire might have played a role as recurrent fires 
are common in semi-arid Botswana (Maabong and Mphale 
2021). Additional factors that could lead to the variation 
in species composition between protected areas and com-
munal ones could be browsing by livestock (Augustine and 
McNaughton 1998). Research has shown that areas closer to 
water points are, usually, degraded by overgrazing either by 
livestock or wild animals (Moleele and Perkins 1998; Muk-
washi 2012; Averett et al. 2017). Therefore, in this study 
with riparian woodlands found on the margins of the river, 
it could be that they are exposed to detrimental effects of 
heavy browsing by ungulates (Teren and Owen-Smith 2010; 
Kashe et al. 2021).

Our results suggest that protected areas along Thamal-
akane river serve as refuge to woodland species, which pro-
motes their conservation and regeneration (Teketay et al. 
2018; Balemi et al. 2022). This is because in these areas 
there is no human disturbance. Even in protected areas, 

serves a critical role of maintaining the ecosystem function-
ing of woody plant species, such as water purification, pro-
vision of freshwater (Pastor et al. 2022), flood regulation, 
carbon sequestration (Zhu et al. 2022), habitat provision 
(Rouquette et al. 2013), regulation of water flow (Nunes et 
al. 2019) and nutrient cycling (La Notte et al. 2017). This 
is specifically vital in the fragile Thamalakane river and by 
extension, Okavango Delta ecosystem, which is faced with 
multiple anthropogenic threats, such as over-exploitation of 
woody species, which have the potential to reduce its over-
all ecosystem functioning and integrity.

The disparity between the two land use systems, in terms 
of species diversity and composition, could be due to pro-
gressive anthropogenic activities in the communal areas 
(Mohammed et al. 2021). These include overexploitation 
of woodland species for utilization in fencing fields, kraals 
and homesteads and deforestation for establishment of set-
tlements (Tesfaye et al. 2010; Neelo et al. 2015; Kashe et 

Fig. 3  Non-metric multidimensional scaling ordination of sites by plant species composition between communal and protected areas
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communal areas than in protected areas. The reverse-J struc-
ture of V. tortilis in communal areas could be an indication 
of its ability to survive in prevailing disturbances. Vachellia 
tortilis is an early colonizer of disturbed sites (Skarpe 1990; 
Hottman and O’Connor 1999; Neelo et al. 2013; Neelo et 
al. 2015). Therefore, the anthropogenic clearing of riparian 
zones along Thamalakane river creates space for coloniza-
tion by V. tortilis in the early stages of succession.

Other species, being Z. mucronata (communal areas), C. 
imberbe (protected areas), C. hereroense (protected areas), 
B. discolor (protected areas), V. erioloba (communal areas) 
and T. prunioides (protected areas) exhibited reverse-J 
population structure with missing size classes. Further-
more, C. hereroense, V. erioloba and Z. mucronata were 
characterized by irregular population structure with missing 
size classes. These patterns may result from the selective 
removal of individuals in some diameter classes either for 
human use or from mortality due to destruction by elephants 
(Gurmessa et al. 2012). Therefore, their long-term persis-
tence may result in the concerned species being threatened 
by local extermination since they cannot replace themselves 
due to poor recruitment (Tsheboeng 2016). In the current 
study area, the removal of individuals could be for human 
use (Belayneh and Demissew 2011). The distal region of the 
Okavango Delta along the Thamalakane river is primarily 
used for human settlement. Therefore, the individuals in the 
missing size classes could have been cut for use as poles 
for constructing the fences of homesteads, fields and kraals.

In terms of regeneration, species such as V. tortilis, D. 
cinerea and V. erioloba had significantly (p < 0.05) higher 
seedling densities in communal areas than in protected 
areas. Likewise, except for D. cinerea, they also had higher 
sapling densities in communal areas than in protected areas. 
Overall, their seedling densities were greater than those 
of the saplings. This shows that these species have ongo-
ing regeneration in communal areas than protected ones 
(Senbeta and Denich 2006; Tesfaye et al. 2010). The three 
species are indicators of bush encroachment. Their leaves 
are nutritious fodder, but presence of thorns limit brows-
ing by herbivores, resulting in thickets of shrubs and trees 
(Moleele and Perkins 1998). Conversely, other species had 
higher densities of seedlings and saplings in protected areas, 
also indicating an ongoing recruitment. These included P. 
violacea, C. megalobotrys, P. reticulatus and S. mellifera.

Conclusions and recommendations

The results of this study revealed that woody species exhib-
ited contrasting population structure influenced by the land 
use type. The influence is linked to the difference in anthro-
pogenic disturbance between the land use types. Gener-
ally, more plants in the protected areas showed reverse-J 

such as Maun educational park and Big tree lodge, woody 
species are exposed to browsing by wild animals, although 
their impact could be lower compared to unprotected areas. 
In Maun educational park most of the large herbivores were 
removed in 2012 (Kashe et al. 2021). This has resulted in 
reduced browsing intensity leading to low impact of her-
bivory on the diversity of riparian plant species (Kashe et 
al. 2021). Other protected areas, such as Island safari lodge 
were completely excluded from any impact either anthropo-
genic or by wildlife. This promoted establishment of woody 
species and regeneration (Teketay et al. 2018; Balemi et al. 
2022). The establishment of woody species could be from 
soil seedbanks, coppicing and seedlings that survived distur-
bance (Teketay 2005a, b). As a result, in the long term, plant 
community structure increases in protected areas compared 
with their communal counterparts (Teketay et al. 2018).

Croton megalobotrys, V. tortilis, P. violacea, D. cinerea 
and C. imberbe exhibited the highest five IVIs in communal 
and protected areas, suggesting that they are the most eco-
logically important species (Lamprecht 1989). For C. mega-
lobotrys and V. tortilis, their high IVI could be an indication 
of disturbance along Thamalakaneriver since they usually 
colonize disturbed sites. Thamalakane river could be dis-
turbed by cattle grazing and deforestation. Vachellia tortilis 
could also be an indicator of dry condition along the sea-
sonally flooded Thamalakane river (Oba et al. 2001). The 
seasonality in flooding opens colonization window for dry 
tolerant species, such as V. tortilis and D. cinerea (Ringrose 
et al. 2007; Murray-Hudson et al. 2014). Furthermore, the 
high IVI of species in both areas could be an indication that 
they are ubiquitous, not site-specific and have wide niche 
breadth. In terms of human use, the high IVI of these spe-
cies could suggest that they are not the preferred species; 
hence, they are able to proliferate. However, considering 
that V. tortilis and D. cinerea are used to fence fields along 
Thamalakane river (Neelo et al. 2013), their high IVIs could 
suggest that their utilization is low.

The population structure of riparian tree species in the 
distal regions of the Delta were characterized by six pat-
terns being; Reverse-J, Reverse-J with missing size classes, 
Bell shaped, irregular shaped with all classes and irregularly 
shaped with missing size classes. The species with a reverse 
J-shaped regeneration pattern were V. tortilis in communal 
areas and C. megalobotrys in both areas. Reverse J-shaped 
structure shows a healthy population since the species will 
naturally replace themselves through good recruitment 
(Kuma and Shibru 2015). It shows on-going recruitment of 
individuals across different diameter classes (Mwavu and 
Witkowski 2009). This is true for our study since the seed-
lings and saplings of V. tortilis were higher in communal 
areas than in protected ones. Therefore, this is an indica-
tion of higher ongoing recruitment for this species in the 
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deciduous forest following anthropogenic disturbances and plant 
invasion. Int J Biodivers Conserv 1(2):21–37

Agbo FU, Mwezw NJ, Igbokwe NJ EM (2011) Community-level 
institutions in sustainable exploitation of palm forest resource in 
South-East Nigeria. J Econ Int Finance 3:536–541

Augustine DJ, McNaughton SJ (1998) Ungulate effects on the func-
tional species composition of plant communities: herbivore selec-
tivity and plant tolerance. J Wildl Manag 62:1165–1183

Averett JP, Endress BA, Rowland MM, Naylor BJ, Wisdom MJ 
(2017) Wild ungulate herbivory suppresses deciduous woody 
plant establishment following salmonid stream restoration. Ecol 
Manag 391:135–144

Babitseng TM, Teketay D (2013) Impact of wine tapping on the popula-
tion structure and regeneration of Hyphaene petersiana Klotzsch 
Ex Mart in Northern Botswana. Ethno Res Appl 11:9–27

Balemi K, Asfaw Z, Demissew S, Dalle G (2022) Species composi-
tion, structure, regeneration and management status of Jorgo-
Wato Forest in West Wollega, Ethiopia. J Res 33(1):137–145

Belayneh A, Demissew S (2011) Diversity and population structure of 
woody species browsed by elephants in Babile Elephant Sanctu-
ary, eastern Ethiopia: an implication for conservation. Eth e-J Res 
Inn Fores 3:20–32

Bongers F, Poorter L, Hawthorne WD, Sheil D (2009) The intermedi-
ate disturbance hypothesis applies to tropical forests, but distur-
bance contributes little to tree diversity. Ecol Letts 12:798–805

Burton ML, Samuelson LJ, Mackenzie MD (2009) Riparian woody 
plant traits across an urban–rural land use gradient and implica-
tions for watershed function with urbanization. Landsc Urban 
Plan 90(1–2):42–55

Carmona CP, Azcárate FM, Oteros-Rozas E, González JA, Peco B 
(2013) Assessing the effects of seasonal grazing on holm oak 
regeneration: implications for the conservation of Mediterranean 
dehesas. Biol Conserv 159:240–247

Díaz-Pascacio E, Ortega-Argueta A, Castillo-Uzcanga MM, Ramírez-
Marcial N (2018) Influence of land use on the riparian zone con-
dition along an urban-rural gradient on the Sabinal River, Mexico. 
Bot Sci 96(2):180–199

Feeley KJ, Davies SJ, Noor MNS, Kassim AR, Tan S (2007) Do cur-
rent stem size distributions predict future population changes? An 
empirical test of intraspecific patterns in tropical trees at two spa-
tial scales. J Trop Ecol 23(2):191–198

Ferreira MT, Aguiar FC, Nogueira C (2005) Changes in riparian woods 
over space and time: influence of environment and land use. Ecol 
Manag 212(1–3):145–159

Francis R, Bino G, Inman V, Brandis K, Kingsford RT (2021) The 
Okavango Delta’s waterbirds–trends and threatening processes. 
Glob Ecol Conserv 30:e01763

Freitas PV, Montag LF, Ilha P, Torres NR, Maia C, Deegan L, 
Nascimento AT, Silva KD (2021) Local effects of defores-
tation on stream fish assemblages in the amazon-savannah 
transitional area. Neotrop Ichthyol 19(3):e210098. https://doi.
org/10.1590/1982-0224-2021-0098

Gebeyehu G, Soromessa T, Bekele T, Teketay D (2019) Species com-
position, stand structure, and regeneration status of tree species 
in dry afromontane forests of Awi Zone, northwestern Ethiopia. 
Ecosyst Health Sustain 5(1):199–215

Graziano MP, Deguire AK, Surasinghe TD (2022) Riparian buffers 
as a critical landscape feature: Insights for riverscape conser-
vation and policy renovations. Diversity 14(3):172. https://doi.
org/10.3390/d14030172

Gumbricht T, McCarthy TS (2003) Spatial patterns of islands and 
salt crusts in the Okavango Delta, Botswana. S Afr Geogr J 
85:164–169

Gurmessa F, Soromessa T, Kelbessa E (2012) Structure and regen-
eration status of Komto Afromontane moist forest, East Wollega 
Zone, West Ethiopia. J Res 23:205–216

population structure, which is theoretically a healthy pat-
tern. In terms of land use, the missing size classes could 
be an indication of the past effects of human uses on the 
vegetation. It could be suggesting that the missing size 
classes were preferentially targeted in the past. These spe-
cies should be prioritized for conservation. Mature individu-
als will serve as a source for propagation materials (seed/
cuttings).

Ecologically and economically important species with 
J-shaped pattern and those with one diameter class should be 
protected from possible future exploitations to allow them 
to re-establish. There could also be consideration of creating 
exclosures and plantations that are aimed at promoting the 
regeneration of these species and minimizing the impact of 
human use and livestock grazing/browsing. Future studies 
should investigate the environmental factors that influence 
the population of riparian woody plant communities along 
the Thamalakane river. There should also be research on 
the extent of human use of the riparian woodland resources 
along the Thamalakane river.

Acknowledgements  The authors would like to thank Forest Conserva-
tion Botswana for providing financial support for the study. The authors 
would also like to thank the Ministry of Wildlife, Natural Resource 
Conservation and Tourism in Botswana for granting us permission to 
conduct this study. We would like to acknowledge Thebe Kemosedile, 
Charles Kabomo and the staff members in the Department of Wildlife 
and National Parks for their assistance in the field data collection. The 
authors are also grateful to the GIS staff members in the Okavango 
Research Institute for producing the map used in this article and the 
Peter Smith University of Botswana Herbarium for helping in plant 
identification.

Funding  Open access funding provided by University of Botswana. 
This study was supported by Forest Conservation Botswana under 
Grant number FCB 00024.

Data availability  Data for this manuscript is available upon request 
through the first author.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

Addo-Fordjour P, Obeng S, Anning A, Addo M (2009) Floristic 
composition, structure and natural regeneration in a moist semi 

1 3

674

https://doi.org/10.1590/1982-0224-2021-0098
https://doi.org/10.1590/1982-0224-2021-0098
https://doi.org/10.3390/d14030172
https://doi.org/10.3390/d14030172
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Tropical Ecology (2024) 65:664–676

Miserendino ML, Casaux R, Archangelsky M, Di Prinzio CY, Brand 
C, Kutschker AM (2011) Assessing land-use effects on water 
quality, in-stream habitat, riparian ecosystems and biodiversity in 
Patagonian northwest streams. Sci Total Environ 409(3):612–624

Moffatt SF, McLachlan SM, Kenkel NC (2004) Impacts of land use on 
riparian forest along an urban–rural gradient in southern Mani-
toba. Plant Ecol 174:119–135

Mohammed EM, Hassan TT, Idris EA, Abdel-Magid TD (2021) Tree 
population structure, diversity, regeneration status, and potential 
disturbances in Abu Gadaf natural reserved forest, Sudan. Envi-
ron Chall 5:100366

Moleele NM, Perkins JS (1998) Encroaching woody plant species and 
boreholes: is cattle density the main driving factor in the Olifants 
Drift communal grazing lands, south-eastern Botswana. J Arid 
Environ 40(3):245–253

Mueller-Dombois D, Ellenberg H (1974) Aims and methods of veg-
etation ecology. 1st ed. John Wiley and Sons, New York, U.S.A.

Mukwashi K (2012) Influence of elephant (Loxodonta africana Blu-
menbach) on Baikiaea Plurijuga dominated woody vegetation 
around natural and artificial watering points in the northern. part 
of Hwange National Park, Zimbabwe

Murray-Hudson M, Wolski P, Murray-Hudson F, Brown MT, Kashe K 
(2014) Disaggregating hydroperiod: components of the seasonal 
flood pulse as drivers of plant species distribution in floodplains 
of a tropical wetland. Wetlands 34(5):927–942

Mwavu EN, Witkowski ETF (2009) Seedling regeneration, environ-
ment and management in a semi-deciduous African tropical rain 
forest. J Veg Sci 20:791–804

Neelo J, Teketay D, Masamba W, Kashe K (2013) Diversity, popu-
lation structure and regeneration status of woody species in dry 
woodlands adjacent to molapo in Northern Botswana. Open J For 
3:138–151

Neelo J, Teketay D, Kashe K, Masamba W (2015) Stand structure, 
diversity and regeneration status of woody species in open and 
exclosed dry woodland sites around molapo farming areas in the 
Okavango Delta, northeastern Botswana. Open J For 5:313–328

Nunes S, Barlow J, Gardner T, Sales M, Monteiro D, Souza C Jr 
(2019) Uncertainties in assessing the extent and legal compliance 
status of riparian forests in the eastern Brazilian Amazon. Land 
Use Policy 82:37–47

Oba G, Nordal I, Stenseth NC, Stave J, Bjora CS, Muthondeki JK, 
Bii WKA (2001) Growth performance of exotic and indigenous 
tree species in saline soils in Turkana, Kenya. J Arid Environ 
47:499–511

Pastor AV, Tzoraki O, Bruno D, Kaletová T, Mendoza-Lera C, Alama-
nos A, Jorda-Capdevila D (2022) Rethinking ecosystem service 
indicators for their application to intermittent rivers. Ecol Indic 
137:108693

Pennington DN, Hansel JR, Gorchov DL (2010) Urbanization and 
riparian forest woody communities: diversity, composition, 
and structure within a metropolitan landscape. Biol Conserv 
143(1):182–194

Ramberg L, Wolski P (2008) Growing islands and sinking solutes: pro-
cesses maintaining the endorheic Okavango Delta as a freshwater 
system. Plant Ecol 196:215–231

Ringrose S, Vanderpost C, Matheson W, Wolski P, Huntsman-Mapila 
P, Murray-Hudson M, Jellema A (2007) Indicators of desiccation-
driven change in the distal Okavango Delta, Botswana. J Arid 
Environ 68(1):88–112

Rouquette JR, Dallimer M, Armsworth PR, Gaston KJ, Maltby L, War-
ren PH (2013) Species turnover and geographic distance in an 
urban river network. Divers Distrib 19(11):1429–1439

Senbeta F, Denich M (2006) Effects of wild coffee management on 
species diversity in the afromontane rainforests of Ethiopia. Ecol 
Manag 232(1–3):68–74

Harting EK, Grozeu O, Rosenzweig C (1997) Climate change, Agri-
culture and wetlands in Eastern Europe: vulnerability, adaptation 
and policy. Clim Change 36:107–121

Hottman MT, O’Connor TG (1999) Vegetation change over 40 years in 
the Weenen/Muden area, KwaZulu-Natal: evidence from photo-
panoramas. Afr J Range Forage Sci 16:71–88

Jayakumar R, Nair KKN (2013) Species diversity and tree regenera-
tion patterns in tropical forests of the western ghats, India. Int Sch 
Res Notices 2013:1–14

Kashe K, Teketay D, Heath A, Mmusi M, Mathope T, Galelebalwe MK, 
Tsholofelo C, Mpofu C (2021) Diversity, population structure and 
regeneration status of woody species in different habitats in Maun 
Educational Park, northern Botswana. J Res 26(4):294–302

Kent M, Coker P (1992) Vegetation description and analysis. A practi-
cal approach. SRP Ltd, Exeter

Krebs CJ (1989) Ecological methodology. Hamper Collins, New York, 
U. S. A.

Kujinga K, Vanderpost C, Mmopelwa G, Wolski P (2014) An analysis 
of factors contributing to household water security problems and 
threats in different settlement categories of Ngamiland, Botswana. 
Phys Chem Earth Parts A/B/C 67:187–201

Kuma M, Shibru S (2015) Floristic Composition, Vegetation structure, 
and regeneration status of Woody Plant Species of Oda Forest of 
Humbo Carbon Project, Wolaita, Ethiopia. J Bot 2015:Article ID 
963816, 1–9. https://doi.org/10.1155/2015/963816

Kyalangalilwa B, Boatwright JS, Daru BH, Maurin O, Van der Bank 
M (2013) Phylogenetic position and revised classification of Aca-
cia s.l. (Fabaceae: Mimosoideae) in Africa, including new combi-
nations in Vachellia and Senegalia. Bot J Linn Soc 172:500–523

La Notte A, D’Amato D, Mäkien H, Crossman ND (2017) Ecosystem 
services classifcation: a systems ecology perspective of the cas-
cade framework. Ecol Indic 74:392–402

Lamprecht H (1989) Silviculture in the tropics: Tropical Forest Eco-
systems and their Tree species-possibilities and methods for their 
long-term utilization. Eschborn, Federal Republic of Germany

Lubinda AK, Murray-Hudson M, Green S (2017) Sap flow variation 
in selected riparian woodland species in the Okavango Delta, 
Botswana. Afr J Ecol 55(4):654–663

Lukhele SM, Shapiro JT, Themb’alilahlwa AM, Sibiya MD, McCleery 
RA, Fletcher RJ, Monadjem A (2021) Influence of sugarcane 
growth stages on bird diversity and community structure in an 
agricultural-savanna environment. Heliyon 7(3)

Maabong KE, Mphale K (2021) Wildfires in Botswana and their fre-
quency of occurrence. Atm Clim Sci 11(4):689–696

Magurran AE (2004) Measuring biological diversity, 2nd edn. Black-
well Science Ltd, Oxford, U.K

Maua JO, MugatsiaTsingalia H, Cheboiwo J, Odee D (2020) Popula-
tion structure and regeneration status of woody species in a rem-
nant tropical forest: a case study of South Nandi forest, Kenya. 
Glob Ecol Conserv 21:e00820

McCarthy TS, Ellery WN, Ellery K (1993) Vegetation-induced, sub-
surface precipitation of carbonate as aggradational process in 
the permanent swamps of the Okavango Delta (fan), Botswana. 
Chem Geol 107(1–2):111–131

McCarthy TS (2006) Groundwater in the wetlands of the Okavango 
Delta, Botswana, and its contribution to the structure and function 
of the ecosystem. J Hydrol 320:264–282

McCord SB, Grippo RS, Eagle DM (2007) Effects of Silviculture 
Using Best Management Practices on Stream Macroinvertebrate 
communities in three ecoregions of Arkansas, USA. Water Air 
Soil Pollut 184:299–311

Méndez-Toribio M, Zermeño-Hernández I, Ibarra-Manríquez G 
(2014) Effect of land use on the structure and diversity of riparian 
vegetation in the Duero river watershed in Michoacán, Mexico. 
Plant Ecol 215:285–296

1 3

675

https://doi.org/10.1155/2015/963816


Tropical Ecology (2024) 65:664–676

Tesfaye G, Teketay D, Fetene M, Beck E (2010) Regeneration of seven 
indigenous tree species in a dry Afromontane forest, southern 
Ethiopia. Flora 205(2):135–143

Tsheboeng G (2016) Population structure, species composition and 
distribution of riparian woody plant communities in the Oka-
vango Delta, Botswana. PhD thesis, Okavango Research Insti-
tute, University of Botswana

Tsheboeng G, Murray-Hudson M, Kashe K (2016) A baseline classifi-
cation of riparian woodland plant communities in the Okavango 
Delta, Botswana. South For: J For Sci 78(2): 97–104

Tsheboeng G, Murray-Hudson M, Kashe K (2017) Regeneration status 
of riparian tree species in two sites that differ in land-use in the 
Okavango Delta, Botswana. J Res 28(5):1073–1082

Van Wyk B (2013) Field guide to trees of southern Africa. Penguin 
Random House South Africa

Wilson BH, Dincer T (1976) An introduction to the hydrology and 
hydrography of the Okavango Delta; In: Symposium on the Oka-
vango Delta. Botswana Society, Gaborone, pp 33–48

Wolski P, Savenije HHG, Murray-Hudson M, Gumbricht M (2006) 
Modelling of the flooding in the Okavango Delta, Botswana, 
using a GIS model. J Hydrol 331:58–72

Zhu K, Li W, Yang S, Ran Y, Lei X, Ma M, Wu S, Huang P (2022) 
Intense wet-dry cycles weakened the carbon sequestration of soil 
aggregates in the riparian zone. CATENA 212:106117

Zimmermann S, Bauer P, Held R, Kinzelbach W, Walther JH (2006) 
Salt transport on islands in the Okavango Delta: numerical inves-
tigations. Adv Water Resour 29(1):11–29

Zipperer WC (2002) Urban influences on forests. In: Macie EA, Her-
mansen LA (eds) Human influences on Forest ecosystems: the 
Southern Wildland-Urban Interface Assessment. U.S. Depart-
ment of Agriculture. Forest Service. Southern Research Station 
Gen. Tech. Rep. SRS–55, pp 73–88

Setshogo M, Venter F (2003) Trees of Botswana: names and distribu-
tion. Southern African Botanical Diversity Network Report No. 
18. Pretoria, South Africa

Skarpe C (1990) Shrub layer dynamics under different herbivore den-
sities in an arid savanna, Botswana. J Appl Ecol 27:873–885

Sop TK, Oldeland J, Schmiedel U, Ouedraogo I, Thiombiano A 
(2011) Population structure of three woody species in four eth-
nic domains of the sub-sahel of Burkina Faso. Land Degrad Dev 
22(6):519–529

Statistics Botswana (2022) Population and housing census 2022: Pop-
ulation of cities, towns and villages. Stats Botswana 2:1–62

Storch F, Dormann CF, Bauhus J (2018) Quantifying forest structural 
diversity based on large-scale inventory data: a new approach to 
support biodiversity monitoring. For Ecosyst 5(1), 34:1–14 

Tabuti JR (2007) The uses, local perceptions and ecological status of 
16 woody species of Gadumire Sub-county, Uganda. Plant Con-
serv Biodivers 327–341

Teketay D (2005a) Seed and regeneration ecology in dry afromontane 
forests of Ethiopia: I. seed production - population structures. 
Trop Ecol 46:29–44

Teketay D (2005b) Seed and regeneration ecology in dry afromontane 
forests of Ethiopia: II. Forest disturbance and succession. Trop 
Ecol 46:45–64

Teketay D, Kashe K, Madome J, Kabelo M, Neelo J, Mmusi M, 
Masamba W (2018) Enhancement of diversity, stand structure 
and regeneration of woody species through area exclosure: the 
case of a mopane woodland in northern Botswana. Ecol Process 
7(1):1–15

Teren G, Owen-Smith N (2010) Elephants and riparian woodland 
changes in the Linyanti region, northern Botswana. Pachyderm 
47:18–25

1 3

676


	﻿Diversity, stand and population structure of riparian woody species in two contrasting land use types in the distal Okavango Delta, Northwestern Botswana
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study area
	﻿Vegetation sampling
	﻿Data analyses
	﻿Diversity


	﻿Similarity in Species Composition
	﻿Importance value index
	﻿Regeneration status
	﻿Ordination of sites by species composition
	﻿Results
	﻿Species, genera and family richness of riparian woodland species
	﻿Similarities in richness of riparian woody species, families and genera
	﻿Diversity and evenness
	﻿Density of seedlings
	﻿Importance value index (IVI)
	﻿Population structure



