



































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:
De Villiers, A.J., Van Rooyen, MMW. & Theron, G.K.
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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