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Research article 

Vegetation of the Okavango River valley in  
Kavango West, Namibia 

Ben J. Strohbach 

Abstract: The vegetation of the Okavango River Valley has previously only been described in general terms along the gradient from 

base of the valley to the top of the sand plateau, without the clear definition of different vegetation types or distinct vegetation compo-

sition. Yet the valley bottom supports a large part of the population within the region, who are dependent on ecosystem services pro-

vided by the vegetation. A Braun-Blanquet type survey was conducted to describe the vegetation of the Okavango River Valley in the 

Kavango West Region of Namibia, with special emphasis on the floodplain vegetation. The survey followed the guidelines set out for 

the “Vegetation Survey of Namibia” project. The data was classified using the modified TWINSPAN procedure in Juice, resulting in 

four higher-order syntaxa and 11 vegetation associations. We described these associations informally according to diagnostic species, 

species richness and environmental variables. In the case of floodplain and wetland associations, information regarding the flooding 

regime (depth, duration and probability of flooding) is provided. Although the higher-order groupings within this association come out 

very clearly, only the wetlands could be related to similar higher-order syntaxa described for the oshana wetlands in the Cuvelai delta. 

The placement and validity of the other three higher-order syntaxa is unclear at this stage, and needs to be addressed in a synopsis of 

all existing vegetation descriptions for the greater Kalahari ecoregion. The various vegetation associations can very clearly be associat-

ed with distinct positions in the landscape. The degree of flooding at the one extreme, and the sandiness of the soil on the other ex-

treme, defines the vegetation type and composition. The Acacia erioloba—Schinziophyton rautanenii association (7) has been cleared 

and ploughed to at least 90%, with only small patches of this vegetation remaining. Expansion of fields into the sands of the terrace 

embankment is worrisome, leading to fears of further soil degradation and ultimately desertification. Although signs of overgrazing are 

visible within the floodplains, this cannot be distinctly quantified as yet. Overgrazing in the wetlands will lead to the destruction of fish 

spawning and breeding habitats, damaging the other major food source of the people of the region. 

 

Keywords: Braun-Blanquet; desertification; floodplain vegetation; flooding regime; land degradation; land use; phytosociology; 

seasonal wetland vegetation. 

 

  

A vegetação do vale do Rio Okavango no Kavango West, Namíbia 

 

Resumo: A vegetação do vale do Rio Okavango foi apenas descrita previamente em termos gerais ao longo da encosta, da base do 

vale até o topo do platô de areia, sem uma definição clara dos diferentes tipos de vegetação ou sua composição distinta. No entanto, o 

fundo do vale auxilia uma grande parte da população da região, que é dependente dos serviços ecosistemicos fornecidos pela 

vegetação. Uma pesquisa do tipo “Braun- Blanquet” foi feita para descrever a vegetação do vale do Rio Okavango, na região oeste do 

Kavango na Namíbia, com ênfase especial na vegetação de várzea. O estudo seguiu as diretrizes estabelecidas para o projeto "Estudo 

da Vegetação da Namíbia". Os dados foram classificados usando o procedimento modificado TWINSPAN em Juice, resultando em 

quatro syntaxa de ordem superior e 11 associações de vegetação. Descrevemos essas associações informalmente de acordo com 

diagnóstico de espécies, riqueza das espécies e variações ambientais. No caso de associações de várzea e pantano, as informações 

sobre o regime de inundação (profundidade, duração e probabilidade de inundação) são fornecidas. Embora os grupos de ordem 

superior dentro dessa associação apareçam muito claramente, apenas os pantanos podem estar relacionados com syntaxa de ordem 

superior similar descrita nos pantanos Oshana, no delta Cuvelai. A colocação e validade dos outros três syntaxa de ordem superior não 

estão claras nesta fase e precisam ser tratadas em uma sinopse de todas as descrições de vegetação existentes, para a vasta ecoregião de 

Kalahari. As diversas associações de vegetação podem ser claramente associadas com posições distintas na paisagem. O grau de 

inundação em um extremo e a arenosidade do solo no outro extremo, definem o tipo e a composição da vegetação . A associação 

Acacia erioloba—Schinziophyton rautanenii (7) foi removida e arada em pelo menos 90%, remanescendo apenas pequenos fragmentos 

dessa vegetação. A expansão dos campos nas areias da plataforma do aterro é preocupante, levando a temores de maior degradação do 

solo e, finalmente, a desertificação. Apesar de sinais de sobrepastoreio serem vísiveis dentro das várzeas, isto ainda não pode ser 

quantificado distintamente. O sobrepastoreio nos pantanos  levará à destruição da desova e habitats de reprodução dos peixes, 

prejudicando a outra grande fonte de alimento dos povos da região.. 

 

Palavras-chave: Braun-Blanquet; degradação do solo; desertificação; fitossociologia; regime de inundação; uso do solo; vegetação 

sazonal de pantanos; vegetação de várzea. 
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Introduction 

The Okavango River, having it’s headwa-

ters in central Angola, flows in a general-

ly south-westerly direction, ending in a 

large swamp area in the form of the Oka-

vango Delta in northern Botswana (Men-

delsohn & el Obeid 2004). As part of it’s 

course, it forms, for roughly 415 km, the 

border between Angola and Namibia 

before crossing Namibia and entering 

Botswana. The river forms a deeply in-

cised V-shaped valley in an otherwise flat 

landscape formed by the Kalahari sand 

plateau. The altitude of the river ranges 

between 1100 m upon entering Namibia 

along the Angolan border and 1000 m 

when leaving Namibia into Botswana. 

The river is roughly 40 to 60 m lower 

than the surrounding sand plateau (Men-

delsohn & el Obeid 2003; own observa-

tions). 

The river is estimated to be ca 65 Mil-

lion years old, and has likely flowed for 

considerable time at a far higher volume 

than at present (Mendelsohn & el Obeid 

2004). Alluvial deposits from this high 

flow regime formed the relatively fertile 

valley bottom, compared to the nutrient-

poor sands of the surrounding Kalahari 

sand plateau (Mendelsohn & el Obeid 

2004, Schneider 1986). During the rela-

tively low-flow period over the past 2 

million years, the actual stream bed start-

ed to meander through the valley bottom, 

forming an extensive floodplain, often 

with temporary marshes and oxbow lakes 

(Mendelsohn & el Obeid 2004). Three 

distinct regions of extensive floodplains 

can be distinguished along the Namibian 

section of the Okavango River: The west-

ern floodplains, reaching from west of 

Tondoro (towards Nkurenkuru) to 

Shambyu (east of Rundu) and the flood-

plains at the confluence of the Cuito and 

the Okavango are both of strongly sea-

sonal character. The eastern floodplains 

below the Popa Falls are of a more per-

manent flooded nature, forming the be-

ginning of the “Panhandle” of the Oka-

vango Delta (Hay et al. 1996, Mendelsohn 

& el Obeid 2003). The Okavango flows at 

its peak during April each year, with high 

variability in water levels between peak 

and low season (Fig. 1). The Cuito brings 

less water during peak flow periods (April 

– May) than the Okavango, but is also far 

less variable in flow throughout the sea-

sons (Bethune 1991). 

The climate of the region can best be 

described as a transition between a sub-

tropical steppe and subtropical 

(sub)humid climate (sensu  Köppen 1936) 

(following data provided in Mendelsohn 

et al. 2002). The average annual rainfall at 

Rundu is 445 mm, with the peak rainfall 

months being January and February each 

year (Namibia Meteorological Services 

1997) (Fig. 2). The co-efficient of varia-

tion for the rainfall is 36% (Botha 1996). 

Human settlement started some 1,500 

to 1,000 years ago, when the Kwangali, 

Mbunza, Shambyu and Gciriku tribes 

migrated from central and eastern Africa 

into this area. Population densities re-

mained relatively low, with a population 

of less than 50 000 people in the Okavan-

go district in the 1970’s (Mendelsohn & 

el Obeid 2004). The present-day Kavango 

East and West regions in Namibia support 

a population of 222,500 people, of which 

61,900 are residing in the town of Rundu 

(National Planning Commission 2012). 

The remainder of the mostly rural popula-

tion mainly lives in the valley along the 

Kavango River, with population densities 

of between 10 to 40 people per km2 

(Mendelsohn & el Obeid 2003). There is a 

striking difference in population density 

between the Namibian and Angolan side 

of the Okavango valley, with the Angolan 

side being far less populated than the 

Namibian side due to the war (Mendel-

sohn & el Obeid 2003). The Kavango has 

the highest average household size in the 

country (6.0 persons per household), and 

in general has some of the poorest people 

in the country (Central Bureau of Statis-

tics 2011, National Planning Commission 

2012). The general livelihood of the 

people is derived from small-scale agro-

pastoralism, supported by fishing (Men-

delsohn & el Obeid 2003, Mendelsohn et 

al. 2006). There is thus an overall strong 

dependency on the natural environment 

for survival by the people. This led, over 

years, to severe deforestation and land 

degradation along the Okavango River 

valley, with over 95% of the original 

vegetation estimated to have been de-

stroyed. The expanding Green Scheme 

contributes to this threat (Hofmeyr 2004). 

Although extensive, in-depth studies 

have been done on the permanent wet-

Fig. 1: Water levels of the Okavango River at Rundu gauging station between 1945 - 

2012. Data source: Okavango Basin Information System (http://leutra.geogr.uni-

jena.de/obis/metadata/start.php) and Directorate Hydrology, Ministry of Agriculture, 

Water and Forestry. 

Fig. 2: Climate diagram for Rundu. Data 

source: Okavango Basin Information 

System (http://leutra.geogr.uni-jena.de/ 

obis/metadata/start.php) and Namibia 

Meteorological Services (1997). 
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lands of the Okavango River Delta in 

Botswana (Biggs 1976, Bonyongo 1999, 

Ellery et al. 1991, Gumbricht et al. 2004, 

Tooth & McCarthy 2004), little is known 

about the vegetation of the Okavango 

River Valley within the middle section of 

the river, especially the vegetation beyond 

the wetland system associated with the 

river. The eastern and western Kavango 

regions fall within the broader “Dry For-

ests and Woodlands of the northern Kala-

hari” sensu Giess (1998), or the “Zambe-

sian Baikiaea Woodlands” (Vetter 2001). 

The Okavango valley vegetation responds 

to the variation in soil types along the 

catena from river bed to sand plateau 

(Burke 2002, De Sousa Correia & 

Bredenkamp 1986). This is schematically 

illustrated by Mendelsohn and el Obeid 

(2003). Bethune (1991) describes the 

wetlands of the Kavango river, without 

giving detail of spatial distribution of 

these wetlands. She distinguishes between 

“open water, river margins, reed fringes, 

riparian forests and thickets, floodplains, 

permanent marshes and alluvial terraces”. 

For these landscape elements, dominant 

plant species are listed, but no phytoso-

ciological definition or description is 

offered. The aim of this study is thus to 

define and describe the various vegetation 

types of the Okavango Valley within the 

western Kavango region.  

METHODS 

Field survey 

A Braun-Blanquet type survey of the 

vegetation was undertaken during Febru-

ary 2012, and again in February and 

March 2013. Relevés were sampled on 

20x50 m plots, in line with the standard 

set for the Namibian Vegetation Survey 

(Strohbach 2001). This also corresponds 

to the suggested plot sizes for savanna 

vegetation (Brown et al. 2013). Plots were 

set out systematically along paths and 

cutlines from the main road to the Oka-

vango River, as well as towards the hin-

terland. These were concentrated in the 

area between Tondoro and Rundu, with 

some outliers in the Mashare area (range: 

17°43’28”S 18°44’02”E up to 

17°53’05”S 20°12’36”E). At each plot, 

the location was determined with a Gar-

min e-Trex GPS. In addition, habitat 

descriptors relating to the landscape and 

local topography, slope, stoniness (if any), 

parent material, severity of erosion and 

type of disturbances were recorded. At 

least one photo was taken at each plot. At 

several representative plots, soil samples 

by way of augering were taken of the 

topsoil and if possible, of the lower hori-

zon. All vascular plant species were rec-

orded, together with the average height 

and growth form of the plants, and an 

estimated crown cover percentage 

(Strohbach 2012). Unknown plant species 

were sampled, pressed and identified at 

the National Herbarium of Namibia 

(WIND). In the case of wetland vegeta-

tion, the survey was conducted by wading 

into the water or by using a canoe. 

Data Processing 

The vegetation data was captured in 

TurboVeg (Hennekens & Schaminée 

2001) and exported to Juice (Tichý 2002). 

In order to avoid observer bias, species 

which were likely to be confused during 

field surveys (e.g. Acrotome inflata and A. 

angustifolia), or in some cases different 

subspecies of a species (e.g. three subspe-

cies of Acacia hebeclada), were com-

bined, before the relevés were classified 

with the modified TWINSPAN procedure 

(Roleček et al. 2009). As distance meas-

ure, average Jaccard was used, together 

with three pseudospecies cut levels set at 

0%, 5% and 20% respectively. Crispness 

scores (Botta-Dukát et al. 2005) were 

used to determine the optimal number of 

divisions. Further refinements were done 

to the classification, involving the split-

ting of Cluster 1 into three separate clus-

ters using Cocktail procedures (Bruel-

heide 2000).  

Flooding levels 

A number of identified vegetation units 

are wetland units, and many others are 

floodplain vegetation not regularly inun-

dated. The flooding regime (frequency, 

duration and depth of inundation) is thus 

an important habitat variable (Biggs 1976, 

Ellery et al. 1991, Gumbricht et al. 2004). 

These parameters were calculated for 

each plot as follows: Daily water level 

data for the period 1945 to 2012 of the 

Okavango River at Rundu (source: Oka-

vango Basin Information System: 

http://leutra.geogr.uni-jena.de/obis/ 

metadata/start.php and Directorate Hy-

drology, Ministry of Agriculture, Water 

and Forestry) was averaged into decadal 

(10-daily) data. The average water depth 

for these 36 decades per year was calcu-

lated, as well as the minimum, maximum 

and standard deviations. These figures 

were graphed to give a visual interpreta-

tion of water levels of the Okavango 

River, especially to determine the dura-

tion of the flowing season (from mini-

mum to minimum flow, or from decade 

28 – early October – to decade 27 – end 

September) (Fig. 1). For the same decadal 

data, the 10th, 20th, 30th, 40th, 50th, 60th, 

70th, 80th and 90th percentiles were 

worked out. Together with minimum and 

maximum, these were interpreted as 

probabilities of flooding depth in 10% 

increments (minimum: 100%, 10th percen-

tile: 90%, etc.).  

The height of the plots above the near-

est point of the river was determined 

using the elevation profile function of 

Google Earth. These relative heights 

above water level were averaged for each 

Fig. 3: Crispness scores as calculated for the modified TWINSPAN classification of 

relevés. Peaks for significant levels of divisions (Botta-Dukát et al. 2005) are indi-

cated by arrows (at 4 and 9 divisions) in the graph. 
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vegetation unit, and compared to the table 

of water depth percentiles for each decade 

in order to determine the depth, duration 

and flooding probability of each vegeta-

tion unit. 

Environmental gradients 

The soil samples were analyzed by the 

Agricultural Laboratory of the Ministry of 

Agriculture, Water and Forestry for the 

following: percentages sand, silt and clay, 

pH in water, electric conductivity, cation 

exchange capacity, phosphorous, sodium, 

calcium, magnesium, potassium and 

organic carbon. As only representative 

soil samples were taken, these values 

were averaged for each vegetation unit.  

Together with the flooding regime data, 

these were used as environmental varia-

bles for a biplot on a Detrended Corre-

spondence Analysis (DCA) (Hill & 

Gauch 1980), using PC-Ord 6 as software 

(McCune et al. 2002, Peck 2010), in order 

to illustrate the dominating environmental 

gradients. A DCA was chosen above a 

Reciprocal Averaging (Hill 1973), due to 

the fact that a severe arch effect was 

experienced due to the widely varying 

habitat conditions and the resulting high 

species turn-over (Gauch 1982, McCune 

et al. 2002). 

RESULTS 

A total of 120 relevés were used for this 

study (part of GIVD data set AF-NA-001; 

Strohbach & Kangombe 2012), represent-

ing a matrix of 420 higher plant species. 

These belong to 76 families, of which the 

Poaceae (90 species), Fabaceae (60 spe-

cies), Asteraceae (18) and Cyperaceae 

(18) are the most abundant. 56 Aquatic 

species were observed on the relevés, as 

well as 92 phanerophytic (tree and shrub) 

species. 

Crispness values (Botta-Dukát et al. 

2005) indicated an ideal classification 

with either four or nine divisions (Fig. 3). 

The top four divisions are interpreted as 

being equivalent to vegetation classes, 

whilst the final nine divisions (with the 

exception of Cluster 1) are interpreted as 

associations. A dendrogram of the classi-

fication is depicted in Figure 4. 

Cluster 1 was divided into three sub-

clusters, based a) on the combined pres-

ence of Mimosa pigra, Searsia quartini-

ana, Phragmites australis, Mikania sagit-

tifera  and  Syzygium guineense (seven 

relevés) and b) the presence of Tacazzea 

apiculata, as well as by the high abun-

dance of Chrysopogon nigritanus (six 

relevés). In most cases the fidelity of 

these species improved after subdivision, 

whilst the average positive fidelity and 

sharpness of classification remained fairly 

high, indicating that such a subdivision is 

appropriate. Due to the difference in 

habitat, these subclusters are recognised 

as associations (Table 1).  

A shortened version of the synoptic ta-

ble is presented in Table 2 below, whilst 

the full phytosociological table is present-

ed as a downloadable online appendix. 

The identified associations are described 

in full in the following section.  

Fig. 4: Dendrogram of the modified TWINSPAN classification of relevés. Cluster 1 

was further subdivided into three associations using Cocktail procedures. 

 

Table 1: Refinements done with Cocktail to the modified TWINSPAN-based classification. F: Average positive fidelity, S: sharp-

ness. 

                         Cluster  Fidelity  
 Original Revised Diagnostic species Original Revised No of relevés involved 

1.1 F31 
S86 
 

F22 
S51 
 

Mimosa pigra  
Phragmites australis 
Searsia quartiniana 
Mikania sagittifera   
Cyperus digitatius 
Syzygium guineense 

40 
64 
20 
28 
28 
23 

92 
80 
85 
64 
64 
52 

7 split off 

1.2  F28 
S46 
 

Nymphaea nouchali 
Paratheria prostrata  
Oryza longistaminata 
Schoenoplectus corymbosus 
Eleocharis acutangula 
Utricularia stellaris 
Nymphaea lotus    

- 
66 
60 
72 
43 
40 
49 

55 
52 
53 
43 
55 
50 
48 

22 remaining 

1.3  F27 
S33 

Tacazzea apiculata 
Chrysopogon nigritanus 
Heliotropium baclei 

37 
24 
15 

77 
40 
61 

6 split off 
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The influence of the habitat is illustrat-

ed in Figure 5 by way of an ordination 

diagram with the known environmental 

factors superimposed as biplot. Whereas 

the wetland vegetation is dependent on 

the flooding regime and occurring on 

relatively loamy, even clayey soils, the 

remainder of the valley vegetation forms 

an elongated gradient away from regular 

flooding and with ever increasing sandi-

ness of the soils. Cluster 2, the Hakusem-

be grasslands, form an outlier on fairly 

sandy, but saline soils with an extremely 

high pH. The averaged soil characteristics 

for the various associations, as used in the 

ordination, are presented in Table 3. 

 

Vegetation associations of the 
western Okavango river valley 

From the classification results, 11 vegeta-

tion associations were identified. Their 

description follows below. No attempt 

was made to formally describe these 

associations following the rules of the 

International Code for Phytosociological 

Nomenclature (Weber et al. 2000), as a 

number of these association descriptions 

are still based on a very limited number of 

relevés, whilst some clusters displayed a 

high internal variation (likely due to the 

degraded nature of the vegetation), that no 

clear conclusions can be made at this 

stage to the syntaxonomic status of it. The 

numbering of the associations follows that 

of the initial classification as displayed in 

Figure 4, and as used in the remainder of 

the results. An analysis of the species 

richness of these associations is presented 

in Figure 8. 

1.1 Mimosa pigra–Phragmites 
australis association of the river 
banks 

This association is characterized by the 

diagnostic species Mimosa pigra, Searsia 

quartiniana, Phragmites australis, Mika-

nia sagittifera, Cyperus digitatus subsp. 

auricomus, Aeschynomene fluitans, 

Syzygium guineense, Persicaria senega-

lensis, Nymphaea nouchali var. caerulea 

as well as the constant occurrence of 

Gardenia volkensii subsp. spatulifolia, 

Chrysopogon nigritanus, Schoenoplectus 

corymbosus, Oryzidium barnardii. Seven 

relevés have been classified into this  

Fig. 5: Top: DCA ordination scatter plot, indicating the various clusters. Bottom: DCA ordination scatter plot with the habitat 

factors superimposed.  
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Table 2: Shortened synoptic table of the associations identified within the study area. Only diagnostic species with a fidelity phi 

coefficient of above 40 are displayed. On the left, the phi coefficient of the fidelity is presented; on the right the percentage 

frequency of occurrence of these species is presented. 

 phi coefficient  percentage frequency 

Association 
1.
1 

1.
2 

1.
3 2 3 4 5 6 7 8 9 1.1 

1.
2 

1.
3 2 3 4 5 6 7 8 9 

No of relevés 7 22 6 9 8 7 12 5 13 19 12 7 22 6 9 8 7 12 5 13 19 12 
Mean no of 
species 11 10 11 7 14 26 24 35 28 38 44 11 10 11 7 14 26 24 35 28 38 44 
No of diagnostic 
species 9 10 5 8 5 9 9 37 4 7 39 9 10 5 8 5 9 9 37 4 7 39 

                       
Diagnostic species  
of single groups                     

                       

Association 1.1: Mimosa pigra—Phragmites australis association               

Mimosa pigra                                       92 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 86 . . . . . . . . . . 
Searsia quartini-
ana                                85 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

10
0 5 . . . 29 . . . . . 

Phragmites 
australis                               80 17 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

10
0 32 17 . . . . . . . . 

Mikania sagittif-
era                                64 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 . . . . . . . . . . 

Cyperus digitatus 
subsp. auricomus                     64 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 . . . . . . . . . . 

Aeschynomene 
fluitans                              57 32 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 71 45 17 . . . . . . . . 

Syzygium guin-
eense                                 52 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 29 . . . . . . . . . . 

Persicaria 
senegalensis 47 35 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 57 45 17 . . . . . . . . 

                       

Association 1.2: Paratheria prostrata—Nymphaea nouchali association              
Eleocharis 
acutangula                              

  
— 55 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . 32 . . . . . . . . . 

Oryza  
longistaminata                               

  
— 53 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 29 50 . . . . . . . . . 

Utricularia 
stellaris                              

  
— 50 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . 27 . . . . . . . . . 

Nymphaea lotus                                     
  

— 48 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 14 36 . . . . . . . . . 
Paratheria 
prostrata                               

  
— 45 40 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 14 55 50 . . . . . . . . 

Ipomoea  
aquatica                                   

  
— 44 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 14 32 . . . . . . . . . 

Panicum colora-
tum                                  

  
— 42 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 14 45 33 . . . . . . . . 

                       

Association 1.3: Tacazzea apiculata—Chrysopogon nigritanus association             
Tacazzea  
apiculata                                 

  
— 

  
— 77 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . 5 67 . . . . . . . . 

Heliotropium 
baclei                                

  
— 

  
— 61 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . . 50 . 13 . . . . . . 

Crinum  
carolo-schmidtii                            

  
— 

  
— 46 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . . 33 . 13 . . . . . . 

                       

Association 2: Sporobolus ioclados—Willkommia sarmentosa association             
Willkommia 
sarmentosa                              

  
— 

  
— 

  
— 96 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . . . 

10
0 . . 8 . . . . 

Sporobolus 
ioclados                                

  
— 

  
— 

  
— 86 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . . . 

10
0 . 14 17 . . . . 

Sesuvium 
sesuvioides                               

  
— 

  
— 

  
— 56 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . . . 33 . . . . . . . 

Sporobolus 
albicans                                

  
— 

  
— 

  
— 49 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . . . 33 . . . . 8 . . 

Cyperus schinzii                                   
  

— 
  

— 
  

— 45 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— . . . 22 . . . . . . . 

Cyperus longus                                     
  

— 
  

— 
  

— 45 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— . . . 22 . . . . . . . 
Brachiaria 
xantholeuca                             

  
— 

  
— 

  
— 45 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . . . 22 . . . . . . . 

Monandrus 
squarrosus                               

  
— 

  
— 

  
— 45 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . . . 22 . . . . . . . 

                       

Association 3: Chrysopogon nigritanus—Gardenia volkensii association             
Geigeria  
nianganensis                              

  
— 

  
— 

  
— 

  
— 63 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . 5 17 . 75 14 17 . . . . 
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Aristida junci-
formis subsp. 
junciformis                

  
— 

  
— 

  
— 

  
— 49 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . . . . 38 14 . . . . . 

Eragrostis 
annulata                                

  
— 

  
— 

  
— 

  
— 48 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . . . . 25 . . . . . . 

Nesaea rigidula                                    
  

— 
  

— 
  

— 
  

— 48 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— . . . . 25 . . . . . . 
Brachiaria 
humidicola                              

  
— 

  
— 

  
— 

  
— 46 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . 5 33 . 63 29 8 . 8 . . 

                       

Association 4: Terminalia sericea—Combretum imberbe association              

Euclea undulata                                    
  

— 
  

— 
  

— 
  

— 
  

— 61 
  

— 
  

— 
  

— 
  

— 
  

— . . . . 13 86 17 40 8 . 8 
Andropogon 
schirensis                              

  
— 

  
— 

  
— 

  
— 

  
— 52 

  
— 

  
— 

  
— 

  
— 

  
— . . . . . 43 8 . . . 8 

Asparagus 
racemosus                                

  
— 

  
— 

  
— 

  
— 

  
— 52 

  
— 

  
— 

  
— 

  
— 

  
— . . . . . 29 . . . . . 

Acacia hebeclada                                   
  

— 
  

— 
  

— 
  

— 
  

— 50 
  

— 
  

— 
  

— 
  

— 
  

— 14 . . . 13 71 33 . 23 11 . 

Kyllinga alba                                      
  

— 
  

— 
  

— 
  

— 
  

— 49 
  

— 
  

— 
  

— 
  

— 
  

— . . . . . 43 8 . 15 . . 
Pogonarthria 
squarrosa                             

  
— 

  
— 

  
— 

  
— 

  
— 46 

  
— 

  
— 

  
— 

  
— 23 . . . . . 43 . . . 5 25 

Ehretia rigida                                     
  

— 
  

— 
  

— 
  

— 
  

— 44 
  

— 
  

— 
  

— 
  

— 
  

— . . . . . 29 8 . . . . 
Combretum 
imberbe                                  

  
— 

  
— 

  
— 

  
— 

  
— 41 20 28 

  
— 

  
— 

  
— . 5 17 . 63 

10
0 67 80 31 37 8 

Acacia luederitzii                                 
  

— 
  

— 
  

— 
  

— 
  

— 40 
  

— 
  

— 
  

— 
  

— 
  

— . . . . . 57 25 20 31 16 . 

                       

Association 5: Acacia tortilis—Hyphaene petersiana association               

Acacia tortilis                                    
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 58 
  

— 
  

— 
  

— 
  

— . . . . 13 29 92 40 31 . 8 
Ipomoea  
adenioides                                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 56 

  
— 

  
— 

  
— 

  
— . . . . . . 33 . . . . 

Chloris virgata                                    
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 53 
  

— 
  

— 
  

— 
  

— . . . . . . 42 . 8 5 . 
Eragrostis 
trichophora                             

  
— 

  
— 

  
— 

  
— 31 29 49 

  
— 17 

  
— 

  
— . . 17 . 75 71 

10
0 . 54 11 . 

Pergularia 
daemia                                  

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 48 

  
— 

  
— 

  
— 

  
— . . . . . . 25 . . . . 

Sansevieria 
aethiopica                             

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 48 

  
— 

  
— 

  
— 

  
— . . . . . . 25 . . . . 

Indigofera 
rautanenii                              

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 

  
— 23 

  
— 

  
— . . . . . 14 50 . 31 11 . 

Urochloa  
oligotricha                               

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 40 

  
— 

  
— 

  
— 

  
— . . 17 . 13 14 42 . . . . 

                       

Association 6: Acacia sieberiana—Ficus association                 
Ocimum  
gratissimum                                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 72 

  
— 

  
— 

  
— . . . . . . . 60 . 5 . 

Acrotome inflata 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 66 
  

— 11 
  

— . . . . . . . 60 . 16 . 
Senna  
occidentalis                                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 61 

  
— 

  
— 

  
— . . . . . . . 40 . . . 

Jasminum 
fluminense                                

  
— 

  
— 

  
— 

  
— 

  
— 27 

  
— 59 

  
— 

  
— 

  
— . 5 . . 25 57 33 

10
0 23 . . 

Hibiscus caesius                                   
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 59 
  

— 
  

— 
  

— . . . . . . 17 60 . 16 . 
Abutilon  
angulatum                                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 28 59 

  
— 

  
— 

  
— . . . . . . 33 60 . . . 

Senna obtusifolia                                  
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 56 
  

— 14 
  

— . . 17 . 13 . 8 80 23 32 . 

Setaria verticillata                               
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 55 
  

— 
  

— 
  

— . . . . . . 8 40 . . . 
Panicum  
maximum                                    

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 55 

  
— 13 

  
— . . . . . 29 . 80 31 32 8 

Tragia okanyua                                     
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 55 
  

— 30 
  

— . . . . . . . 60 8 37 . 
Zehneria  
marlothii                                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 54 

  
— 

  
— 

  
— . . . . . . . 40 . 11 . 

Monechma 
divaricatum                               

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 52 

  
— 

  
— 

  
— . . . . . . . 40 8 5 . 

Hermannia 
guerkeana                                

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 52 

  
— 

  
— 

  
— . . . . . . . 40 8 5 . 

Helinus  
integrifolius                              

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 50 

  
— 15 

  
— . . . . . . . 40 . 16 . 

Asparagus nelsii                                   
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 50 
  

— 32 
  

— . . . . . . . 60 8 42 8 

Gymnosporia 
senegalensis                           

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 19 50 

  
— 

  
— 

  
— . . . . 13 14 42 80 31 16 8 

Aerva leucura                                      
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 17 50 
  

— 
  

— 
  

— . . . . . . 17 40 . . . 

Sida ovata                                         
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 49 
  

— 23 
  

— . . 17 . 25 . 8 80 31 47 . 

Ficus thonningii                                   
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 47 
  

— 
  

— 
  

— . . . . . 14 . 40 8 . . 
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Corchorus tridens                                  
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 46 
  

— 
  

— 
  

— . . . . . . 8 40 15 . . 
Diospyros 
lycioides 

  
— 

  
— 

  
— 

  
— 20 36 

  
— 45 

  
— 

  
— 

  
— 14 5 . . 63 86 25 

10
0 46 21 . 

Achyranthes 
aspera var. 
aspera                       

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 

  
— 

  
— 

  
— . . . . . 14 8 40 8 . . 

Nelsia  
quadrangula                                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 

  
— 

  
— 

  
— . . . . . . . 20 . . . 

Flueggea virosa                                    
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 43 
  

— 
  

— 
  

— . . . . . . . 20 . . . 
Eragrostis 
nindensis                               

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 

  
— 

  
— 

  
— . . . . . . . 20 . . . 

Ficus sycomorus                                    
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 43 
  

— 
  

— 
  

— . . . . . . . 20 . . . 
Aspilia  
mossambicensis                             

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 

  
— 

  
— 

  
— . . . . . . . 20 . . . 

Dicliptera eenii                                   
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 43 
  

— 
  

— 
  

— . . . . . . . 20 . . . 
Terminalia 
prunioides                              

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 

  
— 

  
— 

  
— . . . . . . . 20 . . . 

Carica papaya                                      
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 43 
  

— 
  

— 
  

— . . . . . . . 20 . . . 
Piliostigma 
thonningii                             

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 

  
— 

  
— 

  
— . . . . . . . 20 . . . 

Urochloa  
brachyura                                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 

  
— 26 

  
— . . . . . 29 33 80 38 58 17 

Solanum  
delagoense                                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 23 43 

  
— 

  
— 

  
— . . . . . . 25 40 8 . . 

Acacia sieberiana                                  
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 40 
  

— 
  

— 
  

— . . . . . 14 17 40 8 . . 
Albizia  
anthelmintica                              

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 40 

  
— 

  
— 

  
— . . . . . 14 17 40 8 . . 

                       

Association 7: Acacia erioloba—Schinziophyton rautanenii association             
Vangueria 
cyanescens                               

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 52 

  
— 

  
— . . . . . 14 . . 46 . 8 

Indigofera 
flavicans                               

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 44 25 

  
— . . . . . . . 40 69 47 33 

Acacia erioloba                                    
  

— 
  

— 
  

— 
  

— 
  

— 27 
  

— 
  

— 41 25 
  

— . . . . . 71 42 60 92 68 17 

                       

Association 8: Acacia erioloba—Combretum collinum association               
Eragrostis 
lehmanniana                             

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 49 

  
— . . . . . 14 8 60 31 84 33 

Acanthosicyos 
naudinianus                          

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 46 

  
— . . . . . . . . 15 47 25 

Croton  
gratissimus                                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 44 

  
— . . . . . . . . 8 42 25 

Commiphora 
africana                                

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 42 

  
— . . . . . . . . . 26 8 

Oxygonum 
alatum                                    

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 24 42 

  
— . . . . . . . 40 38 58 8 

                       

Association 9: Pterocarpus angolensis—Guibourtia coleosperma association            
Pterocarpus 
angolensis                             

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 86 . . . . . . . . . . 75 

Cyperus  
margaritaceus                              

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 80 . . . . . . . . . 21 83 

Eragrostis pallens                                 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 79 . . . . . . . . . 11 75 

Burkea africana                                    
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 77 . . . . . . . . . 5 67 
Evolvulus 
alsinoides                               

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 75 . . . . . 14 . . . 5 75 

Ochna pulchra                                      
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 19 72 . . . . . . . . . 26 75 
Tephrosia 
lupinifolia                              

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 71 . . . . . . . . . 5 58 

Combretum 
psidioides                               

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 71 . . . . . . . . . 16 67 

Stylosanthes 
fruticosa                             

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 69 . . . . . . . . . . 50 

Xenostegia 
tridentata subsp. 
angustifolia              

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 24 68 . . . . . . . . 15 37 83 

Indigofera filipes                                 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 68 . . . 11 . . . . . 11 67 
Polygala  
schinziana                                

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 68 . . . . . . . . . 11 58 

Baphia  
massaiensis 
subsp. obovata 
var. obovata           

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 20 66 . . . . . . . . . 26 67 

Aristida stipitata                                 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 66 . . . . . 14 . . 8 21 75 
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Tephrosia 
purpurea subsp. 
leptostachya var. 
pubescens    

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 65 . . . . . . . . . 16 58 

Rhynchosia 
venulosa                                

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 65 . . . . . . 8 . . 21 67 

Baikiaea plurijuga                                 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 25 64 . . . . . . . . . 32 67 
Ozoroa  
okavangensis                                

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 63 . . . . . . . . . . 42 

Securidaca 
longepedunculata                        

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 63 . . . . . . . . . . 42 

Melinis repens 
subsp. grandiflora                      

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 62 . . . . . . . . . 11 50 

Strychnos 
cocculoides                              

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 59 . . . . . . . . . 16 50 

Megaloprotachne 
albescens                          

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 59 . . . . . . . . . 5 42 

Combretum 

zeyheri                                  
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 58 . . . . . . . . 15 16 58 

Stipagrostis 
uniplumis var. 
uniplumis                

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 56 . . . . . 29 . . . 26 67 

Gardenia 
brachythamnus                             

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 56 . . . . . . . . . . 33 

Fadogia thamnus                                    
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 56 . . . . . . . . . . 33 
Lannea  
gossweileri                                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 56 . . . . . . . . . . 33 

Heteropogon 
melanocarpus                           

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 56 . . . . . . . . . . 33 

Raphionacme 
lanceolata                             

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 55 . . . . . . . . . 11 42 

Vernonia 
poskeana                                  

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 55 . . . . . . . . 8 16 50 

Guibourtia 
coleosperma                             

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 24 54 . . . . . . . . . 26 50 

Chamaecrista 
biensis                               

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 24 54 . . . . . . . . . 26 50 

Commiphora 
tenuipetiolata                          

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 52 . . . . . . . . 15 . 42 

Aristida  
meridionalis                              

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 52 . . . . . . . . . 16 42 

Cyphostemma 
sandersonii                            

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 51 . . . . . . . . . 5 33 

Diospyros 
chamaethamnus                            

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 51 . . . . . . . . . 5 33 

Strychnos 
pungens                                  

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 48 . . . . . . . . . . 25 

Entada arenaria                                    
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 48 . . . . . . . . . . 25 

Justicia protracta 
subsp. rhode-
siana                   

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 48 . . . . . . . . . . 25 

Tephrosia 
cephalantha var. 
decumbens                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 48 . . . . . . . . . . 25 

Chamaesyce 
neo-
polycnemoides                        

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 48 . . . . . . . . . . 25 

Tristachya 
superba                                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 47 . . . . . . . . . 11 33 

Hermannia eenii                                    
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 47 . . . . . . . . . 11 33 
Limeum  
fenestratum                                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 31 47 . . . . . . . . 23 42 58 

Melinis repens 
subsp. repens                           

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 26 47 . . . . . . . . . 26 42 

Schinziophyton 
rautanenii                          

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 26 20 46 . . . . . . . . 38 32 58 

Perotis patens                                     
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 45 . . . . . 43 . 20 23 16 67 

Ozoroa schinzii                                    
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 32 44 . . . . . . . . . 32 42 
Ceratotheca 
sesamoides                             

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 . . . . . . . . . 5 25 

Indigofera trita 
subsp. subulata                       

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 . . . . . . . . . 5 25 

Tricholaena                     43 . . . . . . . . 8 11 33 
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monachne                               — — — — — — — — — — 

Blepharis  
integrifolia                             

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 . . . 11 . . . . 8 . 33 

Ximenia caffra                                     
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 
  

— 43 . . . . . . 8 . . 11 33 

Schmidtia  
pappophoroides                           

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 38 40 . . . . . . . 20 . 47 50 

                       

Common diagnostic species of two or more associations:                

Nymphaea 
nouchali var. 
caerulea                      46 55 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 71 82 33 . . . . . . . . 

Schoenoplectus 
corymbosus                          

  
— 43 41 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 43 68 67 . 13 . . . . . . 

Ludwigia  
adscendens 
subsp. diffusa                     

  
— 41 46 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— . 45 50 . . . . . . . . 

Hyphaene 
petersiana                                

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 64 

  
— 45 

  
— 

  
— . . . . . 14 92 . 69 5 . 

Combretum 
collinum                                 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 50 54 . . . . . . . . . 63 67 

Bauhinia peter-
siana subsp. 
macrantha                   

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 

  
— 41 63 . . . . . . . . . 53 75 

 

 

association. A total of 33 species have 

been observed in this association, with on 

average 11.4 species per 1000 m2.  

This association is formed along the 

river banks of the Okavango River (Fig. 

6a). Depending on the steepness of the 

bank, the abundance of the reed Phrag-

mites australis varies. On shallow banks, 

which are largely inundated, extensive 

reed banks can be formed, which form 

important habitats for fish spawning and 

nesting sites for birds alike (Hines 1985, 

Høberg et al. 2002, Junk et al. 1989, King 

et al. 2003, Merron & Bruton 1995). 

Generally, the base of this association is 

always inundated during the high-flow 

season (January to June), whilst in ex-

treme high flow years this association 

could be well over two meters deep under 

water (Fig. 7a). 

1.2. Paratheria prostrata–
Nymphaea nouchali association of 
the lakes and seasonally flooded 
floodplains 

This association is characterized by the 

diagnostic species Nymphaea nouchali 

var. caerulea, Eleocharis acutangula, 

Oryza longistaminata, Utricularia stel-

laris, Nymphaea lotus, Paratheria pros-

trata, Ipomoea aquatica, Schoenoplectus 

corymbosus, Panicum coloratum and 

Ludwigia adscendens subsp. diffusa. 

These are constantly associated by Persi-

caria senegalensis, Aeschynomene flui-

tans and Oryzidium barnardii. Twenty-

two relevés have been classified into this 

association. A total of 50 species have 

been observed in this association, with on 

average 9.9 species per 1000 m2. 

These floodplains occur adjacent to the 

river banks, but lower than the banks at a 

range of 0 to 2 m above river level (aver-

age 1.1 m above river level). They are 

generally shielded from the river by the 

somewhat higher river banks. This results 

in the floodplains drying up completely 

during the low-flow season (June to De-

cember) (Fig. 6b and c, Fig. 7b), and are 

only flooded once the river level rises 

above certain low points in the sand 

banks. Further inland, some old oxbow 

lakes in the floodplains also form part of 

this system. Depending on the depth, a 

variety of aquatic plants occur here. The 

shallow fringes are dominated by Para-

theria prostrata, a fine, emergent grass 

species easily confused with Cynodon 

dactylon. It is likely that Hines mistook 

this species for Cynodon dactylon in his 

description of the “perched river terrace 

wetlands” in the Kavango region near 

Ekongoro (Hines 1993). In ca 50 to 80 cm 

deep water, Nymphaea nouchali and 

Schoenoplectus corymbosus dominate, 

with N. lotus occurring only in 80 to 120 

cm deep water. Dense stands of Oryza 

longistaminata and/or Oryzidium bar-

nardii occasionally occur in these water 

depth ranges (Fig. 6d). Deeper water is 

generally clear of emerging aquatic 

plants, but a variety of submerged plants 

(e.g. Utricularia stellaris, Lagarosiphon 

spp. and Rotala spp.) can be observed 

here. 

1.3. Tacazzea apiculata– Chrys-
opogon nigritanus fringe grassland 
association  

This association is characterized by the 

diagnostic species Tacazzea apiculata, 

Heliotropium baclei, Ludwigia adscen-

dens subsp. diffusa, Crinum carolo-

schmidtii and Schoenoplectus corymbo-

sus. These are constantly associated by 

Chrysopogon nigritanus, Paratheria 

prostrate and Oryzidium barnardii. Six 

relevés have been classified into this 

association. A total of 41 species have 

been observed in this association, with on 

average 11.0 species per 1000 m2. 

These grasslands occur on the fringes 

of the Paratheria prostrata–Nymphaea 

nouchali floodplains, at on average 1.8 m 

above the level of the river. Depending on 

the height of the flood, the Tacazzea 

apiculata– Chrysopogon nigritanus fringe 

grasslands can easily be flooded (Fig. 7c), 

and thus share a large number of species 

(either as remnants from recent high 

floods, or as potential vegetation in seed 

banks and/or as aquatic geophytes) with 

the previous association. Conspicuous, 

however, is the high abundance of Chrys-

opogon nigritanus in this association, as 

well as several hydrophytic, but non-

aquatic species like Tacazzea apiculata 

and Heliotropium baclei (Fig. 6e). 

2. Sporobolus ioclados– Willkom-
mia sarmentosa saline grasslands 
of the Hakusembe floodplains  

This association is characterized by the 

diagnostic species Willkommia sarmento-

sa, Sporobolus ioclados, Sesuvium 

sesuvioides, Sporobolus albicans, Mo-

nandrus squarrosus, Cyperus schinzii, 

Cyperus longus and Brachiaria xan-

tholeuca. Nine relevés have been classi-

fied into this association. A total of 33 

species have  
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Table 3: Average soil and habitat characteristics for the various associations. 
 
 

Association 
Approx. height  
above river [m] 

pHw 
ECw OC P K-Exch Ca-Exch Mg-Exch Na-Exch CEC 

Texture 
Sand Silt Clay 

µS/cm % ppm me/ 100g me/ 100g me/ 100g me/ 100g me/ 100g % % % 

1.1 1.00 4.93 30 0.32 0.0 0.03 0.66 0.13 0.01 0.79 Sand 93.8 3.2 3 

1.2 0.91 5.61 110 1 4.0 1.08 12.84 4.88 0.24 18.79 Silty clay 19.85 31.05 49.1 

1.3 1.83 5.26 79 0.35 7.9 1.12 2.1 0.6 0.11 3.82 Loamy sand 79.1 12.2 8.6 

2 4.22 9.77 457 0.09 8.1 0.15 3.25 0.34 5.31 9.05 Loamy sand 81.4 11.5 7.1 

3 2.67 5.36 32 0.67 0.0 0.11 4.8 0.76 0.04 5.67 Clay loam 38.4 22.9 38.7 

4 2.71 5.65 16 0.20 3.0 0.08 0.84 0.24 0.10 1.10 Sand 93.2 4.05 2.75 

5 6.25 6.54 63 0.26 6.2 0.24 2.33 0.49 0.22 3.27 Loamy sand 84.9 4.1 10.9 

6 9.00 5.65 16 0.19 3.0 0.08 0.83 0.24 0.09 1.10 Sand 93.2 4.1 2.8 

7 6.38 6.69 174 0.15 4.6 0.11 0.62 0.36 0.03 0.69 Sand 94.9 2.7 2.5 

8 33.84 6.37 41 0.35 5.4 0.14 1.44 0.38 0.05 1.9 Sand 95.5 2.5 2.1 

9 49.83 6.42 45 0.24 5.0 0.11 1.03 0.31 0.06 1.47 Sand 95.6 3.0 1.5 
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Fig. 6: Photos of typical relevés of the various associations identified. a: Mimosa pigra–Phragmites australis association;  

b, c & d: Paratheria prostrata–Nymphaea nouchali  association: b and c of a Paratheria prostrata-dominated floodplain in 

February and July 2013 respectively; d of a floodplain dominated by Oryza longistaminata with occasional Nymphaea noucha-

li; e: Tacazzea apiculata– Chrysopogon nigritanus association; f: Sporobolus ioclados– Willkommia sarmentosa association;  

g: Chrysopogon nigritanus– Gardenia volkensii association; h: Terminalia sericea– Combretum imberbe association; i: Acacia 

tortilis–Hyphaene petersiana association; j: Hyphaene petersiana palms which have been tapped for palm wine; k: Acacia 

sieberiana–Ficus association; l: Acacia erioloba–Schinziophyton rautanenii association; m: Acacia erioloba–Combretum 

collinum association; n: Pterocarpus angolensis–Guibourtia coleosperma association. 



   

Biodiversity & Ecology 5     2013 333 

 
Fig. 7: Flood regimes of the various wetland and floodplain associations. a: Mimosa pigra–Phragmites australis association; b: 
Paratheria prostrata–Nymphaea nouchali  association; c: Tacazzea apiculata– Chrysopogon nigritanus association; d: Sporobo-
lus ioclados– Willkommia sarmentosa association; e: Chrysopogon nigritanus– Gardenia volkensii association; f: Terminalia 
sericea– Combretum imberbe association. 

 

 

been observed in this association, with on 

average 7.0 species per 1000 m2. 

The extensive Hakusembe grasslands 

are an anomaly in the otherwise mineral-

poor, sand dominated landscapes of the 

Okavango River, as the soils here have a 

very high pH (9.8 in the topsoil, 10.8 in 

the B-horizon, as measured in water) as 

well as a high sodium content (5.3 

me/100g  in the topsoil, 19.0 me/100g in 

the B-horizon) (Table 3). These saline 

soils thus support only a short, open 

grassland, very similar in composition and 

structure to the oshonas of the Cuvelai 

delta in Central-Northern Namibia (Kan-

gombe 2010) (Fig. 6f). These grassy 

plains are on average 4.0 m above the 

river level (range 1 to 5 m), and are flood-

ed only in two out of ten years, to a very 

shallow water depth of just under a meter. 

Only in extreme floods (one out of ten 

years), the water level could rise to over 1 

m (Fig. 7d). Similar vegetation has been 

observed east of Rundu at Kayengona. 

3. Chrysopogon nigritanus– Gar-
denia volkensii floodplain wood-
lands 

This association is characterized by the 

diagnostic species Geigeria nianganensis, 

Aristida junciformis subsp. junciformis, 

Nesaea rigidula, Eragrostis annulata and 

Brachiaria humidicola, which are con-

stantly accompanied by Gardenia volken-

sii subsp. spatulifolia, Eragrostis tri-

chophora, Cynodon dactylon, Chrysopo-

gon nigritanus, Diospyros lycioides and 

Combretum imberbe. Seven relevés have 

been classified into this association. A 

total of 52 species have been observed in 

this association, with on average 13.5 

species per 1000 m2. 

Directly following the Tacazzea apicu-

lata– Chrysopogon nigritanus association 

in the catena, this association is on aver-

age 2.5 m above the river level (range 1 - 

5 m). Flooding occurs regularly in six out 

of 10 years, but only in two out of 10 

years the flooding level is deeper than 2 m 

(Fig. 7e). This results in a limited devel-

opment of the phanerophytic layer, with 

Gardenia volkensii, as a known wetland 

species, dominating (Fig. 6g). Most other 

tree species (with the exception of Com-

bretum imberbe) do not seem to be able to 

tolerate prolonged waterlogged soil condi-

tions (anaerobic soil conditions). 

4. Terminalia sericea– Combretum 
imberbe wooded floodplains 

This association is characterized by the 

diagnostic species Euclea undulata, An-

dropogon schirensis, Asparagus race-

mosus, Acacia hebeclada, Kyllinga alba, 

Pogonarthria squarrosa, Ehretia rigida, 

Combretum imberbe and Acacia 

luederitzii. These are constantly associat-

ed by Diospyros lycioides, Terminalia 

sericea, Peltophorum africanum, Garde-

nia volkensii subsp. spatulifolia, Erag-

rostis trichophora, Cynodon dactylon, 

Acacia erioloba, Jasminum fluminense, 

Grewia flavescens, Acacia fleckii, 

Ziziphus mucronata, Perotis patens, 

Ocimum americanum var. americanum 
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and Digitaria seriata. Seven relevés have 

been classified into this association. A 

total of 91 species have been observed in 

this association, with on average 25.6 

species per 1000 m2. 

Again following the Chrysopogon 

nigitianus-Gardenia volkensii  association 

in the catena, the Terminalia sericea-

Combretum imberbe association forms a 

dense bushland, even thicket (Fig. 6h), on 

extensive sandy floodplains. These are on 

average 2.7 m above the river level, with 

a range of 1-4 m. Flooding happens only 

every second year, at a relatively low 

flooding level and short duration (Fig. 7f). 

This, coupled to the sandy soils with 

better drainage, allows other phanerophyt-

ic species to establish. Due to the varying 

height above the river level, and thus 

varying flooding regime, this association 

displays also a rather large internal varia-

tion. The denser stands of Gardenia 

volkensii seem to be correlated with the 

lower, more flood-prone areas of these 

floodplains, whilst in the higher parts, this 

species is gradually replaced by Termi-

nalia sericea and Acacia fleckii. Of note 

are that both A. fleckii and A. erubescens 

have been found on these floodplains – 

and might have been confused during 

surveys, due to their close resemblance in 

growth form and bark colour. Likewise, 

all three subspecies of Acacia hebeclada 

(A. hebeclada subsp. hebeclada, A. hebe-

clada subsp. chobiensis and A. hebeclada 

subsp. tristris) have been identified here. 

At the same time, many plants of this 

species were found without pods, thus 

making identification to subspecies level 

impossible. 

5. Acacia tortilis–Hyphaene peter-
siana palm plains 

This association is characterized by the 

diagnostic species Hyphaene petersiana, 

Acacia tortilis, Ipomoea adenioides, 

Chloris virgata, Eragrostis trichophora, 

Sansevieria aethiopica, Pergularia dae-

mia, Indigofera rautanenii and Urochloa 

oligotricha. These are constantly associ-

ated by Cynodon dactylon, Combretum 

imberbe, Ocimum americanum var. amer-

icanum, Dichrostachys cinerea, Gymno-

sporia senegalensis, Grewia flavescens 

and Acacia erioloba. Twelve relevés have 

been classified into this association. A 

total of 125 species have been observed in 

this association, with on average 

24.2 species per 1000 m2. 

These characteristic palm plains (Fig. 

6i) occasionally occur as prominent fring-

es along floodplains with somewhat high-

er salinity, or as transition zone between 

the Terminalia sericea– Combretum 

imberbe and the Acacia erioloba–

Schinziophyton rautanenii associations. 

They are on average 6.25 m above the 

river level (with a range of 3-9 m), and 

are generally beyond the flooding level. 

Anecdotal evidence suggests that palm 

trees (e.g. Phoenix dactylifera, but also 

Hyphaene petersiana) like “wet feet and a 

hot head”, i.e. standing on the fringes of 

floodplains, beyond the reach of flooding, 

but within easy reach of ground water. 

Hyphaene petersiana is establishing 

very well in adjacent vegetation associa-

tions, in particular the Terminalia seri-

cea– Combretum imberbe and the Acacia 

erioloba–Schinziophyton rautanenii 

associations. This makes the edges of the 

Acacia tortilis–Hyphaene petersiana 

association rather fuzzy – both in the 

landscape as well as in the classification. 

The palms are not as extensively utilized 

as in the Central North (in particular the 

Oshana Region) (Cunningham et al. 1992, 

Strohbach et al. 2002, Sullivan et al. 

1995), but some basketry is done in Ka-

vango (Rössing Foundation 2002). Some 

palm wine tapping has also been observed 

here (Fig. 6j). 

6. Acacia sieberiana–Ficus thickets 
on steep banks 

This association is characterized by the 

diagnostic species Ocimum gratissimum, 

Acrotome inflata, Senna occidentalis, 

Jasminum fluminense, Hibiscus caesius, 

Abutilon angulatum, Senna obtusifolia, 

Setaria verticillata, Tragia okanyua, 

Panicum maximum, Zehneria marlothii, 

Monechma divaricatum, Hermannia 

guerkeana, Helinus integrifolius, Aspara-

gus nelsii, Gymnosporia senegalensis, 

Aerva leucura, Sida ovata, Ficus thon-

ningii, Corchorus tridens, Diospyros 

lycioides, Achyranthes aspera var. 

aspera, Terminalia prunioides, Piliostig-

ma thonningii, Nelsia quadrangula, 

Flueggea virosa, Ficus sycomorus, Erag-

rostis nindensis, Dicliptera eenii, Carica 

papaya, Aspilia mossambicensis, 

Urochloa brachyura, Solanum dela-

goense, Albizia anthelmintica and Acacia 

sieberiana. These are constantly associat-

ed by Ziziphus mucronata, Grewia fla-

vescens, Dichrostachys cinerea, Combre-

tum imberbe, Spermacoce senensis, Pel-

tophorum africanum, Eragrostis lehmann-

iana, Cynodon dactylon and Acacia eriol-

oba. Five relevés have been classified into 

this association. A total of 94 species have 

been observed in this association, with on 

average 35.2 species per 1000 m2. 

This thicket association occurs on mod-

erately steep embankments between the 

floodplains and the valley bottom. These 

embankments are however generally 

limited in occurrence and extent, thus this 

association is also rather limited in extent. 

The soils, albeit sandy, are shallow on a 

calcrete (or calcareous sandstone) sublay-

er. These banks are out of flooding reach, 

on average 9 m above the river level. The 

floristic composition of this association 

has strong resemblances with Karstveld-

type thickets, with Terminalia prunioides, 

Flueggea virosa, Panicum maximum, 

Euclea undulata, Aerva leucura and other 

species from that biome (Fig. 6k). Very 

conspicuous are the yellow-barked Acacia 

sieberiana trees (although not limited to 

this association), as well as big trees of 

either Ficus sycomorus or F. thoningii.  

7. Acacia erioloba–Schinziophyton 
rautanenii disturbed woodlands of 
the valley bottom 

This association is characterized by the 

diagnostic species Vangueria cyanescens, 

Hyphaene petersiana, Indigofera fla-

vicans and Acacia erioloba, constantly 

associated by Cynodon dactylon, Termi-

nalia sericea, Grewia flavescens, Di-

chrostachys cinerea, Ziziphus mucronata, 

Eragrostis trichophora and Acrotome spp. 

Thirteen relevés have been classified into 

this association. A total of 143 species 

have been observed in this association, 

with on average 28.3 species per 1000 m2. 



   

Biodiversity & Ecology 5     2013 335 

This association represents the valley 

bottom – basically that ecosystem in 

which most settlements are located, and 

most farming activities take place. With 

the ever increasing population (Mendel-

sohn & el Obeid 2003), well over 90% of 

this association has been ploughed, with 

the remainder severely deforested and 

degraded. Only remnants of the original 

vegetation are remaining between home-

steads and fields (Fig. 6l). This results in 

an incomplete picture of the potential 

species composition, as is evident in the 

relatively low species richness of the 

association, and also low internal variabil-

ity (Fig. 8). 

8. Acacia erioloba–Combretum 
collinum bushlands of the terrace 
slope 

This association is characterized by the 

diagnostic species Combretum collinum, 

Eragrostis lehmanniana, Acanthosicyos 

naudinianus, Croton gratissimus, Ox-

ygonum alatum, Commiphora africana 

and Bauhinia petersiana subsp. macran-

tha. These are constantly associated by 

Terminalia sericea, Grewia flavescens, 

Acacia erioloba, Digitaria seriata, Di-

chrostachys cinerea, Urochloa brachy-

ura, Spermacoce senensis, Peltophorum 

africanum, Acacia fleckii and Searsia 

tenuinervis. Nineteen relevés have been 

classified into this association. A total of 

220 species have been observed in this 

association, with on average 38.3 species 

per 1000 m2. 

As the richer alluvial soils of the valley 

bottom are covered by the nutrient-poor 

Kalahari sand deposits, the vegetation 

changes from the Acacia erioloba–

Schinziophyton rautanenii association to 

the Acacia erioloba–Combretum collinum 

association of the terrace slopes. As the 

sand gets deeper, more and more sand 

vegetation takes over, with a dense under-

story of Terminalia sericea, various Com-

bretum species, Bauhinia petersiana and 

Acacia fleckii (Fig. 6m). This association 

is common along the slopes of the Oka-

vango River terrace, but is also found 

along the slopes to the various omirimbi 

contributing to the Okavango (e.g. Mpun-

gu and Mpuku). 

The border between this association 

and the valley bottom is quite distinctive-

ly visible on aerial photographs through a 

change in soil colour, and generally an 

end to especially the older fields. This 

association is often cleared for new fields, 

but at the same time, numerous of these 

newly cleared fields are not cropped due 

to their low productivity. 

A similar vegetation association has 

been described for the Alex Muranda 

LDC (former Mile 46 LDC) in central-

southern Kavango, the Acacia fleckii–

Terminalia sericea association (Strohbach 

& Petersen 2007). This association is 

thought to be a secondary climax after 

extensive fire damage to the Kavango 

woodlands. Exactly how the Acacia 

fleckii–Terminalia sericea association 

relates to the Acacia erioloba–Combretum 

collinum association has not been estab-

lished. The Acacia erioloba–Combretum 

collinum association, though, is seen as an 

ecotonal association between the Ptero-

carpus angolensis–Guibourtia coleo-

sperma association of the Kavango wood-

lands and the Acacia erioloba–

Schinziophyton rautanenii association of 

the valley bottoms. 

9. Pterocarpus angolensis–
Guibourtia coleosperma associa-
tion of the Kavango Woodlands 

This association is characterized by the 

diagnostic species Pterocarpus angolen-

sis, Cyperus margaritaceus, Eragrostis 

pallens, Burkea africana, Evolvulus 

alsinoides, Ochna pulchra, Tephrosia 

lupinifolia, Combretum psidioides, Stylo-

santhes fruticosa, Xenostegia tridentata 

subsp. angustifolia, Indigofera filipes, 

Polygala schinziana, Baphia massaiensis 

subsp. obovata var. obovata, Aristida 

stipitata, Tephrosia purpurea subsp. 

leptostachya  var. pubescens, Rhynchosia 

venulosa, Baikiaea plurijuga, Securidaca 

longepedunculata, Ozoroa okavangensis, 

Bauhinia petersiana subsp. macrantha, 

Melinis repens subsp. grandiflora, 

Strychnos cocculoides, Megaloprotachne 

albescens, Combretum zeyheri, Stipag-

rostis uniplumis var. uniplumis, Lannea 

gossweileri, Heteropogon melanocarpus, 

Gardenia brachythamnus, Fadogia tham-

nus, Vernonia poskeana, Raphionacme 

lanceolata, Combretum collinum, Gui-

bourtia coleosperma, Chamaecrista 

biensis, Commiphora tenuipetiolata, 

Aristida meridionalis, Diospyros 

chamaethamnus and Cyphostemma sand-

ersonii. These are constantly associated 

by Terminalia sericea and Digitaria 

seriata. Twelve relevés have been classi-

fied into this association. A total of 

145 species have been observed in this 

association, with on average 43.9 species 

per 1000 m2. 

This association represents the typical 

Kavango woodlands on the upper sand 

plateau (Fig. 6n), which have previously 

been described by Strohbach and Petersen 

(2007). These authors recognized three 

variants to the association, which could 

not be distinctly recognized during this 

study, as the sample set was too small. 

Likewise, mention is made by various 

authors of Baikiaea plurijuga-dominated 

woodlands (Burke 2002, De Sousa Cor-

reia & Bredenkamp 1986, Mendelsohn & 

el Obeid 2003). These could also not be 

clearly distinguished from the present 

data set. There is thus a clear need for 

further phytosociological investigation 

also in the relatively homogenous hinter-

 

Fig.8: Graphic comparison of the species richness of the different associations. 
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land to be able to resolve these conflicting 

observations. 

DISCUSSION   

Higher order classification 

From the crispness calculations (Botta-

Dukát et al. 2005) as depicted in Figure 3, 

a strong higher order classification is 

represented by the top four divisions. 

From the classification dendrogram in 

Figure 3, the following higher orders can 

be identified: 

 

 Wetlands, comprising associa-

tions 1.1, 1.2 and 1.3 

 Saline grasslands, comprising as-

sociation 2 

 Floodplain & valley bottom vege-

tation, comprising associations 3, 

4, 5, 6 and 7 

 Sand vegetation, comprising asso-

ciations 8 and 9. 

 

Again, due to the preliminary nature of 

this classification, no formal classification 

of these higher order syntaxa is offered.  

Kangombe (2010) recognised four alli-

ances in her classification of the vegeta-

tion of the Omusati and Oshana regions. 

One alliance, the Nymphaea nouchali–

Leptochloa fusca alliance, represents the 

wetlands. This syntaxon can easily be 

represented by the three wetland associa-

tions distinguished in the present study. 

A second alliance recognized by Kan-

gombe (2010) is the Hyphaene peter-

siana–Acacia arenaria alliance. She 

includes here both various associations of 

saline grasslands as well as a Hyphaene 

petersiana dominated association. In the 

present study, the two similar associations 

(the Sporobolus ioclados– Willkommia 

sarmentosa association (2) and the Acacia 

tortilis–Hyphaene petersiana association 

(5) have been separated into separate 

higher syntaxa.  

The third higher syntaxon identified in 

this study could be broadly described as 

part of the Acacietea as described by Volk 

& Leippert (1971), as all contain at least 

some Acacia species. However, none 

represent typical examples of an Acacia-

dominated savanna similar to the Thorn-

bush savanna sensu Giess (1998).  

Strohbach and Petersen (2007) suggest 

that the Kavango woodlands vegetation is 

captured in a class Burkeo–Pterocarpetea. 

They include the shrub- and bushland 

vegetation dominated by Terminalia 

seriea, Combretum spp. and often Acacia 

fleckii also into this class. Also for the 

greater Omaheke (sand desert) of central-

eastern Namibia, the vegetation could be 

classed into “hardeveld” and “sandveld” – 

the latter including the broad-leafed sa-

vannas dominated by Terminalia sericea 

and Combretum spp, also including the 

Pterocarpus angolensis dominated vege-

tation. Yet, for this study, a suggested 

split of the true woodlands (dominated by 

trees like Pterocarpus angolensis) from 

the shrub- and bushlands dominated by 

the omnipresent Terminalia sericea and 

Combretum spp. into separate classes is 

suggested (Strohbach submitted, 2013). 

The exact status of the higher-order 

syntaxa is thus unclear, and needs to be 

addressed in a synoptic revision of vari-

ous phytosociological classifications 

within the broader Kalahari ecoregion. 

The vegetation associations within 
the Okavango River Valley land-
scape 

Two factors influence the catena of vege-

tation associations within the Okavango 

valley in Kavango West: the depth of 

flooding and the soil type as determined 

through prehistoric and present flood 

regimes and aeolian sand deposition.  

The depth and duration of flooding dic-

tates how well the wetland associations 

develop – water depth, and especially in 

the case of the river bank, the steepness of 

the bank, dictate the composition and 

extend of the vegetation. It is also likely 

that vegetation, especially the reedbeds, 

act as landscape engineers, causing water 

to flow more slowly, allowing more sed-

imentation and subsequent re-channelling 

of the river bed (Gurnell 2013).  Such 

processes have been reported as signifi-

cant ecosystem engineers further down-

stream in the Okavango panhandle and 

Okavango Delta area (Ellery et al. 2003, 

Gumbricht et al. 2004, Tooth & McCarthy 

2004). Not only the wetland associations 

are directly dependent on the flooding 

depth, but also the general floodplain 

vegetation is dictated by present flood 

levels and past flooding and sedimenta-

tion patterns. This is illustrated in Figure 

9. 

The vegetation between the valley bot-

tom and the top of the sand plateau is also 

distinctly dependent on the depth of sand. 

It is quite common to find psammophilous 

species like Guibourtia coleosperma 

within the valley bottom ecosystem – a 

 

Fig. 9: Schematic sketch of the landscapes of the Okavango River valley. This sketch is neither to scale nor in correct propor-

tions. The numbers indicate the approximate position of the associations in the landscape. Stippled lines represent alternative 

landscape forms which do not occur commonly. The Hakusembe grasslands (association 2) replace associations 3 and 4 in the 

landscape. 
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sure sign that sand has been deposited 

within the valley in prehistoric times. As 

the valley bottom is however highly 

degraded, it is very difficult to tease apart 

such variations within the Acacia eriolo-

ba–Schinziophyton rautanenii association 

(7). 

Land use and conservation status 

As indicated before, the valley bottom is 

extensively utilized for arable agriculture, 

with well over 90% of the area having 

been ploughed (Hofmeyr 2004). Only 

limited patches of semi-natural vegetation 

of the Acacia erioloba—Schinzyophyton 

rautanenii association (7) still remain 

here. The relatively low number of spe-

cies per relevé, and little variation in these 

numbers (Fig. 8) are indicative for the 

diversity-depleted state of this vegetation.  

This pattern partially extends into both 

the Acacia tortilis—Hypahene petersiana 

association (5) (if with suitable soils) and 

the Acacia erioloba—Combretum colli-

num association (8). Observations are, 

however, that field expansions towards 

the terrace slopes are sporadic and driven 

by a shortage of land, not by their suita-

bility for crops. Often such fields are also 

left semi-cleared, or are soon abandoned. 

The exact reason is unclear, but it is spec-

ulated that growing crops in the sandy 

soils does not produce a large yield, and 

that yields deteriorate with time, leading 

to the abandonment of these fields. This 

assumption is supported by the fact that 

the Kalahari sands are known to contain 

little nutrients (Pröpper et al. 2010, 

Thomas et al. 2000, Wang et al. 2007). 

Fears of further soil degradation, through 

a potential “slash and burn” type of agri-

culture on these sands will lead to further, 

and extensive, desertification through a 

continuing process of denitrification and a 

biological feedback loop in the desertifi-

cation process (Schlesinger et al. 1990, 

Schlesinger & Peterjohn 1991, Thomas et 

al. 2005) 

Conversely, the floodplains and wet-

lands are mainly used for grazing purpos-

es, both in the wet and dry season. The 

inundated floodplains are used also for 

fishing during the late flooding season. 

Although signs of overgrazing are evident 

in the grass layer of the floodplain (lim-

ited number of palatable perennial grass-

es, grazing evidence on hard grass species 

e.g. Aristida junciformis and Chrysopo-

gon nigritanus, with a common lawn of 

Cynodon dactylon), the exact extent and 

severity of overgrazing on these flood-

plains is not clear. Again, extensive graz-

ing within the seasonal wetlands, espe-

cially Oryza longistaminata or Oryzydium 

barnardii-dominated wetlands, but also 

excessive harvesting of reeds in the reed-

beds, will lead to a degradation of fish 

spawning and fish breeding habitats. No 

clear signs of wood harvesting or defor-

estation were observed on the floodplains. 

Another threat to the ecosystem of es-

pecially the upper floodplains and valley 

bottom vegetation is the immense en-

croaching potential of noxious alien inva-

sive species. Very prominent on the Ha-

kusembe floodplains are Opuntia stricta, 

which is partially planted as live hedges, 

but generally escaping from these con-

trolled surroundings (Fig. 10). A total of 

28 alien invasive species, ranging from 

annual herbaceous to perennial woody 

species, have been identified within the 

Okavango river ecosystem (Aiyambo et 

al. in prep.). 

As a general conclusion it can be said 

that the Okavango Valley vegetation is an 

immensely important ecosystem service 

provider, in which the ecosystem func-

tioning and limits of resilience are not yet 

fully understood. 
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