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Abstract

An annotated species list for the Mile 46 Livestock Development Center (LDC) and
surrounding areas in central Kavango Region is presented. The list has been
prepared from phytosociological data collected in the vicinity of the LDC as part of
routine monitoring at the BIOTA observatories as well as the Vegetation Mapping
Project. The species list has been augmented with information on habitat, relative
abundance as well as growth and ecological characteristics.

A total of 334 species were observed in the study area, or 318 each in the Acacica
Savannas and Kavango Woodlands. An attempt has been made to estimate the likely
number of species occurring in the area using first order and second order Jackknife
calculations as well as a species-area curve estimator LOGLIN. Both Jackknife
procedures indicated that approximately 87 % of species were observed, whilst the
LOGLIN procedure gave unrealistically high estimates of species richness.

Keywords: Kavango, Namibia; Raunkiaer life forms, species abundance, species
diversity, species richness

Introduction

In order to comply with, and benefit from, the Convention on Biological Diversity, a
need exists for each country to know its biological resources. In terms of vascular
plants, some basic information is available (Merxmüller 1966-72; Maggs et al. 1994;
Maggs et al. 1998; Craven 1999). Yet, when discussing diversity trends, Craven
(2001) declined to put any numbers to a species diversity map (Map 13), rather
indicating these units in seven classes ranging from “lowest” to “highest”.
Mendelsohn et al. (2002) translated these classes into estimated numbers. It is also
understandable why Craven declined to put such figures to her map as in many cases,
insufficient supporting herbarium collections were made (Map 11 in Craven 2001).

                                         
* Contact Adress: P.O. Box 1669, Swakopmund
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In terms of vegetation (i.e. the combination of species in a certain area, depending on
a particular habitat) even less is known. Giess (1971) published a vegetation map of
Namibia, describing his vegetation types with photographs and only a short narrative.
Little indication is given on species diversity. Various smaller-scale studies have
since been made on specific areas (see Burke & Strohbach 2000 for an overview).
Recently published work for the Kavango include Burke (2002) and Mendelsohn &
el Obeid (2003) (based on Burke 2002). In both cases a good description of the
(vegetative) landscapes is provided, yet no data on species composition and/or
species diversity are given. From similar maps, Mendelsohn et al. (2002) compiled a
new vegetation map of Namibia, again without much information on species
composition and/or diversity.

The BIOTA Southern Africa project is being undertaken to study the diversity of
species across the major climatic gradient, i.e. rainfall, in southern Africa (BIOTA
2000). In order to establish a standard biodiversity observation tool / observation
strategy, the concept of “biodiversity observatories” was developed and established at
the study sites along the main rainfall gradient from south to north. A “biodiversity
observatory” consists of 1 km2, subdivided into 100 one-ha squares. These squares
are grouped according to habitat. The squares are assigned a random ranking,
however biased towards the habitat, in such a way that each habitat is represented in
the top-ranking one-ha squares. According to this ranking, the plots are sampled by
each participating biotic discipline. Sampling intensity depends on the capacity of
each individual discipline; the 20 top-most ranking plots are sampled for botany.
Within the one-ha squares each discipline samples as close as possible to the
midpoint, according to a standard (discipline-specific) sampling scheme.

A further objective is to study the effect of land use on biological diversity, thus
resulting in often paired observatories across a land-use gradient. The northernmost
pair of observatories was established inside and outside the Mile 46 Livestock
Development Centre (LDC) of the Directorate of Agricultural Research and Training;
the outside observatory being located in the communal grazing area of the Mutompo
community.

Due to lacking diversity information, it was decided to collect such data at the
observatories as well as along the transect by way of vegetation mapping (BIOTA
2000). The species list presented here is a combination of species found at the Mile
46 and Mutompo observatories, augmented by species found at various sample sites
for vegetation mapping purposes at and around the Mile 46 LDC.

Study area

The Mile 46 LDC is situated in the central Kavango Region near the main road to
Rundu (Figure 1). The two observatories were established at 18°18’07”S 19°14’50”E
and 18°18’06”S 19°15’32”E (NW corners), respectively. The LDC is mostly situated
in the 1819AC quarter-degree square (QDS), with only the eastern edge stretching
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into the 1819AD QDS. The Mile 46 observatory also straddles the QDS border, with
the biggest part however falling in the eastern (1819AD) QDS. The Mutompo
observatory (as well as the Mutompo village and its grazing area) fall entirely into
this QDS.

The entire Kavango Region forms part of the Kalahari Basin (Grove 1969;
Mendelsohn et al. 2002). The study area forms part of the KAL3-3, defined as a sand
drift plain with occasional pans (de Pauw et al. 1998/99). The growing period is
described as 60 - 69 days long, with a dependability of 60 %. On average, 450 - 500
mm of rain falls in the area per annum (Pitman 1980; Mendelsohn et al. 2002).

Burke (2002) describes the vegetation as being part of the “northern Sandplains”,
with a variety of associated deciduous woodland types: the Pterocarpus angolensis
woodlands, Schinziophyton rautanenii woodlands, Baikiaea plurijuga woodlands and
Burkea africana woodlands. These woodlands are dissected by omirimbi (shallow dry
rivers), supporting Acacia erioloba shrublands, Terminalia sericea shrublands as well
as Terminalia sericea - Bauhinia petersiana shrublands. According to Burke (2002),
many of these omirimbi are transformed to support a mosaic of cultivated fields.
From own observations (a detailed vegetation description is yet to be published), the
vegetation can be divided into two broad physiognomic vegetation types. The
Acacia-dominated shrublands, bushlands and thickets associated with the east-west
oriented omirimbi that end up in the Mpuku omuramba, west of Mile 46 LDC, are
collectively referred to as “Acacia Savannas”. At Mile 46 LDC, these cover an

Figure 1: The Kavango Region, showing the location of Mile 46 LDC. Inset: location of
Kavango within Namibia.
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estimated 20 % of the land surface. The matrix between these omirimbi is covered by
typical broad-leafed woodlands and occasional shrublands (as described by Burke
2002). These are collectively referred to as the “Kavango Woodlands”.

Species richness

A commonly used method to determine the number of species per specific area is by
counting the number of species observed. This can either be done by doing a survey
of a particular study site to list all species present, or by doing a study of historic
records of species in literature and herbarium collections. These two approaches are
often used in combination. A disadvantage of using historic records is that possible
local extinctions as well as invasions are not observed. This can be avoided using
present day surveys.

A common problem faced by direct observation of species is that as a rule, not all
species are observed (Palmer 1990; Westfall et al. 1996). Thus the number of
observed species always underestimates the total species richness of an area. Several
estimators, both based on a species-area curve as well as non-parametric estimators,
are available to calculate the species richness of an area. Palmer (1990; 1991) tested a
number of these estimators, and found that the non-parametric Jackknife estimators
(first and second order) performed best. Of the species-area curve-based estimators,
“LOGLIN” (a linear regression based on the log of the accumulative area) performed
best, yet constantly overestimated the species richness.

The first order Jackknife slightly underestimates the species richness, but is the least
biased of all estimators (as determined by the Mean Deviation) and predicts species
richness fairly precisely (Palmer 1990). In a revision of the second order Jackknife,
Palmer (1991) found this to be even less biased than the first order Jackknife, but also
less precise. Palmer (1990) warns also, that due to the calculus, the Jackknife
procedures are not suited for larger areas, especially if less than half the total number
of species have been observed.

It must be kept in mind that these calculation procedures are only estimators, and thus
do not give an absolute number of species to be found at a particular area.

Methods

Field data collection

For  the present study, a total of 126 relevés were compiled during the peak growing
period (February to April) in 2001, 2002 and 2003 at the two biodiversity
observatories during regular monitoring activities. These were supplemented by a
further 92 relevés within and around the Mile 46 LDC, as well as in the adjacent
Mutompo communal grazing area. The relevés were compiled following standard
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procedures described by Strohbach (2001). Any unknown species, as well as voucher
specimens, were collected for later identification, following standard collection
procedures. The voucher specimen number in the list (Appendix 1) refers to the
collections by the senior author during field data collection.

No further searches were done through herbarium records, due to the low number of
collections done previously as shown in Map 11 by Craven (2001) (four collections
for QDS 1819AC, 15 collections for QDS 1819AD).

Data analysis

These relevés (i.e. the data from each site) were data-based using TurboVeg
(Hennekens 1996). This relevé database was then used to compile the list of species.
Using the select and export facilities of TurboVeg, the  species occurring in the
1819AC and 1819AD QDSs could be listed separately. Using a preliminary
classification of relevés, the species occurring in the Acacia Savannas versus the
Kavango Woodlands were separated. These two separate listings (1918AC vs AD;
Acacia Savannas vs Kavango Woodlands) were combined into one species list given
in Appendix 1.

The list of species/taxa was further corrected following Craven (1999), also referring
back to the original species identification lists. This was necessary as TurboVeg
stores data according to a species list derived from Arnold & de Wet (1993).
Although this list has been updated in 2000, a number of species with their centre of
origin in the Flora Zambesiaca region (rather than the Flora South Africa region) are
not listed in this species list.

Species abundance and layer

Species abundance was calculated in two ways:

Overall abundance relates to the frequency of occurrence in relevés, irrespectively of
abundance in such relevés. The classes are defined as follows:

Rare: present in <5 % of relevés
Occasional: present in 5<20 % of relevés
Common: present in 20<50 % of relevés
Abundant: present in 50<75 % of relevés
Wide-spread: present in >75 % of relevés

Local Abundance refers to the average abundance within the relevés in which it
occurs, irrespectively of how often it occurs. The classes are defined as follows:

Rare: 0 < 0.1 % cover
Occasional: 0.1 < 1 % cover
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Common: 1 < 10 % cover
Abundant: 10 < 50 % cover
Dominant: 50 < % cover

Local abundance was calculated separately for the Acacia Savannas and the Kavango
Woodlands, in this way also indicating the general association of the species with
these two vegetation types / habitat types. In some cases no value for local abundance
could be calculated. These were species which were listed or collected separately
within the study area, not at a specific relevé. Thus they could not be positively
associated with a vegetation type.

The layer column indicates the structural layer to which the species normally belongs.
The definitions follow Edwards (1983). The following conventions were adhered to:

Tree layer (T): woody plants, single stemmed, >2m, or multi-
stemmed, >5m

short Tree (T3): (single stemmed), >2m <5m
low Tree (T2): >5m <10m
high Tree (T1): >10m <20m

Shrub layer (S): woody plant, normally multi-stemmed
high Shrub (S1): >1m <5m
low Shrub (S2): <1m

Herb layer (hl): all non-woody species, irrespective whether annual
or perennial 

Grasses: species belonging to the family Poaceae, in many
parts of the country constituting the main fodder
resource for livestock keeping, are included in the
herb layer, although highlighted as being grasses.

The layer information serves to give additional information on the growth form
(especially differentiating between trees and shrubs, which all belong to the life form
“phanerophytes” (see next columns on species-specific information).

Species-specific information

TurboVeg allows for the creation of an “Ecodatabase”, i.e. a database of ecological
(and other) attributes for each species. These attributes can also be exported with the
species, making further analysis possible (or as in this case, only a simple listing). For
the species found along the BIOTA transect from the central Khomas Region up to
the Kavango Region, such an ecodatabase has been created. The following
information was included, as far as available from literature sources:
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• Life form according to Raunkiaer (as described in Mueller-Dombois & Ellenberg
1974). Sources: Herbarium specimens, Merxmüller (1966-1972); Müller (1985);
Gibbs-Russell et al.(1990)

• Periodicity (annual vs perennial) was included for easier recognition, even though
this is implicitly included in the Raunkiaer life forms. Sources: Herbarium
specimens, Merxmüller (1966-1972); Müller (1985); Gibbs-Russell et al.(1990)

• Information whether a species is indigenous (or even endemic) or alien to
Namibia. Source: Craven (1999)

• Legal status of the species: Protected by the Nature Conservation Ordinance
(Ordinance 4 of 1975) are indicated by a “P”; species protected by the Forest Act
(Act 12 of 2001) (as previously declared under the Forestry Ordinance of 1952
and the Forestry Act No 72 of 1968) are indicated with an “F”, whilst species
listed under CITES are indicated with a “C” and the respective list number.
Source: Craven (1999)

• The general ecological status of species – weedy (Wd), climax (Cl), subclimax
(SCl), pioneer (Pio) or rare species. For rare species, the IUCN Red Data
categories are indicated. The following classes are relevant for the species found:
Data deficient (DD), i.e. species of which too little is known to make a proper
assessment; Low risk / not threatened (LRnt) and Vulnerable (VU). Sources:
Müller (1985); Van Oudtshoorn (1999); Gibbs-Russell et al. (1990); Loots (2004);
own observations.

• Indicator value: Mainly for grazing condition, following Van Oudtshoorn (1999),
but also with local adaptations following Strohbach (1992; 2000a; 2000b). Further
information on habitat indications have also been included if available. Sources:
Müller 1985; Gibbs-Russell et al.(1990)

• Palability: Mainly for grazing species (Müller 1985; Van Oudtshoorn 1999;
Gibbs-Russell et al.1990), but also for toxidity (Vahrmeijer 1981; Kellerman et al.
1988; van Wyk et al. 2002)

• Metabolism, focusing on photosynthetic metabolism, i.e. C3, C4 and/or CAM
processes. Sources: Ellis et al. (1980); Gibbs-Russell et al.(1990)

Number of species

An estimation of the species richness was obtained by using the first- and second
order Jackknife as well as the LOGLIN procedure.

The first order Jackknife was calculated as follows:

SR = SO + r(n-1)/n

where: SR is the estimated species richness
SO are the number of observed species
r is the number of species on a particular relevé.
n is the number of relevés

(Heltshe & Forrester 1983)
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This calculation was done with the total number of species and relevés, as well as for
the species listed on the relevés of the two QDSs as well as for the two different
vegetation types. In each case, the calculation was repeated with r from each
individual relevé, and an average calculated for the resulting SR.

The second order Jackknife was caluclated as follows:

SR = SO + {[r1(2n-3)/n] – [r2(n-2)2]/[n(n-1)]}

where: SR is the estimated species richness
SO are the number of observed species
r1 and r2 are the number of species on two separate relevés.
n is the number of relevés

(Burnham & Overton 1979)

Again this calculation was done with the total number of species and relevés, as well
as for the species listed on the relevés of the two QDSs as well as for the two
different vegetation types. In each case, the calculation was repeated with r1 from
each individual relevé and r2 from the adjacent relevé, after the relevé sequence was
randomised. An average was calculated for the resulting SR.

For the LOGLIN procedure (Gleason 1922), a species-area curve was constructed as
follows:

The relevés were randomised and the accumulative number of species calculated.
Each relevé was 0.1 ha in size – these were also accumulated. A linear regression was
fitted with the logarithm of the accumulative area as independent variable and the
accumulative number of species as dependent variable.  The linear regression line can
be expressed as follows:

SR = ax + b

where SR represents species richness
x the log of the area
a the slope of the line, and b the intercept of the line

This calculation was repeated also for the two QDSs, the two different vegetation
types as well as the total sample. No absolute measure of the area covered by the two
vegetation types is available yet; it is however estimated that the Acacia Savannas
cover approximately 20 % of the area of the Mile 46 LDC. This was extrapolated to
the QDSs to give an approximate area to use in the calculation of the estimate.
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Results and Discussion

The annotated species list is presented in Appendix1. In total 334 species were
observed, of which three are endemic and five are alien to Namibia. One species,
Micrococca mercurialis (L.) Benth. (Strohbach 5639) is newly recorded for Namibia.
Fourteen tree species are protected under the Forest Act (Act 12 of 2001), whilst four
species are protected under the Nature Conservation Ordinance (Ordinance 4 of
1975). Two of these, both Ceropegia spp., are also listed on CITES II, meaning
restricted for international trade.

A total of eight species are listed in the Red Data List for Namibia (Loots 2004) –
four of these are noted as data deficient. One of these species, Dioscorea quartiniana,
has been noted as occasionally occurring in the Acacia Savannas, whilst the other
three species are all rare – Kohautia amboensis (one of the endemic species) in the
Acacia Savannas, Albuca cooperi in the Acacia Savannas as well as the Kavango
Woodlands, and Cucumis humifructus in the Kavango Woodlands. The rarity of
Albuca cooperi could well be an artefact of sampling procedure. Sampling is
generally done between February and April, and being a geophyte (which often
flower very early in the season) it is likely to be ignored as it is difficult to identify
without inflorescence or fruit. Likewise, Cucumis humifructus, being a rare annual
species, does not occur on the same spot every year. Being annual means that the
species germinates as soon as favourable conditions exist, not necessarily coinciding
with the time of survey. Being also relatively short-lived as well as often grazed, even
repeat observations during the same season might mean missing it.

Two protected timber tree species are listed as “low risk / not threatened” in the study
area, Pterocarpus angolensis and Baikiaea plurijuga. Just how vulnerable these are,
can be illustrated at the study area. Four trees of Pterocarpus angolensis, sought after
for its wood for carving, were felled in the Mutompo observatory within a year after
starting the project (Figure 2). Only a 3 m section of the trunk was removed, the
remainder was left discarded. It could not be ascertained whether or not this felling
was done legally or not; the community at Mutompo however complained that they
are unable to control such fellings within their resource area (U. Schneiderrat, pers.
com.). Likewise, Baikiaea plurijuga wood is sought after for construction wood.
Whilst fencing the LDC in the 1980s, the labourers felled this species for fencing
posts. Because of this, considerably less trees of this species are noted nearby the
fences (including at the observatories, with furthest side about 1.2 km from the fence)
as elsewhere in the landscape.

The information contained in this annotated species list may assist to clear up “Data
Deficient” listings, and/or helps to assess the vulnerability of further species.

Species richness

The results obtained for the estimated species richness is presented in Table 1 below.
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Table 1: Species numbers observed and species numbers estimated to occur in different
geographical areas in the study area.

1918AC 1918AD Acacia
Savanna

Kavango
Woodlands

Total

Area 72 857.75
ha

72 857.75
ha

±1150 ha
(±20% of
Mile 46)

±4590 ha
(±80 % of
Mile 46)

5740 ha
(Mile 46

LDC only)
No of relevés 54 164 52 166 218
Average no of
species per relevé

49 46 52 45 47

Range of species per
relevé

29 – 70 26 – 80 35 – 80 26 – 70 26-80

Species observed 237 316 318 318 334
Species estimated:
First order Jackknife

286 363 306 364 380

Species estimated:
Second order
Jackknife

287 364 369 364 380

Species estimated:
LOGLIN

701 921 505
(656 for
QDS)

694
(904 for
QDS)

768
(999 for
QDS)

Figure 2: A felled Pterocarpus angolensis tree at the Mutompo observatory. Note the
brown leaves, indicating that the tree was green when felled.
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The 1918AC QDS shows both the lowest number of species observed as well as the
lowest number of species estimated. As the landscape features are in most cases
linear, stretching from east to west (and with it the vegetation types), it is safe to
assume that the same species diversity occurs in both QDSs. The low numbers
observed can be attributed to the fact that the 1918AC QDS is undersampled (54
relevés) compared to the 1918AD QDS (164 relevés). The fact that all estimators
indicate a lower number of species on the 1918AC QDS shows that they all are
affected by the undersampling of this QDS.

The two Jackknife calculations give an astonishingly similar result. Only in the
Acacia Savannas a significant difference in result occurs, indicating a possible
undersampling of this vegetation type. Only 52 relevés were sampled versus the 166
relevés in the Kavango Woodlands. One has to remember, however, that this
vegetation type is less extensive than the Kavango Woodlands. The denser nature of
this vegetation type (many sample sites were thicket-like) means that more species
occur on a smaller area (as indicated also by the average number of species per plot,
as well as the range of species numbers). This also results in the similar number of
species observed and estimated for this vegetation type.

All estimates by the two Jackknife procedures (with the exception of the First order
Jackknife in the Acacia Savannas) indicated that between 86 and 88 % of species
were observed. It is not clear whether this is an error of the calculus (which would be
serious), or that during sampling in general about 87 % of species are observed.

The LOGLIN estimator, based on species-area curves, did not perform well at all by
estimating totally unrealistic species numbers. It was also found problematic to apply
to vegetation types if the exact (or near exact) area of these types were not known.

Conclusion

Phytosociological studies of the vegetation of Namibia can greatly contribute to the
collection of information on the distribution of species. Of essential value is the high
intensity sampling and species observation in obtaining a good estimate of species
richness. With such information, the diversity map prepared by Craven (2001) can be
further improved.

The Jackknife estimators proved fairly simple to apply, yet are negatively influenced
by low intensity sampling. The species-area curve-based LOGLIN estimator proved
to be rather tedious to apply, and also gave unrealistically high estimates of species
numbers. As the number of observed species can be used equally well to compare
species richness between areas, it is thus questionable whether one should try to
estimate the number of species for a given area, except if this is to be used as an
incentive for further botanical collections in the area.
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