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Abstract

The ratio of dead to alive succulent shrubs as an indicator of
turnover was investigated to test whether the accepted
notion of rapid turnover rates and cyclic succession in the
Succulent Karoo Biome are applicable in the southern Na-
mib. Based on counts of dead and alive plants, twelve species
in two habitat types were investigated. These short-term
data which could not incorporate recruitment rates or
changes over time, generated, however, some hypotheses.
(i) Rapid turnover rates are likely not supported by all suc-
culent plants at the Succulent Karoo Biome's northern
boundary. With the exception of one species, mortality rates
in succulent shrubs across a range of plant functional types
were lower than reported in other parts of the biome. (ii)
Sand plains appeared to support some transient species,
indicating that there may be differences in vegetation
dynamics between habitats. (iii) Species of different plant
functional types showed no differences in ratio of dead to
alive plants related to habitat. These species may have broad
ecological tolerance limits and are perhaps less affected by
changes in their environment. (iv) Shrubby Mesembryan-
themaceae have high turnover rates and hence a short live
span in the investigated area, but are longer lived than
elsewhere in the Succulent Karoo Biome. As these hypo-
theses have implications for management and conservation
of succulent species in this global biodiversity hotspot, a
detailed evaluation of vegetation turnover, balancing mor-
tality versus recruitment, should be investigated over a
longer time span.
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Résumé

Le rapport de buissons succulents morts ou vivants comme
indicateur de la rotation fut enquété afin de vérifier que la
notion admise des taux de rotation rapides et succession
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cyclique dans le Biome Succulent Karoo est applicable dans
le Namib méridional. Basé sur le dénombrement de plantes
mortes et vivantes, douze espéces dans deux genres d’ha-
bitats furent enquétées. Les données a court terme qui ne
pouvaient pas prendre compte du taux de recrutement ni
des changements au cours du temps ont néanmoins en-
gendrées quelques hypotheses: (1) Il est probable que les
taux de rotation rapide ne soient pas soutenus par toutes les
plantes succulentes a la frontiére septentrionale du Biome
Succulent Karoo. A l'exception d'une espece, le taux de
mortalité chez les buissons succulents a travers une gamme
de genres fonctionnels de plantes fut plus bas que ceux
signalés dans les autres parties du Biome. (2) Des plaines de
sable semblaient capable de soutenir quelques espéeces de
fugaces, ce qui implique des différence potentielles dans les
dynamiques de la végétation entre les habitats. (3) Des
especes en provenance de différents genres fonctionnels ne
montraient pas la moindre différence dans le rapport de
plantes mortes aux vivantes par rapport a 1’habitat. Ces
especes ont peut-étre des limites d’endurance écologique
extensives et sont peut-étre moins touchées par les
changements dans l'environnement. (4) Les Mesem-
bryanthemaceae arbustifs démontrent des taux de rotation
rapide et donc une durée de vie assez courte dans le zone de
I'enquéte, mais vivent plus longtemps qu’ailleurs dans le
Biome Succulent Karoo. Etant donné que ces hypothéses
ont des implications pour la gestion et la conservation des
espéces succulentes dans ce point chaud de biodiversité
globale, une évaluation détaillé de la rotation végétale — qui
fait la balance entre la mortalité et le recrutement — devrait
étre enquétee dans le long terme.

Introduction

Short life spans and resulting rapid turnover rates in suc-
culent shrubs have been recorded in the Succulent Karoo
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Biome of southern Africa (Von Willert et al., 1992; Jiir-
gens, Gotzmann & Cowling, 1999). These rapid turnover
rates are predicted to be relevant throughout this biome
(Cowling et al., 1999). Understanding vegetation dynamics
in this global biodiversity hotspot (Myers et al., 2000) has
implications for speciation (Cowling et al, 1998) and
subsequently conservation planning (Desmet et al., 2002).
Episodic recruitment events following good rainfall years
have been observed in many parts of the Karoo, but other
factors, such as local disturbances by animals and humans
also play a role (Milton, Davies & Kerley, 1999). Cyclic
succession has been predicted to drive vegetation dynamics
in this biome (Yeaton & Esler, 1990), further supporting
the notion of short life spans of plants.

The Southern Namib comprises the northern tip of the
Succulent Karoo Biome and is placed at the transitional
area between winter and summer rainfall in southern
Africa. The succulent Karoo is expected to be most se-
verely affected by climate change (Migley, Rutherford &
Bond, 2001). Some indications already exist in declining
populations of stem succulents at their margin of dis-
tribution. The effects of climate change are expected to be
first noticed at this interface of the rainfall season
boundary, as increased influence of one rainfall regime
could gradually eliminate species adapted to the con-
trasting rainfall regime. In general the effects of climate
change on vegetation are predicted to be species-specific
(Gottfried et al., 1999) and, through differential response
related to the plant’s physiological make-up (e.g. Sch-
winning & Ehleringer, 2001; Sparry & Hacke, 2002),
may result in cascading effects on community structure,
ecological processes and hence ecosystem functioning
(Chapin et al., 1998). How these changes would develop
at the northern boundary of the Succulent Karoo Biome
is speculation at present. The succulents present in the
study area comprise a diverse mix of different phylo-
genetic groups and growth forms. Differential responses
are hence expected.

The broader study area — the Sperrgebiet — harbours a
remarkably high portion of species restricted to Namibia or
the northern Succulent Karoo Biome (Burke, 2004). The
area is under constant pressure from mining and explo-
ration activities. Although environmental assessments
accompany most developments in this biodiversity hotspot,
the lack of information on turnover rates, natural
re-establishment potential and range-sizes of endemic and
rare plant species, results in environmental assessments
being based on often questionable assumptions.

Decomposition rates in arid areas are extremely slow
(Crawford & Gosz, 1986; West, 1991; Fernandez et al.,
2004). Hence dead plants decay very slowly and remain
visible at their place of growth for many years (Milton et al.,
1999). Therefore this study used the ratio of dead to alive
plants as an indication of status of succulent plant popu-
lations, which would also give some indication regarding
the longevity of plants and vegetation dynamics in the study
area. Although this study cannot provide the same detailed
information that a long-term monitoring programme of
plant population dynamics in this area would generate, it is
considered an important step forward. The objective of this
study is hence to develop hypotheses for plant population
dynamics at the Succulent Karoo Biome'’s northern
boundary, and thereby initiate some debate, which is hoped
to result in more detailed studies in future. The ratio of dead
to alive plants was investigated with regard to differences
between species, habitats and phylogenetic groups.

Material and methods

The study area

Investigations were undertaken in south-west Namibia
within the Sperrgebiet (Diamond Area 1) — an area with
restricted access because of security measures by the
diamond industry. The study area comprises a valley in
the Obib Mountains, some 20 km west of Rosh Pinah
(Fig. 1). Over a 16 year period rainfall at Rosh Pinah
averaged 52 mm per annum, with most rains falling in
June and July, although rains can occur at any time of
the year. Fog frequently reaches the study area. Tem-
peratures are moderate with the average maximum
reaching 30°C in February and average minimum tem-
peratures usually not falling below 6°C in the coldest
month, August (Mendelsohn et al., 2002). Deflected by
the relief of the Obib Mountains, strong southerly winds
prevail throughout the year. During the winter months,
north-easterly bergwinds are also frequent. The habitats
in this north-south trending valley include drainage lines,
sand plain and quartz gravel plains as well as gravelly
footslopes of the mountains. Soils are poorly developed
regosols, with some sand accumulations. The main rock
types are schist and quartzite interspersed with quartz
veins (Geological Survey, 2000). The vegetation has been
classified as succulent steppe (Giess, 1998) and is dom-
inated by leaf-succulents, accompanied by low stem-suc-
culent, evergreen and deciduous shrubs.
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Field survey

In order to establish the ratio of dead to alive plants repre-
sentative of the main guilds of succulent plants, plants were
recorded along 2 X 30 to 50 m long transects during the
winter growing season in the period 26 August to 5 Sep-
tember 2003. The length of each transect was adapted to
ensure that a transect only covered one habitat type. A total
of 37 transects from sand plains and quartz gravel plains was
established, generating a total of 5351 individuals from
twelve different species. Plant counts of alive and dead plants
within these transects were restricted to species that showed
active growth points, flowers or new leaves. Only rooted
dead plants were included. The selected species are repre-
sentative of the main guilds of perennial plants found in
these habitats. Voucher specimens were lodged at the Na-
tional Botanical Research Institute in Windhoek. The
nomenclature follows Craven (1999). Table 1 lists the study
species, their sample sizes, taxonomic and protection status
and phylogenetic/growth form group.

Data analysis

The ratio of dead to alive plants was established per
species and per habitat type by dividing the number of
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dead individuals by the total number of individuals. The
percent data were then arcsine transformed and Stu-
dent’s t-tests applied to test whether there were differ-
ences between habitats for species that occurred in the
two habitat types, sand plain and quartz gravel plain
(Fowler & Cohen, 1992). Single-factor analysis of var-
iance was used to establish whether there were differ-
ences between species within habitats (Zar, 1984). The
species were then grouped according to a combination of
growth form and phylogenetic features. This essentially
distinguished all plant families. Within the Mesem-
bryanthemaceae (mesembs) these were further divided
according to two different growth forms, either upright
shrubs or compact, low and sometimes creeping succu-
lents. The following groups were established: shrubby
mesembs (Mesembryanthemaceae), tufted mesembs
(Mesembryanthemaceae), euphorbs (Euphorbiaceae),
bushman candles (Geraniaceae) and zygophyllum (Zygo-
phyllaceae). The assignments are depicted in Table 1.
Again, single-factor analysis of variance on the arcsine
transformed mortality rates was used to determine whe-
ther there were differences between these growth form/
phylogenetic groups (Zar, 1984). For all statistical tests a
significance level of 5% was used.
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Table 1 Study species, their samples sizes, phylogenetic/growth form and protection status in the Obib Valley, southern Namib

Number of
individuals Number Phylogenetic/
of growth
Plant species Sp QGP transects  Family form group Status
Aridaria noctiflora (L.) Schwantes 46 8 Mesembryanthemaceae  Shrubby mesemb  Protected
subsp. noctiflora
Cephalophyllum ebracteatum 112 30 12 Mesembryanthemaceae  Tufted mesemb Protected
(Pax ex Schitr. & Diels)
Dinter & Schwantes
Cheiridopsis robusta (Haw) N.E.Br. 351 688 18 Mesembryanthemaceae  Tufted mesemb Protected
Eberlanzia clausa (Dinter) Schwantes 126 10 Mesembryanthemaceae =~ Shrubby mesemb  Protected, endemic
Eberlanzia schneideriana (A. Berger) 23 587 18 Mesembryanthemaceae ~ Shrubby mesemb  Protected
H.EX. Hartmann
Euphorbia cibdela N.E.Br. 78 130 29 Euphorbiaceae Euphorb Protected, endemic,
CITES 2, red data
Euphorbia mauritanica L. 30 13 Euphorbiaceae Euphorb CITES 2
var. mauritanica
Othonna cylindrica (Lam.) DC. 20 7 Asteraceae Not included
Ruschia ruschiana (Dinter) 36 7 Mesembryanthemaceae ~ Shrubby mesemb  Protected, endemic
Dint. & Schwant.
Sarcocaulon crassicaule Rehm 46 6 Geraniaceae Bushman candle
Sarcocaulon patersonii (DC.) G.Don. 47 9 Geraniaceae Bushman candle
Zygophyllum pterocaule van Zyl 766 2235 24 Zygophyllaceae Zygophyllum

The groups are defined according to growth form and phylogeny.

Endemic, endemic to Namibia; SP, sand plain; QGP, quartz gravel plain.

Results

Species by habitat

On sand plains mortality rates per transect ranged between
0% and 75% and were variable between species and
transects. Eberlanzia clausa and Eberlanzia schneideriana
showed, with an average of 56% and 38% respectively, by
far the highest mortality rates. Those of Othonna cylindrica
and Cephalophyllum ebracteatum were the lowest. On quartz
gravel plains mortality rates ranged between 0% and 59%
per transect. However, average mortality rates per species
were very low. Overall, mortality rates were lower on
quartz gravel plains than on sand plains, averaging 15%
on sand plains and 5.5% on quartz gravel plains (Table 2).
These differences between habitats were not statistically
supported when tested for individual species (C. ebractea-
tumt = 2.77, P = 0.64; C. robusta t = 2.30, P = 0.9; E.
schneideriana t = 2.30, P = 0.09; Euphorbia cibdela t =
2.06, P =0.91; Zygophyllum pterocaule t = 2.13, P =
0.15). The analysis of variance indicated that there were
differences between species on the sand plains (F = 4.23,

P < 0.0001), but not on the quartz gravel plains (F =
0.61, P = 0.69).

Differences between phylogenetic/growth form groups

As habitat types did not affect the performance of species,
but species-specific responses were found, data were com-
bined to investigate the effect of phylogenetic/growth form
features. The differences between the phylogenetic/growth
form groups were significant (F = 4.71, P < 0.002). The
shrubby mesembs had the highest ratio of dead to alive
plants order by
euphorbs > zygophyllum > tufted mesembs and finally,
bushman candles (Table 2).

followed in decreasing

Discussion

Although the method of a once-off assessment of dead and
alive plants as an indication of population status cannot
account for influences that operate over the longer time
spans (e.g. drought events or other stochastic impacts),
this assessment nevertheless gives a first approximation of
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Table 2 Ratio and standard error of dead to alive plants in the Obib
study area of Namibia's Succulent Karoo

Ratio of dead to

alive plants (%) SE
Sand plain
A. noctiflora 15.00 12.39
C. ebracteatum 1.92 1.47
C. robusta 6.35 1.64
E. clausa 55.88 8.91
E. schneideriana 37.96 15.78
E. cibdela 8.25 3.22
E. mauritanica 25.27 10.97
O. cylindrica 0 0
R. ruschiana 2.04 2.04
S. patersonii 4.19 2.36
Z. pterocaule 6.76 2.31
Quartz gravel plain
C. ebracteatum 4.17 4.17
C. robusta 6.77 2.96
E. schneideriana 7.71 3.17
E. cibdela 7.83 3.23
S. crassicaule 3.33 3.33
Z. pterocaule 3.14 0.71

natural mortality rates of succulent shrubs in this area.
Dead shrubs are expected to persist in this arid environ-
ment for several (5-10) years, hence the counts of
‘standing crop’ of dead and alive plants are believed to
provide a good indication of the population status (Milton
et al., 1997). There is a possibility of differential rates of
decay between species, although these appeared not to
effect the present data set. For example, those plants that
are expected to decay slowest, the bushman candles, did
not show the highest ratio of dead to alive plants (Table 2).
This would be expected, if dead plants had been accumu-
lating more in bushman candle populations than in other
populations with more rapidly decaying plants such as the
tufted mesembs (personal observation).

As the ratio of dead to alive plants does not incorporate
recruitment rates, nor possible differential rates of decay
between species, it should not be seen as the final answer
to questions relating to vegetation dynamics in this area,
but as a study offering hypotheses that should be tested in
future research. The discussion of the results is structured
according to the hypotheses that emerged from this study.

Hypothesis 1: Overall, succulent shrubs in the Sperrge-
biet have lower mortality rates than in other parts of the
Succulent Karoo Biome and thus show a slower turnover.
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On average projected mortality rates recorded for succu-
lent shrubs in this study were remarkably lower than
reported in the Richtersveld to the south (Jiirgens et al.,
1999). There a mean of 60-85% was reported in four
species of succulent shrubs observed over a 14 year time
span (Jiirgens et al., 1999). In the southern Karoo 8% were
reported in one woody succulent shrub, but 22-24% in
shorter lived leaf succulents (Esler, Cowling & Ivey, 1992).
Only one species, E. clausa, had a higher mean mortality
rate, comparable with those in other parts of the Succulent
Karoo. The other species’ mortality rates were closer to

~those expected for other desert regions, where long-lived

plants prevail (e.g. Bowers, Webb & Pierson, 1997; Cody,
2000). However, the model of cyclic succession that has
been predicted for the succulent karoo (Yeaton & Esler,
1990) could still apply, although perhaps operating over
longer time spans.

Hypothesis 2: Sand plains in the study area support more
transient succulent perennials than quartz gravel plains.
The statistical analyses related to differences between
habitats and species indicated that mortality rates of plants
were species-specific on sand plains, but not on quartz
gravel plains, despite the fact that different plant functional
types were included. This deserves a closer look. The study
was only able to include six species on quartz gravel plains
and hence the spread across species was not large. How-
ever, these preliminary results may suggest that sand
plains support some transient species (Grime, 1998),
which would show higher mortality rates and thus shorter
term dynamics could be expected in some species on sand
plains. The stability of the substrate and its development
stage could partially explain this observed pattern. The full
range of species on these two contrasting habitats would
need to be investigated to make firmer predictions based on
habitat type.

Hypothesis 3: Species-specific mortality rates do not differ
between habitats and the investigated species may hence
have a broad ecological tolerance range. No species
showed statistically significant differences between habi-
tats. This means either (i) there were indeed no differences
between habitats in the investigated species or (ii) the
variability in the data was too large. Variability in the data
may be responsible for this pattern in E. schneideriana. The
remaining four species showed indeed no differences,
indicating that the habitat per se did not influence the ratio
between dead to alive plants. As the physical properties of
both habitats are different with regard to available water,
nutrients and rooting depth, this points towards a broad
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ecological tolerance limit in those species. This included
compact dwarf succulents (C. ebracteatum, C. robusta) as
well as a narrow-stem succulent (E. cibdela) and a prostrate
dwarf leaf-succulent shrub (Z. pterocaule), indicating that
this pattern was not limited to a particular plant functional
type. These species may hence show resilience to changes
in their environment.

Hypothesis 4: Shrubby mesembs have high turnover
rates and hence a short live span in the investigated area,
but are longer lived than elsewhere in the Succulent Karoo

. Biome. Tufted mesembs and low stem-succulent shrubs
(bushman candles) showed projected slow turnover rates.
Supported by statistical analysis, phylogenetic/growth
form features had a marked influence on the established
ratio of dead to alive plants. Shrubby mesembs showed by
far the highest ratios (mean of 32%), tufted mesembs (5%)
and bushman candles (4%) had the lowest. For shrubby
mesembs, this pattern is in part supported by studies in
other parts of the succulent karoo. In the Richtersveld to
the south Jiirgens et al. (1999) reported mortality rates of
68% for two shrubby mesembs (Ruschia senaria and Stoe-
beria beetzii) over a 14-year observation period. Balanced
with recruitment rates, this resulted in a mean life span of
around 5 years for these species, which is extremely short
for a desert perennial. The shrubby mesembs investigated
in this study, which were represented by four different
species, and not the same species as in the Richtersveld
study, averaged about 32% ratio of dead to alive plants.
Unfortunately no comparative figures were available for
other phylogenetic/growth form groups.

Implications

The present data highlight a number of pertinent ques-
tions with major implications for management and con-
servation of succulent plants in the study area. If
confirmed, the hypotheses put forward in this study
challenge a number of established notions. (i) The
assumption that succulent shrubs recover quickly and
need no particular management intervention to re-
establish plant cover in disturbed areas, has to be chal-
lenged. (ii) Many species of high conservation value,
those that are endemic to the broader study area and
thus have an extremely limited distribution in a global
context, are tufted mesembs (e.g. species of the genera
Dracophilus and Ebracteola). If these respond the same way
as the investigated species, they appear to show very slow
turnover rates, making recovery very slow, once they are

disturbed. (iii) Species-specific responses are expected to
changes in climatic conditions (Gottfried et al., 1999;
Bakkenes et al., 2002). Die-offs as a result of periodic
droughts or climate change are likely to result in shifts in
species composition in the vegetation of the southern
Namib. In this particular case this affected species with a
very limited distribution range (E. clausa and E. schnei-
deriana). It may hence put these species at risk, if high
mortality rates are the norm across their entire range and
they are not balanced by appropriate levels of recruit-
ment. In order to test the hypotheses put forward in this
study, mortality rates need to be established in relation to
recruitment rates and over a long time span. Only
repeated sampling in permanently, fixed plots would
generate these data.
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