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EXECUTIVE SUMMARY



1. INTRODUCTION

The Caprivi State Forest is found in the easi of Caprivi Region which forms a 400 km long narmow
strip, starting at Bagani, in Northeastern Namibia. East Caprivi covers a land area of about 1.2
million Ha and has a total population of about 66,622 people (1996 Census). The area belongs to
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the Tree Savanna and Woodland vegetation zone in the classification of Giess {(National Allas of
South West Africa) covering 20% of Namibia’s land area. The soil is derived from Kalahari sand.

East Caprivi is divided into three physiographic regions based on elevation, soils and duration of
floods: (1) an elevated upiand region in the northwest. This area is dominated mainly by Baikiaea
plunijuga. There is also scattered Fferocarpus angolensis. (2) Lowland southern and
southeastern region. This area is mainly characterised by Colophaospermum mopane. Baikiaea
plurijuga is not found in this area. (3) Marsh and swamp region in the flooding eastern and
southern paris of east Caprivi. Phoenix reclinata and Piliostigma thonningii occur in this area.

Woodlands dominated by Pterocarpus angolensis and Baikiaea plurijuga are from economic point
of view most important for forestry. The Upland Baikiaea plurijuga region of east Caprivi forms
part of the Baikiaea woodlands found also in south-west Zambia, north-west Botswana and
north-west Zimbabwe. This is a unigue forest ecosystem found only in this part of Africa. |t is
partly because of the economic importance of Baikiaea plurijuga dominated woodlands that the
Directorate of Forestry, in 1994, took the initiative to set aside and proclaim part of the Upland
Baikiaea plurijuga region in Caprivi as Caprivi State Forest (See Map 1).

Map 1: Caprivi State Forest in Caprivi Region

In 1995 the Directorate of Forestry in cooperation with FINNIDA started a National Forest
Inventory Project aimed at producing forest data and information on the woody vegetation in
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Northern Namibia. And, in April 1997 the Directorate began a comprehensive impiementation of
the Namibia Forestry Strategic Plan of 1996 by launching the new Namibia-Finland Forestry
Programme. The overall programme objective is to ensure an increased role of forestry in the
socio-economic development of Namibia through continuous implementation and development
of sustainable forest management practices. The National Forest Inventory Project was
incorporated, as a sub-component, into the Namibia-Finland Forestry Programme.



The main objectives of the National Forest Inventory sub-component are: (1) To produce forest
resource data on northern Namibia for strategic planning; and (2) To produce forest resource
data for operational management planning on selected forest areas.

A forest inventory covering the whole Caprivi Region was carried out between June and
November 1997. A more detailed forest inventory of Caprivi State Forest was carried out
between September and November 1998. These inventories covered all tree species. The
presentation of results from the Caprivi State Forest inventory in this report is one of the several
possibilities in which the data can be analysed to provide different overviews of the status of the
forest resources in Caprivi State Forest.

The Caprivi State Forest database created from the collected field data provides possibilities for
further studies on the Caprivi State Forest Baikiaea woodland ecosystems. Information on the
species composition on different sites as well as on the species diversity may be obtained by
further analysis of the data. The database can be accessed at the Directorate of Forestry,
Ministry of Environment and Tourism.

This report is related to a series of inventories carried out in various other parts of Namibia. The
previous reports are “Woody Resources of Western Tsumkwe”, “Woody Resources of East and
South Tsumkwe, Otjinene and Okakarara Districts”, “Forest Inventory Report of Ongadjera
Community Forest” , "Forest Inventory Report of Caprivi Region” and “Forest Inventory Report on
Uukwaludhi Community Forest” available at the Directorate of Forestry.






2. INVENTORY DESIGN

2.1 Sampling method

Caprivi State Forest is located on six Namibian Series 1:50 000 scale topographic map sheets:
1723 CB, 1723CD, 1723 DA, 1723 DB, 1723 DC and 1724 DC. The area is about 146,100 Ha.
Stratified systematic plot sampling was used to estimate the guantity and quality of the forest
resources in Caprivi State Forest. Vegetation Maps at the Directorate of Forestry, corresponding
in scale to the topographic maps, were used to lay a systematic grid of clusters on the Caprivi
State Forest ( See Figure 1}. The distance between the clusters was 4 km in the east-west
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direction and 2.5 km in the north-south direction.

Figure 1: Systematic grid of clusters in Caprivi State Forest

The total number of clusters was 135. Each cluster consisted of 2 sample plots at a distance of
100 m apart in the north-south direction. Hence, a total of 270 sample piots were located on the
six map sheets covering Caprivi State Forest. The clusters piotted on the Vegetation Maps were
digitized using Maplinfo to obtain coordinates for each cluster. The coordinates and GPS were
used for locating the clusters in the field.

The map coordinates, reference ellipsoid and compass declination used when locating the
cluster coordinates were:

o Datum: Schwarzeck

» Ellipsoid: Modified Bessel 1841

» Compass declination: 13.3° west of true north
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All sample plots in each cluster are regarded as permanent measurement plots, They have
coordinates and are marked in the field with an aluminium stake and can be re-located for re-
measurements in future. The coordinates are shown in Appendix 1 (p. 42) for other users who
may wish to locate the plots in the field. The coordinates are the locations of the first plot {the plot
most to the south) in the cluster. To locate the second plot a compass and measurement tape
are used.

2.2 Field measurements

The data is collected in circular sample plots. The woody vegetation is classified into trees and
shrubs. In this inventory trees are defined as woody plants with DBH=5cm, and shrubs are woody
plants with DBH < 5 cm.

For tree measurements the size of the circular sampie plot depends on the size of the tree (see
Figure 2). For small trees (DBH 5 - 20 cm) the radius is 10 m, for medium size trees (DBH 20 -
45 crm) the radius is 20 m and for big trees (DBH>45 cm) the radius is 30 m.

Diameter, location, species, crown class, quality, length and quality of possible saw log were
measured for all trees in all sample plots. The trees in the first plot of each cluster are called
sample trees. For them also height, diameter of canopy, crown height, damages and phenology
were recorded.

Shrubs, regeneration, coverage of grasses and herbs were measured in two sub-plots (radius
3.99m) located only in the first plot of each cluster (see Figure 2),.

Information describing the environment surrounding the sample plot (“the stand”) were also
recorded. This description includes e.g. the soil, the land type, damage to the woody vegetation
and human influence. All the measurements are described in more detail in the field instructions
(Field Instructions Western Bushmanland 1996).
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Figure 2: Plot Design



3. INVENTORY RESULTS

3.1 Measured data

A total of 246 sample plots (123 clusters) were measured in the inventory. UXO's {unexpioded
ordinates) were found in the eastern part of the State Forest and the inventory was stopped for
safety reasons. Hence 24 of the originally planned 270 sample plots were not measured. This
means that each measured sample plol represents an area of 594 ha.

A total of 1378 trees with diameter = 5 cm were measured on the plots. Out of the 1,378 trees,
676 were sample trees i.e trees where additional variables were measured (see chapter 2.2).

Twenty seven (27)species were enumerated and the most frequent trees in the data were as
follows:

Species (traes) %
Baikiaea plurifuga 553
Combretum collinum 10.5
Terminalia sericea 49
Burkea africana 4.8
Lonchocarpus nelsii 4.4
Pterocarpus angolensis 43
TOTAL: 84.2 %

Baikiaea plurijuga is by far the most common species in the Caprivi State Forest. More than half
of the trees measured are from that species. Six (6) species account for 84 % of all the trees
measured, hence although there are 27 tree species in the area, the species commonly found
are rather few. Table 1 (p. 6) shows the total number of measured trees per species. Table 2 (p.
7) shows the status of the measured trees.

A total of 584 shrubs (DBH < 5 cm) of 45 different species were measured on the sub-plots. The
most frequent shrubs in the sub-plots were:

Species (shrubs) %
Baphia massalensis 18.2
Cornbretum colfinurm 11.5
Terminalia sericea 11.5
Baikiaea plunjuga 7.4
Bauhinia petersiana 7.2
Lonchocarpus nelsii 53
TOTAL: 811 %

There are clearly more species in the shrub layer compared to the tree layer. No species in the
shrub layer is as dominant as Baikiaea plurijuga in the tree layer. Of the six most common shrub
species, four also occur as trees. Only Baphia massaiensis and Bauhinia petersiana are typical
shrub species, i.e. they do not grow into tree size. More information on the measured shrubs
can be found in Appendix 2 (p. 44).

Tabie 1. Total number of measured frees and sample trees by species




Baikiaea pluriiuga . 54.1
Combretum collinum 145 10.5 81 12.0
Terminalia sericea 68 49 27 4.0
Burkea africana 66 48 33 4.9
Lenchocarpus nelsit 60 4.4 37 55
Pterocarpus angolensis 59 43 28 4.1
Guibourtia coleosperma 45 33 22 3.3
Schinziophyton rautanenti 39 28 14 2.1
Boscia albitrunca 23 1.7 B 1.2
Combreturn zevhen 16 1.2 4 0.6
Enythrophleum afficanum 14 1.0 11 1.6
Bichrostachys cinerea (Africana) 12 0.9 T 1.0
Unknown 11 0.8 11 1.6
Acacia erivloba 10 0.7 2 0.3
Combretum psidicides {dinteri) 8 0.6 [&] 0.9
Lonchocarpus capassa 7 0.0

Combrefum mossambicense b 0.4 5 0.7
Scleracarya bhirrea 5 0.4 4 08
Combretum engleri 4 0.3 4 0.5
Combretum psidisides {psidicides) 4 0.3

Commiphora angeolensis 4 0.3 2 0.3
Croton gratissimus 4 0.3 1 0.1
Acacia nigrescens 2 0.1

Ochna pulchra 2 0.1 1 0.1
Acacia flecki 1 0.1

Acacia tordilis (helerecantha) 1 0.1 1 0.1
Terminalia prunioides 1 0.1 i 0.1
Total 1378 100.0 676 100.0

Table 2 shows that 8.6 % of the 1378 measured trees in the Caprivi State Forest were standing
dead trees. A large portion (76%) of the dead trees were either Baikiaea plurijuga, Pterocarpus
angolensis or Burkea africana. Half of the dead trees are Baikiaea plurijuga trees.

Table 2: Status of measured trees

|measured”

%of lotal

trées.

Acacia erivloba B 1 1 10 0.73
Acacia fleckii 1 1 0.07
Acacia nigrescens 2 2 0.15
Acacia tortilis (heterecantha) 1 1 0.07
Baikiaea plurijuga 2] 663 45 35 14} 762 55.30
Boscia albitrunca 22 1 23 1.67
Burkea africana 43 17 4 2 [&f3] 479
Combretum collinum 134 S 4 1 145 10.52
Combretum engleri 4 4 0.29




CTMbretonT TUSSETHCENSE 5 S 536
Combretum psidicides (dinteri) 5 3 8 (.58
Combretum psidicides (psidioides) 2 2 4 0.29
Cambretum zeyher 1 14 1 16 1.16
Commiphora angolensis 3 1 4 0.29
Croton gratissimus 4 4 0.29
Dichrostachys cinerea {Africana) 8 4 12 0.87
Erythrophleum africanum 12 2 14 1.02
Guibourtlz coleosperma 39 5 1 45 3.27
Lonchocarpus capassa 7 7 0.51
Lanchacarpus nelsii 60 80 4.35
Ochna pulchra 2 2 .16
Fterocarpus angolensis 43 12 3 i 59 4,28
Schinzigphyton rautanenii 3o 39 2.83
Sclerocarya birea 5 5 0.36
Terminalia prunicides 1 1 0.07
TFerminalia sericea 62 3 1 2 68 493
Unknown1 11 11 0.80
Total measured frees 5] 1200 gB 4 50| 21] 1378

% of total measured trees 0.4] 871 7.1 03 3.6 1.5 100.00
3.2 Structure of the woody vegetation

3.2.1 The classification used

Edwards Vegetational Structural Types (Edwards 1983) is used for describing the structure of the
woody vegetation {(Appendix 3, p. 45). This classification is based on the crown cover of the tree,
shrub and grass layer and the height of the tree and shrub layer. The classification distinguishes
6 main classes; forest, woodland, thicket, bushland, shrubland and grassland. Each main class is
further divided into sub-classes, e.g short closed woodland, tall closed woodland, short open
woodland and short closed woodland. The main classes in the classification of the vegetation
structure by Edwards can briefly be described as follows:

¢
¢

¢
¢

Forest - Dense tree layer. Not much shrubs.

Woodland - The woody vegetation is in the tree layer. The shrub layer is sparse. Closed
woodland is according to the FAO classification regarded as forest. Hence the criteria for
what is to be calied forest is much more rigorous in the Edwards classification than in the
FAQ classification. Open and sparse woodland implies very little woody vegetation.
Thicket - The woody vegetation is in two layers, i.e in both the tree layer and the shrub layer.
As the name indicates, these areas are thick. Also “sheort thicket” would be classified as
forest in the FAQ classification.

Bushland - The woody vegetation is in the shrub layer. But there is still trees scattered in the
area.

Shrubland - The woody vegetation is in the shrub layer. Virtually no trees in the area. Open
and sparse shrubland implies very little woody vegetation.

Grassland and herbsland - Virtually no woody vegetation.

In the vegetation maps produced by the Directorate of Forestry a slightly different classification is
used. Here there are 3 main classes; forest, savanna and grassland. Since aiso here crown
coverage and height are used as classification criteria, this classification is compatible with the



Edwards classification.

The classification in vegetation units in “The environmenta! profile and atlas of Caprivi (produced
by Directorate of Environmental Affairs) is based on Edwards Vegetational Structural Types.

3.2.2 The structure of the woody vegetation in the State Forest

The structure of the woody vegetation in the State Forest is presented in tables 3 and 4 (p. 9).
The most common vegetation type is woodland, which is covering 65 % of the area. This implies
that there is a tree layer in a considerable part of the State Forest. More than half of the
woodland area is classified as closed woodland, meaning that the tree layer is rather dense.
According to the FAQ classification the closed woodland is regarded as forest. Half of the closed
woodland is classified as tall, i.e. the height of the trees are 11 - 20 m.

One fifth of the area is classified as thicket, which implies rather dense woody vegetation in two
layers. Also this area would be classified as forest in the FAQO classification. Hence, using the
FAO classification a total of 80771 Ha (closed woodland and thicket) would be classified as forest
in the Caprivi State Forest. This is 55% of the total State Forest.

Dense shrub fayer with few trees {bushland & closed shrubiand) is found on 13 % of the area.
On one third of the area there is very little woody vegetation (open shrubland, open and sparse
woodiand).

To sum up:

¢ There are no areas dense enough to be classified as forest using the Edwards classification.
However, on more than half of the area {80771Ha) there is a tree layer dense enough to be
classified as forest if the FAO criteria were used.

4 The areas with a dense shrub layer are few.

4 There is very little woody vegetation on one third (46324 Ha) of the Caprivi State Forest.

Map 2 (p. 39) shows the vegetation types of each cluster in the State Forest.

Table 3: Area by Vegetation Structural Types

Vegetation structure type. . |Area,inHa - [woftotalarea =
Tall Closed Woodland 33259 228
Short Closed Weoodland 15441 10.6
Low Closed Woodland 2376 1.6
Tall Open Weodland 15441 10.6
Short Open Woodland 22568 154
Low Open Woodland 1188 0.8
Low Sparse Woodland 4751 3.3
Short Thicket 29695 20.3
Short Bushland 15441 10.6
Low Closed Shrubland 3563 24
Talt Open Shrubland 1188 0.8
L.ow Open Shrubland 1188 0.8
Total 146100 100.0
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Table 4. Summary of vegetation structure type

Vegelation structure fype . |Area,inHa % of total area _
Woodland §5024

Thicket 29695 20.3
Bushiand 15441 10.6
Shrubland 5939 4.1
Total 146100 160.0

Table 5; Average and maximum height by species

Acacia erioloba 8.8 8.9
Acacia tortilis {heterecantha} 11.3 11.3
Balkiaea plurijuga 10.7] 24.8
Boscia albitrunca 5.4 10.8
Burkea africana a7 18.3
Cermbretum collinum 6.0 13.4
Combretum engleri 1.0 4.1
Combretum mossambicense 2.1 5.4
Combretum psidicides {dinteri) 7.7 9.6
Cornbretum zeyheri 9.0 123
Commiphora angolensis 42 47
Croton gratissimus 75 75
Dichrostachys cinerea {(Africanaz) 33 a1
Erythrophieum africanum 9.9 220
Guibourtia coleosperma 11.9 17.8
Lonchocarpus nelsi 6.7 173
Ochna pulchra 5.1 5.1
Pterocarpus angelensis 12.6 204
Schinziophyton rautanenii 8.6 175
Sclerocarya birrea 2.0 7.4
Terminalia prunicides 8.4 8.4
Tenminzlia sericea 48 10.0
Unknown? 4.4 143

Table 5 shows ihe average and maximum height of tree species in the area. The height of the
tree layer is one criteria for the Edward’'s vegetation type ciassification, hence this table is of

inferest.

Four species, namely Acacia fortilis, Baikiaea plurijuga, Guibourtia coloesperma and Plerocarpus
angolensis have an average height of more than 10 m. The highest tree species on average is
Pterocarpus angolensis, 12.6 m. The highest tree in the State Forest is a Baikiaea plurijuga,
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which is 24.8 m high. This tree is however more than double the average height of the Baikiaca
plurijuga in the forest.

3.3 Species diversity

There are several measures of species diversity such as Simpson’s dominance and Shannon’s
species diversity index that can be applied on the inventory data. Another simpler measure of
species diversity is the number of clusters where each species was found. Table 6 shows the
number of clusters where each species was found for both trees (DBHz5 cm) and shrubs (DBH
<5 cm). A total of 27 different tree species were recorded on the tree field form and 45 shrub
species on the regeneration and shrub field form. This is considerably less than in the inventory
of Caprivi region, where a total of 57 species were recorded both as trees and shrubs.

Table 6: Species diversity indicated by the number of clusters where each species was found

Acacia ataxacantha 12 Erythrophleum africanum 3 8,
Acacia eraloba 3 § Euctea divinorum 1

Acacia fleckii 12 1 Grewia bicolor 1

Acacia nigrescens 2 1 Grewia flava 1

Acacia Toilis {spiracarpa} 1 Grewia retinervis 16

Acacia Todilis (heterecantha) 1 Grewia villosa 3

Baikiaea plurijuga 43 101 Guibourlia coleosperma 1 23
Baphia massaiensis 106 Lnrichucarpus capassa 1
Bauhinia petersiana 42 Lonchocarpus nelsii a1 32
Boscia alhitrunca 13 15 Markharnia acurminata 7

Burkea africana 10 24 Mundulea sericea 1
Colophospenmum mopane 1 Ochna pulchra G 2
Combretum collinum 67 G7 Ozoroa longipes 2

Combretum ¢laeagnoides 1 Qzoroa paniculosa 8

Combretum engleri 7 1 Pierocarpus angolensis 11 28
Combretum mossambicense 1 Rhigozum brevispinosum 16

Combretum psidivides (dinteri) 5 3 Rhus marlothii 1

Combretum psidicides 1 2 Schinziophyton rautanenii & 11
{psidioides)

Combretumn zeyier 28 8 Sclerocarya hirrea []
Commiphora africana 6 Strycitnos pungens 2

Commiphora angolensis 8 2 Terminalia prunioides 1
Croton gratissimus 14 3 Teminzlia sercea 67 25
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Dichrostachys cinerea v t Ot 2 >
{Alricana)

Dichrostachys cinerea 3 Vanguerta infausta 3

(Selulosa)

Elephantorrhiza elephantina 2 Ximenia americana 2|

Baikiaea plurijuga trees, the most common free species in the State Forest, was found on 101
clusters, i.e., almost in every cluster, while Baikiaea plurijuga shrubfregeneration was found on
43 clusters. Comparatively, Pterocarpus angolensis trees were found on 28 clusters while
Pterocarpus angolensis shrub/regeneration was found on 11 clusters. Hence, there is more
Baikiaea plurijuga regeneration compared to Plerocarpus angolensis and clearly this area is
dominated by Baikiaea plurijuga. This means in fact, that Baikiaea pfurijuga can be found all over
the State Forest, while Pierocarpus angolensis trees can be found on only 22% of the area.

Other important tree species were found on the following number of clusters: Combretum
collinum, 67; Lonchocarpus nelsii, 32; Terminalia sericea, 25; Guibourfia colecsperma, 25; Burkea
afficana, 24 and Acacia eriofoba, 5. Shrubsfregeneration for the same species were found on
the following number of clusters: Combretum collinum, 67, Lonchocarpus nelsii, 31, Terminalia
sericea, 67; Guibourtia coleosperma, 1; Burkea africana, 10; and Acacia erioloba, 3.

The above figures imply that Combretum collinum and Terminalia sericea are spread over half of
the area, while the other important species are found on smalier areas of the State Forest.
Acacia species are sparse in the State Forest. The regeneration of economically valuabie
species like Guibourtia coleosperma and Burkea africana is rather poor. Map 3 (p. 40) shows the
number of species found in each cluster in the State Forest. Note that this map is showing only
the number of species occurring as trees (Dbh > 5 cm) in the cluster.

Common shrub species are Baphia massaiensis and Bauhinia petersiana. The former is the
most common woody species and can be found virtually all over the State Forest.

Tree species, like Terminalia prunioides, Lonchocarpus capassa and Acacia nigresc:éns, were
found only on 1 clusier each. Although the number of woody species found in the state forest is
rather comprehensive the number of species that are frequently occurring is rather few.
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3.4 Dominant species and species composition in the tree layer

The dominant species is derived from the crown coverage of each species in the measured
sample plots. Table 7 shows the dominant species in Caprivi State Forest. The table confirms the
information presented in chapter 3.1 "Measured data” (p. 5) and in Table 6 {(p.11) on the species
diversity. The species most commonly found in the State Forest are logically also the species
dominating the tree layer. In 64.2% of the State Forest Baikiaea plurijuga is the dominant
species. The six species covering 84.2% of the measured trees are the ones that are found
dominant on 88.7% of the area.

Table 7: Area (Ha) and %, of dominant species

Species: | Areainta  |woftotaarea

Baikizea plurijuga 93837 64.2
Combretum collinum 9502 6.5
Burkea africana 8315 5.7
Lonchocarpus nelsii 5938 4.1
Pterocarpus angolensis 5939 4.1
Terminalia sericea 5539 4.1
Guibourtia coleosperma 4751 3.3
Schinziophyton rautaneni 3563 2.4
Erythrophleum africanum 2376 1.6
Acacia erioloba 1188 0.8
Boscia albitrunca 1188 0.8
Combretum mossambicense 1188 0.8
Dichrostachys cinerea (Africana) 1188 08
Lonchotarpus capassa 1188 0.8
Tofal 146100 160.0

Table 8 shows how the species dominance for the six most commeon species varies in the main
vegetation types in the State Forest. The table shows that Baikiaea plurijuga is equally dominant
in all vegetation types. Burkea africana and Plerocarpus angolensis on the other hand, do not
occur as dominant species in areas with a significant shrub layer. Terminalia sericea is dominant
in areas where the tree layer is open.

Table 8: Area (Ha) and % of dominant species in different vegetation types for the six most
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COMmon species

- Bushtand T
Baikiaea plurijuga 35634 5.2 26132 647 22568 768.0 9502 615
Combretum collinum 3563 65 3563 8.8 2376 8.0

Burkea africana 2376 43 3563 8.8

Lonchocarpus nelsii 1188 22 1188 28 2378 8.0

Pterocarpus angolensis 3563 6.5 2376 5.9

Terminalia sericea 1188 29 2376 15.4

Table 9 shows in how dense crown cover each species is accurrting as dominant. The figures
inside the table are percentages of the area of the respective dominat species in each crown
cover class. Since Table 9 is showing crown cover of trees it is basically showing the same
information as Table 8. The difference is that in Table 8 the focus is on the vegetation types and
in Tabie 9 the focus is on the percentage crown cover.

Tabie 9: Distribution of crown cover of dominamt species by crown cover classes

Crown cover class, in %
Dominant Species | 0 | 1020 | 2040 | 4070, ). |Total,%
Acacia erioloba 100 100
Baikiaea plurijuga 41.8 31.6 21.6 5.0 100
Boscia albitrunca 100.0 100
Burkea africana 71.4 14.3 143 100
Combretum collinum 375 37.5 12.5 125 100
Combretum mossambicense 100 100
Dichrostachys cinerea (Africana) 100 100
Erythrophleum africanum 50,0 100
Guibourtia coleosperma 50 25 25 100
Lonchocarpus capassa 100.0 100
Lonchocarpus nelsil 40 60 100
Pteroccarpus angolensis 40 60 100
Schinziophyton rautanenii 66.7 333 100
Terminalia sericea 100 100

More than half of the areas where Baikiaea is dominant are closed woodlands or thickets (iree
crown cover > 10%). In fact, two thirds of the areas with a crown cover bigger than 10 % are
dominated by Baikiaea plurijuga. More than half of the areas where Combretum colfinum is
dominant are closed woodiands or thickets. This species is the one most commeonly found in the
State Forest after Baikiaea. The two most commonly found species in the State Forest, Baikiaea
plurijuga and Combretum collinum, are dominant in more than 80% of the closed woodlands and
thickets. This means that, in areas with the most dense tree cover in the State Forest the trees
found are most likely either Baikiaea plurijuga or Combretum collinum.

The areas where Plerocarpus angolensis is dominant are rather open. Terminalia sericea, one of
the commonly found species in the State Forest is dominant only in open areas.
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Tables 10, 11 and 12, 13 (p. 15 and 16} show the species composition in the main vegetation
types based on which species that typically occur with a certain dominant species. Two species
are noted, i.e., even if there might be more than 2 species in the cluster measured, only the
second species following the dominant species in crown coverage is noted. The tables show the
% occurrence of the second species with a certain dominant species. Hence, e.g. in Table 10:in
33 % of the area where Balkiaea plurijuga is the dominant species it is associated with
Combretum collinum and the vegetation type could be called Baikiaea combreturm woodland. In
23 % of the area where Baikiaea plurijuga is the dominant species there are no other species,
which means that Baikiaea plurijjuga occurs in pure stands.

The tables show only the six most common species; Baikiaea plurijuga, Combretum collinum,
Terminalia sericea, Burkea africana, Lonchocarpus nelsii and Pterocarpus angolensis.



Table 10: Species composition in closed woodlands

_ species in%
Balklaga plurijuga 100
Burkea africana 100 100
Combretum collinum 33 67 100
Lonchocarpus nelsi 100 100
Plerocarpus angolensis a3 33 33 100

Table 10 shows the species composition in closed woodlands. Baikea plurijuga is mostly either associated with Combretum colfinum or Terminalia sericea or

occurring as pure stands. Since Bajkea plurijuga is the dominant species in most of this vegetation type (see Table 8, p. 13), this species composition is the
one most commonly found in the closed woodlands.

Table 11: Species composition in open woodlands

_ _Second dominant species
Baikiaea
plurijuga
Burkea africana 67 a3 100
Combretum 33 33 33 100
collinum
Lonchocarpus 100 100
nelsij
Pterccarpus 50 50 100
angolensis
Terminalia 100 10D
sericea

16



Table 11 shows the species composition in open woodlands. Baikea plurjjuga is the dominant species also in most of the open woodlands (see Table 8, p.
13). Hence, since Table 11 shows that Baikea plurjjuga is associated with a number of different species, there is a rather mixed species composition in this
woodland type. _ :

17
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Table 12: Species composition in thicket

Second dominani species
uboun[LneisilNe [~

|cemmiph |Croton

Baikiaea 11 11 5 5 11 16 11

plurijuga

Combretum 50 50 100
collinum

Lonchacarpus 50 50 100

nelsii

Table 12 shows the species composition in thickets. Baikiaea piurijjuga is the dominant species also in
most of the thickets (see Table 8, p. 13). Furthermore Baikiaea plurijuga is commonly associated both
with Combretum collinum and Lonchocarpus nelsii when these species occur as dominant. Hence,
Baikea plurijuga is present in most of the thicket stands but, as table 12 shows, associated with a
number of different species. Therefore there is a rather mixed species composition also in this woodland

type.

Tabte 13: Species composition in bushland

Second dominant species

Combretu

psidioides “jdominal
L : i A{dinteri) “|species, in %
Baikiaea plurijuga 13 38 13 100
Terminalia sericea 50 50 100

Table 13 shows the species composition in bushiand. Two species are dominant in most of the
bushland stands, namely Baikea plurijuga and Terminalia sericea. Baikea plurijuga is associated with a
number of different species, but Combretum collinum is the most common associate. Terminalia sericea
is either associated with Acacia erioloba or occuring in pure stands.

The foilowing can be concluded on the species composition in the Caprivi State Forest:

¢ Atleast one of the six most common species in the State Forest are likely to be found in each stand
of the forest. Especially Baikiaea plurijjuga is occuring in most stands regardless of vegetation type.

¢ Baikiaea plurjuga occurs with a number of different species, where a composition of
Baikiaea/Combretum colfinum and Baikiaeal Terminalia sericea seems to be rather common.

¢ Otherwise there are no clear patterns on the species compositions in the Caprivi State Forest.
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3.5 Tree volumes and number of stems

Volume functions: Volume functions from Caprivi Region inventory for Burkea africana,
Combretum collinum, Lonchocarpus nelsii, Pterocarpus angolensis, Baikiaea plurijuga,
Colophospermum mopane and Terminalia sericea were used to calculate tree volume in Caprivi
State Forest. The volume functions are in Appendix 4 (p. 46). For other species without a volume
function one of these functions was applied to estimate the volume of such species. For cther
users who may wish to use the modeis, Appendix 5 (p. 47) shows which models were applied to
the species without volume functions.

Unless specified otherwise, Tree volume means the volume of the entire tree comprising of the
main tree trunk and branch wood. The total number of trees, the average number of trees per
hectare and, the average total tree volume per hectare for the whole Caprivi State Forest are as
follows:

Total number of irees 10 316 600
Trees per hectare 70.6
Mean volume, m*/Ha 33.3

The mean volume in the Caprivi State Forest is clearly higher than 21.4 m*/ha in the Caprivi
Region at large, but the number of trees per hectare, 86.6, is bigger in the Caprivi Region than in
the State Forest. This implies that the trees sizes are bigger in the Caprivi State Forest.

For the average tree volume of all species the standard error was 2.19 m®/Ha or 6.6% of the
average tree volume per hectare. Therefore, the true average tree volume per hectare is
between 28 and 37 m°/ha with the probability of 95%. Other sampling errors are presented in
Table 32 {p. 32).

Table 14 shows how the volumes and number of frees are distributed over the main vegetation
types. The bulk of the tree volumes are in the closed woodiands and the thicket. Also the mean
volumes per hectare are clearly higher in these vegetation types than in the other vegetation
types. Although the number of stems per hectare is rather similar, the mean volume in both
closed woodland and thicket is double the mean volume in the Caprivi region. This means that
the trees in these vegetation types are considerably bigger than in the Caprivi region at large.

Table 14, Volumes and number of trees in the main vegetation types

Total No. of stems, 1000 2667.6 1194.7
T T - 0 " —
2082.8 861.6 1449.3 3i58

40.8 24.5 48.8 20.5
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Table 15 shows the number of stems and tree volumes by species for the whole Caprivi State
Forest. Table 16 (p. 19) brakes down the information for the six most common tree species into
stems and volumes for the main vegetation types in the State Forest. This is for trees with DBH >
5 cm. And, only living trees are included in the table. More information on volume distribution
can be found in Appendix 6b (p. 53).

Table 15: Total number of stems, stems/Ha, iotal ree volume, and average volume by species
and for the whole area

Baikiaea plurijuga 3811.4] 25.1 32626 22.3
Combretumn collinum 17313 11.9 2654.9 17
Terminalla sericea 1085.9 7.5 93.1 0.6
Lanchocarpus nelsii 862.3 5.9 122.3 0.8
Burkea africana 481.5 33 121.0 08
Schinziophyton rautanenii 397.5 2.7 189.3 1.4
Pterocarpus angolensis 2332 1.6 234.9 1.8
Combreturn zeyheri 2195 1.5 18.6 0.1
Boscia albitrunca 198.0 1.4 48.0 0.3
Dichrostachys tinerea (Africana) 151.2 1.0 10.7 01
Unknown1 1374 0.9 294 0.2
Lonchocarpus capassa 132.3 0.9 8.7 0.0
Guibourtia coleosperma 125.0 0.9 287.1 2.0
Enythrophleum africanum 1224 0.8 45.9 0.3
Combretum mossambleense 94.5 0.6 3.3 0.0
Sclerccarya birrea 94.5 0.6 9.6 0.1
Combretum engleri 75.6 0.5 2.0 0.0
Croton gratissimus 75.6 0.5 2.9 0.0
Acacia aricloba 5B.3 0.4 39.0 03
Commiphora angolensis 56.7 0.4 2.5 0.0
Combretum psidicides (dinteri) 520 0.4 16.1 0.1
Acacia nigrescens 37.8 0.3 2.2 0.0
Ochna pulchra 378 0.3 4.1 0.0
Acacia fleckii 18.9 0.1 0.7 0.0
Combretum psidicides (psidicides) 6.8 0.0 33.7 0.2
Acacia tortitis (heterecantha) 47 0.0 1.0 0.0
Terminalia prunicides 47 0.0 1.8 0.0
Totlal 10316.6 70.6 4862.6 333

The most common species is Baikiaea plurijuga, on average 26.1 stems per Ha, followed by
Combretum colfinum 11.9 stems per Ha, Terminalia sericea 7.5 stems per Ha, Lonchocarpus
nelsii 5.9 stems per Ha, Burkea africana 3.3 stems per Ha. P. angolensis has 1.6 stems per Ha.

B. plurijuga has the highest mean and total tree volume 22.3 m*Ha and 3,262,600 m"® followed
by G. coleosperma 2 m*/Ha and 297,100 m* C. collinum 1.7 m*Ha and 254,900 m? and
Pterocarpus angolensis 1.6 m*/Ha with total tree volume of 234,900 m®. Even though there is
less than one G. Coleosperma trees per hectare, the volume is high because the trees are very
large.



Table 16. Volumes and number of stems for the dominant species in main woodland types

|volume, -

: i {3000s m3 i

Baikiaea plurijuga 1355.93 26.5

Burkea africana 53.01 1.0

Clased weadland Combretum collinum 121.15 2.4
Lonchocarpus nelsii 5509 1.1

Pterocarpus angolensis 130.25 2.6

Terminalia sericea 34.03 0.7

Baikiaea piurijuga 640.57 16.3

Burkea africana 40.71 1.0

Open woodland Combretum collinum §3.71 1.6
Lanchocarpus nelsi 10.84 0.3

Pterocarpus angolensis 55.11 1.4

Terminalia sericea 11.88 0.3

Baikiaea plurijuga 1160.00 39.1 1048.83 35.3

Burkea africana 9.45 0.3 9.38 0.3

Thicket Combretum collinum 271.49 9.1 54.10 1.8
Lonchocarpus nelsii 330.83 111 4554 15

Pierpcarpus angolensis 10.50 0.4 39.52 13

Terminalia sericea 258.94 8.8 30.28 1.0

Baikiaea plurijuga 487.32 3.6 197.61 12.8

Burkea africana 37.81 2.4 3.16 0.2

Bushland Combreturm eallinum 85.07 55 14.13 0.9
Lonchocarpus nelsi 15124 a8 5.87 0.4

Pterocarpus angolensis 6.83 0.4 9.98 0.6

Terminalia sericea 94.52 6.1 5.57 0.4

Table 16 shows the number of stems and volumes per vegetation type for the six most common
species. Baikiaea plurijuga dominates in all vegetation types. The average tree volumes (m3/ha)

of the other species are very small. The highest tree volumes, both average and total for
Pterocarpus angolensis can be found in the closed woodlands.

Comparing this table with Table 14 (p. 17) gives the following information:

¢ The total volume of six tree species make up more than 80% of the total tree volume in all
vegetation types.

¢ More than 2/3 of the mean volumes per hectare in all vegetation types comes from Baikiaea
plurijuga.

The tree volume distribution in the State Forest is further visualised in map 4 (p. 41).



3.6 Diameter distribution

Table 17 shows the distribution of stems into diameter classes for the different species.
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Table 18 (p.21) shows in more detail the diameter distribution of stems and volumes for 3
specias, namely Baikiaea plurijuga, Burkea africana and Plerocarpus angolensis in the Caprivi
State Forest. More information on the size distribution can be found in Appendix 6a (p. 52).

A desired diameter distribution from timber management point of view is one were the bulk of the
sterns are in the lower diameter classes, and the number of stems gradually decreasing as the
diameter gets bigger. With this kind of distribution there is continuously going to be trees entering
into mature stage and a continuous harvesting will be possible. If the actual diameter distribution
deviates from the desired one, it is bound to affect short or long term management decisions.

Table 17; Diameter distribution of stems by species

Diameter class, in cm

Baikiaea plurijuga 689 1007 544 706; €85 135 25 11 3811 36.84
Combretum collinum 945 539 165 61 16 2 2 1731 16.78
Terminalia sericea 699 378 g 5 2 2 1096 10.62
Lonchacarpus nelsii 284 473 a0 g 7 862 8.36
Burkea africana 170 189 71 28 23 482 4,67
Schinziophyton rautaneni 151 189 24 5] 8 15 2 358 3.85
Plerocarpus angolensis 57 57 43 71 [¢] 233 2.26
Combreturn zeyheri 151 57 5 5 2 220 2.13
Boscia albitrunca a7 76 43 19 4 198 1.92
Dichrostachys cinerea 76 76 151 147
(Africana)

Unknownt 118 14 5 137 1.33
Lenechocarpus capassa 76 57 132 1.28
Guibourtia coleasperma 19 5 19 49 21 8 2 125 1.21
Enythrophleum africanum 18 38 47 15 2 122 1.18
Scierocarya birrea 19 76 a5 0.92
Combretum 57 38 a5 0.92
mossambicense

Combretum engleri 78 76 0.73
Croten gratissimus 76 75 0.73
Acacia erioloba 19 19 5 9 4 2 58 0.56
Commiphora angolensis 38 19 57 0.55
Combretum psidicides a8 5 5 5 52| 0.50
{dinteri)

Acacia nigrescens 38 38 037
Ochna pulchra 19 19 38 037
Acacia fleckil 19 19 0.18
Combretum psidioides 5 2 7 0.07
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{psidioides)

Acacia tortilis (heterecantha) 5 S 0.05
Terminalia prunioides 5 5 (.05
Total I743] 3478} 1040 925 873} - 181 §3 19 51 10317

% of total 36.28] 33.72] 10.08] 8.97] B46] 1.76] 0.51 0.18 0.04 100.0

Except providing information on the diameter distribution, Table 17 also gives indications on
which iree species that have a poiential to grow into big size trees in the area.

The table shows that the bulk of the stems for Combrefun collinum, Terminalia sericea and
Lonchocarpus nelsii are in the smaller diameter classes. Hence, from a management point of
view their diameter distribution is good. The table further shows that these species can also grow
into bigger size trees. The diameter distribution of Baikiaea pluriuga, Burkea africana and
Pterocarpus angolensis is discussed in connection with Table 18 (p 21).

The biggest trees are Schinziophyton rautanenii and Guibourtia coloesperma. The former have
also a good number of trees in the smaller diameter classes. The situation for Guibourtia
coloesperma raises concem. There are very few trees in the smaller diameter classes, hence the
diameter distribution for this species is skewed. From a management point of view this is not
good. Furniture from Guibourtia coloesperma is in high demand, hence this species is
economically valuable,

Table 18: Total tree volume and number of stems by diameter classes for Baikiaea
plunijuga, Burkea africana and Pterocarpus angolensis

Burkea africana
| Totat tree | Total No. | %
|voime, . of stems

Baikiaea plu_ri;uga

20-30 2735 14.3 320 71 147

30 - 40 703.0 18.5 275 28 5.9 41.9 425 18.2
40 - 50 805.8 12.2 .4 19 39 75.2 43.1 18.5
50 - 60 602.1 5.8 12.2 4 0.9 81.5 27.8 11.9
60 -70 347 92 2.4 16.8 4.2 1.8
70-80 200.6 43 1.1 10.7 21 0.8
B80-80 125.9 23 0.6
80 - 100 11.9 2 0.1
100-110 40.9 6 0.2
110-120 28.8 4 0.1

Total 3262.6] 3811 100.0 121.0 482 100.0 2349 233.2] 1000

Table 18 shows that Baikiaea plurijuga is represented in all diameter classes from 5-10 to 110-
120 em. The bulk of the stems are in the smaller Dbh classes, hence the diameter distribution is
rather good from a management point of view. It is important to manage these small sized trees
since they will eventually grow into timber size trees. If properly managed, the Baikiaea plurijuga
in Caprivi State Forest will be of considerable economic value in the future.

On the other hand, very big trees are rather few. There is a total of 2,157,700 m3 of Baikiaea



24

plurijuga in the DBH classes above 40 em. This is on average 14.7 m3/ha over the whole State
Forest. Note that this is iree volume, not log volume. This means that although small, there is a
potential income from Baikiaea timber cutting on a short perspective.

The diameter distribution for Plerocarpus angolensis is skewed to the right. The number of
stems in the lower classes (5 - 20 cm) are too few. There is a total of 184,200 m3 of Pferocarpus
angolensis in the DBH classes above 40 cm. This is on average 1.26 m3/ha over the whole State
Forest. Note that this is tree volume, not log volume. All in all there are few trees. This has the

following implications:

¢ The potential income from timber cutting of Pferocarpus on a short term perspective are
rather limited if viewed from a per hectare basis.

¢

After the trees at present in the middle Dbh classes (Dbh 30 - 40 cm) have become mature

there is going to be very few Plerocarpus angolensis trees possible to cut in the Caprivi State
Forest, because of the very low recruitmenti of trees from the 5-20 cm Dbh ciasses.

The scarcity of Pterocarpus angolensis trees means that both on a short and long term

perspective the economic importance of Pterocarpus angolensis in the Caprivi State Forest is
going to be limited. From sustainable management point of view it is urgent to undertake

Figura 3: Stem size distribution of B, plurlfugs and P.
angolensis
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