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The vegetation of the Strandveld Succulent Karoo is dominated by scattered, low shrubs and small trees
such as Salvia lanceolata and Nylandtia spinosa, with succulent shrubs such as Zygophyllum morgsana,
Euphorbia mauritanica and Euphorbia burmannii being common species. Geophytes, annuals and
especially species of the Restionaceae become more dominant where this vegetation type is associated with
Sand Plain Fynbos (type 68; Low & Rebelo, 1898). Large areas are subject o strip-mining for diamonds and
heavy minerals. Very little agriculture takes place but some small stock farming does occur, and some cattle
are kept in the river valleys. Tourism is probably a major potential source of revenue. Only 0.4% of this

vegetation type currently has conservation status (Low & Rebelo, 1998).

THESIS RATIONALE

The revegetation of any drastically disturbed land, such as a surface mine, is probably the single best
method of stabilising the soil. Vegetation is cheaper than any other form of soil stabilisation because of the
continuous and long-term effect. It is also more efficient than any other method and more aesthetically

pleasing. Finally revegetation can place the soil into continued economic production (Lyle, 1987).

Vegetation prevents or reduces soll erosion by providing a soil cover that intercepts raindrops and prevents
them from dislodging soil particies and destroying soil structure. The plant roots bind soil particles together
and prevent water from carrying soil downhill. Above-ground vegetation slows water runoff along the soil
surface and enables more of the water to move into the soil for plant use. When this vegetation intercepts

water flowing over the soll surface it also reduces the downhill movement of soil {Lyle, 1887).

Along the West Coast of South Africa, the sandy soils are rich in heavy minerals such as ilmenite, rutile and
zircon, which are essential in the paint, ceramic and steel industries (Environmental Evaluation Unit, 1990}
Mining activities in the area will destroy the topography, vegetation, animal life and chemical and physical
“characteristics of the soil. Mining companies, however, are compelied by law {(Mining Rights Act No. 20 of
1967; Hoogervorst, 1990) to rehabilitate mined areas. The aim of the rehabilitation programme in this area
is, firstly, to restore the land to a form and productivity in conformity with pre-mining land capabilities.
Secondly, to restore the landscape to a form which is consistent with surrounding aesthetic values. Thirdly,
to rehabilitate in such a way as to leave the maximum number of options open to future generations, and
fourthly, to ensure that rehabilitation takes place continuously 'and is fully integrated with the mining

operation {Environmental Evaluation Unit, 1980).

More specifically, the goal which has to be met is the revegetation of the area with no less than 60%
(species diversity and abundance) of the original indigenous plant species as soon as possible after the
mining of an area has been completed (Environmental Evaluation Unit, 1990). Three main methods are
considered for the revegetation of the mined areas, ie. topsoil replacement, as well as sowing and
transplanting of selected species. The latter two methods are extremely labour intensive in that species
have to be selected, seeds and/or bulbs have {o be collected, treated and stored, and seedlings have to be
nursed, prior to the period of sowing or transplanting. Since one of the aims of the rehabilitation programme
is to restore the topography of the landscape, the replacement of topsoil during the final landscaping phase
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VEGETATION DIVERSITY

The study area was stratified into relatively homogeneous physiographic-physiognomic units on 1:50 000 aerial
photographs. A total of 128 sample plots, each with an area of 100 m?, was randomly located within these
stratification units. In each sample plot, all plant species were recorded and the cover-abundance of each
species estimated according to the Braun-Blanquet cover-abundance scale (Mueller-Dombois & Ellenberg,
1974). Average height and average canopy cover were estimated for the woody and herbaceous layers in each
plot. Environmental data included soil colour, distance from the sea (salt spray & fog intensity), aspect, slope,

sand depth and disturbance (grazing & trampling).

The first classification of the vegetation, based on the total floristic data set, was obtained by the application of
the TWINSPAN classification algorithm (Hill, 1979a) in the TURBOVEG (Henneken, 1996a) computer program.
Further refinement of the classification was achieved by Braun-Blanguet (Zirich-Montpellier) procedures. The
final result of the classification procedure was a differential or phytosociological table. The DECORANA
ordination algorithm {Hill, 1979b) was applied to the floristic data to detect possible gradients in and between
plant communities and to detect possible habitat gradients associated with vegetation gradients (Bezuidenhout,
1995).

These methods are described in more detall in Chapter 3.

SPATIAL AND TEMPORAL VARIATION IN SEED BANK SIZE AND COMPOSITION

Ten soil sample locations were randomly selected within each of six vegetation units. At each of the 60
sampling locations, 15 soil samples were taken linearly over a tolal distance of 28 meters. Each sample
consisted of a soil core with a diameter of 65 mm taken to a depth of 100 mm, totalling a volume of
approximately 246 cm®. The germinable seed content was estimated by means of the seedling emergence
method, conducted at the University of Pretoria, some 1 200 km north-east of the study area. Sampling was

done four times a year (once every season) for a total period of two years.

For each of six sampling seasons and the 60 sampling localities, three subsamples of 100 cm® were stored
dry in paper bags under ambient conditions at the University of Pretoria. During the following autumn, the
germinable seed density and composition in each of the subsamples was determined in the same manner

as described above.
The Presence Coefficient of Sorensen and the Abundance Coefficient of Motyka ef al. (Mueller-Dombois &
Ellenberg, 1974) were used to determine the similarity in soil seed bank size and composition between

samples examined directly after sampling and those examined at the peak season for germination.

For detailed descriptions of these methods, the reader is referred to Chapters 4 and 5.
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CHAPTER 3

VEGETATION DIVERSITY OF THE BRAND-SE-BAAI
COASTAL DUNE AREA, WEST COAST, SOUTH AFRICA:
A PRE-MINING BENCHMARK SURVEY FOR REHABILITATION

Published as:
De Villiers, Ad., Van Rooyen, M\W., Theron, G.K. & Van Rooyen, N.
in:
Land Degradation & Development (1999}, 10: 207-224,

ABSTRACT

Prior to the mining of heavy minerals, the vegetation diversity of the Brand-se-Baal coastal area was investigated 1o serve as a benchmark
for the future rehabilitation of the area. The vegetation was surveyed using the Braun-Blanquet procedure to classify the different plant
communities. Six plant communities, some of which include several variants, were identified, described and mapped. A revegetation goal
of 30%, rather than 60%, of the number of plant species present prior 1o mining are recommended.

Key words: Braun-Blanguet, coastal dune, mining, phytosociclogy, plant communities, rehabilitation, revegetation, vegetation

classification.

INTRODUCTION

Along the West Coast of South Africa, the sandy soils are rich in heavy minerals such as ilmenite, rutile and
zircon, which are sssential in the paint, ceramic and steel industries (Environmental Evaluation Unit, 1980).

Mining activities in the area and the eventual use of sea-water in the exiraction process will destroy the
topography, vegetation, animal life and chemical and physical characteristics of the soil. Mining companies are,
however, compelled by law (Mining Rights Act No. 20 of 1967, Hoogervorst, 1990} to rehabllitate mined areas.

The aim of the rehabilitation programme along the west coast of South Africa (Environmental Evaluation Unit,
1980) is to restore the mined area as close as possible to its pre-mining natural condition. The requirement that
has to be met is the revegetation of the area with no less than 60% of the original indigenous plant species as
soon as possible after mining has been completed (Environmental Evaluation Unit, 1890). A pre-mining
vegetation survey is a prerequisite to compile a databank on the floristic and plant community diversity of the

area. These data can also be used for selecting suitable species {or the revegetation process.

Apart from Boucher & Le Roux's (1981) classification of South African west coast strand vegetation, Acocks’
(1988) description of the veld types of South Africa and Low & Rebelo's (1996) description of the South African
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status than that supporting the other vegetation types in the area. Sand Plain Fynbos is sensitive to overgrazing

which enhances wind erosion.

1.3. Peniaschistis patula - Chenopodium opulifolium Variant

This variant is found in disturbed areas of the Ruschia tumidula - Tetragonia virgala Tall Shrub Strandveld.
Hermannia cuneifolia (S) and the annual Chenopodium opulifolium are the only diagnostic species for this
variant (Species Group D, Table 3.1). Conspicuous shrubs include Ruschia tumidula (8), Galenia africana
(S){(Species Group A), Conicosia pugioniformis (DS)(Species Group J) and Eriocephalus africanus (S)(Species
Group R). Oncosiphon suffruticosum (E)}(Species Group A) and Pentaschistis patula (Gr){Species Group H)
are abundant within the herbaceous stratum of this variant. Chenopodium opulifolium mainly occurs in areas
disturbed by man, while Oncosiphon suffruticosum (Species Group A) is known to occur in areas where heavy

grazing has resulted in a lower vegetation cover (Boucher & Le Roux, 1990).

1.4. Eriocephalus africanus - Ferraria densepunctulata Variant

Diagnostic species for this variant, constituting the largest portion of Community 2 (Figure 3.4), are Ferraria
densepunctulata (G) and Crassula dichotoma (E){Species Group E, Table 3.1). The shrub stratum has an
average canopy cover of 30.8% (Table 3.2), which is the highest value for all the communities and variants.
Conspicuous species include Pharnaceum lanatum (DS)(Species Group A), Felicia merxmuelleri (E){Species
Group G), Salvia africana-iutea (S), Asparagus asethiopicus (S), Amelius fenuifolius (S), Manulea altissima
(E){(Species Group J), Eriocephalus africanus (S) and Hermannia amoena (DS)(Species Group R). Small

patches of Lowland Succulent Karoo vegetation occur within this variant (Boucher & Le Roux, 1990).

2. Eriocephalus africanus - Asparagus fasciculatus Tall Shrub Strandveld

Found on small dune systems, this community seems to represent a transition between communities 1 and 3
(Figure 3.4, Table 3.1). Both fog and salt spray intensity are less than that of the communities closer to the
coast. Only a small part of this community, found on yellowish sandy soll, is included in the area to be mined.
This community is differentiated by the diagnostic species of Species Group F (Table 3.1). Conspicuous shrubs
within this community include Asparagus aethiopicus (S)(Species Group J), Nestlera biennis (DS)(Species
Group O), Eriocephalus africanus (S)(Species Group R), Asparagus capensis (S) and Pharnaceum aurantium
(DS)(Species Group V). Abundant species included in the herbaceous stratum are Manulea altissima

(E}(Species Group J) and Oxalis spp. (G{(Species Group R).

2.1. Othonna floribunda - Lebeckia lotonoides Variant

This variant is situated in the dune valleys and the species dominating are of a smaller stature than those on the
dunes. Although there are no diagnostic species for this variant, the presence of species from Species Groups
F and G are characteristic (Table 3.1). Conspicuous species include Euphorbia caput-medusae (DS),
Pelargonium senecioides (EXSpecies Group L), Nestlera biennis {DS), Cotula thunbergii (E)(Species Group O),

Eriocephalus africanus (S), Oxalis spp. (G){(Species Group R), Ruschia bolusiae (S) and Pharnaceum aurantium
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soil seed bank plays a crucial role (Harper, 1977), and for the rational management of diversity and
abundance, knowledge of the seed bank is literally vital (Berge & Hestmark, 1997).

The mining of heavy minerals along the arid West Coast of South Africa will destroy all the standing
vegetation in the mined areas. The aim of the rehabilitation program (Environmental Evaluation Unit, 1990} is
to obtain a state as close as possible o the state in which the area was before mining activity started, as
soon as possible after the mining of an area has been completed. Topsoil replacement as well as seeding
and/or transplanting of selected species are considered as viable means for the revegetation of the area
(Environmental Evaluation Unit, 1980). Because of the high percentage of heavy minerals in the upper soil
layers, seeding rather than topsoil replacement is favoured by the mining company. Prior knowledge about
the size and composition of the soill seed bank, as well as its distribution in space and time, will therefore be
essential in determining appropriate revegetation strategies. |

This paper is the first of fwo concerning the consequences of spatial and temporal patterns in the soil seed
bank of the Strandveld Succulent Karoo on revegetation sirategies, and deals mainly with the size of the
germinable soil seed bank. The second paper deals with seed bank composition (Chapter 5).

MATERIAL AND METHODS

The study area covers approximately 9 400 ha and is situated in the vicinity of Brand-se-Baal (31°18'S, 17°54'E)
on the Cape West Coast, South Africa, some 350 km north of Cape Town and about 80 km northwest of the
nearest major town, Vredendal (Figure 4.1).

The climate of the study area is summarised in the climate diagram (Figure 4.2}, which is based on data from the
Council for Scientific and Industrial Research (1997). The West Coast has a mediterranean-type climate with
hot dry summers (November - January) and rain during the winter months (April - July). Rainfall increases from
north to south with an average of 160 mm per annum (measured over a period of four years) at the study area.
Fog is a characteristic feature of the Namagualand coastal climate, occurring throughout the year. This
advective sea fog (c. 100 days per annum at the study area) and the heavy dew-falls supplement the low rainfall
significantly. The average annual precipitation (rainfall + fog) at the study area is 282 mm (Figure 4.2).

The average annual temperature is 15.8°C (Figure 4.2) with a relatively small annual fluctuation due to the
marine influence. The maximum average monthly temperature is 24.1°C in January (summer) and the minimum
average monthly temperature is 7.5°C in July (winter). Frequent easterly berg winds, which blow from the

interior, bring hot, dry conditions to the coast.

According to Low & Rebelo (1998), the vegetation of the study area consists mainly of Strandveld Succulent
Karoo, which is classified under the Succulent Karoo Biome. The Strandveld Succulent Karoo vegetation,
containing many drought deciduous and succulent species, is associated with areas of calcareous sand.
Boucher & Le Roux (1993} identified the littoral vegetation of the study area as Southern Namagqualand Strand

Communities, which are sensitive to disturbance because they are subjected to heavy winds, salt spray and drift
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sands. ltis therefore a naturally fragile ecosystem with a low resilience, which is easily disturbed or destroyed.
The vegetation varies in height according to the depth of the sand - the shortest vegetation growing on exposed
calcrete and coastal rocks and the tallest being found in areas with deep calcareous sand {Boucher & Le Roux,
1990).

A vegetation survey of the study area (De Villiers ef al., 1989) revealed six plant communities for the area to
be mined at Brand-se-Baai. These six main communities have been classified as follows (Figure
4 3){Vegetation units sampled for seed bank estimates are indicated in brackets):

1. Ruschia tumidula - Tetragonia virgata Tall Shrub Strandveld
1.1 Stipagrostis zeyheri - Lapeirousia spp. Variant
1.2 Scirpoides dicecus - Stoebe neyvigera Variant
1.3 Pentaschistis patula - Chenopodium opulifolium Variant
1.4 Eriocephalus africanus - Ferraria densepunctulata Variant
2, Eriocephalus africanus - Asparagus fasciculatus Tall Shrub Strandveld (Unit 6)
2.1 Othenna floribunda - Lebeckia lotonoides Variant
2.2 Zygophyllum morgsana - Coelanthum semiquinquefidum Variant
Salvia africana-lutea - Ballota africana Tall Shrub Strandveld {Unit 8§}
Ruschia versicolor - Odyssea paucinervis Dwarf Shrub Strandveld
4.1 Ruschia carofi - Aspalathus divaricata Variant {Unit 3)
42 Tripteris opposilifolia - Cissampelos capensis Variant (Unit 4)
43 Ehrharta calycina - Crassula expansa Variant (Unit 2}
5. Cephalophylium spongiosum - QOdyssea paucinervis Coastal Strandveld {Unit 1)
Cladoraphis cyperoides - Lebeckia muitifliora Coastal Strandveld (Unit 1)

Ten soil sample locations were randomly selected within each of five of these plant communities
{Communities 2 - 6), situated in the western mining area, which is being mined first.  Community 1 almost
solely constitutes the eastern mining area, and was not sampled. The two variants of Community 2 were not
sampled individually, while the three variants of community 4 were sampled individually. Since the coastal
Communities 5 and 6 are not included in the area to be mined, these communities were sampled as a single
vegetation unit.

At each of the 80 sampling locations, 15 soll samples were taken linearly at 2 m intervals. Each sample
consisted of a soil core with a diameter of 85 mm taken to a depth of 100 mm, totaling a volume of
approximately 246 cm?®.  The soil samples were stored dry in cloth soil sampling bags at ambient
temperatures for approximately one week, before the germinable seed content was estimated. Starting in
June 1993 {winter), sampling was done four times a year, i.e. once every season over a period of two years
{until March 1895, autumn).

From each of the 900 samples per season, a subsample of 100 cm® was spread evenly on top of sterile sand
in a 1 dm® pot and placed under ambient conditions at the University of Pretoria, some 1 200 km north-east

of the study area. Samples were watered daily and emerged seedlings were marked with wooden
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toothpicks. Half strength Arnon and Hoagland’'s complete nutrient solution (Hewitt, 1952) was applied
fortnightly. Examination of the samples continued for a pericd of six months, as recommended by Thompson
(1993), whereafter the number of emerged seedlings (toothpicks) were counted.: Identified seedlings were

categorized as either perennial or annual species.

For each of six sampling seasons (with exception of the first and last sampling season) and the 60 sampling
localities, three subsamples of 100 cm® were stored dry in paper bags under ambient conditions at the
University of Pretoria. During the following autumn, which is considered as the peak season for the
germination of most Strandveld Succulent Karoo plant species in the field (Chapter 8), the germinable seed

density in each of the 1 080 subsamples was determined in the same manner as described above.

The Abundance Coefficient of Motyka et al. (ISy0) (Mueller-Dombois & Ellenberg, 1974) was used to
determine the similarity in soil seed bank size between samples examined directly after sampling and those
examined at the peak season for germination:

IS =M 100
MA

+ MB

where Mw refers to the sum of the smaller quantitative values of the species common to two plots, 34 is the
sum of the quantitative values of all species in one of the two plots, and MB is the sum of the quantitative

values of all species in the other plot.

Results were analyzed using the least significant difference (LSD) one-way and multi-factor analysis of
variance (ANOVA) and LSD multiple range test of the Statgraphics 5.0 computer program (1989, STSC, Inc.,
U.8.A)), to test for significant differences at P < 0.05.

RESULTS AND DISCUSSION

The soil seed bank of the Strandveld Succulent Karoo yielded a mean of 2 725 emerged seedlings m? for
samples collected in six vegetation units and in eight sampling seasons (Table 4.1a). This value is
comparable with seed bank densities reported for the northwestern Northern Cape Province, South Africa,
i.e. 100 — 4 000 seeds m™ (Dean et al., 1991), but is somewhat lower than the soil seed densities reported
for the annual-rich Upland Succulent Karoo in Namaqualand, which ranged from 5 000 to 41 000 seeds m™
(Van Rooyen & Grobbelaar, 1982). The seed bank estimates in this study were considerably higher than
that reported for the southern Succulent Karoo (17 — 426 seeds m’z) {Esler et al., 1992). Reichman (1984)
reported seed densities ranging from 4 000 to 15 000 seeds m? in the Sonoran desert. The size of the seed
bank of the Strandveld Succulent Karoo compares well with seed bank densities in shrub steppe desert
communities of the North American Great Basin which ranged from 45 to 3 940 seeds m™, depending on the
micro-habitat (Parmenter & MacMahon, 1983). Seed densities in desert soils have previously been shown
to be highly variable in time as well as space (Van Rooyen & Grobbelaar, 1982; Reichman, 1984, Esler et
al., 1992; Esler, 1993).
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Table 4.1a. Mean number of emerged seedlings m”? of different plant types, for samples taken in six vegetation

units. Between vegetation units, the mean for 1 200 samples were calculated (seasonal data were lumped).
Within a plant type, values followed by the same ietter are not significantly different at P < 0.05. Within the

mean for the study area, values followed by the same letter are not significantly different at P < 0.05

VEGETATION UNIT Significance Mean
Plant type level for
T 2 3 4 5 3 (P <0.05) | study area
Perennials 225.0 253.8 170.0 221.6 187.8 115.9 0.0888 185.7 x
Annuals 742.6 1767.8 1870.2 1717.1 1826.2 1056.5 0.0545 . 1498.7 =
Unidentified 644.5 a 842.5 ab 1060.7 be 1155.4 be 1262.0 ¢ 12324 ¢ | 0.0015 10328y
All species 16812.1 a 2864.0 b 31009 v 3094.1 b 3276.0 b 2404.8 ap | 0.0464 2725.3

Table 4.1b. Mean number of emerged seedlings m™ of different plant types, for samples taken in different seasons.
Between seasons, the mean for 900 samples were calculated (vegetation unit data were lumped). Within a plant type,
values followed by the same letter are not significantly different at P < 0.05

Significance
Plant type SEASON level
Wintera3 Spring'93 | Summerg3 | Autumn'94 Winter'o4 Spring'94 | Summer's4 Autumnds | (P <0.05)
Perennials 23.7 a 42.9 a 146.6 a 562.8 ¢ 146.6 b 50.8 a 47.4 & 544.7 ¢ 0.0000
Annuals 216.5 a 500.8 ab 1072.6 ab 4933.0 d 1283.4 b 304.7 a 306.8 a 3266.1 ¢ 0.0000
Unidentified 730.8 be 335.0 a - 8526 ¢ 2275.9 1 1389.5 ¢ 421.8 ab 483.8 ab 17740 e 0.0000
All species 971.0 a 878.6 a 20718 0b 77717 d 2819.5 b 867.3 a 838.0 a 5584.9 ¢ 0.0000




Seedlings of annual species (1 497 seedlings m?) were significantly more abundant than perennial (196
seedlings m?) and unidentified (1 033 seedlings m™?) species (Table 4.1a). Various authors have reported
on the dominance of annual species in seed banks (Coffin & Lauenroth, 1989; Bertiller, 1998). In the Karoo,
South Africa, soil seed densities of annual species were also found to be significantly higher than that of
perennial species (Van Rooyen & Grobbelaar, 1982; Dean et al.,, 1991).

Spatial distribution

Expression of spatial and temporal distribution depends on the scale of sampling. In this study, spatial
distribution was expressed on a vegetation unit scale, and temporal distribution on a seasonal scale.

A 2-fold variation in spatial distribution between vegetation units was observed (Table 4.1a). The maximum
mean number of emerged seediings were recorded in vegetation unit 5, for samples collected and examined
in autumn 1994 (9 575 m?) (Figure 4.4). The minimum mean number of emerged seedlings were recorded
in vegetation unit 3, for samples collected and examined in spring 1994 (596 m?) (Figure 4.4).

Vegetation unit 1 yielded the lowest mean number of emerged seedlings (1 612 m?) irrespective of sampling
season, which was mainly due to low densities of annual and unidentified species, compared to the other
vegetation units {Table 4.1a). The vegetation of this unit is located nearest to the ocean (Figure 4.3) and
occurs mainly on sand dunes exposed to salt spray, fog and prevailing winds.

The Ericcephalus africanus - Asparagus fasciculatus Tall Shrub Strandveld (Vegetation unit 6) vielded
relatively low mean numbers of emerged seedlings during autumn (Figure 4.4). This unit is located furthest
away from the ocean (Figure 4.3) and generally receives less fog that contributes 1o the annual precipitation
{De Villiers et al., 1999), than the other vegetation units at the study site.

In general, the mean number of emerged seedlings did not differ significantly between vegetation units 2, 3,
4 and 5 within a single sampling season (Figure 4.4) or when sampling season data were lumped (Table
4.1a). Emerged seedling densities of perennial and annual species did not differ significantly between
vegetation units {Table 4.1a).

According to the multi-factor analysis of variance (Table 4.2), mean emerged seedling densities, for all plant
types, did not differ significantly between vegetation units. The multi-factor ANOVA confirmed low spatial
variation in soil seed bank size of the Strandveld Succulent Karoo on vegetation unit level. Under
homogeneous soil and management conditions, the soil seed content has been reported to vary spatially to
a factor of ten and more (Albrecht & Forster, 1996). Differences in seed bank spatial variability between this
study and that reported in several other seed bank studies, may also be due to the scale of sampling
{Manchester & Sparks, 1998). Low spatial variability in the size of the seed bank has been reported for other
vegetation types (Coffin & Lauenroth, 1989).

59









On a microtopographical scale, a 98-fold variation in seedling density was estimated for a single location in
the Strandveld Succulent Karoo, compared to a 197-fold variation reported for the Upland Succulent Karoo
{(Van Rooyen, 1899). it appears that the seeds are very patchily distributed in the soil of the Succulent Karoo
(Chapter 5; Esler, 1993; Van Rooyen, 1999).

Temporal distribution

The mean number of seedlings emerging from soil collected and examined in different seasons varied up fo
9-fold (Table 4.1b), with the majority of seedlings being recorded in autumn (2 761 — 8 575 m™) (Figure 4.4).

A 24-fold, 23-fold and 7-fold variation in seedling density between seasons were observed for perennial,
annual and unidentified species respectively. All plant types vielded significantly higher numbers of emerged
seedlings during autumn than during other sampling seasons, irrespective of vegetation unit (Table 4.1b).
Sampling during autumn occurred before the onset of the rainfall season. By this time, seeds of many
species should have completed their period of after-ripening (Chapter 8) and be in a state of conditional or
non-dormancy (Baskin & Baskin, 1998). Anocther factor contributing to the high number of emerged
seedlings recorded during autumn was the favourable environmental conditions for germination (Chapter 8).

Most local species germinate naturally at this time of the year, providing sufficient rainfall.

In general, winter sampling yielded significantly less emerged seedlings {616 — 4 162 m™®) than autumn
sampling in all vegetation units and years (Figure 4.4, Table 4.1b). Viable seeds that did not germinate
under favourable environmental conditions in the field during autumn, either had not after-ripened vet, or had
entered secondary dormancy (Baskin & Baskin, 1998). In winter rainfall areas, sampling of the soil seed
bank during winter (after the peak time for germination in autumn and before seed dispersal in spring)
usually gives a good estimate of the size and composition of the persistent seed bank. This is, provided that
estimation by means of the emergence method incorporates conditions favourable for the germination of as
many species as possible and estimation continues for as long as possible {Simpson et al., 1988). A long-
term persistent seed bank is the only seed bank type likely to contribute to the regeneration of destroyed or
degraded vegetation units {Thompson, 1893).

As in the case of winter sampling, the mean number of emerged seedlings from samples collected in spring
(596 — 1 150 m™®), were significantly lower than that of sampling during autumn (Figure 4.4; Table 4.1b).
During spring sampling, many species have not completed production and dispersal of seeds. This, as well
as seed dormancy and unfavourable environmental conditions for germination were probably responsible for

the low numbers of emerged seedlings recorded during spring sampling and examination.

The mean number of emerged seedlings recorded from samples collected in summer (609 — 2 93 m™) was
also significantly less than that recorded during autumn (Figure 4.4; Table 4.1b).  During summer, most
plants have completed production and release of seeds, and a large seed bank would have been expected.
The low numbers of emerged seedlings recorded during summer were probably due to seed dormancy and
unfavourable conditions for germination, e.g. high temperature.
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When samples were stored and examined during the following autumn (Figures 4.5a & 4.5b), the size of the
soil seed bank of summer and winter collected samples was not significantly different from that collected
during autumn. These high seed densities recorded in the seed bank during winter sampling indicate the

predominance of species with persistent seed bank strategies.

According to the multi-factor ANOVA {Table 4.2), mean emerged seedling densities, for all plant types,
differed significantly between seasons. The soil seed bank of the Strandveld Succulent Karco therefore
showed high temporal variation on seasonal level. Such seasonal variation in soil seed bank densities has
been reported elsewhere (Chippendale & Milton, 1934; Reichman, 1984; Coffin & Lauenroth, 1989; Esler,
1993; Malo ef al., 1885; Milberg & Andersson, 1998, Waick ef al., 1998) and may be the result of seasonal
inputs of seeds (Graham & Hutchings, 1988). As noted in this study, the spatial pattern of soil seed density
is often not as pronounced as that of the temporal pattern (Coffin & Lauenroth, 1989). Populations that
experience more temporal variation in the soil seed bank are predicted to have lower germination fractions
and a higher fraction of their seeds in between-year seed banks than populations that experience less
temporal variation (Pake & Venable, 1898).

Examination time

The abundance coefficient of similarity (Motyka ef al. in Mueller-Dombois & Ellenberg, 1874) between seed
bank samples examined directly after sampling and at the peak time for germination, are presented in Table
4.3, Vegetation unit b yielded the lowest similarity in species abundance, for all species (48.8%) as well as
for annual species (52.3%), between examination times. For perennial species, vegetation unit 4 yielded
the lowest (13.2%) and vegetation unit 1 the highest (48.7%) similarity between examination times.
Vegetation unit 3 yielded the highest similarity, for all species (63.9%) as well as for annual species (68.7%),
between examination times.

When examination of samples commenced in the same season as sample collection, the highest degree of
spatial variation in seed bank size between vegetation units occurred during the autumn sampling season
{(Figure 4.5a). Variation in seed bank size between vegetation unit 1 and vegetation units 2, 3, 4, 5 and 6
increased when samples collected during summer 1994 were examined during the following autumn (Figures
45a & 4.5b). This may be due 1o increases in emerged seedling numbers as a result of favourable

conditions for germination during autumn examination.

With the exception of vegelation unit 1, the mean number of emerged seedlings from samples collected
during summer 1994 increased significantly when samples were stored and examined during the following
autumn (Figures 4.5a & 4.5b). This was the only season when examination time significantly influenced
emerged seedling density. Unfortunately, the summer 1983 sampling period did not yield similar results.
Various reasons for this difference in seed numbers between similar seasons may be evident, e.g. low seed
production, clustered seed bank distribution, sampling method and seed characteristics such as dormancy,
germination requirements and fractional germination. For annual plants, fractional germination (j.e. between-
year seed banks) provides a variance reducing mechanism (Pake & Venable, 1896). Delayed germination of
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a fraction of a plant’s progeny buffers it from the consequences of near or complete reproductive failure in
unfavourable years. It also reduces variance by lowering success in favourable years, when greater fitness

would have resulted from germination,

For all plant types, autumn 1984 sampling yielded the highest similarity in species abundance, between seed
bank samples examined directly after sampling and at the peak time for germination (Table 4.3). Summer
1994 sampling yielded lowest similarity between examination times, which stresses the significant increase
in mean number of emerged seedling when samples were examined during autumn (Figures 4.5a & 4.5b).

Revegetation

Because annual species dominated the soil seed bank of the Strandveld Succulent Karoo in terms of
numbers of individuals, topsoil replacement as a means of revegetation will yield mainly annuals. Although
annuals will contribute to post-mining vegetation efforts, and are essential in the initial sand stabilizing phase
of rehabilitation, these species are of less importance to long-term revegetation goals than perennial species.
The latter species dominate the pre-mining standing vegetation in terms of abundance and species richness
(Chapters 3, 6 & 7). Sowing and transplanting of selected perennial species should therefore be considered
for achieving long-term revegetation goals.

During topsoil replacement at the study site, the low spatial variation between vegetation units wili not affect
the density of the resulting vegetation. High spatial variation expected on a microtopographical scale will not
affect post-mining vegetation density due to the lumping of topsoil during the mining process. Possible
differences in seed bank species richness and composition between vegetation units will be important in
achieving proposed revegetation goals (Chapter 5).

Topsoil collection and replacement during the period of highest soil seed density, i.e. summer and autumn,
will ensure the largest possible reserve of genetic diversity (Baskin & Baskin, 1978, Vavrek ef al., 1991} in
post-mining restored areas. During summer and autumn, the soll seed bank will contain species with
transient seed banks and those that accumulate persistent seed banks. The presence of a large persistent
seed bank {¢. 1 894 seeds m™ recorded during two winter seasons; Table 4.1b} ensures the continuation of
the population at a given site, even if seeds are not produced every year, and it increases the size, and thus
the genetic diversity and stability, of the effective breeding population (Silvertown & Lovett-Doust, 1995).
Utilization of the persistent seed bank by means of topsoll replacement will therefore be essential for
successful revegetation of the study area.

The period between collection and replacement of topsoil should also be as short as possible, because the
stockpiling of soils before they are used in restoration can negatively influence recruitment in at least two
ways. Short-lived viable seeds may be lost if the sail is held too long, and environmental conditions,
particularly temperatures, in the stockpiled soil may be so unfavourable that seeds are killed (Van der Valk et
al., 1992). Several reports on stockpiled topsoil have referred to the low organic matter content of such soils
as a result of high rates of mineralization (Williamson & Johnson, A‘1990).
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During autumn, the size of the germinable soil seed bank should be largest and chances for seedling survival
greatest. This is also the period when environmental conditions are favourable for the germination of most
species at the study site (Chapter 8). Irrigation of areas where topsoil replacement and sowing have been
completed should only commence in autumn. Mechanisms to preserve replaced topsoll and/or sown seeds,
such as hydromuich or sand-binding techniques, should be applied during the period prior to irrigation.
Transplanting of selected species should take place during winter and be completed at the end of the rainy
season. lrrigation during the following dry seasons will benefit the survival of perennial plants. Environmental
conditions (soil moisture and temperature} can greatly influence recruitment from the seed bank, and the
success or failure of a project can depend as much on environmental conditions as on the size and
composition of the seed bank.

CONCLUSIONS

The soil seed bank of the Strandveld Succulent Karoo yielded a mean of 2 725 emerged seedlings m™, and
was dominated in terms of numbers by annual species. Topsoil replacement in post-mining areas of the
Strandveld Succulent Karoo will yield mainly annual species, while selected perennial species will have to be
sown or fransplanted during revegetation efforts.

Al the scales used, the spatial pattern of soil seed density was not as pronounced as that of the temporal
pattern. At vegetation unit level, spatial variation in soil seed density was low. Spatial variation in the soll

seed bank will not affect the density of vegetation resulting from topsoll replacement.

Seasonal variation in seed bank size was high at the study site. Samples collected during autumn and
summer did not differ significantly from each other in size, and include both the transient and persistent
fractions of the soll seed bank. However, when these samples were examined directly after sampling, there
was a significant difference in seed bank size, which was probably due o unfavourable environmental
conditions for germination during summer. When samples were examined directly after sampling, the
highest mean number of emerged seedlings occurred in samples collected during autumn. Winter sampling
indicated the presence of a large persistent seed bank at the study site.

The relatively large size of the soil seed bank in the Strandveld Succulent Karoo indicates that topsoil
replacement can meaningfully contribute to the revegetation of mined areas. Although annual species
dominate the seed bank, the potential contribution of perennial seed bank species should not be

underestimated in revegetation efforts and will be addressed in Chapter 5.

The ultimate goal that was stipulated in the original revegetation plan was fo revegetate the area with
indigenous plant species in an attempt to return the area to a state as close as possible to its original state
{Grindley & Barbour, 1990}). More specifically, revegetation should aim to leave the area with sufficient
indigenous species to prevent erosion, to be able to sustain itself and to hasten the return to a comp!eté

natural cover with as great a specles diversity as possible. To evaluate the success with which topsoil
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replacement will aid in achieving these goals, a comparison between the seed bank and standing vegetation

will also be essential.
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MATERIAL AND METHODS

The study area is situated in the vicinity of Brand-se-Baai (31°18'S, 17°54'F) on the Cape West Coast, South
Africa, and covers approximately 9 400 ha (De Villiers ef al, 1899). Rainfall occurs mainly during the winter
months with an average of 160 mm. The average annual temperature measured at the study site is 15.8°C
(Chapter 4). The vegetation at Brand-se-Baai consists mainly of Strandveld Succulent Karco (Low & Rebelo,
1998}, which contain many drought deciducus and succulent species. This vegetation type contain plant
species which are sensitive to disturbance because they are subjected o heavy winds, salt spray and drift sands
Boucher & Le Roux, 1993). ltis therefore a naturally fragile ecosystemn with a low resilience, which is easily
disturbed or destroyed.

Collection, treatment and examination {emergence method) of seed bank soil samples, as well as statistical
treatment of data, were identical to that described in the paper dealing with seed bank size (Chapter 4}.

The presence coefficient of Scrensen (IS;,) (Mueller-Dombois & Ellenberg, 1874) were used to determine the
similarity in soil seed bank composition of samples examined directly after sampling and those examined at
the peak season for germination:

2¢
A+ B

ISs = %100

where, in this study, ¢ is the number of species common {o two examination fimes, 4 is the total number of
species recorded directly after sampling, and B is the total number of species recorded at the peak time for

germination.

RESULTS AND DISCUSSION

The perennial and annual species, which emerged from samples collected in different vegetation units and
seasons in the Strandveld Succulent Karco, and their abundance’s are presented in Tables 5.1a and 5.1b
respectively. Abundance’s of unidentified species are also presented in Table 5.1b. The grass Ehrharta
calycing was the perennial with the highest overall density (Table 5.1a), while the grass Karroochloa

schismoides was the annual that yielded the highest overall number of emerged seedlings (Table 5.1b).

A total of 109 species were recorded in the soil seed bank of the study site (Tables 5.1a2 & 5.1b; Table 5.2).
This value is markedly lower than the 230 species recorded in the standing vegetation at the study site (De
Villiers et al., 1999). Low correspondence between standing vegetation and soil seed banks has been
reported by numercus authors (Roberts, 1981, Milberg & Persson, 1994; Berge & Hestmark, 1997; Breck &
Jenkins, 1997; Lunt, 1897).
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Table 5.2. Total number and frequencies (%) of species that emerged from sampies taken in different vegetation units and seasons

Season Total for all | Total for Frequency
Plant type | Vegetation unit] Winter'93 | Spring'93 | Summer'93| Autumn'94 | Winter94 | Spring'94 | Summer'94| Autumn'95 | seasons area (%)
V 1 5 9 13 19 9 5 2 10 33
2 1 3 7 10 10 5 1 13 24
Perennials 3 3 & 6 14 11 3 3 10 27
4 3 4 2 17 8 8 5 17 29 58 12.4
5 3 4 6 11 8 2 8 13 25
6 3 4 5 10 3 3 7 15 26
Total for all vegetation units 11 17 23 37 25 14 15 34
1 8 10 9 9 8 7 11 9 22
2 7 11 11 19 14 12 11 24 36
Annuals 3 9 11 9 17 9 12 10 20 32
4 8 12 11 17 15 15 18 26 36 o1 420
5 8 13 10 17 11 9 10 20 31
6 6 11 9 18 9 9 8 24 29
Total for all vegetation units 19 22 26 30 23 25 27 44
1 11 19 22 28 17 12 13 18 55
2 8 14 18 29 24 17 12 37 &0
All species 3 12 17 15 31 20 15 13 30 59 109 7.9
4 11 16 13 34 23 21 23 43 65
5 11 17 18 28 19 11 18 33 56
6 g 15 14 28 12 12 15 39 55
Total for all vegetation units 30 39 49 67 48 39 42 78









































































communities or characteristic of specific communities in the standing vegetation (De Villiers et al., 1999).
During revegetation efforts at the study site, topsoil replacement will be sufficient for the revegetation of
species of Species Group V (Table 6.1). The fact that many of these species were also abundant in the
standing vegetation, stresses the importance of the soil seed bank for revegetation efforts. Shrub species
that were abundant in almost all communities in the standing vegetation (De Villiers et a/., 1599), but which
were absent or less abundant in the soil seed bank, shouid probably be reinfroduced to mined areas by
means of transplanting and sowing, e.g. Lycium ferocissimum, Asparagus refrofractus, Rhus longispina,
Othonna floribunda and Lebeckia muitifiora. Annuais and perennial herb species falling in this category are
Limeum africanum, Lyperia tristis, Grielum grandiflorum, Microloma sagittatum, Hebenstretia dentata and
Heliophila coronopifolia.

While the communities recognized in the standing vegetation were grouped into two major units on account
of the presence or absence of the perennial creeping grass Odyssea paucinervis, this species was not as
abundant in the soil seed bank (Table 6.1), where this grouping (with exception of community/seed bank unit
6) was on account of species from Species Group J (Table 6.1). Although Odyssea paucinervis was not
recorded in the vegetation of Community 6 (De Villiers ef al., 1999), this species was diagnostic for seed
bank unit 8 {Species group A, Table 6.1). These results from the seed bank study indicate that plant
Community 6 (De Villiers ef al., 1999) should probably be grouped with Communities 4 and 5 on account of
the presence of Odyssea paucinervis, rather than with Communities 1, 2 and 3, where this species was
found to be absent, both in the standing vegetation and the seed bank.

Seed bank unit 2

Seed bank unit 2 corresponds to the Ericcephalus africanus - Asparagus fasciculatus Tall Shrub Strandveld
{(Community 2, De Villiers ef al., 1999), but no diagnostic species for this unit were recorded in the seed bank.
Conspicuous species for this unit included: Nestlera biennis {Species Group T), Adenogramma littoralis and
Felicia merxmuelleri (Species Group U). These species were also abundant in the standing vegetation of
Community 2. Two sub-units were recognized, which corresponds to variants 2.1 and 2.2 in the standing
vegetation. These variants will probably not be restored individually, as they represent dune valley and dune
crest vegetation of the same main community, respectively. Species richness for annual, perennial and the
total number of species was higher in the standing vegetation than in the seed bank (Figure 6.2). Similarity
in species composition between the standing vegetation and the seed bank was higher for annual species
than for perennial species, with a similarity of 46.1% for all species (Table 6.2). Considering the 60% goal of

revegetation, the topscil replaced seed bank alone will not be sufficient for the restoration of Community 2.

Seed bank unit 3

This unit corresponds to the Salvia africana-lutea - Ballota africana Tall Shrub Strandveld (Community 3, De
Villiers ef al,, 1999), and species of Species Group K was diagnostic for this seed bank unit {Table 6.1).

Species abundant in the seed bank of this unit were Amellus microglossus {(Species Group M), Bromus
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CHAPTER 7

SIMILARITY BETWEEN THE SOIL SEED BANK AND THE STANDING
VEGETATION IN THE STRANDVELD SUCCULENT KAROO,
SOUTH AFRICA

Submitted for publication as:
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in:
Plant Ecology

ABSTRACT

The similarity in species composition and abundance between the soil seed bank and its associated vegetation was studied in six
vegetation units of the Strandveld Succulent Karco, South Africa. A total of 103 taxa were recorded in the vegetation, of which 34 taxa
were also present in the seed bank. Five taxa were unique to the soil seed bank. In general, the taxa most abundant in the vegetation
were also recorded in the seed bank and vice versa. Mean seed bank density varied between different plant types. Perennial taxa
were most abundant in the vegetation, while annual taxa were most abundant in the seed bank. Annual taxa {excluding grasses)
yielded the highest similarity between vegetation and seed bank (67.9%), while that of perennial {excluding grasses) and grass taxa
were 34.2% and 40.0% respectively. An overall similarity of 47.0% between the seed bank and its associated vegetation was obtained
for this part of the Strandveld Succulent Karoo. The seed bank of the study site will be a good source of future annual vegetation, but
not of perennial vegetation. Topsoil replacement, sowing and transplanting of selected species will be essential for the success of post-
mining revegetation efforis following complete destruction of the existing vegetation. Annual species may be recruited from the soil
stored seed bank, while many perennial species will have to be reintroduced by means of sowing and/or transplanting.

Key words: Mining; Namagualand; revegetation; seed bank density, species composition; vegetation density

INTRODUCTION

A soil seed bank is defined as the number, store, or density of viable seeds in the soll at a given time,
representing a living record of the recent vegetation of an area. Not all species growing at a site are
represented in ifs seed bank, but seeds of species not currently growing at the site may be present (Leck et
al., 1989; Van der Valk et al,, 1992; Warr et al, 1993). Spatial patterns of vegetation and seed banks may
have a direct effect on the dynamics, conservation and sustainable management of arid ecosystems
{Bertiller, 1998).

The majority of seed bank studies have been carried out in grasslands and arable fields. There are less data
available from woodlands, heathlands, dunes, deserts, marshes, arctic/alpine and aquatic communities
(Bakker ef al., 1996). Only a small number of studies have been conducted on the seed banks of the arid
areas of South Africa (Van Rooyen & Grobbelaar, 1982, Dean ef al., 1991; Esler et al., 1992; Esler, 1983; De
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A vegetation survey of the study area (De Villiers et al., 1989) revealed six plant communities included in the
area to be mined at Brand-se-Baal. These six plant communities have been classified as follows (Vegetation

units sampled for seed bank studies are indicated in brackets).

1, Ruschia tumidula - Tetragonia virgata Tall Shrub Strandveld
1.1 Stipagrostis zeyheri - Lapeirousia spp. Variant
1.2. Scirpoides dicecus - Stoebe nervigera Variant
1.3. Pentaschistis patula - Chenopodium opufifolium Variant
1.4, Eriocephalus africanus - Ferraria densepunctulata Variant

2. Eriocephalus africanus - Asparagus fascicufatus Tall Shrub Strandveld (Unit 6)
2.1 Othonna flonbunda - Lebeckia lotoncides Variant
2.2. Zygophyvilum morgsana - Coslanthum semiquinquefidum Variant

3. Salvia africana-lutea - Ballota africana Tall Shrub Strandveld {Unit 5)

4. Ruschia versicolor - Odyssea paucinervis Dwarf Shrub Strandveld

4.1.  Ruschia caroli - Aspalathus divaricata Variant {Unit 3)
4.2.  Tnpteris oppositifolia - Cissampelos capensis Variant {Unit 4)
4.3.  Ehrharta calycina - Crassula expansa Variant (Unit 2)
5. Cephalophyllum spongiosum - Odyssea paucinervis Coastal Strandveld {Unit 1)
Cladoraphis cyperoides - Lebeckia multiflora Coastal Strandveld (Unit 1)

Only the five communities situated in the vicinity of the western mining area (Communities 2 - 8), which is
being mined first, were investigated. Community 1 almost solely constitutes the eastern mining area, and was
not investigated. The three variants of Community 4 were investigated individually, while the two variants of
Community 2 were not. Since the coastal Communities § and € are not included in the area to be mined, these

communities have been investigated as a single vegetation unit.

Within each of these vegetation units, two sites were randomly selected using 1:50 000 aerial photographs.
At each site, both the density and species richness of the standing vegetation and the soil seed bank were
determined. During autumn 1995, 15 soil samples were collected linearly at intervals of two meters, at each
site. Each sample consisted of a soil core with a diameter of 65 mm taken to a depth of 100 mm, totaling a
volume of approximately 246 cm®.

From each of the 15 samples per site, a subsample of 100 cm® was spread evenly on top of sterile sand in a
1.5 dm?® pot and placed at ambient conditions at the University of Pretoria, some 1 200 km north-east of
Brand-se-Baai. The samples were watered daily and emerged seedlings were marked and counted. Half
strength Arnon and Hoagland's complete nutrient solution (Hewitt, 1952} was applied fortnightly. Emerged
seedlings were identified and removed. Treatment of the samples continued for a period of three months,
whereafier the top layer of soil in the pots was stirred. A second germination period lasted three months.
After a total germination period of six months, only the pots containing species not yet identified, were
retained.
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During early spring of 1985, an area of 10 m x 10 m at each site was divided into 100 quadrants measuring 1
m? each. Within each quadrant the number of all perennial and annual plant species (excluding grass
species) were recorded. For grass species (Poaceae), percentage cover was estimated in each quadrant.
In this paper, grass species are not included in the perennial and annual plant type categories, but are dealt
with as a separate category. Species names conform to those of Arnold & De Wet (1999).

To compare species composition and density in the vegetation with that in the seed bank, data were
ordinated by Principal Component Analysis (PCA) with the computer program CANOCO version 3.15 (Ter
Braak, 1997). Before the analysis, the standing vegetation density/cover values for each species (individuais
m™) from each plot were transformed to scores on a 1 — 9 abundance scale (Standing vegetation (excluding
grasses): 1=>0-0.05,2=>005-01,3=>01-054=>05-1,5=>1-2,6=>2-57=>5-10,8=
>10 — 20, 9 = >20) (Grasses: 1 =>0-0.052=>005~-01,3=>01-054=>05-1,5=>1-2,6=>2
3,7=>3-5 8=>5-10,9=>10). The seed bank data (emerged seedlings m™) were also transformed to
scores on a 1 — 8 abundance scale (Seed bank: 1 = >0 - 100, 2 = >100 - 200, 3 = >200 - 300, 4 = >300 -
500, 5 = >500 - 750, 6 = >750 — 1 000, 7 =>1 000 — 1 800, 8 = >1 500 — 2 000, 9 = >2 000). These limits
were chosen so that the density distribution of the nine classes would be similar for the vegetation and seed
bank data.

For vegetation and soil seed bank, the density of individual m™, frequency (%) as well as the mean number
of taxa per vegetation unit were calculated. Similarity in species composition between the standing
vegetation and the soil seed bank was determined by means of Sorensen’s index of similarity (ISs){(Mueller-
Dombois & Ellenberg, 1974):

2¢

ISs = = 100
A+ B

where in this case ¢ is the number of species common {o both vegetation and seed bank, 4 is the total
number of species recorded in the standing vegetation, and B is the total number of species recorded in the
soil seed bank.

Spatial distribution of the soll seed bank was determined by calculating the variance/mean ratio (Odum,
1971). If this ratio is found to be greater than 1, the distribution is clumped; if it is less than 1, distribution is
regular; if not different from 1, the distribution is random.

Results were analysed statistically using the least significant difference (LSD) one-way analysis of variance
(ANOVA), multi-factor ANOVA and multiple range test of the Statgraphics 5.0' computer program, to test for
significant differences at a 95% confidence level.

’ Statgraphics 5.0, 1989, STSC, Inc, USA.
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The large seeded perennials will probably not be recruited in sufficient numbers from the topsoil replaced
seed bank. However, the seeds of some of these species are wind dispersed and reintroduction of these
species 1o the post-mining area may occur naturally from surrounding vegetation. Artificially established
patches of perennial vegetation may also act as sources of seeds that may eventually reach other patches of
bare soil (Bouza & Del Valle, 1993, Bertiller, 1998). Many small seeded perennial species (mainly belonging
to the Mesembryanthemaceae) accumulale persistent aerial seed banks (Chapter 11), but their seeds are
not well adapted to long range dispersal. Because the standing vegetation, including aerial seed banks, will
be destroyed during the mining process, adult plants of these species should be transplanted con mined
areas during revegetation efforts. In some species, transplanting may also result in a beneficial shortening' of
the period between revegetation and seed production. Revegetation of mined areas at the study site with

perennials should therefore involve topsoil replacement, sowing and transplanting of selected species.

The topsoil stored seed bank will be a vital source of annual species recruitment. Seeds are the only
mechanism of reproduction in annuals, and many of these species accumulate large persistent seed banks
(Esler, 1999). The seeds present in the seed bank are potentially useful in restoration projects where
establishment of plant cover is desired, for example to reduce soil erosion {Skoglund, 1992).

Buried seeds can also have important implications for conservation management where preferred species
have been lost from the vegetation but survive in the seed bank. Species recorded only in the seed bank
were previously observed in neighbouring vegetation, but detailed seed bank studies in these areas will

determine the status of rare or endangered seed bank species.

Topsoil replacement, sowing and transplanting should all be considered for the revegetation of mined areas
in the Strandveld Succulent Karco. Annual species will be recruited from the topsoll stored seed bank.
However, all will depend on the period of stockpiling before being used in restoration, as this can negatively
‘influence recruitment (Van der Valk ef af., 1992). Short-lived viable seeds may be lost if the soil is held too
fong, and environmental conditions, particularly temperatures, in the stockpiled soil may be so unfavourable

that seeds are killed. Selected perennial species should be considered for transplanting and sowing.

Seed banks are important in revegetating lands that have been severely disturbed by mining activities
{Baskin & Baskin, 1998). The seed bank can be activated, but if the right conditions for establishment are
not fulfilied it may resuit in exhaustion of a long-term persistent seed bank. Environmental conditions (soil
moisture, temperature and salinity in particular) can greatly influence recruitment from the seed bank (Van
der Valk et al,, 1992), and the success or failure of a project can depend as much on environmental
conditions as on the composition of the seed bank.
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Table 10.3. Multi-factor ANOVA (P < 0.05) for seeds of four Strandveld Succulent Karoo plant species stored in the laboratory
or in the field for 27 months, at different relative humidities

Main effecls 2-Factor interaction
Storage location (LO) Relative humidity (RH) LOx RH
Parameter Species Significance Significance Significance
F-ratio level F-ratio level F-ratio level
Dimorphotheca pluvialis - disc (A) 31.671 0.0000 18.521 0.0005 43.836 0.0600
Mean Dimorphotheca pluvialis - ray (A) 2.067 0.1634 25.364 0.0000 4,486 0.0221
germination (Gazania leiopoda (P) 34.747 0.0000 19.529 0.0000 5.703 0.0094
percentage | Tripteris oppositifolia (P} 0.048 0.8303 1.756 0.2037 2.390 0.14186
Ursinia speciosa - white (A) 12.308 0.0018 10.715 0.0005 5.815 0.0082
Dimorphotheca pluvialis - disc (A) 4.854 0.0426 32.626 0.0000 12.311 0.0029
Mean Dimorphotheca pluvialis - ray (A) 0.206 0.6611 0.258 0.6234 1.496 0.2390
time to Gazania leiopoda (P) 77.338 0.0000 48.424 0.0000 2.729 0.1268
germination | Tripteris oppositifolia (F) 16.0186 0.0010 61.126 0.0000 43.593 0.0000
Ursinia speciosa - white (A) 0.449 0.5199 7.101 0.0068 0.916 0.3636
A - annual
P - perennial




3) loosely held water by very weak bonding and free water in the intercellular and intertissue spaces, easily

removed by drying, but if not eliminated, contributes to rapid seed deterioration.

Water classified as stage one must be retained by the seed for maintaining metabolic functions, in order to
prevent loss of viability due to low moisture content. Increases in relative humidity may also be important for
the longevity of seeds, as it enables damage that occurs during storage to be repaired {(Karssen ef al., 1989,
Gutterman, 1993).

With the exception of seeds stored at a relative humidity of 7%, the germination percentages were lower
when stored under field than under laboratory conditions (Table 10.1). Because the seeds were stored
under similar relative humidities and light conditions, one of the main factors responsible for the observed
differences in germination percentages may have been temperature. Seeds in the laboratory were stored at
a constant temperature of 20°C, while those in the field probably experienced high temperatures during
summer and low temperatures during the winter period (De Villiers et al., 1999). Temperature was found to
regulate the germination of seeds of winter annuals not only during germination, but also during the period of

storage prior to germination (Gutterman, 1986).

it has long been known that the major factors which influence the longevity of seeds in storage are
temperature, oxygen pressure and moisture content {(Roberts, 1972), of which the latter is considered to be
the most critical (Copeland & McDonald, 1995). Seed ageing is a function not only of time, but also of
temperature and moisture (Ellis & Roberts, 1981). The interdependence of temperature and relative
humidity and its subsequent influence on seed longevity have been the subject of numerous studies
{Roberts, 1972; Mayer & Poljakoff-Mayber, 1975; Bewley & Black, 1982; 1984; Murdoch & Eilis, 1992;
Copeland & McDonald, 1995). Generally, seed longevity increases with a decrease in temperature and
relative humidity (Roberts, 1972; Murdoch & Ellis, 1992; Copeland & McDonald, 1995}, and both influence
seed metfabolism. High relative humidities increase seed moisture content, which resulis in biochemical
events such as increased hydrolytic enzyme activity, enhanced respiration, and increases in free fatty acids.
High temperatures serve to enhance the rate at which many enzymatic and metabolic reactions occur,

causing a more rapid rate of detericration.

The majority of species conform to certain rules of thumb that predict the pattern of loss of viability in relation
to storage environment (Harrington, 1973):

For each 1% decrease in seed moisture content the storage life of the seed is doubled.

2. Foreach 5.6°C decrease in seed storage temperature the storage life of the seed is doubled.

3. The arithmetic sum of the storage temperature (in °F) and the per cent relative humidity should not
exceed 100, with no more than half the sum contributed by the temperature.

These rules of thumb reflect the interactions between seed moisture, storage temperature, and seed
longevity (Copeland & McDonald, 1995).
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CHAPTER 11

SEED BANK CLASSIFICATION OF THE STRANDVELD
SUCCULENT KAROO, SOUTH AFRICA

Submitted for publication as:
De Villiers, AJ., Van Rooyen, MW. & Theron, G.K.
in:

Ecological Monographs

ABSTRACT

The laboratory characteristics of seeds of 37 species (41 seed types) from the Strandveld Succulent Karoo were used to predict seed
bank types according to the modified key of Grime & Hillier (1981). Five seed bank strategies were recognised for this vegetation type,
i@ two with transient and three with persistent seed bank strategies. Of the 37 species investigated, 32% (all perennial species) had
transient seed bank strategies, while 68% had persistent seed bank sirategies. Seed dispersal mechanisms of these species were
mainly anemochorous and antitelechoric dispersal mechanisms such as myxospermy, hygrochasy, heterodiaspory and synaptospermy
occurred in these species. Topsoll stored seed banks will be used in post-mining revegetation efforts in the Strandveld Succulent
Karoo. The seed bank alone will not be sufficient for revegetation in this area, as many of the species dominant in the vegetation do not
produce a persistent seed bank. Many of these species may, however, be dispersed by wind info revegetation areas from surrounding
vegetation. Topsoil replacement, seeding and transplanting of selected species will be essential for the successful revegetation of
mined areas in this part of Namaqualand.

Key words: Mining; Namaqualand; persistent seed bank; revegetation; seed bank types; seed characteristics; seed dispersal; transient
seed bank

INTRODUCTION

The term “seed bank” is a short and convenient one which has been widely adopted to denote the reserves
of viable seeds present in the soil and on its surface (Roberts, 1981). The term “seed” is used in the broad
sense to describe both true seeds and fruits, but not spores or propagules, which are produced vegetatively.

The seed bank of a plant community represents the “memory” of previous conditions and it is an important
component of the potential of the community to respond to conditions in the present and future (Coffin &
Lauenroth, 1989). Ecologists and evolutionary biologists have become increasingly aware of the role that
seed banks can play in maintaining ecological (species) and genetic diversity in populations and
communities (Gross, 1890). For the applied biologist in particular, however, the aspect of greatest
significance is the role of the seed bank in determining the future vegetation, especially after natural or
deliberate perturbation (Roberts, 1981). The recovery of a plant community after disturbance is related to

the germination of seeds and establishment of seediings after emergence, although in some communities
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distinguishing between seed bank types 3a and 3b or 4, as none of the species in these categories reached
50% germination in this study (Figure 11.1; Table 11.1).

Type 3 seed bank strategy was subdivided into types 3a and 3b (Figure 11.1) according to the type lla and
b strategies described by Grime (1981). Type 3a was obtained similar to the original type Ilf {Grime &
Hillier, 1981), but type 3b was derived from seed bank type IV (Grime & Hillier, 1981) i.e. species requiring
light but not scarification for optimum germination.

Seed characteristics such as mass, size and shape may be linked to both seed longevity and dispersal
distance. Whether one considers species, genera or families, small, light, and round seeds, with smooth
coats, are more likely to build persistent seed banks than large, heavy, flatiened and/or elongated seeds,
that have hooks, awns, spines or other kinds of projections on the seed coat (Thompson ef al,, 1993, 1988;
Bakker et al., 1996; Baskin & Baskin, 1998). The underlying cause of this relationship is assumed {0 be
relative ease of burial. Large seeds do not readily become buried by rain, animals or gravity, and suffer high
levels of predalivn while on the soll surfase (Thompson et al, 1893).

The seed characteristics of 37 species (41 seed types) from the Strandveld Succulent Karoo, determined in
the laboratory, are shown in Tables 11.1 and 11.2. Species/seed types have been grouped according to the
five predicted seed bank types: 1, 2, 3a, 3b and 4 (Figure 11.1).

Seed bank type 1

Of the 37 species investigated, eight species exhibited the type 1 seed bank strategy {Table 11.1; Figure
11.2), all of which were perennial or geophyte spécies with wind dispersed seeds (Table 11.2). The plant
species of Namagualand were found to be predominantly anemochorous (66.3% of all species){Van Rooyen
et al, 1990). In contrast to the type | strategy of Grime and Hillier (1881} {annual and perennial grasses of
dry or disturbed habitats capable of immediate germination), this group (ype 1) can be described as
perennial herbs and shrubs capable of immediaie germination. This strategy includes both large and small
seeded species, while grass species did not fall in this category (Table 11.1).

The anemochorous seeds of six of the eight species with the type 1 seed bank strategy have wing-like
appendages (Table 11.2}, i.e. Albuca exuviata, Amellus tenuifolius, Chrysocoma longifolia, Dimorphotheca
tragus, Tripteris oppositifolia and Zygophyllum morgsana. The seeds of Pleronia divaricata have a pappus,
while the atelechoric seeds of Hypertelis salscloides are dispersed by anemoballistic mechanisms (Table
11.2). Although the diaspores of Zygophylium morgsana are wind dispersed, the true seeds are atelechoric.
In this seed bank category, antitelechoric mechanisms employed by Tripteris oppositifolia and Zygophylium
morgsana were myxospermy and synapiospermy respectively (Table 11.2).

Seed bank type 1 species can germinate over a wide range of temperatures and at different light conditions
(Chapter 8) and rainfall will play a crucial role in the timing of germination in these species for successful

seedling establishment and survival. Occasional out of season rainfall may result in the germination of
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Post-dispersal seed predation

During spring 1994, 1 dm® plastic containers were buried randomly within a 10 m x 10 m area, with the top
edges of the pots protruding & mm above soil level. Each container was refilled with scil from the specific
burial position, Seeds of the investigated species (Table 12.1), present in the soil, were removed prior to
replacement by means of a 1 mm mesh sieve. For each species, a total of 50 harvested intact seeds were
spread evenly on top of the replaced soil in each of the 10 replicates per treatment. A 5 mm layer of soil was
spread over the seeds to prevent secondary seed dispersal by wind. The soil level within each container
corresponded to the soil level adjacent to each buried container. To exciude predators, containers were
covered with fine mesh plastic ¢loth (1 mm). Draining holes at the bottom of the containers were not covered
to exclude soil fauna. After nine months of burial in the field (winter 1995), each of the containers was
retrieved and emerged seedlings of the sown species recorded and removed. Seeds still present in the soil
were removed by means of a 1 mm mesh sieve and considered apparently viable when an intact seed
resisted siight pressure applied by a set of forceps.

Seed-borne fungi

Seeds of the species examined (Table 12.1) were surface-disinfected by pre-treating for one minute in a 1%
available chlorine solution of sodium hypochlorite (NaOCH (Copeland & McDonald, 1995). The surface-
disinfected seeds were individually rinsed in distilled water and placed on sterile potato dexirose
supplemented agar in 80 mm Petri dishes {Copeland & McDonald, 1995; Maude, 1996). Twenty replicates
of 20 seeds each were plated.

After plating, batches of ten Petri dishes each were sealed in plastic bags to which approximately § ml of
distilled water was added. Petri dished were incubated in the dark, at a constant temperature of 25°C for two
weeks. At the end of the incubation period, Petri dishes possibly containing fungal colonies were placed
under near-ultraviolet light at 25°C to encourage the development of fruiting bodies (Limonard, 1968; Maude,
1986). After two weeks, the seed-borne fungi were identified under a light-microscope.

Seedling recruitment and plant survival

Prior to the start of the rainy season (early autumn 1995), treatments similar to those used to determine post-
dispersal seed predation were set out for each of four species (Table 12.1). After three months of burial in
the field (winter 1995), the mesh covering each container was removed and the number of emerged
seedlings recorded. After an additional three months {(spring 1998), the number of remaining plants were
recorded.
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Figure 12.1. Interspecific regression analysis indicating the relationship between seed production
and pre-dispersal seed predation {y; — axis}), as well as between seed production and the number of
seeds entering the seed pool {y, — axis).
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RESULTS AND DISCUSSION

None of the four species survived at salinities higher than 1% NaCl (Table 14.1). Although most of the plants of
the four species survived at the 1% NaCl treatment, the ephemeral species showed signs of chlorosis. The
mortality rate of the four species increased as the salinity increased. The plants of the 3% NaCl treatment died
first (after three weeks), followed by the plants of the 2% NaCl treatment (after nine weeks). De Villiers et al.
(1997) found several perennial species of this area to be moderately salt tolerant. Although Gazania leiopoda is

a perennial species, it did not survive at the moderate and high salinities as expected.

In the case of Gazania leiopoda (perennial), the mean number of inflorescences produced per plant did not differ
significantly between the 1% NaCl and the control treatment (Figure 14.1). The mean number of seed bearing
inflorescences were significantly lower than those not bearing seeds, for both the control and 1% NaCl
‘treatment. Although the mean number of seed bearing inflorescences decreased when this species was grown
on saline soil, the total number of inflorescences produced did not differ. The mean number of inflorescences
produced per plant decreased significantly with increasing salinity, for both Senecio arenarius and
Dimorphotheca pluvialis (Figure 14.1). In the confrol treatment, both these ephemeral species produced a
significantly greater number of seed bearing inflorescences than non-seed bearing inflorescences. In the 1%
NaCl treatment, the number of seed bearing inflorescences were less than the inflorescences not bearing seeds,
but this was only significant in the case of Dimorphotheca pluvialis. Therefore, the ephemeral species not only
produce less inflorescences when grown on saline soil, but the inflorescences that are produced bear less or no

seeds.

The mean number of seeds produced per plant are given in Table 14.2.  Although not significantly, Gazania
leiopoda produced a greater number of seeds per plant in the 1% NaCl treatment than in the control treatment,
mainly because of the greater number of seeds produced per inflorescence. A low salinity therefore seems fo
enhance the number of seeds produced by this species. Francois & Kleiman (1990} reported that Crambe
abyssinica showed a 6.5% reduction of seed yield for each unit increase in soil salinity above 2.0dS m™, but no
significant reduction of seed yield below this concentration. The mean number of seeds produced per plant
decreased with increasing salinity for all three ephemeral species (Table 14.2). In the cases of Dimorphotheca
pluvialis and Senecio arenarius, this decrease is due to a reduction in both the number of inflorescences
produced per plant and the number of seeds produced per inflorescence, with increasing salinity. A decrease in
yield with increasing salinity has been reported for many species (Abdul-Halim et a/., 1988; Francois et al., 1988;
Francois et al., 1989; Jones et al., 1989; Francois & Kleiman, 1990; Ashraf & Tufail, 1995; Ashraf & O’Leary,
1996; Mamo et al., 1996; Gutierrez Boem et al., 1997). Abdul-Halim et al. (1988) found that at a low soil salinity
level (< 8.0 dS m'™"), and maintaining the available soil water above a specified percentage during the growth

period, would effect a smali reduction on wheat yield.
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CONCLUSIONS

Although most ephemeral species survive when grown on soil with low salinities, these species yield almost no
seeds. As seeds are ephemeral species’ only means of reproduction, these species will have to be revegetated
from seed sources outside the mined area, or from replaced topsoil. Fortunately, populations of representative
ephemeral species occur outside the mined area, and the seeds of most of these species are wind dispersed. If
the salinity of the mined soil can be kept at a low concentration, perennial species will be able to survive and in
some cases seed production may even be enhanced. Studies comparing the viability, longevity and
germinability of seeds, produced by plants grown on soils with different salinities, are now essential. Future
studies should also include emergence, seedling survival, plant growth, yield, efc. of plants derived from seeds

produced at different soil salinities.
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growth of some species appears to be less salt tolerant than during germination and later growth (Van Hoorn,
1991; Chartzoulakis & Loupassaki, 1997).

Interspecific differences in response o salinity and differential responses resulting from interaction of salinity with
other environmental factors occur. Variables such as irradiance and calcium content (Hyder & Greenway, 1965;
Bogemans et al,, 1989; Volkmar et al, 1998), ecotypic variation within species {Tiku & Snaydon, 1971), soils
(Venables & Wilkins, 1978; Watt, 1983), nitrogen levels and temperature (Kemp & Cunningham, 1981; Khan &
Ungar, 1996; Masuda et al., 1999), species (Kingsbury & Epstein, 1986), CO, concentration (Munns & Termaat,
1986; Yeo, 1929) and humidity (Salim, 1989), can all affect plant responses to salinity.

Several studies in the Karoo, South Africa, have focused on factors affecting seedling establishment and survival
(Esler & Phillips, 1994; Milton, 1995), but plant responses to salinity has been a neglected area of study in this
arid environment {Theron, 1964; Liovd, 1985; De Villlers et al, 19%4a, 1994b, 1985, 1996, 1997, 1999).

The present study was undertaken to improve understanding of the responses of three Namaqualand pioneer
species to different levels of salinity during emergence and the seedling stage. Information about salinity
tolerance at the seedling stage would also provide a predictive basis for assessing the suitability of different plant
types and local species for post-mining revegetation.

MATERIAL AND METHODS

Seeds (achenes) of three local species, Gazania leiopoda (DC.) Réssl., Senecio arenarius Thunb. and Senecio
elegans L., were sown in 8 dm? trays, containing fine sand (0.5 - 1.1 mm particle size), and irrigated daily under
free-draining conditions with 2 dm® solution depending on the treatment. In the emergence experiment,
solutions with salinities of 1%, 2% or 3% NaCl were applied from the start (salt shock). In the seedling survival
experiment, seeds in the trays were irrigated with distilled water for four weeks, whereafter the salinity of the
solutions applied was raised gradually (0.5% NaCl per day) until the correct salinity was reached ie. 1%, 2% or
3% NaCl (salt acclimation). Distilled water was used as a control. Half strength Arnon and Hoagland's nutrient
solution (Hewitt, 1952) was added to all dilutions. Salts, that might have accumulated, were leached from the soil

by giving each tray 2 dm? distilled water twice a week, before the saline solution was applied.

Trays were placed in a Phytotron room with a glass roof, and maintained at a constant temperature of 20°C. A
randomized blockless design was used. Each tray contained 20 seeds/seedlings and five replicates of each
salinity treatment (control; 1% NaCl, 2% NaCl and 3% NaCl) were used for each of the experiments and three

species. The number of emerged and surviving seedlings was noted weekly.
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OPSOMMING

SAADBANKDINAMIKA VAN DIE STRANDVELD SUKKULENTE KAROO

deur

ADRIAAN JAKOBUS DE VILLIERS

Leier: Dr. M.W. van Rooyen
Medeleier: Prof. G.K. Theron

DEPARTEMENT PLANTKUNDE

PHILOSOPHIAE DOCTOR

n Saadbank word deur verskeie faktore en prosesse, wat verband hou met meer as een veld van ekologie,
beinvioed. Ditis daarom noodsaaklik om al hierdie komponente in ag te neem indien die saadbankdinamika
onderscek word, Laasgenoemde is saamgestel uit verskeie prosesse wat toevoegings en verliese tot die
saadbank beinviced. Buiten die beskrywing van die saadbankdinamika van die Strandveld Sukkulente
Karoo in terme van ruimtelike en temporele variasie in saadbank grootte en samestelling, is faktore scos
saadproduksie, predasie, saadverspreiding, dormansie, ontkieming, saadswamme en omgewingstoestande,
ook ondersoek. Hierdie inligting is op bestuursviak geinkorporeer in die ontwikkeling van geskikle
plantegroeihervestiging strategieé vir gebruik in rehabilitasie van gemynde areas,

Die terugplaas van bogrond, saal en corplant van geselekteerde spesies word as lewensvatbare metodes
beskou vir die verpligte hervestiging van planiegroei na mynbou-aktiwiteite in die Strandveld Sukkulente
Karoo. Kennis van plantgemeenskappe en hul geassosieerde habitatte, voordat mynbou-aktiwiteite ‘n
aanvang neem, is van kardinale belang vir die daarstelling van goeie rehabilitasie-, bestuurs- en
bewaringstrategies.

Fitososiologiese studies van die staande plantegroei en saadbank, voor die aanvang van mynbou-aktiwiteite,
het aangetoon dat ‘n hervestigingsdoelwit van 30% van die 230 plantspesies aangeteken, realisties sal
wees. Die saadbank van die studiegebied het gemiddeld 2 725 saailinge m? opgelewer, wat tot 109 spesies
behoort het. Ruimtelike variasie in die grootte en samestelling van die saadbank was nie so opvallend soos
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APPENDIX 1

PLANT TAXA STUDIED AND/OR ENCOUNTERED IN THIS STUDY

Plant specimens are housed in the H.G.W.J. Schweickerd Herbarium,

University of Pretoria, Pretoria, South Africa

TAXON

Aizoaceae

Adenogramma littoralis Adamson

Coelanthum semiquinquefidum (Hook.f.) Druce
Galenia africana L. var. africana

Galenia sarcophylia Fenzl

Hypertelis salsoloides (Burch.} Adamson var. salsoloides
Limeum africanum L. $sp. africanum
Pharnaceum aurantium (DC.) Druce
Pharnaceum exiguum Adamson

Fharnaceum lanatum Baril.

FPharnaceum microphyfium LA,

Psammotropha quadrangularis (1.1.) Fenzl
Tetragonia microptera Fenz|

Tetragonia pifansii Adamson

Tetragonia virgata Schitr.

Aloaceae
Aloe framesii L.Bol.

Amaryllidaceae

Boophane sp.

Brunsvigia orientalis (L.} Ait. ex Eckl.

Gothyllis sp.

Haemanthus amarylloides Jacq. ssp. polyanthus Snifman

Anacardiaceae
Rhus longispina Eckl. & Zeyh,

Apiaceae
Annesorhiza macrocarpa Eckl. & Zeyh.
Sonderina tenuis (Sond.) H.Wolff

Asclepiadaceae
Cynanchum africanum R.Br. var. africanum
Microloma sagittatum (L) R.Br.

Asphodelaceae

Bulbine sp.

Trachyandra divaricata (Jacq.) Kunth
Trachyandra falcata (L.1.) Kunth.

Asteraceae

Amelius microglossus DC.
Amellus tenuifolius Burm.
Arctotheca calendula (L.) Levyns
Arctotis auriculata Jacq.
Arctotis hirsuta (Harv.) Beauv.
Arctotis scullyi R.A.Dummer
Arctotis stoechadifolia Berg.
Arctolis sp. :

Arctotis sp. (ADV220}

Arctotis spp.

Berkheya fruticosa (L) Ehrh.
Berkheya spinoasa (L.1.) Druce

Chrysanthemoides monilifera (L.} T.Norl. ssp, pisifera (L.) T.Norl.

Chrysocoma longifolia DC.
Cotula thunbergii Harv.
Didelta carnosa (L.1.) Alt. var. carnosa
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Dorotheanthus belliditormis (Burm.f) N.E.Br. ssp. hestermalanensis thlenf, & Struck M.W. van Rooyen 2321

Drosanthemum calycinum (Haw.) Schwant.
Drosanthemum spp.

Drosanthemurn sp. (RDV277)
Drosanthemum sp. {RDV336)
Lampranthus godmaniae (L.Bol.) L.Bol. var. godmaniae
Lampranthus lanatus (Willd.} N.E.Br.
Lelpoldtia jacobeniana Schwant.
Mesembryanthemaceae spp.
Mesembryanthemum crystafinum L.
Monilaria chrysoleuca (Schitr.y Schwant. var, chrysoleuca
Prenia paflens (Ait.) N.E.Br.

Psifocauton spp.

Rhinephyilum frithii {L.Bol.) L.Bol.

Ruschia bolusiae Schwant.

Ruschia brevicyma L.Bol.

Ruschia caroli {L.Bol.} Schwant.

Ruschia cymosa (L.Bol.) Schwant.
Ruschia extensa L.Bol.

Ruschia firma L.Bol.

Ruschia namaquana L..Bol.

Ruschia sp.1

Ruschia sp. (GVR2245)

Ruschia subpanicufata L.Bol.

Ruschia tecta L.Bol.

Ruschia tumidula (Haw.) Schwant.
Ruschia versicolor L.Bol.

Species x4(RDV268) (Mesembryanthemaceae)
Species x7 (Mesembryanthemaceae}
Sphaimanthus sp. (RDV270)

Stoeberia sp.

Vanzijha annulata (Berger) L.Bol.

Oxalidaceae
Oxalis pardalis Sond.
Oxalis spp.

Plumbaginaceae
Limonium perigrinum {Berg.) R.A.Dyer
Limonium sp.

Poaceae

Bromus pectinatus Thunb.

Chaelobromus dregeanus Nees

Chloris pyenothrix Trin.

Cladoraphis cyperoides (Thunb.} S.M.Phillips

Ehrharta brevifolia Schrad. var. brevifolia

Ehrharta calycina J.E.Sm.

Karroochioa schismoides (Stapf ex Conert) Conert & Tuerpe
Odyssea paucinervis (Nees) Stapf

Pentaschistis patula {Nees) Stapt

Species x2(Poaceas)

Species x3{RDV286)(Poaceas)

Stipagrostis zeyheri (Nees) De Winter ssp. macropus (Nees) De Winter

Polygonaceae
Emex australis Steinh.
Rurmex spp.

Portulacaceae
Portulaca quadrifida L.

Rosaceae
Griefum grandifforum {L.} Druce
Griefum humifusum Thunb, var. humifusum

Rublaceae
Galium tomentosum Thunb,

Santalaceae
Thesium spinosum L.f.

Scropulariaceae

Diascia sp.

Hemimeris racemosa (Houtt.} Merrill
Lyperia tristis (L1} Benth.

Manulea altissima L 1. ssp. altissima
Manulea cinerea Hilliard

Manulea pusilia E.Mey, ex Benth.
Nermesia bicornis (L.} Pers.
Nemesia ligulata £ Mey. ex Benth,
Polycarena purnila {Benth.} Levyns
Zaluzianskya viffosa (Thunb.} F.W.Schmidt
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Selaginaceas
Hebenstretia dentata L.
Hebenstretia repens Jarosz

Solanaceae

Lycium ferocissimum Miers
Lycium sp.

Lycium spp.

Solanum guineense ..

Sterculiaceae

Hermannia amoena Dinter ex M.Holzhammer
Hermannia cernua Thunb. ssp. ercidioides
Hermannia cuneifolia Jacq. var. cuneifolia
Hermannia modesta (Ehrenb.) Mast.
Hermannia scordifolia Jacq.

Hermannia sp.

Hermannia spp.

Tecophilaeaceae

Ferraria densepunctulata De Vos

Ferraria divaricata Sweet ssp. aurea De Vos
Ferraria spp.

Viscaceae
Viscum capense |.f. ssp. capense

Zygophyllaceae

Zygophyltum meyeri Sond.
Zygophyllum morgsana L.
Zygophyllum pygmaeum Eckl. & Zeyh.

A.J. de Villiers 207
A de Villiers 231, 236

A, de Villiers 245,258,287

A.J. de Villiers 259,323
Le Roux et af. (1897}
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APPENDIX 2

CURRICULUM VITAE

Adriaan Jakobus De Villiers was born in Boksburg on the 10" of February 1967. He started his education in
1973 at the Baanbreker Primary School and matriculated in 1984 from Voortrekker High School, Boksburg.

in 1988 he obtained the B.Sc. degree with Botany and Zoology as main subjects, and in 1989 the B.Sc.
Hons. {Botany) {cum laude)} at the University of Pretoria.

During 1990 and 1991 he completed his South African military service with a rank of 1% Lieutenant in the
Engineering Corps. During this period he also obtained a post-graduate diploma in Terrain Evaluation from
the Potchefstroom University for Christian Higher Education.

in 1991 he enrolled for the M.Sc. (Botany) degree at the University of Pretoria, which he obtained cum Jaude
in 1983 for his dissertation entitied: “Ecophysiological studies on several Namaqualand pioneer species, with
special reference 1o the revegetation of saline mined soil”.

During the period 1989 to 1998 he worked as academic assistant, research assistant, tutor and demonstrator
in the Botany Department of the University of Pretoria. In 1997 he also worked as demonstrator for the Vista
University. He is currently employed as a Senior Agricultural Product Technician by the National Department
of Agriculture, in the Variety Control Division, Genetic Resources, Roodeplaat.

He was author or co-author of eight publications, four unpublished reports, and was involved in the

presentation of ten scientific papers/posters. He also was the photographer of the field guide to the wild
flowers of the Cederberg, which was published in 1999,
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