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ABSTRACT 


SEED BANK DYNAMICS OF THE STRANDVELD SUCCULENT KAROO 


by 

ADRIAAN JAKOBUS DE VILLIERS 

Supervisor: Dr M.W. van Rooyen 

Co-supervisor: Prof. G.K. Theron 

DEPARTMENT OF BOTANY 

PHILOSOPHIAE DOCTOR 

The seed bank dynamics of the Strandveld Succulent Karoo was described in terms of spatial and temporal variation in 

seed bank size and composition. Factors affecting inputs and outputs, such as seed production, predation, dispersal, 

dormancy, germination , seed-borne fungi and environmental conditions, were investigated. This information was 

incorporated in the development of suitable post-mining revegetation strategies at a management level. 

Phytosociological benchmark studies on the pre-mining standing vegetation and seed bank indicated that a realistic 

revegetation goal will be to return 30% of the total number of plant species recorded. The revegetation program should 

concentrate on perennial species, as these dominate the pre-mining standing vegetation . Perennial shrub species 

exhibited transient seed bank strategies, while perennial herb species exhibited both transient and persistent strategies. 

Seed banks of annual species were of a persistent nature and large in comparison with annual inputs and losses. Since 

annual species predominated the soil seed bank, topsoil replacement as well as sowing and transplanting of selected 

perennial species will be essential for the rehabilitation of the area. 

Spatial variation in seed bank size and composition, at community level, was not as pronounced as temporal variation. 

The general dissimilarity between the seed bank and its associated vegetation was manifested in species composition , 

planUseed densities and frequencies. 

Taking seed bank dynamics into account, mining authorities should achieve great success in revegetating mined areas. 

Furthermore, knowledge obtained from this seed bank study will aid plant ecologists in gaining a better understanding of 

the processes contributing to reproductive strategies and plant population and community dynamics in the Strandveld 

Succulent Karoo. 
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UITTREKSEL 


SAADBANKDINAMIKA VAN DIE STRANDVELD SUKKULENTE KAROO 


deur 

ADRIAAI\J JAKOBUS DE VILLIERS 

Leier: Dr. M.W. van Rooyen 

Medeleier: Prof. G.K. Theron 

DEPARTEMENT PLANTKUNDE 

PHILOSOPHIAE DOCTOR 

Die saadbankdinamika van die Strandveld Sukkulente Karoo is beskryf in terme van ruimtelike en temporele variasie in 

saadbankgrootte en -samestellingo Faktore wat toevoegings en verliese beinvloed, byvoorbeeld saadproduksie, 

predasie, saadverspreiding, dormansie, ontkieming, saadswamme en omgewingstoestande, is ondersoek. Hierdie 

inligting is op bestuursvlak geOinkorporeer in die ontwikkeling van geskikte plantegroeihervestiging strategiee vir gebruik 

in rehabilitasie van gemynde areas. 

Fitososiologiese studies van die staande plantegroei en die saadbank het aangetoon dat 'n hervestigingsdoelwit van 

30% van die totale aantal spesies aangeteken, realisties sal wees. Die hervestigingsprogram moet konsentreer op 

meerjarige spesies, aangesien die spesies die oorspronklike staande plantegroei domineer. Meerjarige struikspesies het 

kortstondige, en meerjarige kruidspesies het beide kortstondige en blywende saadbankstrategiee getoon. Die saadbank 

van eenjarige spesies was blywend en groot in vergelyking met jaarlikse toevoegings en verliese. Aangesien eenjarige 

spesies die saadbank oorheers, sal die terugplaas van bogrond sowel as die saai en oorplant van geselekteerde 

meerjarige spesies, noodsaaklik wees vir die rehabilitasie van die gebied. 

Op gemeenskapsvlak was ruimtelike variasie in die grootte en samestelling van die saadbank nie so opvallend soos 

variasie in tyd nie. Die algemene onooreenkomstigheid tussen die saadbank en geassosieerde staande plantegroei is 

bevestig deur spesiesamestelling, plantlsaad digthede en frekwensieso 

Mynbou-instansies behoort groot sukses te behaal in die hervestiging van plantegroei op gemynde areas, indien hulle 

die saadbankdinamika in ag neem. Die kennis ingewin deur hierdie saadbankstudie sal plantekoloe help om die 

prosesse wat bydra tot voortplantingstrategiee asook plantpopulasie- en gemeenskapsdinamika van die Strandveld 

Sukkulente Karoo beter te verstaan. 
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CHAPTER 1 

INTRODUCTION 

THE STRANDVELD SUCCULENT KAROO 

The significance of the world's vast areas of arid land can only be appreciated when it is realized that over a 

quarter of the earth's land is either arid or semi-arid (Adams et at., 1978; Cowling et at., 1999). In these 

areas the sporadic rainfall is usually less than 400 mm per year (Gutterman, 1993) and evapotranspiration 

can be 15-20 times as much as the annual rainfall. Humidity in the soil and in the air is usually low, and 

extreme levels of temperature and radiation are common features in these areas (Adams et at., 1978) . 

The arid and semi-arid rangelands of South Africa are extensive, covering approximately 33% (427 000 km2
) 

of the land surface (Cowling, 1986). These rangelands have been divided into distinct biomes based on 

climatic variables and life-form spectra, of which the I\lama Karoo and Succulent Karoo Biomes (Low & 

Rebelo, 1998) comprise the largest part. 

The Succulent Karoo Biome occupies 6.5% of South Africa's land surface (82 519 km2
) (Low & Rebelo, 

1998) and is primarily determined by the presence of low, but predictable, winter rainfall (Jurgens, 1986; 

Hilton-Taylor & Le Roux, 1989; Desmet & Cowling, 1999) and relatively mild summers where drought is 

ameliorated by heavy dew and frequent fog (Cowling & Hilton-Taylor, 1999). The number of plant species, 

especially succulents, is very high (Esler, 1993; Cowling & Hilton-Taylor, 1999) and unparalleled elsewhere 

in the world for an arid area of this size (Low & Rebelo, 1998). The high levels of species diversity and 

endemism in the Succulent Karoo Biome can be attributed to a relatively few number of families, including 

the Mesembryanthemaceae, Crassulaceae, Euphorbiaceae and Asclepiadaceae (Esler, 1993; Cowling & 

Hilton-Taylor, 1999). The vegetation within this biome is a dwarf succulent shrubland (Hoffman & Cowling, 

1987; Acocks, 1988; Cowling et at., 1999) dominated by leaf succulents, although stem succulents and 

deciduous and evergreen dwarf shrubs are also common (Esler, 1993). Mass flowering displays of annuals 

(mainly Asteraceae) occur in spring, often on degraded or fallow lands. Grasses are rare, except in some 

sandy areas. This Biome is divided into four vegetation types (Low & Rebelo, 1998), namely the Strandveld 

Succulent Karoo, Upland Succulent Karoo, Lowland Succulent Karoo and Little Succulent Karoo (Figure 

1.1). This thesis focuses on the seed bank dynamics of the Strandveld Succulent Karoo vegetation type. 

The Strandveld Succulent Karoo covers approximately 3 817 km2 (0.3% of South Africa's land surface) and 

comprises the vegetation of the sandy coastal plains on the West Coast of South Africa (Low & Rebelo, 

1998). This vegetation type extends over a distance of more than 500 km from the Berg River Mouth in the 

south to Alexander Bay in the north. Rainfall is generally low and ranges from 300 mm in the south to less 

than 50 mm per annum at the mouth of the Orange River. Deep, calcareous, coastal Quaternary sands, 

generally poor in nutrients, dominate the area. 

 
 
 



 
 
 



The of the Strandveld Succulent Karoo is dominated by scattered, low shrubs and small trees 

such as Sa/via lanceo/ata and Nylandtia spinosa, with succulent shrubs such as Zygophyl/um morgsana, 

Euphorbia mauritanica and burmannii common annuals and 

of the Restionaceae become more dominant where this is associated with 

Sand Plain bos (type Low & Rebelo, 1998). areas are subject to for diamonds and 

minerals. Very little takes place but some small stock farming does occur, and some cattle 

are in the river Tourism is probably a potential source of revenue. Only 0.4% of this 

type currently has conservation status & 1998). 

THESIS RATIONALE 

The revegetation of any disturbed land, such as a surface mine, is probably the best 

method of stabilising the soil. Vegetation is than any other form of soil stabilisation because of the 

continuous and long-term It is also more efficient than any other method and more 

Finally can place the soil into continued economic production (Lyle, 1 

prevents or reduces soil erosion by providing a soil cover that raindrops and nr""'Q.nrC' 

them from soil and destroying soil structure. The roots bind soil 

and prevent water from soil downhill. vegetation slows water runoff the soil 

surface and enables more of the water to move into the soil for plant use. When this 

water flowing over the soil surface it also reduces the downhill movement of soil 1 

the West Coast of Africa, the soils are rich in such as rutile and 

which are essential in the paint, ceramic and steel industries (Environmental Evaluation Unit, 1990). 

Mining activities in the area will destroy the vegetation, animal life and chemical and physical 

characteristics of the soil. Mining companies, are compelled by law (Mining Rights Act No. 20 of 

1967; Hoogervorst, 1 to rehabilitate mined areas. The aim of the rehabilitation programme in this area 

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 open to future and 

fourthly, to ensure that rehabilitation takes continuously and is fully integrated with the mining 

operation Evaluation 1 

More specifically, the which has to met is the of the area with no less than 60% 

(species diversity and abundance) of the original indigenous plant as soon as after the 

mining of an area has been completed (Environmental Evaluation Unit, 1990). Three main methods are 

considered revegetation of the mined areas, i.e. topsoil replacement, as well as sowing and 

transplanting of selected species. The latter two methods are labour intensive in that species 

have to be selected, seeds and/or bulbs have to be collected, treated and stored, and have to be 

nursed, prior to of sowing or transplanting. Since one the aims of programme 

is to restore the topography of the replacement of during the final 
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may prove to be an important tool for achieving the revegetation goals. Replaced topsoil may contain 

reserves of viable seeds, the so-called seed bank, which represents the "memory" of previous conditions and 

is an important component of the potential of the community to respond to conditions in the present and 

future (Coffin & Lauenroth, 1989). The seeds present in the top layers of soil are potentially useful in 

restoration projects where establishment of plant cover is desired (Skoglund, 1992). Due to the high 

percentage of heavy minerals present in the uppermost soil layers, mining companies regard knowledge of 

the soil seed bank as vital for the planning of sound rehabilitation strategies. 

Since the management of any system is based on an understanding of its dynamics (Esler, 1993), all factors 

which may influence inputs and outputs to the seed bank, should be considered prior to revegetation efforts 

in the Strandveld Succulent Karoo. Knowledge of the size and composition of the seed bank present prior to 

the start of mining activities, as well as the spatial and temporal distribution thereof, will be vital in assessing 

the suitability of the soil seed bank for revegetation purposes by means of topsoil replacement. Examination 

of the composition of the seed bank makes it possible to predict the initial composition of the post­

recruitment vegetation. Knowledge of whether seeds are transient or perSistent, the nature of germination 

cues, and the environmental conditions suitable for establishment are fundamental to successful vegetation 

management. Factors such as seed production, germination requirements, dormancy, viability, predation 

and seedling survival will give insight into the seed bank dynamics, not only concerning topsoil replacement, 

but also for the potential success following sowing and transplanting. Data on the pre-mining floristic 

composition and abundance of species in the aboveground vegetation can indicate the suitability of the seed 

bank as a potential source for revegetation. Once sea-water is used in the mining process, knowledge on 

seed production and seedling survival under saline soil conditions will also be essential. 

The significance of recruitment from seeds stored in the soil was noted by Darwin (1859). However, the first 

detailed studies of seeds in the soil appear to be those of Putensen (1882 in Roberts, 1981) and Peter (1893 

in Roberts, 1981). In recent years, interest in seed bank ecology has increased greatly (Fenner, 1985; 

Thompson et al., 1996), and it has become well recognised that seed banks playa crucial role in the 

dynamics of plant populations and communities (Walck et al., 1998). Seed bank studies are an important 

consideration in the development of a predictive understanding of plant community structure and function 

(Roberts, 1981; Leck et al., 1989). In arid and semi-arid environments, where germination and recruitment 

are the critical stages in the life cycle of most plants, seed banks are thought to play a major role in 

population dynamics (Esler, 1993). 

Seed banks have been the subject of numerous studies on grasslands, arable fields, woodlands, heath lands, 

dunes, marshes, forests and deserts (Bakker et al., 1996). In the arid and semi-arid western regions of 

South Africa, seed bank studies include those of Van Rooyen & Grobbelaar (1982), Dean et a/. (1991), Esler 

et al. (1992), Esler (1993) and De Villiers et al. (1994a). The role of the seed bank in restoration and 

revegetation studies, other than arable land, has been the subject of only few studies (Levassor et al., 1990; 

Moll, 1992; Aerts et al., 1995; Bakker et al., 1996; Kotanen, 1996). This thesis represents a first attempt to 

incorporate seed bank dynamics data in the planning phase of the post-mining revegetation process in the 

Strandveld Succulent Karoo, South Africa. 
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Plants from arid and semi-arid environments have developed different strategies for coping with the climatic 

conditions of these areas. Annual plants complete their growth in a relatively short period and survive the 

dry season and drought in the form of seeds. This strategy is known as "drought-evading" and usually 

occurs in drought-sensitive species (Larcher, 1995). Another survival mechanism of plants in dry regions is 

drought-resistance, and species exhibiting this mechanism are either "desiccation-avoidant" or "desiccation­

tolerant" (Larcher, 1995). The first type (desiccation-avoidant) is comprised of perennial plants where 

desiccation is delayed by mechanisms that enable the plant to maintain a favourable tissue water content as 

long as possible despite dryness of air and soil, for example, succulence. The second type (desiccation­

tolerant) refers to the capacity of protoplasm to endure severe water loss, and is mostly found in woody 

perennial species (Adams et al., 1978). For the most part, only the distinction between drought-evading and 

drought-resistant species was considered in this thesis. 

The main objectives of this study were, firstly, to explain the seed bank dynamics of the Strandveld 

Succulent Karoo in terms of spatial and temporal variation in seed bank size and composition, and the main 

factors affecting the inputs and losses thereof. Secondly, to incorporate this knowledge in the formulation of 

suitable post-mining revegetation strategies at the management level. 

The following goals were set out: 

1) to determine the vegetation diversity of a selected mining area in the Strandveld Succulent Karoo, to 

serve as a pre-mining benchmark for rehabilitation; 

2) to determine spatial and temporal variation in seed bank size and composition. These data will reflect 

the necessity of topsoil replacement as a means of revegetation and indicate appropriate revegetation 

strategies in time as well as in space; 

3) to compare seed bank size and composition with that of the standing vegetation by means of density and 

phytosociological methods, as pre-mining seed bank patterns may determine initial post-mining 

vegetation patterns; 

4) to determine the germination requirements, required dormancy-breaking treatments, endogenous 

germination patterns and viability of seeds of selected Strandveld Succulent Karoo plant species, and to 

use these data in addition to specific laboratory seed characteristics to construct a key, similar to that of 

Grime & Hillier (1981), to predict the seed bank type(s) characteristic of individual species and different 

species groups; 

5) to determine the influence of seed production, pre- and post-dispersal seed predation and seed-borne 

fungi on seedling recruitment and survival of selected Strandveld Succulent Karoo species under field 

conditions. These data will quantify the inputs and some of the losses from the seed banks of individual 

plant species; 

6) to determine whether shrub species to be transplanted will facilitate recruitment and seedling survival in 

the field, and 

7) to determine seed production and seedling survival under saline soil conditions to indicate species 

suitable for achieving long-term revegetation goals. 
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The thesis is presented in the form of papers. These papers have been published I are to be submitted for 

publication in different scientific journals. In addition to the papers, a general introduction , a chapter on the 

study area, material and methods, a general conclusion and a comprehensive list of references are included. 
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CHAPTER 2 

STUDY AREA, MATERIAL AND METHODS 

The following is a description of the study area and a summary of the material and methods used in this 

study. For a more detailed description of the material and methods the reader is referred to the relevant 

chapters (3 - 15). 

STUDY AREA 

LOCATION 

The study area covers approximately 9 400 ha and is situated in the vicinity of Brand-se-Baai (31°18'S, 17°54'E) 

on the Namaqualand coast, some 350 km north of Cape Town and about 80 km north-west of the nearest major 

town, Vredendal (Figure 2.1). Economic activities within the immediate area are restricted to diamond mining, 

dryland farming and kelp harvesting (Environmental Evaluation Unit, 1990). Brand-se-Baai has been used for 

many years as a traditional holiday and camping area by the local people. 

CLIMATE 

The climate of the study area is summarised in the climate diagram (Figure 2.2), which is based on data from the 

Council for Scientific and Industrial Research (1997). The study area lies in a transitional zone between the 

Namib Desert to the north and the Cape Mediterranean region to the south. 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 (measured over a period of four years) 

at the study area. Fog is a characteristic feature of the Namaqualand coastal climate, occurring throughout the 

year. These 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 was 282 mm for 

the period March 1993 to February 1997 (Figure 2.2) . 

The average annual temperature is 15.8°C (Figure 2.2) with a relatively small 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 7SC in July (winter). Frequent easterly berg winds, which blow from the 

interior, bring hot, dry conditions to the coast. 
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Figure 2.1. Location map of the Brand-se-Baai study area. 
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Figure 2.2. Climate diagram (following Walter & Lieth, 1960) of the Brand-se-Baai station for the 
period March 1993 - February 1997. 
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The wind regime along the Namaqualand coast is one of the strongest in the world . Washington (1990) reports 

that winds blow with the highest frequency from the south and south-south-east from September to March, with 

less frequent but strong winds blowing from the north and north-north-east during the months of June, July and 

August. Under northerly flow, daytime wind speeds at the coast may peak at 28.8 km.h-1 increasing inland. 

PHYSICAL ENVIRONMENT 

The study area is bounded by a retrograding coastline, which trends north-north-west (Environmental Evaluation 

Unit, 1990). This orientation exposes the coastal land to the strong southerly winds prevailing in summer. The 

coast features wave-cut rocky platforms separated by a number of small, isolated beaches and a large primary 

dune belt i.e. Graauwduine, which is approximately five kilometers long and 500 m wide. Brand-se-Baai is one 

of many bays along this stretch of coast. In most places, the terrain rises steeply from the coast to the coastal 

plain . The undulating inland area is covered with vegetated sand dunes aligned roughly parallel to the prevailing 

wind direction i.e. north - south. Two prominent rounded hills, Graauwduin-se-kop (158 m above sea level) and 

Kalkbaken-se-kop (147 m above sea level) are landmarks in the area. A depression with a diameter of five to six 

kilometers, known as "Die Kom ", is situated to the southeast of the study area (Figure 2.1). A steep-sided valley 

system , approximately 30 km long and 100 m deep follows the courses of the Goerap River and the Sout River 

estuary, on the northern boundary of the study area. The Salt River estuary is a severely degraded system 

which is being worked as a salt pan (Environmental Evaluation Unit, 1990). 

The area is extremely dry with no visible surface water supply. The catchments of the Goerap River and Sout 

River, which flow episodically, are the only drainage systems near the study area. No groundwater was located 

in test boreholes in the study area (Environmental Evaluation Unit, 1990). 

The study area is included in a geomorphological subdivision of the Namib Desert, and is referred to as the 

Namaqualand Sandy Namib. A thick overburden of marine and aeolian sediments overlie older basement rocks 

of the Namaqualand granite-gneiss suite, and metamorphosed Vanrhynsdorp Group rocks (Environmental 

Evaluation Unit, 1990). 

Generally, the dunes along the coast are light coloured becoming progressively more red further away from the 

coast. The pale grey dune sands consist of unconsolidated quartz-rich material, whereas the red terrestrial 

deposits are derived from orange feldspathic sands. It is these terrestrial deposits which often display heavy 

mineral enrichment. Soils tend to be saline and alkaline, with a pH exceeding eight (Environmental Evaluation 

Unit, 1990). 

Diamond mining used to be the main activity in the region. Heavy minerals presently being mined in the study 

area include: ilmenite, rutile, leucoxene, zircon and monazite (Environmental Evaluation Unit, 1990). 
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VEGETATION AND FAUNA 

Boucher & Le Roux (1993) identified the littoral vegetation of the study area as Southern Namaqualand Strand 

Communities, which are sensitive to disturbance because they are subjected to heavy winds, salt spray and drift 

sands. It is therefore a naturally fragile ecosystem with a low resilience which is easily disturbed or destroyed. 

In terms of Acocks' classification (Acocks, 1988), the vegetation of the study area consists of Strandveld Proper 

(Veld Type 34b) with the Namaqualand Coast Belt Succulent Karoo (Veld Type 31 a) in the north-eastern part. 

According to Low & Rebelo (1998), the vegetation of the study area consists of Strandveld Succulent Karoo (55) 

and Lowland Succulent Karoo (57), both of which are classified under the Succulent Karoo Biome. The 

Strandveld Succulent Karoo (55) vegetation, containing many drought deciduous and succulent species, is 

associated with areas of calcareous sand. 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 

where deep calcareous sand occurs (Boucher & Le Roux, 1990). Small patches of Lowland Succulent Karoo 

(57) vegetation, characterised by a sparse cover of dwarf succulent-leaved shrubs which do not recover easily 

from disturbance, occur within the study area (Boucher & Le Roux, 1990). The poorly known Sand Plain Fynbos 

(68) occurs on the leached, acidic, low-nutrient sands in the area. This vegetation is characterised by the 

dominance of plants with small leaves and by members of the Restionaceae (Boucher & Le Roux, 1990). 

The study area has a resident bird population of approximately 107 species, with a breeding population of about 

52 species. Thirty-nine species of reptiles and amphibians, as well as 35 mammal species have been reported. 

No rare or threatened insect species have been recorded (Environmental Evaluation Unit, 1990). 

MATERIAL AND METHODS 

SPECIES USED IN THIS STUDY 

All species names follow that of Arnold & De Wet (1999). For a complete list of taxa used and/or 

encountered in this study, the reader is referred to Appendix 1. 

Albuca exuviata Bak. 

This species is a bulbous geophyte of the Hyacinthaceae with 2-4 leaves. The flowers are borne in a 

raceme, and are yellow, banded with green (Levyns, 1929). The perianth segments are free, the inner 

converging and folded over the tips. The fruit is a capsule, and produces flattened, black seeds. Flowering 

season is August to December (Thiselton-Dyer, 1904). 

Amellus tenuifolius Burm. 

This dwarf shrub with small greyish leaves is a member of the Asteraceae and is found on sandy soils in 

l\Jamaqualand. Inflorescences are solitary and consist of purple ray and yellow disc florets. Flowering occurs 

from October until December (Manning & Goldblatt, 1996). 
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Arctotheca calendula (L.) Levyns 

The Cape dandelion is an annual herb (up to 200 mm tall) of the Asteraceae with a basal rosette of leaves, 

roughly hairy above and felted below. The inflorescences appear from July until November. The ray florets are 

pale yellow and the disc florets black. This species is usually found in disturbed sites throughout Namaqualand 

as well as in the Western Cape (Van Rooyen et aI. , 1999). 

Arctotis stoechadifolia Berg. 

This perennial spreading herb of the Asteraceae grows up to 800 mm tall and has hairy stems. The hairy leaves 

are up to 100 mm long and lobed. The solitary yellow flowerheads (disc florets are black) are 40-60 mm in 

diameter. Flowers between September and October in sandy areas from Namaqualand to the Cape Peninsula 

(Manning & Goldblatt, 1996; Le Roux et aI., 1997). 

8aJlota africana (L.) Benth. 

Kattekruie is a member of the Lamiaceae and is found mainly along water courses and in the shelter of rocks or 

bushes. This species is an erect, greyish, aromatic, perennial herb with hairy, rounded leaves, growing up to 1.2 

m tall. The pink to purple flowers appear in dense clusters above each leaf pair on the upper parts of branches. 

Flowers July to November. Early colonists used the plant for a number of ailments such as coughs, colds and 

sore throats (Van Rooyen et a/., 1999). 

Brassica tournefortii Gouan 

An erect, rather slender annual of the Brassicaceae, up to 600 mm tall. The basal leaves are rosulate, petiolate 

and up to 250 mm long, while the upper leaves are much smaller. Flowers are pale yellow, sometimes tinged 

with mauve on fading, and the 5-7 petals c. 1.5 mm long. The siliqua, including the beak, is 30-50 mm long, 2­

2.8 mm broad, linear-attenuate, and the valves bulged by the seeds, which are globose, brown, and about 1 mm 

in diameter. This species is a native of the maritime Mediterranean region and is common on sand-dunes and in 

disturbed places (Codd et aI., 1970). 

Cephalophyllum spongiosum (L.Bol.) L.Bol. 

Volstruisvygie is a member of the Mesembryanthemaceae and is found in sandy soils along the coast of 

Namaqualand. This species is a spreading perennial (up to 300 mm tall) with succulent green leaves. The 

flowers are apricot, pink or red and 90 mm in diameter. The hygrochastic fruit capsules are 12 locular (Le Roux 

et a/., 1997). 

Chrysocoma longifo/ia DC. 

This species is a member of the Asteraceae and is found on lower slopes and sandy flats from Namaqualand to 

Worcester. This shrub grows up to 1 m in height. The yellow flowerheads appear from November to December 

(Bond & Goldblatt, 1984). 

Conicosia elongata (Haw.) N.E.Br. 

Varkiesknol is a perennial herb of the Mesembryanthemaceae with a succulent tuber and slender succulent 

leaves. The aerial parts of the plant die back in summer. White or cream coloured flowers are borne on short 

stalks during spring. This plant is found in sandy soils throughout Namaqualand (Le Roux et a/., 1997). 
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Conicosia pugioniformis (L.) N.E.Br. 

Snotwortel is a spreading perennial of the Mesembryanthemaceae with succulent leaves. Bright yellow flowers 

are borne on short stalks from September to October. This species is found in deep, sandy soils from 

Namaqualand to Bellville (Marshall &Mommsen, 1994; Manning &Goldblatt, 1996) 

Cotula thunbergii Harv. 

This member of the Asteraceae is an annual herb with finely divided leaves. The flowerheads are yellow (Bond & 

Goldblatt, 1984). 

Cysticapnos cracca (Cham. &Schlechtd.) Liden 

This species is a member of the Fumariaceae and is a soft climbing annual with divided leaves, often ending in 

tendrils. Flowers are pink with darker tips. The fruits are inflated and bladder-like (Bond & Goldblatt, 1984). 

Didelta carnosa (L.f.) Aiton var. carnosa 

Perdeblom is a dwarf shrub of the Asteraceae (up to 400 mm tall) with fleshy, slightly rolled under leaves. The 

flowerheads are solitary with yellow ray and disc florets. This species flowers July to December and after the 

flowers have withered the fruithead remains on the plant for a long time. It is found on coastal dunes and sandy 

flats from Namaqualand to Darling (Van Rooyen et al., 1999). It is a highly palatable plant during winter as well 

as summer (Le Roux et aI., 1997). 

Dimorphotheca pluvialis (L.) Moench. 

The Cape rain daisy is a member of the Asteraceae and is widespread in sandy soils from Namibia to Riversdal. 

This annual herb grows up to 400 mm tall and has lobed to toothed leaves. The ray florets are white above and 

purple on the reverse and the disc florets are yellow at the top (Van Rooyen et aI., 1999). The first flowers 

appear as early as mid-winter if the rains have been good, and continue until the end of spring (Marshall & 

Mommsen, 1994). 

Dimorphotheca tragus (Ait.) T.Norl. 

Jakkalsbos is a member of the Asteraceae and grows up to 300 mm tall. This species is a perennial herb with 

sparsely toothed leaves. White or orange flowerheads with a diameter of 40 - 60 mm are borne on slender 

stalks. Found throughout Namaqualand (Le Roux et aI., 1997). 

Ehrharta calycina J.E.Sm. 

Rooisaadgras is a member of the Poaceae and is found throughout the winter rainfall region . This species is a 

perennial, highly palatable grass with culms 300 to 700 mm tall. The inflorescence is a panicle with sprays of 

reddish-brown spikelets drooping from long stalks. Flowers from July to December, but usually in spring (Van 

Rooyen et aI., 1999). 

Eriocephalus africanus L. 

Wild rosemary is a branched shrub of the Asteraceae, growing up to 1 m tall. This species has greyish-green 

aromatic leaves and small flowerheads with 2 to 3 conspicuous white ray florets. Fruits are covered with long 
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white hairs. Flowers from May to September throughout Namaqualand (Manning & Goldblatt, 1996; Le Roux et 

aI., 1997). 

Gazania leiopoda (DC.) RossI. 

This low growing perennial of the Asteraceae has divided leaves and large, deep yellow flowerheads borne on 

slender stalks; disc florets are black (Bond & Goldblatt, 1984). 

Grielum grandiflorum (L.) Druce 

Platdoring is a member of the Neuradaceae and is found on coastal plains from Port Nolloth to the Cape 

Peninsula. This spreading perennial has grey·green , deeply incised leaves. The flowers are a glossy yellow and 

30 - 50 mm in diameter. Flowers from August to October (Manning & Goldblatt, 1996; Le Roux et aI., 1997). 

Hebenstretia dentata L. 

Vlagblom is an annual herb up to 300 mm tall and a member of the Selaginaceae. The leaves are narrow with 

minute hairs along the lower edges. The scented flowers are borne in spikes and are white with orange markings 

in the throat Flowers July to October. This species is found on sandy flats and lower slopes from Namaqualand 

to the Cape Peninsula (Van Rooyen et aI., 1999). 

Hebenstretia repens Jarosz 

Th is much-branched annual is up to 450 mm tall and a member of the Selaginaceae. The narrow leaves have a 

few teeth in the upper part. White, aromatic flowers are borne in spikes between July and November. This 

species is found on clay or sandy flats from Namaqualand to Bredasdorp (Manning & Goldblatt, 1996). 

He/iophi/a coronopifolia L. 

Blue flax is an erect annual herb of the Brassicaceae, growing up to 600 mm tall , mostly with a single stem. This 

species has long , narrow leaves and pale to bright blue flowers with a white or yellow centre . Flowers between 

August and October. The fruits are long and narrow and constricted between the seeds. Plants are found in 

sandy or loamy soils from southern Namaqualand to the Cape Peninsula (Van Rooyen et aI. , 1999) . 

Hyperte/is salsoloides (Burch.) Adamson 

Haassuring is a member of the Aizoaceae and is widespread throughout the dry parts of South Africa and 

Namibia. This multi-stemmed perennial herb grows up to 250 mm tall . The leaves are cylindrical and succulent 

The white or pink flowers are borne in small groups on long stalks during spring and summer (Le Roux et a/. , 

1997). 

Lebeckia multiflora E.Mey. 

This species is a mUlti-stemmed shrub up to 1.5 m tall and a member of the Fabaceae. The leaves are trifoliate 

with hairy, narrowly-linear leaflets. The yellow flowers are borne in loose racemes . The pods are covered with 

small, Silvery hairs. Plants are found on sandy soils from Namaqualand to the Cape Peninsula (Le Roux et a/. , 

1997). 
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Nemesia bicornis (L.) Pers. 

Kappieblommetjie is a member of the Scrophulariaceae and is found from Namaqualand to the Cape Peninsula . 

This annual herb grows up to 500 mm tall. The leaves are lance-shaped and toothed. The flowers are arranged 

in loose racemes. Each white or blue flower is 2-lipped, with the upper lip consisting of 4 lobes. The lower lip has 

two bulges and a straight spur. Flowers between July and October (Manning & Goldblatt, 1996). 

Othonna floribunda Schltr. 

This branched shrublet of the Asteraceae grows up to 400-600 mm tall and has fleshy leaves. The orange or 

yellow flowerheads are borne between July and September (Bond & Goldblatt, 1984). 

Pharnaceum aurantium (DC.) Druce 

This species is an erect shrublet between 100-800 mm tall and a member of the Aizoaceae. The small, white 

flowers are borne on slender stalks. Found in stony gravel between Nieuwoudtville and Worcester (Bond & 

Goldblatt, 1984). 

Pharnaceum exiguum Adamson 

A delicate tufted annual up to 300 mm tall and a member of the Aizoaceae. The small green flowers appear in 

October. This species is found on sandy flats throughout Namaqualand (Bond & Goldblatt, 1984). 

Pharnaceum lanatum Bartl. 

This species is an erect perennial up to 400 mm tall. It is a member of the Aizoaceae with woody stems and 

needle-like leaves. The small white flowers are borne on slender stalks and open late in the afternoon. Flowers 

from August to October and is found in sandy soils from Namaqualand to Caledon (Manning & Goldblatt, 1996). 

Polycarena pumila (Benth.) Levyns 

This member of the Scrophulariaceae is a simple or branched annual up to 100 mm tall. The purple flowers 

appear between August and October. Found from Namaqualand to Riversdale (Bond & Goldblatt, 1984). 

Pteronia divaricata (Berg.) Less. 

Geelknopbos is a member of the Asteraceae. This shrub grows up to 1 m tali and has broadly elliptic, velvety 

leaves. The flowerheads are a bright yellow and 40 mm in diameter. This species flowers from September to 

November and is found in sandy or rocky soils from Namibia to Hopefield (Manning & Goldblatt, 1996; Le Roux 

et aI., 1997) . 

Ruschia bolusiae Schwant. 

This stiff, robust shrublet of the Mesembryanthemaceae grows up to 120 mm tall and has succulent leaves. Pink 

flowers appear between May and September. Found in southern Namaqualand (Bond & Goldblatt, 1984). 

Salvia africana-Iutea L. 

Wild sage is a dense, grey shrub up to 2 m in height. It is a member of the Lamiaceae and is widespread on 

coastal dunes and in arid fynbos. The leaves are aromatic and covered with minute hairs. The 2-lipped flowers 

are golden to reddish-brown, arranged in racemes and appear from June to December (Manning & Goldblatt, 
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1996). The calyx remains on the plant, increasing slightly in size, after the flowers have faded (Burman et al., 

1985). 

Senecio arenarius Thunb. 

Hongerblom, a member of the Asteraceae, is a branched annual up to 400 mm tall with basal leaves clasping 

the stem. The flowerheads are arranged in branched inflorescences, composed of magenta ray florets and 

yellow disc florets. This species flowers between July and October and is common on sandy flats from Namibia 

to the Cape Peninsula (Van Rooyen et al., 1999). 

Senecio elegans L. 

Wild cineraria, a member of the Asteraceae, is a branched annual up to 400 mm tall with deeply-incised leaves. 

The flowerheads are arranged in branched inflorescences, composed of magenta ray florets and yellow disc 

florets. This species flowers from September to November and is found on coastal plains from Namaqualand to 

the Eastern Cape (Manning & Goldblatt, 1996). 

Silene clandestina Jacq. 

This species is a member of the Caryophyllaceae and is an erect annual up to 400 mm tall with white or cream 

coloured flowers. Flowers appear from August to November and open in the late afternoon. This species is 

introduced from Europe and found on sandy flats in southern Namaqualand (Bond &Goldblatt, 1984). 

Stoeberia sp. 

This species is a member of the Mesembryanthemaceae. The plants are shrubby, tall and erect (up to 2.5 m in 

height) with succulent leaves, which are club-shaped, with slightly flattened upper surfaces and with a ridge 

along the bottom, but only towards the tip. The white flowers occur in much-branched clusters. There are no 

bracts on the flower stalks. Five to six triangular sepals are present, with short petals in more or less a single 

whorl and numerous filamentous staminodes and stamens. The fruit capsules have five or six locules, with 

valves remaining open. The valves are broad and bony in texture, valve wings are present and large closing 

bodies occur deep inside the seed cavities. The wind-dispersed seeds are pear-shaped with rough surfaces. 

Flowers during winter and spring (Smith et al., 1998). 

Tetragonia microptera Fenzl 

This species, a member of the Aizoaceae, is a prostrate annual with succulent stems and leaves. The leaves are 

broadly ovate and the greenish flowers are arranged in small groups of 2-5. Found on sandy flats and in 

disturbed areas (Le Roux et al., 1997). 

Tetragonia virgata Schltr. 

A sprawling, somewhat woody shrublet, 500 mm tall and a member of the Aizoaceae. This species has orange 

flowers and flowers during July. Found on sandy flats from Namaqualand to Clanwilliam (Bond & Goldblatt, 

1984). 
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Tripteris oppositifolia (Ait.) T.Norl. 


Skaapbos, a member of the Asteraceae, is a rounded shrub up to 1 m tall with opposite, leathery leaves. The 


flowerheads are 40-50 mm in diameter and borne on short stalks. The ray florets are yellow to orange and the 


disc florets purple. The fruit is 3-winged with a transparent window in each of the 3 sides. This species flowers 


from July to October and is found in sandy soils from Namaqualand to Clanwilliam (Van Rooyen et aI., 1999). 


Ursinia anthemoides (L.) Poir. 


Marigold is a member of the Asteraceae and is found in sandy soils from Namibia to Port Elizabeth. It is an 


annual herb with narrowly divided leaves, giving it a feathery appearance. Flowerheads are solitary and borne on 


long stalks, ray florets are yellow and the disc florets black. Achenes have a whorl of white scales. Flowers 


August to October (Manning & Goldblatt, 1996; Van Rooyen et aI., 1999). 


Ursinia speciosa DC. 


This annual herb of the Asteraceae is up to 400 mm tall with deeply-incised leaves. The flowerheads are solitary 


and borne on long stalks. The ray florets are yellow or white and the disc florets , yellow. This species is found 


throughout Namaqualand up to Malmesbury (Le Roux et al. , 1997). 


Vanzijlia annulata (Berger) L.Bo!. 


This prostrate shrublet, a member of the Mesembryanthemaceae, is up to 120 mm tall. The plants have 


numerous short shoots forming compact clumps at the centre and also several long shoots which may be trailing 


or climbing into other shrubs. The leaves on short shoots and the first pair of the long shoots consist of long 


sheaths with only short free tips, forming a body during the dry season. Leaf pairs on long shoots have basal 


sheaths less than half their lengths. Flowers are solitary at the end of long shoots, the white petals thin and 


spreading. The apically pink and purple filamentous staminodes elongate while the flower opens and closes 


over several days, eventually drooping with age. Fruit capsules have 10 locules and are long-stalked; they 


possess valve wings, covering membranes with distal closing bulges, and large, white closing bodies. Flowers 


appear between July and September (Bond & Goldblatt, 1984; Smith et al., 1998). 


Wahlenbergia paniculata (Thunb.) A.DC. 


This slender annual herb with small hairy leaves is a member of the Campanulaceae. The flowers are blue and 


arranged in loose racemes. Flowering from September to November. This species is found in sandy soils from 


Piketberg to Worcester (Manning & Goldblatt, 1996). 


Zygophyl/um morgsana L. 

Skilpadbos, a member of the Zygophyllaceae, is found throughout Namaqualand and in arid areas of Namibia. It 

is a multi-stemmed shrub up to 1.5 m taiL The leathery leaves are divided into 2 oval leaflets The flowers are 

yellow and are borne in pairs at the ends of branches. Flowers from June to November. The fruit has four, large 

membrane-like wings (Marshall & Mommsen, 1994; Manning & Goldblatt, 1996). 

17 

 
 
 



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 m2
, 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-Blanquet (Zurich-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 detail 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 total 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 cm3
. 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 3 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 et 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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SEED BANK VS. STANDING VEGETATION PHYTOSOSIOLOGY 


A vegetation survey of the study area (De Villiers et al., 1999a; Chapter 3) resulted in the identification of six 

main plant communities . Seed bank sample plots were randomly located within each of five of these 

communities, and totalled 60 plots for the study site. These five communities are situated within the western 

mining area, which is being mined first. The sixth community predominantly constitutes the eastern mining area, 

and was not sampled. The seed bank emergence method was used for determining seed bank size and 

composition. 

Seed bank abundance data obtained during the eight sampling seasons were lumped. These abundance 

values for each species (individuals m'2) from each plot were transformed to a scale of 1 - 9, for classification 

purposes with the TURBOVEG (Hennekens, 1996a) and MEGATAB (Hennekens, 1996b) computer programs. 

Using the Zurich-Montpellier (Braun-Blanquet) approach (Mueller-Dombois & Ellenberg, 1974), the species and 

releves in the matrix were assembled to produce a phytosociological table for the seed bank (Werger, 1974). 

Canonical Correspondence Analysis (CCA) was applied to the seed bank data with the computer program 

CANOCO version 3.15 (Ter Braak, 1997), to detect possible gradients in and between seed bank units and to 

detect possible habitat gradients associated with seed bank gradients. 

Similarity in species composition between the seed bank and the standing vegetation was determined by 

means of Sorensens' Presence Coefficient (Mueller-Dombois & Ellenberg, 1974). 

These methods are described thoroughly in Chapter 6. 

SEED BANK VS. STANDING VEGETATION DENSITY 

Within each of six vegetation units, two sites were randomly selected using 1 :50 000 aerial photographs. At 

each site, both the density and species composition of the standing vegetation and the soil seed bank (seedling 

emergence method) were determined. To determine species' density in the standing vegetation, an area of 10 

m x 10m at each site was divided into 100 quadrants measuring 1 m2 each. Within each quadrant the number 

of individuals of all perennial and annual plant species (excluding grass species) were recorded. For grass 

species (Poaceae), percentage cover was estimated in each quadrant. 

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 vegetation and seed bank density values for each species 

(individuals m·2) from each plot were transformed to scores on a 1-9 abundance scale. 

For both vegetation and soil seed bank, the density of individual m'2, percentage frequency as well as the 

mean number of taxa per community 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 
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(lVIueller-Dombois & Ellenberg, 1974). Spatial distribution of the soil seed bank was determined by 

calculating the variance/mean ratio (Odum, 1971). 

The values and indices determined and calculated are explained in Chapter 7. 

GERMINATION REQUIREMENTS 

Mature diaspores (seeds) of 28 plant species (31 seed types) were collected from natural populations at the 

study site. Collected seeds were air-dried at room temperature for a period of two weeks, whereafter seeds 

were stored in brown paper bags under ambient conditions for 28 weeks. 

Seeds were germinated in Petri dishes, containing two layers of filter paper. Germination tests were 

conducted in germination cabinets and each treatment consisted of five replicates of 50 seeds for each 

species. Germination tests were conducted in the light and dark at six constant temperatures (rC; 12°C; 

17°C; 22°C; 27°C and 32°C) and one alternating temperature regime (12°C/22°C; 12h/12h). Petri dishes of 

the dark treatments were placed in cardboard boxes and sealed with aluminium foil to el iminate light. Petri 

dishes were examined every second day and germinated seeds counted and removed. Dark replicates were 

examined under a green safety light. Germination tests were continued for a period of 30 days. The optimal 

temperature for germination of a specific species was calculated as the average value of all temperatures, 

weighted for the percentage germination at each temperature (Olff et at., 1994) . 

A Canonical Correspondence Analysis (CCA) ordination (Ter Braak, 1997) was performed on the 

germination data, using both species and environmental (temperature & light) parameters. 

These methods are described in more detail in Chapter 8. 

DORMANCY-BREAKING TREATMENTS 

Collected seeds of 27 local plant species were air-dried at c. 20°C for a period of two weeks (henceforth 

referred to as fresh seeds) before dormancy-breaking experiments commenced. Seeds were germinated in 

Petri dishes containing two layers of filter paper. Germination tests were conducted in germination cabinets 

and rad icle protrusion was the germination criterion. 

After-ripening 

To determine the requirement for an after-ripening period, freshly collected seeds of 26 species were divided 

into three sets. The first set was used to determine the germination percentage of fresh seeds (stored for 2 
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weeks at c. 20°C). The second and third sets were stored dry in paper bags at ambient temperatures at the 

University of Pretoria, for either six weeks or 28 weeks respectively, before conducting germination tests. 

Germination tests were conducted in the light (under constant fluorescent light with a photosynthetic photon 

flux density of 9.3 ~mol m· 2 
S-1) at a constant temperature of 17°C. 

Endogenous germination pattern 

Collected seeds of seven species were stored dry in paper bags at a constant temperature of 20°C. For 

each species, germination in five replicates of 20 seeds each was investigated at a two-weekly interval for a 

period of 40 weeks, whereafter sampling occurred at a four-weekly interval for 48 weeks. Germination tests 

were conducted at a constant temperature of 17°C, under constant fluorescent light with a photosynthetic 

photon flux density of 9.3 ~mol m-2 
S-1. Petri dishes were opened weekly for a period of four weeks, and 

germinated seeds counted and removed. To establish whether an endogenous germination pattern was 

present, 6th order polynomial functions (Microsoft@ Excel 97 SR-1, 1985-1997, Microsoft Corporation) were 

fitted to the data, as these yielded higher R2 values than did functions of lower orders. 

Alternative dormancy-breaking treatments 

Seeds of ten species were stored dry in paper bags at ambient temperatures at the University of Pretoria for 

periods of 15 - 26 weeks, before conducting dormancy-breaking treatments. Untreated seeds were used as 

a control. Five main dormancy-breaking treatments were applied: 

1) Seeds were scarified mechanically by pricking the seed coat or by scarifying with sandpaper, whereafter 

they were germinated directly or leached in distilled water for four hours. 

2) Chemical scarification entailed the submergence of the seeds in 98% sulphuric acid for periods of 0.5, 

1,2,4,8,16,32 or 64 minutes. After the period of submergence, seeds were rinsed with distilled water 

for five minutes. 

3) In hydration/dehydration treatments, seeds were submerged in 50 cm 3 distilled water for periods of 1, 2, 

4, 8 or 16 hours. The water containing the submerged seeds was disturbed as little as possible. After 

hydration, seeds were air-dried at room temperature for 24 hours. 

4) Seeds of the heat and/or cold pre-treatments were stored dry for one week at constant temperatures of 

45°C or 5°C respectively. The seeds of the heat+cold treatment were stored dry for one week at a 

temperature of 45°C, followed by a one week dry storage period at 5°C. The seeds of the cold+heat 

treatment were stored dry for one week at a temperature of 5°C, followed by a dry storage period of one 

week at 45°C. 

5) In the "leaching' experiment, seeds were submerged in 50 cm 3 distilled water for periods of 1, 2, 4, 8 or 

16 hours. The water containing the submerged seeds was stirred every 30 minutes, and was replaced 

with fresh distilled water every 60 minutes. 
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Germination tests were conducted at optimum temperature and light conditions for the germination of seeds 

of each species (Chapter 8). 

These treatments are described more thoroughly in Chapter 9. 

RELATIVE HUMIDITY AND VIABILITY 

Seeds of six species, collected during spring 1994 at the study site, were air-dried at room temperature (c. 

20°C) for a period of two weeks, whereafter they were sealed in glass dessicators containing saturated 

solutions to obtain a specific relative humidity (RH) within the dessicator. The following solutions were used 

to obtain the required relative humidities at 20°C (Winston & Bates, 1960; Copeland & McDonald, 1995): 

NaOH for a low RH (7%), K2C03.H20 for an intermediate RH (43%), and either NaCI or KN03 for a high RH 

of 75% or 93% respectively. 

After four weeks, 30 replicates of 50 seeds each were hermetically sealed in aluminium foil bags. After eight 

weeks of storage at 20°C, half of these replicates were buried in the field at Brand-se-Baai, under 50 mm of 

soil, while the other half remained at a constant temperature of 20°C in the laboratory. Seeds stored dry 

(ambient RH) in paper bags at 20°C for either 6 or 30 months were used respectively as an initial control and 

a control treatment. 

After 27 months of storage or burial (autumn), five replicates of each treatment and species were 

germinated. Germination tests were conducted in germination cabinets at a constant temperature of 1 rc, 
under constant fluorescent light with a photosynthetic photon flux density of 9.3 Ilmol m·2 

S-1, with the 

exception of Conicosia pugioniformis and Gazania leiopoda, of which the seeds were germinated in 

darkness. These conditions were found to be near optimum for the germination of the different species 

(Chapter 8). 

For more details on these methods, the reader is referred to Chapter 10. 

SEED BANK CLASSIFICATION 

The key of Grime & Hillier (1981) was used as a template for determining numerous laboratory 

characteristics of collected seeds. 

Mature seeds of 37 local plant species (41 seed types) were used in this study. Both fresh seeds (air-dried 

for two weeks) and seeds stored dry at 20° for one month after the initial air-drying period of two weeks, 

were used in the germination experiments. 

Mean dispersule length was determined by measuring the length of 100 dispersules for each species. Small 

dispersules were measured under a stereo microscope. Mean seed mass was determined by weighing 100 
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seeds collectively on a Mettler AT100 balance. Abscission of seeds from the mother plant, scarification 

requirement and dispersal type were inferred from seed morphological characteristics. The lowest 

temperature for 50% germination (TL) was determined from data on stored seeds of these species, 

germinated at various temperatures (Chapter 8). 

These methods are described in more detail in Chapter 11. 

SEED PRODUCTION, PREDATION, FUNGI AND SEEDLING RECRUITMENT 

Seed production and pre-dispersal seed predation 

The seed production of six perennial shrub species was estimated by counting 1) the number of seeds 

produced by each of 10 flowers or inflorescences per plant, 2) the number of flowers or inflorescences per 

reproductive shoot, and 3) the number of reproductive shoots per plant. Ten plants of each species were 

investigated. Pre-dispersal seed predation in five of these species was determined by the exclusion of 

insects and vertebrates from one randomly chosen reproductive shoot on each of the ten plants, by bagging 

it with nylon fabric (mesh size < 0.25 mm) immediately after flowering and treatment with insecticide. After 

three months (summer 1994), the yield (total number of seeds) of bagged flowers/inflorescences were 

compared with those of random samples of unbagged flowers/inflorescences located on the same plant. 

The fruits of Tetragonia microptera do not disperse easily after maturation and seed production was 

determined by counting the total number of fruits produced by each of 10 randomly selected plants. Seed 

production under laboratory conditions, of three species, was reported by De Villiers et al. (1999b). 

For the determination of pre-dispersal seed predation in five species, ten replicates of 100 mature seeds 

each were harvested randomly within a population of each species. These seeds were inspected under a 

dissection microscope for signs of insect attack. 

Data were analysed with linear and logarithmic regression analyses (Microsoft® Excel 97 SR-1, 1985-1997, 

Microsoft Corporation) to confirm possible correlation between seed production and pre-dispersal seed 

predation or the number of seeds entering the seed pool. 

Post-dispersal seed predation 

During spring 1994, 1 dm3 plastic containers were buried randomly within a 10m x 10m area, with the top 

edges of the pots protruding 5 mm above soil level. Each container was refilled with soil from the specific 

burial position. Seeds of the five species investigated, present in the soil, were removed from the replaced 

soil 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 
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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 exclude predators, containers were 

covered with fine mesh plastic cloth (1 mm). Drainage holes at the bottom of the containers were not 

covered to exclude soil fauna. Containers of the non-exclosure treatment were left uncovered. 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 slight pressure applied by a set of 

forceps. 

Seed-borne fungi 

Seeds of the five species examined were surface-disinfected by pre-treating for one minute in a 1 % available 

chlorine solution of sodium hypochlorite (NaOCI) (Copeland & McDonald, 1995). The surface-disinfected 

seeds were individually rinsed in distilled water and placed on sterile potato dextrose supplemented agar in 

90 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 5 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, 

1996). After two weeks, the seed-borne fungi were identified under a light-microscope. 

Seedling recruitment 

Prior to the start of the rainy season, treatments similar to those used to determine post-dispersal seed 

predation were set out for each of four species. After three months of burial in the field, the mesh covering 

each container was removed and the number of emerged seedlings recorded. After an additional three 

months, the number of remaining plants were recorded. 

For detailed descriptions of these methods, please see Chapter 12. 

SEEDLING SURVIVAL UNDERNEATH AND BETWEEN SHRUBS 

Eight localities, each dominated by different perennial shrub (P) or annual (A) plant species, were selected at 

the study site. In localities dominated by perennial species, aim x 0.5 m metal frame was randomly placed 

either directly under the canopy or in open areas between shrubs of the dominant species. Ten replicates 

were used for each micro-site (under or between dominant shrubs) and species. In localities dominated by 
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annual species, ten randomly placed replicates were used in total. The position of each frame was marked 

semi-permanently with 150 mm long plastic pegs. Within each frame, all seedlings were identified and 

counted. 

After three months, the surveys were repeated. Seedlings that emerged after the initial winter count were 

incorporated in the recount. These methods are described thoroughly in Chapter 13. 

SALINITY AND SEED PRODUCTION 

Seeds of four species, collected at the study site, were sown in 1 dm3 pots containing fine sand and irrigated 

daily with tap water, under free-draining conditions, for a period of two weeks. Thereafter the plants were 

irrigated daily under free draining conditions, with solutions having a sodium chloride (NaCI) concentration of 

either 1 %, 2% or 3%. Distilled water was used as a control. The chemicals of half strength Arnon and 

Hoagland's nutrient solution (Hewitt, 1952) were added to all dilutions. Salts, that might have accumulated in the 

soil, were leached from the soil by giving each pot 500 cm 3 distilled water twice a week, before the saline 

solution was applied. One plant was grown per pot and ten replicates of each treatment were used for each of 

the four species. Fruits and mature seeds were harvested and counted before dispersal. 

The treatments are described in more detail in Chapter 14. 

SALINITY, SEEDLING EMERGENCE AND SURVIVAL 

Achenes of three species were sown in 8 dm3 trays, containing fine sand, and irrigated daily under free-draining 

conditions with 2 dm3 solution depending on the treatment. In the emergence experiment, solutions with 

salinities of 1 %, 2% or 3% NaCI were applied from the start. 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% NaCI per day) until the correct salinity was reached i.e. 1%, 2% or 3% NaCI. 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 in the soil, were leached from the soil by giving each tray 2 dm3 distilled 

water twice a week, before applying the saline solution. 

Trays were placed in a Phytotron green house, and maintained at a constant temperature of 20°C. Each tray 

contained 20 seeds/seedlings and five replicates of each salinity treatment were used for each of the 

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

More detail on these methods is presented in Chapter 15. 
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STATISTICAL TREATMENT OF DATA 

Where applicable, the least significant difference (LSD) one-way analysis of variance (ANOVA) and/or LSD 

multi-factor ANOVA were used to test for a statistical significant difference at P::; 0.05. The LSD multiple 

range test was applied to data where P::; 0.05. Data were analysed with the use of the Statgraphics 5.0 

(1989, STSC, Inc., U.S.A.) computer program. 
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HAPTER 3 

VEGETATION DIVERSITY OF THE BRAND-SE-BAAI 


COASTAL DUNE WEST COAST, SOUTH AFRICA: 


A E-MINING BENCHMARK SURVEY FOR REHABILITATION 


as: 

De Villiers, A.J., Van Rooyen, M.W., G.K. & Van HI"I,,)\I,,,.n N. 

Land Degradation & ueveIODlneJ'1[ (1 10: 207-224. 

ABSTRACT 

Prior to the mining of heavy minerals, the vegetation diversity of the Brand-se-Baai coastal area was investigated to serve as a benchmark 

for the future rehabilitation of the area, The vegetation was surveyed using the Braun-Blanquet procedure to classify the different 

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 to mining are recommended, 

Key words: Braun-Blanquet, coastal dune, mining, phytosociology. communities, rehabilitation, revegetation, vegetation 

classification, 

INTRODUCTION 

Along the West Coast of South Africa, the sandy soils are rich in heavy minerals such as ilmenite, and 

zircon, which are in paint, ceramic and steel industries Evaluation Unit, 1 

Mining activities in the area and the eventual use of sea-water in the process will destroy the 

topography, animal life and chemical and physical characteristics of the Mining companies are, 

however, compelled by law Act No, 20 of 1 to rehabilitate mined areas. 

The aim of the rehabilitation programme the west coast of Africa (Environmental Evaluation Unit, 

1990) is to restore the area as close as possible to its pre-mining natural condition. The requirement that 

has to be met is the of the area with no less than 60% of the original indigenous plant species as 

soon as possible completed (Environmental Unit, 1990). A pre-mining 

vegetation survey is a to compile a databank on the floristic and plant community diversity of the 

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

Apart from Boucher & Le Raux's (1981) classification of South African west coast strand vegetation, Acocks' 

(1988) description of the veld of Africa and Low & (1 of the South African 
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vegetation, little is known about the vegetation of the area. The aim of this study was to classify, describe and 

map the vegetation of the Brand-se-Baai area prior to mining, to serve as an inventory of the representative 

plant communities. 

STUDY AREA 

Location 

The study area covers approximately 9 400 ha and is situated in the vicinity of Brand-se-Baai (31 °18'S, 17°54'E) 

on the Namaqualand coast, some 350 km north of Cape Town and about 80 km northwest of the nearest major 

town, Vredendal (Figure 3.1). Economic activities within the immediate area are restricted to diamond mining, 

dryland farming and kelp harvesting (Environmental Evaluation Unit, 1990). Brand-se-Baai has been used for 

many years as a traditional holiday and camping area by the local people. 

Climate 

The climate of the study area is summarised in the climate diagram (Figure 3.2), which is based on data from the 

Council for Scientific and Industrial Research (1997). The study area lies in a transitional zone between the 

Namib Desert to the north and the Cape Mediterranean region to the south. 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 (measured over a period of four 

years) at the study area. Fog is a characteristic feature of the Namaqualand coastal climate, occurring 

throughout the year. These advective sea fog (±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 was 

282 mm for the period March 1993 to February 1997 (Figure 3.2). 

The average annual temperature is 15.8°C (Figure 3.2) with a relatively small 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'soC in July (winter). Frequent easterly berg winds, which blow from the 

interior, bring hot, dry conditions to the coast. 

The wind regime along the Namaqualand coast is one of the strongest in the world. Washington (1990) reports 

that the highest frequency of winds blows from the south and south-south-east from September to March, with 

less frequent but strong winds blowing from the north and north-north-east during the months of June, July and 

August. Under northerly flow, daytime wind speeds at the coast may peak at 28.8 km.h-1 increasing inland. 
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Figure 3.1. Location map of the mining area at Brand-se-Baai. 
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Physical environment 

The study area is bounded by a retrograding coastline, which trends north-north-west (Environmental Evaluation 

Unit, 1990). This orientation exposes the coastal land to the strong southerly winds prevailing in summer. The 

coast features wave-cut rocky platforms separated by a number of small, isolated beaches and a large primary 

dune belt i.e. Graauwduine, which is approximately five kilometers long and 500 m in width (Figure 3.3b). Brand­

se-Baai is one of many bays along this stretch of coast. The terrain rises steeply in most places from the coast 

to the coastal plain (Figure 3.3). 

The undulating inland area is covered with vegetated sand dunes aligned roughly parallel to the prevailing wind 

direction i.e. north - south. Two prominent rounded hills, Graauwduin-se-kop (158 m above sea level) and 

Kalkbaken-se-kop (147 m above sea level) are landmarks in the area (Figure 3.3a & b). A depression with a 

diameter of five to six kilometers, known as "Die Kom", is situated to the southeast of the study area (Figure 3.1) . 

A steep-sided valley system, approximately 30 km long and 100 m deep follows the courses of the Goerap 

River and the Sout River estuary, on the northern boundary of the study area. The Salt River estuary is a 

severely degraded system which is being worked as a salt pan (Environmental Evaluation Unit, 1990). 

The area is extremely dry with no visible surface water supplies. The catchments of the Goerap River and Sout 

River, which flow episodically, is the only drainage systems near the study area. No groundwater was located in 

test boreholes in the study area (Environmental Evaluation Unit, 1990). 

The study area is included in a geomorphological subdivision of the Namib Desert, and is referred to as the 

Namaqualand Sandy Namib. A thick overburden of marine and aeolian sediments overlie older basement rocks 

of the Namaqualand granite-gneiss suite, and metamorphosed Vanrhynsdorp Group rocks (Environmental 

Evaluation Unit, 1990). 

Generally, the dunes along the coast are light coloured becoming progressively more red further away from the 

coast. The pale grey dune sands consist of unconsolidated quartz-rich material, whereas the red terrestrial 

deposits are derived from orange feldspathic sands. It is these terrestrial deposits which often display heavy 

mineral enrichment. Soils tend to be saline and alkaline, with a pH exceeding eight (Environmental Evaluation 

Unit, 1990). 

Diamond mining used to be the main activity in the region. Heavy minerals presently being mined in the study 

area include: ilmenite, rutile, leucoxene, zircon and monazite (Environmental Evaluation Unit, 1990). 
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Vegetation and Fauna 

Boucher & Le Roux (1993) identified the littoral vegetation of the study area as Southern Namaqualand Strand 

Communities, which are sensitive to disturbance because they are subjected to heavy winds, salt spray and drift 

sands. It is therefore a naturally fragile ecosystem with a low resilience which is easily disturbed or destroyed . 

In terms of Acocks' classification (1988), the vegetation of the study area consists of Strandveld Proper (Veld 

Type 34b) with the Namaqualand Coast Belt Succulent Karoo (Veld Type 31 a) in the north-eastern part. 

According to Low & Rebelo (1996), the vegetation of the study area consists of Strandveld Succulent Karoo (55) 

and Lowland Succulent Karoo (57), both of which are classified under the Succulent Karoo Biome. The 

Strandveld Succulent Karoo (55) vegetation, containing many drought deciduous and succulent species, is 

associated with areas of calcareous sand. 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 

where deep calcareous sand occurs (Boucher & Le Roux, 1990). Small patches of Lowland Succulent Karoo 

(57) vegetation, characterised by a sparse cover of dwarf succulent-leaved shrubs which do not recover easily 

from disturbance, occur within the study area (Boucher & Le Roux, 1990). The poorly known Sand Plain Fynbos 

(68) occurs on the leached, acidic, low-nutrient sands in the area. This vegetation is characterised by the 

dominance of plants with small leaves and by members of the Restionaceae (Boucher & Le Roux, 1990). 

The study area has a resident bird population of approximately 107 species, with a breeding population of about 

52 species. Thirty-nine species of reptiles and amphibians, as well as 35 mammal species have been reported. 

No rare or threatened insect species have been recorded (Environmental Evaluation Unit, 1990). 

METHODS 

The stratification of the study area into relatively homogeneous physiographic-physiognomic units was done on 

1 :50 000 aerial photographs. A total of 128 sample plots were randomly located within these stratification units 

to ensure that all major variations in the vegetation were sampled . Plot size was fixed at 100 m2 (10m x 10m) 

as determined by Le Roux (1984) . Fieldwork was done in August and September of 1992, 1993 and 1994. 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). The plant names conform 

to those of Arnold & De Wet (1993). In cases where plant species were unidentifiable, the species were named 

according to the collection number (Table 3.1) . Average height and average canopy cover were estimated for 

the woody and herbaceous layers in each plot. Environmental data include soil colour, distance from the sea 

(salt spray & fog intensity), aspect, slope, sand depth and disturbance (grazing & trampling). 
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Table 3.1. A phytosociological table of the vegetation prior to mining at Brand-se-Baai (values according to the Turboveg scale) 

1 2 3 4 
Community Number 

1.1 1.2 1.3 1.4 2.1 2.2 4.1 4.2 4.3 
,,111 11,,1111 , , 1111 

" 
, .,1111 , 

Releve Number 4S664 66" .. 56 .. 6 5566 555465 22222 000'27229 , , 22132223:1333352'51111901 " , 191011888S9 2 B 9 a 9 COlO 0 0 9 :2 6 783 
" 

, 
" '2 88817 

9 1 1 6 .. 2!i7BB354 2 1 08 OJ" 8 7 6 J 7456 Ii 8 9 9 0 , 283 31424231690'2456903541568507 1 789628290" 7 0 9 9 566641<1335777095 7 8 1 5 1 0 2 3 8 3 5 6 <I B 7 1 2:1 2 0 

Species Group A 
Ruschia tumidula " 

, 
" 

, " , 1111 
" Leysera gn.ph.,odes , , , 

" ", 
" 

, , , 
Galenis aln'cana ", " 

, , ", , , 1 1 , , I , I I 

Phamaceum ianatum , I , I I I I I I I 11" I I I I I I I I I I I I I 

Pteronia spp. 5 , I I I I I 

Geophyte spp. I I I I I I I I 

Specie. Group B 
Lapeirousia spp. ~ I I I I I I I I I 

Sarcocau/on sp. ~ I I 

Specie. Group C 
Scirpoides dioecus I 535313 

Gymnodiscus capi118riS I , I II 

Stoebe nervigera I sa I 

Tripreris sinuata I' I 

Monilaria chrysoleuca " W.hlenbergi. sonderi III , I I 

Specie. Group 0 
Chenopodium opulifolium I 1~ I I 

Hermannia cuneifolia 2.........2 I I 

Species Group E 
Ferraria densepunctulata ~ I 

Crassula dichotoma ~ 
Species Group F 
Aretotis sp. (RDV220) 1111 , 1111 II , I " 

, , , I 11 

Coelanthum semiquinquefidum II I I I 111111 , , I 

Lebeckia lotonoides I , 111 , 1111 I 
" " 

I 

Asparagus fa sciculatus , , I 111111 I , I , 11 

Gethyllis sp. I I I I I I II 

Gloveria inlegrifolia I I I I I I 

Species Group G 
Felicia merxmuelleri I I I , , III 11111 I I I 

Diascia sp" I I , III I II 

Nemesia ligu!ata I I I I II I I I 

Species Group H 
Sonderina tenuis I II 11111 t 111 t 

" 
11111 I , I I I I I 1 11 I , 

Bal/ota afn"cana ,,." t , III I , II I 

Pentaschistis patula I , I 55 I I I , 
" I 

, 1 t 1111 I I I I I , , 
Solanum guineense I II I I 111111 , I I I I I I I 

Bromus pectinatus III , 6 
" 

II III 1 I I , , I , , II II 

Lessertia bengueJlensis II I 111 11 I 111 1 I , 
Tetragonia piflansii I I , I I II 

Melianthus minor I , 
" 

I I I II , 
Chrysanthemoides monilifera I I I I I I 

Emex australis I I , I , 
Species Group I 
Dimorphotheca p/uvialis , II 1 1111 , I I , II I III J3JJ I I I I 

Grie/um humifusum II I 
" I 

I I 1111 1 I \111 1 1 

Tetragonia microptera 1 , II , I 1 I I I I 1 

5 6 

:01677347747 ", 
29'''912305 ", 

I I 

I 
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w 
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Table 3.1. (Continued) 

2 3 4 5 6 
Community Number 

1.1 1.2 1.3 1.4 2.1 2.2 4.1 4.2 4.3 

Releve Number 4 5 6. 6 4 66. '" '" 5 6. 4 6 5 5 6 6 5 5 5 '" 6 5 2 :2 :2 :2 :2 0 0 0 1 :2 :2 :2 :2 9 :2 1 :2:2 1 :1 :2 :2 :2 3 :1 3 :1 :1 J 5 :2 4 5 1 1 1 1 90 1 9 1 9 1 9 1 0 1 1 88989:2 8 9 8 9 0 0 1 0009 :2 8 7 8 3 1 1 1 1 3 1 2 688 1 7 4 6 7 7 3 4 7 14 7 1 7 7 
1111'1'1111111 I' I 1111 1'1 I I 111111 

9 7 1 6412 5 7 8 8 J 5 oiL 1 0 alo 3 '" 6 7 613 7 '" 5 6 6 8 9 9 0 1 :2 8 :1 3 1 '" :2 .. :2 :1 1 690 1 :2 '" 5 6 9 0 :1 5 4 5 6 B 5 0 7 1 7896:2 8 :2 9 0 4 7 0995668'" 1 '" J J 5 7 7 7095178 1 5 1 0:2 3 635 6 487 1 :2 3 :2 012 9 1 4 9 1 :2 3 0 sis 7 B 

Species Group J 
Salvia africana-/utea 
Conicosia pugioniformis 
Nemesia bicornis 
Amellus tenuifoliu5 
Manu/sa a/tissima 
Asparagus aethiopicus 
Iso/epis marginata 
Hermannia scordifo/ia 

Species Group K 

3111 III 111111 J 1 

1111,1111111 

III 1111 

161111' 111 I 13 

1 1 I 1 1 33 , '11 33 I 3 3 1 1 1 1 1 3633 1 1 3 1 3333 I 3 3 

11 1 11111'11113 1 13531111 I I I 

1 I I 11' 

3111 

111 I 1 11 I 11"1 1'1 I 1 

11 13 

11111 111111111111 111! 11 III 31 

11111 

1111111111 1111 

III 

111 I 111 

II 

Wahlenbergiapaniculata 13111 '1' 11 '1" '131131 '1' 1 1 1 I' I 1 I I I I I 'I 
Species Group L 

I I 

I I 

Ruschia versicolor I I 1 1 33 5133 I , II 3335111 53513 II II I 13 I 13 

Tripleris clandestina III II 111111 I I 1'1131 I" I' 

Pelargonium senecioides 
Thesium spinosum 
Ficinia argyropa 11 1 1 

Euphorbia caput-medusae 
Senecio bulbinifolius 
A/buca spp. 
Chaetobromus dregeanus 
Chrysocoma /ongifolia 13 1 1 11 

Indigofera amoena 

Species Group M 
Aspa/athus divaricata 
Ruschia cymosa 
Trichogyne ambigua 11 1 

Species Group N 
Cissampelos capensis 
Stoeberia sp. (RDV179) 

Species Group 0 
Cotula thunbergi; 
Euphorbia decussata 
Ty/ecodon sp. 
Hebenstretia repens 
Nestlera biennis 
Ornilhoglossum sp. 

Species Group P 
Adenogramma littoralis 

III 

11 I 1111 

III 

31 

II 

11 .'111 

111111, 111 I 1 I 

I 111 I 1111311 

I I 

6 1 I 

II 

II I I II 

I I 

II I II 

I I 

II 

11 111111 111 111 I 

111 I 1 1 1 I I 

I 

Ursinia speciosa I I 3 I 1 1 1 

II 

III 

II 

11 I I 

II 

I I 

II 

11 I 1 1 1 

Stipagrostis zeyheri 1 1 1 1 1 1 1 

Species Group Q 
Crassu/a expansa 
Lampranthus godmaniae 
Aloe framesii 

Species Group R 
Eriocephalus africanus 
Oxalis spp. 
Hermannia amoena 
Arctotis hirsuta 
Brassica tournefortii 
Maytenus sp. 
Pteronia divaricata 

Ilr1111111 11 II 

1.11 I 11 I 

II 1111 I 

111 

3556355 13333 31335133 

II II 11111 I 111111 I 

I 11 I I I 

III I 

II 

II 

II 13 55336335556 1'131131 I 311 

11 11 111 II II II 

II III 

I I I 11111 1 II II 3 I 

I II I I I 11 

II 1 1 '1 1 1 I 

II 
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Table 3.1. (Continued) 

2 3 4 5 6 
Community Number 

1.1 1.2 1.3 1.4 2.1 2.2 4.1 4.2 4.3 

Releve Number 4 5 6 6 4 664 4 564 6 5 566 5 5 5 4 6 5 2 2 2 2 2000, 222292' 22 1 3:2 2 2 3 3 3 3 3 35:2 4 5 1 1 1 1 90 1 9 1 9 , 9 1 0 1 1 689892898 900 1 0009 :2 8 783 1 1 1 1 3 1:2 B 8 8 I 7467 73 4 7 7 " 777 7 
1111 \ 111 I' 1 1111 1'1 ' I 111111 

9 7 I 641257883 5 412 1 0 slo 3 4 6 7 613 7 4 56168900 1 :2 8 3 3 1 4:2 4 :2 3 1 690 1 :2 4 5690354 56 B 5 0 7 1 789 628:2 9 0 4 7 0 9 9 5 6 6 8 4 1 " 3 3 5 7 7 709517 B 1 5 1 0:2 3 8 3 56" 8 7 1 :2 3 :2 oL 9 I 4 9 1 :2 3 0 sis 7 8 

Species Group S 
Cepha/ophy//um spongiosum 
Drosanthemum cafycinum I 
Helichrysum incarnatum 
Hypertelis sals%ides 
Drosan/hemum sp. (RDV336) 
Drosanthemum sp. (RDV277) 

Species Group T 
Didelta carnosa 
Galenia sarcophy/la 
Zafuzianskya viIJosa 

Species Group U 
Odyssea paucinervis 
Arctotis scully; 

1111 

Ruschia carofi I ,,, 
Vanzijlia annulata 1 1 1 1 

Species Group V 
Asparagus capensis 
Hermannia cemua 
Mesembryanthemum crystallinum 
Helichrysum hebelepis 
Arctotheca calendula 
Phamaceum aurantium 11 1 
Pelargonium gibbosum 
Ruschia bolusiae 
Asparagus asparagoides 

Species Group W 
Leipo/dtia jacobeniana 

Species Group X 
Cladoraphis cyperoides 

1"11'11 

1311 

" , 

" '" 1111 111111 

11 11 I 13 \311 
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" 

11515631615556311161 
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1111 
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11,,1 
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31'133131151 

"1 11 

73' 5 6 5 6 7 1 6 5 5 6 6 6 5 6 1 6 511 3 5 6 1 155 1 , , 11113 11 111111 1111111111111 

" 
11 3 13 

113111115 " ",1,3" 

"'1'111"3111 1"11'1111'131111'13'1"11 11111111 11111 
11 11111 I 11111' 111111111111111 11111111 1 1 11111 11 11 

11111 11 111 I 1 1 I 111 l' I I 111 I I 1 I I I I 1 1 1 1 1 1 I 1 11111 I 1 ,I, 
11 1 1 131 '" " , 

13 3111 

11111 
" 

'" " 

"'1,'",1,', 111131 

11 1 1 111 
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'" 
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'" '" 1111 1111 

, 
1111 31 

'111 

~ 
11711313 

" 131"11131131111111111'1111'13'3'31'11"31'31111'1'1111'1111"11"111"'1"11111' 1111113133111 513333111 1131 

1 1 333 1 I I 1 I I 33 1 3 I 3 3 1 3 1 333 1 633 1 3 1 36 I 3355335553 1 33333331 1 1 , , 3 1 3 5 1 I 1 1 1 6' 3 33 I 3 1 , 3 1 31 3 1 1 1 33 1 5 1 53 1 1 3 " 1 1 3 3 

Species Group Y 
Tetragonia virgata 
Zygophy/lum morgsana 
Ehrharta ca/ycina 
Othonna floribunda 
Lebeckia multiflora 
Senecio arenarius 
Ruschia brevicyma 
Limeum africanum 
Polycarena pumi/a 
Tripleris oppositifolia 
Lycium ferocissimum 
Lypena tn"stis 

13" '1'3 1133'1"131331'1 '111,' '11111111 11'1'11'1' 11111111111" 11111'1' 3 3381113"31"" 111111 
, " 1 11111111111' 313333331 311311 1 111131 11533333'1"1' ,,'\ 3 1 11 1 "1 l' I 
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3',111,,11 11511331 311331 

1 111 I 5 1 51 , , 111111 " 
111111 

'31 

'113313"13' 
I 1 33 I 3 I 3 1 1 3 

, " 
I'll 11 

111 I I 1 I lib I 3 

Gn"e/um grandiflorum 
Trachyandra fa/cala 
Manoch/amys 81bicans 
Micr%ma sagitta tum 
Convolvulus sp. 
Oncosiphon suffruticosum 
Asparagus retrofraclus 
Hebenslretia denlala 
HeJiophila coronopifolia 
Trachyandra bulbinifolia 
Phamaceum exiguum 
Hermann/a modes/a 
Karroochloa schismoides 
Helichrysum marmarolepis 
Rhus longispina 
Silene clandestina 
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Table 3.1. (Continued) 

1 3 4 5 62 
Community Number 

1.1 1.2 1.3 1.4 2.1 2.2 4.1 4.2 4.3 
11111 I I , 111 I I 1111111111 \ 1 11 I I 

45664 66445646Releve Number 5566 555465 000122 22921 22132223 3333352 451111 gal 4617347747 777 

91164 

22222 010 19101188989 2898 gOO 1 000928783 I I I I' 1 2 888 17 

2578835.04 2 1 08 03 4 6 7 6 31456 3142-42316901 245690 354568507 1 7896282904 7099 566 8" 1 4 :3 :I 5 7 7 7 0 9 5 7 8 1 5 1 0 2 :3 8 3 5 6 4 8 7 1 2 :3 2 0 2914912305 67868990 '283 

Species Group Z continued 
Ferraria divaricata I 

Wiborgia obcordata 5 

IBerkheya spinosa 
Dimorpholheca sinuata I 

ISenecio c.ardaminifolius 
IGluM aiaternoides 

Psammolropha quadrangularis I 

Ruschia tecta 1 

Manulea cinerea 1 

Viscum capense I 

Dimorphotheca nudic.aulis 1 

HeJichrysum kraussii 1 

Haemanthus amarylloides 1 

Sphalmanthus sp. (RDV270) 1 

Annesorhiza macrocarpa 1 

Oxalis parda/is 1 

Bu/bine sp. 1 

Pteronia ovalifofia 1 

Othonna sp. 4 1 

Pteronia paniculara 1 

Conicosia e/ongara 1 

Limonium perigrinum 1 

Cynanchum africanum 1 

1Crassula spp. 
11 I 1Lachenalia spp. 1 1 1 1 1 I 1 1 1 

11Hirpicium aliena rum 1 1 1 

Felicia dregsi 1 11 

1 1 11Ferraria spp. 11 1 
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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). Further refinement of the classification was achieved by 

Braun-Blanquet (Zurich-Montpellier) procedures - successive rearrangement of rows (species) and columns 

(releves) in a matrix are continued until a clear pattern of mutually discriminant nod a of species-releve groups is 

obtained (Werger, 1974; Bredenkamp & Bezuidenhout, 1995). This phytosociological or Braun-Blanquet 

approach is based on the floristic composition of a plant community, and diagnostic species are used to organize 

communities into a hierarchical classification (Whittaker, 1980). The final result of the classification procedure is 

a differential table (Table 3.1) and the identified plant communities are mapped in Figure 3.4. The cover­

abundance scale in the phytosociological table was converted to a percentage scale for the TURBOVEG 

(Hennekens, 1996a) and MEGATAB (Hennekens, 1996b) computer programs. 

In the description of the communities, the growth forms of the species are indicated between brackets, i.e. shrub 

(S), dwarf shrub (OS), ephemeral (E), grass (Gr), sedge (Sg) and geophyte (G). 

The OECORANA 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 

(Figure 3.5)(Bezuidenhout, 1995). 

RESULTS 

Six plant communities or associations are recognised, some of which are divided into variants (Table 3.1, Figure 

3.4). The hierarchical classification of these vegetation uhits is summarised as follows: 

1. Ruschia tumidula - Tetragonia virgata Tall Shrub Strandveld 

1 .1. Stipagrostis zeyheri - Lapeirousia spp. Variant 

1.2. Scirpoides dioecus - Stoebe nervigera Variant 

1.3. Pentaschistis patula - Chenopodium opulifolium Variant 

1.4. Eriocephalus africanus - Ferraria densepunctulata Variant 

2. Eriocephalus africanus - Asparagus fasciculatus Tall Shrub Strandveld 

2.1. Othonna floribunda - Lebeckia lotonoides Variant 

2.2. Zygophyllum morgsana - Coelanthum semiquinquefidum Variant 

3. Salvia africana-Iutea - Ballota africana Tall Shrub Strandveld 

4. Ruschia versicolor - Odyssea paucinervis Dwarf Shrub Strandveld 

4.1 . Ruschia caroli - Aspalathus divaricata Variant 

4.2. Tripteris oppositifolia - Cissampelos capensis Variant 

4.3. Ehrharta calycina - Crassula expansa Variant 

5. Cephalophyllum spongiosum - Odyssea paucinervis Coastal Strandveld 

6. Cladoraphis cyperoides - Lebeckia multiflora Coastal Strandveld 
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As a whole, the vegetation of the study area is characterised by species of Species Group Y (Table 3.1). The 

most prominent species which occur in almost all the communities are the shrubs Tetragonia virgata, 

Zygophyllum morgsana, Othonna floribunda and Lebeckia multiflora, the grass Ehrharta calycina and the 

ephemerals Senecio arenarius and Tripteris clandestina. These species (Species Group Y, Table 3.1) will 

therefore not be repeatedly mentioned in the description of the communities. The six communities identified can 

be grouped into two major units, on account of the presence or absence of the perennial creeping grass 

Odyssea paucinervis (Species Group U). Communities 4 and 5 are dominated by Odyssea paucinervis 

(Species Group U), while this species is absent from communities 1, 2, 3 and 6. In communities 1 to 3 the 

shrubs Eriocephalus africanus (Species Group R) and Tripteris oppositifolia (Species Group Y) are prominent. 

The spiky grass Cladoraphis cyperoides (Species Group X) is dominant in community 6. The average canopy 

cover for both the shrub and herbaceous strata, as well as the total number of plant species recorded within 

each community and variant, are summarised in Table 3.2. 

Description of the plant communities (Tables 3.1 & 3.2 and Figure 3.4) 

1. Ruschia tumidula - Tetragonia virgata Tall Shrub Strandveld 

This community is situated the furthest inland (Figure 3.4), and consequently it receives the least amount of fog 

and salt spray and is the driest of the communities in the study area. Agricultural fields within this community are 

mainly restricted to the Goerap River which flows episodically. The area mainly consists of small dune systems 

which give rise to the four variants. A large part of this community, which is found on yellow sand, is destined to 

be destroyed by the mining activities. This community is characterised by Species Group A (Table 3.1) and the 

diagnostic species are Ruschia tumidula (S), Galenia africana (S), Leysera gnaphalodes (DS), Pharnaceum 

lana tum (DS), Oncosiphon suffruticosum (E) and several Pteronia species. 

1.1 . Stipagrostis zeyheri - Lapeirousia spp. Variant 

This variant is found in the dune valleys in the eastern part of the study area. Diagnostic species for this variant 

(Species Group B) are Lapeirousia spp. (G) and Sarcocaulon sp. (DS) (Table 3.1). The absence of species 

from Species Group J also characterises this variant. Other abundant species include Wahlenbergia paniculata 

(E)(Species Group K), Stipagrostis zeyheri (GR)(Species Group P) and Hermannia modesta (DS)(Species 

Group Y). 

1.2. Scirpoides dioecus - Stoebe nervigera Variant 

This variant is found on small dunes and the diagnostic species (Species Group C) include Scirpoides dioecus 

(Sg), Tripteris sinuata (S), Stoebe nervigera (DS), Monilaria chrysoleuca (DS), Gymnodiscus capillaris (E) and 

Wahlenbergia sonderi (E)(Table 3.1). Other conspicuous species are Salvia africana-Iutea (S), Amellus 

tenuifolius (S), the succulent Conicosia pugioniformis (DS)(Species Group J) and Ursinia speciosa (E)(Species 

Group P). The presence of species such as Stoebe nervigera and Willdenowia incurvata (Species Group Z) 

indicates the relation of this variant with the Sand Plain Fynbos described by Boucher & Le Roux (1990) and 

Low & Rebelo (1996). The sandy soil supporting Sand Plain Fynbos is leached, acidic and has a lower nutrient 
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Table 3.2. The average canopy cover and total number of plant species recorded, 
for the six plant communities and their variants 

Plant community / variant 
Canopy cover (%) Total number of 

plant species recorded Shrub stratum Herbaceous stratum 
1 . Ruschia tumidula -

Tetragonia virgata 

Tall Shrub Strand veld 

22.2 8.0 132 

1.1. Stipagrostis zeyheri -

Lapeirousia spp. 

Variant 

17.0 8.0 83 

1.2. Scirpoides dioecus -

Stoebe nervigera 

Variant 

16.9 3.6 92 

1.3. Pentaschistis patula -

Chenopodium opulifolium 

Variant 

26.3 11.3 75 

1.4. Eriocephalus africanus -

Ferraria densepunctulata 

Variant 

30.8 11.7 87 

2. Eriocephalus africanus -

Asparagus fasciculatus 

Tall Shrub Strand veld 

14.7 4.9 109 

2.1. Othonna floribunda -

Lebeckia lotonoides 

Variant 

13.8 5.2 80 

2.2. Zygophyllum morgsana -

Coalanthum semiquinquefidum 

Variant 

15.2 4.8 92 

3. Salvia africana-Iutea -

Ballota africana 

Tall Shrub Strand veld 

26.0 6.0 140 

4. Ruschia versicolor -

Odyssea paucinervis 

Dwarf Shrub Strandveld 

16.8 15.5 171 

4.1. Ruschia caroli -

Aspalathus divaricata 

Variant 

16.8 17.3 111 

4.2. Tripteris oppositifolia -

Cissampelos capen sis 

Variant 

16.9 8.5 136 
, 

4.3. Ehrharta calycina -

Crassula expansa 

Variant 

19.5 19.7 135 
, 

5. Cephalophyllum spongiosum -

Odyssea paucinervis 

Coastal Strand veld 

13.0 26.0 83 

6. Cladoraphis cyperoides -

Lebeckia multiflora 

Coastal Strandveld 

4.0 4.3 23 
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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. Pentaschistis patula - Chenopodium opulifolium Variant 

This variant is found in disturbed areas of the Ruschia tumidula - Tetragonia virgata 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 (S), 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 aethiopicus (S), Amellus tenuifolius (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 soil, 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), Nest/era biennis (DS)(Species 

Group 0), 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 Oxa/is 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 (E)(Species Group L), Nest/era biennis (DS), Cotula thunbergii (E) (Species Group 0), 

Eriocephalus africanus (8), Oxalis spp. (G)(Species Group R), Ruschia bolusiae (S) and Pharnaceum aurantium 
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(DS)(Species Group V). The relationship between this variant and the Eriocephalus africanus - Ferraria 

densepunctulata Variant (1.4) is indicated by Species Group G. 

2.2. Zygophyl/um morgsana - Coelanthum semiquinquefidum Variant 

The vegetation of this variant, located on small dunes, is taller than that of the Othonna tloribunda - Lebeckia 

lotonoides Variant, mainly because of the greater sand depth on the dunes (Figure 3.4). This variant has no 

diagnostic species, but is differentiated by the presence of species from Species Group F, together with the 

absence of species from Species Group G (Table 3.1). The presence of species such as Salvia africana-Iutea 

(S), Amel/us tenuifolius (S), Conicosia pugioniformis (DS), Hermannia scordifolia (DS)(Species Group J), 

Ornithoglossum sp. (G) (Species Group 0) and Hermannia cernua (DS)(Species Group V), as well as the 

absence of Thesium spinosum (DS), Ficinia argyropa (DS), Euphorbia caput-medusae (DS), Tripteris 

clandestina (E) (Species Group L) and Cotula thunbergii (E)(Species Group 0), distinguish this variant from the 

Othonna tloribunda - Lebeckia lotonoides Variant (2.1). 

3. Salvia africana-Iutea - Ballota africana Tall Shrub Strandveld 

This community, associated with a loose yellow sand, is found mainly on Graauwduin, stretching east-west, 

and a smaller dune to the east (Figures 3.3 & 3.4). The latter can still be considered as part of the Graauwduin 

dune belt. The vegetation of this community is taller than that of the surrounding communities, mainly because 

of the deep sand on which it occurs. About 40% of this community will eventually be destroyed by the mining 

process. Species Group H indicates the species which differentiate this community from the others (Table 3.1). 

Abundant and conspicuous species in this community include Oimorphotheca pluvialis (E) (Species Group I), 

Salvia africana-Iutea (S), Conicosia pugioniformis (DS), Nemesia bicornis (E)(Species Group J), Eriocephalus 

africanus (S)(Species Group R) and Helichrysum hebelepis (S)(Species Group V). The relationship between 

this community and community 2 is indicated by Species Group I. 

4. Ruschia versicolor - Odyssea paucinervis Dwarf Shrub Strandveld 

This community is found in the southern part of the study area and covers the largest part of the western area to 

be mined (Figure 3.4). The soil varies from compact dark-red sand in the west to loose yellowish sand in the 

east. The dark-red sand contains most of the heavy minerals to be mined. The diagnostic species of this 

community are listed in Species Group L (Table 3.1). The most conspicuous shrubs within this community 

include Ruschia caroli (Species Group U) and Asparagus capensis (Species Group V). The dominant grass 

species of the herbaceous stratum is Odyssea paucinervis (Gr), while other conspicuous herbaceous species 

are restricted to Species Group Y. According to Gibbs Russell et al. (1990), Odyssea paucinervis is commonly 

found on brackish or saline soil in or near water, and is eaten by livestock because of salty deposits on the 

leaves. 

Compared to to the other communities, the Ruschia versicolor - Odyssea paucinervis Dwarf Shrub Strandveld 

has more succulent species belonging to the family Aizoaceae, as partly indicated by species from Species 

44 

 
 
 



Groups L, M, Nand Q (Table 3.1). A total of 171 plant species were recorded within this community, which is 

the highest value for all the communities and variants (Table 3.2). 

4.1. Ruschia caroli - Aspalathus divaricata Variant 

This variant is located in the central part of the Ruschia versicolor - Odyssea paucinervis Dwarf Shrub 

Strand veld community, and is found on dark-red sandy soil. lVIost of this variant is included in the area to be 

mined (Figure 3.4). The diagnostic species are Aspalathus divaricata (OS), Ruschia cymosa (OS) and 

Trichogyne ambiqua (OS) (Species Group M, Table 3.1). The shrub stratum of this variant includes the following 

conspicuous species: Ruschia versicolor (S)(Species Group L), Ruschia caroli (S)(Species Group U), 

Asparagus capensis (S) and Hermannia cernua (OS)(Species Group V). Conspicuous species of the 

herbaceous stratum include Adenogramma littoralis (E), Ursinia speciosa (E)(Species Group P) and Odyssea 

paucinervis (Gr)(Species Group U). 

4.2. Tripteris oppositifolia - Cissampelos capensis Variant 

Situated in the eastern part of the Ruschia versicolor - Odyssea paucinervis Dwarf Shrub Strandveld community 

(Figure 3.4), this variant is found on yellowish sandy soils, has the tallest vegetation of the three variants, and 

has visible signs of extensive overutilization by livestock. Most of it is included in the area to be mined. 

The diagnostic species of this variant include Stoeberia sp. (S) and Cissampelos capensis (OS) (Species Group 

N, Table 3.1). Conspicuous shrub species include Ruschia versicolor (S)(Species Group L), Asparagus 

capensis (S) and Hermannia cernua (OS)(Species Group V), while conspicuous species of the herbaceous layer 

are Tripteris clandestina (E)(Species Group L), Adenogramma littoralis (E)(Species Group P) and Arctotheca 

calendula (E)(Species Group V). The relationship of this variant with communities 2 and 3, as well as with 

variant 4.1 is indicated by Species Group O. If community 1 is also included in the relationship, then Species 

Group P acts as indicator. 

11.3. Ehrharta calycina - Crassula expansa Variant 

Located in the southern part of the study area, this variant is found on compact reddish sand, including the large 

dune called "Kalkbaken-se-kop" (147m), which is situated west of "Die Kom" (Figure 3.4). The area to be 

mined does not include much of this variant. This variant, characterised by Species Group Q (Table 3.1), has 

the shortest vegetation of the three variants within the Dwarf Strandveld community, and small patches of Sand 

Plain Fynbos (Boucher & Le Roux, 1990) occur to the south of "Kalkbaken-se-kop". The diagnostic species 

include Ruschia sp. 1 (S), Aloe framesii (S) and Crassula expansa (E) (Species Group Q, Table 3.1). The 

absence of Species Groups P and X also characterise this variant. The relationship of this variant with 

communities 1, 2, 3 and variants 4.1 and 4.2 is indicated by Species Group R. Conspicuous shrubs include 

Ruschia versicolor (S)(Species Group L), Eriocephalus africanus (S)(Species Group R), Arctotis scullyi (OS), 

Vanzijlia annulata (OS)(Species Group U), Asparagus capensis (S), Helichrysum hebelepis (S) and Hermannia 

cernua (OS)(Species Group V). Abundant species of the herbaceous stratum include Oidelta carnosa 

(E) (Species Group T) and Odyssea paucinervis (Gr)(Species Group U). The hemicryptophyte Gazania leiopoda 
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(Species Group Z) as well as Karroochloa schismoides (Gr)(Species Group Y) are very abundant at certain 

sites. 

5. Cephalophyllum spongiosum - Odyssea paucinervis Coastal Strandveld 

This community is found on yellowish sand, in a narrow strip along the coast and will not directly be affected by 

the mining activities (Figure 3.4). Species Group S is diagnostic for this mainly succulent community and include 

Cephalophyllum spongiosum (OS), Drosanthemum calycinum (OS), Helichrysum incamatum (OS), Hypertelis 

salsoloides (OS) and two other Drosanthemum species (OS) (Table 3.1). Conspicuous shrubs are restricted to 

Species Group Y, while the conspicuous dwarf shrubs include Galenia sarcophylla (Species Group T), Arctotis 

scullyi, Vanzijlia annulata (Species Group U), Phamaceum aurantium (Species Group V) and Cladoraphis 

cyperoides (Sg) (Species Group X, Table 3.1). The herbaceous stratum has an average canopy cover of 26.0% 

(Table 3.2), which is the highest value for all the plant communities and variants. Conspicuous species of this 

stratum include Didelta camosa (E)(Species Group T), Odyssea paucinervis (Gr)(Species Group U) and 

Mesembryanthemum crystal/inum (E) (Species Group V). In this community, the average canopy cover (Table 

3.2) of the herbaceous stratum (26.0%) is also higher than that of the shrub stratum (13.0%), mainly because of 

the abundance of Odyssea paucinervis. Both community 4 and 5 are dominated by Odyssea paucinervis, and 

this relationship is indicated by Species Group U. The relationship of this community with communities 2, 3 and 

4 is indicated by Species Group V. 

6. Cladoraphis cyperoides - Lebeckia multiflora Coastal Strandveld 

This community is found in a narrow strip along the northern coast of the study area (Figure 3.4), predominantly 

on white sand dunes. Boucher & Le Roux (1990) called this a White Oune Strandveld community type, which is 

often associated with river estuaries and disturbance here easily leads to dune movement. The only diagnostic 

species for this community is Leipoldtia jacobeniana, a member of the Mesembryanthemaceae (Species Group 

W)(Table 3.1). The relationship of this community with community 5 is indicated by Species Group X, which only 

contains one conspicuous dwarf shrub, namely Cladoraphis cyperoides. This spiky grass is one of the first 

dominant colonisers of the loose sand blown up from the beach (Boucher & Le Roux, 1990). The dominant 

species are restricted to Species Group Y. A total of 23 plant species were recorded within this community 

(Table 3.2), which is the lowest for all the communities and variants. 

Ordination 

The position of the plant communities on the ordination diagram, along the first and second axes of the scatter 

diagram, is given in Figure 3.5. Gradients occur along the first and second axes which could be related to the 

grass cover, soil colour, salt spray, sand depth and fog intensity. Community 4 occurs on red sand while the 

other communities are restricted to yellowish sand. Communities situated closer to the coast, have the highest 

grass cover, as well as the highest salt spray and fog intensity. The position of the different plant communities 
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along gradients from the sea, eastwards, is illustrated in Figure 3.3. Communities 1 and 2 are furthest away 

from the sea, while communities 5 and 6 are close to the sea. 

DISCUSSION 

Species restricted to a particular community (i.e. those belonging to the diagnostic Species Groups A, S, C, D, 

E, F, H, L, M, N, Q, Sand W)(Table 3.1) have narrow ecological amplitudes and are correlated with particular 

environmental factors. These species would be the most difficult to re-establish after the mining operation and 

are therefore not recommended for use in the initial revegetation program. 

On the other hand, species belonging to Species Group Y (Table 3.1) occurred throughout the entire area and 

are adapted to varying environmental conditions. With the exception of the narrow coastal zone (which is not to 

be mined), species belonging to Species Group R (Table 3.1), also occurred throughout the mining area. Many 

of these species (Species Groups Rand Y) are perennials with high cover-abundance values and are typical of 

the strandveld vegetation as a whole. Revegetating with these species should largely restore the former 

appearance and structure of the vegetation. 

If, however, only the area of the eastern ore body is considered , Species Groups I, J and K (Table 3.1), which 

contain the species common to communities 1, 2 and 3, can provide many species which should be useful in the 

revegetation program. Similarly, if only the area of the western ore body is considered, Species Groups T and 

U, which contain species common to communities 4 and 5, can provide many useful species. These groups 

includes many succulent species belonging to the Aizoaceae, which is typical of the low strandveld vegetation. 

Other groups which contain species which are fairly widespread are Species Groups 0, P and V (Table 3.1). 

These species will be beneficial in the revegetation process. 

A total number of 230 plant species were recorded in the 128 sampling plots. The rehabilitation program for this 

area states that 60% of the total number of species present prior to mining, should be reintroduced 

(Environmental Evaluation Unit, 1990). If only the 230 species from this investigation are taken into 

consideration, then 168 plant species should be reintroduced to the area. However, the percentage of plant 

species occuring in Species Groups I, J, K, 0 , P, R, V and Y only amounts to 28.3% (65 species) of the total 

number of species encountered in this study. The revegetation goal of 60% thus seems unrealistic, and a more 

obtainable goal would be 30% of. the plant species present prior to mining. 

CONCLUSIONS 

The description of the plant communities, together with the vegetation map, can serve as a basis in the final 

formulation of the rehabilitation plan for the area to be mined. An understanding of the pre-mining plant 
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communities and their associated habitats is of fundamental importance for divising sound rehabilitation, 

management and conservation strategies. 

The aim of the rehabilitation programme in this area is to revegetate the area with indigenous species, as soon 

as possible after mining has been completed (Environmental Evaluation Unit, 1990). It is recommended that the 

rehabilitation programme concentrates on the perennial species, as these species will help to stabilize the mined 

sand during the windy, dry and hot summer months. The life history strategy of annuals is such that they are 

able to colonize open or disturbed habitats easily, provided the habitat is suitable and seeds can be 

disseminated from the surrounding vegetation. The usefulness of annual species in the revegetation 

programme is, however, restricted to the wet and cool winter months. 

The ultimate goal of revegetation of this area is to obtain a homogeneous vegetation cover which contains plant 

species from all the pre-mining communities of the mined area. The floristic classification of the vegetation at the 

Brand-se-Baai area can serve as a bench-mark, to indicate species with which the greatest success should be 

achieved in the rehabilitation of the area after mining has been completed. It should be possible to revegetate 

the entire area with species belonging to Species Groups Rand Y, which contain 15.2% of the total number of 

230 plant species encountered during this study (Table 3.1). If only the eastern mining area is considered, 

preference should also be given to species belonging to Species Groups I, J and K (5.2%)(Table 3.1) . If the 

western mining area is considered, preference should be given to species belonging to Species Groups T and U 

(3.0%), while the establishment of the grass species Odyssea paucinervis should be a priority. Species Groups 

0, P and V (7.8%) also contain species which are abundant. A more realistic revegetation goal will be 30% of 

the total number of plant species present prior to mining, rather than the 60% suggested by the initial 

rehabilitation plan. 
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ABSTRACT 

The mining of heavy minerals along the West Coast of South Africa will destroy all the standing vegetation. The upper soil layers 

contain much of the minerals to be mined, rendering topsoil replacement a less favourable option for revegetation. These upper soil 

layers, however, also contain the seed bank, which may be essential for the revegetation of the area, as it is a vast pool of genetic 

material already adapted to the prevailing environmental conditions. Seed bank size was determined seasonally for six vegetation units 

in the Strandveld Succulent Karoo by means of the seedling emergence method. A mean emerged seedling density of 2 725 m·2 was 

recorded at the study site. Annual species dominated the soil seed bank in terms of numbers of individuals. Temporal variation in the 

seed bank was significantly higher than spatial variation. Mean emerged seedling densities ranged from 1 612 to 3 276 m·2 between 

vegetation units, and from 838 to 7 772 m· 2 between seasons. Due to the large seed bank, topsoil replacement will be essential for the 

revegetation of mined areas. During topsoil replacement, spatial variation in the soil seed bank will not affect the density of the resulting 

vegetation. Transplanting of selected species should start during winter and be completed at the end of the rainy season. Areas where 

topsoil replacement and sowing have been completed should not be irrigated until the start of the rainy season. Seedling survival of 

perennials may benefit from irrigation during the following dry seasons. 

Key words: Mining; revegetation; seed bank size; seedling emergence; spatial variation; temporal variation; topsoil replacement 

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; Leck et al., 1989; Manchester & Sparks, 

1998). 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 soil seed bank is composed of: (1) a transient component, made up mostly of seeds at the soil surface 

which are capable of immediate germination, and few of which remain viable for more than a year, and (2) a 

persistent component consisting of seeds which may remain viable for several years (Graham & Hutchings, 

1988). 
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The number of viable seeds of each species buried in the soil, at any given time, will depend on the balance 

of gains and losses. The gain in seed numbers by a species results largely from the amount of seed shed in 

the field , which is affected by the plants' abundance and seed production, and the proportion of seeds which 

become buried in the soil. The losses are due largely to death, predation and germination. Both gains and 

losses are affected by current and previous environmental and management factors and how these interact 

with the species present (Howe & Chancellor, 1983). 

Numerous studies have reported on the spatial and temporal variation in soil seed banks (Bigwood & Inouye, 

1988; Granstrom, 1988; Henderson et al., 1988; Matlack & Good, 1990; Kalisz, 1991 ; Willems & H uijsmans, 

1994; Albrecht & Forster, 1996; Bertiller, 1998; Milberg & Andersson , 1998). Studies on the horizontal 

distribution of seeds in soil have been neglected , perhaps because of methodological difficulties. Yet, this 

aspect is important for seedling recruitment pattern and vegetation structure following a major disturbance in 

the ecosystem (Kjellsson, 1992). 

Seed numbers present in the soil are determined either by placing the soil samples under conditions suitable 

for seed germination, or by using physical methods to separate seeds from the soil particles based on 

differences in size and/or density (Roberts, 1981). Direct counting of extracted seeds determines total seed 

numbers in soil , but quantitative information on viability must be established subsequently (Leck et al., 1989). 

The seedling emergence method gives information on seed viability and seasonality of germination as well 

as the species composition of the seed bank (Manchester & Sparks, 1998). For most restoration and 

creation projects, a precise estimate of seed density for a particular species in the seed bank is not needed. 

An estimate of the relative abundance of species, determined by the emergence method, is usually sufficient 

(Van der Valk et al., 1992). 

Various studies have reported on the estimation of the size of the seed bank by means of the emergence 

method (Chippindale & Milton, 1934; Feast & Roberts, 1973; Baskin & Baskin , 1978; Howe & Chancellor, 

1983; Graham & Hutchings, 1988; Granstrom, 1988; Poiani & Johnson, 1988; Coffin & Lauenroth, 1989; 

Levassor et al., 1990; Barberi et al., 1998; Jones, 1998). Soil seed banks of natural vegetation (Archibold, 

1981 ; Matlack & Good, 1990; Badger & Ungar, 1994), as well as on the importance of the soil seed bank in 

the revegetation of disturbed areas other than in agriculture (Van der Valk et al., 1992; Milberg & Persson, 

1994; Kotanen, 1996), have been the subject of numerous studies in recent years . In most regions of South 

Africa, however, soil seed banks have been a neglected area of study. Seed bank studies in the arid areas 

of South Africa include those of Van Rooyen & Grobbelaar (1982) , Dean et al. (1991), Esler et al. (1992) , 

Esler (1993) and De Villiers et al. (1994) . 

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, 1990). For 

the applied biologist in particular, 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 

seed bank of a plant community represents the "memory" of previous conditions and it is an important 

measure of the potential of the community to respond to conditions in the present and future (Coffin & 

Lauenroth, 1989; Van der Valk et al., 1992). For the population dynamics and persistence of species, the 

51 

 
 
 



soil seed bank plays a crucial role (Harper, 1977), and for the rational of and 

knowledge of the seed bank is literally vital (Berge & Hestmark, 1 

The mining of heavy minerals along the arid West Coast of South Africa will ",-",."..,,' all the 

in the mined areas. The aim of the rehabilitation program 1990) is 

to obtain a state as close as possible to the state in which the area was before as 

soon as possible after the mining of an area has been completed. Topsoil re:>r.i:::lr·e:> 

transplanting of selected species are considered as viable means for the of the area 

Evaluation Unit, 1990). Because of the high percentage of minerals in the upper sOil 

rather than topsoil replacement is favoured by the mining company. Prior knowledge about 

the size and f'f'I,'YII"I,'\Clt of the soil seed bank, as well as its distribution in space and time, will therefore be 

essential in appropriate revegetation 

This paper is the first of two the consequences of and in the soil seed 

bank of the Strandveld Succulent Karoo on revegetation and deals mainly with the size of the 

germinable soil seed bank. The second paper with seed bank composition 

MATERIAL AND 

The study area covers approximately 9 400 ha and is situated in the vicinity of Brand-se-Baai (31°18'S, 1r54'E) 

on the Cape West Coast, South Africa, some 350 km north of 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 4.2), which is based on data from the 

Council for Scientific and Industrial Research (1 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 over a period of four years) at the study area 

Fog is a characteristic feature of the Namaqualand coastal climate, occurring throughout the year. This 

advective sea fog (c. 100 per annum at the study and the heavy dew-falls supplement the low rainfall 

significantly. The average annual (rainfall + fog) at the study area is 282 mm (Figure 

The annual 4.2) with a relatively small annual fluctuation due to the 

marine influence. The maximum monthly temperature is 24.1 °C in January (summer) and the minimum 

average is 7SC in July (winter). Frequent easterly berg winds, which blow from the 

interior, conditions to the coast. 

According to Low & Rebelo (1 the of the study area consists mainly of Strandveld Succulent 

Karoo, which is classified under the Succulent Karoo Biome. The Strandveld Succulent Karoo IIQ"ot<:>t",,, 

containing many deciduous and succulent is associated with areas of calcareous sand. 

Boucher & Le Roux (1 ,nQnt,t,on the littoral ve(]etatlCln of the study area as Southern Strand 

Communities, which are sensitive to disturbance because they are subjected to heavy winds, salt spray and 
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Figure 4.1. Location map of the Brand-se-Baai study area. 

53 

 
 
 



Brand-se-Baai (42 m) 15.8 282 

[4 - 4 ] 


25 

39.3 

24.1 
20 · 

-t) 
0-
.. Cl> 15 
' ­
~ 

ro -30 
'-
Cl> 10C. 

E 
~ 

5 

7.5 

1.8 
0 

J A S 0 N D J F M A M 

Months 

· 50 

-
40 E 

E-Cl 
0 

u..
30 

+ 
ro 
~ 
[: 

20 ro 
0:: 

. 10 

, 0 

J 

Figure 4.2. Climate diagram (following Walter & Lieth, 1960) of the Brand-se-Baai station for the 
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sands. It is therefore a naturally fragile ecosystem with a low which is easily disturbed or 

The vegetation varies in height according to the depth of the sand - the shortest vegetation growing on exr;iosE~a 

calcrete and coastal rocks and the tallest being found in areas with calcareous sand & Le 

1990). 

A vegetation of the area (De Villiers et al., 1 six plant communities for the area to 

be mined at Brand-se-BaaL These six main communities have been classified as follows 

4.3){Vegetation units sampled for seed bank estimates are indicated in brackets): 

1. Ruschia tumidula virgata Tall Shrub Strandveld 

1.1 Stipagrostis - Lapeirousia spp. Variant 

1.2 dioecus Stoebe nervigera Variant 

1.3 Pentaschistis Variant 

1.4 africanus Ferraria Variant 

2. africanus - fasciculatus Tall Shrub (Unit 6) 

2.1 Othonna floribunda Lebeckia /otonoides Variant 

2.2 Zygophyllum morgsana - Coe/anthum semiquinquefidum Variant 

3. Salvia africana-Iutea - Bal/ota africana Tall Shrub Strandveld (Unit 

4. Ruschia versicolor­ paucinervis Dwarf Shrub Strandveld 

4.1 Ruschia caroli divaricata Variant (Unit 

4.2 Tripterfs oppositifolia Cissampelos capensis Variant (Unit 

4.3 Ehrharta Crassula expansa Variant (Unit 2) 

5. Cephalophyllum paucinervis Coastal Strandveld (Unit 1) 

6. Cladoraphis - Lebeckia multiflora 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 first. Community 1 almost 

constitutes the eastern mining area, and was not sampled. The two "<:>ri<:>,.yt,,, of Community 2 were not 

individually, while the three variants of community 4 were Since the coastal 

Communities 5 and 6 are not included in the area to be mined, these communities were <:>rn.",.cn as a single 

At each of the 60 15 soil were taken linearly at 2 m intervals. Each sample 

consisted of a soil core with a diameter of 65 mm taken to a a volume of 

246 cm 3 
. The soil were stored dry in cloth soil at ambient 

for approximately one 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 of two years 

(until March 1995, autumn). 

From each of the 900 samples per season, a of 1 00 em" was on top of sterile sand 

in a 1 dm3 pot and placed under ambient at the University of some 1 200 km north-east 

of the study area. Samples were watered and emerged seedlings were marked with wooden 

depth of 100 mm, 
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Figure 4.3. Vegetation map of the study area and corresponding vegetation sample units, indicating 
60 seed bank sampling points. 
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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 period 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 3 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. (IS,ld (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: 

21'vfw 
IS'lo = x 100 

MA+MB 

where Mw refers to the sum of the smaller quantitative values of the species common to two plots, MA 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.S.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-2 for 

samples collected in six vegetation units and in eight sampling seasons (Table 4.1 a). This value is 

comparable with seed bank densities reported for the northwestern Northern Cape Province, South Africa, 

i.e. 100 - 4000 seeds m-2 (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-2 

(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-2
) (Esler et al., 1992). Reichman (1984) 

reported seed densities ranging from 4 000 to 15 000 seeds m-2 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,2, 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 of different plant 
units. Between the mean for 1 200 were 
Within a plant type, values followed by the same letter are not significantly different at P 
mean for the area, values followed by the same letter are not significantly different at P ::::: 0.05 

taken in six " ........t"tinn 

data were 
~ 0.05. Within the 

~_ ..... _ .. UNIT 
Plant 

1 2 4 

225.0 

a 

253.8 221.6 
1717.1 

(\4;'::.0 ab I IUtlU.! be I 1155.4 be 

3094.1 b 

I 

Table 4.1b. Mean number of emerged 
Between seasons, the mean for 900 were calculated 

0 

e 

b 

for 

0 

115.9 
1056.5 
1232.4 e 

2404.8 ab 

11 _1\.""11 II II v \.A, I lV_ • Mean 

taken in different seasons. 
unit data were Within a plant 

values the same letter are not significantly different at P ~ 0.05 

Plant 

852.6 c 

2071.8 b 

level 
~ 0.05) 

0.0000 
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Seedlings annual species (1 497 seedlings m-2) were significantly more abundant than perennial (196 

m-2) and unidentified (1 033 seedlings m-2) species (Table 4.1 Various 

on the dom of annual in seed (Coffin & Lauenroth, 1989; 1998). In Karoo, 

South Africa, soil of annual were found to be significantly higher than that of 

perennial (Van Rooyen &Grobbelaar, 1982; Dean et al., 1991). 

Spatial distribution 

of temporal distribution on scale of sampling. In this study, 

distribution was on a unit distribution on a 

A 2-fold variation in spatial distribution between \lOf'''''''''''' units was observed (Table 4.1a). The maximum 

mean number were recorded in unit 5, for collected and examined 

in autumn 1994 (9 575 m-2) (Figure 4.4). The minimum mean number of emerged were recorded 

in vegetation 3, for collected and in 1 (596 (Figure 

Vegetation unit 1 yielded the lowest mean number of emerged (1 m-2) irrespective of sampling 

season, which was mainly due to low of annual and unidentified compared to the other 

vegetation units 4.1 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 africanus . Shrub Strandveld unit 6) 

relatively low mean numbers of emerged during autumn 4.4). This unit is furthest 

away from the ocean (Figure and generally receives less fog that contributes to the annual precipitation 

(De Villiers et 1999). than the other vegetation units at the site. 

In the mean number of emerged seedlings did not differ significantly between vegetation units 3. 

4 and 5 within a single sampling season (Figure 4.4) or when sampling season data were lumped (Table 

4.1 Emerged densities of annual species did not differ significantly between 

vegetation units (Table a). 

According to the multi-factor analysis variance (Table mean emerged seedling densities, for all plant 

did not differ significantly between vegetation units. multi-factor ANOVA confirmed low spatial 

in seed bank of the Strandveld Succulent Karoo on unit level. 

and conditions, the soil seed content has been reported to vary to 

a factor of ten and more (Albrecht & 1 in seed bank variability between this 

and that in other seed bank may also be due to the scale of sampling 

(Manchester & Sparks, 1998). Low spatial variability in the size the seed bank reported for 

(Coffin & Lauenroth, 1989). 
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Table 4.2. Multi-factor analysis of variance (P ~ 0.05 ) for the mean number of emerged 
seedlings in samples taken in different vegetation units and seasons 

Between vegetation units Between seasons 

Plant type 
F-ratio 

Significance 
level 

(P ::; 0.05) 
F-ratio 

Significance 
level 

(P ::; 0.05) 

Perennials 
Annuals 
Unidentified 
All species 

0.311 

0.549 

0.714 

0.421 

0.9036 

0.7383 

0.6167 

0.8318 

22.795 

28.865 

13.192 

40.519 

0.0000 

0.0000 

0.0000 

0.0000 

Table 4.3. Abundance coefficient of similarity (Motyka et at. in 
Mueller-Dombois & Ellenberg, 1974) for species emerged, between 
samples examined directly after sampling and samples stored and 
examined at the peak season for germination (autumn) 

Source of variation 
Abundance Coefficient of Similarity (%) 

(Motyka et al. in Mueller·Dombois & Ellenberg, 1974) 

Perennials Annuals All species 

(/)....
'c 
:J 
C 
0 

:t: co.... 
Q) 

Cl 
Q) 

> 
c 
Q) 
Q)

::.... 
Q) 

III 

1 46.7 67.4 62.9 

2 45.5 58.0 56.4 

3 27.5 68.7 63.9 

4 13.2 54.7 49.6 

5 24.7 52.3 48.8 

6 20.0 58.6 52.9 

(/) 
c 
0 
(/) 
co 
Q) 
(/) 

c 
Q) 
Q)

::.... 
Q) 

III 

Spring '93 22.9 51.2 48.2 

Summer '93 

Autumn '94 

31.9 43.8 42.2 

50.7 84.9 80.5 

Winter '94 16.1 59.9 52.9 

Spring '94 10.1 36.4 32.0 

Summer '94 8.2 13.4 12.8 

Total 33.9 63,3 59.3 
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On a microtopographical scale, a 98-fold variation in seedling density was estimated for a single location in 

the Strandveld Succulent compared to a 197 -fold variation for the Upland Karoo 

(Van Rooyen, 1 It that the seeds are very patchily in the of Succulent 

(Chapter 5; 1993; Van Rooyen, 1 

Temporal distribution 

The mean number of from soil and examined in different seasons varied up to 

9-fold (Table 4.1 of recorded in autumn (2 761 - 9 575 (Figure 4.4). 

A 23-fold and 7 -fold variation in between seasons were observed for perennial, 

annual and unidentified yielded significantly higher numbers of 

during autumn than during other of vegetation unit (Table 4.1 b). 

Sampling autumn occurred before the onset of the rainfall season. this time, seeds of m;:my 

should have their period of (Chapter 9) and be in a state of conditional or 

non-dormancy (Baskin & 1998). Another factor contributing to the high number of 

recorded autumn was the favourable environmental conditions for germination (Chapter 8). 

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

In general, winter sampling yielded significantly less emerged (616 - 4 162 m·2
) than autumn 

sampling in all vegetation units and years (Figure Table 4.1 b). Viable seeds that did not germinate 

under favourable environmental conditions in the field during autumn, either had not "rr,:>r_r'lnQ yet, or had 

entered secondary dormancy (Baskin & Baskin, 1998). In winter rainfall areas, of the soil seed 

bank during winter (after the time for germination in autumn and before seed 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 method incorporates conditions favourable for the germination of as 

many as and estimation continues for as long as (Simpson et al., 1989). A 

term seed bank is the only seed bank type likely to contribute to the of destroyed or 

units (Thompson, 1 

As in the case of winter sampling, the mean number of seedlings from collected in 

(596 - 1 150 m'\ were significantly lower than that of during autumn (Figure Table 4.1b). 

During spring sampling, many have not completed production and of This, as well 

as seed dormancy and unfavourable environmental conditions for germination were probably responsible for 

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

The mean number of emerged seedlings recorded from samples collected in summer (609 - 2 693 was 

also significantly less than that recorded during autumn (Figure 4.4; Table 4.1 b). During summer, most 

plants have completed production and release of and a large seed bank would have been 

The low numbers of m",rr'!&o.rt 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 & the size of the 

bank of summer and winter collected samples was not significantly different from that collected 

during autumn. These seed densities recorded in seed bank during winter indicate the 

predominance of SP€~CIE~S with seed bank 

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 Succulent Karoo therefore 

showed high temporal variation on seasonal level. Such seasonal variation in soil seed bank has 

been elsewhere (Chippendale & Milton, 1 Reichman, 1984; & Lauenroth, 

1993; Malo et a/., 1 Milberg & 1998; Walck et a/., 1998) and be the result of seasonal 

inputs of seeds (Graham & 1988). As noted in this the pattern of soil seed density 

is often not as pronounced as that of the temporal & 1 Populations that 

more temporal variation in the sOil seed bank are to have lower germination fractions 

and a higher fraction of their seeds in seed banks than populations that experience less 

variation (Pake & 1996). 

Examination time 

The abundance coefficient of similarity (Motyka et at. in Mueller-Dombois & 1974) "<'If'''''''.''' seed 

bank samples examined directly after sampling and at the peak time for germination, are presented in Table 

4.3. Vegetation unit 5 yielded the lowest similarity in abundance, for all species (48.8%) as well as 

for annual species between examination times. For perennial species, vegetation unit 4 

the lowest (13.2%) and unit 1 the highest Similarity between examination times. 

unit 3 yielded the highest similarity, for all species (63.9%) as well as for annual 

between examination times. 

When examination of samples commenced in the same season as collection, the highest of 

variation in seed bank size between vegetation units occurred during the autumn sampling season 

(Figure Variation in seed bank size between unit 1 and units 2, 3, 4, 5 and 6 

increased when collected during summer 1994 were examined the following autumn 

4.5a & 4.5b). This may be due to increases in numbers as a result of favourable 

conditions germination during autumn examination. 

With the exception of unit 1, the mean number of emerged from collected 

during summer 1994 increased significantly when 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 1993 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 such as dormancy. 

germination requirements and fractional For annual plants, fractional germination between-

year seed banks) a reducing mechanism (Pake & 1 of 
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seasons, and examined a) directly after sampling b) at the time for field germination 
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a fraction of a plant's progeny buffers it from the consequences of near or complete reproductive failure in 

unfavourable It also reduces variance by lowering success in favourable years, when fitness 

would have resulted from germination. 

For all plant types, autumn 1994 sampling yielded the highest similarity in species abundance, between seed 

bank examined directly after sampling and at the peak time for germination (Table 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 4.5a & 4.5b). 

Revegetation 

Because annual dominated the soil seed bank of the Strandveld Succulent Karoo in terms of 

numbers of individuals, topsoil replacement as a means of will yield mainly annuals. Although 

annuals Will contribute to post-mining and are essential in the initial sand stabilizing 

of rehabilitation, these are of less importance to long-term revegetation goals than perennial species. 

The latter dominate the pre-mining standing vegetation in terms of abundance and species richness 

(Chapters 3, 6 & Sowing and transplanting of selected perennial should therefore be considered 

for achieving long-term revegetation goals. 

During topsoil replacement at the study site, the low spatial variation between vegetation units will not affect 

the density of the resulting vegetation. High spatial variation expected on a microtopographical scale will not 

affect post-mining nPT"'Tlf,n density due to the lumping of topsoil during the mining process. Possible 

differences in seed bank richness and composition between \10,,,:,,,:,, units will be important in,",Ut":LlI:::,., 

5). 

Topsoil collection and during the period of highest soil seed density, i.e. summer and autumn, 

will ensure the possible reserve of (Baskin & 1978; Vavrek et al., 1991) in 

post-mining restored areas. During summer and the soil seed bank will contain with 

transient seed banks and those that accumulate seed banks. The presence of a 

seed bank 1 894 seeds recorded two winter seasons; Table 4. b) ensures the continuation of 

the population at a even if seeds are not produced every year, and it increases the and thus 

the diversity and stability, of the breeding population (Silvertown & 

Utilization of the seed bank by means of will therefore be essential for 

successful of the study area. 

The period between collection and replacem of should also be as short as because the 

stockpiling of soils before are used in restoration can influence recruitment in at least two 

ways. Short-lived viable seeds may be lost if the soil 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 

a/., 1992). Several reports on stockpiled topsoil have referred to the low organic matter content of such 

as a result of rates of mineralization (Williamson &Johnson, 1990). 
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autumn, the size of the germinable soil seed bank should be and chances for seedling survival 

This is also the when environmental conditions are favourable for the germination of most 

at the study site 8). Irrigation of areas where topsoil and sowing been 

com should only commence in autumn. Mechanisms to preserve topsoil and/or sown 

such as hydromulch or sand-binding techniques, Id be applied the period prior to 

Transplanting of selected should take during winter and be r()l"'nnlpt~'ti at the end of the 

season. Irrigation during the following dry seasons will the survival of plants. Environmental 

conditions (soil moisture and can influence recruitment from the seed bank, and the 

success or failure of a can depend as much on environmental conditions as on the size and 

of the seed bank. 

CONCLUSIONS 

The seed bank of the Strandveld Succulent Karoo a mean of 2 725 seedlings m-2
, and 

was dominated in terms of numbers by annual Topsoil replacement in post-mining areas of the 

Strandveld Succulent Karoo will yield mainly annual while selected perennial species will have to be 

sown or transplanted during revegetation efforts. 

At the scales used, the pattern of soil seed was not as as that of the temporal 

At vegetation unit variation in soil seed density was low. variation in the soil 

seed bank will not affect the of vegetation from topsoil replacement. 

Seasonal variation in seed bank size was high at the study site. Samples collected during autumn and 

summer did not differ nm,r",rHI\I from each other in and include both the transient and 

fractions of the soil seed bank. r"",p,,,,, when these were examined after sampling, there 

was a difference in seed bank size, due to environmental 

conditions for summer. When <:!rY\,l"\lc.c: were examined directly after sampling, the 

mean number of occurred in collected during autumn. Winter sampling 

the presence of a seed bank at the site. 

The large size of the soil seed bank in the Strandveld Succulent Karoo that topsoil 

can meaningfully contribute to the of areas. species 

dominate the seed bank, the contribution of seed bank should not be 

in efforts and will be addressed in 5, 

The that was in the original plan was to the area with 

plant species in an to return the area to a state as close as to state 

(Grindley & Barbour, 1990). More should aim to leave the area with sufficient 

ind to prevent prr,';::lr,n to be able to sustain itself and to hasten the return to a complete 

natural cover with as great a <>1J';vl~;<> as possible. To evaluate the success with which topsoil 
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replacement will aid in achieving a between the seed bank and standing 

will also be essential. 
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CHAPTER 5 

.SPATIAL AND TEMPORAL PATTERNS IN THE SOIL SEED BANK 


OF THE STRANDVELD SUCCULENT KAROO, SOUTH AFRICA: 


II. SEED BANK COMPOSITION 
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ABSTRACT 

Topsoil replacement, sowing and transplanting of selected species are viewed as possible means for the revegetation of post-mining 

areas in the Strandveld Succulent Karoo. South Africa. However. the upper soil layers contain a high percentage of the heavy minerals 

to be mined, rendering topsoil replacement a less favourable method for revegetation from the mining company's point of view. The 

upper soil layers also contain the seed bank. which may be essential for revegetation purposes. Seed bank composition was 

determined seasonally for six vegetation units at Brand-se-Baai using the seedling emergence method. A total of 109 species were 

recorded from samples collected at the study site. In terms of species richness. the soil seed bank was not dominated by any specific 

plant type. i.e. perennials or annuals. Temporal variation in soil seed bank species richness was more pronounced than spatial 

variation. Total species richness at the study site ranged from 55 to 65 species between vegetation units and from 30 to 78 species 

between seasons. Due to the relatively high species richness of both perennial and annual species in the soil seed bank, topsoil 

replacement will be essential for the revegetation of mined areas in the Strandveld Succulent Karoo. During topsoil replacement. spatial 

variation in the soil seed bank will not affect the species richness of the resulting vegetation. To sustain as high as possible species 

richness. areas where topsoil replacement and sowing have been completed should not be irrigated until the start of the rainy season. 

Key words: Mining; revegetation; seed bank composition; seedling emergence; spatial variation; species richness; temporal variation; 

topsoil replacement 

INTRODUCTION 

The composition of the seed bank is notoriously variable both in space and time (Lavorel et al., 1993). 

Spatial and temporal variation in soil seed banks has been the subject of numerous studies (Bigwood & 

Inouye, 1988; Granstrom, 1988; Henderson et al., 1988; Matlack & Good, 1990; Kalisz, 1991; Willems & 

Huijsmans, 1994; Albrecht & Forster, 1996; Bertiller, 1998; Milberg & Andersson, 1998). Studies on the 

horizontal distribution of seeds in soil have been neglected, perhaps because of methodological difficulties. 

Yet, this aspect is important for seedling recruitment pattern and vegetation structure following a major 

disturbance in the ecosystem (Kjellsson, 1992). The importance of a seed bank is species dependent and 

varies among plant communities (Badger & Ungar, 1994). For this reason, species composition has been 

included in most seed bank studies (Henderson et al., 1988; Levassor et al., 1990; Kjelisson, 1992; Milberg 
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& Persson, 1994; Aerts et al., 1995; Dutoit & Alard, 1995; Albrecht & Forster, 1996; Aziz & Khan, 1996; 

Kirkham & Kent, 1997; Lunt, 1997), including those in the arid areas of South Africa (Van Rooyen & 

Grobbelaar, 1982; Dean et al., 1991 ; Esler, 1993; De Villiers et al., 1994). 

Seed bank studies are an important consideration in the development of a predictive understanding of plant 

community structure and function (Roberts, 1981 ; Leck et al., 1989; Esler, 1993). In arid and semi-arid 

environments, where germination and recruitment are the critical stages in the life cycle of most plants, seed 

banks are thought to playa major role in population dynamics. Seed bank studies in arid environments have 

been concentrated mainly in areas with an abundance of annuals (Van Rooyen & Grobbelaar, 1982; 

Reichman, 1984; Coffin & Lauenroth, 1989), and indicated that seed banks in these areas are often 

persistent and large (Von Willert et aI., 1992) with annual species as the main contributors. Knowledge of 

seed banks of perennial species in arid environments is very poor (Leck et al., 1989; Esler, 1993). 

For most restoration and creation projects, a precise estimate of seed density for a particular species in the 

seed bank is not needed . An estimate of the relative abundance of species, determined by the emergence 

method, is usually sufficient (Van der Valk et al., 1992). Even a list of species present in the seed bank is 

enough to establish which desirable and undesirable species are present or absent. The seedling 

emergence method gives information on seed viability and seasonality of germination as well as the species 

composition of the seed bank (Manchester & Sparks, 1998). 

Topsoil replacement as well as seeding and/or transplanting of selected species are considered as viable 

means for th~ revegetation of mined areas in the Strandveld Succulent Karoo, South Africa (Environmental 

Evaluation Unit, 1990). Due to the high percentage of heavy minerals present in the upper soil layers, 

topsoil replacement is not favoured by the mining company. The initial revegetation goal stated that 

vegetation of post-mining areas should conform as close as possible to pre-mining vegetation . This goal 

includes both species richness and abundance. The standing vegetation prior to mining is dominated by 

perennial species, while annual species predominated the seed bank in terms of number of individuals 

(Chapter 4) . Knowledge about the composition of the soil seed bank, as well as its distribution in space and 

time, will therefore indicate the suitability of topsoil replacement in achieving the proposed revegetation 

goals. The formulation of appropriate revegetation strategies is dependent on detailed information on the 

seed bank of species that are dominant in the vegetation . This information would also aid in the 

understanding of the processes involved in the dynamics of the system. 

This paper is the second of two concerned with the consequences of spatial and temporal variation in the 

soil seed bank of the Strandveld Succulent Karoo on revegetation strategies, and deals mainly with the 

species richness and composition of the germinable soil seed bank. The first paper focused on seed bank 

size (Chapter 4) . 
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MATERIAL AND 


The area is situated in the vicinity of Brand-se-Baai (31 "1 on the Cape West 

Africa, and covers approximately 9 400 ha (De Villiers et 1 occurs mainly winter 

months with an average of 160 mm. The average annual torr,nor<:>t. measured at the study site is 1 

vegetation at consists mainly of ~tr<:>lv1\1olrl Succulent Karoo (Low & 

1998), which contain many deciduous and succulent This vegetation type contain plant 

sPE~cIE;swhich are sensitive to disturbance because they are to winds, salt spray and drift sands 

& Raux, 1993), It is therefore a naturally fragile ecosystem with a low resilience, which is 

disturbed or destroyed, 

Collection, treatment and examination method) of seed bank soil as well as statistical 

treatment of data, were identical to that described in the paper with seed bank size 4). 

The presence coefficient of Sorensen (Mueller-Dam bois & were used to determine 

in soil seed bank of sam examined directly after sampling and those examined at 

the season for germination: 

2c
ISs=--xlOO 

A+B 

where, in this study, c is the number of sPE~ciE;S common to two A is the total number of 

species directly after sampling, and B is the total number of recorded at the peak time for 

germination. 

RESULTS AND DISCUSSION 

The and annual species, which from samples collected in vegetation units and 

seasons in the Strandveld Succulent and their abundance's are in Tables 5.1 a and 5,1 b 

Abundance's of unidentified are also in Table 5. 'I b. The grass Ehrharta 

calycina was with the overall density 5.1 whlle the grass Karroochloa 

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

A total of 109 were recorded in the soil seed bank of the study site 5.1a & 5.1 b; Table 

This value is markedly lower than the 230 recorded in the standing vecletl:1tI at the study site 

Villiers et al., 1 Low correspondence between standing ve()et,atlcm seed banks has been 

reported by numerous authors & Persson, 1 & 1997; Breck & 

Jenkins, 1 1 

73 

 
 
 



Table 5.1 a. Mean number of emerged seedlings m·' of perennial species, for samples taken in six vegetation units during different seasons. Between vegetation units, the mean 
for 1 200 samples were calculated (season data were lumped). Between seasons, the mean for 900 samples were calculated (vegetation unit data were lumped) 

VEGETATION UNIT SEASON 
Species I Winter'93 I Spring'93 I Summer'93 I Aulumn'94 I Winter'94 I Spring'94 I Summer'94 I Autumn'95 

Amel/us tenuilolius 0.8 0.8 0.8 3.4 9.3 0.0 0.0 2.3 0.0 0.0 1.1 0.0 0.0 16.9 
A;ctOtiSSPI'.:.. .. 3.4 '~.() ..... 0:1)0:1) · ~:00:0~.0 .::·.§~o:I)Oo:o. ' 00 · ···· ~.o .. . o.q . ... 4L 
Atriplex.s.e",ib,acca.ta .... O:() ..... 3:4 ..... 0.0 .........0.0 .. ..O.(J... O:O(),O(J,O ..()..O.... ......(J.O. . ... ..4..5 .0:0 ... .. (J,O ..... O.O 

Ballota alricana 0.0 0.0 0.0 0.0 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.3 
c;,piii.i~piiril,jinspo;,~iosum ' . 42 .·.·.·.·.· §oi:io ..... 66 ......ii,o .. 00 ' ..00 ... ;:i()04:SoiJ. .. ....0.6. ·.·.O:()()O 
Chaetobramus dregeanus 2.5 0.8 0.0 2.5. O.B . 0.0 1,1 5.6 0.0 0.0 0.0 2.3 . 0.0 0.0 
Ch"!socomalongitOlii.0:()(jOCl0250§ ·O()O§O.O . .. 0.099 ' OliO() '0:0 "'3 4 

C;~nicosia pUl}ionilorrnis .... 2..5 00 ........... S...l... .... . 4:2 ........3.4.. ... 0.0 ... (J.O.. 0.0 ...1:1 .4,5. . ......... 4..5...........2...3... . .. 0 ..0 ........ .. 7:9 ... . 
Crassula muscosa O.B O.B 0.0 1.7 0.0 0.0 0.0 0.0 2.3 1.1 1.1 0.0 0.0 0.0 
i)rosanthemumealycinum :i.4 0.0 ClO . i:600 ····li . "' 2:300 3.410.2 · o.oo:()lio.o 

~~~:~~~:;j~7j~~usii~r 15~:~ . '6~6 . .~~} .eN ··2n ·· g} '~}6fB ·.··.·.·.)4~·:; .. '5~:f ··.2b:f ··~12;ff 
¢upho;biaspp. ···· ·.·.·. ·.·.·....... bo.o,oo()(jO . '.'0). ..()o ..... .o,cJ...Ooi:iQ(J ' 0.0 .....0,0 ....069:0 

Exomis micraphyl/a ..... 0.0 0.0 ........... O.. B ...... 0,0 0,0 0.0. . .. 0..0 ... ....1...1 ...... . 0:0 . (J ,O . ..... 0.0 0.0 ... .. . 0.0 . . 0.0 

Galenia alricana 0.0 0.0 0.0 1.7 0.0 O.B 0.0 1.1 0.0 1.1 0.0 0.0 0.0 1.1 

Gal~riias.;c0l'hyl/a ... ........... 5i. .... 68 ·.·.·.·.·.0808 '.3..4 ....0.8 .' 00 .. 4,5]:9 45. 2) . l) .. . i.1.. . .. 23 

Gazanialeiopoda ... 0.0 ... ..... 10...2 ............2.5.. . .. ....1,7... . 0,0 . 0,0 .. . .. ... c...o.... ... 0.0......0,0 0,0... 0.0 ......0.00.0 ......... 1.92 

qeophytespp. ...... ..110.. .. . ...... .9...3 ......... .23.L . . . 24 ,~22,O 2~ ..B.... ..... (J.o .... ... .1...1.. .... ..4:5 ... .. ... 722....... . ~,5 .....?.3.. ....... .2.3" .. 6;4:~ 

,.Grielurn9randillo.ru"'.. .. . ... S:9 .. .. 0,0 ...... ... <J,O . ().O . . ... .. ..3..~ ..... 3:~ .......1,1... ... .. .1.1 .. ... ().o ............9.0.... .. . .. .1} . .. .. 1:1..0,0 .. ........ 3..4... . 

Helichrysum incarnatum 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 
f{~rmari"jaspp,.. . . . . ' ······.· 7:6 ·· ·· 2:S.6:s)( .... .. iiii. . i} " 0:02);02 ." 9,0 . ... ...i...1....... 0.:0.· · ·i4. . 4,5 
Hirpiciurnalienatum . 0:8 . 0,0 .... 00 ..... 0.0.. . 0.0 .0.00,00.0 .. L.l0.0... . 0.0 .0,0 ... . 0,0 ..... . .. 0.0 

HyP6rtelissa/soloides18,6 2.1,1. . 0.0 .. .. .... 7..6.... . ... O..B. ...... 3.4...... ' ....3.4.. .......1...1.. ...... 4.5.. 47.4 .. .1...1.. O,06,B 4..5 
La",pranlhusl}Qdmaniae .... .. 0.8 .. .....0.0...... .. 0.0 . .0:0 . 0,0 ...... 0.8.. ...().O .O.() ............1,1.....0.0 . ...... 0.0 ....0.0. ....0.0 .........L1... . 

L~"'pranthuslanatusO(jO,O .00 .. ..... 0.8 ... .. 0.0 . 0:0.0:0.0.000. ...1 .. 1. .. ... O.() 0,0 .. O,O().O 

Lebeckia lotonoides O.B 0.0 0.0 0.0 0.0 4.2 0.0 0.0 0.0 4.5 0.0 0.0 0.0 2.3 
Leb;,ckii.muitii;ora . ' ;:i ..... 0:0 00 ().oo.a .... '0:0 ... '0:0 '" 0:0 0.02.30.00:0 ..... 0:0 '1; 
Lefpoidtfii ,acobe;'ia;,. . i .7 .. '0.0 .. '0:00.0 . . 0:0 0.0 ... ;.io.o .... ·o.ci 0:0 i:i ci.o ...... '0.0 ' .. . '0:0 

L~;;~e;~g;,al'halodesbO.08. ·.·.·..O,B ...·....6.0........ i:i:O..i4 ... . ...0:0 " 2)2,3 ....ii ·. 0:6 .... 00 .'.'.'.0,0.. i.; 

Mano~hlamysalbicans .....2..5... . ..3.,4 .9..3..4:2. 10,2 ..... .3,4. ...... 6..8 .......... 0.0 ......... 3..4 ......... 14,7 .. . . .3..4.. .. U. 0.0 .. ....14..7 .. .. 

Mesernbryanthemaceae .. ...2~ ..6.... .... S...I... ......4.2 .......... 1.6.1.... 16,1 ...... 1..7.. ..0.0 . . 4..S ..... 11:3 .. ...49,6 .......11...3. ........... 1-1.. ...0.0 .... 1.9..2 .. 
Micr~I~"'asal}iNatum .." .. ...°.0. .. 0,0 ....0.0.......... .0.8.. . .. 0.0 ..... 0:0 ........ 0,0 . ... ....... 0.0 .......0.0.....0.0. 0:0. .. . 0:0 0,0 .... L.l ..... . 
Nes/1era biennis 0.8 0.0 5.1 16.1 5.1 lB.6 0.0 2.3 0.0 2.3 6.8 5.6 11.3 32.7 
OdrSS~apaucin"rvisj.90.aO(j ··· . O~ .. ... . i.]§oo.() . . O.() ···. 1:1 ·····2,3 ... f:i .. i.i . ... ~.O . J~ .. 

..OlhonnaOo.ribunda. .0.8 .. 0,0......0.0 .... ........2..5... ...2..5 ... 2..~ ..... .. .1:1 . . . Cl,O ....... .. " .1.. . ......3.,4 .. ......2..L .. O() ...........Ll...g..3 
Pharnaceum aurantium 6.8 5.9 0.0 3.4 0.0 0.0 0.0 0.0 0.0 3,4 0.0 0.0 0.0 18.0 
phamaceum;anatumO:O 0:0 0:6 ' 0.0 0.0 . "if .. ···· 000:0 "' 06 " 0.0 0.0 2::i ..... 0:0 . ' 0:0 
PSiioca-';i~rispp:'::::o~ ' oo' . ... . 0,0"00. · ..... 25()§ ..·.0,0 ' 0.0 ..........Ll·.·.·.·.·.·O:0 ·· ·· 00 '0:0' '''i,1 .. ;.( 
Pteronia onobromoides 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0 
Rhusi~;,'iispi;;a ... .oO .. 00 ....0.0 i.7 .. .... .0.0..0.00:0 . ... ....00. .·.·.2:3 ·.·.·.·.O,cJ . q.O .. .Q.O(J.OO:(j 
Ruschiabolusiae. .. ..... . .OB... O.O .. .. ... 2..5.. .6.8.. ......... 1..7 ...........1.-7 ......... 1,1 .. . ..... ().O. S.6 .... 4.5.. ...3..~ .. . 0,0 ....... 0,0 ..... ...... ~ ..4.. 
Ru~chi~b!~vicyma. .. .. ........... ...51. .6:8 .......... 4..2............ 2..5.. 0.0 ...5:1 ....2:3.. .. .5..6.. ...1(j2.0.0 ........ 1.0..~ .... . .......3,4.. ....0.0 .. .0 .0... . . 
Ruschia caroli 0.0 0.8 4.2 B.5 0.0 O.B 0.0 0.0 0.0 15.B 3,4 0.0 0.0 0.0 
Ruschiacymosaoo ····· .. 0.02.5 ·····0:0 " '0:0 . ·'i.OO.O ·····0.0 "';X1:i'iT ' 0.0 "0.0 ·····0:0 

Ruschiasits;,sa ................ .........1) . .·.·. 0.0 '0:0 .·.·.·.·.·00 ·.· . 0:qO:00'OiJQ002j ...... ... .0.:0 .. · · DA.O.o .():o 

Ruschia"al7laq~ana O.O . 00. .... O.. B. ... .0,0 . Cl,O 0.0.. ..000.(J0:o. .....1..1..0.0 ..... 0.0.... . 0.0 .0.0. 
Ruschia sp. 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 
Ruschia .:.u:op~riicula ta .0:0 .. ' . 00...1.( ...0:0 ........00... .. (l.O ·.·.·.·.·.O.O()'O . 0:0. ...1.1 ... .. oo. 11 .... iio ·.·.·.·.· 00 .. 
Ruschiat~cta .... o.o ..........0..8 ............2..5.. . 0,0 .. 0,00.0 .. 0.00.0 .. 0,0 ...........3,4......0,OO.00.() .. ........ ..1..1.. . 
Ruschia tumidula 0.0 0.0 4.2 0.0 6.8 0.0 0.0 0.0 0.0 9.0 5.6 0.0 0.0 0.0 
Ruschia .versicolor ....... ...................... ······0.0 .... ·. 2:'5.·.··.·.·. ·.·.;.,7 .1.,1 . ....... ....6.( . "' oq ...·.·. .. (i ··· §O · ··i.i. " '3:~ ............·.·.·.·.·.· 2:3 ·.·.·.·.·. 0,0 ...... ·.· ·q,o · o.o ·· 
Stipagrostis zeyheri 0.8 O.B 1.7 O.B 0.0 0.0 0.0 0.0 2.3 0.0 0.0 2.3 1.1 0.0 
St08b.riaspp.. . . . ...Ji.09... i:i..0 ... .. . " 00 . ·.. ~8.. " 0.0 .... . . i:iA . ...... i .:.i... . o§ ." 5.6 ·.·.·.·.·.().O ' 0:0.....0:0 ............(; 
Tetrail0ntavirl}ata .. ........ ...... ........ . ...... .51.. 6 :8. ..11.,0 . 13..5. ... 23...7 .... .6..8 .... 2,3 .2,3 ..... .3,4 1.6...9. . .. 14.. 7 .. . . 2,3 .......3,4 ........ 44.0 
Tripleris oppositilolia 0.0 0.0 O.B O.B 0.0 O.B 0.0 0.0 0.0 0.0 0.0 0.0 2.3 1.1 

z~~f~1;rr3:J~~~m · · · ••• •••·•••••• ••••••I·•••• ·HIU ····.·. n•.•.••..•. . U.········· H·.' lr "'J'.' ···U ···········U .·.········ lf· ·1f·•.... ··········~l···· · ········ U·· ···!l·······.·.·.H 
Total for perennials 1225.0 1253.8 1170.0 1221.6 1187.8 1115.9 23.7 42.9 1146.6 1562.8 1146.6 50.8 47.4 1544.7 
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Table 5.1b. Mean number of emerged seedlings m" of annual species, for samples taken in six vegetation types during different seascns. Between vegetation types, the mean 
for 1 200 samples were calculated (season data were lumped). Between seasons, the mean for 900 samples were calculated (vegetation unit data were lumped) 

VEGETATION UNIT SEASON
Species 

4 I Winler93 I Spring'93 I Summer93 I Aulumn'94 I Winler'94 I Spring'94 I Summer'94 I Aulumn'95 

Adenol!rammalitto",IiS ... 0,0 go .. .l95..~()()} ... .93,0 . ... .. ...1.1.,.8............5...6.. ...1.3~ . 1.35 ....291,0 . ... 1.32..0 . . ..21...4 .... .......9.,0 269..!) ... 

Amellusrni,roQlossus~.o . ..... ,4..2 ... 0"0..0,8 3.2.90.... ....... ~,.O. . .0..0 . .. .......4..5 . ... 0:0 ......1.1.6,2.. . ~ . 0 .... .16,.9... 305... ....2774 .. 

Arctotheca calendula 0.8 1.7 0.0 1.7 1.7 0,0 0.0 0.0 0.0 0.0 0.0 0.0 34 4.5 
Arctotis...dp'8ssa .... oij .. o() 0.0 .. . O? ... Os .....42 . . 0,0 · ()O ·· . o.O().()n "0.0 .... 00 .... 5·6 · 
Brassica tournefortii 0,0 2.5 34 0,0 0.0 0.0 0,0 0.0 0.0 1.1 1,1 0.0 0.0 5.6 

~;;jfr::;CZ7:~i:1r '}t~~ ' ~f " 7~r~:f ···· t~ ·········· IU · tf '4~:~ ...· 3~:b .j~:f ··· ~I · ·· 8.f 
g~fjz1~~~r~Uliloiium ' ..... ········ Yi ·tfJJ ···H · . · . · . ·.·. 6gf ,,;ci~t . · . · ·. t~ .... ·t~3g "' i}t<,{tl~r . HIt ···· i~:8 
Crassula expansa 21.1 2554 130.3 43,1 14.4 584 51.9 744 64.3 76.7 100.4 564 42.9 230.1 
6"ssulaumb.iiaia ················· ·· 08 ·····1 ifs9j ····S.8 ·····18.6 "' 299,4 ···· · 45 ' i9:2 "' 147342.9 '37.29:0 . ·fiis6.9 
Cfoi"iadahumiiisOO .. '0.0 . ' 0.0 ·····;.7 ' 0,00,0 ·····0.0 .. . ' 0,0 0.0 ····· o:()00 . · 0.6i,1{,1 

Cyslic"pii~s~racca .·.·.·.·.o,<iQ,Ooji .'.'.'.'.' 0:0 ( i:s O:o(i:O ·.·... H.. q.O .'0:0 ..... ~ O:o, ' o( ..·........oi) .....0,0 .1.:.1.... . 
Diasciaspp. .. . .... 0,.0.. .. 0.0 0.0 ... .°,0. .... °:° .... ... OB. . 00 .. . .. 0 .0 . 0:0 . 0:0 . ........ 0,0 ...... .. (l.0 ......... 0.0 . ...11 .. . 
Did_Ita carnosa 0,0 5.9 0.8 0,8 0,0 0.0 1.1 0.0 0.0 0.0 0.0 0,0 34 5.6 
lJimo;photheca.,pluviaiis · ..... ... ii:03,41.i " H. 083642.5 .. . 3,4)4 .0.0 .4:5. .. 1,1 ...1 :i.~§ .. 4S2 
Ehrharta brevifotia 0,8 0.0 0.0 0.0 0.0 0.0 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
FeliciamerxmueileriO.00.sO,ao.8· "1.7' " 11 :00.0 ····i.l . S.!li40.0 ·o.O · ().o ···· · 90 
Fici~i~B;iiy;opa ""H .......' 6,8 ·.·.·.·.·.5,9 ···.·.·......i~ .4 ...........1.6. ·.·s}; .... ;f<i. ·.·.·.·.3,4 ·.··.·.·.....180 ·· ... J .iiO·O))s8 ' :iOs ····00 

Foveolina t_nella 0.0 0.0 0.0 7.6 0.0 0.0 1.1 2.3 0,0 0.0 0.0 1,1 1.1 4.5 
Frank;;niaputveruleiita4.26:00.oo.6 .. ..... . '0.00.0 ··· ·· 4:5 '1:;0.00.0 ' " 0.0 "' 0:0 ... " 0:0 ·().O 

dym;;;'"iscuscap!il.;is 0,o():8 ..... O,OQ:O .·.·.· 0:00:0 '.' ·. (),O ·.·.·.0,000 O:OO.(j .. . ():O§O;:; 
H8b.nstr8tia d8ntata 0.0 7.6 8,5 5.9 8.5 0.0 0.0 0,0 0,0 15.8 2,3 0.0 0.0 22.6 
Hebensi;;'iia;ep.;ns "' 005; ··· ··· 0.03.4 "' 1.7 ·····0:0 ·· ·· 0.0 ····· 0.00.0 0.00:0 ····0.0 ·····0:Oi3.5 

Z:~i~t~~o:~~jt~~::pis ............ .... . !iff ..<in ....·sg·r ...·.iff .. ' 6~:~ ·.·.·.·.·.2~~ ......... . ~,g '..· . · . 3~:f ...' Stf' 10l} ... · 9~.8 .. '. 4ff .'4~:~ ·. 5~:t 


tsolepismarginaia ... · (las:.i. ... . ... j:4 ......12:'i.~,2 ... '12:i ·.·.·.· 00 .' 6)3:45,6 ... .11,3 ·.··.·.iO:2 .f .i. . ..135 
Kaffoochloa schismoid.s 55.8 447.5 1192.7 754.5 839,9 431.4 1.1 194.0 762.4 2256.7 518.8 120.7 54 .1 1054.5 
L~ss"riia6"n9u.li'''nsis ·· .. ······· ·······.·.0:0 · 0.0 .... .. H O,ij ... ..0.8 ....00 "' 0.( ··.·.06 ·.·.·.·.·. . .. .9,o.§bOOo§ ·.·.·.·. . 00 ... " i,f~:o 
LYP8ria trist. 0.8 0.8 0.8 0.0 0.0 0.0 0.0 0.0 1,1 1.1 0.0 0.0 0.0 1.1 
Manuieallitissima "'1.7 · ··· 0.8 ···· 1T "' 34 6.8 ' ' 46.5 "16,934 . 4.56:8 20.31.15.6 ·····22.6 

Ma;'uleapuSill~():0 .. ..3.47..0.0 .. isX . . . 00 ... 0 ,0 .·.·.68. . 5> .6§6.1.~X . ' 2) .... ..1,1 .... .... H.00.... . .259... . 
M8s8mbryanth8mumcrystalinum 77.0 17.8 17.B 16.9 6.B 0.8 7.9 0.0 34 93.6 41.7 .2.3 2.. 3 31.6
Nemesi;" bicornis ... ···· · ···· ···0.80.8 '0.0' " ' 00 ' 2:S ... ' 2:5 . 0.00,0 0.03X · ·· 0:0 . .. 0.0 · O.()S.S 
Neme~~ab9uiata"" ...... . . 0.0 .. . ' 00 .·.·.o.Oo() "' 0.( ·.·.08 .. 0.0. 0.0 ·.·.·.·.· 0:0 .·0:0 .. ..0:0 . ·.·.·.·.00 · 90 ';,; 
Ocimum canum 0,0 0.0 1.7 0,0 0.0 0.8 0,0 0.0 0.0 2.3 0.0 0.0 0.0 1.1 
Onca:;i"hon sIJriruiicosum 205:5 . 203:9 '87.;' . 99.8 ' ;48.9 47,465,4 . 3ii:349.64S0.4i;3.9 . '32:7;6.2 ' 266.2 

:i~t{:~11f!i:d.s ·······••••• ·· ... ..... lii ..... 2~n ••· ·· ~H ·· · ·.·.·. ~~f:: ·.•·.··.·.1H.·. · . · . ~~1 .··· It. · ·~U·.·.·•• · . lr .... ~n. · . . l1{ .· .. •·••·.·.1~ •.•·... 21l ... . 1~n ... 

Polycarsna pumila 0.0 23.7 8.5 21.1 9.3 9.3 18.0 4.5 3.4 14,7 2.3 3.4 7.9 41.7 
PortlJla~quadf;iidaO'O.O(l .. 080.0 .....0.~ .... 0:O ..... 0:~00.. , O:o ' 0.0 .0,0 ·.Ii . 000.0 
SeneCio ar8narius 186.1 123,5 82.9 33.0 48.2 10.2 11.3 9.0 15.8 277.4 110.5 10.2 34 207.5 
Silenecland.siin.iio · 18.6 "'13.55:9 "4:2 ···· 3:40.0 ····· 0.0 "1:141:7 0:00.0 .... "0.0 . 18.0 
$onderiiia tenuis · "···· 0.0 ·· · o.cio.o ..... " ' 0.0 ' 1.7 ' 0.00.00.0 ·· ··· 0,06:0 · 0:0 "' 0,00.0 .. .. " 2:3 

t~j!~tn~ia~d~;ii~:ra "..... ..~{ ·· tt~J ' {~ .. ..1~} ···tt····It ·.. J}rr ·Jl · · ·~:~§:t}t "' lH 
Ursiniaspecios~ . .... ... ,,0:0 ... .... 0,0 ..... .2..5.. .5 .9... ..... ,.00... . ......6.8 . 0,0 ,, ~.oo,o. ...4..5... .. 0.0.0.0 ... " . ... ~O., .........15..8... 
~ahlenb8rgiaandrosac8a.0.0 ....... ... ..5...1.. ... . ..O..~ . ..... .0,11 . 0,0 0..8. . . 0.0 0.0 ... . 0:00,0. 00 ..... 1...1.. . . 0.0 ..... 9.0 
Wa.hle~b8rQiapanicula.t.a" .... 0.0 ......... ...2..5>..13,5>. 16.1 .......1,1. ..11-.8 . .. 0..0 .......... O..~ .....0.(l0'O ... .. .2..3.... . ..5...6 ....... " ...2..3 50:8 
Zaluzianskya villosa 804 37.2 11 .0 22.8 0.0 0,0 0.0 0.0 2,3 102.6 27.1 2,3 4.5 63.2 
Total for annuals I 742.6 I 176T.81 1870.2 I 1717.1 I 1826.2 I 1056.5 I 216.5 I 500.8 I 1072.6 I 4933,0 I 1283.4 I 394.7 I 306.8 I 3266.1 

1Unidentified 644.5 842.5 1060.7 1155,4 1262.0 1232.4 730.8 335.0 852.6 1 2275.9 1389.5 421.8 483.8 1774.0 

ITOTALFORAITSPECIES 1612.1 2864.0 1 3100,9 1 3094.1 1 3276.0 2404.8 971.0 878.6 2071.8 17771.7 2819.5 867.3 838.0 5584.9-1 
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from taken in different veaetation units and seasons Table 5.2. Total number and (%) of that 

Plant type Vegetation unit 

1 
2 

Perennials 3 
4 
5 
6 

Total for all vt:yt:aam)n units 

1 
2 

Annuals 3 
4 
5 
6 

Total for all vegetation units 

1 
2 

All species 3 
4 
5 
6 

Total for all vt!\jt!tdmJn units 

Winter'93 
5 
1 
3 
3 
3 
3 

11 

6 
7 
9 
8 
8 
6 

19 

11 
8 

12 
11 
11 
9 

30 

Season 

§pring'93 Summer'93 Autumn'94 
9 13 19 
3 7 10 
6 6 14 
4 2 17 
4 6 11 
4 5 10 

17 23 37 

~~~~ 

10 9 9 
11 11 19 
11 9 17 
12 11 17 
13 10 17 
11 9 18 
22 26 30 

19 22 
r-~~ 

14 18 29 
17 15 31 
16 13 34 
17 16 28 
15 14 28 
39 49 67 

Total for all Total for Fre~~~ncy
Winter'94 Spring'94 Summer'94 Autumn'95 seasons area 

9 5 2 10 33 
10 5 1 13 24 
11 3 3 10 27 

58 12.4 
8 6 5 17 29 
8 2 8 13 25 
3 3 7 15 26 

~~~ -
25 14 15 34 

8 7 11 9 22 
14 12 11 24 36 
9 12 10 20 32 

51 42.0 
15 15 18 26 36 
11 9 10 20 31 
9 9 8 24 29 

23 25 27 44 

17 12 13 19 55 
24 17 12 37 60 
20 15 13 30 59 

109 67.9 
23 21 23 43 65 
19 11 18 33 56 
12 12 15 39 55 
48 39 42 78 
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Seed bank species richness ranged from 8 to 43 species (Table 5.2), for all species recorded in different 

vegetation units and seasons. In the southern Succulent Karoo, soil seed bank species richness ranged 

between 10 and 27 species, depending on season and microhabitat (Esler, 1993). Seed bank species 

richness of the Upland Succulent Karoo in Namaqualand ranged from 25 to 41 species between sites (Van 

Rooyen & Grobbelaar, 1982). Factors such as the scale of sampling, sampling sizes, seasonality, population 

and community type and seed characteristics, will influence the estimated composition and size of soil seed 

banks (Howe & Chancellor, 1983; Granstrom, 1988; Gross, 1990; Willems & Huijsmans, 1994; Albrecht & 

Forster, 1996; Berge & Hestmark, 1997; Manchester & Sparks, 1998). 

Of the 109 species recorded in the soil seed bank (Table 5.2), 58 species were perennials and 51 species 

were annuals. Although annual species dominated the soil seed bank in terms of seed numbers (emerged 

seedling numbers) (Tables 5.1 a & 5.1 b; Chapter 4) , perennial species predominated the soil seed bank in 

terms of species richness on a regional scale (Table 5.2) . 

The species composition of a seed bank reflects the differing strategies of past and present components of 

the vegetation, and great diversity is apparent (Roberts, 1981). These strategies are also linked to the life­

histories of the individual species (Esler, 1999). At one extreme are short-lived species, which most 

commonly spread the risk of germination through space and time. These species commonly produce large 

numbers of seeds, many of which are capable of remaining viable for long periods when buried; these are 

often the major contributors to seed banks. At the other are species in which regeneration is entirely or 

mainly clonal, or that produce seeds which all germinate rapidly, retain viability for only a short period, or are 

subject to severe predation. These species either do not occur in seed banks or are represented for only a 

limited part of the year by seeds present at or near the soil surface. Many large-seeded, non-succulent 

perennials belong to this category. 

On a microtopographical scale, the soil seed bank of the study area tended to be clustered, as many soil 

samples (32.1 %) yielded no emerged seedlings (Table 5.2), leading to data that were skewed and kurtotic, 

similar to that reported in other studies (Benoit et a/., 1989; Pake & Venable, 1996). Seeds often are shed 

close to the parent plant, which leads to strong departures from randomness in the seed distribution of 

populations on and in the soil. The occurrence frequencies of perennial and annual species were 12.4% 

and 42.0% respectively (Table 5.2). The most abundant species often have a normal distribution , while the 

less abu ndant ones usually have an aggregated distribution (BenOit et a/., 1989). 

Spatial distribution 

In this study, spatial distribution was expressed on a vegetation unit scale, and temporal distribution on a 

seasonal scale. Between vegetation units, the total number of species recorded from soil samples varied 

between 55 (units 1 & 6) and 65 (unit 4) (Table 5.2) . The highest number of species were recorded in 

vegetation unit 4 during autumn 1995 (43 species), while the lowest number of species were recorded in 

vegetation unit 2 during winter 1993 (8 species). For perennial species, total species richness ranged 

between 24 in vegetation unit 2 and 33 in vegetation unit 1 (Table 5.2). The total number of annual species 
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varied between 22 in vegetation unit 1 and 36 in vegetation units 2 and 4. With the exception of vegetation 

unit 1, species richness of annuals in the seed bank was higher than perennial species' richness (Table 5.2) . 

Similar results have been reported for the Upland Strandveld Succulent Karoo in Namaqualand (Van Rooyen 

& Grobbelaar, 1982), where annual species dominated the soi l seed bank in terms of seed numbers and 

species richness. 

Perennial species that occurred in all vegetation units (Table 5.1 a) included the grass species Ehrharta 

calycina, the dwarf shrub Galenia sarcophyl/a, and the shrubs Manochlamys albicans and Tetragonia 

virgata. Annual species (Table 5.1 b) that were recorded in all vegetation units were Cotula thunbergii, 

Crassula expansa, Ficinia argyropa, Helichrysum marmarolepis, Isolepis marginata, Manulea aitissima, 

Mesembryanthemum crystal/inum, Oncosiphon suffruticosum, Pharnaceum exiguum, Senecio arenarius, and 

the annual grass species Karroochloa schismoides and Pentaschistis patula. 

According to Sorensen 's presence coefficient (Table 5.3), similarity in total species composition between 

vegetation units at the study site ranged between 54% and 78 %. Annual species generally yielded a higher 

similarity in species composition between vegetation units than perennial species. Considering all species, 

vegetation units 2 and 3 yielded the highest similarity in species composition (Table 5.3) . 

In general, spatial variation in seed bank total species richness was low (i-fold; Table 5.2) . On a 

microtopographical scale, a 2-fold variation in seed bank species richness has been reported for the 

southern Succulent Karoo (Esler, 1993), and low spatial variability in the composition of the seed bank has 

been reported for other vegetation types (Coffin & Lauenroth, 1989). 

Temporal distribution 

Between seasons, autumn sampling yielded the highest species richness in soil samples, for all species 

(Table 5.2). The total number of species recorded varied between 30 (winter 1993) and 78 (autumn 1995). 

With the exception of autumn and winter 1994, species richness of annuals (19 - 44 species) was higher 

than the species richness of perennials (11 - 37 species) (Table 5.2). 

The seedlings of only one perennial species, i.e. Tetragonia virgata , were recorded during all sampling 

seasons (Table 5.1 a), while annual species that occurred during all seasons (Table 5.1 b) included 

Adenogramma littoralis, Helichrysum marmarolepis, Karroochloa schismoides, Manulea altissima, 

Oncosiphon suffruticosum, Polycarena pumila and Senecio arenarius. Although seeds of these species 

germinated and emerged during ali seasons, highest seedling densities were recorded during autumn 

sampling (Tables 5.1a & 5.1b). The ability of seeds of these species to germinate over a wide range of 

temperatures may cause a faster rate of depletion of the seed bank of these species, when occasional out of 

season rainfall occurs. The annual species probably compensate by forming large soil seed banks (Table 

5.1 b) with fractional germination, while perennial species persist in the standing vegetation. 
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Table 5.3. Sorensen's index of similarity (presence coefficient)(Muelier-Dombois & Ellenberg, 

1974) in species composition for perennial, annual and the total number of species, in samples 

collected from different vegetation units 

Plant type Vegetation unit 1 2 3 4 5 

Perennials 
I 

2 

3 

4 

5 

6 

59.6 

46.7 

58.1 

58.6 

61.0 

70.6 

67.9 

49.0 

52.0 

60.7 

46.2 

60.4 

55.6 

61 .8 54.9 

Annuals 

2 

3 

4 

5 

6 

65.5 

63.0 

55.2 

60.4 

54.9 

82.4 

80.6 

77.6 

76.9 

79.4 

66.7 

75.4 

77.6 

70.8 80.0 

All species 

2 

3 

4 

5 

6 

62.6 

54.4 

56.7 

59.5 

58.2 

77.3 

75.2 

65.5 

66.1 

71.0 

57.4 

68.4 

67.8 

66.7 68.5 

Table 5.4. Sorensen's index of similarity (presence coefficient)(Muelier-Dombois & Ellenberg, 1974) in species 
richness for perennial, annual and the total number of species, in samples collected in different seasons 

Plant type Season Winter'93 Spring'93 Summer'93 Autumn'94 Winter'94 Spring'94 Summer'94 
Spring'93 35.7 

Summer'93 47.1 45.0 
Autumn'94 33.3 48.1 53.3 

Perennials Winter'94 50.0 52.4 62.5 67 .7 
Spring'94 40.0 58.1 48.6 39.2 51.3 

Summer'94 30.8 43.8 52.6 38.5 45.0 41.4 
Autumn'95 26.7 51 .0 49.1 67.6 57.6 37.5 44.9 

Spring'93 78.0 
Summer'93 62.2 70.8 
Autumn'94 53.1 65.4 78.6 

Annuals Winter'94 61.9 62.2 65.3 75.5 
Spring'94 63.6 72.3 62.7 69.1 79.2 

Summer'94 60.9 65.3 64.2 70.2 68.0 76.9 
Autumn'95 47.6 54.5 65.7 81.2 65.7 66.7 70.4 

Spring'93 60.9 
Summer'93 55.7 59.1 
Autumn'94 43.3 56.6 65.5 

All species Winter'94 56.4 57.5 63.9 71 .3 
Spring'94 55.1 66.7 56.8 54.7 66.7 

Summer'94 50.0 56.8 59.3 55.0 57.8 64.2 
Autumn'95 39.3 53.0 58.3 74.5 61.9 54.7 60.0 
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According to Sorensen's presence coefficient (Table 5.4), similarity in total species composition between 

seasons at the study site varied between 39% and 75%. Annual species generally yielded a higher similarity 

in species composition between seasons than perennial species. For all species, autumn 1994 and autumn 

1995 yielded the highest similarity in species composition. 

Temporal variation in species richness of the germinable fraction of the seed bank was relatively high (3­

fold), more pronounced than spatial variation at a vegetation unit scale (1-fold), and reflect the life-history 

strategies of the component species (Esler, 1999). In the desert grasslands of New iVlexico, a decrease in 

seed bank species richness for annuals and an increase in species richness for perennials, through the 

annual vegetation cycle has been reported (Hend~rson et al., 1988). High seasonal variation in soil seed 

bank species composition has been reported (Grubb, 1977; Thompson & Grime, 1979; Schenkeveld & 

Verklaar, 1984; Grubb, 1988; Esler, 1993) and may be the result of species specific seasonal inputs of seeds 

(Graham & Hutchings, 1988) as well as dispersal mechanisms. Other studies reported on the lack of a clear 

seasonal trend in seed bank composition (Graham & Hutchings, 1988; Lavorel et al., 1993). 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, 1996). 

Examination time 

When 1 080 subsamples were examined directly after sampling and at the peak time for germination 

(autumn), the soil seed bank of the Strandveld Succulent Karoo yielded a combined total species richness of 

92 species (Table 5.5). Of these, 51 species were common to both examination times. Examination of the 

seed bank at the peak time for germination (82 species) yielded a higher species richness than examination 

directly after sampling (61 species). Annual species' richness was higher than that of perennial species when 

subsamples were either examined directly after sampling or at the peak time for germination (Table 5.5). 

However, the combined total species richness of two examination times was similar for annual and perennial 

species, i.e. 46 species each. These results differ from that obtained when all 7 200 samples were 

considered, and are due to differences in sample size. 

In all vegetation units and plant types, the number of species recorded at the peak time for germination 

(autumn) was equal or higher than that recorded directly after sampling (Table 5.5). Also, the number of 

annual species recorded was higher than the number of perennial species recorded. This was true for the 

number of species recorded directly after sampling , for the number of species recorded at the peak time for 

germination, as well as for the number of species common to both examination times. The multi-factor 

ANOVA (Table 5.6) indicated that vegetation unit, examination time and plant type significantly influenced 

species richness. At vegetation unit level, similarity in total species composition between examination times 

ranged between 54% and 78% (Table 5.7). Similarity in annual species' composition (56% - 77%) between 

examination times was higher than perennial species' composition (40% - 64%), per vegetation unit. 
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Table 5.5. Total number of perennial and annual species that occurred in samples collected in diHerent vegetation units and seasons, and examined directly after sampling (ss) and at the 
peak time for germination (pg) 

Plant type Experimental time 
Vegetation unit Season 

Total for all 
vegetation units 

and seasons 1 2 3 4 5 6 Spring·93 Summer"93 Autumn'94 Winter'94 Spring'94 Summer'94 

Perennials 
Sampling season 
Peak time for germination 
Total of ss & pg 

9 
16 
18 (7)' 

10 
10 
16 (4) 

10 
12 
15 (7) 

13 
13 
20 (6) 

8 
15 
17 (6) 

7 
16 
17 (6) 

7 
10 
14 (3) 

11 
6 

14 (3) 

16 
21 
25 (12) 

10 
15 
20 (6) 

9 
12 
18 (3) 

5 
18 
19 (4) 

27 
38 
46 (19) 

Annuals 
Sampling season 
Peak time for germination 
Total of ss & pg 

10 
19 
20 (9) 

16 
21 
24 (13) 

18 
21 
26 (14) 

19 
28 
29 (18) 

21 
28 
31 (18) 

16 
23 
28 (11) 

14 
20 
23 (11) 

14 
17 
24 (7) 

22 
27 
31 (18) 

17 
29 
31 (15) 

17 
26 
27 (16) 

17 
35 
37 (15) 

34 
44 
46 (32) 

All species 
Sampling season 
Peak time for germination 
Total of ss & pg 

19 
35 
38 (16) 

26 
31 
40 (12) 

28 
33 
41 (21) 

32 
41 
49 (24) 

29 
43 
48 (24) 

23 
39 
45 (17) 

21 
30 
37 (14) 

25 
23 

'--­
38 (10) 

38 
48 
56 (30) 

27 
44 
51 (21) 

26 
38 
45 (19) 

22 
53 
56 (19) 

61 
82 
92 (51) 

.. Number of species common to 55 and pg 
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Table 5.6. Multi-factor ANOVA for the total number of emerged species from 
samples taken in different vegetation units and seasons. Samples were 
examined directly after sampling and at the peak time for germination 

Source of variation SignificanceF-ratio 

II) Main effects 
:t:: 
I: 

Vegetation unit (Vu) 5.351 0.0119:J 
I: 
0 Examination time (EI) 45.492 0.0001+:: 
rei..­
Q) Plant type (PI) 99.445 0.0000 

Cl 

Q) 2-Factor interactions> 
I: 
Q) 

Q) 
 Vu x Et 0.583 0.7132 

~ 0.0452Vu x Pt 3.081Q) 

Ul 
Et x Pt 14.258 0.0012 

Main effects 

9.346Sampling season (Ss) 0.0016Ul 
I: 
0 Examination time (EI) 14.936 0.0031Ul 
<II 
Q) 

II) 
 32.651 0.0000Plant type (PI) 
I: 
Q) 

Q) 
 2-Factor interactions 

S5 x Et 3.944 0.0309 ~ 
Ul 

Ss x Pt 2.361 0.0958 

EI x PI 4.681 0.0367 

Table 5.7. Index of similarity (presence coefficient)(Mueller-Dombois 
& Ellenberg, 1974) for species emerged, between samples examined 
directly after sampling and samples stored and examined at the 
peak season for germination (autumn) 

Presence Coefficient (%) 

Source of variation (Sorensen in Mueller·Dombois & Ellenberg, 1974) 

Perennials Annuals All species 

!'1 1 56.0 62.1 59.3'i: 
j 

s:: 2 40.0 70.3 59.6a 
.~., 3 63.7 71.8 68.9 
Ol ... 
> 4 
s:: 

46.2 76.6 65.8 
... ... 
~ 5 52.2 73.5 77.4., 
ID 

6 52.2 56.4 54.8 

Spring '93 35.3 64.7 54.9 

'" c: Summer '93 35.3 45.2 41.7a 
'"C1l ... Autumn '94 64.9 73.5 69.8'" c: ... ... Winter '94 48.0 65.2 59.2 
~ ... 
ID Spring '94 28.6 74.4 59.4 

Summer '94 34.8 57.7 50.7 

Total 58.5 82.1 71.3 
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With exception of the summer 1993 sampling season, the number of species recorded at the peak time for 

germination were higher than that recorded directly after sampling, for all seasons and plant types (Table 

5.5). Also, the number of annual species recorded per season was higher than the number of perennial 

species recorded. This was true for the number of species recorded directly after sampling, for the number 

of species recorded at the peak time for germination, for the total number of species recorded at both 

examination times, as well as for the number of species common to both examination times. Samples 

collected during summer 1994 and examined during the following autumn yielded a total species richness of 

53 species, which was still lower than the species richness recorded in samples collected and examined 

during autumn 1995 (78 species) (Table 5.2). Samples collected during winter and examined during the 

following autumn yielded a persistent seed bank with a species richness of 51 species (Table 5.5). 

The multi-factor ANOVA (Table 5.6) indicated that sampling season, examination time and plant type 

significantly influenced species richness between seasons, for samples examined directly after sampling and 

at the peak time for germination. Between seasons, similarity in total species composition between 

examination times ranged from 41 % in summer 1993 to 70% in autumn 1994 (Table 5.7). Similarity in 

annual species' composition (45% - 75%) between examination times was higher than perennial species' 

composition (28% - 65%), per season. 

Revegetation 

Revegetation efforts at the study site by means of topsoil replacement may yield at least as many perennial 

species as annual species. The density of perennials will, however, be much lower than that of annuals 

(Tables 5.1 a & 5.1 b) . Because the standing vegetation at the study site is dominated in terms of 

composition by perennial species (De Villiers et al., 1999), the return of these species on mined areas will be 

most important for achieving revegetational goals. Topsoil replacement will not only return large numbers of 

annual plants, but will also significantly increase the post-mining perennial species' richness. 

During topsoil replacement at the study site, spatial variation in seed bank species richness will not greatly 

affect the composition of the resulting vegetation. Mining of heavy minerals at the study site commences in 

a specific sequence, and topsoil is replaced directly to the adjacent preceded mined area (Environmental 

Evaluation Unit, 1990). Consequently, after revegetation by means of topsoil replacement, post-mining 

vegetation unit boundaries may show little deviation from pre-mining vegetation unit boundaries. The 

effectiveness of topsoil replacement for the restoration of a specific vegetation unit will therefore depend 

mainly on the size and composition of the seed bank of that unit. 

Seedling recruitment during the period of highest soil seed density and species richness, i.e. summer and 

autumn, will ensure the largest possible reserve of genetic diversity (Baskin & Baskin , 1978; Vavrek et al., 

1991) in post-mining restored areas. During summer and autumn, the soil seed bank will contain species 

that accumulate transient, and species that accumulate persistent seed banks. Replacement of the 

persistent seed bank by means of topsoil replacement will be essential for successful revegetation of the 

study area. A long-lived soil seed bank may act as a reserve of genetic variability for a population (Vavrek 
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et al., 1991), and is an important repository for the total plant species richness of a habitat. Quite often soil 

seed banks contain species or genotypes not found in the standing vegetation (Chapters 6 & 7). 

Because topsoil replacement and sowing will continue throughout the year, recruitment during the dry 

summer months should be restricted . For this reason, irrigation of areas where topsoil replacement and 

sowing have been completed should only commence at the start of the rainy season. Seed losses from 

replaced topsoil due to wind erosion during the dry season should be controlled by means of wind barriers 

and sand-binding techniques. 

CONCLUSIONS 

The soil seed bank of the Strandveld Succulent Karoo yielded 109 species, and was not dominated in terms 

of species richness by any specific plant type. On a regional scale, perennial species predominated with the 

use of a large sample size (7 200 samples), while annual species predominated with the use of smaller 

sample sizes (1 080). Annual species predominated on a vegetation unit scale. Topsoil replacement in 

post-mining areas of the Strandveld Succulent Karoo will significantly contribute to increased species 

richness of both perennials and annuals, but annual species will dominate in terms of abundance and 

occurrence frequency . Selected perennials will have to be sown or transplanted during revegetation efforts, 

as a means of increasing species diversity. 

Spatial variation in soil seed bank species richness was not as pronounced as temporal variation. Both 

spatial and seasonal variation in seed bank composition was of intermediate magnitude, and clear trends 

was not distinguishable. Samples collected during summer and autumn yielded highest total species 

richness, and include both the transient and persistent fractions of the soil seed bank. Winter sampling 

indicated that c. % of the total soil seed bank species richness at the study site constituted of species that 

accumulate persistent seed banks. 

The relatively high species richness of both perennial and annual species in the soil seed bank indicates that 

topsoil replacement will be essential for the revegetation of mined areas in the Strandveld Succulent Karoo. 

Also, species present in the soil seed bank may be absent from the standing vegetation, and vice versa . For 

this reason, comparison between the soil seed bank and the standing vegetation will be essential for the 

formulation of sound revegetation strategies. 
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CHAPTER 6 


SEED BANK PHYTOSOCIOLOGY OF THE STRANDVELD SUCCULENT 


KAROO, SOUTH AFRICA: A PRE-MINING BENCHMARK SURVEY FOR 
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ABSTRACT 

Prior to the mining of heavy minerals, the seed bank of the Strandveld Succulent Karoo was investigated to serve as a benchmark for 

the future rehabilitation of the area. Seed bank composition and species' abundance were determined with the seedling emergence 

method. By using the Braun-Blanquet method, five main vegetation units were identified in concordance with results obtained for the 

standing vegetation. A total of 108 species were recorded in the seed bank, which represents c. 50% of the species recorded in the 

standing vegetation of the . total study area. Seven annual species (3%) were unique to the soil seed bank. On community level, 

similarity in species composition between the standing vegetation and the soil seed bank ranged between 39.2% and 48.8%, with a 

similarity of 54.3% for the total study area. Annual and perennial species' similarity in species composition between the standing 

vegetation and the seed bank totalled 74.8% and 43.1% respectively. Post-mining topsoil replacement as well as seeding and 

transplanting of selected local species will be essential to revegetate this area. 

Key words: Braun-Blanquet; mining; phytosociology; revegetation; seed bank; Sorensens' Index; standing vegetation 

INTRODUCTION 

Mining activities along the West Coast of South Africa 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 rehabilitate mined areas. The specific requirement that has to 

be met is the revegetation of the area with indigenous plant species, to obtain a vegetation cover that conforms 

to the pre-mining vegetation as soon as possible after mining has been completed (Environmental Evaluation 

Unit, 1990). To restore the mined area as close as possible to its pre-mining natural condition, a pre-mining 

vegetation survey can serve as a benchmark to measure the success of the rehabilitation process. A complete 

description of the plant communities must also include the buried viable seeds, because they are as much part 

of the species composition as is the aboveground components (Major & Pyott, 1966; Fenner, 1985; Thompson, 

1992). 
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The soil seed bank of most plant communities represents a vast pool of regenerative potential (Henderson et a/., 

1988) as well as a 'memory' of previous conditions (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, 1990). For the applied biologist in 

particular, 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; Coffin & Lauenroth, 1989). 

The aim of this study was to compare the floristic composition of the soil seed bank with that of the standing 

vegetation of the Brand-se-Baai area prior to mining. If the species composition of the seed bank is used as a 

predictor of future standing vegetation composition, this comparison will indicate the suitability or shortcomings of 

topsoil replacement as a means of revegetation . It will also aid in the selection of species, which will have to be 

sown and/or transplanted. 

MATERIAL AND METHODS 

The study area covers approximately 9 400 ha and is situated in the vicinity of Brand-se-Baai (31 °18' S, 1]054' 

E) on the arid West Coast, South Africa (De Villiers et a/., 1999). This area has a mean annual precipitation of 

282 mm, of which rainfall constitutes 160 mm (De Villiers et al., 1999). Advective sea fogs and heavy dewfalls 

supplement the low rainfall significantly. The mean daily temperature measured at the study site is 15.8°C. 

According to Low & Rebelo (1998), the vegetation of the study area consists of Strandveld Succulent Karoo and 

Lowland Succulent Karoo, both of which are 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. 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). Small patches of Lowland Succulent Karoo vegetation, 

characterized by a sparse cover of dwarf succulent-leaved shrubs which do not recover easily from disturbance, 

occur within the study area (Boucher & Le Roux, 1990). 

A vegetation survey of the study area (De Villiers, et al., 1999) resulted in the identification of six main plant 

communities (Figure 6.1). Seed bank sample plots were randomly located within each of five of these 

communities, and totalled 60 plots for the study site (Figure 6.1). These five communities are situated within the 

western mining area, which is being mined first. The sixth community almost solely constitutes the eastern 

mining area, and was not sampled. 

At each of the 60 sampling locations (Figure 6.1), 15 soil samples were taken linearly at intervals of two 

meters. 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 3
. The soil samples were stored dry in soil sampling bags at ambient 

temperatures for approximately one week, before the seed content was estimated by means of the 

emergence method (De Villiers et al., 1994). Sampling took place four times a year, for a total period of two 

years. 
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[] 2. Eriocephalus africanus - Asparagus fasciculatus Tall Shrub Strandveld 

o 3. Salvia africana-Iutea - Ballota african a Tall Shrub Strandveld 

4. Ruschia versicolor - Odyssea paucinervis Dwarf Shrub Strandveld 

o 5. Cephalophyllum spongiosum - Odyssea paucinervis Coastal Strandveld 

~ 6. Cladoraphis cyperoides - Lebeckia multiflora Coastal Strandveld 
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Figure 6.1. Vegetation map of the study area (De Villiers et al., 1999), indicating 60 seed bank 
sampling locations. 
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Seedling identification was almost impossible, but at a more mature stage, the seedlings or young plants 

were identified, counted and removed. Examination of the samples continued for a period of six months. 

Species names conform to those of Arnold & De Wet (1999). 

Seed bank abundance data obtained during the eight sampling seasons were lumped. These lumped seed 
2bank abundance values for each species (individuals m· ) from each plot were transformed to a scale of 1 ­

9, for classification purposes with the TURBOVEG (Hennekens, 1996a) and MEGATAB (Hennekens, 1996b) 

computer programs. The first classification of the seed bank, based on the total floristic set, was obtained by the 

application of the TWINSPAN classification algorithm (Hill, 1979). Using the Zurich-Montpellier (Braun-Blanquet) 

approach (Werger, 1974), the species and releves in the matrix were assembled to produce a phytosociological 

table (Table 6.1) for the seed bank. The seed bank units obtained in the phytosociological table (Table 6.1) 

closely resembled the main vegetation units obtained in the standing vegetation of the study area (De Villiers et 

al., 1999; Chapter 3). For this reason, seed bank units were numbered in accordance with the allocated 

community numbers in the standing vegetation. 

Canonical Correspondence Analysis (CCA) was applied to the seed bank data with the computer program 

CANOCO version 3.15 (Ter Braak, 1997). to detect possible gradients in and between seed bank units and to 

detect possible habitat gradients associated with seed bank gradients. 

To compare the species composition of the seed bank with that of the standing vegetation (De Villiers et al., 

1999), the data in the two sets had to correspond; i.e. some species had been lumped into larger units 

(genus, family or plant type). Similarity in species composition between the seed bank and the standing 

vegetation was determined by means of Sorensens' Presence Coefficient (Iss) (Mueller-Dombois & 

Ellenberg, 1974): 

2c
ISs = - -xlOO 


A+B 


where, in this case c is the number of species common to both standing vegetation and seed bank, A 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. 

Species composition data were analysed statistically at a 95% confidence level, using the least significant 

difference (LSD) one-way analysis of variance (ANOVA) and multiple range test of the Statgraphics 5.01 

computer program. 

1 Statgraphics 5.0,1989. STSC, inc., U.S.A. 
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Table 6.1. A phytosociological table of the soil seed bank for the Brand-se-Baai area prior to mining. Values are according to the 
Turboveg scale. Numbering of seed bank units corresponds to community numbers in the standing vegetation (De Villiers et al., 1999) 

6 5 4 3 2 
Seed bank unit 

4.3 4.1 4.2 2.2 

Releve number 1 1111121111 2 2 2 2 223 2 2 2 3333333334 4 5 4 4 4 444 4 4 5 5 5 6 5 5 
098 2 1 4 3 756 9 5 742 0 3 681 3 2 7 9 540 1 6 8 7941586 2 30 7 0 4 3 8 6 9 2 5 1 4 590 1 2 

Species Group A 

Odyssea paucinervis (P) "'1T1 1 1 
Lebeckia multiflora (P) 1 1 -
Species Group 8 
Arctotis spp. (P) 1 1 1 
Phyllobolus spp. (P) 1 1 1 
Cephalophyllum spongiosum (P) 1 1 
Lampranthus godmaniae (P) 1 1 
Frankenia pulverulenta (A)* 1 1 

Species Group C 
Ruschia caroli (P) 1 1 1 1 1 1 1 1 

Ruschia versicolor (P) 1 1 1 1 1 1 1 
Wahlenbergia schlechteri (A)* 1 1 1 1 1 1 
Gazania leiopoda (P) 3 1 1 1 1 
Didelta carnosa (A) 1 1 1 1 1 

Species Group D 
Manulea pusi/la (A) 15311111 5 1 
Hebenstretia rep ens (A) 1 1 1 1 

Species Group E 

Ruschia cymosa (P) 1 1 
Ruschia subpaniculata (P) 1 1 
Ocimum canum (A)* 1 1 1 

Species Group F 
Tripteris clandestina (A) 1 1 1 1 1 
Brassica tourneforlii (A) 1 1 1 1 
Ruschia tecta (P) 1 1 

, 
, 

2.1 
5 5 5 5 
3 7 6 8 
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Table 6.1. (Continued) 

Community number 
6 5 4 3 2 

4.3 4.1 4.2 2.2 2.1 

Releve number 
1 
098 2 1 4 3 756 

1111121111 
9 5 742 0 368 1 

2 2 2 2 2 2 3 222 
3 2 7 9 540 1 6 8 

3 3 333 3 3 3 3 4 
7941586230 

4 5 4 4 4 4 4 4 4 4 
704 3 869 2 5 1 

5 5 5 6 5 5 
45901 2 

5 5 5 5 
3 7 6 8 

Species Group G 
Vanzlj/ia annu/ata (P) 
Lyperia tristis (A) 

Species Group H 

Foveo/ina tenella (A) 
Crassu/a muscosa (P) 
Ga/enia africana (P) 
Crata/aria humilis (A) 
Drosanthemum ca/ycinum (P) 
Chrysocoma /ongifo/ia (P) 

Species Group I 

Pe/argonium senecioides (A) 
Tripteris oppositifo/ia (P) 

Species Group J 
Za/uzianskya vil/osa (A) 
Pharnaceum aurantium (P) 
Carda mine hirsuta (A)* 
Stipagrostis zeyheri (P) 

Species Group K 
Chenopodium opulifolium (A) 
Tetragonia microptera (A) 
Ballota africana (P) 
Ruschia tumidu/a (P) 

Species Group L 
Conicosia pugioniformis (P) 

1 

1 

1 

1 1 

1 

I 

I 

1 1 
1 

1 
1 

1 
1 

1 

1 1 

1 
1 1 1 1 1 
1 1 
1 1 
1 1 

3 1 
1 1 

1 
1 

1 1 1 1 1 
1 

3 

1 

151555 
1 1 1 1 

1 1 1 1 
1 

1 1 1 5 1 
1 1 1 1 

1 1 
1 

1 1 1 1 

1 1 1 
1 

1111111131 
1 1 1 

1 
1 

1 

1 1 

1 

1 
1 

1 1 1 1 1 6 1 1 
1 3 1 1 

1 1 
3 

1 1 1 1 1 1 
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Table 6.1. (Continued) 

Community number 

Releve number 

Species Group M 
Hebenstretia dentata (A) 
Amellus microglossus (A) 
Amellus fenuifolius (P) 

Species Group N 
Chaetobromus dregeanus (P) 
Arctotheca calendula (A) 

Species Group 0 
Lebeckia lotonoides (P) 
Pharnaceum lana tum (P) 

Species Group P 
Bromus pectinatus (A) 

Nemesia bicornis (P) 

Arctotis adpressa (A) 
Zygophyllum pygmaeum (P) 

Species Group Q 

Mesembryanthemum crystallinum (A) 
Pharnaceum exiguum (A) 

Galenia sarcophylla (P) 
Grielum grandiflorum (P) 

Species Group R 
Leysera gnaphalodes (P) 

Species Group S 
Othonna floribunda (P) 
Eriocephalus africanus (P) 
Heliophila coronopifolia (A) 

6 5 

1 
098 2143756 

1 1 
1 

1 

1 
1 

1 1 1 6 1 1 5 5 
3 
1 1 1 1 

1 1 1 1 

1 

4 
4.3 4.1 

1111121111 22222 2 3 2 2 2 
9 5 7 4 2 0 3 6 8 1 3 2 7 9 540 1 6 8 

1 3 1 1 1 3 
1 1 

1 1 

1 
1 1 

1 
1 

3 3 3 1 115 
1 1 1 3 3 1 5 1 113 

1 3 1 

1 1 

1 

3 2 
4.2 2.2 2.1 

3333333334 454 4 4 4 4 4 4 4 5 5 5 655 5 5 5 5 
7941586230 704 386 9 2 5 1 45901 2 3 7 6 8 

1 1 1 1 1 1 1 1 1 
1 1 1 3 813 

1 1 5 

1 1 1 1 
1 1 1 

1 1 1 1 
1 1 

I 

1 1 5 1 1 6 1 1 1 
I1 1 1 1 1 

1 1 1 
1 1 1 

1 1 1 3 3 1 1 1 1 1 1 
1 1 1 115115 1 3 1 1 

1 1 1 
1 1 1 1 1 

1 1 1 

1 1 1 1 1 1 1 1 
1 5 1 1 1 1 1 1 

1 1 1 1 1 
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Table 6.1. (Continued) 

Community number 
6 5 4 3 2 

4.3 4.1 4.2 2.2 I 2.1 

Releve number 1 I 
o 9 8 2 1 4 3 7 5 6 

11 1 1 1 1 2 1 1 1 1
9 5 7 4 2 0 3 681 

12222223222
3 2 795 401 6 8 7 9 4 1 586 2 3 0

13333333 3 34
70 4 3 8 692 5 1 
14 5444444441

459 0 1 2
5556551

37 6 8 
5555 

Species Group T 
Nest/era biennis (P) 
Ursinia speciosa (A) 
Ruschia bolusiae (P) 

Species Group U 
Adenogramma littoralis (A) 

1 1 1 5 
3 1 

11 

1 1 1 

11 
1 1 1 1 1 

1113111111 

1 

5511531 1 5 5 3 5 5 1 5 6 3 7 6 3 5 3 5 516 5 513 3 1 3 
Polycarena pumila (A) 5 1 5 1111 11111113111 1 1 
Wahlenbergia paniculata (A) 111 311 11131 
Silene clandestina (A) 5 1 1 1 1 1 1 1 1 
Dimorphotheca pluvialis (A) 1 1 5 151 
Felicia merxmuel/eri (A) 

Species Group V 
Helichrysum marmarolepis (A) 

1 1 

1 1 155 3 3 5 3 3 3 531 133 1 1 1 555 3 3 551 1 1 133 1 1 1 131 3 151 1 1 161 1 1 111 1 131 1 1 
Karroochloa schismoides (A) 111 1 161 561 657 5 6 1 763 5 7 7 6 551 8 9 665 5 7 7 6 6 675 5 5 6 5 659 7 667 565 565 5 3 
Ehrharta calycina (P) 1 3 5 553 556 531 531 356 1 531 5 1 153 1 1 133 1 1 5 5 555 1 333 5 1 1 1 1 1 1 1 1 111 1 1 
Crassula expansa (A) 1 1 131 1 111 131 563 731 5 1 156 3 3 1 131 1 1 1 111 135 1 1 1 1 131 1 1 131 3 1 5 1 333 
Oncosiphon suffruticosum (A) 531 335 3 5 5 755 6 3 5 3 5 3 5 5 155 1 1 156 131 331 555 1 536 1 5 5 5 5 531 1 153 1 1 
Senecio arenarius (A) 5 5 3 5 5 3 5 5 5 5 3 3 5 3 555 5 5 5 551 355 1 1 151 135 1 113 1 5 5 1 1 3 1 1 1 1 1 
Pentaschistis patula (A) 111 1371 5735531111511153556555551111111 11 11 
Geophyte spp. (P) 111 11 11 11131113 111 113113 113 1331 
Tetragonia virgata (P) 11 1 11 11111111 111 1 113111 111 
Ficinia argyropa (A) 11 1 111 11 11131 11 11 11 11 
Crassula umbel/ata (A)* 36551 151 3 13 5 51 571665 
Mesembryanthemaceae (P) 3511111111 1 11 1 1 
Manochlamys albicans (P) 1 1111 11 11 11 1 
Manulea altissima (A) 1 11 1133113131 
Ruschia brevicyma (P) 11 1 1 1 1 1 1 1 
Hypertelis salsoloides (P) 5 31 31 11 
Isolepis marginata (A) 11 11 1311 11 
Cotula thunbergii (A) 11 1 133 
Hermannia spp. (P) 3 1 3 11 1 
Zygophyl/um morgsana (P) 1 1 1 1 

c.o 
<J1 

 
 
 



Table 6.1. (Continued) 

Community number 
6 5 4 3 2 

4.3 4.1 4.2 2.2 2.1 

Releve number 
1 
098 2143756 

1111121111 
9 5 742 0 3 681 

2 2 2 2 2 2 3 2 2 2 
3 2 7 9 540 1 6 8 

3 3 3 3 3 3 3 3 3 4 
7941586230 

4 5 4 4 444 4 4 4 
7 0 43 8 6 9 2 5 1 

5 5 565 5 
4 590 1 2 

5 5 5 5 
3 7 6 8 

Species Group W 
Leipoldtia jacobeniana (P) 

Hirpicium alienatum (P) 
Helichrysum incarnatum (A) 
Ruschia extensa (P) 
Ehrharta brevifolia (A)* 
Gymnodiscus capillaris (A) 
Atriplex semibaccata (P) 
Ruschia namaquana (P) 
Portulaca quadrifida (A)* 

Exomis microphylla (P) 
Rhus longispina (P) 
Microloma sagitta tum (P) 
Lampranthus lanatus (P) 
Lessertia benguellensis (A) 
Pteronia onobromoides (P) 
Sonderina tenuis (A) 
Cysticapnos cracca (A) 

Euphorbia spp. (P) 

Psilocaulon spp. (P) 

Diascia spp. (A) 
Nemesia ligulata (A) 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 
1 

, 

I 

1 I 

1 
• • species not recorded in the standing vegetation 

A· annual 

P ·perennial 
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RESULTS AND DISCUSSION 


Five seed bank units were recognized, some of which were divided into sub-units (Table 6.1). These seed 

bank units closely resembled the plant communities described for the standing vegetation (De Villiers et al., 

1999), of which the hierarchical classification of the main vegetation units can be summarized as follows: 

1. Ruschia tumidula - Tetragonia virgata Tall Shrub Strandveld 

2. Eriocephalus africanus - Asparagus fasciculatus Tall Shrub Strandveld 

2.1 . Othonna floribunda - Lebeckia lotonoides Variant 

2.2. Zygophyllum morgsana - Coelanthum semiquinquefidum Variant 

3. Salvia africana-Iutea - Ballota africana Tall Shrub Strandveld 

4. Ruschia versicolor - Odyssea paucinervis Dwarf Shrub Strandveld 

4.1 . Ruschia caroli - Aspalathus divaricata Variant 

4.2. Tripteris oppositifolia - Cissampelos capensis Variant 

4.3. Ehrharta calycina - Crassula expansa Variant 

5. Cephalophyllum spongiosum - Odyssea paucinervis Coastal Strandveld 

6 . Cladoraphis cyperoides - Lebeckia multiflora Coastal Strandveld 

Since only the western mining area was sampled for seed bank size and composition estimations, 

Community 1 was not included in this seed bank study. In total, 230 species were recorded in the standing 

vegetation (De Villiers et a/. , 1999), but when species were lumped for correspondence with seed bank data, 

a total of 216 species were recognized compared to the 108 species recorded in the seed bank. Species 

recorded only in the standing vegetation totalled 115 (20 annuals & 95 perennials) (De Villiers et al., 1999), 

while seven annual species were unique to the soil seed bank (Table 6.1). These values represent 52% and 

3% of the total species richness (standing vegetation & soil seed bank) of the area, respectively. Total, 

annual and perennial species' richness of all communities were higher in the standing vegetation than in the 

seed bank, with exception of annual species in Community 6 (Figure 6.2) . 

According to Sorensens' index (Table 6.2), similarity in total species composition between the standing 

vegetation and the soil seed bank was 54.3%. Higher similarity in annual (74.8%) than perennial (43.1%) 

species composition was obtained between the standing vegetation and the soil seed bank. This may be the 

result of the predominance of annual species in the seed bank, while many perennial species dominating the 

standing vegetation, were not recorded in the seed bank. 

As a whole, the seed bank of the study area was characterized by species of Species Group V (Table 6.1). 

The most prominent species which occurred in almost all the seed bank units, were the perennials 

Tetragonia virgata, Geophyte spp., Manochlamys albicans, Hypertelis sa/soloides, Hermannia spp., 

Zygophyl/um morgsana and Ruschia brevicyma, the grasses Ehrharta calycina, Pentaschistis patula and 

Karroochloa schismoides, and the annuals Senecio arenarius, Oncosiphon suffruticosum, Crassula expansa, 

Ficinia argyropa, Crassula umbel/ata, Manulea aItissima, Isolepis marginata, Cotula thunbergii and 

Helichrysum marmarolepis. These species will therefore not be repeatedly mentioned in the description of 

the seed bank units. Many of these species (Species Group V, Table 6.1) were also prominent in all 
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Figure 6.2. Total number of species recorded in the standing vegetation (sv) and the seed bank (sb) 
of six plant communities of the study area. 
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Figure 6.3. Canonical Correspondence Analysis (CCA) of floristic data of the soil seed bank along 
the first and second ordination axes (Eigen 1 = 0.195; eigen 2 = 0.101; scaling:: 2). 
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Table 6.2. Sorensens' index of similarity (%) (Mueller-Dombois & Ellenberg, 1974) in species composition of 
plant communities, between the standing vegetation and the soil seed bank of the Strandveld Succulent Karoo. 
Plant communities correspond to that reported by De Villiers et al. (1999) 

Plant type 
Plant communities 

Annuals Perennials All species 

1. Ruschia tumidula - Tetragonia virgata Tall Shrub Strandveld - - -

2. Eriocephalus africanus - Asparagus fasciculatus Tall Shrub Strandveld 64.7 33.0 46.1 

3. Salvia africana-Iutea - Ballota africana Tall Shrub Strandveld 68.4 33.9 48.2 

4. Ruschia versicolor - Odyssea paucinervis Dwarf Shrub Strand veld 76.8 45.9 58.3 

5. Cephalophyllum spongiosum - Odyssea paucinervis Coastal Strand veld 47.4 49.4 48.8 

6. Cladoraphis cyperoides - Lebeckia multiflora Coastal Strandveld 30.0 45.2 39.2 

All communities 74.8 43.1 54.3 

- Communities for which the soil seed bank was not estimated 
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communities or characteristic of communities in the standing vegetation Villiers et aI., 1999). 

During efforts at the study topsoil replacement will be sufficient for the of 

Group V 6.1), The fact that many of these were also abundant in the 

vegetation, stresses the importance of the soil seed bank for revegetation efforts. Shrub 

that were in almost all communities in the standing vegetation (De Villiers et aI" 1 but which 

were absent or less abundant in the soil seed bank, should probably be reintroduced to mined areas by 

means of transplanting and e,g Lycium Rhus longispina, 

Othonna fforibunda and Lebeckia multiflora. Annuals and perennial herb falling in this category are 

Umeum africanum, Lyperia tristis, Grie/um Micr%ma sagitta tum, 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 6.1), where this grouping (with exception of community/seed bank unit 

was on account of from Species Group J 6.1). Although was not 

recorded in the vegetation of Community 6 (De Villiers et at"~ 1999), this was diagnostic for seed 

bank unit 6 group A, Table 6.1). These results from the seed bank indicate that plant 

Community 6 (De Villiers et al., 1 should probably be with Communities 4 and 5 on account of 

the presence of rather than with Communities 1, 2 and 3, where this was 

found to be both in the standing vegetation and the seed bank, 

Seed bank unit 2 

Seed bank unit 2 to the Tall Shrub Strandveld 

(Community 2, De Villiers et a/" 1999), but no for this unit were recorded in the seed bank. 

for this unit included: Nest/era biennis (Species Group Adenogramma littora/is and 

Felicia merxmuefferi U). These were also abundant in the of 

Community 2. Two sub-units were which corresponds to variants 2,1 and 2.2 in the standing 

These variants will probably not be restored individually, as dune and dune 

crest vegetation of the same main community, respectively, richness for annual, perennial and the 

total number of species was higher in the standing vegetation than in the seed bank (Figure Similarity 

in species composition between the standing vegetation and the seed bank was higher for annual ",,,<,,... c,,,, 
than for perennial species, with a similarity of 46,1 % for all species (Table Considering the 60% goal of 

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

Seed bank unit 3 

This unit to the - Bal/ota africana Tall Shrub Strandveld (Community 3, DeIO-ItILGO 

Villiers et at., 1 and c"'<>,..,,:;'c of ~O,3CIE~S Group K was diagnostic for this seed bank unit (Table 6,1). 

'::'OI:;CIE~S abundant in the seed bank of this unit were Amellus microglossus (Species Group M), Bromus 
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pectinatus (Species Group P), Adenogramma littoralis, Polycarena pumila and Dimorphotheca pluvialis 

(Species Group U). Most of these species were also abundant in the standing vegetation of Community 3. 

Species richness was higher in the standing vegetation than in the seed bank, for annuals, perennials and 

the total number of species (Figure 6.2) . Similarity in species composition between standing vegetation and 

seed bank was higher for annuals than for perennial species. The total number of species yielded a 

similarity in species composition of 48.2% (Table 6.2). Therefore, if the revegetation goal is lowered from 

60% to 30% (De Villiers et al., 1999), topsoil replacement will be adequate for the restoration of Community 3 

vegetation. 

Seed bank unit 4 

Corresponding to the Ruschia versicolor - Odyssea paucinervis Dwarf Shrub Strandveld (Community 4, De 

Villiers et al., 1999), this unit was characterized by species of Species Group C (Table 6.1). Ruschia caroli, 

Ruschia versicolor and Didelta carnosa were diagnostic for the seed bank and were abundant in the 

standing vegetation , while Gazania leiopoda was diagnostic in the seed bank but not abundant in the 

standing vegetation. The annual Wahlenbergia schlechteri was unique and diagnostic to the seed bank. 

Species conspicuous in both the seed bank and the standing vegetation of this community included: 

Zaluzianskya vil/osa (Species Group J), Hebenstretia dentata (Species Group M), Mesembryanthemum 

crystal/inum, Pharnaceum exiguum (Species Group Q) , Adenogramma littoralis, Polycarena pumila and 

Silene clandestina (Species Group U) (Table 6.1). Three sub-units were recognized within this seed bank 

unit, which correspond to the three variants described by De Villiers et al. (1999) . Total, annual and 

perennial species' richness was higher in the standing vegetation than in the seed bank. Similarity in annual 

species' composition , between the standing vegetation and the seed bank, was higher than that of perennial 

species (Table 6.2). Similarity in total species composition between the seed bank . and the standing 

vegetation was 58.3%, which was the highest similarity value obtained for all communities, but was still less 

than the requirement of 60%. Topsoil replacement alone will not suffice for the revegetation of Community 4 

with 60% of its original species. 

Seed bank unit 5 

This seed bank unit corresponds to the Cephalophyllum spongiosum - Odyssea paucinervis Coastal 

Strandveld (Community 5, De Villiers et al., 1999). Species of Species Group B were diagnostic (Table 6.1) 

and included one annual species unique to the seed bank, i.e. Frankenia pulverulenta. Conspicuous species 

in this seed bank unit and its correspond ing standing vegetation were Zaluzianskya vil/osa, Pharnaceum 

aurantium (Species Group J) , Mesembryanthemum crystallinum and Galenia sarcophyl/a (Species Group Q). 

Species richness of annual, perennial and the total number of species was higher in the standing vegetation 

than in the seed bank (Figure 6.2), but perennial species predominated in both the standing vegetation and 

the seed bank. Consequently, perennial species' composition in the standing vegetation and the seed bank 

yielded the highest similarity for all communities (Table 6.2), and similarity in annual species' composition 

was lower than that for perennial species. Total species composition yielded a similarity of 48.8% between 
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the standing vegetation and the seed bank. With a revegetation goal of 60%, topsoil replacement alone will 

not be enough for the restoration of the vegetation of Community 5. 

Seed bank unit 6 

Seed bank unit 6 corresponds to the Cladoraphis cyperoides - Lebeckia multiflora Coastal Strandveld 

(Community 6, De Villiers et al., 1999), and the two species of Species Group A (Table 6.1) are diagnostic for 

this unit, i.e. Odyssea paucinervis and Lebeckia multiflora . Species considered abundant in this seed bank 

unit but not in the standing vegetation included: Zaluzianskya vil/osa (Species Group J) and 

Mesembryanthemum crystal/inum (Species Group Q). Species such as Lampranthus godmaniae and 

Cladoraphis cyperoides (De Villiers et al., 1999) were diagnostic and/or conspicuous in the standing 

vegetation of Community 6, but were absent or less abundant in the seed bank (Table 6.1). Species 

abundant in both the seed bank and standing vegetation of this community were restricted to Species Group 

V. Annual and total species' richness was higher in the seed bank than in the standing vegetation, while 

that of perennial species was higher in the standing vegetation . Similarity in total species composition 

between the standing vegetation and the seed bank was 39.2% (Table 6.2), while that for annual species 

was lower than that of perennial species. This low similarity was probably due to the low species richness 

(Figure 6.2) recorded in both the standing vegetation and the seed bank. On its own, topsoil replacement 

will not be sufficient for the revegetation of Community 6. 

Ordination 

The positions of the different seed bank units on the CCA ordination diagram, along the first and second 

axes of the scatter diagram, are shown in Figure 6.3. Gradients associated with the first and second 

ordination axes could mainly be related to distance from the sea, wh ich was also a main gradient associated 

with the stand ing vegetation. Factors associated with units situated closer to the coast, include: higher grass 

cover, salt spray and fog intensity (De Villiers et at., 1999). Seed bank units 3 and 4 did not separate clearly 

on axis 1, 2, 3 or 4. The positions and composition of seed bank units on the ordination diagram correlated 

well with that obtained in the standing vegetation (De Villiers et al., 1999) . 

CONCLUSIONS 

The goal of revegetation of this area is to obtain a cover, which contains plant species from all the pre-mining 

communities of the mined area. The description of seed bank units and the comparison thereof with the 

standing vegetation can serve as a basis for determining the suitability of topsoil replacement as a sole 

means of post-mining revegetation of each of the plant communities identified prior to mining . Such 

descriptions will also aid in the selection of species that should be sown and/or transplanted . 
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An understanding of pre-mining seed bank units and their associated plant communities and habitats, is of 

vital importance for devising sound rehabilitation, management and conservation strategies. 

The aim of the rehabilitation program in this area is to revegetate the area with indigenous plant species as 

soon as possible after mining has been completed (Environmental Evaluation Unit, 1990). It is 

recommended that this program concentrate on the perennial species, as these species dominate the 

standing vegetation and will help to stabilize the mined sand during the windy, dry and hot summer months 

(De Villiers et al., 1999). However, annual species predominate in the soil seed bank of the study area, 

questioning the suitability of topsoil replacement as a sole means for revegetation. 

Topsoil replacement should be sufficient for the revegetation of the entire area with species of Species 

Groups Q, T, U and V (Table 6.1), which contain 15% of the 216 lumped species recorded in the standing 

vegetation of the study area. Perennial species belonging to these Species Groups will contribute 6% to the 

restored species richness of the study area. Species groups J, M and N (4%) also contain species, which 

are abundant. 

In general, total, annual and perennial species' richness of all communities to be mined was higher in the 

standing vegetation than in the seed bank. According to Sorensens' index, similarity in total species 

composition between the standing vegetation and the soil seed bank was 54.3%. Higher similarity in annual 

(74.8%) than perennial (43.1%) species composition was obtained between the standing vegetation and the 

soil seed bank. 

Considering the dominance of perennial species in the standing vegetation, topsoil replacement alone will 

not be sufficient for the restoration of the mining area at the study site. However, mining of heavy minerals at 

the study site commences in a specific sequence, and topsoil is replaced directly to the adjacent preceded 

mined area (Environmental Evaluation Unit, 1990). Consequently, after revegetation by means of topsoil 

replacement, post-mining plant community boundaries may show little deviation from pre-mining plant 

community boundaries. The effectiveness of topsoil replacement for the restoration of a specific plant 

community will therefore depend mainly on the size and composition of the seed bank of that community. 

The percentage of species occurring in Species Groups J, M, N, Q, T, U and V amounts to 19% (41 species) 

of the total standing vegetation species richness of the study area. Considering only perennials, species 

belonging to these groups will contribute 8% (17 species) to the total number of species recorded in the 

standing vegetation of this area. A revegetation goal of 30%, which approximately is the percentage of 

species common to almost all plant communities in the standing vegetation (De Villiers et al., 1999), seems 

appropriate as a measure of the success of revegetation efforts in restoring the former structure and 

dominant species' composition by means of topsoil replacement. This percentage was confirmed also by 

Sorensens' indices for the study area as a whole and for individual communities. Even with a revegetation 

goal of 30%, sowing and transplanting of selected dominant species will be indispensable. 

Perennial taxa, which could be recruited in sufficient numbers from the soil seed bank include: Nest/era 

biennis, Ruschia bolusiae, Ehrharta calycina, Geophyte spp., Tetragonia virgata, Manochlamys albicans, 
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Ruschia brevicyma, Hypertelis salsoloides, Hermannia spp. and Zygophyl/um morgsana. Annual species 

abundant in the standing vegetation and the seed bank were Senecio arenarius, Oncosiphon suffruticosum, 

Crassula expansa, Ficinia argyropa, Crassula umbel/ata, Manulea altissima, Isolepis marginata, Cotula 

thunbergii, Karroochloa schismoides, Pentaschistis patula and Helichrysum marmarolepis. Most of these 

species were also abundant in the standing vegetation , proving the indispensable nature of topsoil 

replacement during revegetation efforts. 

Shrub species such as Lycium ferocissimum, Asparagus retrofractus, Rhus longispina, Othonna floribunda 

and Lebeckia multiflora were abundant in almost all communities in the standing vegetation (De Villiers et aI. , 

1999), but were absent or less abundant in the soil seed bank, and should probably be reintroduced to 

mined areas by means of transplanting and sowing. Annuals and perennial herb species belonging to this 

category include Limeum africanum, Lyperia tristis, Grielum grandiflorum, Microloma sagitta tum, 

Hebenstretia dentata and Heliophila coronopifolia. 

Results from the seed bank study have indicated phytosociological affinities between communities in the 

standing vegetation. For example, Community 6 (De Villiers et al., 1999) should be grouped with 

Communities 4 and 5 on account of the presence of Odyssea paucinervis in its seed bank, rather than with 

Communities 1, 2 and 3, where this species was found to be mostly absent, both in the standing vegetation 

and the seed bank. This phytosociological seed bank study therefore confirmed the affinity of Community 6 

with Community 5 in the hierarchical classification of the stand ing vegetation . 
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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 Karoo, South Africa. A tolal 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 

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% 'HSI,l"";!lIVeIIV. 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 will be essential for the success of post-

mining revegetation efforts following complete destruction of the existing vegetation. Annual species may be recruited from the soil 

slored seed bank, while many perennial species will have to be reintroduced by means of sowing andlor transplanting. 

Key words: Mining; Namaqualand; reveOEnatllol seed bank density; species composition; vegetation density 

INTRODUCTION 

A soil bank is defined as the number, store, or density of viable seeds in the soil at a given time, 

representing a living record of the recent vegetation of an area. Not all growing at a site are 

represented in its seed bank, but seeds of species not currently growing at the site may be present (Leek et 

a/., 1989; Van der Valk et a/., 1992; Warr et 1993). Spatial patterns of and seed banks may 

a direct effect on the dynamics, conservation and sustainable management of arid 

(BertHler, 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 et ,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 et al., 1991; Esler et al., 1992; 1993; De 
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Villiers et a/., 1994). The role of the seed bank in restoration and revegetation studies, other than arable 

land, has been the subject of a number of studies in recent years (Levassor et a/. , 1990; Aerts et a/., 1995; 

Bakker et a/., 1996; Kotanen, 1996). 

The degree of correlation between the species composition of the seed bank and that of the associated plant 

community is of considerable interest in restoration projects. A lack of correspondence between the species 

present in the seed bank and in the current vegetation has been observed in a range of vegetation types 

(Thompson & Grime, 1979; Smith & Kadlec, 1983; Pratt et a/., 1984; Bakker, 1989). In frequently disturbed 

habitats, the species composition of the seed bank and the vegetation is usually similar, for example in 

arable fields (Wilson et a/., 1985). In undisturbed habitats there is generally less correspondence between 

the species present in the seed bank and the vegetation (Warr et a/., 1993). 

The mining of heavy minerals along the western coast of South Africa will lead to the total destruction of the 

vegetation in mined areas. Rehabilitation of the area, which is required by law, should restore the mined 

area to a state as close as possible to the state of the area before mining commenced, as soon as possible 

after mining of an area has been completed (Environmental Evaluation Unit, 1990). One of the viable 

options to revegetate the area is topsoil replacement. The seeds present in the soil are potentially useful in 

restoration projects where establishment of plant cover is desired (Skoglund, 1992; Kotanen, 1996). 

However, if the similarity between the seed bank and its associated vegetation is limited, the seed bank 

alone cannot be used for the restoration of that plant community (Warr et a/., 1993) . 

The aim of this study was to determine whether topsoil replacement would be sufficient for the restoration of 

the pre-mining standing vegetation of mined areas in the Strandveld Succulent Karoo. The degree of 

similarity between the seed bank and standing vegetation was used to predict species which will most 

probably be recruited from replaced topsoil , and those which will have to be reintroduced by means other 

than the seed bank contained in replaced topsoil. 

MATERIAL AND METHODS 

The study area covers approximately 9 400 ha and is situated in the vicinity of Brand-se-Baai (31 °18' S, 1J054' 

E) on the Cape West Coast, South Africa (De Villiers et aI., 1999). 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 Namaqualand 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 (De Villiers 

et a/., 1999). The average annual temperature is 15.8°C 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) (De Villiers et a/., 1999). Frequent easterly berg winds, 

which blow from the interior, bring hot, dry conditions to the coast (Environmental Evaluation Unit, 1990). 
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A vegetation survey of the study area (De Villiers et a/., 1999) revealed six plant communities included in the 

area to be mined at Brand-se-Baai. These six plant communities have been classified as follows (Vegetation 

units for seed bank studies are indicated in brackets): 

1. Ruschia tumidula - Tetragonia virgata Tall Shrub Strandveld 

1.1. Stipagrostis zeyheri - spp. Variant 

1.2. LlL.."ULJlUr1., dioecus - Stoebe nervigera Variant 

1.3. Pentaschistis patula - Chenopodium opulifolium Variant 

1.4. Eriocephalus africanus - densepunctulata Variant 

2. africanus - Asparagus fasciculatus Tall Shrub Strandveld (Unit 6) 

2.1. Othonna floribunda - Lebeckia lotonoides Variant 

2.2. Zygophyllum morgsana - Coelanthum semiquinquefidum Variant 

3. africana-Iutea - 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. Tripteris oppositifo/ia - Cissampelos Variant (Unit 4) 

4.3. Ehrharta calycina - Variant (Unit 2) 

5. Cepha/ophyllum spongiosum - paucinervis Coastal (Unit 1) 

6. cyperoides Lebeckia multiflora Coastal Strandveld (Unit 1) 

Only the five communities situated in the vicinity of the western mining area (Communities 2 - 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 5 and 6 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 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 to a depth of 100 mm, totaling a 

volume of approximately 246 ems. 

From each of the 15 per a 100 ems was spread on top of sterile sand in a 

1.5 dm3 and at ambient conditions at the of Pretoria, some 1 200 km north-east of 

Brand-se-Baai. The were watered daily and emerged were marked and counted. Half 

strength Arnon and Hoagland's complete nutrient solution (Hewitt, 1952) was applied fortnightly, 

were identified and removed. Treatment the continued for a period of three 

whereafter the top of soil in the pots was stirred. A second germination lasted three months. 

a total germination period of six only the pots containing not were 

retained. 
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During early of 1995, an area of 10 m x 10 m at each site was divided into 100 quadrants measuring 1 

m2 Within each quadrant the number of all and plant (excluding 

were recorded. For grass cover was estimated in each quadrant. 

In this paper, grass are not included in the perennial and annual plant type categories, but are dealt 

with as a separate category. 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 (PCA) with the computer program CANOCO version 3.15 (Ter 

Braak, 1997). Before the analysis, the \I(:>'1<=>t::::.t.r,n density/cover values for each (individuals 

from each plot were transformed to scores on a 1 - 9 abundance scale (Standing vegetation (excluding 

1=>00.05,2=>0.05-0.1,3=>0.1- 4=>0.5-1,5 >12,6 >2-5,7=>5-10,8= 

>10 9 1::::>0- 2=>0.050.1,3=>0.10.5,4=>0,5-1,5 >12,6=>2­

3,7= >3 5,8 = >5 - 10, 9 >10), The seed bank data (emerged m·2
) were also transformed to 

scores on a 1 - 9 abundance scale (Seed bank: 1 =>0 - 100, 2 =>100 200, 3::: >200 - 300, 4 ::: >300 

500, 5::::; >500 - 6 ::: >750 - 1 000,7::: >1 000 1 8 = >1 500 - 2000,9 = >2 000). These limits 

were chosen so that the density distribution of the nine classes would be similar the vegetation and seed 

bank data, 

2For 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): 

IS~ --xlOO 
A+B 

where in this case c is the number of species common to both vegetation and seed bank, A is the total 

number of recorded in the standing vegetation, and B is the total number of SPE~CIE!S recorded in the 

soil bank. 

Spatial distribution of the soil seed bank was determined by calculating the variance/mean ratio (Odum, 

1971). If this ratio is found to be 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 the least (LSD) one-way analysis of variance 

(ANOVA) , multi-factor ANOVA and multiple range test of the Statgraphics 5.01 computer program, to test for 

significant ri.ttoro,nr,:.." at a 95% confidence level. 

1 Statgraphics 5,0,1989, STSC, Inc" U,S.A. 
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RESULTS 


Standing vegetation 

A total of 103 taxa were recorded in the standing vegetation of the Strandveld Succulent Karoo (Table 7.1). 

The four most abundant taxa were Geophyte spp. (4.792 plants m-2
), Odyssea paucinervis (1.886 % cover 

m-2
), Gazania leiopoda (1.308 plants m-2

) and Tetragonia microptera (1 .157 plants m-2
). With the exception 

of Ehrharta calycina, no species obtained a frequency of more than 50% in the vegetation . 

Vegetation unit 2 and vegetation unit 1 yielded the highest and lowest number of taxa, respectively (Figure 

7.1 a). In general, perennials constituted the highest number of taxa, while grass species constituted the 

lowest number of taxa recorded in each vegetation unit (Figure 7.1a). 

2The mean perennial plant density (Table 7.2) varied from 1.8 plants m-2 in vegetation unit 4 to 20.8 plants m-

in vegetation unit 6. For annual plants, the highest and lowest densities were recorded in vegetation units 5 
2 2(11.0 plants m- ) and 6 (2.3 plants m- ) respectively. Percentage grass cover m-2 was highest in vegetation 

unit 3 (7.4 %) and lowest in vegetation unit 5 (0.3 %). 

Seed bank 

The soil seed bank within these samples of the Strandveld Succulent Karoo yielded a total number of 39 

taxa (Table 7.1). Due to the high mortality of emerged seedlings, a total of 1714 seedlings m-2 were not 

identified (Table 7.1). The four most abundant taxa in the seed bank were annuals, i.e. Karroochloa 

schismoides (457 seedlings m-2
), Crassula expansa (316 seedlings m-2

), Oncosiphon suffruticosum (254 
2seedlings m- ) and Adenogramma littoralis (231 seedlings m-2

). The annual grass Karroochloa schismoides 

also obtained the highest frequency in the seed bank (19.5%). 

At the vegetation unit level, the highest number of taxa present in the seed bank was recorded in vegetation 

unit 2, while the lowest number of taxa was recorded in vegetation unit 1 (Figure 7.1 b). Annual taxa 

constituted the highest number of taxa recorded in each vegetation unit, and grass taxa the lowest (Figure 

7.1 b). 

Mean seedling densities of perennial taxa ranged from 101 .5 seedlings m-2 in vegetation unit 1 to 575.2 

seedlings m-2 in vegetation unit 2 (Table 7.2). Vegetation unit 2 yielded the highest seedling density for 

annual taxa. The highest mean seedling density of grass taxa were recorded in vegetation unit 4, while that 

of unidentified taxa were recorded in vegetation unit 6. With the exception of vegetation unit 4 of which the 

seed bank was predominated by unidentified taxa, the seed bank of all other vegetation units were 

predominated by annual taxa (Table 7.2). 
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Table 7.1. Mean density (plants/seeds per m'), mean percentage cover (grass ttxa in the standing vegetation) 
and frequency (%) of taxa in the Strandveld Succulent Karoo. Data from two re licates in each of six 
vegetation units have been lumped Vegetation data based on 1 200 square-me1tre subplots and seed bank 
data based on 180 soil samples 

Mean number of Frequency 
plants/seeds or (%)Species 
% cover per m' 

Vegetation Seed ank Vegetation Seed bank 

Taxa recorded only in the vegetation 
Amellus lenuifolius (P) 0.006 0.5 
Arclolheca calendula (A) 0.102 5.9 
Arclolis adpressa (A) 0.041 2.6 
Aspa/alhus divaricala (P) 
Asparagus aelhiopicus (P) 

0.006 
0.003 

\ 0.6 
0.3 

Asparagus asparagoides (P) 0.066 4.1 
Asparagus capensis (P) 0.073 5.8 
Asparagus fasciculalus (P) 0.048 3.1 
Asparagus relrofraclus (P) 0.006 \ 0.6 
Ballota africana (P) 0.001 0.1 
Brassica tourneforlii (A) 0.262 7.5 
Cephalophyllum spongiosum (P) 0.022 1.8 
Chaelobromus dregeanus (P) 0.058 3.7 
Cissampelos capensis (P) 0.002 \ 0 .2 
Cladoraphis cyperoides (P) 0.004 0.3 
Coelanlhum semiquinquefidum (A) 0.015 1.2 
Crassula muscosa (P) 0.001 0.1 
Crassu/a tomenlosa (P) 0.051 \ 0.9 
Cucurbitaceae (P) 0.181 7.5 
Didella camosa (AJ 0.144 6.8 
Drosanthemum calycinum (P) 0.004 0.2 
Euphorbia capul-medusae (P) 0.006 0.6 
Euphorbia mauritanica (P) 0.003 \ 0.3 
Euphorbia sp.(P) 0.006 0.5 
Exomis microphylla (P) 0.005 0.4 
Felicia dregei (P) 0.001 0.1 
Ficinia argyropa (A) 0.004 0.3 
Galenia africana (P) 0.001 I 0.1 
Galenia sarcophylla (P) 0.029 1.9 
Galium lomentosum (P) 0.003 0.3 
Grielum grandiflorum (P) 0.404 17.3 
Grielum humifusum (A) 0.087 5.9 
Hebenstrelia repens (A) 0.068 4.2 
Helichrysum hebelepis (P) 0.018 1.5 
Heliophila coronopifolia (A) 0.058 4.3 
Lebeckia lolonoides (P) 0.083 4.1 
Lebeckia mu/liflora (P) 
Leipoldlia jacobeniana (P) 

0.059 
0.019 

\ 4.1 
1.3 

Limeum africanum (A) 0.318 14.9 
Lycium ferocissimum (P) 0.015 1.5 
Lycium sp. (P) 0.006 0.6 
Manulea cinerea (P) 0.010 \ 0.7 
Melolobium exudans (P) 0.013 1.3 
Microloma sagittalum (P) 0.017 1.7 
Nemesia ligulala (A) 0.025 1.8 
Odyssea paucinervis (P) 1.886 38.2 
Olhonna floribunda (P) 0.103 \ 7.3 
Pelargonium gibbosum (P) 0.003 0.3 
Pelargonium senecioides (A) 0.320 5.8 
Pelargonium sp. (P) 0.001 0.1 
Phyllobo/us spp. (P) 0.001 0.1 
Pleronia onobromoides (Pl 0.002 0.2 
Ruschia bo/usiae (P) 0.086 5.3 
Ruschia brevicyma (P) 0.043 4.1 
Ruschia cymosa (P) 0.045 3.3 
Ruschia lecla (P) 0.023 \ 1.8 
Ruschia lumiduJa (P) 0.002 0.2 
Ruschia versicolor (P) 0.013 1.0 
Salvia africana-Iulea (P) 0.005 0.5 
Senecio bulbinifolius (Pl 0.001 0.1 
Sonderina lenuis (A) 0.090 \ 2.8 
Slipagroslis zeyheri (P) 0.010 1.0 
Sulera Irisle (A) 0.110 5.9 
Thesium spinescens (P) 0.014 1.4 
Tribolium hispidum (A) 
Trichogyne ambigua (P) 

0.001 
0.008 

\ 0.1 
0.4 

Tripleris ciandeslina (A) 0.085 4.7 
Tripleris opposilifolia (P) 
Zygophyllum morgsana (P) 

0.013 
0.114 J 

1.3 
10.6 

111 

 
 
 



Table 7.1. (Continued) 

Species 

Mean number of 

plants/seeds or 

% cover per m 2 

Frequency 

(%l 

Vegetation Seed bank V~etation Seed bank 

Taxa recorded only in the seed bank 

Bromus pectinatus (Al 11.283 1.1 
Crassula umbel/ata (Al 78.950 5.6 
Pentaschistis palula (Al 33.833 2.2 
Wahlenbergia schlechteri (Al 16.917 1.7 
Zaluzianskya vil/osa (Al 28.183 2.8 
Unidentified species 1714.283 65.0 

Taxa recorded in the vegetation and seed bank 
Adenogramma littoralis (Al 0.448 231.200 10.2 7.3 
Arctotis spp.(P) 0.033 5.633 2.6 0.6 
Chrysocoma longifolia (P) 0.002 11.283 0.2 1.1 
Conicosia pugioniformis (A) 0.108 5.633 5.9 0.6 
Crassula expansa (A) 0.018 315.783 1.3 11.2 
Dimorphotheca pluvialis (A) 0.406 107.133 8.8 5.6 
Ehrharta calycina (P) 0.968 140.967 50.3 11.7 
Eriocephalus africanus (P) 0.073 16.917 6.2 1.7 
Felicia merxmuel/eri (A) 0.013 5.633 1.0 0.6 
Gazania leiopoda (P) 1.308 39.467 5.8 2.8 
Geophyte spp. (P) 4.792 78.950 42.6 7.8 
Hebenstretia dentala (P) 0.038 11.283 3.0 1.1 
Helichrysum marmarolepis (A) 0.454 33.833 12.3 2.8 
Hermannia spp. (P) 0.550 5.633 18.4 0.6 
Isolepis marginata (A) 0.184 22.567 5.5 2.2 
Karroochloa schismoides (A) 0.144 456.767 13.9 19.5 
Manochlamys albicans (P) 0.008 22.567 0.8 1.7 
Manulea altissima (A) 0.062 28.183 4.0 2.8 
Manulea pusiJIa (A) 0.001 22.567 0.1 2.2 
Mesembryanthemaceae (P) 0.002 11.283 0.2 1.1 
Mesembryanthemum crystalinum (Al 0.455 22.567 14.3 2.3 
Nemesia bicomis (A) 0.193 16.917 9.8 1.7 
Nestiera biennis (P) 0 .258 16.917 7.7 1.7 
Oncosiphon suffruticosum (A) 0.128 253.750 8.8 16.7 
Phamaceum aurantium (P) 0.095 11.283 5.9 1.1 
Phamaceum exiguum (A) 0.143 33.833 6.9 3.3 
Polycarena pumila (A) 0.178 56.383 8.8 4.5 
Senecio arenarius (A) 0.255 191 .717 15.2 11.1 
Silene clandestinum (A) 0.212 22.567 7.3 2.3 
Tetragonia microptera (A) 1.157 39.467 8.5 3.9 
Tetragonia virgata (P) 0.299 28.183 22.3 2.8 
Ursinia speciosa (A) 0.011 11.283 1.0 1.1 
Vanzijlia annulata (P) 0.243 16.917 10.7 1.7 
Wahlenbergia paniculata (A) 0.174 28.183 7.6 2.8 
P - perennial 

A · annual 
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Figure 7.1. Total number of perennial, annual and grass taxa recorded in the a) standing vegetation 
and the b) seed bank, for six vegetation units of the Strandveld Succulent Karoo. 

113 

 
 
 



Table 7.2. Mean plant/seed density and mean % cover (grass taxa in 
the vegetation)(± standard deviation), for both the standing 
vegetation and the soil seed bank determined in six vegetation units 

Vegetation unit 

number 

Plant type 

Number of 

plants m·2 

or % cover 

in the vegetation 

Number of 

seedlings m·2 

in the seed bank 

Perennials 6.1 ±1.7 101.5 ± 33.8 

1 
Annuals 5.2 ± 1.8 981 .2 ± 236.8 
Grasses 6.2 ± 4.5 101.5 ± 33.8 

Unidentified 0.0 ± 0.0 1184.2 ± 710.5 

2 

Perennials 
Annuals 
Grasses 

Unidentified 

15.5±13.3 
4.6±1.0 
7.3 ± 5.8 
0.0 ± 0.0 

575.2 ± 236.8 
3417.3 ± 372.2 
372.2 ± 33.8 

1150.4 ± 406.0 

3 

Perennials 
Annuals 
Grasses 

Unidentified 

5.1 ±2.0 
8.4 ± 2.1 
7.4 ± 1.5 
0.0 ± 0.0 

236.8 ± 33.8 
609.0 ± 338.3 
473.7 ± 67.7 

1184.2 ± 169.2 

4 

Perennials 
Annuals 
Grasses 

Unidentified 

1.8 ±0.4 
4.0 ± 1.0 
1.2 ±0.1 
0.0 ± 0.0 

236.8 ± 101 .5 
1827.0 ± 1285.7 
2199.2 ±778.2 
2334.6 ± 642.9 

5 

Perennials 
Annuals 
Grasses 

Unidentified 

5.8 ± 4.3 
11.0±10.2 

0.3 ± 0.1 
0.0 ± 0.0 

169.2 ± 33.8 
1082.7 ± 812.0 
406.0 ± 67.7 

1691.7 ± 135.3 
Perennials 20.8 ± 8.9 338.3 ± 0.0 

6 
Annuals 2.3 ± 0.4 1454.9 ± 372.2 
Grasses 0.6 ± 0.5 304.5 ± 169.2 

Unidentified 0.0 ± 0.0 2639.1 ± 203.0 
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Standing vegetation versus seed bank 

Of the 103 taxa recorded in the standing vegetation of the Strandveld Succulent Karoo, only 34 taxa (31 %) 

were present in the seed bank (Table 7.1) . However, it has to be borne in mind that the total area sampled 

for determining species composition and density of the soil seed bank represented only 0.06% of the total 

area sampled in the standing vegetation . Most of the taxa present only in the vegetation (64%) had low 

densities « 0.5 plants m,2 for perennial and annuals), percentage cover « 2% for grasses) and frequencies 

« 40%). Five taxa (5%) were recorded only in the seed bank, all of which had frequencies lower than 6% 

and densities lower than 80 seeds m,2 Generally, the taxa most abundant in the vegetation were also 

recorded in the seed bank and vice versa. 

In general, perennial species predominated in the standing vegetation, while annual species predominated 

the soil seed bank (Figures 7.1a & 7.1 b). In all six vegetation units, seed density in the seed bank was higher 

than plant density in the standing vegetation (Table 7.2). The soil seed bank of thj~ P8rt of the Stmndvold 

Succulent Karoo had a clumped spatial distribution (Table 7.3a). This was also the distribution pattern within 

each of the vegetation units individually. Perennial species approached a random distribution in the seed 

bank (Table 7.3b), while annual, grass and unidentified species had a clumped spatial distribution pattern. 

The PCA ordination separated seed bank and vegetation data along the first ordination axis (Figure 7.2), 

which could be attributed to differences in species composition between the soil seed bank and the standing 

vegetation. Poor separation between soil seed bank vegetation units along the second ordination axis could 

be ascribed to the similarity in annual species, as these predominate in the seed bank (Figure 7.1 b). With 

the exception of vegetation unit 5, clear separation between vegetation units in the standing vegetation 

(Figure 7.2) could be attributed to the dissimilarity in perennial species, as these predominate in the standing 

vegetation (Figure 7.1a). The affinity between the standing vegetation and seed bank of vegetation unit 2 

(Figure 7.2) was possibly due to the high similarity in annual species, compared to other plant types (Figure 

7.3). High similarity in grass species (Figure 7.3) may be responsible for the grouping of the standing 

vegetation of one site of vegetation unit 5 with its corresponding seed bank (Figure 7.2). Although the 

similarity in grass species was 100% for vegetation unit 4 (Figure 7.3), clear separation between the standing 

vegetation and the seed bank of this vegetation unit (Figure 7.2) was probably due to the low similarity in 

perennial species and/or the low grass species richness (Figure 7.1). 

Calculation of Sorensen's index indicated a 47.9% similarity between the vegetation and the seed bank of 

the study area (Figure 7.3). Highest similarity occurred between annual taxa (67.9%) recorded in the 

vegetation and the seed bank, while perennial and grass taxa had low similarities, i.e. 34.2% and 40.0% 

respectively. Sorensen's index indicated that similarity between the vegetation and the seed bank ranged 

from 29.0% in vegetation unit 5 to 45.3% in vegetation unit 2 (Figure 7.3). With the exception of vegetation 

units 2 and 6, grass taxa yielded the highest similarities between the vegetation and the seed bank (> 33% ­

100%). Perennial taxa yielded the lowest similarity « 33%) between vegetation and seed bank, in all 

vegetation units. Similarity in annual taxa between seed bank and standing vegetation ranged from 35 ­

65%. 
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Table 7.3a. Mean, variance, and spatial distribution of the soil seed bank (sample .1) 

determined in six vegetation units of the Strandveld Succulent Karoo 

Vegetation unit Mean (m) Variance (V) Vim Distribution 

1 
2 
3 
4 
5 
6 

2.33 
5.40 
2.47 
6.60 
3.27 
4.67 

6.71 
18.59 
5.57 

35.01 
9.37 
12.16 

2.88 
3.44 
2.26 
5.30 
2.87 
2.61 

Clumped 
Clumped 
Clumped 
Clumped 
Clumped 
Clumped 

A" 4.12 16.63 4.03 Clumped 

Table 7.3b. Mean, variance, and spatial distribution of the soil seed bank (sample .1) 

determined for different plant types in the Strandveld Succulent Karoo 

Plant type Mean (m) Variance (V) Vim Distribution 

Perennials 
Annuals 
Grasses 

Unidentified 

0.27 
1.54 
0.64 
1.68 

0.24 
6.22 
2.35 
3.81 

0.90 
4.04 
3.65 
2.27 

Random 
Clumped 
Clumped 
Clumped 
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Figure 7.2. Ordination diagram based on Principal Component analysis of vegetation and seed bank 

density data, for six Strandveld Succulent Karoo vegetation units 


(Eigen1 =0.153; eigen2 =0.119; scaling =2). 
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Figure 7.3. Similarity in number of taxa (%) according to Sorensen's Index of Similarity, between the 
standing vegetation and the seed bank, for different plant types in the Strandveld Succulent Karoo. 
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DISCUSSION 


The general dissimilarity between the seed bank and its associated vegetation was manifested by 

dissimilarities in species composition, plant/seedling densities and frequencies. Similar lack of 

correspondence between vegetation and seed banks have been reported for agricultural habitats (Roberts & 

Stokes, 1966; Caixinhas et a/., 1998), grassland communities (Milberg & Persson, 1994), forests (Granstrom, 

1982), coastal plain forests (Matlack & Good, 1990), sand dunes (Planisek & Pippen, 1984) and desert 

environments (Khan, 1993; Aziz & Khan, 1996), and reflects such factors as absolute seed production, rate 

and depth of burial, and loss of viability (Archibold, 1981). However, in some desert ecosystems the species 

composition of the seed bank proved to be similar to the standing vegetation (Henderson et a/., 1988; Ohga, 

1992). In general, Fenner (1985) suggested that similarity of vegetation and seed bank is greatest in 

frequently disturbed communities, and difference increases as succession progresses. Species represented 

in the seed bank may have been derived from vegetation present at the site in previous years (Warr et a/., 

1993). 

In most habitats, densities of seeds in the soil do not correlate well with densities of plants in time or space 

(Harper, 1977; Kemp, 1989; Silvertown & Lovett-Doust, 1995). The existing vegetation at the study site was 

not well represented in the seed bank samples, but the seed bank taxa were well represented in the standing 

vegetation. The soil seed bank was predominated mainly by annual taxa, while perennials were scarce and 

infrequent. Also, annual taxa in the vegetation had higher similarities with their seed banks, than did 

perennial taxa. Several perennial species of the Karoo have large seeds (> 5 mm) and accumulate transient 

seed banks, while small, persistent seeds are characteristic of many annual species (Esler, 1999). Large 

seeds of long-lived perennials are more likely to be predated than small seeds of annual species (Bertiller, 

1998). This, and their low seed production, the retention of seeds in the canopy, possible seed dormancy 

and short longevity, might be some of the causes of their small numbers observed in the seed bank (Van 

Rooyen & Grobbelaar, 1982; Esler et a/., 1992; Chambers, 1993; Bertiller, 1998). The contrasting pattern of 

the soil seed bank of annual compared with perennial species (small and numerous vs. large and scarce 

seeds) has previously been reported and associated with seed size and availability of safe sites for 

germination and plant establishment (Graham & Hutchings, 1988; Hegde et a/., 1991; Ohga, 1991). Most of 

the annual species from the Succulent Karoo accumulate a persistent seed bank (Van Rooyen & 

Grobbelaar, 1982; De Villiers et a/., 1994). 

The reduced seed bank of perennial taxa does not seem to be critical in maintaining their cover in the short 

term, since the density of standing individuals of this group does not depend on successful annual seed set, 

germination and establishment of young plants. Additionally, recruitment by perennial taxa is probably more 

limited by the availability of safe sites (Andersen, 1989; Esler, 1993). The reverse applies for annual taxa, 

which depend on the periodic re-establishment of new individuals to maintain their populations in an area. In 

this case, spatial and temporal patterns of the soil seed bank may play an important role in their conservation 

(Bertiller, 1998). 

Those taxa recorded only in the seed bank were mainly annuals with relatively low densities and 

frequencies. The magnitude of the discrepancy in abundance between the seed bank and vegetation is 

118 

 
 
 



recognized as an indicator of its seed bank persistency (Thompson & Grime, 1979; Bakker, 1989; Kirkham & 

Kent, 1997). The five taxa recorded only in the seed bank were observed in nearby plant communities, 

stressing the fact that seed bank taxa were well represented in the standing vegetation. 

Some habitats like deserts are risky for the survival of plant species, especially for annuals, because 

conditions may become so severe in some years that all individuals die before they have a chance to 

reproduce. One way for a species to survive in risky environments is to have a persistent seed bank. Thus, 

if a species fails to produce seeds in one year, the presence of a seed bank ensures that the species can 

persist at the site without immigration (Baskin & Baskin, 1998). 

As in most arid ecosystems, the frequency distribution of seeds in soil samples is highly kurtotic (Kemp, 

1989; Ohga, 1992; Bertiller, 1998), since most samples had a few or no seeds and only a minor proportion 

had a large number of seeds. This general spatial pattern may in part be the result of the relatively short 

seed dispersal distances that characterize the majority of desert plants (Ellner & Shmida, 1981), or the 

consequence of directed dispersal by ants or rodents (Van Rheede van Oudtshoorn & Van Rooyen , 1999). 

Spatial and temporal heterogeneity is important to the entire community through the relationships between 

seeds, germination and seedling competition, plant populations, and seed predation by granivores 

(Reichman, 1984). 

In this study, as in most restoration and creation projects, a precise estimate of seed density for a particular 

species in the seed bank was not needed. An estimate of the relative abundance of species is usually 

sufficient. · Even a list of species present in the seed bank is enough to establish which desirable and 

undesirable species are present or absent (Van der Valk et aI. , 1992). 

Revegetation 

Seed banks may be important in the long-term survival of individual species, as well as plant communities. 

However, not all species in a community are represented in the seed bank, and some species are present in 

the seed bank, but do not occur in the extant vegetation (Baskin & Baskin, 1998). Since mining activities will 

destroy the standing vegetation at the study site and topsoil will be used in the revegetation process, the size 

and composition of the seed bank will predict the future vegetation . This is true for at least the early stages 

of succession in the mined area. According to Kotanen (1996), theory predicts that at least the early stages 

of revegetation should be influenced by the way in which disturbance interacts with the seed bank. 

Post-mining vegetation should conform as close as possible to the vegetation present prior to mining 

activities. Factors such as species richness, plant abundance and cover will be important measures for 

estimating the success of revegetation efforts. The pre-mining standing vegetation was predominated by 

perennial species and the goal of restoration efforts should concentrate on the revegetation of these species. 

However, perennial species were poorly represented in the soil seed bank, and most of the large seeded 

perennials that were present accumulate a transient rather than a persistent seed bank. For the long-term 

revegetation goals at the study site, recruitment from the seed bank alone will therefore not be sufficient. 
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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 to 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) accumulate 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 on 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 

establ ishment 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 Karoo. Annual species will be recruited from the topsoil 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 et al., 1992). Short-lived viable seeds may be lost if the soil is held too 


long, 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 fulfilled it may result 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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The seeded perennials will probably not be recruited in sufficient numbers from the topsoil 

seed bank. However, the seeds of some of these species are wind dispersed and reintroduction of these 

cn<,I""c.c to the post-mining area may occur naturally from surrounding vegetation. Artificially established 

patches of perennial 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) accumulate persistent aerial seed banks (Chapter 11), but their seeds are 

not well to long the standing including banks, will 

be during the mining adult plants of these should be transplanted on mined 

areas during 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 

The stored seed bank will be a vital source of annual ;:'j.Jt;vi<:;;:' recruitment. Seeds are the only 

mechanism of reproduction in annuals, and many of these species accumulate large perSistent seed banks 

1999). The seeds present in the seed bank are potentially useful in restoration projects where 

establishment of plant cover is desired, for to reduce soil erosion (Skoglund, 1992). 

Buried seeds can also have important implications for conservation management where 

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. 

replacement, sowing and transplanting should all be considered for the revegetation of mined areas 

in the Strandveld Succulent Karoo. Annual will be recruited from the topsoil stored seed bank. 

However, all will on the of stockpiling before being used in restoration, as this can negatively 

influence recruitment (Van der Valk et al., 1 Short-lived viable seeds may be lost if the soil is held too 

long, and environmental conditions, particularly temperatures, in the stockpiled soil may be so unfavourable 

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

Seed banks are important in lands that have been disturbed by mining activities 

(Baskin & 1998). The seed bank can be but if the right conditions for establishment are 

not fulfilled it may result in exhaustion of a long-term seed bank. Environmental conditions 

and salinity in particular) can influence recruitment from the seed bank (Van 

der Valk et al., 1 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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ABSTRACT 

The timing of germination and seedling establishment is critical for the existence and survival of plants in arid environments. Both 

innate seed characteristics and environmental factors such as temperature and light influence the timing of germination. Optimum 

germination requirements of 28 Strandveld Succulent Karoo species (including 31 seed types) were examined. Of these species, c. 

50% achieved highest germination percentages in the absence of light and over a wide range of temperatures. Most of these were 

perennial species . Twenty-five percent of the species (nine seed types) obtained highest germination percentages at intermediate 

temperatures in the light. Most of these were annual species. Another 25% of the species achieved highest germination percentages at 

low and intermediate temperatures, irrespective of light conditions. In 57% of the species, mean time to germination was not influenced 

by light, whereas 86% of the species yielded shortest mean times to germination at intermediate temperatures. Most species were 

characterised by intermediate mean optimum temperatures for germination. An understanding of the germination requirements of these 

species will allow the local mining industry to maximize their revegetation eHorts on post-mining areas. 

Key words: Germination; light; mining; Namaqualand; revegetation; temperature 

INTRODUCTION 

The germination of seeds is one of the most important processes in the life-cyc le of plants . When a seed 

germinates under natural conditions the individual has . in a sense "bet its life" on the favourability of 

environmental conditions for seedling establishment. Consequently, selection favours environmental cueing 

mechanisms that decrease the probability of encountering unacceptable growth conditions following 

germination (Badger & Ungar, 1989; Probert, 1992). 

Determining what controls the timing of seed germination in the field requires information on the seed, 

environmental conditions in the habitat, and how the two interact from time of seed maturation to germination 

(Baskin & Baskin, 1998). Germination can depend on certain environmental factors to release the seed from 

dormancy. Once dormancy has been broken, these factors are no longer required for germination itself 

(Bewley & Black, 1982; Probert, 1992). The extent and rate at which the germination process occurs in a 
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non-dormant seed is affected by various factors. Temperature is most important; equally significant in many 

cases are light, oxygen, carbon dioxide and other substances, and factors affecting the availability of water 

(Mayer & Poljakoff-Mayber, 1975; Bewley & Black, 1982, 1994; Copeland & McDonald, 1995). Germination 

requirements are species specific (Datta, 1965) and are determined both by the conditions which prevail 

during seed formation (Gutterman, 1992; 1993) and even more by hereditary factors (Freeman et al., 1977; 

Gutterman, 1993; Visser, 1993). Frequently there is some correlation between the environmental 

requirement for germination and the ecological conditions in the habitat of the species (Mayer & Poljakoff­

Mayber, 1975; Gutterman, 1993). 

Under arid and semi-arid conditions seeds are exposed to a variety of environmental stresses. Arid habitats 

are characterised by temperature fluctuations extending beyond the limiting temperatures for germination, by 

recurrence of moisture deficiency and sometimes by deficiencies of nutrients in the soil (EI-Sharkawi et al., 

1989). 

The present study on germination strategies of Strandveld Succulent Karoo plant species was prompted by 

the need to ensure optimal germination of seeds during the revegetation of mined areas. Revegetation of 

these areas will depend mainly on the use of the soil stored seed bank, as well as seeding and transplanting 

of selected species (Environmental Evaluation Unit, 1990). These methods ensure the re-establishment of 

local plant species, which are already adapted to the local environmental conditions. 

The aim of this study was to identify Strandveld Succulent Karoo species with the highest probabilities to be 

revegetated successfully by means of topsoil replacement and/or sowing. Knowledge of which extrinsic 

factors, as well as the degree to which these factors control the timing of germination in individual species, 

will also aid in predicting the periods/seasons and methods best suited for revegetation efforts. 

This study forms part of a project aimed at describing the seed bank dynamics of the Strandveld Succulent 

Karoo to guide mining authorities on appropriate revegetation strategies. This paper is the first in a series of 

three, aimed at identifying some of the germination strategies of Strandveld Succulent Karoo species, and 

deals with the temperature and light requirements for optimum germination. Subjects addressed in the other 

two papers concern after-ripening, dormancy-breaking, endogenous germination patterns and the effect of 

relative humidity on viability. 

MATERIAL AND METHODS 

Mature diaspores (henceforth referred to as seeds) of 28 plant species (31 seed types) were collected from 

natural populations in the vicinity of Brand-se-8aai (31 °18'S, 17°54'E) on the Cape West Coast, South Africa 

(De Villiers et al., 1999). This area falls within the Namaqualand coastal belt and has an average 

precipitation of 282 mm per annum, measured over a period of four years at the study site (Figure 8.1). 

Rainfall occurs mainly during winter, with an average of 160 mm per annum at the study site. The average 

annual temperature at the study site is 15.8°C with a relatively small fluctuation due to the marine influence (De 

Villiers et al., 1999). Average monthly minimum and maximum temperatures recorded at the study site were 
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Figure 8.1. Climate diagram (following Walter & Lieth, 1960) of the Brand-se-Baai station for the 
period March 1993 - February 1997. 
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7.5°C and 24.1°C respectively (Figure 8.1). Collected seeds were air-dried at room temperature for a period 

of two weeks, whereafter seeds were stored in brown paper bags under ambient conditions at the University 

of Pretoria, for 28 weeks. 

Species used in this experiment included the following perennials: Albuca exuviata Bak., Amel/us tenuifolius 

Burm., Arctotis stoechadifolia Berg ., Ballota africana (L.) Benth., Cephalophyllum spongiosum (L.Bo!.) L.Bo!., 

Chrysocoma longifolia DC ., Conicosia elongata (Haw.) N.E.Br. , Conicosia pugioniformis (L .) N.E.Br., 

Dimorphotheca tragus (Ait.) T.Nor!., Ehrharta calycina J.E.Sm., Eriocephalus africanus L. , Gazania leiopoda 

(DC.) Ross!., Grielum grandiflorum (L.) Druce, Pharnaceum aurantium (DC.) Druce, Pteronia divaricata 

(Berg.) Less., Ruschia bolusiae Schwant., Stoeberia sp. and Vanzijlia annulata (Berger) L.Bo!.. 

Annual species investigated were: Brassica toumefortii Gouan, Dimorphotheca pluvialis (L.) Moench. (ray 

floret achenes), Hebenstretia repens Jarosz, Heliophila coronopifolia L., Pharnaceum exiguum Adamson, 

Polycarena pumila (Benth.) Levyns, Senecio arenarius Thunb., Silene clandestina Jacq., Ursinia 

anthemoides (L.) Poir. (black, grey & white achenes) and Ursinia speciosa DC. (black & white achenes) . 

Seeds were germinated in Petri dishes with a diameter of either 90 mm or 50 mm (depending on the seed 

size), containing two layers of filter paper (Schleicher & Schull, no. 595, Dassel, Germany) to which 

approximately 6 cm 3 or 4 cm 3 distilled water was added respectively. Germination tests were conducted in 

germination cabinets and each treatment consisted of five replicates of 50 seeds for each species. To 

determine the optimum light and temperature requirements for germination, tests were conducted in the light 

(under constant fluorescent light with a photosynthetic photon flux density of 9.3 j..Jmol m-2 S-1) and dark at six 

constant temperatures (7"C ; 12°C; 17"C; 22°C; 27"C and 32°C) and one alternating temperature regime 

(12°C/22°C; 12h/12h). Petri dishes of the dark treatments were placed in cardboard boxes and sealed with 

aluminium foil to eliminate light. Germination of dark replicates was determined under a green safety light 

(Baskin & Baskin, 1998). 

Petri dishes were examined every second day, and germinated seeds counted and removed over a period of 

30 days. Radicle protrusion was the germination criterion. 

The optimal temperature for germination (To) of a specific species was calculated as: 

where p is the percentage germination at temperature t (Olff et al., 1994). 
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For each treatment and species the mean time to germination (mig) was calculated using the equation: 

IDn 
mtg =-='--­In 

where n is the number of seeds which germinate on day D and D is the number of days counted from the 

beginning of the test (Ellis & Roberts, 1981). 

The least significant difference (LSD) one-way analysis of variance (AN OVA) and multiple range test 

(Statgraphics 5.0, 1989, STSC, Inc., U.S.A.) were used to determine significant differences (P :<:; 0.05), in 

germination percentages and mean times to germination, between treatments within a species. The LSD 

multi-factor ANOVA of the Statgraphics 5.0 computer program was used to determine significant differences 

between light and dark treatments at a P:<:; 0.05 level. 

A Canonical Correspondence Analysis (CCA) ordination (Ter Braak, 1997) was performed on the 

germination data, using both species and environmental (temperature & light) parameters. 

RESULTS 

The temperature and light requirements for germination of the 28 Strandveld Succulent Karoo species (31 

seed types) investigated, are presented in Tables 8.1, 8.2 and 8.3. Species and seed types were grouped 

according to their germination responses to light conditions (Table 8.4) as well as to the range of 

temperatures where highest germination percentages (Table 8.1) or mean times to germination (Table 8.2) 

were obtained. 

Fifteen species (c. 50%) obtained significantly higher germination percentages in the dark treatments (Table 

8.1, Table 8.4). Most of these belong to perennial species, requiring low (7 & 12°C) and/or intermediate (17 

& 22°C) temperatures to obtain highest germination percentages. Annual species that yielded higher 

germination percentages in the dark than in the light (Table 8.4), required intermediate and/or high 

temperatures. Seeds of the geophyte Conicosia e/ongata required high temperatures (27 & 32°C) for 

optimum germination. 

Species that required light for optimum germination included two perennial and five annual species (nine 

seed types)(Table 8.1, Table 8.4), and constituted 25% of all species investigated. These species/seed 

types obtained highest germination percentages at low and/or intermediate temperatures. 

The germination of seeds of four perennial and three annual species (seven seed types) (25%) was not 

significantly affected by light (Table 8.1, Table 8.4). Low and/or intermediate temperatures were required by 

these species/seed types for optimal germination. 
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Table 8.1. Mean germination percentages of 28 Strandveld Succulent Karoo plant species (31 seed types), at different temperature treatments under light and dark conditions. 
Within each species/seed type, values followed by the same letter are not significantly different at P $ 0.05 

I Temperature (oG) I Significance 
Species/seed type I Light II Dark I level 

I 7°C 12°C 1JOC 22°C 2JOC I 32°e I 12J22°e II JOe 12°e 1JOe 22°e I 27°C 32°C I 12122°C I (P $ 0.05) 

Species/seed types where mean germination percentages were significantly higher in the dark than in the light 
Highest germination percentages at low and Intermediate temperatures (7, 12, 17 &22°C) 

Albuca exuvia ta (P) 96.5, 97.0, 94.5, 62.5, 10.0 be 6.0 ab 98.0, 97.0, 97.5, 85.5, 14.0, 1.5 • 0.0000 
Arctotis stoechadilolia (P) 0.0, 0.0. 0.5., 0.0. 0.0. 0.0. 0.0. 1.0, 1.0, 1.0 b 0.0. 0.0. 0.0. 0.0. 0.0402 
Balfota alricana (P) 0.0, 11.7 bod 24.2 " 4.2 abo 0.0, 0.0, 0.0. 21.7 de' 20.8 do' 25.8, 17.5 '" 0.8 db 0.0, 14.2 _ 0.0000 
Dimorphotheca tragus (P) 77.59 70.0, 52.0, 38.5 , 20.5, 3.5. 79.5, 81.0, 62.0, 37.5, 21.5, 8.5. 0.0000 
Ehrharta ca~ina (Pl 4.0 .~ 5.5,,,, 7.0,·, 7.5,·, 5.0 .. 1.0 db 3.5 abo 9.0 .. 14.0, 14.0, 11.0" 8.0 .... 0.5. 10.0 .. 0.0000 
Gazania leiopoda (Pl 76.5 Ig' 68.0 de' 58.5", 64.5 " 41.0, 7.0. 43.5, 81.0", 87.0. 71.0 ' " 48.0 be 40.0, 4.0, 60.5 " 0.0000 
Grielum grandifforum (P) 7.0 " 9.0 ,be 15.0 bed 18.0 "', 3.0 . 12.0 .~ 21.0" 25.0, 19.0 do 9.0 abo 0.0003 
Pharnaceum aurantium (Pl 6.0 db 43.0, 47.5, 15.5, 5.5, 0.0. 15.0 be 83.0, 90.0, 84.5, 15.0 be 0.0. 0.0. 61.5, 0.0000 
Ruschia bolusiae (P) 5.5 "" 10.0", 14.5 " 5.5 "" 1.5 ., 0.5, 9.5", 7.0 be 14.5 " 25.0, 9.5", 9.5 " 0.0, 16.5 , 0.0000 
Vanzijlia annulata (Pl 85.5, 87.5 " 90.0 de' 59.5, 46.5, 0.0. 61.5, 89.0 del 97.5, 96.0" 83.5, 56.0 be 0.0. 97.0 " 0.0000 

Highest germination percentages at Intermediate and high temperatures (17, 22 & 27"C) 

Brassica tournefortii (A) 0.5. 0.0 , 0.0, 4.0, 4.5. 1.5, 0.0. 0.0. 2.5, 17.5 , 46.5, 19.0 b 3.0. 20.0, 0.0000 
Conicosia pugionilormis (Pl 0.0, 2.5 " 1.5 " 13.0 be 24.0 " 4.0 db 40.0 " 32.5" 47.5, 42.0" 0.0000 
Hebenstretia repens (A) 0.0 0.0 0.0 0.0 0.5 0.0 0.0 1.0 1.0 1.0 1.0 0.0 0.2962 
Polycarena pumila (A) 0.0. 1.5 • 12.5, 2.5. 1.0, 0.0, 0.0. 3.5 " 19.0 , 13.0 , 8.0 bc 0.0. 0.0000 

Highest germination percentages at high temperatures (27 & 32°C) 

Conicosia elongata (P) I 0.0, I 0.0. I 0.0, I 0.0. I 0.0. I 0.0 . I 0.0, II 0.0. I 0.0, I 2.5 db 5.0 bc I 8.8, I 7.5, I 2.5" I 0.0028 

Species/seed types where mean germination percentages were significantly higher in the light than in the dark 
Highest germination percentages at low and Intermediate temperatures (7, 12, 17 &22°C) 

Stoeberia sp. (P) 46.0 .. 65.0 h 57.0 ,h 43.0" 14.5 be 2.0, 66.0 h 22.0", 33.0 do 21.0, 13.5 bc 5.5 db 2.0, 35.5" 0.0000 
Senecio arenarius (Al 63.5, 48.0, 50.5, 27.0 be 46.0", 23.5 ab 22.0", 10.5 ab 15.0 ab 6.5, 0.0000 
Ursinia anthemoides - gray (A) 15.5, 40.0, 33.5, 25.5, 13.0, 0.0, 1.0 db 6.0, 5.0 db 1.0 " 0.5. 0.0. 0.0000 
Ursinia speciosa - white (A) 16.0", 33.5, 36.5, 11.5 bod 7.5 ,be 0.0. 11.5 bed 15.0", 17.0", 18.0, 2.0 db 2.5 db 0.0, 8.0 .~ 0.0000 

Highest germination percentages at Intermediate temperatures (11 & 22"C) 

Cephalophyl/um spongiosum (Pl 12.0 db 29.5 " 45.5. 39.5 do 19.5 be 0.0. 2.0. 35.5 do 20.5 be 17.5 be 0.0000 
Dimorphotheca p/uvialis - ray (Al 9.5, 37.5, 64.5, 11.0 be 0.5. 0.0. 8.5", 4.5 db 23.0, 41.5 . 19.0 " 6.0 db 0.0, 13.0 IX 0.0000 
Silene clandestina (A) 0.5 " 7.0 IX 20.0, 39.5, 7.0 be 0.0, 7.5, 12.0", 14.5 de 12.5", 6.0 abo 0.0, 0.0000 
Ursinia anthemoides - black (Al 1.0. 10.5, 5.0, 17.0, 2.5 db 0.0. - 1.0 • 5.5, 2.5 db 1.0 . 0 .0. 0.5. 0.0000 
Ursinia anthemoides - white (Al 1.5 2.0 3.5 2.0 0.0 0.0 1.0 0.5 0.0 0.0 0.0 0.0 0.0747 

Species/seed types where mean germination percentages were not significantly different between light and dark treatments 
Highest germination percentages at low and Intermediate temperatures (7, 12, 17 & 22·C) 

Amellus tenuifolius (P) 22.5 bc 58.0, 38.0 do 39.5 de 28.5", 0.0. 23.0 be 49.0 " 39.5 " 51.0 " 38.0 " 11.0 db 0.0, 28.5 " 0.0000 
Chrysocoma longilo/ia (Pl 71.5 , 84.5, 75.0 " 64.5, 39.5, 8.5. 67.0, 67.0, 72.0, 76.0 " 67.0, 42.5, 3.5. 64.5, 0.0000 
Eriocephalus africanus (P) 1.5 1.0 0.0 1.0 0.5 0.0 1.5 1.0 2.0 0.5 0.4032 

I He/iophila coronopifo/ia (Al 8.0 bed 9.0 " 11.5 , 9.0", 4.0 ,be 0.5. 7.0 bed 9.0", 9.0", 17.0. 3.5 db 0.5. 0.0000 
Pteronia divaricata (Pl 44.5 " 48.5, 48.0. 19.0 b 40.0 " 2.0. 15.0 , 44.5 " 41.5 "', 44.5 " 14.5, 35.5, 2.0. 20.0, 0.0000 
Ursinia speciosa - black (Al 

i 

23.0 do 39.0, 10.0 be 13.0, 3.5 eb 0.0. 9.5 be 29.0, 27.0, 12.5 , 16.0 ", 2.5 db 0.5, 10.0 IX 0.0000 

'IHlghest germination percentages at Intermediate temperatures (17 & 22"C) 

,IPharnaceum exiquum (A) I 0.0 I 0.0 I 0.5 0.5 I 0.0 0.5 II 0.5 I 1.5 I 0.5 I 0.5 0.0 I 0.0 I 0.2718 
A· Annual • Treatmen! nOI used for this species/seed type. 

I'\) 
(CJ 

p • Perennial 

I 
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Table 8.2. Mean time to germination (days), of 28 Strandveld Succulent Karoo plant species (31 seed types), at different temperature treatments under light and dark conditions. 
Within each species/seed type, values followed by the same letter are not significantly different at P S 0.05 

I Temperature (OC) 

Species/seed type L Light Dark 

I 7°C 12°C I lJOC 22°C I 27°C J 32°C 1212~C JI 7°C I 12°C I 17°C I 22°C I 2JOC 

Species/seed types where mean time to germination were significantly shorter in the dark than in the light 
Shortest mean time to germination at low and Intermediate temperatures (7, 12 & 17°C) 

Wbuca exuviata (P) I 7.2 "'" 4.4 , 4.3. 9.6 " 15.5, 20.0, IL 5.5. 4.1. I 3.6. I 6.4 '" 10.6, 

Shortest mean time to germination at Intermediate temperatures (17 &22°C) 

iAmel/us tenuifo/ius (P) 14.7, 13.2", 12.7", 14.3, 15.1 , -­ 15.1 , 10.2 " 7.7 .. 5.1 • 5.7. 18.6, 
Chrysocoma longifolia (P) 17.3 " 10.4 abo 9.9 abo 11.3 "'" 10.5 ." 21.9 I 10.2 "'" 15.6 de 8.8 "" 7.8 .. 6.6. 7.8 ", 
Gazania leiopoda (P) 13.4 do 12.3 ode 13.2" 15.4 • 19.9, 19.7, 12.7,. 12.5 de 7.7, 9.0", 10.9 t<d 14.6 do 

Heliophila coronopifolia (A) 11.1 "'" 5.2 ,~ 6.3 .~ 6.9 ,., 12.8 bO' 4.0 " 11 .0 "'" 4.4 ,~ 4.0 ." 2.9. 3.1 , 
Pharnaceum aurantium (P) 23.7, 17.7", 15.5 od 15.9", 18.2,. -­ 14.2.., 13.1 .., 7.9. 7.4 • 8.8", --
Stoeberia sp. (P) 15.0 oJ 8.8 •• 9.0", 15.2 " 21.8, 26.0, 8.4 '" 18.2 " 9.7 .. 6.9, 12.0", 13.6.., 
Senecio arenarius (A) 14.7, 11 .5 '" 8.8, 8.7, 12.6 od 13.8 , 11.5 , 8.5. 7.4 • 8.8 .. 
Vanzijlia annulata (P) 17.9. 10.4 ;", 10.0 .~ 12.2 ,I 11.6 ,,' -­ 13.7 I 17.4 • 10.9 "" 7.2. 8.8 at< 9.7 "" 

Shortest mean time to germination at high temperatures (27 &32"C) 

Conicosia e/ongata (P) I -­ I -. .. I _. -­ -­ I .. II -­ .. I 11.0 I 7.5 5.7 

Species/seed types where mean time to germination were significantly shorter in the light than in the dark 
Shortest mean time to germination at Intermediate temperatures (17 & 22"C) 

I 

Ursinia anthemoides . gray (Al I 13.2 od I 8.1 .'" I 6.5. I 6.4 • 7.9 .. -. I II 23.0, I 12.0.." I 16.4" I 18.0 "" 22.0" I 
Ursinia anthemoides . white (A) I 16.7 13.5 I 16.0 I 8.5 .­ .. I II 
Ursinia speciosa . white (Al I 12.1. I 7.0" I 5.1 '" I 5.0", 5.6", .. I 6.3 abo II 

Species/seed types where mean time to germination were not significantly different between light and dark treatments 
Shortest mean time to germination at Intermediate temperatures (17 &22°C) 

Arctotis stoechadifolia (P) .. -. 14.0 .­

8al/ota africana (P) .. 22.7 , 14.1 .. 16.8.., 
Cepha/ophyllum spongiosum (P) 18.6, 13.2 , 17.0, 13.2, 
Conicosia pugioniformis (P) .­ 18.0 " 14.0 abc 16.9", 
Dimorphotheca pluvia/is . ray (A) 9.6. 6.6. 5.5. 5.9. 
Dimorphotheca tragus (Pl 6.3 " 5.3 abo 4.7 a 5.8,.. 
Eriocephalus africanus (P) 18.0 15.0 .. 16.0 
Grie/um grandiflorum (P) 19.0. 12.5.., 7.0. 7.4 • 
Hebenstretia repens (A) .. .. .. .. 

Pharnaceum exiguum (A) .. .. 4.0 6.0 
Po/ycarena pumila (A) .. 24.7 17.4 20.0 
Pteronia divaricata (P) 17.4 • 13.3 ad 10.2 .. 9.1 '" 
Ruschia bo/usiae (P) 19.5. 10.1 • 13.0 "" 12.6 "" 
Silene clandestina (A) 8.0, 4.4 , 3.8 "" 3.7 abo 

Ursinia anthemoides . black (A) 12.0. 9.6. 8.2, 6.4 • 
Ursinia speciosa . black (A) 10.5 . 5.6 a 6.9. 4.7, 

Shortest mean time to germination at Intermediate and high temperatures (17, 22, 27 &32°C) 

8rassica tournefortii (A) I 26.0, .­ I 
Ehrharta calvcina (P) I 22.5, 11.1.., I 
- Treatment not used for this species/seed type. 

-. No mean germination lime as mean germination percentage was O. 

.. I 
11.9, I 

7.3 at> 

13.1, I 

-­ .. .­
.. . . .. 

13.3, . 

14.4 "" 
18.0 , .. 8.0. 
6.1 ... 10.3, 

22.0 
9.3 abo 

6.0 .. 
-­ 6.0 

13.0 .. -
13.6, 24.0 I 10.7 .. 
14.7 ... 12.0 •• 12.5. 

3.7 '" .. 

10.8. -­

7.1 • .. 7.0. 

8.7 ab 11.3 • .. II 
11.8", I 4.0. I 10.9", II 

24.0 I 26.0 I -. I .. .. I 
13.1. 1 7.8, 6.3 ... 5.5 abo 4.0. 

22.0 21.0 10.0 .. .. 

24.0, 14.4 .. 9.0. 16.3 ab 22.0 be 

.. 17.5, 11.6 be 10.4 b 7.1 • 
20.8, 16.3.., 11.4 • 13.8 ab 14.0 ", 
15.1 , 7.0", 6.3. 5.5. 5.7, 
6.1 bod 5.1 at< 4.9", 7.0. 7.1 • 

.. 14.7 14.0 15.5 16.0 
16.9, 12.7, 8.4 .. 7.4 • 7.8. 

.. 17.0 10.0 8.0 7.0 
16.0 7.3 4.0 4.0 .. 

.. 19.7 18.4 12.5 13.1 
17.5. 11.5 '" 10.6 abo 8.8. 16.1 • 
19.4 bO, 13.5 "'" 10.2. 10.5 • 9.0. 
7.1 I 4.5 .. 4.1 ode 3.0. 3.2 .. 

21.0. 11.6. 10.4 • 12.0 . .. 

9.7. 6.4 • 5.7. 4.4 , 5.2. 

.. 6.4 ,. I 4.3", 3.2, I 4.1 • 
24.7, I 12.8 , I 10.2 too 9.7"" I 6.9", 

J Significance 

I level 
32°C 12122°C J (P $ 0.05) 

20.0, I I 0.0000 

-­ 8.4 .. 0.0000 
15.1 ro, 7.7 .. 0.0000 
12.5 baI 9.3 '" 0.0000 
4.0 ... 0.0024 

-­ 10.3", 0.0000 
8.5 .. 7.3. 0.0000 

0.0000 
-­ 7.7 .. 0.0000 

I 

8.0 5.0 I 0.0801 

.. I . I 0.0001 

. . I I 0.0988 

.. 7.3", I 0.0000 

.. .. 0.4513 
-. 16.6 • 0.0016 

0.0000 
0.0011 

-. 5.8. 0.0000 
9.8. 0.0000 

0.3742 
. 0.0000 

_. 0.7214 
.. 0.0692 
_. 0.1469 

23.0, 10.3 .. 0.0000 
.. 10.4 • 0.0003 
-­ 0.0000 

26.0. 0.0028 
4.0. 5.9 • 0.0009 

9.0", 5.5 .. I 0.0004 
10.0 • .., 11.7, I 0.0000 

P - Perennial 

w A - Annual 
o 

 
 
 



Table 8.3. Optimum germination temperatures (DC) 
calculated for 28 Strandveld Succulent Karoo species 
(31 seed types) 

Temperature (DC)
Species/seed type 

Light 

Low temperatures in light & dark 

Ursinia speciosa - black (A) 13.33 

Low temperatures in light & intermediate temperatures in dark 

Albuca exuviata (P) I 14.41 
Dimorphotheca tragus (P) 14.42 

Intermediate temperatures in light & low temperatures in dark 

Arctotis stoechadifolia (P) 17.00 
RA'/ot<l africana (P) 16.06 
Pharnaceum aurantium (P) 15.79 
Pharnaceum exiguum (A) 23.67 
Senecio arenarius (A) 15.81 
Ursinia speciosa - wh ite (A) 15.14 
Ursinia anthemoides - white (A) 15.33 

Intermediate temperatures in light & dark 

Amellus tenuifolius (P) 16.83 
Cephalophyllum spongiosum (P) 17.86 
Chrysocoma longifolia (P) 16.15 
Conicosia pugioniformis (P) 24.13 
Dimorphotheca pluvialis - ray (A) 15.19 
Ehrharta calycina (P) 18.17 
Eriocephalus africanus (P) 14.50 
Gazania leiopoda (P) 16.15 
Grielum grandiflorum (P) 17.10 
Heliophila coronopifolia (A) 16.23 
Stoeberia sp. (P) 15.26 
Polycarena pumila (A) 17.86 
Pteronia divaricata (P) 16.20 
Ruschia bolusiae (P) 15.53 
Silene clandestina (A) 20.07 
Ursinia anthemoides - black (A) 18.32 
Ursinia anthemoides - gray (A) 16.24 
Vanzijlia annulata (P) 15.56 

High temperatures in l ight & intermediate temperatures in dark 

Brassica tournefortii (A) 24.86 
Hebenstretia repens (A) 27.00 

High temperatures in dark 

Conicosia elongata (P) -­

Dark 

13.43 

14.78 
14.69 

12.00 
14.40 
12.58 
13.67 
14.35 
13.33 

8.67 

14.94 
20.54 
16.34 
19.52 
16.95 
16.69 
18.50 
15.35 
16.53 
17.27 
14.60 
19.93 
15.93 
17.00 
16.76 
14.62 
14.78 
16.05 

22.14 
19.50 

26.47 
-- No optimum temperature as all germination percentages were 0 

P - Perennial 

A - Annual 
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Table 8.4. Multi-factor AN OVA significance levels for 28 Strandveld Succulent Karoo plant species (31 seed typesl, treated at different 
temperatures and light conditions. Significance levels for both germination percentages and mean time to germination are presented 

Species/seed type 

Source of variation 
Germination percentage Mean time to germination 

Main effects Interaction of 
LighUDark & 

Temperature 

Main effects Interaction of 
LighUDark & 
Temperature

LighUDark Temperature LighUDark Temperature 

Species/seed types where mean germination percentages were significantty higher in the dark than In the light 

Albuca exuviata (Pl 0.0027 0.0000 0.0000 0.0126 0.0000 0.1717 
Arctotis stoechadifolia (P) 0.0307 0.0492 0.2933 1.0000 1.0000 1.0000 
8al/ota africana (Pl 0.0001 0.0000 0.0584 0.5988 0.0005 0.5243 
8rassica tournefortii (Al 0.0000 0.0000 0.0000 0.0093 0.0358 0.0000 
Conicosia efongata (P) 0.0002 0.0358 0.0358 1.0000 1.0000 1.0000 
Conicosia pugioniformis (P) 0.0000 0.0000 0.0024 0.0084 0.0161 0.0247 
Oimorphotheca tragus (P) 0.0033 0.0000 0.1291 0.4378 0.0000 0.2856 
Ehrharta calycina (P) 0.0000 0.0000 0.0551 0.6581 0.0000 0.2123 
Gazania leiopoda (P) 0.0344 0.0000 0.0006 0.0000 0.0000 0.1382 
Grielum grandiflorum (P) 0.0028 0.0003 0.5508 0.9869 0.0000 0.6227 
Hebenstretia rep ens (Al 0.0253 0.4317 0.6674 0.0311 0.6968 0.5878 
Pharnaceum aurantium (P) 0.0000 0.0000 0.0000 0.0000 0.0042 0.3147 
Polycarena pumila (Al 0.0003 0.0000 0.0361 0.3827 0.0496 0.6129 
Ruschia bolusiae (P) 0.0002 0.0000 0.2324 0.1558 0.0001 0.2459 
Vanzijlia annulata (Pl 0.0000 0.0000 0.0000 0.0000 0.0000 0.0046 

Species/seed types where mean germination percentages were significantly hIgher In the light than in the dark 
Cephalophyflum spongiosum (P) 0.0000 0.0000 0.0566 0.0000 0.0244 0.0000 
Oimorphotheca pfuvialis - ray (A) 0.0368 0.0000 0.0000 0.8704 0.0000 0.0002 
Stoeberia sp. (P) 0.0000 0.0000 0.0003 0.0001 0.0000 0.0000 
Senecio arenarius (A) 0.0000 0.0281 0.1862 0.0272 0.0000 0.1907 
Silene clandestina (Al 0.0112 0.0000 0.0000 0.1269 0.0000 0.2165 
Ursinia anthemoides - black (Al 0.0000 0.0000 0.0000 0.3422 0.5111 0.8057 
Ursinia anthemoides - gray (A) 0.0000 0.0000 0.0000 0.0000 0.0049 0.1667 
Ursinia anthemoides - white (Al 0.0139 0.2208 0.2711 0.0383 0.1975 0.4377 
Ursinia speciosa - white (A) 0.0003 0.0000 0.0766 0.1617 0.0000 0.5410 

Species/seed types where mean germination percentages were not significantly different between light and dark treatments 

Amellus tenuifolius (P) 0.6980 0.0000 0.0006 0.0000 0.0000 0.0000 
Chrysocoma longifolia (Pl 0.1126 0.0000 0.6192 0.0002 0.0000 0.4081 
Eriocephalus africanus (P) 0.6260 0.4073 0.2768 0.9374 0.5994 0.1083 
Heliophila coronopifolia (A) 0.5552 0.0000 0.1201 0.0103 0.0019 0.2232 
Pharnaceum exiguum (A) 0.2643 0.4653 0.1774 0.1599 0.7403 0.1693 
Pteronia divaricata (P) 0.1633 0.0000 0.3895 0.8342 0.0000 0.2950 
Ursinia speciosa - black (A) 0.9609 0.0000 0.0531 0.7003 0.0000 0.3969 

P - PerennIal 

A - Annual 

132 

 
 
 



Ten species (mostly perennial) obtained significantly shorter mean times to germination (mtg) (days) (Table 

8.2) in the dark than in the light (Table 8.4), of which 50% also obtained highest germination percentages in 

the absence of light (Table 8.1). Three seed types belonging to two annual Ursinia species, obtained 

shortest mtg under light and intermediate temperature conditions (Table 8.2), all of which obtained highest 

germination percentages under similar conditions. The seeds of 16 species obtained shortest mean times to 

germination at intermediate temperatures, irrespective of the presence or absence of light (Table 8.2). Only 

25% of these species obtained highest germination percentages under similar conditions (Table 8.1). 

The mean germination percentages (Table 8.1) and/or mean times to germination (Table 8.2) obtained did 

not differ significantly between constant and alternating incubation temperatures, in any of the species/seed 

types investigated. 

Approximately 93% of the species/seed types had optimal germination temperatures (Table 8.3) at 

intermediate temperatures (>14.5°C - <24.5°C), in either light or dark treatments. The optimal germination 

temperature of Conicosia elongata was high, and that of Ursinia speciosa (black achenes) low, in both light 

and/or darkness. 

The Canonical Correspondence Analysis (CCA) separated the germination data along light, darkness and 

temperature gradients (Figure 8.2). In general, annual species were associated with a light requirement for 

optimum germination and correlated well with temperature requirements for germination. Perennial species 

were associated with the absence of light for optimum germination and correlation of these species with 

temperature requirements was less pronounced than that of annual species. 

DISCUSSION 

While moisture, oxygen, and a favourable temperature are essential for germination of all seeds, certain 

species also require light (Bewley & Black, 1994; Copeland & McDonald, 1995). The influence of light and 

temperature on germination of seeds has long been recognised (Mayer & Poljakoff-Mayber, 1975; Bewley & 

Black, 1982, 1994; Pons, 1991, 1992; Copeland & McDonald, 1995; Baskin & Baskin, 1998). Numerous 

studies on the flora of Namaqualand and the Succulent Karoo have included some aspects of light and/or 

temperature requirements for seed germination (Blomerus, 1992; Esler et al., 1992; Beneke et al., 1993; 

Visser, 1993; De Villiers et al., 1994). 

Light requirements 

In many of the annual species investigated in this study, light promoted germination (Table 8.1). For most 

desert winter annuals, germination is promoted by light but the seeds of only a few species have an absolute 

light requirement for germination (Baskin & Baskin, 1985). The germination of two perennial species 

belonging to the Mesernbryanthemaceae was promoted by light. 
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Light is one of the principal factors controlling dormancy and germination of seeds (Grime et al., 1981; 

Bewley & Black, 1994; Baskin & Baskin, 1998). The plant pigment phytochrome is the physiological sensor 

of light in seeds, and light-controlled seed germination has been associated with this pigment since the 

pioneer studies on lettuce seeds (Borthwick et al., 1952). Both light intensity and light quality influence 

germination (Copeland & McDonald, 1995). Seeds requiring light for germination are called positive 

photoblastic, and this has two ecological roles: the preservation of dormancy of buried seeds, and preventing 

germination of heliophyte seeds dispersed to shaded sites (Vazquez-Yanes & Orozco-Segovia, 1993). 

The significance of a light requirement in seeds seems primarily to be avoidance of germination too deep in 

soil for the seedlings to reach the surface with the available seed reserves. Only when a seed is somehow 

brought to the surface is it exposed to light and its dormancy broken (Pons, 1992). Small seeds in particular, 

rely on dark-dormancy to avoid germination at great depths in the soil and hence, for the formation of a 

persistent seed bank (Grime et al., 1981; Bewley & Black, 1982, 1994; Milberg, 1994). This mechanism 

delays the germination of seeds until they are brought onto or close to the soil surface again as may occur 

during soil disturbance. Competition by established plants is less likely after disturbance, thus improving the 

seedlings' chances for survival and high reproductive output (Pons, 1991). 

Several of the perennial species and few of the annual species investigated obtained significantly higher 

germination percentages and shorter mean times to germination in the absence of light (Tables 8.1 & 8.2). 

Inhibition of germination due to prolonged exposure to light has been described for several species, i.e. 

negative photoblastic seeds (Pons, 1992; Bewley & Black, 1994), e.g. Conicosia elongata. In desert 

annuals, darkness is not required for seed germination, but the seeds of several species may germinate to 

hig her percentages in darkness (Baskin & Baskin, 1998) . Photoinhibition probably avoids germination on the 

soil surface in exposed sites where conditions are not suitable for establishment, since the seedling may 

suffer desiccation (Keren & Evenari, 1974; Bewley & Black, 1982; Pons, 1992). In the field, exposure to light 

could prevent the germination of negatively photoblastic seeds until factors such as high or low temperatures 

induced secondary dormancy. The actual germination response of a seed to light depends on the interaction 

with other environmental factors such as temperature, water potential and chemicals (Pons, 1992; Bewley & 

Black, 1994). 

Temperature requirements 

Most annual species in this study obtained highest germination percentages and shortest mean times to 

germination at intermediate temperatures (Tables 8.1 & 8.2). The perennial species in this study obtained 

highest germination percentages at low and intermediate (Table 8.1), and shortest mean times to 

germination at intermediate temperatures (Table 8.2) . The mean optimal germination temperature of 93% of 

the species investigated occurred in the intermediate temperature range in either light or darkness (Table 

8.3). Several studies on the germination requirements of Succulent Karoo ephemerals indicated that these 

species achieve optimum germination at intermediate temperatures (Beneke et aI., 1993; Visser, 1993; De 

Villiers et al., 1994). 
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Several environmental factors simultaneously affect germination, but temperature is often regarded as the 

most important factor in determining the timing of germination (Badger & Ungar, 1989). Seed germination is 

a complex process involving many individual reactions and phases, each of which is affected by temperature 

(Bewley & Black, 1982, 1994; Copeland & McDonald, 1995). 

Seeds of winter annuals lose their dormancy during summer (Baskin & Baskin, 1998). As dormancy loss 

progresses, the rate of germination increases and seeds of some species lose their light requirement for 

germination (Corbineau et a/., 1992; Baskin & Baskin, 1998). Germination in winter annuals is prevented 

during summer because the maximum temperature at which seeds can germinate are below those occurring 

in the habitat. Seeds germinate in autumn because the maximum temperature for germination has 

increased and habitat temperatures have declined until there is an overlap between the two. If 

environmental conditions (e.g. burial in the soil) prevent the seeds of obligate winter annuals from 

germinating in autumn, low winter temperatures induce them into dormancy (Baskin & Baskin, 1998). 

As is the case with winter annual species, the seeds of many Succulent Karoo perennial species after-ripen 

during summer and germinate in autumn, the start of the rainy season. As most of these species germinated 

over a wide range of temperatures and did not require light for germination (Table 8.1), they probably do not 

accumulate a persistent seed bank. In the southern Karoo, artificially sown seeds of large-seeded, non­

succulent shrubs placed in the field in summer germinated only in the first year (Milton, 1994; Esler, 1999), 

indicating that these seeds do not remain viable in the field for long periods. Little is known about what 

happens to seeds of perennials if they come out of dormancy in summer but fail to germinate in autumn 

(Baskin & Baskin, 1998). 

Seeds of many species with low germination capacity at constant temperatures are stimulated by alternating 

temperatures (Harty & McDonald, 1972; Bewley & Black, 1982; Brown, 1987; Myers & Couper, 1989; 

Probert, 1992; Baskin & Baskin, 1998). The need for fluctuating temperatures during germination seems to 

be associated with dormancy, but alternating temperatures may accelerate germination of non-dormant 

seeds as well (Copeland & McDonald, 1995). In other species, including those in this study, alternating 

temperatures had no positive effect on germination (Mott & Groves, 1981; Fenner, 1985; Bell et a/., 1993; 

Beneke et a/., 1993; Copeland & McDonald, 1995). 

Another way in which species can increase their probability of survival is the production of seeds having 

different germination requirements or dispersal characteristics (heterocarpy) (Mott & Groves, 1981; Van 

Rheede van Oudtshoorn & Van Rooyen, 1999). The grey seeds of Ursinia anthemoides obtained highest 

germination percentages at low and intermediate temperatures in the light (Table 8.1), while the black and 

white seeds of this species had highest germination percentages at intermediate temperatures in the light. 

The white seeds of Ursinia speciosa obtained highest germination percentages at low and intermediate 

temperatures in the light (Table 8.1), while the black seeds of this species obtained highest germination 

percentages at low temperatures, irrespective of light conditions. 

Heterocarpy has been described in many species found in unpredictable environments, such as frequently 

disturbed habitats (Harper, 1977) and arid environments (Beneke et a/., 1993; Van Rheede van Oudtshoorn 
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& Van Rooyen, 1999). The possession of heterocarpic seeds enables species to adopt two strategies when 

unsuitable conditions arise: an escape in space (seed dispersal strategies) and an escape in time (fractional 

or delayed seed germination)(Venable & Lawlor, 1980; Fenner, 1985; Venable, 1985). While some 

individuals are able to exploit rainfall immediately, a seed reserve is maintained in the soil to enable 

repopulation should the initial germination fail (Gutterman, 1993). 

In general, perennial species obtained highest germination percentages at a wide range of temperatures in 

the absence of light (Table 8.1). Many annual species on the other hand required light and/or intermediate 

temperatures for optimum germination. The interaction of light and temperature on germination is not well 

understood. However, it is clear that the response to each can sometimes be increased, decreased, or 

changed qualitatively by the other, while in other cases it cannot (Gutterman et al. , 1992; Copeland & 

McDonald, 1995). The role of temperature in regulating emergence in the field is not restricted to its action 

on germination but also involves its effects on dormancy. These two effects combine to control the time of 

germination (Bewley & Black, 1982, 1994). 

Effect on revegetation 

The impact of environmental conditions on recruitment from seed banks is a phenomenon whose 

significance has been inadequately appreciated (Lyle, 1987), and whose management potential has not 

been fully realised (Van der Valk & Pederson, 1989). The restoration of mined areas in the Strandveld 

Succulent Karoo will involve the revegetation of the area to a state which conforms to that of the pre-mining 

vegeta liur I, i.l:f. uuth In species composition and abundance, as soon as possible after the mining of an area 

has been completed. Possible means to achieve these goals include topsoil replacement, sowing and 

transplanting of selected local species (Environmental Evaluation Unit, 1990). Sowing and transplanting , 

however, are expensive, and sometimes impossible because sufficient sources of seeds or plants are not 

available. Alternatively, there is the option to recruit from the seed bank if seeds of required or preferred 

species are present. The presence of species in a seed bank disposes of many of the problems associated 

with collecting , storing, and sowing seeds or transplanting individuals, but it does not eliminate uncertainties 

associated with seed germination and seedling survival (Van der Valk & Pederson, 1989). 

Since the soil seed bank of the Strandveld Succulent Karoo is predominated by annual species that 

accumulate persistent seed banks (Chapters 4 & 5), these species have the potential to be recru ited when 

topsoi l replacement is used in the revegetation process. The depth to which topsoil is replaced will be 

critical in determining the success of recruitment from its seed bank. If the replaced topsoil layer extends too 

deep, recruitment from the seed bank will be low. On the other hand, if the replaced topsoil layer is too 

shallow, prevailing winds may deplete the seed bank during the dry summer months due to a lack of 

buffering vegetation in the mined areas. The transplanting of perennial shrubs from neighbouring vegetation 

into topsoil replaced areas may help in reducing the wind-speed at ground level (Environmental Evaluation 

Unit, 1990). Artificial wind-speed reducing mechanisms (e.g. mulch or shade-cloth) may achieve the same 

results . 
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When considering irrigation in revegetation efforts, it must be borne in mind that the Strandveld Succulent 

Karoo has a mean annual rainfall which rarely exceeds 150 mm (Environmental Evaluation Unit, 1990). 

Also, many species present in the seed bank require intermediate temperatures for germination. Seedling 

recruitment from the replaced topsoil should be restricted to the period of natural field emergence, i.e. 

autumn and winter. During this period, both moisture and temperature are usually non-limiting for the 

germination of local species. Seedling recruitment from the seed bank after summer irrigation would be 

minimal, but perennial plants will benefit from irrigation during the hot and dry season. 

Perennial species usually predominate the aboveground vegetation in the Strandveld Succulent Karoo and 

most of these species have seeds forming transient seed banks, and are therefore not well represented in 

the soil seed bank (Chapters 6 & 7; Esler, 1999). These species will have to be returned to the revegetation 

areas by means of sowing, transplanting or dispersal from surrounding vegetation. However, natural 

dispersal is often slow and unreliable (Bauer, 1973; Van der Valk & Pederson, 1989) and transplanting is 

labour intensive (Lyle, 1987). Because many of these perennial species obtained higher germination 

percentages in darkness than in light, revegetation efforts must ensure that after sowing , seeds of these 

species are not merely left on top of the soil. 

A solution to some of these problems may be the replacement of topsoil after sowing, ensuring that the light 

requ irements for germination of both perennial and annual species are met. Also, irrigation of areas where 

topsoil replacement and sowing have been completed should only commence at the start of the rainy 

season, in an attempt to provide favourable moisture and temperature conditions for germination. 

Understanding the germination ecology of Strandveld Succulent Karoo species will allow the mining industry 

to maximise the species' return to these highly diverse communities once mining has been completed. The 

importance of an understanding of seed germination ecology has also been expressed by Willis and Groves 

(1991) in relation to the rehabilitation of conservation reserves it! Australia. Further knowledge of 

germination syndromes will continue to improve the restoration of destroyed Strandveld Succulent Karoo 

ecosystems. 
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ABSTRACT 

In arid environments, the timing of germination and seedling establishment is critical for the survival of plants. Environmental factors as 

well as innate seed characteristics such as dormancy, influence the timing of germination. The requirement of an after-ripening period 

was investigated in 27 plant species from the Strandveld Succulent Karoo, South Africa. The seeds of seven species were examined 

for the presence of endogenous germination patterns. The influence of alternative dormancy-breaking treatments on germination 

percentage and rate was examined in ten species. The germination of 14 species (including annuals and perennials) was promoted by 

a summer after-ripening period, indicating that the seeds of these species are characterised by nondeep physiological dormancy. The 

germination percentage of 13 species was not promoted by an after-ripening period. Of these, the fresh seeds of six perennial species 

obtained germination percentages equal to or higher than 10%, while fresh seeds of the remaining seven species (mainly annuals) 

obtained germination percentages less than 10%. Chemical scarification of the seeds of several annual and perennial species, prior to 

seeding, will enhance the probability of germination in these species. In areas where topsoil replacement and sowing have been 

completed, irrigation should not be applied prior to the start of the rainy season, as the seeds of most species present in the seed bank 

will be in a state of dormancy or conditional dormancy. 

Key words: After-ripening ; dormancy; endogenous germination pattern; germination; leaching; mining; revegetation; scarification 

INTRODUCTION 

The timing of germination can significantly determine the success of plants growing in arid habitats, if 

germination is cued by predictors of favourable environmental conditions (Badger & Ungar, 1989). Many 

seeds do not germinate when placed under conditions, which are normally regarded as favourable for 

germination, namely an adequate water supply, a favourable temperature and the normal composition of the 

atmosphere. If these seeds can be shown to be viable, they are said to be dormant, and can be induced to 

germinate by various special treatments (Mayer & Poljakoff-Mayber, 1975; Lyle, 1987). However, seed 

dormancy is not equivalent to the absence of germination. Seed dormancy should rather be defined as: a 

seed characteristic, the degree of which defines what conditions should be met to make the seed germinate 

(Vleeshouwers et al., 1995). 
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If freshly matured seeds fail to germinate when incubated over a range of test conditions, they are primary 

dormant. This is the most common type of dormancy and has two forms: endogenous and exogenous 

dormancy (Copeland & McDonald, 1995; Baskin & Baskin, 1998). In endogenous dormancy, some 

characteristic of the embryo prevents germination, whereas in exogenous dormancy, some characteristic of 

the structures covering the embryo prevents germination (Nikolaeva, 1977; Baskin & Baskin, 1998). 

Endogenous dormancy broadly comprises physiological, morphological and morphophysiological dormancy, 

while exogenous dormancy broadly comprises physical, chemical and mechanical dormancy (Baskin & 

Baskin, 1998). 

After-ripening may be defined as any changes which occur in seeds during storage as a result of which 

germination is improved (Mayer & Poljaloff-Mayber, 1975). During after-ripening (dormancy loss), the range 

of external conditions under which germination can occur broadens considerably. The transitional state 

between dormancy and non-dormancy is called conditional dormancy. Non-dormant seeds of some species 

may re-enter dormancy, i.e. secondary dormancy, if environmental conditions are unfavourable for 

germination (t1askin & Baskin, 1998). 

Seed dormancy is a common phenomenon in species from arid, unpredictable environments and probably 

represents an adaptation which prevents the seeds from responding to occasional, unpredictable showers 

which occur in the dry season, but which do not provide sufficient moisture for establishment and growth 

(Freas & Kemp, 1983; Fenner, 1985; Gutterman, 1993). Seed dormancy has been the subject of numerous 

studies (Mayer & Poljakoff-Mayber, 1975; Copeland & McDonald, 1995; Baskin & Baskin, 1998), but the role 

of dormancy in revegetation processes has not been adequately investigated (Lyle, 1987). After-ripening 

can be seen as a mechanism controlling the timing of germination (Leck et al., 1994), which is critical in 

revegetation efforts. 

Plants are able to regulate certain growth and developmental processes due to their apparent ability to 

measure time independently of the outside environment (Cummings & Wagner, 1968; Copeland & 

McDonald, 1995). This orderly sequence of growth and development is referred to as 'endogenous' 

rhythms, which also seem to influence the pattern of seed germination. Both endogenous rhythms and 

environmental factors such as temperature, are responsible for loss or induction of dormancy in seeds 

(Copeland & McDonald, 1995; Baskin & Baskin, 1998). 

The present study on germination strategies of Strandveld Succulent Karoo plant species was necessitated 

by the need to ensure optimal germination of seeds to revegetate mined areas along the arid West Coast of 

South Africa (Environmental Evaluation Unit, 1990). Revegetation of these areas will depend mainly on the 

use of the sOil stored seed bank, as well as seeding and/or transplanting of selected species (Environmental 

Evaluation Unit, 1990). These methods ensure the re-establishment of local plant species, which are 

already adapted to the local environmental conditions. 

The objectives of this study were to determine the contribution of seed dormancy to the seed bank dynamics 

of the Strandveld Succulent Karoo, and to determine whether seed dormancy mechanisms and the breaking 

of dormancy in local species would affect species recruitment during post-mining revegetation efforts. An 
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understanding of such dormancy mechanisms will aid in the identification of seed bank strategies, i.e. 

transient or persistent, characteristic of specific species or plant types. 

This study forms part of a project aimed at describing the seed bank dynamics of the Strandveld Succulent 

Karoo to guide mining authorities on appropriate revegetation strategies. This paper is the second in a 

series of three, aimed at identifying some of the seed germination strategies. The first paper in the series 

deals with temperature and light requirements for germination, while the third concerns the effect of relative 

humidity on seed viability. 

MATERIAL AND METHODS 

Mature diaspores (henceforth referred to as seeds) of 27 plant species were collected during spring 1994 

and/or 1995, from natural populations in the vicinity of Brand-se-Baai (31°18'S, 17°54'E) on the Cape West 

Coast, South Africa (De Villiers et al., 1999). This area falls within the Namaqualand coastal belt, an arid 

region in the north western part of the Republic of South Africa. Rainfall occurs mainly during winter and an 

average of 160 mm per annum was measured over a period of four years at the study site (De Villiers et al., 

1999). The average annual temperature at the study site is 15.8°C with a relatively small fluctuation due to the 

marine influence (De Villiers et al., 1999). 

Collected seeds were air-dried at c. 20°C for a period of two weeks (henceforth referred to as fresh seeds) 

before dormancy-breaking experiments commenced. Seeds were germinated in Petri dishes with a diameter 

of either 90 mm or 50 mm (depending on the seed size), containing two layers of filter paper (Schleicher & 

SchOll, no. 595, Dassel, Germany) to which approximately 6 cm 3 or 4 cm 3 distilled water was added 

respectively. Germination tests were conducted in germination cabinets and radicle protrusion was the 

germination criterion. 

The least significant difference (LSD) one-way analysis of variance (ANOVA) and multiple range test 

(Statgraphics 5.0, 1989, STSC, Inc., U.S.A.) were used to ascertain significant differences (P ~ 0.05), in 

germination percentages and mean times to germination, between treatments. 

After-ripening 

Seeds used in the after-ripening experiment were collected during spring 1994 and included the following 

species: Albuca exuviata Bak., Amellus tenuifolius Burm., Arctotis stoechadifolia Berg., Ballota africana (L.) 

Benth., Brassica tournefortii Gouan, Cephalophyllum spongiosum (L.Bol.) L.Bol., Chrysocoma longifo/ia DC., 

Conicosia pugioniformis (L.) N.E.Br., Dimorphotheca pluvialis (L.) Moench. (disc & ray achenes), 

Dimorphotheca tragus (Ait.) T.Norl., Ehrharta calycina J.E.Sm., Gazania leiopoda (DC.) RossI., Grielum 

grandiflorum (L.) Druce, Hebenstretia repens Jarosz, He/iophila coronopifolia L., Pharnaceum aurantium 

(DC.) Druce, Pharnaceum exiguum Adamson, Polycarena pumila (Be nth.) Levyns, Ruschia bolusiae 

Schwant., Senecio arenarius Thunb., Silene clandestina Jacq., Stoeberia sp., Tetragonia microptera Fenzl, 
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Tripteris oppositifolia (Ait.) T.Nor!., Ursinia anthemoides (L.) Poir. (black, grey & white achenes) and Ursinia 

speciosa DC. (black & white achenes). 

To determine the requirement for an after-ripening period, freshly collected seeds of each species were 

divided into three sets. The first set was used to determine the germination percentage of fresh seeds 

(stored for 2 weeks at c. 20°C). The second and third sets were stored dry in paper bags at ambient 

temperatures at the University of Pretoria, for six weeks or 28 weeks respectively, before conducting 

germination tests. 

Germination tests were conducted in the light (under constant fluorescent light with a photosynthetic photon 

flux density of 9.3 Ilmol m·2S-1) at a constant temperature of 1rc. This temperature was found to be optimal 

for the germination of seeds of several Namaqualand plant species (Van Rensburg, 1978; Beneke et al., 

1993; De Villiers et al., 1994; Visser, 1993). Each treatment consisted of five replicates of 50 seeds per 

replicate, for each species. The Petri dishes were examined every second day for a period of 30 days, and 

germinated seeds counted and removed. 

Endogenous germination patterns 

Seeds collected in spring 1994 were used in this experiment and included the following seven species: 

Amellus tenuifolius Burm., Conicosia pugioniformis (L.) N.E.Br., Dimorphotheca pluvialis (L.) Moench. (disc & 

ray achenes), Gazania leiopoda (DC.) Ross!., Pteronia divaricata (Berg.) Less., Senecio arenarius Thunb. 

and Ursinia speciosa DC. (white achenes) . 

Collected seeds were stored dry in paper bags at a constant temperature of 20°C. For each species, 

germination in five replicates of 20 seeds each was investigated at a two-weekly interval for a period of 40 

weeks, whereafter sampling occurred at a four-weekly interval for 48 weeks. Germination tests were 

conducted at a constant temperature of 1 rc, under constant fluorescent light with a photosynthetic photon 

flux density of 9.3 Ilmol m-2S-1. Petri dishes were opened weekly for a period of four weeks, and germinated 

seeds counted and removed. For analysis and presentation of endogenous germination patterns, 6th order 

polynomial functions (Microsoft Excel 97, Microsoft Corporation) were fitted to the data, as these yielded 

higher R2 values than did functions of lower orders. 

Alternative dormancy-breaking treatments 

Seeds used in these experiments were collected during spring 1995 and included the following species: 

Albuca exuviata Bak., Amellus tenuifolius Burm., Brassica tournefortii Gouan, Conicosia pugioniformis (L.) 

N.E.Br., Dimorphotheca pluvialis (L.) Moench. (disc & ray achenes), Ehrharta calycina J.E.Sm., Senecio 

arenarius Thunb., Tetragonia microptera Fenzl, Tripteris oppositifolia (Ait.) T.Nor!., and Ursinia speciosa DC. 

(white achenes). 
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Seeds were stored dry in paper bags at ambient temperatures at the University of Pretoria for periods of 15­

26 weeks, before conducting alternative dormancy-breaking treatments. Because sowing of selected 

species during revegetation efforts at Brand-se-Baai would probably not commence prior to the summer after 

seed dispersal (Chapter 8), a storage period prior to the conducting of alternative dormancy-breaking 

treatments were used. Untreated seeds were used as a control. Five main dormancy-breaking treatments 

were applied: 

1) 	 Seeds were scarified mechanically by pricking the seed coat, whereafter they were germinated directly 

or leached in distilled water for four hours prior to conducting germination tests. Seeds of Conicosia 

pugioniformis were not pricked, but scarified with sandpaper. Both sandpaper or pricking of the seed 

coat were used for mechanical scarification of the seeds of Brassica tournefortii. 

2) 	 Chemical scarification entailed the submergence of the seeds in 98% sulphuric acid for periods of 0.5, 1, 

2, 4, 8 or 16 minutes. Untreated seeds of Tetragonia microptera and Brassica tournefortii were also 

submerged for periods of 32 minutes and 32 or 64 minutes, respectively. After the period of 

submergence, seeds were rinsed with running distilled water for five minutes. 

3) 	 In hydration/dehydration treatments , seeds were submerged in 50 cm3 distilled water for periods of 1, 2, 

4, 8 or 16 hours. The water containing the submerged seeds was disturbed as little as possible. After 

hydration, seeds were air-dried at room temperature for 24 hours. 

4) 	 Seeds of the heat and/or cold pre-treatments were stored dry for one week at constant temperatures of 

45°C or 5°C respectively. The seeds of the heat+cold treatment were stored dry for one week at a 

temperature of 45°C, followed by a one week dry storage period at 5°C. The seeds of the cold+heat 

treatment were treated in the reverse order. 

5) 	 In the "leaching" experiment, seeds were submerged in 50 cm 3 distilled water for periods of 1, 2, 4, 8 or 

16 hours. The water containing the submerged seeds was stirred every 30 minutes, and was replaced 

with fresh distilled water every 60 minutes. 

Germination tests were conducted at optimum temperature and light conditions for the germination of seeds 

of each species (Chapter 8). Seeds of Amellus tenuifolius, Dimorphotheca pluvialis (disc & ray achenes), 

Senecio arenarius, Tetragonia microptera, Tripteris oppositifolia and Ursinia speciosa (white achenes) were 

germinated in the light (under constant fluorescent light with a photosynthetic photon flux density of 9.3 ~mol 

m-2 S-1) at a constant temperature of 17°C. Seeds of Albuca exuviata and Ehrharta calycina were 

germinated in darkness at a constant temperature of 17°C. Seeds of Brassica tournefortii and Conicosia 

pugioniformis were germinated in darkness at a constant temperature of 22°C. The Petri dishes of the dark 

treatments were placed in cardboard boxes and sealed with aluminium foil to eliminate light. Each treatment 

consisted of five replicates of 50 seeds per replicate, for each species. The Petri dishes were examined 

every second day for a period of 30 days, and germinated seeds counted and removed. Germination of dark 

replicates was determined under a green safety light. 
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The mean time to germination (mtg) was calculated for each species and treatment using the equation: 

" 

In
Dnmtg = .=L..J===-_ 

where n is the number of seeds which germinate on day D and D is the number of days counted from the 

beginning of the test (Ellis & Roberts, 1981). 

RESULTS 

After-ripening 

Of the 27 species examined, the germination percentages of the perennials Cephalophy/lum spongiosum 

and Albuca exuviata improved significantly after an after-ripening period of only six weeks (Group 2, Table 

9.1). An after-ripening period of 28 weeks significantly improved the germination of 12 species, i.e. six 

perennials and six annuals (Group 1, Table 9.1). In only two perennial species, Stoeberia sp. and Albuca 

exuviata, belonging to these groups, did fresh seeds yield germination percentages of more than 10% (Table 

9.1 ). 

Thirteen species yielded germination percentages that did not differ between fresh and 28 weeks after­

ripened seeds (Groups 3a & 3b Table 9.1). Of these, the fresh seeds of six perennial species yielded 

germination percentages equal to or more than 10%. Five annual as well as two perennial species had low 

germination capacities « 1 0%) irrespective of the after-ripening treatment. Ten percent was chosen as a 

cut-off, as this percentage yielded the best separation between annual and perennial species. 

Endogenous germination patterns 

The polynomial function for Ame/lus tenuifolius (Figure 9.1 a) indicated that after 12 weeks of storage (early 

summer), the germination percentage increased and peaked (87%) during winter, whereafter germination 

decreased for the remaining period of the experiment. Germination of Conicosia pugioniformis' seeds 

(Figure 9.1 b) increased during summer and peaked (4%) during late autumn. The polynomial functions of 

both seed types of Oimorphotheca pluvialis (Figures 9.1 c & d) indicated that after an initial after-ripening 

period, germination peaked (>90% - disc floret seeds; >60% - ray floret seeds) during early winter. For 

Gazania leiopoda (Figure 9.1 e), the polynomial function indicated a single germination peak (>80%) in 

winter. After dispersal, germination percentages of Pteronia divaricata (Figure 9.1 f) increased gradually and 

peaked (>70%) during the second summer, wherafter germination declined rapidly during autumn. The 

polynomial function indicated that seeds of Senecio arenarius (Figure 9.1 g) after-ripened during the summer, 

autumn and winter period following dispersal, and germination peaked (>50%) during spring. After a small 

decline during the following summer, germination increased during autumn. Germination of Ursinia speciosa 

(white achenes) (Figure 9.1 h) increased during summer and early autumn after seed dispersal, peaking 
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Table 9.1. Mean germination percentages at 17°C in the light, of 27 Strandveld Succulent Karoo plant species, stored for different periods. 
Within each species, values followed by the same letter are not significantly different at P $ 0.05 

Species Fresh seeds Seeds stored dry Seeds stored dry Significance 

(air-dried for 2 weeks at 20·C) at 20·C for 6 weeks at 20·C for 28 weeks level (P S 0.05) 

Group 1 - Germination percentage increased significantly after 28 weeks of storage 
Dimorphotheca pluvialis - disc (A) 0.0 a 0.4 a 86.4 b 0.0000 
Dimorphotheca pluvialis - ray (A) 0.0 a 0.0 a 64.5 b 0.0000 
Ehrharta calycina (P) 0.0 a 0.0 a 7.0 b 0.0000 
Gazania leiopoda (P) 2.0 a 8.4 a 58.5 b 0.0000 
Grielum grandiflorum (P) 0.0 a 0.0 a 15.0 b 0.0000 
Pharnaceum aurantium (P) 0.0 a 2.0 a 47.5 b 0.0000 
Ruschia bolusiae (P) 0.0 a 2.0 a 14.5 b 0.0001 
Senecio arenarius (A) 0.0 a 0.0 a 50.5 b 0.0000 
Silene clandestina (A) 0.0 a 0.0 a 20.0 b 0.0000-
Stoeberia sp. (P) 24.0 a 10.0 a 57.0 b 0.0001 
Tetragonia microptera (A) 0.0 a 0.0 a 1.6 b 0.0334 
Ursinia anthemoides - black (A) 0.0 a 0.0 a 5.0 b 0.0001 
Ursinia anthemoides - grey (A) 0.0 a 0.0 a 33 .5 b 0.0000 
Ursinia anthemoides - white (A) 0.0 a 0.0 a 3.5 b 0.0001 
Ursinia speciosa - black (A) 0.0 a 0.0 a 10.0 b 0.0000 
Ursinia speciosa - white (A) 0.4 a 0.4 a 36.5 b 0.0000 

Group 2 - Germination percentage increased significantly after 6 weeks of storage 
Albuca exuviata (P) 38.0 a 96.0 b 94.5 b 0.0000 
Gephalophyl/um spongiosum (P) 2.0 a 32.0 b 45.5 b 0.0003 

Group 3 - Germination percentage did not increase significantly after 6 or 28 weeks of storage 
Group 3a • Germination of fresh seeds;>: 10% 

Amel/us tenuifolius (P) 50.0 36.0 38.0 0.2614 
Bal/ota africana (P) 10.0 10.0 24.2 0.2831 
Ghrysocoma longifolia (P) 72.0 70.0 75.0 0.6696 
Dimorphotheca tragus (P) 44.0 54.0 52.0 0.1600 
Pteronia divaricata (P) 12.0 16.0 12.0 0.4769 
Tripteris oppositifolia (P) 37.0 52.0 32.4 0.1312 

Group 3b· Germination of fresh seeds < 10% 

Arctotis stoechadifofia (P) 0.0 0.0 0.5 0.2298 
IBrassica toumefortii (A) 0.0 0.8 0.0 0.1101 
IGonicosia pugioniformis (P) 0.0 0.0 1.5 0.2298 
Hebenstretia repens (A) 0.0 0.0 0.0 -
Heliophila coronopifolia (A) 6.0 ab 2.0 a 11.5 b 0.0433 
Phamaceum exiguum (A) 0.0 0.0 0.5 0.2298 
Polycarena pumila (A) 4.0 4.0 12.5 0.0971 
A - annual 

P - perennial 
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Figure 9.1. Sixth order polynomial functions fitted to mean germination percentages of a) Amel/us 
tenuifolius (perennial), b) Conicosia pugioniformis (annual), c) Dimorphotheca pluvialis disc floret 
seeds (annual), d) Dimorphotheca pluviaJis ray floret seeds (annual), e) Gazania Jeiopoda (perennial), 
f) Pteronia divaricata (perennial), g) Senecio arenarius (annual) and h) white seeds of Ursinia 
speciosa (annual), determined over a period of 88 weeks. Germination tests at 17°C in the light were 
conducted fortnightly over the first period of 40 weeks, whereafter germination tests were conducted 
every four weeks for a period of 48 weeks. 
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(33%) during late autumn and early winter. A second lesser germination peak occurred during the second 

autumn after dispersal. 

Alternative dormancy-breaking treatments 

Results of the alternative dormancy-breaking treatments are shown in Tables 9.2 and 9.3. Mechanical 

scarification improved the mean germination percentages of both Senecio arenarius and Brassica tournefortii 

(Table 9.2), as well as the mean time to germination of Conicosia pugioniformis (Table 9.3). Scarification by 

means of sulphuric acid improved the mean germination percentages of six species and mean time to 

germination of seven species, for some scarification periods. 

Hydration/dehydration treatments improved the germination percentages (Table 9.2) of two species, while 

the mean time to germination (Table 9.3) of five species was improved by this treatment. 

Heat pre-treatment did not improve the germination of any of the species investigated, while cold pre­

treatment and heat+cold pre-treatment improved the germination percentages (Table 9.2) of Ursinia 

speciosa and Tetragonia microptera, and the mean time to germination (Table 9.3) of Conicosia 

pugioniformis and Ehrharta calycina. A cold-pre-treatment also decreased the mean time to germination of 

Albuca exuviata. Cold+heat pre-treatment improved the mean germination percentage of Oimorphotheca 

pluvialis disc floret seeds. 

Leaching for one hour and for four hours improved the germination percentage (Table 9.2) of Albuca 

exuviata and the mean time to germination (Table 9.3) of Tetragonia microptera, respectively. 

DISCUSSION 

After-ripening 

In at least 52% of the species investigated (Groups 1 & 2, Table 9.1), the regulation of germination timing 

involves safe-guards against precocious summer germination (i.e. seed dormancy and/or slow germination) 

and subsequent loss of these regulatory mechanisms in time for autumn germination. One of these 

processes, by which a species loses these protective mechanisms, is after-ripening (Evenari, 1965; Bewley 

& Black, 1994; Baskin & Baskin, 1998). 

The seeds of Albuca exuviata and Cephalophyl/um spongiosum (Group 2, Table 9.1) require a short after­

ripening period (c. 2 - 6 weeks), whereafter they may germinate at the first fall of sufficient rain, providing 

temperature and light requirements are met. Species of Group 1 (Table 9.1) require after-ripening periods 

longer than six weeks. 
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Table 9.2. Mean germination percentages of ten Strandveld Succulent Karoo plant species, after various dormancy-breaking treatments. Plant type, temperature and light 
condition at which germination was conducted, and the number of weeks that seeds were stored, are indicated between brackets 

species 

Treatmenl Time Senecio Brassica Conicosia Ameltus Tripteris Ursinia Tetragonia Dimorphotheca Albuca Dimorphotheca Ehrharta 
arenarius toumefortii pugioniformis tenuifolius oppositifolia speciosa microptera pluvialis exuviata pluvialis calycina 

(A- 17L' 24) (A- 22D' 20) (p. 22D' 23) (p. 17L' 17) (p. 17L' 15) white (A: 17L: 19) (A' 17L' 22) disc (A: 17L: 25) (p. 17D' 26) ray (A: 17L: 21) Jr' 17D'18L 

Conlrol 66.4 64.8 53.0 58.8 32.4 9.2 1.6 86.4 93.2 19.2 24.4 
Scarify (prick) 81.6 84.4 62.0 14.4 • 0.0 • 0.8 85.2 88.4 $ 22.4 9.2 • 
Scarify + Leaching 80.4 • 81.6 76.0 14.0 $ 0.0 $ 0.0 87.2 88.4 $ 10.8 $ 20.0 

Scarify 2 (sandpaper) 46.0 $ 34.0 $ - - -
Scarify2 + Leaching - 46.0 $ 31.0 $ 

0.5 min. 79.6 65.6 91.0 86.0 • 41.2 16.0 0.4 91 .6 0.4 • 14.0 21.2 

1 min. 68.8 64.4 92.0 54.8 37.6 7.6 1.6 91.2 1.2 $ 14.8 27.6 

2min. 52.8 $ 51.2 $ 93.0 43.6 20.4 s 5.6 0.4 91.2 5.2 s 9.2 $ 28.0 

Sulphuric Acid 4 min. 17.2 $ 80.4 93.0 22.0 $ 39.2 2.4 s 0.4 92.4 9.6 $ 10.4 $ 26.8 

8 min. 6.8 s 99.2 82.0 13.2 $ 44.4 4.4 1.6 88.4 5.2 $ 8.4 s 16.8 

16 min. 0.8 $ 98.0 69.0 • 0.0 $ 22.4 12.4 0.4 86.0 3.6 s 7.6 s 10.8 s 

32 min. 98.4 - - - 0.8 -
64 min. 3.6 -
1 Hour 66.4 62.4 55.0 62.8 31.2 23.2 5.2 89.2 95.2 16.8 22.4 

Hydration! 2 Hours 68.4 59.6 46.0 68.0 30.8 25.2 • 6.4 90.0 95.2 23.2 21.6 

dehydration 4 Hours 44.8 $ 50.0 s 48.0 63.2 29.2 19.6 4.8 90.4 96.8 17.6 31.6 

8 Hours 27.2 $ 49.2 $ 48.0 64.4 39.2 12.8 4.8 91.2 94.0 14.0 27.2 

16 Hours 14.8 s 35.6 $ 49.0 58.8 41.6 7.2 3.2 88.8 96.4 10.4 $ 23.6 

Heat pre·treatment (1 week at 45°C) 59.6 47.2 • 44.0 59.2 19.6 • 12.4 3.2 81.2 82.0 $ 4.0 $ 15.6 $ 

Cold pre-treatment (1 week at 5°C) 54.0 43.2 $ 42.0 54.4 28.0 18.0 4.0 91.6 92.4 9.2 $ 18.8 

Heat + Cold pre-treatment 70.0 62.0 54.0 46.8 14.4 $ 15.6 5.2 91 .2 90.0 6.4 $ 29.2 
I 

Cold + Heat pre·treatment 54.0 60.4 46.0 49.2 15.6 s 12.0 3.2 95.2 82.8 $ 6.4 $ 24.4 

1 Hour 56.8 58.0 58.0 55.6 20.4 • 3.6 s 1.6 85.2 98.4 8.4 $ 24.4 

2 Hours 66.0 57.2 46.0 66.4 16.0 s 1.6 $ 0.4 76.4 $ 95.2 10.0 s 26.0 

Leaching 4 Hours 50.8 $ 48.8 $ 54.0 65.2 22.0 1.6 s 1.2 88.0 94.8 10.4 $ 14.8 s 

8 Hours 34.4 $ 49.2 $ 56.0 64.0 19.6 $ 2.0 $ 0.0 90.0 96.8 10.8 $ 29.2 

16 Hours ~6~ 30.0 $ 52.0 59.2 34.8 0.8 $ 0.0 89.2 93.2 10.4 $ 17.~ _ 
- Treatment not used for this species P - Perennial 

, Mean germination percentage significantly higher than that of the control treatment (P S; 0.05) A - Annual 

$ Mean germination percentage Significantly lower than that of the control treatm ent (P S 0.05) 
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Table 9.3. Mean time to germination {days} of ten Strandveld Succulent Karoo plant species, after various dormancy-breaking treatments. Plant type, temperature and light 
condition at which germination was conducted, and the number of weeks that seeds were stored, are indicated between brackets 

Treatment nme Senecio Brassica 
arenarius toumefortii 
(A' 17L' 24) (A' 220' 20) 

Control 5.7 2.5 

Scarify (prick) 6.8 2.6 

Scarify + Leaching 7.1 s 3.7 s 

Scarify 2 (sandpaper) 2.9 $ 

Scarify2 + Leaching 2.9 $ 

0.5 min. 4.7 2.3 

1 min. 5.3 2.3 

2 min. 5.1 2.3 

Sulphuric Acid 4min. 4.5 2.1 

8 min. 4.8 2. 1 

16 min. 4.0 • 2.1 

32 min. 2.2 

64 min. - 4.0 $ 

1 Hour 5.8 2.4 

Hydrationl 2 Hours 5.4 2.5 

dehydration 4 Hours 6.2 2.8 

8 Hours 7.6 $ 2.7 

16 Hours 8.1 $ 3.6 $ 

Heat pre-treatment (1 week at 45°C) 5.3 2.8 

Cold pre-treatment (1 week at 5°C) 6.4 2.5 

Heat + Cold pre-treatment 8.7 $ 2.1 

Cold + Heat pre-treatment 7.7 $ 2.2 

1 Hour 6.4 2.7 

2 Hours 7.2 $ 2.6 

Leaching 4 Hours 7.8 $ 3.2 s 

8 Hours 8.0 s 3.4 $ 

16 Hours 8.3 s 3.7 $ 
--

Conicosia 
pugioniformis 

(p. 220' 23) 

10.7 

5.4 

6.5 

5.2 

5.2 
5.7 • 

5.1 

5.4 

8.4 

9.9 

11.1 

11.1 

10.5 

10.5 

10.7 

9.1 

9.3 

10.0 

10.5 
11.9 $ 

9.8 

10.4 

9.7 
-

Ameflus 
tenuifolius 
(p. 17L' 17) 

12.4 

9.7 

11.0 

11 .9 

14.6 

9.7 

8.2 

9.0 

-­
-

12.8 

11.9 

12.4 

15.2 

13.4 

14.1 

12.6 

13.2 

13.8 

12.4 

13.5 

11.5 

11.7 

12.4 

SpecIes 
Tripteris Ursinia Tetragonia Dimorphotheca Albuca Dimorphotheca 

oppositifolia speciosa microptera pluvialis exuviata pluvialis 
(p ' 17L; 15) white (A; 17L; 19) (A' 17L' 22) disc (A; 17L; 25) (p. 170' 26) ray (A; 17L; 21) 

9. 1 9.8 18.0 4.0 3.6 6.3 

8.6 -­ 22.0 3.6 3.5 6.3 

8.5 -­ -­ 4.2 3.6 7.9 

- -
- - -

10.4 11.7 26 .0 4.2 6.0 s 7.7 

10.3 12.4 18.0 3.6 2.7 8.5 
11.1 $ 12.3 18.0 3.2 2.6 9.4 

10.5 11.7 22.0 2.9 2.8 10.1 

10.0 10.2 21.5 3.2 2.9 12.1 $ 

10.4 s 9.7 26.0 3.0 3.1 9.7 

- 16.0 -

8.8 11.3 15.5 3.2 2.9 6.6 

7.8 11.3 14.3 2.8 • 3.2 5.1 

8.4 10.6 11.8 3.1 2.9 7.0 

7.5 9.8 14.2 3.6 2.9 5.3 

7.5 10.6 8.5 3.2 2.8 8.4 

9.2 7.7 24.0 4.4 14.2 s 9.6 $ 

8.9 7.0 19.8 3.6 2.7 6.4 

10.1 8.3 22.8 4.4 10.1 $ 7.0 

9.6 6.7 22.5 3.7 12.8 $ 7.8 $ 

8.2 10.7 17.5 3.9 3.9 9.6 

8.0 7.0 14.0 4.1 3.8 8.0 

8.9 6.5 10.0 4.1 3.8 7.5 

8.4 9.2 -­ 3.7 3.4 6.4 

9.1 16.0 -­ 3.6 3.3 10.2 

Ehrharta 
calycina 

(p. 170' 18) 

10.4 

7.0 

9.0 

-

8.0 

7.8 

7.3 

7.0 

7.2 

7.1 

10.0 

10.3 

9.5 

7.6 

7.4 

9.0 

8.4 

8.1 

8.9 

10.4 

10.0 

9.8 

9.3 

10.7 

. Treatment not used for Ihis species P - Perennial 

• Mean time to germination signilicantly higher than that of the control treatment (P S 0.05) A· Annual 

$ Mean time 10 germination significanlly lower than that of the conlte! treatment (P 'S 0.05) 
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Many perennial and annual species of Namaqualand require a summer after-ripening period to enable them 

to germination in autumn (Beneke et al., 1993; Visser, 1993). In species where germination is promoted by 

after-ripening, fresh seeds have low germination percentages (high dormancy) and germinate very slowly, 

while after-ripened seeds are non-dormant or conditionally dormant and germinate quickly (Beckstead et al., 

1996). Both the high temperature and the low moisture conditions during summer probably promote loss of 

dormancy in many species from winter rainfall habitats (Baskin & Baskin, 1976a, 1998). Non-dormant and 

conditionally dormant seeds that did not germinate during the rainy season may enter secondary dormancy 

due to low winter temperatures (Baskin & Baskin, 1976a; Visser, 1993; Bewley & Black, 1994). 

As after-ripening (dormancy loss) occurs in seeds of winter annuals, they first gain the ability to germinate at 

low temperatures, and then with additional dormancy loss also at high temperatures (Copeland & McDonald, 

1995; Baskin & Baskin, 1998). As dormancy loss progresses, the rate of germination increases and seeds 

of some species lose their light requirement for germination. Germination is prevented during summer 

because the maximum temperatures at which seeds can germinate are below those occurring in the habitat. 

Seeds germinate in auturnn because the maximum temperature for germination has increased and habitat 

temperatures have declined until there is an overlap between the two (Baskin & Baskin, 1976b, 1998). 

Clearly, after-ripening is a function of environment as well as time (Murdoch & Ellis, 1992). 

The requirement of an after-ripening period by seeds indicate a delay in germination until the probability of 

seedling survival and plant growth is high (Tevis, 1958; Baskin & Baskin, 1976a, 1976b, 1998; Bewley & 

Black, 1994). In the Strandveld Succulent Karoo, this germination strategy ensures that newly shed seeds 

do not germinate during occasional summer precipitation, as few seedlings will survive during the hot 

season. 

Many seeds of the six perennial species of Group 3a (Table 9.1) may germinate at the first fall of sufficient 

rain after dispersal, providing favourable temperature and light conditions. With the exception of Tripteris 

oppositifolia, these species obtained higher germination percentages and/or rates in darkness than in light 

treatments (Chapter 8). Temperature and moisture in the habitat probably determine the timing of 

germination in these species. 

Species of Group 3b probably require germination conditions other than 1 JOC in the light, a longer period of 

after-ripening, and/or specific conditions for the breaking of dormancy (see alternative dormancy-breaking 

treatments), to obtain optimum germination . Germination of Brassica tournefortii, Conicosia pugioniformis, 

Hebenstretia repens and Po/ycarena pumila was improved in the absence of light (Chapter 8). With the 

exception of Polycarena pumi/a, these species also obtained higher germination percentages at 

temperatures higher than 17°C. 

Endogenous germination patterns 

No clear germination patterns could be ascertained for the species investigated (Figures 9.1a, b, c, d, e, f, g 

& h). This experiment continued for a period of 88 weeks, whereas a period of 104 weeks will be necessary 
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to confirm the presence or absence of germination rhythms in most species. Such periodicity in seed 

germination has been observed in the seeds of numerous species (Crocker & Barton, 1957; Bunning, 1965; 

Maguire, 1969; Gutterman, 1980, 1993; Copeland & McDonald, 1995), including several species from 

Namaqualand (Beneke et a/., 1993). 

After dispersal in spring, the dormant seeds of winter annual species become conditionally dormant or non­

dormant (after-ripen) during summer and autumn (Baskin & Baskin, 1998). Because germination of seeds 

occurs at times of low or no dormancy, the non-dormant (after-ripened) seeds simply await the availability of 

moisture and suitable temperatures for germination (Bouwmeester, 1990; Murdoch & Ellis, 1992). During late 

autumn and early winter, the germination of Conicosia pugioniformis and Ursinia speciosa peaked (Figures 

9.1 b & h). In the field, this is also the period when environmental conditions (temperature & moisture) are 

most favourable for the germination, emergence and survival of these species (Chapter 8). Exposure to 

light, nitrate, fluctuations of temperature or combinations of these treatments may be needed to relieve 

residual innate and induced dormancy at times of low dormancy (Murdoch & Ellis, 1992). 

A decrease in germination during winter and spring (Figures 9.1 b & h) may be due to a decrease in seed 

viability and/or the seeds of such species have been induced into secondary dormancy. Seeds of winter 

annual species entering secondary dormancy are usually correlated with low winter temperatures and/or 

darkness (Bewley & Black, 1994; Copeland & McDonald, 1995; Baskin & Baskin, 1998). The seasonal 

temperature cycle is usually responsible for annual dormancy cycles observed in seeds of winter annuals, 

i.e. germination increases after exposure to high summer temperatures and decreases after exposure to low 

winter temperatures (Derkx & Karssen, 1994; Baskin & Baskin, 1998). In this study, seeds were not 

exposed to low winter temperatures and although seeds were stored in darkness, germination was 

conducted in the light. Therefore, seeds of these species have innate mechanisms controlling the weak 

endogenous germination patterns observed. These endogenous germination responses help explain the 

periodicity of seedling emergence which characterises many species (Roberts, 1964; Beneke et a/., 1993; 

Murdoch & Ellis, 1992; Visser, 1993). From an ecological point of view, such endogenous germination 

patterns may ensure that germination is restricted to autumn and early winter, the normal rainy season 

where these species naturally occur (Gutterman, 1980; Beneke et a/., 1993; Murdoch & Ellis, 1992; Visser, 

1993). 

The low germination capacity G:; 4%) recorded for Conicosia pugioniformis may be due to the fact that 

conditions for germination were not optimal. A study on the temperature and light requirements of this 

species indicated optimum germination conditions to be 19SC in darkness (Chapter 8). For this species, 

unfavourable germination conditions may also be the reason for the large difference in germination capacity 

observed between this experiment (s; 4%) and the control treatment of the alternative dormancy-breaking 

treatments (53%, Table 9.2) . Differences in seed dormancy between seeds collected during different 

seasons (1994 & 1995) may also be responsible for the observed discrepancy, as reported for several 

species from arid environments (Gutterman, 1993). 

Some of the seeds of the perennial species, i.e. Amellus tenuifolius and Pteronia divaricata were non­

dormant or conditionally dormant at the start of the experiment, while other seeds (including the seeds of 
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Gazania /eiopoda) became conditionally dormant or non-dormant during the summer and autumn months 

following dispersal. The seeds of AmeJlus tenuifolius and Gazania /eiopoda obtained maximum germination 

during winter, while the seeds of Pteronia divaricata continued to after-ripen during winter and spring, and 

obtained maximum germination during early summer. Germination of Pteronia divaricata seeds may 

therefore occur after occasional rainfall during summer, but the resulting seedlings will probably not survive. 

The decrease in germination percentage of these perennial species, following the peak in germination, 

probably indicates a loss in seed viability and these species will not be able to accumulate large persistent 

seed banks (Chapter 11). However, seed viability for these species was not determined in this experiment. 

Because no clear germination patterns were evident, environmental factors such as temperature and 

moisture probably determine the timing of germination (Mayer & Poljakoff-Mayber, 1975) in these perennial 

species. 

In non-dormant or conditionally dormant orthodox seeds of dry regions, such as AmeJlus tenuifo/ius and 

Pteronia divaricata, persistence is usually associated with enforced quiescence (lack of suitable 

environmental conditions for germination) (Murdoch & Ellis, 1992). However, most of these species 

germinate rapidly after shedding as soon as sufficient moisture is available, and are therefore transient in the 

soil seed bank (Chapter 11; Murdoch &Ellis, 1992). 

Alternative dormancy-breaking treatments 

Non-deep physiological dormancy appears to be characteristic of at least eight of the ten species 

investigated (Tables 9.1 & 9.2). Methods for breaking such dormancy include warm and/or cold stratification 

(Baskin & Baskin, 1998), leaching and scarification of the pericarp (Copeland & McDonald, 1995). 

In nine of the species investigated (4 annuals and 5 perennials, including the 2 species that do not require an 

after-ripening period), pericarp scarification resulted in increased germination percentages and/or shorter 

mean times to germination (Tables 9.2 & 9.3) for some scarification periods. Dormancy in these species is 

probably due to the mechanical restriction and/or the low permeability of the pericarp to oxygen, while the 

light requirement may also be controlled by the pericarp. Since germination percentages and mean times to 

germination did not improve when mechanical scarification was followed by a leaching period, water soluble 

growth inhibitors are probably not present in the embryos of these species. 

The requirement for pericarp scarification prior to germination has been reported by several authors (Went, 

1961; Haas et a/., 1973; Burrows, 1994; Copeland & McDonald, 1995) and was usually associated with 

breaking of the mechanical constraint imposed by the pericarp (Conner & Conner, 1988; Burrows, 1989; 

Fountain &Outred, 1991). In many cases, seeds with pericarp imposed dormancy contribute to the formation 

of a persistent seed bank (Fountain &Outred, 1991). 

In this study, chemical scarification proved to be less labour intensive, and resulted in increased germination 

percentages and/or shorter mean times to germination in more species than did mechanical scarification. 
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Due to its positive effect on the germination of perennial species, chemical scarification is recommended 

should alternative dormancy-breaking treatments be required during the revegetation of mined areas in the 

Strandveld Succulent Karoo. However, the specific scarification period should be determined individually for 

each species to be sown. 

The germination percentages of two annual species increased when hydration of the seeds was followed by 

a dehydration period, or when seeds were given a cold or a heat+cold pre-treatment (Table 9.2) . Hydration 

followed by dehydration may result in specific changes in the pericarp without the loss of probable 

germination promoting substances. Similar changes in the structure of the pericarp may result from cold pre­

treatment or heat+cold pre-treatment. Improved germination by means of hydration/dehydration has been 

reported for several species (Barbour, 1968; Morgan & Myers, 1989), including species from Namaqualand 

(Visser, 1993), and may involve the leaching of germination inhibitors. Because the seeds of most winter 

annual species occur mainly on or just below the soil surface after dispersal, it is expected that alternating 

wet and dry conditions will influence germination (Mott, 1974). Embryo development may be initiated by 

alternating wet and dry conditions, resulting in a faster rate of germination when temperature and moisture 

conditions are favourable (Hegarthy, 1978). 

Increased germination percentages (2 annuals) and mean times to germination (3 perennials) due to cold 

and/or heat+cold treatments (Tables 9.2 & 9.3) may indicate a safe-guard against precocious summer rains. 

In these species, a cold requirement ensures that germination occurs in winter, when moisture is usually 

non-limiting at the study area. Prolonged exposure of seeds to low temperatures during winter may induce 

secondary dormancy, to prevent germination in spring (Baskin & Baskin, 1998). Requirement of cold pre­

treatment (stratification) is usually associated with species germinating in spring (Bewley & Black, 1994; 

Baskin & Baskin, 1998). The mean germination percentages of these species were low (<30%), which 

make presumptions about specific treatments difficult. 

Since many winter annuals require high summer temperatures to after-ripen (Gutterman, 1993; Visser, 1993; 

Baskin & Baskin, 1998), it was expected that a heat pre-treatment would be beneficial for seed germination 

in the annual species examined. However, this treatment did not result in increased germination percentages 

or mean times to germination in any of the species investigated. A cold+heat treatment did result in higher 

germination percentages in the disc floret seeds of Dimorphotheca pluvialis (Table 9.2). The requirement of 

long periods of high temperature before seeds are "ready to germinate" is an important survival mechanism 

because it prevents germination in the wrong season (Capon & Van Asdall, 1967; Gutterman, 1993). 

Only one geophyte species, i.e. Albuca exuviata, yielded higher germination percentages after a leaching 

treatment than in the control (Table 9.2), and only at a treatment period of one hour. The presence of water 

soluble germination inhibitors seem to be the main cause of the observed increase in germination 

percentages in this species. Increased germination due to the leaching of water soluble germination 

inhibitors has been reported for numerous species (Copeland & McDonald, 1995), including several species 

from arid environments (Koller, 1955; Capon & Van Asdall, 1967; Bell et al., 1993; Visser, 1993). 
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A leaching requirement in seeds may be ascribed to the role of water soluble compounds preventing 

germination in climates with seasonal rainfall (Bell et al., 1993). In deserts, the leaching of germination 

inhibitors from seeds is one explanation for the germination of seeds following a rain storm, in addition to 

there being enough water present for the seeds to become fully imbibed. Thus, the amount of rain required 

to remove the inhibitors is thought to equal the amount of moisture required for seedling establishment and 

eventual maturation of the plant (Went, 1955; Gutterman, 1993; Visser, 1993; Baskin & Baskin, 1998). 

By the time that additional dormancy-breaking treatments started for Albuca exuviata (after 26 weeks 

storage) and the disc floret seeds of Dimorphotheca pluvialis (after 25 weeks storage), most of the seeds 

have already after-ripened, yielding mean germination percentage of 93% and 86% respectively, in the 

control treatment (Table 9.2). Nonetheless, leaching for one hour increased the germination percentage of 

Albuca exuviata to 98%, while a cold+heat treatment increased that of Dimorphotheca pluvialis (disc) to 

95%. Under field conditions, after-ripening will be sufficient for breaking dormancy as well as recruitment of 

these species. 

Revegetation 

The ecological function of primary dormancy appears to be twofold (Murdoch & Ellis, 1992). Firstly, along 

with the inhibition of germination of developing seeds by the mother plant, dormancy helps to prevent 

precocious germination on the mother plant (Bewley & Black, 1982). Secondly, in many species, dormancy 

persists after maturation and shedding to ensure the temporal dispersal of seeds by preventing the 

immediate and approximately synchronous germination of seeds. Therefore, dormancy is an adaptive trait 

that optimises the distribution of germination over time within a popu lation of seeds (Simpson, 1990; Bewley 

& Black, 1994). 

Dormancy is claimed to be a device for preventing germination during short periods of favourable conditions 

(Vleeshouwers et al., 1995), rather than a device for surviving prolonged periods of unfavourable conditions 

(Went, 1961; Baskin & Baskin, 1976a; Bradbeer, 1988; Visser, 1993). During unfavourable conditions (dry 

summer months) the lack of germination-stimulating factors (temperature & moisture) will prevent 

germination, and the seeds will survive ungerminated in the soil, independent of their dormancy state 

(Vleeshouwers et al. , 1995). 

The soil seed bank of the Strandveld Succulent Karoo is dominated mainly by species with annual life 

strategies (Chapters 4 & 5). These species depend on the production and survival of seeds for regeneration 

(Crawford, 1989). Since the physiological state of seeds is an important aspect in the control of timing of 

germination (Baskin & Baskin, 1998), the dormancy status of the annual species from the study area will aid 

in the determination of the appropriate timing for revegetation. Most of the annual species investigated 

exhibited nondeep physiological dormancy, and germination was promoted by a summer after-ripening 

period. The germination of these seeds may also follow specific endogenous germination patterns. In the 

Strandveld Succulent Karoo, these endogenous germination strategies have the ability to ensure that most 
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seeds do not germinate during occasional summer precipitation, as few seedlings will survive during the hot 

season. 

The recruitment of annual species from the topsoil stored seed bank can be maximised by ensuring that 

irrigation commences only at the start of the rainy season. During the summer period, after-ripening of 

seeds of many annual species proceeds. Several of the annuals investigated require dormancy-breaking 

mechanisms supplementary to after-ripening for maximum germination in autumn (Table 9.2). Natural 

scarification or hydration/dehydration cycles in the habitat (Gutterman, 1993), however, may be sufficient for 

the recruitment of these species from the topsoil stored seed bank. Seeds that persist in the soil after initial 

recruitment may contribute to future recruitment events. 

In species with dimorphic seeds, e.g. Dimorphotheca p/uvia/is, reproduction is at a maximum if the seeds 

with the best dispersal mechanism are nondormant (disc diaspores) and those that are not so easily 

dispersed are dormant (ray diaspores)(Baskin & Baskin, 1998). The possession of dimorphic seed types by 

a species reduces the chances of extinction of a complete generation (Berger, 1985). The thick pericarp of 

the ray diaspores possibly ensures their longevity and allows their maintenance in the seed bank, thereby 

enabling the species to escape in time (Beneke et a/., 1993). Species with dimorphic seed types, such as 

Dimorphotheca p/uvia/is, may play an important role in revegetation efforts in the Strandveld Succulent 

Karoo. Apart from an initial germination flush, these species may be recruited from the topsoil stored seed 

bank over a long period (by dormant ray floret seeds) and, if present in surrounding vegetation, will probably 

be dispersed from such vegetation (disc floret seeds). 

Perennial grass species such as Ehrharta ca/ycina were abundant in the soil seed bank of the study area 

(Chapter 5). Germination of these species is promoted by a summer after-ripening period and recruitment 

from the topsoil stored seed bank should be sufficient during revegetation efforts. 

After mining of an area has been completed, many perennial species will have to be reintroduced by means 

of seeding or transplanting (Chapter 7), because of the low abundance of these species in the soil seed bank 

(Chapter 4). As the perennial shrub species investigated were either nondormant or conditionally dormant 

soon after being dispersed, irrigation should not commence prior to the start of the rainy season. In these 

species, it may be adventageous not to break the dormancy of those seeds that remained dormant, as to 

ensure the presence of these species in the seed bank for future recruitment. The germination of those 

perennial and annual species with hard pericarps and low germination percentages « 1 0%) could probably 

be improved by means of chemical scarification prior to seeding. However, financial and practical 

implications will determine the viability of this approach to enhance germination in seeds with pericarp 

imposed dormancy. 

Similar to other plant species from Namaqualand (Beneke et a/., 1993; Visser, 1993), Strandveld Succulent 

Karoo plant species possess innate seed characteristics and have developed many different dormancy 

strategies, to ensure survival. Some species have hard seed coats which require scarification, some need a 

specific minimum amount of rain for germination, while in others, germination is promoted by a summer after­

ripening period. These dormancy strategies, together with the amount of rainfall, temperature and light 
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(Chapter 8), will be the main mechanisms determining the timing of germination in these species. In turn, the 

timing of germination will influence the timing and management of revegetation efforts. Utilisation of seed 

germination characteristics, such as dormancy and germination requirements, of local plant species should 

therefore yield the highest probability of success in the revegetation of the area after completion of mining. 
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ABSTRACT 

The effect of relative humidity and locality on seed viability was investigated in six plant species from the Strandveld Succulent Karoo, 

South Africa. An increase in relative humidity generally resulted in a decrease in seed viability. High summer temperatures in the field 

probably hastened the loss of seed viability at a relative humidity of 43%, while high summer temperatures exerted only a minimal 

deteriorative effect on seeds stored at a low relative humidity (7%). Low winter temperatures in the field probably induced the seeds of 

the annual species into secondary dormancy at a relative humidity of 43%. Changes in seed viability due to fluctuations in 

environmental conditions (temperature and relative humidity) are crucial factors to consider during post-mining revegetation efforts in 

the Strandveld Succulent Karoo. 

Key words: Germination; locality; longevity; mining; relative humidity; revegetation; seed moisture content; temperature; viability 

INTRODUCTION 

Seeds are uniquely equipped to survive as viable regenerative organisms until the time and place are right 

for the beginning of a new generation; however, they cannot retain their viability indefinitely and eventually 

deteriorate and die (Copeland & McDonald, 1995). The period for which seeds remain viable is determined 

genetically, by internal factors of the seed as well as by environmental factors. The latter will have a decisive 

effect on the life span of any given seed (Mayer & Poljakoff-Mayber, 1975; Copeland & McDonald, 1995). 

Ecological longevity of seeds can be defined as the mean duration of dormancy under natural conditions: the 

mean interval elapsing between seed maturation and seed germination or death in the soil, whereas 

potential longevity is the maximum duration of germination capacity (viability) of dormant seeds under 

optimal storage conditions (Vazquez-Yanes & Orozco-Segovia, 1993). Plant species with long-lived seeds 

may accumulate large persistent seed banks (l\IIurdoch & Ellis, 1992) which are, inter alia, important in 

revegetating lands that have been severely disturbed by mining activities (Vivian-Smith & Handel, 1996; 

Baskin & Baskin, 1998). 
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The revegetation of mined areas along the arid West Coast of South Africa will depend mainly on the use of 

the soil stored seed bank by means of topsoil replacement, as well as on sowing and/or transplanting of 

selected species (Environmental Evaluation Unit, 1990). Consequently, successful revegetation of the 

mined areas will depend largely on the timing of germination, which in turn is determined by factors such as 

temperature, dormancy strategies and viability of seeds. 

The present study forms part of a project aimed at describing the seed bank dynamics of the Strandveld 

Succulent Karoo to guide mining authorities on appropriate revegetation strategies. This study on 

germination strategies of Strandveld Succulent Karoo plant species was prompted by the need to ensure 

optimal germination of seeds in the revegetation process. This paper is the third in a series of three, aimed 

at identifying some of the seed germination strategies of Strandveld Succulent Karoo species, and deals with 

changes in seed viability due to different relative humidities and storage locations. The first and second 

papers in the series were concerned with temperature and light conditions for germination, and dormancy­

breaking treatments respectively. 

MATERIAL AND METHODS 

During spring 1994, mature diaspores (henceforth referred to as seeds) of six plant species were collected 

from natural populations near Brand-se-Baai (31°18'S, 1 J054'E) on the arid Cape West Coast, South Africa . 

This area falls within the Namaqualand coastal belt and has an average precipitation of 282 mm per annum, 

measured over a period of four years at the study site. Rainfall occurs mainly during winter, with an average 

of 160 mm per annum. The average annual temperature at the study site is 15.8°C with a relatively small 

fluctuation due to the marine influence (De Villiers et al., 1999). 

Species used in this experiment included: Conicosia pugioniformis (L.) N.E.Br., Oimorphotheca pluvialis (L.) 

Moench. (disc & ray achenes), Gazania leiopoda (DC.) RossI. , Tripteris oppositifolia (Ait.) T.Nor!., Senecio 

arenarius Thunb., and Ursinia speciosa DC. (white achenes). 

Collected seeds were air-dried at room temperature (c. 20°C) for a period of two weeks, whereafter they 

were sealed in glass dessicators containing saturated solutions to obtain a specific relative humidity (RH) 

within the dessicator. The relative humidity in the dessicator results in a corresponding moisture content 

within the seeds present in the specific dessicator. The following solutions were used to obtain the required 

relative humidities at c. 20°C (Winston & Bates, 1960; Copeland & McDonald, 1995): NaOH for a low RH 

(7%), K2C03.H20 for an intermediate RH (43%), and either NaCI or KN03 for a high RH of 75% or 93% 

respectively. 

After four weeks, 30 replicates of 50 seeds each were hermetically sealed in aluminium foil bags. After eight 

weeks of storage at 20°C, half of these replicates were buried in the field at Brand-se-Baai, under 50 mm of 

soil, while the other half remained at a constant temperature of 20°C in the laboratory. Seeds of Conicosia 

pugioniformis and Senecio arenarius were not included in the field burial treatments. Seeds stored dry 
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(ambient RH) in paper bags at 20°C for 6 or 30 months were used as an initial control and final control 

treatment, respectively. 

After 27 months of storage or burial (autumn), five replicates of each treatment and species were germinated 

in Petri dishes with a diameter of 50 mm, containing two layers of filter paper (Schleicher & Schull , no. 595, 

Dassel, Germany) to which approximately 4 cm 3 distilled water was added. Germination tests were 

conducted in germination cabinets at a constant temperature of 1rC, under constant fluorescent light with a 

photosynthetic photon flux density of 9.3 I-lmol m-2 
S-1, with the exception of Conicosia pugioniformis and 

Gazania leiopoda, of which the seeds were germinated in darkness. These conditions were found to be near 

optimum for the germination of the different species (Chapter 8). The Petri dishes of the dark treatments 

were placed in cardboard boxes and sealed with aluminium foil to eliminate light. Petri dishes were 

inspected every second day for a period of 30 days, and germinated seeds counted and removed . 

Germination of dark replicates was determined under a green safety light. Radicle protrusion was the 

germination criterion . 

The mean time to germination (mIg) was calculated for each species and treatment using the equation: 

" Dn
mtg = .=~==--

L n 

where n is the number of seeds which germinate on day D and D is the number of days counted from the 

beginning of the test (Ellis & Roberts, 1981). 

Data were analysed statistically by the least significant difference (LSD) one-way and multi-factor analysis of 

variance (ANOVA) , and multiple range test (Statgraphics 5.0, 1989, STSC, Inc., U.S.A.) at P ::; 0.05. 

RESULTS 

For all species, germination of seeds stored at relative humid ities of 75% or 93% was lower than that of 

seeds stored at relative humidities of 7% and 43% (Table 10.1). In general, the mean germination 

percentages of seeds decreased with an increase in relative humidity when stored under field and laboratory 

conditions (Table 10.1). The ray floret seeds of Dimorphotheca pluvialis obtained significantly higher 

germination percentages at a relative humidity of 43%, when stored under laboratory conditions. These 

seeds obtained a mean germination percentage of 64.5% in the initial control treatment, which was 

significantly higher than that of all other treatments. In both Conicosia pugioniformis and Tripteris 

oppositifolia, the mean germination percentages obtained in the initial control and final control treatments 

were significantly lower than that of the other treatments, except for the storage of Conicosia pugioniformis 

seeds at a relative humidity of 75/93% (Table 10.1). 
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Table 10.1. Mean germination percentage for seeds of six Strandveld Succulent Karoo plant species, after storage in the laboratory or the field for 27 months, at different relative 
humidities. Plant type as well as the temperature (Oe) and light condition for the germination of each species are indicated between brackets. For each species, values followed 
by the same letter are not significantly different at P $ 0.05 

Species 

Initial Control 
(stored dry in the 

laboratory at 20· C 

Final Control 
(stored dry in the 

laboratory at 20°C 

Relative Humidity (%) 
Significance 

level 
(P s 0.05) 

Stored in the laboratory at 20°C for 27 months Buried in the field for 27 months 

for 6 months) for 30 months) 7 43 75/93 7 43 75/93 
Conicosia pugioniformis (P; 170) 
Dimorphotheca pluvialis - disc (A; 17L) 
Dimorphotheca pluvialis - ray (A; 17L) 
Gazania leiopoda (P; 170) 
Tripteris oppositifolia (P; 17L) 
Senecio arenarius (A; 17L) 
Ursima speciosa - white (A; 17L) 

32.5 b 
86.4 be 

64.5 e 

71 .0 c 

32.4 a 
50.5 abe 

36.5 c 
---­ -

74.0 c 

77.0 b 
25.0 be 

30.0 b 
45.0 a 

75.0 c 

9.0 ab 

97.0. 
83.0 be 

18.0 b 
88.0 c 

62.0 b 
53.0 be 

27.0 c 

89.0 d 

90.0 c 

41.0 d 

84.0 c 

75.0 b 
41.0 ab 

_~C__._

2.0 a 
-

0.0 a 
9.0 ab 
-

23.0 a 

L 
14.0 b 

-
86.0 be 

44.0 d 

30.0 b 
68.0 b 

-
30.0 C 

-

53.0 a 
35.0 cd 

16.0 ab 
67.0 b 
-
2.0 ab 

-
-

0.0 a 
0.0 a 

-

-
0.0 a 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0196 
0.0000 

A - annual L -light - Treatment not used for thiS species 

P - perennial D - dark 

Table 10.2. Mean time to germination for seeds of six Strandveld Succulent Karoo plant species, after storage in the laboratory or the field for 27 months, at different relative 
humidities. Plant type as well as the temperature (Oe) and light condition for the germination of each species are indicated between brackets. For each species, values followed 
by the same letter are not significantly different at P $ 0.05 

Species 

Initial Control 
(stored dry in the 

laboratory at 20°C 

Final Control 
(stored dry in the 

laboratory at 20· C 

Relative Humidity (%) 
Significance I 

level 

I
(P ~ 0.05) 

Stored in the laboratory at 20°C for 27 months Buried in the field for 27 months 
for 6 months) for 30 months) 7 43 75/93 7 43 75/93 

Conicosia pugioniformis (P; 170) 11 .3 b 4.8 a 4.0 a 4.1 a 5.0 a - - - 0.0000 
Dimorphotheca pluvialis - disc (A; 17L) 4.0 ab 5.9 C 3.8 ab 4.8 be - 3.1 a 7.6 d - 0.0000 
Dimorphotheca pluvialis - ray (A; 17L) 5.5 5.9 5.8 4.6 -­ 4.6 5.1 -­ I0.6111 
Gazania leiopoda (P; 170) 9.0 b 19.4 e 6.1 a 6.0 a 14.0 d 10.6 be 12.5 cd -­ 0.0000 
Tripteris oppositifolia (P; 17L) 9.0 b 9.1 b 14.3 C 5.8 a - 8.0b 7.3 ab - 0.0000 
Senecio arenarius (A; 17L) 8.7 9.5 8.4 8.7 11 .0 - - - 0.6419 
Ursinia speciosa - white (A; 17L) 5.2 a 8.0 ab 4.5 a 4.3 a 10.3 b 4.6 a 8.0 ab -­ 0.0329 
A - annual L • light - Treatment not used for thiS species 

P - perennial D - dark -- No mean time to germination as germination percentage was 0% 

(J) 
(]l 

 
 
 



The perennial species, Gazania leiopoda and Tripteris oppositifolia as well as the annual Ursinia speciosa 

(white) obtained the shortest mean times to germination after storage at a relative humidity of 43% in the 

laboratory (Table 10.2). The perennial Conicosia pugioniformis obtained a shortest mean time to 

germination after storage in the laboratory at a relative humidity of 7% (Table 10.2). Mean time to 

germination of other species investigated did not differ significantly between treatments. 

According to the multi-factor ANOVA (Table 10.3), storage location as well as relative humidity affected both 

the germination percentage and rate of Dimorphotheca pluvialis (disc) and Gazania leiopoda seeds 

significantly. The germination percentage of Dimorphotheca pluvialis ray floret seeds was affected 

significantly only by relative humidity. Both storage location and relative humidity influenced the germination 

percentage of Ursinia speciosa (white) seeds, but the germination rate was affected only by the relative 

humidity during storage. Although the germination percentage of Tripteris oppositifolia seeds was not 

influenced by storage location or relative humidity, the mean time to germination of this species was 

influenced significantly by both treatments. The interaction between storage location and relative humidity 

(LO x RH, Table 10.3) significantly influenced the germination percentage of Dimorphotheca pluvialis (disc & 

ray), Gazania leiopoda and Ursinia speciosa (white) seeds, while this interaction affected the mean time to 

germination of Dimorphotheca pluvialis (disc) and Tripteris oppositifolia seeds. 

DISCUSSION 

In general , the germination percentages of the species investigated decreased with an increase in relative 

humidity from 7% or 43% to 75% or 93% (Table 10.1). Seeds of dry climate plants generally remain viable 

for longer periods of time when stored dry (Went, 1961; Mayer & Poljakoff-Mayber, 1975) and Ellis et al. 

(1982) reported a negative logarithmic relationship between seed moisture and longevity. The moisture 

content of seeds is determined, at least in part, by the relative humidity of the air surrounding them (Mayer & 

Poljakorr-MClylJer , 1975). seedS stored at moisture contents above 14% begin to exhibit increased 

respiration , heating, and fungal invasion that destroy seed viability more rapidly than in seeds stored at lower 

moisture contents (Harrington, 1972; Bewley & Black, 1982, 1994; Copeland & McDonald, 1995). However, 

the activity of fungi, and other contaminants of stored seeds, are more strictly related to the relative humidity 

of the intra-seed atmosphere than to the moisture content of the seeds themselves (Bewley & Black, 1982, 

1994). Below 5% seed moisture, a breakdown of membrane structure hastens seed deterioration. This is 

probably a consequence of reorientation of hydrophyllic cell membranes due to the loss of the water 

molecules necessary to retain their configuration . Thus, storage of most seeds between 5 and 6% seed 

moisture appears to be ideal for maximum longevity (Copeland & McDonald, 1995). 

Hygroscopic moisture equilibrium curves (Copeland & McDonald, 1995) indicates three different stages of 

water absorption or desorption (Bewley & Black, 1994): 

1) very tightly held water that may actually be a part of the chemical structure of the seed, and cannot be 

removed without destruction of the seed tissue, 

2) more loosely held water that can be easy or difficult to remove by drying, and may contribute to seed 

deterioration during storage, and 
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or in 
IItI-t::!l"!tnr ANOVA ~ O.OS} of four Strandveld Karoo stored in the 

at different relative humidities 

F-ratio 
18.521 

1.756 
10.715 
32.626 
0.258 

7.1 

LOx RH 

level level 
0.0005 0.0000 

4.486 
5.703 
2.390 0.1416 
5.915 0.0082 

0.0000 12.311 
0.6234 1.496 0.2390 
0.0000 2.729 0.1268 

0.0068 0.916 

time to 

A - annual 

P - perennial 

0) 
-."J 

 
 
 



water by very bonding and free water in the intercellular and spaces, 

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

Water classified as one must be retained by the seed for maintaining metabolic functions, in to 

prevent loss of viability due to low moisture content. Increases in relative humidity may also important for 

the of as it enables damage that occurs during storage to be repaired (Karssen et a/., 1 

Gutterman, 1993). 

With the of seeds stored at a relative humidity of the germination percentages were lower 

when stored under field than under laboratory conditions (Table 10.1). the were stored 

under similar relative humidities and light conditions, one of the main factors responsible for the observed 

differences in germination percentages may have 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 during the winter period Villiers et al., 1999). was found to 

regulate the germination of of winter annuals not only during germination, but also during the period of 

.:;,t('\Y<l1"110 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). ageing is a function not only of time, but also of 

temperature and moisture (Ellis & 1981). The interdependence of temperature and relative 

humidity and its influence on seed longevity have been of numerous studies 

(Roberts, 1972; Mayer & Bewley & Black, 1 1994; Murdoch & 

Copeland & McDonald, 1995). Generally, longevity increases with a decrease in temperature and 

relative humidity (Roberts, 1972; Murdoch & 1992; Copeland & McDonald, 1995), and both influence 

seed metabolism. High relative humidities increase seed moisture content, which results in biochemical 

events such as hydrolytic enzyme activity, enhanced respiration, and increases in free fatty acids. 

High tem serve to enhance the rate at which many and metabolic reactions occur, 

causing a more rapid rate of 

The majority of conform to certain rules of thumb that predict the pattern of loss of viability in relation 

to environment (Harrington, 1973): 

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

2. 	 For each 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 and the 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, 1 
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At a relative humidity of 7%, the germination percentages and rates were not affected by storage location 

(Tables 10.1 & 10.2). In general, seeds stored at a relative humidity of 43% obtained highest germination 

percentages and shortest mean times to germination when stored at a constant temperature of 20°C, rather 

than in the field . At a relative humidity of 43%, the viability of seeds stored in the field was probably 

negatively affected by high temperatures during summer. Low temperatures during winter may also have 

induced these seeds to enter secondary dormancy. 

Revegetation 

Irrigation during the summer months may solve seedling recruitment problems related to low moisture, but 

the dormancy status of most annual species will prevent the germination of these species (Chapter 9) . An 

increase in relative humidity due to irrigation may also result in increased seed moisture contents, which may 

repair damage that occurs during storage (Gutterman, 1993) in the seed bank. However, prevailing high 

summer temperatures and high relative humidities will enhance seed deterioration and consequently, seed 

viability and longevity will be reduced. 

Collected seeds of perennial shrub species should not be stored for too long, as they are probably not as 

long-lived as seeds of the annual species investigated (Chapters 9 & 11). The loss of viability is only the 

final stage in seed deterioration (Murdoch & Ellis, 1992; Bewley & Black, 1994). Prior to death, ageing 

results in a decline in many aspects of a seed's potential performance such as the rate of germination (Ellis 

& Roberts, 1981). Recruitment of these species should occur during autumn and winter following topsoil 

replacement and/or sowing, as germination during this season should provide sufficient time for seedling 

establishment and growth. 

Irrigation during summer would result in the germination of many perennial shrub species, required for 

successful revegetation of the study area (Chapters 6 & 7), but seed viability of most annuals and perennial 

herbs (Chapter 11) will be reduced under prevailing environmental conditions. All seedling recruitment 

efforts should rather be concentrated during the autumn and winter rainfall period, when conditions may also 

be favourable for germination, seedling survival and growth. Irrigation during the second summer after 

topsoil replacement and/or sowing will be beneficial for the survival of perennial species. Although the 

viability of annual and perennial herb species' seeds may be reduced by irrigation during this period, survival 

of perennial species will be more critical during this phase of revegetation efforts. 

Extreme temperature conditions, occasional high humidities due to out of season rainfall, decay and 

germination will all decrease the number of viable seeds in the soil. For this reason, studies on seed 

longevity under field conditions, for as many local plant species as possible, are essential for developing 

sound revegetation strategies concerning topsoil replacement and sowing in the Strandveld Succulent 

Karoo. A major drawback is the large number of local plant species with very small seeds, making natural 

burial experiments almost impossible. 
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CHAPTER 11 

SEED BANK CLASSIFICATION OF THE STRANDVELD 

SUCCULENT KAROO, SOUTH AFRICA 

Submitted publication as: 


De Villiers, A.J., Van Rooyen, M.W. & Theron, G.K. 
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ABSTRACT 

The laboratory characteristics of seeds of 37 species (41 seed types) from the Strandveld Succulent Karoo were used to predict seed 

bank Iypes according to the modified key of Grime & Hillier (1981). Five seed bank were recognised for this vegetation Iype, 

i.e. two with transient and three with persistent seed bank Of the 37 species investigated. 32% (all perennial species) had 

transient seed bank while 68% had persistent seed bank Seed dispersal mechanisms 01 these species were 

mainly anemochorous and antitelechoric mechanisms such as myxospermy, hygrochasy. heterodiaspory and synaptospermy 

occurred in these species. Topsoil 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 do not 

produce a persistent seed bank. Many of these species may, however, be by wind into areas trom surrounding 

vegetation. Topsoil 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 

<med banK 

INTRODUC"rlON 

The term "seed bank" is a short and convenient one which has been widely to denote the reserves 

of viable in the soil and on surface (Roberts, 1981). The term "seed" is used in the broad 

sense to describe both true and fruits, but not spores or which are produced vegetatively. 

The seed bank of a plant community represents the "memory" of previous conditions and it is an 

component of the potential of the community to respond to conditions in the present and future (Coffin & 

Lauenroth, 1989). and evolutionary biologists have become increasingly aware of the role that 

seed banks can play in maintaining ecological (species) and diversity in and 

communities (Gross, 1990). For the applied biologist in however, the of 

is the of the bank in determining the future vegetation, after natural or 

deliberate perturbation (Roberts, 1981). The recovery of a plant community after is related to 

the germination of and establishment of seedlings after emergence, although in some communities 
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vegetative reproduction by perennial plants is another important process (Coffin & Lauenroth, 1989; Warr et 

at., 1993). 

Restoration ecology deals with the scientific and ecological background of nature management practices 

aiming at the re-establishment of plant species, which have disappeared (Bakker et at., 1996). The re­

appearance of plant species may depend on their persistence in the soil seed bank. If the species has been 

lost from the persistent soil seed bank, it has to be transported to the site of re-appearance by some vector, 

e.g. wind, water, animals, man, and incorporated into the fresh seed bank. The re-appearance of a species 

either from the old seed bank or from the fresh seed bank depends on the availability of safe sites (Harper, 

1977). Without the presence or arrival of seeds no re-appearance will be possible. 

During the mining of heavy minerals along the arid western coast of South Africa, the topography, 

vegetation, soil chemical and physical characteristics and animal life, are destroyed (Environmental 

Evaluation Unit, 1990). The aim of the rehabilitation programme in this area is to obtain a state as close as 

possible to the state in which the area was before mining activity started, as soon as possible after the 

mining of an area has been completed (Environmental Evaluation Unit, 1990). If the topSOil of the area to be 

mined is removed and used in the revegetation process, knowledge on persistence of individual species 

present in the seed bank will be essential. Data on the seed bank strategies of individual species will also . 

guide revegetation efforts towards local species that were dominant in the vegetation prior to mining 

activities and that may not re-establish by means of topsoil replacement or dispersal from surrounding 

vegetation. These species will have to be reintroduced by processes such as seeding and transplanting. 

Thompson & Grime (1979) recognised two seed bank strategies for temperate zones; transient (Types I & 11), 

in which no seeds remain viable for more than one year, and persistent (Types III & IV), in which some seeds 

remain viable for longer than one year. The type III seed bank was further subdivided into type Ilia and Ilib 

categories (Grime, 1981). Since many seeds remain viable in the soil for long periods of time, Bakker (1989) 

suggested the further division of the persistent seed bank strategy into persistent, for species with seeds 

which survive in the soil for more than one year, and permanent, for species with seeds which persist for 

longer than five years. These two strategies have been renamed short-term persistent and long-term 

persistent respectively (Thompson, 1993; Warr et at., 1993). These two strategies together with the transient 

strategy form a useful seed bank classification (Thompson, 1993). 

A further elaboration of the seed bank classification, which relies on the dynamics of the seed bank and seed 

rain was published by Poschlod & Jackel (1993). In an attempt to formalise all the above-mentioned criteria 

into a more usable form, Thompson et at. (1996) devised a key to seed bank types. The drawback of this 

key is the information required on the period since a species was last present in the vegetation at the site. 

The data needed to apply it to most species, especially in the Strandveld Succulent Karoo, are simply not 

available. 

The key of Grime & Hillier (1981) is based on laboratory characteristics of seeds which can be used to 

predict seed bank types (Thompson & Grime, 1979). This key was compiled for the North West European 

region and modifications may be necessary for successful use in other regions, as more than four seed bank 
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strategies have already been reported for soil seed banks of other regions (Garwood, 1989; Baskin & 

Baskin, 1998). 

The classification of species according to seed bank strategies has long been recognised as an important 

tool for understanding species and environmental relationships (Thompson & Grime, 1979; Bakker, 1989; 

Leck et al., 1989; Thompson, 1992; Leck & Simpson, 1993; Badger & Ungar, 1994; Kirkham & Kent, 1997). 

Only recently has it been recognised as important in biogeography, conservation, restoration ecology and 

revegetation processes (Warr et al., 1993; Bakker et al., 1996). 

The aim of this study was to determine the suitability of Gdme & Hilliers' key (1981) for the classification and 

prediction of seed bank strategies in the Strandveld Succulent Karoo, South Africa. Knowledge of the seed 

bank dynamics of local species was used as a basis for the recommendation of suitable revegetation 

strategies. Species that accumulate a persistent seed bank have the potential for regeneration from 

replaced topsoil, while species with a transient seed bank will probably have to be introduced by dispersal of 

seeds (Bakker et al., 1996), sowing or transplanting. 

MATERIAL AND METHODS 

The key of Grime & Hillier (1981) was used as a template for determining numerous laboratory 

characteristics of collected diaspores (henceforth referred to as seeds). 

Mature seeds of 37 local plant species (41 seed types) were collected during spring, from natural 

populations in the vicinity of the area to be mined at Brand-se-Baai (31°18'S, 1 J054'E), South Africa (De 

Villiers et al., 1999). This area falls within the Namaqualand coastal belt and has an average winter rainfall 

of 160 mm per annum. The average annual temperature at the study site is 15.8°C, with a relatively small 

annual fluctuation due to the marine influence (De Villiers et al., 1999). The vegetation of the area is classified 

as Strandveld Succulent Karoo (Low & Rebelo, 1998) and contains many drought resistant and succulent 

species associated with areas of calcareous sand. The vegetation varies in height depending on the depth of 

the sand - the shortest vegetation growing on exposed calcrete and coastal rocks and the tallest being found in 

areas where deep calcareous sand occurs (Boucher & Le Roux, 1990). 

The following perennial species were included in this study: Albuca exuviata Bak., Amellus tenuifolius Burm., 

Arctotis acaulis L., Arctotis stoechadifolia Berg., Ballota africana (L.) Benth., Cephalophyllum spongiosum 

(L.Bol.) L.Bol., Chrysocoma longifolia DC., Conicosia pugioniformis (L.) N.E.Br., Oimorphotheca tragus (Ait.) 

T.Norl., Ehrharta calycina J.E.Sm., Gazania leiopoda (DC.) RossI., Grielum grandiflorum (L.) Druce, 

Hypertelis salsoloides (Burch.) Adamson, Pharnaceum aurantium (DC.) Druce, Pharnaceum lana tum Bartl., 

Pteronia divaricata (Berg.) Less., Ruschia bolusiae Schwant., Stoeberia sp., Tetragonia virgata Schltr., 

Tripteris oppositifolia (Ait.) T.Norl. and Zygophyl/um morgsana L.. 

Annual species investigated were Arctotheca calendula (L.) Levyns, Cotula thunbergii Harv., Cysticapnos 

cracca (Cham. & Schlechtd.) Liden, Oidelta carnosa (L.t) Ait., Oimorphotheca pluvialis (L.) Moench. (disc & 
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ray achenes), Nemesia bicornis (L.) Pers., Hebenstretia dentata L., Hebenstretia rep ens Jarosz, He/iophila 

coronopifolia L., Pharnaceum exiguum Adamson, Polycarena pumila (Benth.) Levyns, Senecio arenarius 

Thunb., Silene clandestina Jacq., Ursinia anthemoides (L.) Poir. (black, grey & white achenes), Ursinia 

speciosa DC. (black & white achenes) and Wahlenbergia paniculata (Thunb.) A.DC .. 

Both fresh seeds (air-dried for two weeks) and seeds stored dry at 20°C for one month after the initial air­

drying period of two weeks, were used in the germination experiments. Seeds were germinated in Petri 

dishes, on two layers of moist filter paper (Schleicher & SchOll, no. 595, Dassel, Germany). Germination 

tests were carried out in germination cabinets at a constant temperature of 1 JOC, in light and darkness. This 

temperature was found to be favourable for the germination of many Namaqualand species (Beneke et aI, 

1993; Visser, 1993; De Villiers et al., 1994). Seeds of the light treatments were exposed to constant 

fluorescent light with a photosynthetic photon flux density of 9.3 !lmol m-2 
S-1. Petri dishes of the dark 

treatments were sealed in cardboard boxes and covered with aluminium foil, to eliminate light. Five 

replicates of 50 seeds were used for each species. 

Germination tests were continued for a period of 30 days, during which seeds were examined every second 

day and germinated seeds counted and removed. Germination counts for the dark treatments were carried 

out under a green safety light (Baskin & Baskin, 1998). Distilled water was added when necessary to 

prevent the filter paper from drying out. Emergence of the radicle was used as germination criterion. 

Mean diaspore length was determined by measuring the length of 100 diaspores for each species. Small 

diaspores were measured under a stereo microscope. Mean seed mass was determined by weighing 100 

seeds collectively on a Mettler AT100 balance. Abscission of seeds from the mother plant, scarification 

requirement and dispersal type were inferred from seed morphological characteristics. The lowest 

temperature for 50% germination (TJ was determined from data on stored seeds of these species, 

germinated at various temperatures (Chapter 8) . Species names follow that of Arnold & De Wet (1999). 

The following seed dispersal types were distinguished: 

a) Telechoric - mechanisms which promote long range dispersal. 

i) 	 Anemoballistic - mechanism whereby wind does nor exert its influence on the diaspore directly, 

but on the capsule or follicle enclosing the diaspores (Van Rheede van Oudtshoorn & Van 

Rooyen, 1999). 

ii) 	 Anemochory - wind-dispersal of diaspores with characters (e.g. pappus, bristles) slowing their 

terminal velocity of descent (Van der Pijl, 1982; Van Rooyen et al., 1990; Van Rheede van 

Oudtshoorn & Van Rooyen, 1999). 

iii) 	 Epizoochory - mechanism where seeds are transported externally on animals (Van Rheede van 

Oudtshoorn & Van Rooyen, 1999). 

iv) 	 Rain ballistic - mechanism whereby raindrops falling onto open capsules are responsible for the 

dispersal of some (but not all) of the seeds, and ensuring that seeds will only germinate when 

sufficient moisture is available (Van Rooyen et al., 1990; Gutterman, 1993, 1994; Baskin & 

Baskin, 1998; Van Rheede van Oudtshoorn & Van Rooyen, 1999). 
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b) Atelechory - no mechanisms for long distance dispersal. 

c) Antitelechory - mechanisms which hamper dispersal. 

j) Bradyspory - mechanisms whereby dispersal of diaspores from the mother plant is delayed and 

spread over time (Van Rheede van Oudtshoorn &Van Rooyen, 1999). 

ii) Heterodiaspory - the production of two or more morphologically distinct types of seeds by an 

individual plant (Harper, 1977; Ellner & Shmida, 1981; Beneke et al., 1993). 

iii) 	 Hygrochasy - mechanism in which the fruit opens when moistened to allow the seeds to escape, 

and close again during dry weather (Van Rooyen et al., 1990). Consequently, some seeds 

remain undispersed and viable for a number of years (Gutterman, 1972, 1993). 

iv) 	 Myxospermy - mechanism in which the seeds form a superficial layer of mucilage upon 

moistening as a mechanism of anchorage and enhanced water uptake due to increased seed­

soil contact (Van Rooyen et al., 1990). 

v) 	 Synaptospermy - mechanism in which the diaspore contains more than one seed (Van Rooyen 

et al., 1990). 

RESULTS AND DISCUSSION 

The modified key used to predict seed bank types of species from the Strandveld Succulent Karoo is shown 

in Figure 11.1. The original key of Grime and Hillier (1981) distinguished four main seed bank types: (I) 

Annual and perennial grasses of dry or disturbed habitats capable of immediate germination; (II) Annual and 

perennial herbs, colonising vegetation gaps in early spring; (III) Annual and perennial herbs, mainly 

germinating in the autumn but maintaining a small seed bank; and (IV) Annual and perennial herbs and 

shrubs with large, perSistent seed banks. Type III seed bank strategy was subdivided into types lila) 

perennial herb species germinating mainly in autumn, and IIlb) annual species which germinate during 

autumn (Grime, 1981). The seeds of species with type lila or IIlb seed bank strategies usually have a light 

requirement for germination. Consequently, seeds that become buried prior to the first germination 

promoting rainfall contribute to the formation of a persistent seed bank. 

Since the Strandveld Succulent Karoo falls within a winter rainfall region and rain during the summer months 

is extremely uncommon (Environmental Evaluation Unit, 1990), germination of most local species is limited 

to the autumn months, i.e. there are probably no winter transient species. For this reason, the seed bank 

type characterised by spring germinating species (Grime & Hillier, 1981, Type II) has been omitted. As 

germination occurs mainly in autumn, a dry heat pre-treatment (Baskin & Baskin, 1998) is more 

representative of the hot summer months preceding germination than cold stratification for after-ripening of 

the seeds. 

The key of Grime and Hillier (1981) does not make provision for small non-photoblastic seeds with high initial 

germination percentages. Both germination percentages of fresh and stored (20°C for one month) seeds 

were taken into consideration for categorising small seeds. Also, the time taken by seeds stored dry at 20°C 

for one month to reach 50% germination (t50
, Grime &Hillier, 1981), was not included as a means of 
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1 - Perennial herbs and shrubs capable 01 immediate germination 

2 - Annual and perennial grasses, and perennial herbs germinating in early autumn 


3a - Perennial herbs and shrubs mainly germinating in autumn and winter but maintaining a small seed bank 


3b - Annuals germinating in autumn but maintaining a small persistent seed bank 


4 - Annuals and perennial herbs and shrubs germinating in autumn with a large persistent seed bank 

DL (mm) - length 01 diaspore G, (%) - maximum percentage germination achieved by Iresh seed 

m (mg) - mass 01 seed G, (%) - maJCimum percentage germination achieved by seed stored dry at 20' lor 1 month 

s-I - seed not readily abscised lrom mother plant H + L - seed requires heat and light to break dormancy 

sc - seed/diaspore requires scarification Tl - lowest temperature at which 50% germination is achieved 

L - seed requires light to break dormancy 

Figure 11.1. A key with laboratory characteristics of seeds developed to predict five seed bank types 
in the Strandveld Succulent Karoo (after Grime & Hillier, 1981). 
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distinguishing between seed bank types and or 4, as none of the l''''C''''C,<' in these categories reached 

50% germination in this study 11.1; 11.1). 

Type 3 seed bank was subdivided into types 3a and (Figure 11.1) according to type Ilia and 

Illb described by (1981). 3a was obtained similar to the original type III & 

Hillier, 1981), but type 3b was derived from seed bank type IV (Grime & Hillier, 1981) i.e. 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 genera or families, small, light, and round with smooth 

are more likely to build persistent seed banks than heavy, flattened and/or elongated seeds, 

that have hooks, awns, spines or other kinds of projections on the seed coat (Thompson et al., 1 

et a/., 1996; Baskin & Baskin, 1998). The underlying cause of this relationship is assumed to be 

relative ease of burial. Large seeds do not readily become buried by rain, animals or gravity, and suffer high 

Jevelo of predatiull wllile un the 5011 sul1aCe et al., 1 

The seed characteristics of 37 (41 seed types) from the Strandveld Succulent Karoo, determined in 

the laboratory, are shown in Tables 11.1 and 11.2. types have grouped according to the 

five predicted bank types: 1, 2, 3a, 3b and 4 (Figure 11.1). 

Seed bank type 1 

Of the 37 species investigated, eight exhibited the type 1 seed bank strategy (Table 11.1; 

11.2), al/ of which were perennial or geophyte with wind seeds (Table 11 The plant 

species of Namaqualand were found to be predominantly anemochorous (66.3% of all species)(Van 

et a/., 1990). In contrast to the type I of Grime and Hillier (1981) (annual and grasses of 

dry or disturbed habitats capable of immediate this group (type 1) can be described as 

perennial herbs and shrubs of immediate germination. This includes both and small 

seeded species, while grass SDE~CIE:S did not fall in this category 11 .1). 

The anemochorous of six of the eight species with the type 1 seed bank have wing-like 

appendages (Table 11 i.e. Albuca exuvia ta , Amellus Chrysocoma longifo/ia, Dimorphotheca 

Tripteris oppositifo/ia and Zygophyllum morgsana. The seeds of Pteronia have a pappus, 

while the atelechoric seeds of Hypertelis salsoloides are dispersed by anemoballistic mechanisms (Table 

11.2). Although the diaspores of Zygophyllum morgsana are wind dispersed, the true are 

In this bank antitelechoric oppositifo/ia and 

morgsana were myxospermy and synaptospermy respectively (Table 11 

bank type 1 can germinate over a wide range of and at different light conditions 

(Chapter 8) and rainfall will a role in the timing of germination in these for successful 

seedling establishment and survival. Occasional out of season rainfall may result in the germination of 
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Table 11.1. Seed characteristics of 37 Strandveld Succulent Karoo plant species (41 seed types) used in predicting seed bank types 

Seed bank 

type Specieslseed type 

Albuca exuviata (PH) 
Amel/us tenuifolius (PS) 

Chrysocoma longifolia (PS) 

1 
Dimorphotheca Iragus (PH) 
Hyper/elis salsoloides (PH) 

Pteronia divaricata (PS) 
Tripleris oppositifolia (PS) 

Zygophyl/um morgsana (PS) 

Arctotis acaulis (PH) 

2 Arctotis stoechadifolia (PH) 
Ehrhar/a calycina (PG) 

Gazania leiopoda (PH) 

3a 
Cephalophyl/um spongiosum (PH) 
S/oeberia sp. (PS) 

Arctotheca calendula (A) 
Cotula thunbergii (A) 
Dimorphotheca pluvialis (disc)(A) 

3b Nemesia bicornis (A) 
Senecio arenarius (A) 
Ursinia anthemoides (grey)(A) 

Ursinia speciosa (while)(A) 
Wahlenbergia panicula/a (A) 

Bal/ota africana (PS) 
Conicosia pugioniformis (PH) 
Cysticapnos cracca (A) 
Didelta carnosa (A) 

Dimorphotheca pluvialis (ray)(A) 

Grielum grandiflorum (PH) 

Hebenstre/ia den/ata CA) 
Hebenstretia repens CA) 
Heliophila coronopilolia (A) 

4 Pharnaceum aurantium (PH) 
Pharnaceum exiguum CA) 
Pharnaceum lana tum (PH) 
Polycarena pumila (A) 
Ruschia bolusiae CPS) 
Silene clandestina CA) 
Tetragonia virgala (PS) 
Ursinia anlhemoides (black)(A) 
Ursinia anthemoides (white)(A) 
Ursinia speciosa (black)(A) 

Dl (mm) 

4.2 
3.1 
1.2 

10.1 
0.8 
3.7 

11.6 
33.3 

3.0 
2.9 
5.3 
3.5 

0.6 
0.7 

2.9 
1.5 
8.8 
2.1 
2.9 
5.5 
2.9 
0.4 

2.0 
1.1 
1.3 
8.8 
7.1 

19.1 
3.8 
1.9 
0.8 
0.5 
0.5 
0.8 
0.3 
1.0 
1.2 
6.9 
5.7 
5.5 
2.9 

S-F 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 

Y 
Y 
N 
Y 

Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
N 
Y 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
Y 
Y 
y 

m (mg) 

0.8 
0.4 
0.2 
4.3 
0.1 
2.2 
13.6 
8.8 

4.5 
4.0 
1.0 
2.4 

0.1 
0.0 

0.7 
0.3 
3.3 
0.3 
0.3 
2.1 
1.2 
0.0 

0.8 
0.7 
0.5 

73.5 
5.2 

791.0 
1.0 
0.5 
0.1 
0.1 
0.1 
0.1 
0.0 
0.3 
0.3 
40.4 
2.1 
2.2 
1.3 

G,(%) 

38.0 
51.0 
72.0 
44.0 
94.0 
23.0 
37.0 
88.0 

0.0 
0.0 
0.0 
2.0 

2.0 
24.0 

0.0 
1.2 
0.0 
0.0 
0.0 
0.0 
0.4 
0.0 

10.0 
0.0 
0.0 
6.0 
0.0 
0.0 
0.0 
0.0 
6.0 
0.0 
0.0 
0.0 
4.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Seed characteristic 

G,(%) 

96.0 
36.0 
53.0 
54.0 
90.0 
47. 0 
52.0 
72.0 

0.0 
0.0 
0.0 
8.4 

32.0 
10.0 

0.0 
5.6 
0.4 
0.0 
0.0 
0.0 
0.4 
0.0 

10.0 
0.0 
0.0 
8.0 
0.0 
0.0 
0.0 
0.0 
2.0 
2.0 
0.0 
6.0 
4.0 
2.0 
0.0 
0.0 
0.0 
0.0 
0.0 

sc H L 

N Y N 
N Y N 
N Y N 
N Y N 

N Y Y 
N Y Y 

N Y Y 
N Y Y 
N Y Y 
N Y Y 
N Y Y 
N Y Y 
N Y Y 
N Y Y 

Y Y N 
y y N 
y y N 
Y Y N 
y y y 
y N N 
y y N 
y y N 
N Y N 
N Y N 
N Y N 
N Y N 
N Y N 
N Y N 
y y y 
y y N 
y y y 
y y y 
y y N 

Tl> 14°C 
. 

N 
N 

Y 
Y 
Y 
Y 
N 
Y 
Y 
Y 

Dl (mm ) . length of dia spore 

m (mg) - mess 01 seed 

Gr (%) - maximum percentage germination achieved by fresh seed 

G" (%) - maximum percentage germination achieved by seed stored dry at 20" for' month 

1 - Perennial herbs and shrubs capable of immediate germinalion 

2 - Annual and perennial grasses , and perennial herbs germinating in early autumn 

3a - Perennial herbs and sh rubs mainly germinating in autumn and winter bu1 maintaining a small seed bank. 

3b - Annuals germinating in autumn but main taining a small persistent seed bank 
---.J 
CD 

. 4 . Annuals and perennial herbs and shrubs germin ating in au tumn with a large persistent seed bank 

S·F . seed not readily abscise<! from mathe, plant 

H • seed requires heat to break dormancy (aher'fipen) 

Tl . lowesltempersture al which 50% germina tion is achieved 

L - see<! requires lighl10 break dormancy 

sc . seed/diaspore requires scarification 

A • annual 

PS - perennial shrub 

PH - perennial herb 

PG . perennial grass 

 
 
 



Table 11.2. Seed dispersal types of 37 Strandveld Succulent Karoo plant species (41 seed types), 
grouped according to predicted seed bank types 

Seed bank Species/seed type 
type 

Albuca exuviata (PH) 
Amellus tenuifolius (PS) 
Chrysocoma longifolia (PS) 

1 
Oimorphotheca tragus (PH) 
Hypertelis salsoloides (PH) 
Pteronia divaricata (PS) 
Tripteris oppositifolia (PS) 
Zygophyllum morgsana (PS) 

Arctotis acau/is (PH) 

2 
Arctotis stoechadifolia (PH) 
Ehrharta calycina (PG) 
Gazania leiopoda (PH) 

3a 
Cephalophyllum spongiosum (PH) 
Stoeberia sp. (PS) 

Arctotheca calendula (A) 
Cotula thunbergii (A) 
Oimorphotheca pluvialis (disc)(A) 

3b 
Nemesia bicornis (A) 
Senecio arenarius (A) 
Ursinia anthemoides (grey)(A) 
Ursinia speciosa (white)(A) 
Wahlenbergia paniculata (A) 

Ballota africana (PS) 
Conicosia pugioniformis (PH) 
Cysticapnos cracca (A) 
Oidelta carnosa (A) 
Oimorphotheca pluvialis (ray)(A) 
Grielum grandiflorum (PH) 
Hebenstretia dentata (A) 
Hebenstretia rep ens (A) 
Heliophila coronopifolia (A) 

4 Pharnaceum aurantium (PH) 
Pharnaceum exiguum (A) 
Pharnaceum lana tum (PH) 
Polycarena pumila (A) 
Ruschia bolusiae (PS) 
Silene clandestina (A) 
Tetragonia virgata (PS) 
Ursinia anthemoides (black)(A) 
Ursinia anthemoides (white)(A) 
Ursinia speciosa (black)(A) 

A - annual 

PG - perennial grass 

Dispersal type 
Telechoric 

Anemochory 
Anemochory 
Anemochory 
Anemochory 

Anemoballistic 
Anemochory 
Anemochory 
Anemochory 

Anemochory 
Anemochory 
Anemochory 
Anemochory 

Rain ballistic 
Rain ballistic 

Anemochory 
Anemochory 
Anemochory 
Anemochory 
Anemochory 
Anemochory 
Anemochory 

Anemoballistic 

Anemoballistic 
Anemochory 
Anemochory 

Anemochory/Epizoochory 

Epizoochory 
Anemoballistic 

Anemochory 
Anemochory 
Anemochory 
Anemochory 

Anemoballistic 
Rain ballistic 

Anemoballistic 
Anemochory 
Anemochory 
Anemochory 
Anemochory 

Atelechoric I Antitelechoric 

Atelechory 

Myxospermy 
Atelechory/Synaptospermy 

Myxospermy 

Hygrochasy 
Hygrochasy 

Myxospermy 
Heterodiaspory 

Myxospermy 
Myxospermy/Heterodiaspory 
Myxospermy/Heterodiaspory 

Myxospermy 
Atelechory/Synaptospermy 
Atelechory/Synaptospermy 

Synaptospermy 
Heterodiaspory 
Synaptospermy 
Heterodiaspory 

Atelechory 
Myxospermy 

Atelechory 
Hygrochasy 

Synaptospermy 
Myxospermy/Heterodiaspory 
Myxospermy/Heterodiaspory 
Myxospermy/Heterodiaspory 

PH - perennial herb 


PS - perennial shrub 
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1 - Perennial herbs and shrubs capable of immediate germination 

2 - Annual and perennial grasses, and perennial herbs germinating in early autumn 

3a - Perennial herbs and shrubs mainly germinating in autumn and winter but maintaining a small seed bank 

3b - Annuals germinating in autumn but maintaining a small persistent seed bank 

4 - Annuals and perennial herbs and shrubs germinaling in autumn with a large persistent seed bank 

st - seed type 

Figure 11.2. Distribution of 37 Strandveld Succulent Karoo species (41 seed types) between seed 
bank strategies predicted by using a modified key with laboratory characteristics of seeds. 
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seeds of these species, but many seedlings will not survive the dry summer months. However, the loss of 

offspring will be buffered by the perennial nature of these species. Ame/lus tenuifolius is a short-term 

bradysporic species and the mature seeds are retained on the mother plant for a relatively short period. 

Diaspores of these anemochorous species (seed bank type 1, Table 11 .2) have the potential to be dispersed 

by wind over long distances (Sheldon & Burrows, 1973; Bakker et al., 1996). Many species are specialised 

either towards good dispersal capacity or building a persistent seed bank (Klinkhamer et al., 1987; Posch lad 

&Jackel, 1993; Bakker et al., 1996). 

Although Strandveld Succulent Karoo species with a type 1 seed bank strategy do not produce a persistent 

seed bank, which will be beneficial for the rehabilitation process in mined areas by means of topsoil 

replacement, they may disperse to the revegetation areas from surrounding vegetation. However, natural 

dispersal is often slow and unreliable (Bauer, 1973; Van der Valk & Pederson, 1989). Although transplanting 

of adult plants is labour intensive, this method is recommended for the initial revegetation of mined areas 

with seed bank type 1 shrub species. These shrubs may reduce wind speed at ground level and thereby 

combat wind erosion on the reclamation sites. After transplanting, the reintroduction of these shrub species 

by means of sowing could be limited. Seed bank type 1 herb species should be reintroduced to the mined 

areas by means of sowing. 

Seed bank type 2 

Species characteristic of seed bank type 2, typically have large seeds (diaspores longer than 5 mm and/or 

seed with a mass of more than 1 mg) and/or seeds not readily abscised from the mother plant (Figure 11.1). 

Also, the seeds of these species have low germination percentages when fresh or stored dry at 20°C for one 

month, they do not require scarification or light to germinate, but they do require heat to after-ripen (Table 

11 .1) . 

This seed bank strategy was observed in four of the species examined, all of which were perennials with 

anemochorous seeds (Figure 11.2, Table 11.2). A few other local perennial and annual grass species are 

expected to have this type of seed bank strategy, as their temporal germination strategies were similar to 

that of Ehrharta calycina in seed bank studies of the Strandveld Succulent Karoo (Chapter 5) . 

The seeds of species with this type of seed bank strategy require an after-ripening period (Table 11.1), 

whereafter most of them are able to germinate at the first fall of sufficient rains, usually in autumn. Seeds of 

these species can germinate over a wide range of temperatures in both light and darkness (Chapter 8). 

These species have a summer transient seed bank, but some seeds may persist in the soil for a short-term. 

The seed bank type 2 strategy was exhibited by seeds of grass and perennial herb species (Table 11.1). 

The seeds of species with a seed bank type 2 strategy are dispersed by wind, but antitelechoric mechanisms 

are also evident, such as myxospermy in Gazania leiopoda (Table 11.2). 
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Species in this seed bank category build no long-term persistent seed banks (Table 11.1) . They may occur 

in environments which produce predictable circumstances for establishment in space as well as in time, 

probably relying on clonal colonisation (Bakker et al., 1996). These species are likely to re-establish easily 

during natural regeneration, but may need deliberate reintroduction, to initial safe-sites for establishment, by 

man. 

Seed bank type 3a 

The seed bank type 3a strategy is characterised by species with small photoblastic seeds « 5 mm) which 

require a short after-ripening period. These seeds can obtain germination percentages of more than 50% at 

temperatures lower than 14°C (Table 11.1, Figures 11.1 & 11.2), indicating that germination may also occur 

during the winter months. Once after-ripened, seeds of seed bank type 3a species may experience 

considerable depletion of the seed bank after sufficient rainfall, but due to a light requirement for germination 

(Table 11.1), have a portion of seeds that persists. Two perennial species, both belonging to the 

Mesembryanthemaceae, had seed bank strategies typical of seed bank type 3a (Table 11.1). Therefore, 

seed bank type 3a include perennial herbs and shrubs mainly germinating during autumn and winter but 

maintaining a small seed bank. 

In both Cephalophyllum spongiosum and Stoeberia sp., rain ballistic seed dispersal is restricted in time by 

means of hygrochasy (Table 11.2). Both species in this seed bank category occur in plant communities 

close to the ocean (De Villiers et al., 1999), where high levels of atmospheric moisture (rain or fog) lead to 

the opening of seed bearing capsules (Pers. obs.). Once after-ripened, the seeds of these species may 

germinate (Table 11.1, Figure 11.2), provided that sufficient moisture and favourable temperatures and light 

conditions prevail. 

Similar to species with the seed bank type 1 and 2 strategies, mass germination and the loss of seedlings 

during following unfavourable conditions will be buffered by the perennial nature of the seed bank type 3a 

species (Table 11.1). Since the probability of seedling establishment, under severe competition from other 

plants, is lower in species with small seeds than in species with large seeds (Hodgson & Thompson, 1993), 

establishment of these small seeded species (type 3a) may depend on the availability of sites where there is 

less biotic competition. Because light is required for germination, burial causes an inhibition of germination, 

which results in the formation of a small seed bank. Topsoil replacement should be sufficient for the 

revegetation of mined areas with seed bank type 3a species, provided that the topsoil is not stored for long 

periods prior to replacement. Due to the limited distribution of these species (De Villiers et al., 1999), post­

mining reintroduction by means of sowing should be considered in areas where these species were 

previously abundant, i.e. communities close to the ocean. 
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Seed bank type 3b 

Seeds of seed bank type 3b species usually are small, require a high temperature after-ripening period and 

light but not scarification to germinate, and have a narrow temperature range for germination (Figure 11.1, 

Table 11.1). Eight annual species (8 seed types) were classified in this category (Figure 11.2). During the 

start of the rainy season (autumn), a large portion of the seeds of these species germinates, but many seeds 

may persist in the soil for more than one year. In species with this seed bank type, some seeds become 

buried during the summer after-ripening period, and a light requirement for germination prevents the 

germination of buried seeds after sufficient rains in autumn (Baskin & Baskin, 1998). Consequently, seed 

bank type 3b has been classified as annual species with seeds germinating in autumn with a short-term 

persistent seed bank. 

Seed dispersal of seed bank type 3b species is mainly by wind (Table 11 .2). Antitelechoric mechanisms 

such as myxospermy and heterodiaspory are abundant in these winter annual species. Myxospermy was 

recorded for four of the eight species, i.e. Cotula thunbergii, Senecio arenarius, Ursinia anthemoides (grey 

seeds) and Ursinia speciosa (white seeds)(Table 11.2). Heterodiaspory occurred in three species (one seed 

type each in this category), i.e. Dimorphotheca pluvialis, Ursinia anthemoides and Ursinia speciosa, and 

greatly enhances the ability of the species to live in highly variable environments and can be important in the 

recruitment of new individuals into the population (Baskin & Baskin, 1998) . . 

Seed bank type 3b species are expected to make a major contribution towards revegetation by means of 

topsoil replacement, as these species accumulate short-term persistent seed banks (Table 11.1). However, 

all will depend on the period of topsoil storage. Stockpiling soils before they are used for revegetation can 

negatively influence recruitment in two ways. Short-lived viable seeds may be lost if the soil 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). For these species, seed input by man (sowing) should not be 

necessary once the topsoil has been replaced. Furthermore, most of these species are anemochorous and 

may be reintroduced by dispersal from surrounding vegetation. 

Seed bank type 4 

Type 4 seed bank strategy species are those for which the seed bank is large relative to annual input. 

These species commonly have small seeds or seeds with hard, water permeable or impermeable seed coats 

and usually require a summer after-ripening period (Figure 11 .1, Table 11.1). Eighteen of the species (19 

seed types) investigated had this type of seed bank strategy, including seven perennial and 11 annual 

species (Figure 11.2, Table 11.1). Seed bank type 4 species can therefore be described as annuals and 

perennial herbs and shrubs of which the seeds germinate in autumn and can produce a long-term persistent 

seed bank (Figure 11.1). If the environment is moderately predictable on a time scale and confined 

spatially, building a persistent seed bank was found to be a common strategy (Bakker et al., 1996). 
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Seeds of species with this seed bank type are mainly anemochorous, but several species were found to be 

epizoochorous and rain ballistic (Table 11.2). Antitelechorous mechanisms employed by species with a 

seed bank type 4 strategy include synaptospermy, heterodiaspory, hygrochasy and myxospermy. The 

unwinged ray floret seeds of the polymorphic species Dimorphotheca pluvialis has this persistent seed bank 

strategy, i.e. dispersal in time, while the winged disc floret seeds of this species (type 3b) will disperse 

horizontally in space. Heteromorphism in morphologically different seeds is important since it provides a 

two-way strategy. On the one hand the disc floret seeds, which show a high germination percentage under 

favourable conditions, are responsible for the relative abundance and the range extension of the species. 

On the other hand the ray floret seeds, with delayed germination (Chapter 8) protect the species against 

unpredictable, disastrous events. Seed dimorphism which involves dormancy of one type may lead to 

distribution of germination in time, thus reducing the chances of extinction of a complete generation (Berger, 

1985). 

Both the black and white seeds of Ursinia anthemoides and the black seeds of Ursinia speciosa were 

categorised with type 4 seed bank strategies. In these heteromorphic species, differences in seed colour 

and timing of germination is correlated with differences in the surface structure of the pericarp (Van Rheede 

van Oudtshoorn & Van Rooyen, 1999), and has no real effect on dispersal. 

Due to the persistent nature of seed bank type 4 species' seeds in the soil seed bank, their germination is 

dispersed temporally. The importance of seed bank type 4 species in revegetation efforts is stressed by this 

long-term persistence. During long periods of topsoil stockpiling, seeds with this seed bank strategy may 

have lower mortality rates than seeds of seed bank type 3b species. Also, high temperatures experienced 

during summer stockpiling may not be as detrimental for the hard seeds of seed bank type 4 species, than 

for the seeds of type 3b species. Topsoil replacement should be sufficient for the reintroduction of seed 

bank type 4 species during post-mining revegetation processes. Due to the hard pericarp of these species' 

seeds, sowing should most probably involve the scarification and/or heat pre-treatment of these seeds prior 

to sowing. 

Seed bank type and revegetation 

The seeds present in the soil are potentially useful in restoration projects where establishment of plant cover 

is desired, for example to reduce soil erosion (Skoglund, 1992). Buried seeds can have important 

implications for conservation management where preferred species have been lost from the vegetation but 

survive in the seed bank. However, seed banks cannot be used for the restoration of all plant communities 

(Warr et a/., 1993). Also, the species composition of the seed bank will determine which species could 

possibly be recruited. This, in turn, will be determined by the seed bank strategy employed by the different 

species. 

Restoration management has only recently taken into account that dispersal is an important key for the 

establishment of 'target' communities or species (Bakker et a/., 1996). Dispersal was found to be the most 

important factor in a second phase of restoration, after activating the present seed bank (Salonen, 1987; 
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Poschlod, 1995). However, it was also shown that even species occurring close to restoration sites, were 

absent from the seed rain (Poschlod, 1995). 

Species of all five seed bank types will be important in the revegetation of mined areas of the Strandveld 

Succulent Karoo, as each contain species dominant in specific vegetation types (De Villiers et a/., 1999) . 

The revegetation strategies will, however, differ for species with different seed bank types. The seed bank 

alone will not be sufficient for the revegetation of this area, as many of the species which are dominant in the 

aboveground vegetation do not produce persistent seed banks (types 1 & 2). The use of topsoil replacement 

will, however, be essential because of difficulties involved in the collection, treatment and sowing of small 

persistent seeds of many species present in the seed bank (types 3a, 3b & 4). 

During recolonization, species with type 3a, 3b and 4 seed bank strategies will probably originate from the 

seed bank contained in the replaced topsoil. Due to the limited distribution of seed bank type 3a species, 

their seeds should also be reintroduced to selected mined areas by means of sowing. The predominantly 

anemochorous seeds of species with seed bank types 1, 2, 3b and 4 strategies may be dispersed by wind 

into restoration areas from surrounding vegetation, but revegetation efforts should not rely on dispersal alone 

for the reintroduction of these species. Sowing of seed bank types 1 and 2 herb species' seeds will be 

necessary, while adult plants of shrub species with the type 1 seed bank strategy should be transplanted on 

mined areas to serve as wind-breaks. 

CONCLUSIONS 

The modified key with laboratory characteristics of seeds developed to predict the seed bank types (after 

Grime & Hillier, 1981) seems to be well suited for the classification of seed banks of the Strandveld 

Succulent Karoo. A few adaptations had to be made to Grime &Hillier's (1981) key. Firstly, the requirement 

of a dry heat pre-treatment rather than cold stratification during the summer after-ripening of the seeds was 

evident. Secondly, the mean germination percentages of fresh and stored seeds (20°C for one month) were 

considered for both large and small seeds. Consequently, the size (length or mass) and abscised status 

(from the mother plant) of a seed were not the only criteria for classification into transient or persistent seed 

bank types. Thirdly, because many species apparently had persistent seed banks (type IV, Grime & Hillier, 

1981), this category was subdivided into type 3b and type 4 according to the categories (types IIlb & IV) 

described by Grime (1981). Lastly, the time taken by seeds stored dry at 20°C for one month to reach 50% 

germination was not incorporated as a means of distinguishing between seed bank types 3a and 3b or 4, as 

these species did not obtain 50% germination when stored for such a short period. In contrast to the four 

main seed bank types predicted by the original key, results from this study predicted five seed bank types, 

two of which have transient seed bank strategies (types 1 and 2) and three of which accumulate persistent 

seed banks (types 3a, 3b and 4). 

Of the 37 species investigated, 32% have seeds with a transient seed bank strategy, while 68% exhibited 

persistent seed bank strategies. Five percent of the species produce small persistent seed banks, while 

22% and 49% of the species have seed types which accumulate small short-term persistent seed banks and 
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large persistent seed banks respectively. Therefore, species with persistent seed bank strategies were by 

far the most numerous in the Strand veld Succulent Karoo. Predicted seed bank strategies should, however, 

be examined and checked in the field for each species. 

Species abundance in the aboveground vegetation should be incorporated during the planning phase of 

revegetation projects in this area, as both species richness and abundance or cover will be important in 

fulfilling the revegetation requirements. The seed bank alone will not be sufficient for the revegetation of this 

area, as many of the species dominant in the vegetation do not produce persistent seed banks. Topsoil 

replacement will, however, be essential because of difficulties involved in the collection, treatment and 

sowing of many species. Also, prior or during the period of mining, many species may be present only in the 

seed bank. The inclusion of these species in the revegetation process will therefore rely solely on the use of 

topsoil replacement. 

For the successful revegetation of mined areas in the Strandveld Succulent Karoo, topsoil replacement, 

seeding and transplanting of selected species will be essential. Species of all five seed bank types will be 

important during the revegetation of these mined areas. The anemochorous seeds of seed bank types 1, 2, 

3b and 4 species may disperse into the post-mining revegetation areas from surrounding vegetation, but this 

would not be sufficient for revegetation purposes. During revegetation, species with types 3a, 3b and 4 seed 

bank strategies should originate from replaced topsoil. Seeds of species with the seed bank type 3a strategy 

should also be sown in selected areas, as these species have a restricted spatial distribution. Seeds of herb 

species with types 1 and 2 seed bank strategies should be reintroduced to post-mining areas by means of 

sowing, while adult plants of seed bank type 1 shrub species should be transplanted to serve as wind­

breaks. 

Finally, it is very important to realise that seed dispersal distance and seed bank formation form only part of 

the total reproductive strategy of a species. Other parts of this strategy, such as seed production, predation, 

seed release time and duration, timing of germination, seedling survival and , after establishment, clonal and 

sexual reproduction speed may be equally important in restoration. The arrival of a certain species before 

others may determine succession through shifts in competition between species (Bakker et at., 1996). The 

timing of restoration measures will therefore be important in obtaining the proposed revegetation goals. 
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CHAPTER 12 
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ABSTRACT 

Seed production, pre- and post-dispersal seed predation, abundance of seed-borne fungi and seedling recruitment were studied in 

selected species from the Strandveld Succulent Karoo, South Africa. Information on the factors which control seedling abundance and 

survival provided a predictive basis for assessing the feasibility of post-mining revegetation by means of topsoil replacement and 

seeding. Pre-dispersal predation was interspecific density dependent and decreased the number of seeds entering the seed pool. 

Post-dispersal predation did not affect seedling recruitment during the first peak germination period following dispersal, but the number 

of seeds that persisted in the soil decreased significantly. Seed-borne fungi occurred at percentages lower than two percent and will not 

be a major source of seed mortality during the revegetation process. Although seedling mortality was high, the presence of a large 

persistent seed bank will ensure the survival of annual species during harsh environmental conditions. Supplementary irrigation during 

the seasons following initial germination in autumn, may ensure the survival of seedlings of several perennial species. 

Key words: mining; predation; revegetation; seed-borne fungi; seedling recruitment; seed production; Strandveld Succulent Karoo 

INTRODUCTION 

The number of viable seeds of each species buried in the soil, at any given time, will depend on the balance 

of gains and losses. The gain in seed numbers by a species, results largely from the amount of seed shed in 

the field, which is affected by the plants' abundance and seed production, and the proportion of seeds which 

become buried in the soil. The losses are due largely to death, predation and germination. Both gains and 

losses are affected by current and previous environmental and management factors and how these interact 

with the species present (Howe & Chancellor, 1983). 

Seed production is a critical stage in the life history of plants. Seeds contribute to adult replacement and to 

increases in local population size, and are also the means of dispersal to areas distant from the local 

population (De Steven, 1983; Van Rheede van Oudtshoorn & Van Rooyen, 1999). Most plant species can 

produce large numbers of seeds. Only very few of these seeds eventually become seedlings (Cavers, 

1983), and even fewer established plants (Sheldon, 1973; Klinkhamer et al., 1988). 
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The enormous seed production of most plants, coupled with the general paucity of seedlings, is vivid 

testimony to the intensity of seed mortality (Crawley, 1992). Once a seed is released from the plant it can 

suffer one of the following fates: germination followed by emergence; germination followed by death before 

emergence; persistence; predation or decay (O'Connor, 1997). Many kinds of seeds harbour a great variety 

of microflora, especially fungi, which might reduce their gerrninability, be involved in and responsible for 

deterioration of dormant seeds, or result in disease in the growing plant (Christensen, 1972). 

Seed predation by animals has important consequences for plant abundance, distribution, and evolution (De 

Steven, 1983). Seed predation can be the critical factor limiting population recruitment (Klinkhamer et al., 

1988). The seeds of desert plants are known to support large populations of granivorous ants and seed­

eating vertebrates (Inouye et al., 1980; Heithaus, 1981 ; Kerley, 1991; Gutterman, 1993; Van Rheede van 

Oudtshoorn & Van Rooyen, 1999). 

Germination and recruitment are thought to be critical stages in the life cycles of many plants from arid and 

semi-arid environments. For annual species, seedling establishment is vital for population maintenance. The 

survival of seedlings of any species does not depend entirely on the characteristics of the seedlings 

themselves. Various features of the parent plant can increase the chances of seedling survival , e.g. effective 

dispersal, dormancy mechanisms, and synchronous fruiting and germination (Fenner, 1987). These 

methods can, however, do no more than ensure that the seedlings are favourably placed for establishment. 

Once germination has occurred, the seedling depends on its own morphological and physiological 

characteristics to cope with the various factors threatening its survival. Although a minimum amount of rain 

may be required for a germination event (Gutterman, 1993), seedling survival depends on adequate post­

germination rainfall (Wiegand et al., 1995), which is not always predictable (Esler & Phillips, 1994). 

Knowledge on the factors which control seedling abundance and survival, e.g. seed production, pre- and 

post-dispersal seed predation, germination and seed-borne fungi, would provide a predictive basis for 

assessing topsoil replacement and seeding as feasible methods for post-mining revegetation in the 

Strandveld Succulent Karoo, South Africa. Few results about the processes contributing to the seed bank 

dynamics of this area have been published (Van Rooyen & Grobbelaar, 1982; Esler et al., 1992; De Villiers 

et al., 1994). Even less reported on the consequences of these processes on recruitment (Esler & Phillips, 

1994), especially concerning restoration projects (Milton, 1995). 

The aim of this study was to determine whether recruitment of several Strandveld Succulent Karoo species is 

seed limited, and the factors possibly responsible. The null hypotheses that in this area (1) seedling 

recruitment was independent of seed production, seed-borne fungi and pre- and post-dispersal seed 

predation, and that (2) plant survival was independent of seedling predation, were tested by direct counting, 

agar tests and by carrying out small-scale exclosure experiments. 
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MATERIAL AND METHODS 


This study was conducted in the vicinity of Brand-se-Baai (31 °18'S, 17°54'E) on the Cape West Coast, South 

Africa (Environmental Evaluation Unit). The study area falls within the Namaqualand coastal belt, which has 

an average precipitation of 282 mm per annum, measured over a period of four years at Brand-se-Baai. 

Rainfall occurs mainly during winter with an average of 160 mm per annum at the study area. The average 

annual temperature at the study site is 15.8°C, with a relatively small annual fluctuation due to the marine 

influence (De Villiers et al., 1999a). 

The 17 species used in this study, as. well as the specific experiments in which each were examined , are 

shown in Table 12.1. 

Seed production and pre-dispersal seed predation 

During spring 1994, the diaspore (henceforth referred to as seed) production of Eriocephalus africanus, 

Lebeckia multiflora, Salvia africana-Iutea, Stoeberia sp., Tripteris oppositifolia and Zygophyllum morgsana 

was estimated by counting 1) the number of seeds produced by each of 10 flowers or inflorescences per 

plant, 2) the number of flowers or inflorescences per reproductive shoot, and 3) the number of reproductive 

shoots per plant. Ten plants of each species were investigated. With the exception of Tripteris oppositifolia 

of which seeds are dispersed soon after maturation, pre-dispersal seed predation in these species was 

determined by the exclusion of insects and vertebrates from one randomly chosen reproductive shoot on 

each of the ten plants, by bagging it with nylon fabric (mesh size < 0.25 mm) immediately after flowering and 

treatment with insecticide. This method proved to be more reliable than the conventional method of 

assessing seed losses due to predation by inspecting mature seeds and fruit for signs of attack (Andersen, 

1988). After three months (summer 1994), the yield (total number of seeds) of bagged 

flowers/inflorescences were compared with those of random samples of unbagged flowers/inflorescences 

located on the same plant. 

The fruits of the prostrate species, Tetragonia microptera do not disperse directly after maturation and seed 

production was determined by counting the total number of fruits produced by each of 10 randomly selected 

plants. Seed production of Dimorphotheca pluvialis, Gazania leiopoda and Senecio arenarius under 

laboratory conditions have been reported elsewhere (De Villiers et al., 1999b). 

For the determination of pre-dispersal seed predation in Dimorphotheca pluvialis, Gazania leiopoda, Senecio 

arenarius, Tetragonia microptera and Tripteris oppositifolia, ten replicates of 100 mature seeds each were 

harvested randomly within a population of each species. These seeds were inspected under a dissection 

microscope for signs of insect attack. 

Data were analysed with linear and logarithmic regression analyses (Microsoft® Excel 97 SR-1, 1985-1997, 

lVIicrosoft Corporation) to confirm possible correlations between seed production and pre-dispersal seed 

predation or the number of seeds entering the seed pool. 
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Table 12.1 . Plant species used in different experiments for determining the pre-mining seed bank dynamics of the Strandveld 
Succulent Karoo 

Experiment Seed production 
Seed·borne 

tungi 
RecruitmentPredation 

Pre-dispersal Post-dispersal 

Method Field Laboratory Bagging Inspection Burial Agar test Buriat 

Year of seed collection 1994 1993 1994 1994 1994 1995 1994 

.. 
"'u 
" a. 
(/) 

Albuca exuviata (P) 

Amellus tenuifolius (P) 

Arctotis stoechadifolia (P) 

8rassica toumefortii (A) 

Dimorphotheca pluvialis (disc)(A) 

Dimorphotheca pluvialis (ray)(A) 

Eriocephalus africanus (P) 

Gazania leiopoda (P) 

Lebeckia multiflora (P) 

Pteronia divaricata (P) 

Salvia afrlcana-/utea (P) 

Senecio arenarius (A) 

Silene clandestina (A) 

Stoeberia sp. (P) 

Telragonia microptera (A) 

Tripteris oppositifolia (P) 

Ursinia speciosa (white)(A) 

Zygophyl/um morgsana (P) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

p. perennial 


A · annual 


Table 12.2. Mean seed production and pre-dispersal seed predation (± standard deviation) of ten Strandveld 
Succulent Karoo plant species 

Species 

Average number 
of seeds 

produced planr1 

Pre-dispersal 
predation 

(%) 

Average number of 

seeds planr1 entering 
the seed pool 

Dimorphotheca pluvialis (disc + ray)(A) 
Eriocephalus africanus (P) 
Gazania leiopoda (P) 
Lebeckia multiflora (P) 
Salvia africana-Iutea (P) 
Senecio arenarius (A) 
Stoeberia sp. (P) 
Tetragonia microptera (A) 
Tripteris oppositifolia (P) 
Zygophyl/um morgsana (P) 

77.2 ± 12.5 

1590.7 ± 222.2 

9.1 ± 5.5 

2574.9 ± 468.9 

421.8 ± 114.5 

807.8 ± 169.8 

27444.1 ± 2770.0 

91.4 ± 39. 1 

4457.4 ± 793.2 

261.7 ± 64.2 

3.1 
67.8 

1.1 
81.6 

1.8 
36.8 
82.8 

7.7 
10.7 
11.5 

± 2.1 

± 12.5 

± 1.1 

± 8.4 

± 2.9 

± 8.9 

± 8.6 

± 5.1 

± 5.5 

± 7.2 

74.8 ± 12.1 

508.2 ± 212.2 

9.0 ± 5.5 

499.7 ± 232.8 

415.0 ± 120.0 

510.5 ± 107.3 

4851.8 ± 2816.2 

84.4 ± 36.1 

3980.4 ± 708.4 

228.5 ± 49.1 

P - perennial 

A - annual 
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Post-dispersal seed predation 

During spring 1 containers were buried randomly within a 10m x 10m area, with the top 

of the 5 mm above soil level. container was refilled with soil from 

burial Seeds of the (Table 12.1), in the soil, were prior to 

replacement by means of a 1 mm mesh sieve. each 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 exclude predators, containers were 

covered with fine mesh plastic cloth (1 mm). Draining at bottom of were not covered 

to exclude soil fauna. After nine months of burial in the field (winter 1 each of the was 

retrieved and of the sown recorded and removed. Seeds still in the soil 

were removed by means of a 1 mm mesh sieve and considered viable when an intact seed 

slight pressure applied by a set of 

Seed-borne fungi 

Seeds of the examined (Table 12.1) were surface-disinfected by pre-treating for one minute in a 1 % 

available chlorine solution of sodium hypochlorite (NaOCI) (Copeland & McDonald, 1995). The surface­

disinfected seeds were individually rinsed in distilled water and placed on sterile potato dextrose 

supplemented agar in 90 mm Petri dishes (Copeland & McDonald, 1995; Maude, 1996). Twenty replicates 

of 20 seeds each were plated. 

After plating, batches of ten dishes each were in plastic bags to which approximately 5 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, 

1996). 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 (Table 12.1). After three months of burial in 

field (winter 1995), the mesh each container was removed and number of emerged 

recorded. After an additional three months (spring 1 the number of remaining plants were 

recorded. 
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For all experiments, the least significant difference (LSD) one-way analysis of variance (ANOVA) and 

multiple range test (Statgraphics 5.0, 1989, STSC, Inc., U.S.A.) were used to determine significant 

differences at P ~ 0.05. 

RESULTS AND DISCUSSION 

Seed production and pre-dispersal seed predation 

In the perennial species investigated, seed yield ranged from 9.1 seeds plant"1 for Gazania /eiopoda to 27 

444.1 seeds plant"1 for Stoeberia sp. (Table 12.2). In Gazania /eiopoda the lowest level of pre-dispersal 

seed predation (1.1 %) as well as the lowest number of seeds entering the seed pool (9.0) were observed. 

Both the highest level of seed predation (82.8%) and the highest number of seeds entering the seed pool 

(4851.8 seeds planr1) occurred in Stoeberia sp.. Of the annual species investigated, Senecio arenarius had 

the highest seed production (807.8 seeds planr\ level of pre-dispersal seed predation (36.8%) as well as 

number of seeds entering the seed pool (510.5 seeds planr1) (Table 12.1). For the annual species, the 

lowest number of seeds produced (77.2 seeds planr\ level of seed predation (3.1 %) and number of seeds 

entering the seed pool (74.8 seeds planr1) were observed for Dimorphotheca p/uvia/is. 

In general, high levels of seed production were associated with high levels of pre-dispersal seed predation 

(Table 12.2; Figure 12.1). Seed production and the net number of seeds entering the seed pool yielded a 

logarithmic correlation (R2 
== 0.59): species yielding low numbers of seeds plant"1 had a high fraction of seeds 

entering the seed pool, while in species producing high numbers of seeds plant"1 a decrease in the fraction of 

seeds entering the seed pool was observed. 

In the ten species investigated, large variation in seed· production occurred between species (Table 12.2). 

Within species, seed production may depend on the weather, plant density, plant size, pollination rates, level 

of defoliation and recent history of seed production (Crawley, 1992; Gutterman, 1993). Only one species, 
1Gazania /eiopoda, yielded less than 50 seeds planr (Table 12.2), but this may have been due to suboptimal 

laboratory conditions at which its seed production was investigated. Since the number of seeds produced by 

most of these species is so large, a small percentage change in seed mortality may make a massive 

difference in the number of seedlings that can be recruited (Blum, 1988; Misra et a/., 1997). 

A great number of studies have documented the impact of pre-dispersal seed predation on plant fecundity 

(Green & Palmbald, 1975; Sork & Boucher, 1977; Zimmerman, 1980; Louda, 1982, 1983; De Steven, 1983; 

Andersen, 1988; Crawley, 1992; Gedge & Maun, 1994; Ehrlen, 1996; Vaughton, 1998), including several 

studies in desert habitats (Keeley et a/., 1984; Crawley, 1992) . Most of the fauna species involved in pre­

dispersal seed predation are considered to be small, sedentary, specialist feeders belonging to the insect 

orders (Crawley, 1992). 

The apparent density dependent pre-dispersal seed predation (at the between species comparison level) 

(Table 12.2; Figure 12.1) suggests that pre-dispersal seed predators may have the potential to regulate 
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species recruitment, especially in those species which do not accumulate a persistent seed bank such as 

Tripteris oppositifolia and Zygophy/lum morgsana (Chapter 11). In species which accumulate persistent 

seed banks, e.g. Oimorphotheca ptuviatis, Stoeberia sp., Senecio arenarius and Tetragonia microptera 

(Chapter 11), pre-dispersal seed predation may not have such a pronounced effect on seedling recruitment 

in a specific year. Seed dormancy provides an extremely powerful buffer against the ravages of seed 

predation, and the existence of a large bank of dormant seeds may mean that wide fluctuations in pre­

dispersal seed predation have little or no impact on plant dynamics (Crawley, 1992). 

Post-dispersal seed predation 

In all five species investigated, exclosure treatments yielded significantly more surviving seeds compared 

with open (non-exclosure) treatments (Table 12.3), although the mean percentage of seedlings did not differ 

significantly between treatments. Due to the large contribution by the surviving seed fraction, the percentage 

of surviving individuals was significantly higher in the exclosure treatments (Table 12.3). 

In the annual species Senecio arenarius, no individuals survived in the open treatment and survival in the 

exclosures was low « 1 0%) (Table 12.3). Small insects such as ants may have been responsible for the 

consumption of the small seeds (Crawley, 1992) of this species in situ. The perennial Tripteris oppositifolia 

yielded the highest percentage of surviving individuals when post-dispersal predation was prevented 

(93.4%), but had the highest percentage post-dispersal seed predation. The highest percentage surviving 

individuals in the open treatments was obtained by Gazania teiopoda (45.4%) (Table 12.3). 

Studies on post-dispersal seed predation are voluminous (Borchert & Jain, 1978; Inouye et at., 1980; 

Heithaus, 1981; Goldberg, 1985; Fenner, 1987; Klinkhamer et at., 1988; Valiente-Banuet & Ezcurra, 1991; 

Crawley, 1992; Curtis, 1996; Johnson & Fryer, 1996; Vaughton, 1998). In general, post-dispersal seed 

predators tend to be large, mobile, generalist herbivores like rodents and granivorous birds (Kerley, 1991; 

Crawley, 1992; Kerley & Whitford, 1994), which forage selectively for large, energetically rewarding seeds 

(Inouye et at., 1980). Some insects like ants are important post-dispersal seed predators, especially in 

deserts and nutrient-poor communities (Rissing, 1986; Crawley, 1992), where they often specialize in the 

predation of certain abundant species (Inouye et at., 1980). In this study, the specific seed predators were 

not identified. 

Several authors have reported on very high post-dispersal seed predation rates (Soholt, 1973; Hay & Fuller, 

1981; Valiente-Banuet & Ezcurra, 1991) and the extreme spatial and temporal variation thereof in arid 

environments (O'Dowd & Hay, 1980; Boyd & Brum, 1983; Casper, 1988; Klinkhamer et at., 1988; Kerley, 

1991, 1992; Crawley, 1992; Dean & Milton, 1999). Factors such as seed density, depth of burial, seed size 

(Crawley, 1992) and soil type (Goldberg, 1985; Price & Podolsky, 1989) have been shown to affect post­

dispersal seed predation rates. 

Post-dispersal seed predation did not influence seedling recruitment during the growing season following 

dispersal (Table 12.3). Predation may, however, influence seedling recruitment from the same seed lot in 
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Table 12.3. Mean percentages of surviving individuals (seeds and number of seedlings) for five Strandveld 
Succulent Karoo species, after nine months of burial. Between treatments, values followed by the same 
letter are not significantly different at P :s: 0.05 

Surviving Number of Total % Post-dispersal 
Species Treatment seeds seedlings of surviving predation 

(%) (%) individuals (%) 

Arctotis stoechadifolia (P) 
Exclosure 

Open 
70.0 c 

22.4 b 

3.6 a 

0.6 a 

73.6 b 

23.0 a 
50.6 

Dimorphotheca pluvialis (disc) (A) 
Exclosure 

Open 
62.8 b 

22.0 a 

15.0 a 

14.8 a 

77.8 b 

36.8 a 
41.0 

Gazania leiopoda (P) 
Exclosure 

Open 
77.2 c 

36.8 b 

10.6 a 

8.6 a 

87.8 b 

45.4 a 
42.4 

Senecio arenarius (A) 
Exclosure 

Open 
7.2 b 

0.0 a 

2.4 ab 

0.0 a 

9.6 b 

0.0 a 
9.6 

Tripteris oppositifolia (P) Exclosure 
Open 

89.2 c 

16.6 b 

4.2 a 

0.2 a 

93.4 b 

16.8 a 
76.6 

A - annual 

P - perennial 

Table 12.4. Mean percentage (± standard deviation) of seeds of five Strandveld Succulent Karoo plant 
species infected with seed-borne fungi 

Plant species 
Pithomyces spp. 

Fungus taxa 

Rhizopus spp. Other 
Total 

Albuca exuviata (P) - - 1.00 ± 1.70 1.00 ± 1.70 

Amel/us tenuifolius (P) 0.50 ± 0.90 0.75 ± 1.28 1.25 ± 1.88 

Brassica tournefortii (A) 0.50 ± 0.90 0.25 ± 0.48 0.75 ± 1.28 1.50 ± 2.40 

Senecio arenarius (A) - 1.00 ± 1.60 1.00 ± 1.60 
Silene clan des tina (A) 0.50 ± 0.90 - 0.50 ± 0.90 

A - annual 

P - perennial 

Table 12.5. Mean recruitment percentages of four Strandveld Succulent Karoo 
plant species, sown in the field. Within species, values followed by the same 
letter are not significantly different at P .::;; 0.05 

Species Treatment 
Number of plants (%) 

Winter Spring 

Dimorphotheca pluvialis (ray)(A) 
Exclosure 

Open 
44.0 e 

23.6 be 

0.8 a 

3.2 ab 

Pteronia divaricata (P) 
Exclosure 

Open 
0.0 a 

0.0 a 

1.2 b 

0.0 a 

Tripteris oppositifolia (P) 
Exclosure 

Open 
0.0 a 

0.2 a 

0.0 a 

0.0 a 

Ursinia speciosa (white)(A) 
Exclosure 

Open 
6.0 b 

0.0 a 

3.2 ab 

0.0 a 

A - annual 

P - perennial 
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following years, because the number of surviving seeds was significantly higher in exclosures (Table 12.3). 

Seed predation rather than germination has previously been shown to cause the greater loss to the seed 

bank of Engelmann spruce in the southern Canadian Rockies (Johnson & Fryer, 1996). 

Seed-borne fungi 

In general, seed-borne fungi infected only a small percentage of seeds « 2%) (Table 12.4). The introduced 

annual, Brassica tournefortii yielded the highest percentage (1.5%) of seed-borne fungi, which included 

species of the genera Pithomyces and Rhizopus (Table 12.4). The genus Pithomyces was also recorded for 

the seeds of Ame/lus tenuifolius and Silene clandestina. The latter species yielded the lowest percentage 

(0.5%) of seeds infected with seed-borne fungi. 

Ecologically, seed-borne fungi can be divided into field fungi and storage fungi (Roberts, 1972; Bewley & 

Black, 1982, 1994; Copeland & McDonald, 1995). Field fungi invade seeds almost exclusively during 

development or after physiological maturity and have usually completed their damage prior to dispersal. In 

contrast to field fungi, storage fungi actively invade seeds and cause damage under conditions that are 

encountered during storage (Copeland & McDonald, 1995), and in the soil seed bank. Both pathogenic and 

saprophytic fungi are recognised (Copeland & McDonald, 1995; Maude, 1996) within the storage fungi. The 

two fungi genera identified in this study (Pithomyces & Rhizopus; Table 12.4) belong to the latter category 

(Copeland & McDonald, 1995). Suitable growing conditions for storage fungi include moisture conditions 

and temperatures higher than 75% RH and 25°C, respectively (Naumova, 1972; Roberts, 1972; Copeland & 

McDonald, 1995; Maude, 1996). The major effects of storage fungi upon seeds are: a decrease in 

germinability (Naumova, 1972), discolouration, production of mycotoxins, heating, development of mustiness 

and caking, and total decay (Roberts, 1972; Bewley & Black, 1994). 

Seedling recruitment and plant survival 

In general, the percentage of recruited plants did not differ significantly between the exclosure and open 

treatments (Table 12.5). In Ursinia speciosa during the winter count and Pteronia divaricata during the 

spring count, the mean percentage of seedlings recorded was significantly higher in the exclosures. Post­

dispersal seed or seedling predation may therefore be of vital important during seedling recruitment of these 

species in revegetation efforts. 

In the exclosure treatment, the mean percentage of Dimorphotheca pluvialis plants decreased significantly 

from 44.0% recorded during winter to 0.8% recorded during spring (Table 12.5). Factors such as increased 

competition and predation (Gutterman, 1993), promoted by high seedling density, may have been 

responsible for the observed increase in seedling mortality in this species. 

In the Succulent Karoo, seed production of adult plants as well as germination and survival of seedlings 

depend on timing and amount of rainfall (Milton, 1995). To survive the critical post-germination period, 
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young seedlings require a total rainfall that exceeds a species-specific threshold and which is fairly evenly 

distributed. In extremely good years, all seedlings at safe sites establish, whereas in normal years only 10% 

of seedlings survive (Wiegand et a/., 1995). In other desert habitats, Gutterman (1993) reported that in most 

cases at least 50% of the seedlings that appear survive, flower and produce seeds. There is a tendency for 

short-lived plants to have low seedling mortality (Gutterman, 1993) and for long-lived plants to have high 

seedling mortality (Fenner, 1987). 

In general, seedling recruitment was low (Table 12.5). In harsh habitats like deserts, seedling mortality tends 

to be due to abiotic factors such as drought (Sharitz & McCormick, 1973; Burdon et a/., 1983; Gutterman, 

1993), soil salinity, high temperature (Misra et a/., 1997) and surface disturbances (Mack, 1976). In contrast, 

in more mesic habitats, biotic factors such as competition and grazing may account for relatively more 

seedling deaths (Fenner, 1987). In the Succulent Karoo, Wiegand et a/. (1995) found that in the absence of 

grazing, survival of seedlings depends on their competitive ability during the seedling stage and their ability 

to compete with established neighbouring plants. A characteristic of Succulent Karoo plant communities is 

tllat consider otJle mortality occurs only during the seedling stage and when plants have reached their 

maximal age. Occasionally, large proportions of a population may die after catastrophic events such as 

extreme drought. 

Revegetation 

During post-mining revegetation efforts at Brand-se-Baai, predation will affect the number of seeds present 

in replaced topsoil, but seedling recruitment will probably not be affected to the same extent. In annual 

species, seed production within the same year following germination will compensate for high post-dispersal 

predation losses. In seasons when the rainfall is above the annual average, many of the desert annual 

species produce large quantities of seeds, which enlarge the seed bank for many years. In many perennial 

species, however, plants mature and reproduce only after a number of years, and replenishment of the soil 

seed bank occurs only after a number of years have passed since the initial topSOil replacement or seeding 

process. The transplanting of juvenile or mature individuals of selected perennial species may be beneficial 

in reducing the period between initial revegetation and reproduction. Suitable conditions for the germination 

of seeds and the survival of seedlings to fill empty gaps in populations of desert perennial species are very 

rare, and occurs only once in several years (Gutterman, 1993; Wiegand et a/., 1995). 

When seed densities in the soil are low, as reported for many perennial species in the Strandveld Succulent 

Karoo (Chapter 4), then seed predation may reduce plant recruitment (Crawley, 1992). When seed densities 

in the soil are high, as reported for many annual species at the study site (Chapter 4), then there may be 

intense competition for access to suitable recruitment microsites and seed predation is unlikely to have any 

impact on mature plant density (Crawley, 1992). For many annual species, the impact of seed predation is 

buffered by recruitment from the bank of dormant seeds in the soil (Leck et a/., 1989), or by the immigration 

of wind-borne propagules from elsewhere (Keddy, 1981). Thus, quite large changes in the seed predation 

rate may have no measurable impact on recruitment of these species. 
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Due to the low « 2%) occurrence of seed-borne fungi in Strandveld Succulent Karoo plant species, these 

pathogens will probably play only a minor role in the depletion of the seed bank of post-mining replaced 

topsoil. The transmission rates of fungi are reportedly reduced under the warm, less moist soil conditions of 

semi-arid and arid climates (Maude, 1996). During the moist winter periods, low environmental temperatures 

at the study site will prohibit optimal fungal growth. During summer, low moisture conditions will have the 

same effect. At seed moisture contents that are in equilibrium with RH below 68%, micro-organisms were 

found to be virtually ineffective (Bewley & Black, 1982). If, however, revegetation efforts include irrigation 

treatments during the period of low rainfall (summer), growth conditions for storage fungi may become 

favourable. For this reason, irrigation during the revegetation process should be considered as a 

supplement only during the seasons following the initial germination flush (first autumn/winter after topsoil 

replacement), to ensure the survival of seedlings during the dry period. 

In perennial species, possible high seedling mortality (Fenner, 1987) during initial revegetation may be 

buffered by the sowing of seeds of selected species under the canopies of transplanted individuals. Several 

desert plant species (Franco & Nobel, 1989; Curtis, 1996), including some species that occur at the study 

site (Chapter 13) have been shown to require a perennial 'nurse plant' for successful seedling establishment. 

These perennial 'nurse plants' modify the environment beneath their canopies (Valiente-Banuet & Ezcurra, 

1991) and aid in the formation of 'fertile islands' (Pugnaire et al., 1996), which will enhance the revegetation 

process (Gutierrez et al., 1993). However, proximity to mature perennials has been reported to reduce both 

survival and growth of Karoo annuals and perennials (Milton, 1995). 

CONCLUSIONS 

During the revegetation of mined areas in the Strandveld Succulent Karoo, factors such as seed production, 

pre-dispersal seed predation, post-dispersal seed predation and mortality due to fungi, will affect seedling 

recruitment. At the between species level, the relationship between seed production and pre-dispersal seed 

predation appeared to be density-dependent (Table 12.2; Figure 12.1). Pre-dispersal seed predators may 

have the potential to regulate species recruitment, especially in species which do not accumulate a 

persistent seed bank such as the perennials Tripteris oppositifolia and Zygophyl/um morgsana (Chapter 11). 

Seedling recruitment during the peak germination season (autumn) following dispersal was largely 

unaffected by post-dispersal predators. For many perennial species at the study site, seed densities in the 

soil are low (Chapter 4), and plant recruitment may be reduced by seed predation. On the other hand, soil 

seed densities of several annual species occurring at the study site were found to be high. This may result 

in intense competition for access to suitable recruitment microsites and as a consequence, seed predation is 

unlikely to have any impact on mature plant density (Crawley, 1992). 

Seed-borne fungi will not affect seed numbers in the soil to a great extent, under natural environmental 

conditions. In the Strandveld Succulent Karoo, low seed mortality due to fungal attack could be ascribed to 

the combination of low occurrence « 2%) and unfavourable environmental conditions for growth (low 

moisture during summer, low temperature during moist winters). Although supplementary irrigation in the 
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hot, dry seasons may induce seed decay due to fungal attack, irrigation during the seasons following initial 

germination in autumn, will be beneficial for the survival of seedlings of many species. Apart from their role 

as wind-breaks, transplanting of adult perennial plants may also reduce the period between revegetation and 

reproduction in these species. 
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ABSTRACT 

Adult plant distribution may be determined by processes operating during regeneration. Seedling emergence and survival beneath as 

well as in open spaces between selected perennial shrub species were investigated at five localities in the Strandveld Succulent Karoo, 

each dominated by a different shrub species. Seedling emergence and survival were also examined at three localities dominated by 

annual species. In general, species richness and seedling numbers were significantly higher in open areas than underneath shrubs, 

while seedling survival percentages did not differ significantly between microhabitats. None of the shrub species investigated seem to 

facilitate recruitment and survival of other species. The pattern of seedling distribution partly conformed to the model of Succulent 

Karoo vegetation dynamics. Knowledge on factors such as seedling recruitment and survival, underneath and in open areas between 

the canopies of selected shrub species, provided a predictive basis for assessing possible methods for revegetation of mined areas in 

the Strandveld Succulent Karoo. 

Key words: Mining; Namaqualand; revegetation; seedling survival; shrub canopies; topsoil replacement; transplanting 

INTRODUCTION 

Events occurring during the seed and seedling stages are the primary determinants of the distribution of 

adult plants (Grubb, 1977; De Jong & Klinkhamer, 1988; Mustart & Cowling, 1993). A knowledge of the 

dynamics of germination and early seedling growth is important for an understanding of the structure and 

dynamics of communities (Valiente-Banuet & Ezcurra, 1991). 

In most arid ecosystems, vegetation displays a heterogeneous spatial array consisting of vegetation patches 

alternating with areas of bare soil (Bertilier, 1998). Studies on arid ecosystems have demonstrated that 

seedling establishment and survival may depend on the shelter provided by shrub species (Carlsson & 

Callaghan, 1991; Hobbie, 1992; Yeaton & Esler, 1990). The communities of shrubs and their understoreys 

may maintain diversity in areas where otherwise only poor vegetation of stress-tolerant species would 

survive (Pugnaire et al., 1996a). 
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An understanding of seedling responses to environmental differences provides some insight into restoration 

management problems. For example, information on differential survival characteristics of seedlings can be 

used to assist in the selection of species for reintroduction into disturbed vegetation. Furthermore, an 

understanding of the mechanisms and rates of recruitment is important for managers, since these processes 

influence population turnover and therefore maintenance of cover (Esler & Phillips, 1994). 

The mining of heavy minerals along the arid West Coast of South Africa involves the total destruction of the 

eXisting vegetation (Environmental Evaluation Unit, 1990). Successful seedling establishment and survival 

will be crucial during the revegetation of these mined areas, irrespective of the method of revegetation i.e. 

sowing or topsoil replacement. 

This study focused on seedling recruitment and survival underneath and in open areas between each of five 

shrub species dominant in the pre-mining standing vegetation of the Strandveld Succulent Karoo. An 

experimental analysis of seedling recruitment and survival at three localities predominated by annual species 

is also described. We predicted that these reproductive processes of the plant life-cycle would yield higher 

values underneath the canopies of Strandveld Succulent Karoo shrub species, since the amelioration of the 

physical environment produced by such shrub species is important in the patch-structured population 

dynamics of many communities of desert plants. Knowledge on these processes may also indicate local 

species and methods best suited for achieving post-mining revegetation goals. 

MATERIAL AND METHODS 

During the winter of 1995, eight localities were selected in the vicinity of Brand-se-Baai (31°18'S, 1JD54'E), 

South Africa. The vegetation at each locality was predominated by a different perennial shrub (P) or annual 

(A) plant species i.e. Eriocephalus africanus L. (P), Othonna floribunda Schltr. (P), Salvia africana-Iutea L. 

(P), Senecio arenarius Thunb. (A), Tripteris oppositifolia (Aiton) B.Nord. (P), Ursinia speciosa DC. (A), 

Zygophyl/um morgsana L. (P) and a community with a number of dominant annual species. 

At localities dominated by perennial species, a 1 m x 0.5 m metal frame was randomly placed either directly 

under the canopy or in open areas between shrubs of the dominant species. Ten replicates were used for 

each microhabitat and species. At localities dominated by annual species, ten replicates were used in total 

and the metal frame was randomly placed within each locality. 

The position of each frame was marked semi-permanently with 150 mm long plastic pegs. Within each 

frame, all seedlings were identified and counted. For some seedlings, identification to species level was not 

possible and these seedlings have been grouped according to · taxa or plant types, e.g. 

Mesembryanthemaceae, Babiana spp. and geophytes. 

After three months (spring 1995), the surveys were repeated. Seedlings that emerged after the initial winter 

count were not incorporated in the calculation of seedling survival percentages. Nomenclature follows that of 

Arnold & De Wet (1999). 
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The least significant difference (LSD) one-way and multi-factor analyses of variance (ANOVA) as well as the 

multiple range test (Statgraphics 5.0, 1989, STSC, Inc., U.S.A.) were used to determine significant 

differences (P ~ 0.05) in seedling numbers, species richness and seedling survival, between treatments. 

RESULTS AND DISCUSSION 

Localities dominated by shrub species 

Fifty-four percent of the taxa recorded at the five shrub dominated localities occurred both underneath and in 

open areas between shrubs (Group 1, Table 13.1). Taxa recorded only underneath (Group 2) or between 

shrubs (Group 3) constituted 23% each. Seedlings of annuals predominated in open areas (58%), while 

areas underneath shrub canopies were not dominated by any specific plant type (annuals 52%, perennials 

48%) (Table 13.1). 

Seedling numbers recorded underneath shrub canopies ranged from 0.2 m-2 to 50.4 m·2, while that in open 

areas ranged from 0.2 m-2 to 227.0 m-2 (Table 13.1). The size of any germination event is directly related to 

the availability of seed, which can be influenced by a number of factors, such as the size, duration and timing 

of the rainfall event (Esler, 1999). 

Annuals represented only 27% of the taxa unique to areas beneath shrub canopies (Group 2), in contrast to 

47% in open areas (Group 3) (Table 13.1). Perennial species therefore predominated the taxa unique to 

areas beneath shrub canopies. The seeds of several shrub species from the Strandveld Succulent Karoo 

were found to be larger than those of most annual and perennial herb species in this area (Chapter 11), and 

did not require light for germination (Chapter 8). Larger seeds tend to be found in species whose seedlings 

establish in shaded environments (Westoby et al., 1992) such as beneath the canopies of shrubs. Seedlings 

from larger seeds may in general be able to emerge successfully from greater depths in the soil, or from 

under larger accumulations of litter (Molofsky & Augspurger, 1992). Seedlings that have large cotyledons 

tend to be more vulnerable, and establishment below canopies possibly provides them with an added 

advantage against herbivory and/or water stress (Esler, 1999). Seed dispersal strategies will also influence 

species distribution between microhabitats, e.g. the large seeds (> 5 mm) of Salvia africana-Iutea have no 

telechoric mechanisms, which may explain the absence of this species' seedlings in open areas (Table 

13.1); the seeds of Othonna floribunda are anemochorous and seedlings were recorded at both 

microhabitats. 

Species recorded at both microhabitats (Group 1, Table 13.1), as well as those unique to open areas (Group 

3), were well represented in the soil seed bank of the study area (Chapters 4 & 5) and topsoil replacement 

will be sufficient for the recruitment of these species during revegetation efforts. Most of the species unique 

to areas underneath shrub canopies (Group 2) were not well represented in the soil seed bank of the study 

area (Chapters 4 & 5) and should be reintroduced to revegetation areas by means of sowing and/or 

transplanting. Also, these species may have a greater chance of survival when sown underneath rather than 

between transplanted shrub species. 
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Table 13.1. Mean number of seed li ngs m·2 for species recorded underneath or In open areas between shrubs during winter. 
Mean number of plants, recorded during the following spring , is Indicated between brackets. Data were recorded at five 
locations, each dominated by a different shrub species 

Mlcroslte I Underneath plants 

Shrub species (location) 
Eriocephalus Othonna Salvia 

alricanus floribunda africana-Iurea 

Group 1: Species recorded underneath and In open areas be tween shrubs 

.... 
1: 
"­

VI 

Goophyt. spp. (P) 0.2 (0.0) 1.2 (1.6) 

Nemesia bicomis (A) 1.6 (1.2) 2.4 (1.2) 

Ehrharta calycina (P) 2.4 (4.0) 5.6 (7.2) 

Zaluzianskya villosa (A) 0.0 (0.2) 0.4 (0.0) 

Senecio 8renarius (A) 1.2 (1.0) 

Wah/enbergia panicufala (A) 4.4 (0.8) 

Karroochloa schismoides (A) 0.2 (0.2) 2.8 (0.4) 

Pharnaceum exiguum (A) 2.8 (OA) 

Dimorpholheca pluvialis (A) 0.2 (0.2) 

Oncosiphon suffruticosum (A) 0.0 (0.2) 

Helichrysum marmaro/epis (A) 

Grielum grandifJorum (P) 

Arctotheca calendula (A) 0.2 (0 .2) 

Silene clandestina (A) 0.0 (0.6) 

Coo/anrhum semiquinquelk/um (A) 1.2 (0.8) 

Oxalis spp. (P) 50.4 (45.6) 

Pelargonium senecioides (A) 0.0 (0.4) 

Arcroris hirsuta (A) OA (0 .4) 

Polycarena pum i/a eA) 0.8 (0.0) 

Hefiophila coronopilofia (A) 0.2 (0.0) 

Cha etobromus dregeanus (P) 0.6 (0.2) 

Hermannia amoona (P) 0.2 (0.2) 

Babiana spp. (P) 0.0 (0.2) 

Crassvla umbel/ara (A) 0.0 (2.2) 

Pharnaceum aurantium (P) 0.0 (0.6) 

Nestlera biennis (Pl 0.4 (0.0) 

HebenSTrBtia ropens (A) 0.8 (OA) 

Othonna floribunda (P) 0.4 (0.4) 

Manu/ea alrissima (A) 0.0 (OA) 

Umeum africanum CA) 

Adenogramma IiNoraJis (A) 

Mesembryanlhemaceae (P) 

Triplods OPPOSilifolia (P) 

Convolvulus sp. (P) 

Tetragonia microptera CA) 

GrouD 2: SDecles record ed only underneath shrubs 
Asparagus spp. (P) 0.2 (0.0) 

Zygophytlum morgsana (P) 0.2 (0.4) 

Crassula oxpansa eA) 0.0 (0.2) 

Mesembryanrhemum crysrafinum CAl 0.0 (0.8) 

Moraea spp. (P) 0.0 (0.2) 

AmelJus renuifolius (Pl OA (0.0) 

Hermannia spp. CP) 0.4 (0.0) 

Asparagus fasciculalus (P) 0.8 (0.4) 

Euphorbia spp. (P) 0.8 (0.4) 

Trip teris clandesrinum (A) 3.2 (1.6) 

Pharnaceum lana rum (Pl 0.0 (1.2) 

Salvia africana·luloa (P) 

Ballota africana (P) 

Lessortia benguellensis CAl 

Lycium ferocissimum (P) 

Gro up 3: Speci es recorded onl In 0 en areas between shrubs 
Foveo/ina lenella (A) 

Brsssica lourneforo; (A) 

Arctotis sroechadifo/ia (P) 

Pelargonium gibbosum (P) 

Trachyandra divaricara (P) 

Sonderina tenuis CA) 

Felicia dregei (P) 

Isolepis marginala (A) 

Conicosia pugioniformis (P) 

Manu/ea pusi/~a CA) 

Tetragonia virgata (P) 

Wahlenbergia sonded (P) 

Helmannia cernua CP) 

Hermannia scordifo/ia (A) 

Senecio breviscapus (A) 
p . """"""'" 

0.4 (0.8) 

1.2 (0.0) 

4.8 (1.2) 

0.4 (0.8) 

0.0 (0.8) 

I Open areas between pl ants 
Trip teris Zygophyllum Eriocephafus Q/honna Salvia Tripleris 

opposilifofia morgsana african us J/oribunda africana·lulea oppositilolia 

1.2 (0.8) 1.0 (1.8) 0.8 (0.2) 0.4 (0.0) 0.'1 (0.4) 0.4 (0.0) 

0.8 (0.0) 0.2 (0.0) 5.8 (1.0) 0.8 (0.8) 8.4 (0.8) 7.4 (1.0) 

2.0 (2.6) 2.8 (4.0) 2.6 (5.0) 7.6 (5.2) 7.2 (4.4) 6.6 (11.2) 

1.0 (0.0) 0.0 (0.4) 1.2 (0.0) 14 .8 (0.0) 1.6 (0.4) 

1.0 (0.0) 6.2 (0.2) 0.4 (0.0) 3.2 (0.0) 2.4 (0.4) 

0.2 (0 .0) 0.4 (0.4) 0.6 (0.6) 

4.0 (1.8) 1.0 (1.0) 4.4 (4.0) 25.0 (16.8) 

0.6 (0.6) 0.2 (0.2) 2A (1 .6) 35.6 (12.2) 

13.0 (4 .0) 8.4 (4.0) 5.6 (3.6) 

0.2 (0.6) OA (0 .0) 1.0 (1.4) 

0.2 (0.2) 0.0 (OA) 55.2 (22.8) 1.2 (0.6) 

0.2 (0.2) 0.8 (0.0) 2.8 (0.8) 
0.2 (0.0) 2.6 (2.2) 

1.2 (1.2) 0.4 (0.8) 0.8 (1.0) 

0.6 (0.6) 8.8 (4A) 1.0 (0.6) 

OA (0.0) 48.0 (42.8) 1.8 (1 A) 

0.4 (0.0) 0.8 (0.8) 1.8 (2.2) 

2.0 (0.0) 0.8 (0 .2) 

0.4 (0.0) 8.0 (1.0) 

0.8 (2.4) 

0.0 (0.2) 

0.0 (0.2) 

0.4 (OA) 

0.0 (OA) 

0.8 (1 .2) 

41.2 (15.6) 

0.0 (2.8) 

0.4 (0.0) 

2.4 (2A) 

0.2 (0.0) 4.0 (2.6) 

2A (0.2) 101.4 (43.0) 

0.0 (0.2) 0.4 (0.0) 

0.0 (0.2) 1.2 (0.2) 

15.6 (6.0) 

1.4 (0.6) 

0.2 (0.0) 

0.0 (0.2) 

0.2 (0.2) 

0.0 (0.2) 

0.4 (0.0) 

1.4 (1.2) 

0.2 (0.2) 

0.2 (0.2) 

0.2 (0.2) 0.4 (OA ) 

0.0 (O A) 

OA (0 .4) 

1.6 (2 .8) 

0.4 (0.0) 

0.8 (0.0) 

2.4 (0.0) 0.2 (0.0) 

0.0 (1.2) 

0.0 (02) 

0.2 (0.4) 

Zygophyllum 

morgsana 

1.6 (0.2) 

0.4 (0.0) 

0.8 (06) 

0.2 (0 .0) 

227.0 (96.4) 

0.4 (0.0) 

11.2 (4.0) 

1.0 (0.8) 

0.2 (0.0) 

A -annual 
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The facilitation of seedling recruitment of some species by the presence of others (nurse-plant phenomenon) 

has been described for a variety of arid and semi-arid environments (McAuliffe, 1988; Valiente-Banuet & 

Ezcurra, 1991) including the Succulent Karoo (Beukman, 1991; Dean & Yeaton, 1992; Esler, 1999). The 

occurrence of seedlings under nurse-plants is considered primarily a method of avoiding abiotic stress at the 

seedling stage (Dean & Yeaton, 1992). In arid ecosystems, seedling establishment and survival may 

depend on the shelter provided by shrub species (Carlsson & Callaghan, 1991; Hobbie, 1992; Wiegand et 

at., 1995), which protect seedlings from high irradiance, temperature (Vetaas, 1992), rates of transpiration 

(Moro et at., 1997) and predation (Turner et at., 1966; Nobel, 1980; Noy-Meir, 1980; McAuliffe, 1988; Franco 

& Nobel, 1989; Yeaton & Esler, 1990; Carlsson & Callaghan, 1991; Valiente-Banuet & Ezcurra, 1991; 

Keeley, 1992; Moro et at., 1997). Shrubs may also cause an accumulation of mineral nutrients (Chapin et 

at., 1994) and water (De Jong & Klinkhamer, 1988; Gutierrez et at., 1993; Moro et at. , 1997), leading to a 

local increase in fertility (Miles, 1985; Garner & Steinberger, 1989; Schomberg et at., 1994; Pugnaire et at., 

1996a; Stock et at., 1999). However, herbs rather than shrubs are directly responsible for the accumulation 

of nutrients under the canopy (Vetaas, 1992). Retention of seeds by the litter layer beneath shrubs may also 

influence the spatial distribution of vegetation (Redbo-Torstensson & Telenius, 1995). 

Shrubs may also benefit from the effect of understorey plants, for example, protecting the soil from erosion, 

direct insolation, and over-heating (Fowler, 1986; Pugnaire et at., 1996b). 

In general, a higher number of seedlings (Figure 13.1) and species richness (Figure 13.2) were recorded 

during winter than plants during spring, irrespective of microhabitat and locality (Table 13.2). Open areas 

yielded higher seedling numbers (Figure 13.1) and species richness' (Figure 13.2) than areas underneath 

shrub canopies (Table 13.2). Therefore, none of the shrub species investigated seemed to act as "nurse­

plants", which is consistent with the Succulent Karoo vegetation dynamics model described by Yeaton & 

Esler (1990). According to this model, open areas are colonised by species of the Mesembryanthemaceae 

(mesembs), which later serve as sites of establishment for seedlings of woody shrub species. The latter 

species eventually replace the mesembs through interspecific competition and persist in the community until 

they reach senescence and die or are removed through overgrazing. Also, seedlings in supposedly more 

favourable microhabitats or safe sites may not be nursed but rather trapped (Esler, 1999). According to 

Wiegand et at. (1995), colonizer species of the Succulent Karoo establish in safe sites on bare ground in 

areas not shaded by plants. To avoid competition for water from neighbouring plants, seedlings of these 

colonizer species require gaps of minimum sizes. Shaded sites within or under the edge of the canopy of 

established colonizer species' plants provide safe sites for seedlings of secondary succession species. 

Seedling survival percentages ranged from 37% to 78% and did not differ significantly between microhabitats 

for any of the localities investigated (Table 13.3), which supports the view that seedling recruitment of most 

species was not facilitated by the presence of others, i.e. shrubs. The number of seedlings that survived 

until spring was generally higher in open areas. Few seedlings reach reproductive maturity in undisturbed 

Karoo shrublands where long-lived species dominate (Milton, 1994), and seedling survival ranged from 1 ­

5% of emergent seedlings in average years to 20 - 30% in years with ample post-germination rain (Milton, 

1995). Because of markedly higher seedling survival percentages, population turnover in this part of the 

Strandveld Succulent Karoo should be faster than that reported for the southern Succulent Karoo. 
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Figure 13.1. Mean number of seedlings m-2 recorded underneath and between shrubs. Data were 
recorded in five locations, each dominated by a different shrub species. 
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Figure 13.2. Mean number of species 0.5 m-2 recorded underneath and between shrubs. Data were 
recorded in five locations, each dominated by a different shrub species. 
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Table 13.2 Multi-factor analysis of variance (P :::; 0.05) for number of seedlings, 
species richness and seedling survival, recorded during two seasons (winter 
and spring) at two microhabitats (underneath and between shrubs) in five 
localities (each dominated by a different shrub species) of the Strandveld 
Succulent Karoo 

Source of variation 
Significance level (P :::; 0.05) 

Number of 
seedlings 

Species 
richness 

Seedling 
survival 

Main factors 

Locality (L) 

Microhabitat (MH) 
Season (S) 

2-Factor interaction 

Lx MH 

LxS 

MHxS 

0.0001 * 
0.0000 * 
0.0011 * 

0.0006 * 
0.3133 NS 

0.0114 * 

0.0000 * 
0.0000 * 
0.0221 * 

0.0001 * 
0.3417 NS 

0.1312 NS 

0.0055 * 
0.0857 NS 

0.9604 NS 

* Significant at P :$ 0.05. 


NS Not significant at P :$ 0.05. 


Table 13.3. Seedling survival (%) recorded in eight localities of the Strandveld Succulent Karoo. 
In localities dominated by perennial species, seedling survival was recorded underneath and 
in open areas between the dominant shrubs, and significant differences between these two 
microhabitats were determined for each locality. In localities predominated by annual species, 
values followed by different letters indicate significant differences between localities. Seedlings 
that emerged after the initial winter count were not included in the survival percentages 

Dominant species (locality) 

Microhabitat 

Significance 

level (P :::; 0.05) 

Underneath 

dominant species 

Between 

dominant species 

C/) 

.0 
:::J .... 
~ 
C/) 

Eriocepha/us africanus 

Othonna f10ribunda 

Salvia africana-Iutea 

Tripteris oppositifo/ia 

Zygophyl/um morgsana 

78.4 

74.9 

56.3 

48.2 

44.2 

47.3 

64.4 

36.6 

46.5 

42.0 

0.4136 I 

0.7828 

0.9592 

0.1854 

0.3971 

C/) 

~ 
:::J 
c 
c « 

Senecio arenarius 

Ursinia speciosa 

Various annual species 

47.0 a 

64.8 b 

45.3 a 

co 
co 
0 
0 
c:i 
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Although attempts to reseed degraded Karoo vegetation are generally not successful, the impact of seedling 

mortality on revegetation efforts at the study site would probably be negligible provided the availability of 

sufficient moisture (Esler, 1999), the exclusion of herbivores as well as the presence of wind-breaks (pers. 

obs.). The timing of recruitment will be of vital importance for seedling survival and to assure successful 

revegetation. In the Karoo, follow-up rain in the six months after emergence is crucial for seedling 

establishment (Milton, 1995; Esler, 1999). 

Interfering effects of perennial shrubs on seedling survival and establishment in their understorey community 

may be through light deprivation (Goldberg & Werner, 1983; Franco & Nobel, 1989), mechanical effects 

caused by litter (Kitajima & Tilman, 1996), competition for water and nutrients (Carlsson & Callaghan, 1991; 

Yeaton et al., 1993; Esler & Phillips, 1994; Esler, 1999), or leaching of allelopathic compounds (Moro et al., 

1997). The magnitude of reduction in seedling growth caused by any of these factors depends on seedling 

size and location under the shrub (Franco & Nobel, 1989). 

Localities predominated by annual species 

Of the 34 taxa recorded at the three locations predominated by annual species, only one annual species, i.e. 

Zaluzianskya vil/osa, was common to all locations (Table 13.4). Six taxa (4 annuals, 2 perennials) occurred 

at two of the locations. Seedling numbers ranged from 0.4 m-2 to 660.0 m-2 (Table 13.4), which are markedly 

lower than germinable seed bank density values recorded during autumn for the study area, i.e. 7771.7 

seedlings m-2 recorded in 1994 and 5584.9 seedlings m-2 in 1995. This large difference in observed seedling 

numbers can be attributed to various factors, of which the size, duration and timing of the rainfall/watering 

events are the most obvious. 

In general, a higher number of seedlings (Figure 13.3) were recorded during winter than plants during spring, 

irrespective of locality. Winter examination yielded mean seedling numbers of more than 100 seedlings m-2 

at all locations, and more than 50 seedlings m-2 survived until spring . Seasonal differences in mean species 

richness was only significant at the locality predominated by Senecio arenarius (Figure 13.4), and was 

possibly due to low species richness' recorded. 

Annual species constituted 74% of all seedling taxa recorded at locations predominated by annuals (Table 

13.4). Topsoil replacement should therefore be sufficient for the recruitment of these species during 

revegetation efforts. Seedling survival (Table 13_3) ranged from 45% to 65% and differed significantly 

between localities. Seedlings of short-lived and ephemeral species have high probabilities of survival 

(Gutterman, 1993; Esler, 1999). In the Upland Succulent Karoo, recorded survival rates of annuals were 

highly variable within and between species at different sites and ranged from 47% to 74% of emerging 

seedlings (Van Rooyen et al., 1979). 
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Table 13.4. Mean number of seedlings m-2 for species recorded during winter, at three 
locations, each pre-dominated in previous years by different annual species< Mean 
number of plants recorded during the following spring, is indicated between brackets 

Annual species (location) 
Senecio 

arenarius 
Ursinia 

speciosa 
Various annual 

species 

Group A: Species recorded at 3 locations 
Zaluzianskya vil/osa (A) 7.2 (2.8) 2.0 (0.4) 424.0 (252.0) 

Group B: Species recorded at 2 locations 
Polycarena pumila (A) 0.4 (0.0) 0.8 (0.0) 
Foveolina tene/la (A) 2.0 (0.0) 126.0 (126.0) 
Senecio arenarius (A) 49.6 (15.2) 2.0 (2.0) 
Mesembryanthemum crystal/inum (A) 37.2 (21.2) 8.0 (6.0) 
Ehrharta calycina (P) 12.4 (26.0) 2.8 (1.6) 
Oxalis spp. (P) 3.2 (1.2) 2.0 (6.0) 

Group C: Species recorded at single locations 
Arctotheca calendula (A) 2.8 (0.4) 
Galenia sarcophy/la (P) 0.4 (0.4) 
Oncosiphon suffruticosum (A) 0.4 (0.8) 
Amel/us microglossus (A) 0.0 (0.8) 
Arctotis hirsuta (A) 1.6 (0.0) 
Heliophila coronopifolia (A) 0.4 (0.0) 

III 
(1)

<(3 Nemesia bicornis (A) 0.8 (0.0) 
(1) 

c. 
Wahlenbergia paniculata (A) 10.0 (0.4) 

00 Rumex spp. (A) 1.6 (0.4) 
Limeum africanum (A) 1.2 (0.4) 
Lapeirousia spp. (P) 0.8 (0.4) 
Ursinia speciosa (A) 132.4 (92.0) 
Nest/era biennis (P) 14.0 (10.0) 
Adenogramma littoralis (A) 12.8 (9.2) 
Cotula thunbergii (A) 4.0 (6.4) 
Geophyte spp. (P) 3.2 (4.4) 
Pelargonium senecioides (A) 0.8 (1.2) 
Hebenstretia dentata (A) 0.0 (2.4) 
Isolepis marginata (A) 0.0 (1.2) 
Stipagrostis zeyheri (P) 0.0 (0.8) 
Pharnaceum exiguum (A) 42.0 (0.0) 
Karroochloa schismoides (A) 660.0 (132.0) 
Tetragonia virgata (P) 352.0 (154.0) 
Tripteris clandestinum (A) 10.0 (8 .0) 
Chenopodium opulifolium (A) 124.0 (104.0) 
Convolvulus spp. (P) 6.0 (6.0) 

Brassica tournefortii (A) 0.0 (4.0) 
P - perennial 

A - annual 
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Figure 13.3. Mean number of seedlings m 
02 

recorded in three Strandveld Succulent Karoo 
communities predominated by annual species. 

Figure 13.4. Mean number of species 0.5 m
02 

recorded in three Strandveld Succulent Karoo 
communities predominated by annual species. 

12 


10 

~ 
E 
10 
ci 
(II 8 
Q) 

0 0 
Q) 

c. 
(II 

6'0 
.... 
Q) 

..c 
E 
:::J 4c: 
c: 
res 
Q) 

:: 
2 


0 

Senecio arenarius 

1000 

900 

~ 800 
E 
(II 

Ol 700 

05 

=a 
Q) 600 
Q) 
(II 

'0 500 
.... 
Q) 

..c 400E 
:::J 
c: 
c: 300 
res 
Q) 

:: 200 


100 


0 

Senecio arenarius Ursinia speciosa 


Dominant annual species 


1 I0 Winter EJ Spring 

b 

o 0 0 0 0 a 
:::::6"""""""""", 

Various species 

a 

b 

a 
a 

a a 

Various species Ursinia speciosa 


Dominant annual species 


10 Winter EJ Spring I 

216 

 
 
 



Few perennial shrub species' seedlings were recorded at localities predominated by annuals (Table 13.4), 

and those perennial shrub seedlings that did occur in these open areas, yielded high seedling numbers. Low 

seed availability, due to the transient nature of shrub species' seed banks as well as to seed dispersal 

characteristics, was probably the main reason for the few shrub seedlings recorded at localities 

predominated by annual species. These species will have to be reintroduced to post-mining areas by 

sowing and/or transplanting as a means to increase the species richness' of the areas. Transplanted shrubs 

may act as wind-breaks, thereby contributing to seedling survival of species recruited from replaced topsoil 

or which were sown. Transplanting of shrub species may also reduce the period between initial revegetation 

and seed production in these species. 

CONCLUSIONS 

Poor seed germination and seedling mortality, due to environmental constraints like water stress, soil salinity, 

high temperature and pathogens will limit the success of revegetation efforts in the Strandveld Succulent 

Karoo. One of the goals of post-mining revegetation efforts at Brand-se-Baai is to revegetate the area with 

at least 60% of the plant species present in the area prior to the start of mining activities (Environmental 

Evaluation Unit, 1990). Shrub species dominate the pre-mining standing vegetation at the study area (De 

Villiers et a/., 1999), and reintroduction of these species should be a priority during revegetation efforts . The 

seeds, of many of these shrub species, can germinate soon after dispersal, are probably not long-lived, and 

consequently produce transient seed banks (Chapters 4, 5 & 11). These shrubs can probably not be 

recruited from replaced topsoil, but transplanting or sowing of these species will benefit revegetation efforts 

due to increased species richness. 

Both seedling numbers and species richness were higher in open areas than underneath shrub canopies, 

while seedling survival did not differ significantly between microhabitats. Therefore, none of the five shrub 

species investigated seem to facilitate the recruitment and survival of other species. In fact, seedling 

numbers and species richness were negatively affected by such shrub species. The negative effects of 

shrubs on seedling survival and establishment in their understorey community are usually through light 

deprivation, mechanical effects caused by litter, competition for water and nutrients, or leaching of 

allelopathic compounds (Cunliffe et a/., 1990; Yeaton & Esler, 1990; Yeaton et a/. , 1993; Moro et a/. , 1997; 

Esler, 1999). 

Although seedlings of the dominant shrub Sa/via africana-/utea were restricted to areas underneath the 

canopies of this species, the specific dispersal strategy seems more likely to be responsible for the 

recruitment pattern observed in this species. However, this aspect needs further investigation . Higher 

seedling survival underneath the canopies of shrub species, in arid regions such as the Strandveld 

Succulent Karoo, is chiefly the result of differential survival in shaded microsites with less direct solar 

radiation, and consequently, with lower daytime temperatures and lower evaporative demand (Valiente­

Banuet & Ezcurra, 1991). Competition for water and shading by the nurse-plant may reduce the growth of 

the associated seedlings compared with exposed seedlings, as well as the eventual seed yield (Cunliffe et 

a/., 1990; Beukman, 1991; Dean & Yeaton, 1992; Yeaton et a/., 1993). Shrubs may also provide a 
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microhabitat with higher soil nitrogen levels, which can partially offset the reduced seedling growth caused 

by shading and competition for soil water (Franco & Nobel, 1989). Differences in soil fertility under shrubs 

may therefore be of secondary importance, but restoration of mined areas along the West Coast of South 

Africa should also consider soil fertilization schemes. 

Seedlings of annuals and perennial herb species will establish in the absence of transplanted shrubs at the 

study site. Most of these species accumulate persistent seed banks (Chapters 4, 5 & 11) and can be 

recruited from replaced topsoil and/or by sowing. However, in mined areas, high wind speeds during the 

period of seedling recruitment and establishment (Environmental Evaluation Unit, 1990) may result in high 

seedling mortality due to a sand blasting effect (pers. obs.). Shrubs present in these post-mining areas may 

aid in reducing wind speeds and therefore contribute to the survival of species in open areas. Additionally, 

vegetation patches established from transplanted shrubs may also act as sources of seeds that may 

eventually reach other patch types or patches of bare soil (Bertiller, 1998). 

Results obtained in this study partly conform to the model for Succulent Karoo vegetation dynamics (Yeaton 

& Esler, 1990). Woody shrubs are the climax species in the succession sequence and therefore do not act 

as nurse-plants themselves. In this study, shrubs influenced recruitment, rather than survival, of seedlings 

derived from seeds that were "trapped" beneath the canopies of the shrubs. The Karoo vegetation dynamics 

model was based on southern Succulent Karoo vegetation, where Mesembryanthemaceae species are 

abundant. These species are less prominent in Strandveld Succulent Karoo vegetation, where annual 

precipitation, especially fog, is more predictable (Desmet & Cowling, 1999). It is therefore questioned 

whether these species act as nurse-plants for woody shrub species. The high number of perennial herb 

species present in Strandveld Succulent Karoo vegetation (pers. obs.) may indicate the functioning of these 

species as nurse-plants or sites for seed "trapping". In conclusion, further investigation of these aspects will 

prove invaluable for understanding the processes and dynamics of seed and seedling ecology in the 

Strandveld Succulent Karoo. In turn, these dynamic processes will contribute towards the formulation of 

appropriate post-mining revegetation strategies. 
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ABSTRACT 

The mining of heavy minerals along the west coast of South Africa will destroy all the standing vegetation, and will also lead to the 

salinization of the soil as sea-water will eventually be used in the mining process. Local, salt tolerant species should be selected for the 

revegetation of the area, and it is essential that the selected species should be able to reproduce to ensure growth of the population. 

Survival and seed production of four pioneer plant species were determined along a salinity gradient. None of the four species survived at 

the moderate and high salinities. Seed production of the ephemeral species was reduced at the low salinity, while that of the perennial 

species did not differ significantly. 

Key words: Mining; Namaqualand; pioneer plant species; salinity; seed production 

INTRODUCTION 

The high accumulation of salts in soils which could be caused by any of several factors (eg. saline irrigation 

water, inadequate leaching, poor drainage, naturally saline soils) may hinder germination, seedling and 

vegetative growth as well as the yield and quality of plants (Mamo et al., 1996). Two major effects have been 

identified as the probable causes of the detrimental effect of salinity on plant growth: the ionic effect and the 

osmotic effect (Lewis et aI., 1989; Banuls et al,. 1991; Leidi et aI., 1991). 

Even though saline environments are unfavourable for most plant species, some plants, namely the halophytes, 

seem to flourish under these conditions. These plants have adapted to living under these harsh conditions by 

either avoiding salt uptake through osmoregulation; excreting the salts by means of salt glands and bladders; or 

tolerating the high salt concentration as euhalophytes or succulents (Larcher, 1995). Interspecific differences in 

response to 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), ecotypic variation within species (Tiku & Snaydon, 1971), soils (Venables & Wilkins, 1978; Watt, 1983), 

nitrogen levels and temperature (Kemp & Cunningham, 1981), species (Kingsbury & Epstein, 1986), CO2 ­
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concentrations (Munns &Termaat, 1986) and humidity (Salim, 1989), can all affect plant responses to salinity. 

Several investigations showed that salt tolerance can vary with the phenological stage and that the effects of 

saline stress change with its duration (Gutierrez Boem et al., 1997). 

Along the western coast of South Africa, the sandy soils are rich in heavy minerals. Not only will the mining 

activities in the area destroy the topography, vegetation, soil chemical and physical characteristics and alter the 

animal life, but the process whereby the heavy minerals are extracted will eventually involve the use of 

sea-water and therefore the salinity of the mined soil will be increased to levels where plants will find it difficult to 

grow (Environmental Evaluation Unit, 1990). Although several local species are able to tolerate high salinities 

(De Villiers, 1993), it does not mean that they will produce seeds under these conditions. The aim of this study 

was to determine if selected plant species growing on saline soil are able to sUNive and reproduce by means of 

seeds, and thus contribute towards the growth of the population and the successful revegetation of the area. 

MATERIAL AND METHODS 


Seeds of natural populations of Gazania leiopoda (DC.) RossI. (perennial), Tetragonia microptera Fenzl 

(ephemeral), Dimorphotheca pluvialis (L.) Moench (ephemeral) and Senecio arenarius Thunb. (ephemeral), 

were collected at Brand-se-Baai (31 °18'S, 17°54'E), South Africa. Although members of the Asteraceae have 

achenes and Tetragonia microptera produces a samara, the term seed will be used throughout this paper. 

These species were chosen because they are abundant and native to the area and/or seem to be acting as 

pioneer species in surrounding areas (De Villiers, 1993). Seeds were sown in 1 dm3 pots, containing fine sand 

(0.5 -1.1 mm particle size), and irrigated daily with tap water, under free-draining conditions, for a period of two 

weeks. Thereafter the plants were irrigated daily under free draining conditions, with 250 cm3 solution having a 

sodium chloride (NaCI) concentration of either 1 %, 2% or 3%. Distilled water was used as a control. The 

chemicals of half strength Arnon and Hoagland's nutrient solution (Hewitt, 1952) were added to all dilutions. 

Salts, that might have accumulated in the soil, were leached from the soil by giving each pot 500 cm3 distilled 

water twice a week, before the saline solution was applied. A randomized block less design was used. One 

plant was grown in each pot and ten replicates of each treatment (control; 1 % NaCI, 2% NaCI and 3% NaC!) 

were used for each of the four species. Inflorescences / flowers and mature seeds were haNested and counted 

before dispersal. Results were analysed statistically as a blockless design using the one-way analysis of 

variance and LSD (Least Significant Difference) multiple range test of the Statgraphics 5.01 computer program, 

to test for significant differences at a 95% confidence level. 

1 Statgraphics 5.0, 1989. STSC, Inc., U.S.A. 
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RESULTS AND DISCUSSION 


None of the four species survived at salinities higher than 1 % NaCI (Table 14.1). Although most of the plants of 

the four species survived at the 1 % NaCI 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% NaCI treatment died 

first (after three weeks), followed by the plants of the 2% NaCI treatment (after nine weeks). De Villiers et al. 

(1997) found several perennial species of this area to be moderately salt tolerant. Although Gazania /eiopoda 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 % NaCI 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% NaCI 

. 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 control treatment, both these ephemeral species produced a 

significantly greater number of seed bearing inflorescences than non-seed bearing inflorescences. In the 1 % 

l\laCI 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 % NaCI treatment than in the control treatment, 

mainly because of the greater number of seeds produced per inflorescence. A low salinity therefore seems to 

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 2.0 dS m-l 
, 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; Mama et al., 1996; Gutierrez 80em et al., 1997). Abdul-Halim et a/. (1988) found that at a low soil salinity 

level « 8.0 dS m-l
), and maintaining the available sOil water above a specified percentage during the growth 

period, would effect a small reduction on wheat yield. 
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Table 14.1. Survival percentages of four pioneer species grown at different 
soil salinities 

Treatment
Species 

2% NaCI 3% NaCI Control 1% NaCI 

100 100 0Gazania leiopoda (perennial) 0 

60 0 0Senecio arenarius (ephemeral) 90 

Tetragonia microptera (ephemeral) 100 80 0 0 

Dimorphotheca pluvialis (ephemeral) 0 090 70 

Table 14.2. Seed production (seeds/plant) of four pioneer species 
grown at different soil salinities. For each species, values 
followed by the same letter do not differ significantly at P ::;; 0.05 

Species Treatment 

Control 1% NaCI 

Gazania leiopoda (perennial) 

Senecio arenarius (ephemeral) 

Tetragonia microptera (ephemeral) 

Dimorphotheca pluvialis (ephemeral) 

9.1 a 

807.8 a 

96.9 a 

77.2 a 

15.0 a 

12.4 b 

21.9 b 

0.0 b 
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Figure 14.1. The mean number of inflorescences produced per plant, of Gazania leiopoda, Senecio 
arenarius and Dimorphotheca pluvialis grown on saline soil. Bars with the same letter are not 

significantly different at the P :s; 0.05 level. 
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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, etc. of plants derived from seeds 

produced at different soil salinities. 
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ABSTRACT 

The effects of salinity (NaC!) on emergence and seedling survival of three Namaqualand pioneer plant species, were investigated. In 

the perennial species (Gazania leiopoda) , seedlings did emerge in the 1 % NaCI treatment (although the maximum mean percentage of 

emerged seedlings was only 2%), but not at the higher salinities. Seedlings of the two ephemeral species only emerged in the control 

treatment. Increased salinity resulted in an increased mortality rate of seedlings. Perennial species are recommended for revegetation 

of saline soils in this area. To ensure successful restoration of mined areas in Namaqualand, soil salinity should be at a minimum. 

Key words: Emergence; mined soil; NaCI; salinity; seedling survival 

INTRODUCTION 

Along the western coast of South Africa, the sandy soils are rich in heavy minerals. The mining process 

whereby the heavy minerals are extracted, involves the use of sea-water and therefore the salinity of the mined 

soil can be so high that plants will find it difficult to grow under these conditions (Environmental Evaluation Unit, 

1990). Although mature plants of several local species are able to tolerate high salinities (De Villiers et al., 

1997), it does not mean that they will germinate, emerge and survive the seedling stage under these conditions. 

Salinity, whether natural or induced, is a widespread environmental stress that can limit growth and development 

of salt-sensitive plants (Rodriguez et al., 1997). Although the germination of seeds in saline environments has 

been examined in various studies (McMillan, 1959; Ungar, 1962; Younis & Hatata, 1971; Williams & Ungar, 

1972; Ahmed, 1985; Mariko et al., 1992; Yokoishi & Tanimoto, 1994; Ungar, 1995, 1996; Baskin et al., 1998; Gul 

& Weber, 1998; Masuda et al., 1999), only a few stUdies examined the effect of salinity on emergence and 

seedling survival/growth of plant species (Seneca, 1972; Singh, 1990; Van Hoorn, 1991; Azaizeh et al., 1992; 

Evlagon et al., 1992; Zhong & Lauchli, 1993; Chartzoulakis & Loupassaki, 1997; Franco et al., 1997; Rodriguez 

et al., 1997; Katembe et al., 1998). On saline soil, the plant encounters more problems during germination, 

emergence and early seedling growth than during later growth stages and may fail to establish. Early seedling 
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growth of some appears to be less salt tolerant than during germination and later growth (Van Hoorn, 

1991 ; &Loupassaki. 1997). 

Interspecific differences in response to salinity and differential responses resulting from interaction of salinity with 

other environmental factors occur. such as and calcium content (Hyder & 1965; 

Bogemans et 1989; Volkmar et a/., 1998), ecotypic variation within (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), concentration (Munns & Termaat, 

Yeo, 1999) and humidity (Salim, 1989), can all affect plant responses to salinity. 

Several studies in the Karoo, Africa, have focused on factors establishment and survival 

& Phillips, 1 Milton, 1995), but plant responses to salinity has a neglected area of study in this 

arid environment 1 DeVilliersetaf., 1994a, 1994b, 1995,1 1 1999). 

The present study was undertaken to improve understanding of the of three Namaqualand pioneer 

SPElCle,s to different of during emergence and the Information about salinity 

tolerance at the seedling would also provide a predictive basis for the suitability of different plant 

types and local for post-mining revegetation. 

MATERIAL AND METHODS 

(achenes) of three local "f./C'''lv<>, Gazania /eiopoda (DC.) Ross!.! Senecio arenarius Thunb. and <";c"",,,,/"'/,, 

e/egans were sown in 8 dm3 trays, containing fine sand 1.1 mm particle and irrigated 

free-draining conditions with 2 dm3 solution depending on the treatment. In the 

solutions with of 1 %,2% or 3% NaCI were applied from the start shock). In the 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% NaCI per day) until the correct salinity was reached i.e. 1%, or 

3% NaCI acclimation). Distilled water was used as a control. Half Arnon and Hoagland's nutrient 

solution (Hewitt, 1952) was added to all dilutions. that might have accumulated, were leached from the soil 

by giving tray 2 dm3 distilled water twice a week, before the saline solution was applied. 

Trays were placed in a Phytotron room with a giass roof, and maintained at a constant temperature of 20°C. A 

randomized blockless was used. Each contained 20 seeds/seedlings five replicates of 

salinity treatment (control; 1% NaCI, NaCI and 3% NaC!) were used for each of the experiments and three 

number of omiOrt,or1 and surviving was noted \MO'~V"I 
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Results were analysed statistically using the least significant difference one-way analysis of variance and 

multiple range test of the Statgraphics 5.01 computer program, to test for significant differences at a 95% 

confidence level. 

RESULTS AND DISCUSSION 

Salinity had a negative effect on seedling emergence of all three species (Table 15.1). Seedling emergence 

of the perennial species Gazania leiopoda reached a maximum of 74% after three weeks in the control, while 

that in the 1 % NaCI treatment was 2%. In the 2% NaCI and 3% NaCI treatments, no seedlings emerged. In 

the control treatment, seedlings of the two ephemeral species, Senecio arenarius and Senecio elegans, 

reached maximum mean emergence percentages, of 19% and 87% respectively, after three weeks. No 

seedlings of the two Senecio species emerged in the 1 % NaCI, 2% NaCI or 3% NaCI treatments. This 

reduction in the number of emerged seedlings with increasing salinity may be due to a reduction and/or delay 

in germination, as reported for both halophyte and glycophyte seeds (Chartzoulakis & Loupassaki, 1997; 

Katembe et a/., 1998). However, De Villiers et a/. (1994) found that Senecio elegans had a mean germination 

percentage of 19% at a salinity of 1/3 sea-water, when germinated in Petri dishes at an optimum temperature 

of 15°C under light conditions. Sodium-chloride salinity was therefore inhibitory to germination and pre­

emergence seedling survival, but seedlings were more sensitive to external salinity than seed germination. 

The reduction in emerged seedling numbers with increasing salinity could be a combined effect of osmotic 

stress (Greenway & Munns, 1980), which is more harmful to plants during the seedling stage and the higher 

ion uptake (Dumbroff & Cooper, 1974). Some plants are generally relatively salt tolerant during germination, 

but become more sensitive during emergence and the early seedling stage (Chartzoulakis & Loupassaki, 

1997). This seems to be the case for Senecio elegans, and thus any failure in these stages will reduce the 

plant stand, and potential yields will be reduced far more than predicted by salt tolerance data (De Villiers et 

a/., 1997). Elevated salinity has been reported to slow down water uptake by seeds, thereby inhibiting their 

germination and root elongation (Werner & Finkelstein, 1995). The inability of Senecio elegans' seedlings to 

emerge at the 1 % NaCI treatment indicated the necessity of salinity experiments at all growth stages, as well 

as this species' unsuitability for revegetation on saline soil. 

In the survival experiment, salinity had a negative effect on the seedling survival percentages of all three 

species (Figures 15.1 a, b and c), with Senecio arenarius showing the lowest salt tolerance. At the start of the 

salinity treatment (after four weeks), the percentage of surviving seedlings of all three species rapidly 

decreased at the 3% NaCI treatment, followed by that of the 2% NaCI treatment about a week later and the 

1 % NaCI treatment thereafter. An increase in salinity therefore resulted in an increased mortality rate of the 

seedlings. De Villiers et a/. (1997) reported that the mortality rate of adult Namaqualand ephemeral species 

increased as salinity was increased. Numerous authors reported on increasing mortality and a reduction in 

growth rate in seedlings exposed to high salinity stress (Wagner, 1964; Tsonev et al., 1998). 

1 Statgraphics 5.0,1989. STSC, Inc., U.S.A. 
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Table 15.1. The mean percentage of emerged seedlings for the three pioneer 
species at different salinities. Within each species, values followed by the 
same letter do not differ significantly at P ;<=; 0.05 

Species 
Treatment 

Control 1% NaCI 2% NaCI 3% NaCI 

Gazania /eiopoda (perennial) 

Senecio arenarius (annual) 

Senecio e/egans (annual) 

74a 

19a 

sr 

2b 

Ob 

Ob 

Ob 

Ob 

Ob 

Ob 

Ob 

Ob 
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Figure 15.1. The mean seedling survival as a percentage of the original emergence percentage -of 
a) Gazania ieiopoda, b) Senecio arenarius,and c) Senecio eiegans, at different soil salinities. 
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In all NaGI treatments, seedlings of the three Namaqualand pioneer species showed typical symptoms of 

salinity stress - the tips of the outer leaves became yellowish (chlorosis), and then necrosis set in from the 

tips downward. Yellowish leaves are indicative of many metabolic abnormalities, one of which is salt toxicity 

brought about by the decolouration of chlorophyll (Strogonov, 1964; Seneca, 1972). 

Mortality during the first growth stages is not solely due to lower salt tolerance during this period, although 

some salt tolerant crops like barley, wheat, safflower and sugarbeets are reported to be less saline-tolerant at 

this point (Maas & Hoffman, 1977; Van Hoorn, 1991). The problem appears to be the high salinity in the top 

layer of the soil, exposing the germinating seed and seedlings to a higher salt concentration than at later 

growth stages. During the young seedling stage the root system is still shallow and water uptake by the 

plant is mainly limited to the top layer. Water loss from the top layer causes a high salt concentration, partly 

through a sharply reduced moisture content and partly through an increase of the salt content due to capillary 

transport from the underlying layers (Van Hoorn, 1991). 

CONCLUSIONS 

Both interspecific and intraspecific differences occurred, during seedling emergence and survival in saline 

soil, for the three species examined. The perennial species (Gazania leiopoda) showed a low maximum 

mean emergence percentage (2%) at the 1 % NaGI treatment, while no seedlings of the two ephemeral 

species (Senecio spp.) emerged at this treatment. These results support the conclusion drawn by Seneca 

(1972), that seeds do not germinate (seedling emergence in this case) in salinities above those that young 

seedlings can tolerate, and that this mechanism is of great survival value to the species. In the case of 

Senecio elegans,however, seeds may germinate at a soil salinity of 1 % NaGI (De Villiers et al., 1994b), but 

the seedlings will probably not survive. Germination experiments will determine if the same is true for the 

other two species examined. The mortality rate of Gazania leiopoda and Senecio elegans seedlings was also 

slower than that of Senecio arenarius. However, this perennial species will be better suited for revegetation 

on saline soil than the ephemeral species examined, when both germination and emergence are considered. 

Between the two Senecio species, differences were observed for mean emergence percentages, emergence 

rates as well as for the mortality rate at different salinities. The negative effect of salinity on the emergence 

and survival of these species implies that the salinity of the soil should be very low for successful seedling 

emergence, and the soil salinity should be kept relatively low for better seedling survival. 

In practice the effect of salinity on germination and emergence may be much worse than in laboratory 

experiments, and will differ according to soil and season (Van Hoorn, 1991). High temperature will increase 

evaporation and capillary rise of salts, while low temperature may delay germination and emergence to such 

an extent that the seedlings are caught in the crust formed in the meantime. Rainfall will decrease the salinity 

of the top layer but may also induce harmful crusting. In general, it is unwise to transfer results obtained with 

saline water irrigation from the laboratory to the field or from one region to another without carefully 

considering the conditions of soil and weather during germination and emergence (Van Hoorn, 1991). Field 
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experiments are therefore essential and together with mean precipitation levels will give insight into 

emergence and seedling survival in situ, as well as to the extent to which irrigation should be used. 
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CHAPTER 16 


CONCLUSIONS 

Seed bank studies in the Succulent Karoo Biome previously focused on annual plant populations (Van 

Rooyen & Grobbelaar, 1982), "heuweltjies" in the Southern Succulent Karoo (Esler, 1993) and seed bank 

estimation methods (De Villiers et al., 1994a). In general, very little attention has been given to the role of 

seed banks in restoration and revegetation processes (Levassor et al., 1990; Moll, 1992; Aerts et al., 1995; 

Bakker et al., 1996; Kotanen, 1996). This thesis represents a first attempt to incorporate data on seed bank 

dynamics in the planning phase of post-mining revegetation processes in the Strandveld Succulent Karoo, 

South Africa. 

The aim of the rehabilitation program along this coast is to restore mined areas as closely as possible to their 

pre-mining, natural condition, as soon as possible after mining has been completed (Environmental 

Evaluation Unit, 1990). The goal of revegetation at the Brand-se-Baai mining area (31 °18'S, 17°54'E) is to 

obtain a vegetation cover, which contains plant species from all the pre-mining cornmunities of the mined 

area. Six main plant communities were identified, described and mapped. Such descriptions of plant 

communities, together with the vegetation map, can serve as a basis in the final formulation of the 

rehabilitation plan for the area being mined. An understanding of the pre-mining plant communities and their 

associated habitats is of fundamental importance for devising sound rehabilitation, management and 

conservation strategies. 

The floristic classification of the vegetation prior to mining activities served as a benchmark, and indicated 

species with which the greatest success, i.e. plant community composition and structure, would be achieved 

in the rehabilitation of the area. It is recommended that this program should concentrate on the perennial 

species, as these species dominate the pre-mining standing vegetation and will help to stabilize the mined 

sand during the windy, dry and hot summer months. Also, revegetating these species should restore the 

physiognomic structural appearance of the vegetation . It should be possible to revegetate the entire area 

with species abundant in almost all pre-mining communities. These constitute 28% of the total species 

richness of the area. Therefore, a realistic revegetation goal will be 30% of the total number of 230 plant 

species present prior to mining. Establishment of the grass species Odyssea paucinervis should be a 

priority in the western mining area. 

Due to the high concentration of heavy minerals in the upper soil layers, topsoil replacement is not favoured 

for revegetation purposes by the mining company at Brand-se-Baai. However, results on the size and 

composition of the soil seed bank, as well as comparisons thereof with the standing vegetation, indicated 

that topsoil replacement will be vital for successful revegetation of the study area. 
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The soil seed bank of the Strandveld Succulent Karoo yielded a mean of 2 725 emerged seedlings m·2
, 

which belonged to 109 species. Annual species dominated the soil seed bank in terms of numbers, but in 

terms of species richness, the seed bank was not dominated by any specific plant type. The size of annual 

species' soil seed banks was large in comparison with annual inputs and losses, indicating the persistent 

nature of seed banks in these species. Seed banks of perennial species were small compared to annual 

inputs and losses, and are therefore of a transient nature. 

The spatial pattern of soil seed bank density and composition was not as pronounced as that of the temporal 

pattern. Between vegetation units, variation in soil seed bank density, composition and species richness 

was relatively low. Mining of heavy minerals at the study site commences in a specific sequence, and topsoil 

is to be replaced directly to the adjacent preceding mined area (Environmental Evaluation Unit, 1990). 

Consequently, after revegetation by means of topsoil replacement, post-mining plant community boundaries 

may show little deviation from pre-mining boundaries. The effectiveness of topsoil replacement for the 

restoration of a specific plant community will therefore depend mainly on the size and composition of the 

seed bank of that community. 

Seasonal variation in seed bank size and composition was relatively high at the study site. Samples 

collected during autumn and summer did not differ significantly from each other in terms of seed bank size, 

and include both the transient and persistent fractions of the soil seed bank. However, summer and autumn 

collected samples did differ Gignifioantly from each other in terms of eilielyeu :;eedllng denSity and species 

richness directly after sampling, which was probably due to unfavourable environmental conditions for 

germination during summer. When samples were examined directly after sampling, the highest mean 

number of emerged seedlings and species richness occurred in samples collected during autumn. Winter 

sampling indicated the presence of a large persistent seed bank, constituting c. 50% of the total soil seed 

bank species richness of the study area. Seedling recruitment from replaced topsoil and sowing should be 

restricted to the period of natural field emergence, i.e. autumn. Transplanting of selected species should 

commence during the winter months. During these periods, both moisture and temperature are usually non­

limiting for the germination and survival of local species. In areas where topsoil replacement and sowing 

have been completed, irrigation should commence at the start of the rainy season, as many seeds present in 

the replaced topsoil will be in a state of dormancy during spring and summer. Also, temperatures during 

spring and summer may be too high for the seeds of most species to germinate. Although some seeds may 

germinate, the resulting seedlings will probably not survive during the hot seasons. Although the usefulness 

of annual species in the revegetation program will mainly be restricted to the wet and cool winter months, 

remaining plant debris may act as wind-breaks for the control of wind erosion. Irrigation, during the hot 

seasons following initial emergence events in autumn and/or winter, will be beneficial for the survival of 

perennial species' seedlings and adult plants. 

The general diSSimilarity between the seed bank and its associated vegetation was manifested by 

dissimilarities in species composition, plant/seedling densities and frequencies. The standing vegetation at 

the study site was not well represented in the seed bank samples, but the seed bank species were well 

represented in the standing vegetation. Those species recorded only in the seed bank were mainly annuals 

with relatively low densities and frequencies. 
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As in most arid ecosystems, the frequency distribution of seeds in the seed bank was highly kurtotic, since 

most samples had a few or no seeds and only a minor proportion had a large number of seeds. This general 

spatial pattern may in part be the result of the relatively short seed dispersal distances that characterise the 

majority of desert plants (Ellner & Shmida, 1981), or the consequence of directed dispersal by ants or 

rodents (Van Rheede van Oudtshoorn & Van Rooyen, 1999). 

Species that were abundant in the seed bank of almost all plant communities constituted 15% of the total 

species richness of the standing vegetation. Species abundant in the seed bank of several communities 

made up another 4% to the species richness of the study area. Perennial species abundant in the seed 
.. 

bank of almost all communities will contribute 6% to the restored species richness of the study area. 

In general, total, annual and perennial species' richness of all communities to be mined was higher in the 

standing vegetation than in the seed bank. According to Sorensens' index, similarity in total species 

composition between the standing vegetation and the soil seed bank was 54.3%. Higher similarity in annual 

than perennial species composition was obtained between the standing vegetation and the soil seed bank. 

An increase in species richness generally correlated with an increase in species composition similarity 

between the standing vegetation and the soil seed bank. 

The seed bank contained in replaced topsoil will probably be a good predictor of the future vegetation. This 

is true for at least the early stages of succession in the mined area. Topsoil replacement alone will not be 

sufficient for reaching revegetation goals, as species abundant in the seed bank of most communities 

totalled only 19% of the total standing vegetation species richness. Considering only perennial species, this 

percentage decreased to 8%. Also, species dominant in the standing vegetation do not produce persistent 

seed banks. Even with a revegetation goal of 30%, sowing and transplanting of selected species will be 

indispensable. 

Perennial taxa, which could be recruited in sufficient numbers from the soil seed bank include: Nestlera 

biennis, Ruschia bolusiae, Ehrharta calycina, Geophyte spp., Tetragonia virgata, Manochlamys albicans, 

Ruschia brevicyma, Hypertelis salsoloides, Hermannia spp. and Zygophyl/um morgsana. Annual species 

abundant in the standing vegetation and the seed bank were Senecio arenarius, Oncosiphon suffruticosum, 

Crassula expansa, Ficinia argyropa, Crassula umbel/ata, Manulea altissima, Isolepis marginata, Cotula 

thunbergii, Karroochloa schismoides, Pentaschistis patula and Helichrysum marmarolepis. 

Shrub species such as Lycium ferocissimum, Asparagus retrofractus, Rhus longispina, Othonna floribunda 

and Lebeckia multiflora were abundant in almost all communities in the standing vegetation, but were absent 

or less abundant in the soil seed bank, and should probably be reintroduced to mined areas by means of 

transplanting and sowing. Annuals and perennial herb species that were abundant in the standing 

vegetation but absent or less abundant in the seed bank, should be reintroduced by means of sowing, e.g. 

Limeum africanum, Lyperia tristis, Grielum grandiflorum, Microloma sagitta tum, Hebenstretia dentata and 

Heliophila coronopifolia. 
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The presence of species in a seed bank disposes of many of the revegetation problems associated with 

collecting, storing, and sowing seeds or transplanting individuals, but it does not eliminate uncertainties 

associated with seed germination and seedling survival (Van der Valk & Pederson, 1989). Most annual 

species in this study obtained highest germination percentages and shortest mean times to germination at 

intermediate temperatures in the light. The perennial species in this study obtained highest germination 

percentages and shortest mean times to germination at a wide range of temperatures, in the absence of 

light. Revegetation efforts must therefore ensure that after sowing, seeds of perennial species are not 

merely left on top of the soil. A solution to some of these problems may be the replacement of topsoil after 

sowing, ensuring that the light requirements for germination of both perennial and annual species are met. 

Another factor that influences the timing of germination is seed dormancy. The requirement of an after­

ripening period by seeds indicates a delay in germination until the probability of seedling survival and plant 

growth is high (Baskin & Baskin, 1998). In the Strandveld Succulent Karoo, this germination strategy 

ensures that newly shed seeds do not germinate during occasional summer precipitation, as few seedlings 

will survive during the hot season. Of the species investigated, 52% required an after-ripening period, most 

of which were annuals or perennial herb species. Moisture and temperature probably control the timing of 

germination in most of the species from this area. 

Mechanical scarification, short period chemical scarification, leaching, hydration/dehydration, heat, and/or 

cold treatments increased the germination of some species investigated. These artificial dormancy-breaking 

treatments may prove to be viable for species to be sown. However, most species exhibiting seed dormancy 

were found to be annuals, which also predominate the soil seed bank and will therefore be reintroduced to 

mined areas by means of topsoil replacement. Species to be sown are mainly perennial and exhibited less 

dormancy, rendering artificial dormancy-breaking treatments impractical. 

An increase in relative humidity generally resulted in a decrease in seed viability. Seeds remained viable for 

longer periods under low temperature conditions in the laboratory, than under fluctuating temperatures in the 

field. Irrigation during summer after topsoil replacement in spring/summer may solve seedling recruitment 

problems related to low moisture, but the dormancy status of most annual species in the seed bank will 

prevent their germination. Also, the increase in relative humidity due to irrigation may result in increased 

seed moisture contents. Prevailing high summer temperatures and high relative humidities will enhance 

seed deterioration and consequently, seed viability and longevity will be reduced. Irrigation during the 

summer following topsoil replacement in spring/summer would result in the germination of many of the 

perennial shrub species, but seeds of annual species may be lost. Irrigation during the second summer after 

topsoil replacement in spring/summer will be beneficial for the survival of these perennial species, and many 

annual species would already have been recruited, matured and reproduced during the preceding winter. 

Collected seeds of perennial shrub species should not be stored for too long, as they are probably not as 

long-lived as seeds of the annual species investigated. Recruitment of these species should occur during 

autumn, as germination during this season should provide sufficient time for seedling establishment and 

growth. 
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Species recruitment from replaced topsoil will be influenced by the period that seeds of different species 

remain viable in the seed bank. Because detailed studies could not be performed on all species present at 

the study site, the grouping of species with high abundancies, according to their expected seed bank 

strategies provided a means for determining the revegetation method best suited for each group or seed 

bank type. The key with laboratory characteristics of seeds to predict seed bank types seems to be well 

suited for the classification of seed banks of the Strandveld Succulent Karoo. Modifications to the original 

key (after Grime & Hillier, 1981) included: a dry heat pre-treatment rather than cold stratification, mean 

germination percentages of fresh and stored seeds (20°C for one month) were considered for both large and 

small seeds, some categories were subdivided due to the large number of species with persistent seed 

banks, and the time taken by seeds stored dry at 20°C for one month to reach 50% germination was not 

incorporated as a means of distinguishing between seed bank types. 

Of the 37 species investigated, 32% have seeds with a transient seed bank strategy, while 68% exhibited 

persistent seed bank strategies. Five percent of the species produce small persistent seed banks, while 

22% and 49% of the species have seed types which accumulate small short-term persistent seed banks and 

large persistent seed banks respectively. Predicted seed bank strategies should, however, be examined and 

checked in the field for each species. 

Species of all five seed bank types identified will be important during the revegetation of mined areas at 

Brand-se-Baai. The anemochorous seeds of seed bank types 1, 2, 3b and 4 species may disperse into the 

post-mining revegetation areas from surrounding vegetation, but this would not be sufficient for revegetation 

purposes. During revegetation, species with types 3a, 3b and 4 seed bank strategies should originate from 

replaced topsoil. Seeds of species with the seed bank type 3a strategy should also be sown in selected 

areas, as these species have a restricted spatial distribution. Seeds of herb species with types 1 and 2 seed 

bank strategies should be reintroduced to post-mining areas by means of sowing, while adult plants of seed 

bank type 1 shrub species should be transplanted. 

Seed dispersal distance and seed bank formation form only part of the total reproductive strategy of a 

species. Reproduction by seeds integrates a variety of critical life history processes, which are often 

separated far from each other in place and time of occurrence: these are pollination, seed development, 

dispersal, germination and seedling establishment (Van Rheede van Oudtshoorn & Van Rooyen, 1999). 

Successful regeneration depends on trade-offs between the often conflicting pressures and constraints 

imposed by these processes. However, because these multiple functions interact, they evolve as co­

adapted syndromes. It is therefore impossible to evaluate the adaptive value of a particular dispersal mode 

without taking the constraints imposed by other life history functions into account. Factors such as flowering, 

seed production, predation, seed release time and duration, timing of germination, seedling survival and, 

after establishment, clonal and sexual reproduction speed may be equally important in restoration. 

In the perennial species investigated, seed yield ranged from 9.1 to 27 444.1 seeds planr1
, while that of 

annual species ranged from 77.2 to 807.8 seeds planr1
• The mean number of seeds entering the seed pool 

ranged between 9.0 and 4851.8 seeds planr1 for perennials and between 74.8 and 510.5 seeds planr1 for 

annual species. The relationship between seed production and pre-dispersal seed predation appeared to be 
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density-dependent at the between species level. Pre-dispersal seed predators may have the potential to 

regulate species recruitment, especially in species that do not accumulate a persistent seed bank. 

Seedling recruitment during the peak germination season (autumn) following dispersal was largely 

unaffected by post-dispersal predators. Since most perennials had low seed densities in the soil, plant 

recruitment may be reduced by seed predation. On the other hand, soil seed densities of most annual 

species were high. This may result in intense competition for access to suitable recruitment microsites and 

as a consequence, seed predation is unlikely to have any impact on mature plant density. 

Seed-borne fungi will not affect seed numbers in the soil to a great extent, under natural environmental 

conditions. In the Strandveld Succulent Karoo, low seed mortality due to fungal attack could be ascribed to 

the combination of low occurrence « 2%) and unfavourable environmental conditions for growth (low 

moisture during summer, low temperature during moist winters). Although irrigation in the hot, dry seasons 

may induce seed decay due to fungal attack, irrigation during the seasons following initial emergence in 

autumn, will be beneficial for the survival of seedlings of many species. 

Poor seed germination and seedling mortality, due to environmental constraints like water stress, soil salinity, 

high temperature and pathogens will limit the success of revegetation efforts in the Strandveld Succulent 

Karoo. Transplanting of selected shrub species will increase species richness and therefore be beneficial for 

the restoration process. Apart from their role as wind-breaks, transplanted adult perennial plants may also 

reduce the period between revegetation and reproduction. Shrub species investigated did not act as nurse­

plants, i.e. seedling numbers and species richness were higher in open areas than beneath shrub canopies. 

Seedling survival did not differ between these microhabitats. Seedlings of most annuals and perennial herb 

species will establish and survive in open areas at the study site. These species can be recruited from 

replaced topsoil and/or by sowing. 

Sea-water is used in the mining process, leading to soil salinities few plants will be able to tolerate. The 

selection of local salt-tolerant species will therefore be advantageous to the revegetation of the area. When 

both germination and emergence are considered, perennial species will be better suited for revegetation on 

saline soil than annual species. The negative effect of salinity on the emergence and survival of the annual 

species investigated implies that the salinity of the soil should be very low for successful seedling 

emergence, and the soil salinity should be kept relatively low for better seedling survival. Also, annual 

species that do survive on soil with low salinities, yield almost no seeds. As seeds are annual species' only 

means of reproduction, these species will have to be revegetated from seed sources outside the mined area, or 

by sowing. If the salinity of the mined soil can be kept at a minimum concentration, perennial species will be 

able to survive and in some cases seed production may even be enhanced. 

In practice the effect of salinity on germination and emergence may be much worse than in laboratory 

experiments, and will differ according to soil and season. High temperature will increase evaporation and 

capillary rise of salts, and may delay germination and emergence to such an extent that the seedlings are 

caught in the crust formed in the meantime. 
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It is very important to realise that the dynamics of the seed bank constitutes many processes influencing 

inputs and outputs to the seed bank, e.g. seed production, predation, dispersal, dormancy, germination, 

seed-borne pathogens and environmental conditions. Differential shifts in the relative importance of these 

processes can account for much of the differences observed in seed banks. Temporally, seed banks 

differentiate clearly into two fundamental types, transient and persistent. Whenever risk is high, persistent 

seed banks are favoured. At one level climate is of overriding importance; beyond that, factors including 

predation, dispersal, seed longevity, and biotic interference dictate seed bank and alternative regeneration 

diversity within a community. 

In conclusion, these factors and processes will determine the revegetation method (topsoil replacement, 

sowing and transplanting) best suited for individual species. Taking all these factors into account, mining 

authorities should achieve great success in revegetating mined areas. Also, knowledge obtained from this 

seed bank study will aid plant ecologists to gain a better understanding of the processes contributing to 

reproductive strategies and plant population and community dynamics in the Strandveld Succulent Karoo. 
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Seed banks are influenced by many factors and processes related to more than one field of ecology. It is 

therefore necessary to consider all these components when assessing seed bank dynamics, which 

constitutes many processes influencing inputs and outputs to the seed bank. Apart from describing the seed 

bank dynamics of the Strandveld Succulent Karoo in terms of spatial and temporal variation in seed bank 

size and composition, factors such as seed production, predation, dispersal, dormancy, germination, seed­

borne fungi and environmental conditions were investigated. This information was incorporated in the 

development of suitable post-mining revegetation strategies at a management level. 

In the Strandveld Succulent Karoo, viable methods for the compulsory revegetation of post-mining areas 

include topsoil replacement, sowing and transplanting of selected species. An understanding of the pre­

mining plant communities and their associated habitats is of fundamental importance to devise sound 

rehabilitation, management and conservation strategies. 

Phytosociological benchmark studies on the pre-mining vegetation and seed bank indicated that in this 

species rich area, a realistic revegetation goal will be to return 30% of the total number of 230 plant species 

recorded. The soil seed bank of the study area yielded a mean of 2 725 seedlings m,2, belonging to 109 

species. Spatial variation in seed bank size and composition was not as pronounced as temporal variation. 

The general dissimilarity between the seed bank and its associated vegetation was manifested by 

dissimilarities in species composition, plant/seed densities and frequencies. The seed bank species were 
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well represented in the standing vegetation, but standing vegetation species were uncommon in the seed 

bank. Few species were unique to the seed bank. 

Topsoil replacement, sowing and transplanting of selected species were found to be essential for the 

rehabilitation of this area after mining has been completed. Seeds of annual species were abundant and of 

a persistent nature in the soil seed bank, required a summer after-ripening period, germinated to higher 

percentages at intermediate temperatures in the light, and generally had lower seed yields than perennial 

species. Also, seed predation is unlikely to have any impact on mature plant density of annuals, their 

seedlings will establish in open microsites and they can be recruited from replaced topsoil during 

revegetation efforts. 

Seeds of perennial herb species were less abundant and of both a persistent and transient nature in the 

seed bank, depending on the species. Revegetation using these species should involve sowing. Large 

seeded perennial shrub species were uncommon and of a transient nature in the seed bank. Transplanting 

will be a viable means for reestablishment of these species. In general, seeds of perennial species obtained 

highest germination percentages and shortest mean times to germination at a wide range of temperatures in 

the absence of light, and seed predators have the potential to regulate species recruitment of these species. 

Perennial species also yielded higher survival percentages and seed production under saline conditions. 

Taking all factors involved in seed bank dynamics into account, mining authorities should achieve great 

success in revegetating mined areas. Furthermore, knowledge obtained from this seed bank study will aid 

plant ecologists in gaining a better understanding of the processes contributing to reproductive strategies 

and plant population and community dynamics in the Strandveld Succulent Karoo. 
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'n Saadbank word deur verskeie faktore en U "':;;""V-, wat verband hou met meer as een van ekologie, 

be"invloed. is daarom noodsaaklik am al in ag te neem indien saadbankdinamika 

ondersoek word. Laasgenoemde is wat toevoegings en verliese tot die 

saadbank Buiten die beskrywing van saadbankdinamika van die Strandveld Sukkulente 

Karoo in terme van ruimtelike en temporele in grootte en samestelling, is soos 

saadverspreiding, dormansie, ontkieming, saadswamme en 

ook ondersoek. Hierdie inligting is op bestuursvlak in die ontwikkeling van 

plantegroeihervestiging vir gebruik in rehabilitasie van areas. 

Die terugplaas van bogrond, saai en oorplant van Qe~)eIElktE~ercje word as lewensvatbare metodes 

beskou vir die verpligte nOrHO(OTl van plantegroei na in die Strandveld Sukkulente 

Karoo. Kennis van en hul YV-'''''''U'''V-v' voordat mynbou-aktiwiteite 'n 

aanvang neem, is van belang vir die van rehabilitasie-, bestuurs­ en 

bewaringstrategiee. 

Fitososiologiese van die staande plantegroei en saadbank, voor aanvang van mynbou-aktiwiteite, 

het aangetoon dat 'n hervestigingsdoelwit van 30% van die 230 aangeteken, realisties 

wees. Die saadbank van studiegebied het gemiddeld 2 opgelewer, wat tot 109 

behoort het. Ruimtelike in die grootte en samestelling van die ..;,,;..<o,yua. was nie so opvallend soos 
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variasie in tyd nie. Die verskil tussen die saadbank en die geassosieerde bogrondse plantegroei is 

weerspieal deur verskille in spesiesamestelling, digtheid en frekwensie. Saadbank spesies was goed 

verteenwoordig in die bogrondse plantegroei, terwyl spesies van die staande plantegroei nie volop in die 

saadbank was nie. Min spesies het slegs in die saadbank voorgekom. 

Nadat mynbou-aktiwiteite voltooi is, sal die terugplaas van bogrond, saai en oorplant van spesies 

noodsaaklik wees om plantegroei te hervestig. Sade van eenjarige spesies was volop en van In blywende 

aard in die saadbank, benodig In somer-narypingsperiode, het hoar ontkiemingspersentasies by 

intermediE~re temperature in die lig, en het in die algemeen laer saadopbrengste as meerjarige spesies 

getoon. Verder is dit onwaarskynlik dat saadpredasie In inpak op die digtheid van volwasse eenjarige plante 

sal he. Saailinge van eenjarige spesies kan vestig in onbeskutte mikrolokaliteite en gedurende 

plantegroeihervestiging kan hulle gewert word vanuit teruggeplaasde bogrond. 

Sade van meerjarige kruide was minder volop en beide blywend en kortstondig van aard in die saadbank, 

afhangend van die spesie. Hervestiging van hierdie spesies moet saai insluit. Die groot sade van 

meerjarige struikspesies was skaars en van kortstondige aard in die saadbank. Oorplanting salin geskikte 

metode wees vir die hervestiging van hierdie spesies. In die algemeen het sade van meerjarige spesies 

hoar ontkiemingspersentasies en korter ontkiemingstempo's getoon by In wye reeks temperature in die 

afwesigheid van lig. Saadpredatore het die potensiaal om die werwing van hierdie spesies te reguleer. 

Meerjarige spesies het ook hoar oorlewingspersentasies en saadproduksie onder souttoestande getoon. 

Mynbou-instansies behoort groot sukses te behaal in die hervestiging van plantegroei op gemynde areas, 

indien hulle aile faktore betrokke by saadbankdinamika in ag neem. Verder sal die kennis ingewin deur 

hierdie saadbankstudie plantekoloa help om die prosesse wat bydra tot voortplantingstrategiea asook 

plantpopulasie- en gemeenskapsdinamika van die Strandveld Sukkulente Karoo beter te verstaan. 
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APP NDIX 1 


PLANT TAXA STUDIED AND/OR ENCOU IN THIS STUDY 


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

University of South 

TAXON 

Aizoaceae 
Adenogramma iiI/ora/is Adamson 
Goelanthum semiquinquafidum (Hook.!.) Druce 
Galenia africana L. var. africana 
Galenia sarcophylla Fenzl 
Hyper/elis salsoloides (Burch.) Adamson var. salsoloides 
Umeum africanum L. africanum 
Pharnaceum aurantium Druce 

Pharnaceum exiguum Adamson 

Pharnaceum lana tum Bartl. 

Pharnaceum U. 

Psammotropha (L.t) Fenzl 

Telragonia microplera 

Tetragonia pillansii Adamson 

Tetragonia virgata Schill. 


Aloaceae 
Aloe framesii L.Bo!. 

Amaryll idaceae 
Boophane sp. 
Brunsvigia orienta/is (L.) Ail. ex Eckl. 
Gelhyllis 
J../"""m,~nfj""~ amaryl/oides Jacq. ssp. polyanthus Snijman 

Anacardiaceae 
Rhus longispina Eck!. & Zeyh. 

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

Asclepiadaceae 
Gynanchum africanum R.Br. val. africanum 
Microloma sagittatum (L.) RBI. 

divaricata 

Trachyandra falcata (U.) 


Asteraceae 
Amellus microglossus DC. 

Amellus tenuifolius Burm. 

Arclotheca calendula (L.) Levyns 

Arctotis auriculata Jacq. 

Arctotis hirsuta (Harv.) Beauv. 

Arctotis scully; RA.Dummer 

Arctotis stoechadifolia Berg. 

Arctotis sp. 

Aretotis sp. (ADV220) 

Arctolis 

Berkheya (L.) Ehrh. 

Berkheya spinosa (L.f.) Druce 

(;hrv,~"nthAfn",,(fp< monilifera (L.) T.Norl. ssp. pisifera (L.) T.Nor!. 

Chrv;;(J/Y.m;J longifolia DC. 


thunbergii Harv. 
Didelta camosa (L.f.) Ail. var. camosa 

REFERENCE 

A.J. de Villiers 305 
A.J. de Villiers 306 
A.J. de Villiers 7 

Le Roux at al. (1997) 

M.W. van Rooyen 2229 
M.W. van Rooyen 2036 
A.J. de Villiers 344 
A.J. de Villiers 304 
A.J. de Villiers 200 
A.J. de Villiers 285 
A.J. de Villiers 102 
Le Roux at al. (1997) 
M.W. van Rooyen 2158 
A.J. de Villiers 222 

Le Roux et al. (1997) 

Manning & Goldblatt (1996) 
A.J. de Villiers 61 

Le Roux et al. (1997) 

A.J. de Villiers 25 

A.J. de Villiers 294 

A.J. de Villiers 250 
A.J. de Villiers 127 

A.J. de Villiers 301 
M.W. van Rooyen 2162 

Le Roux at al. (1997) 
A.J. de Villiers 38 
M.W. van Rooyen 2601 

A.J. de Villiers 238 
A.J. de Villiers 14, 88 
A.J. de Villiers 249 
M.W. van Rooyen 2045 
A.J. de Villiers 137, 189 
M.W. van Rooyen 2140, 2248 
A.J. de Villiers 280, 283 
A.J. de Villiers 213 
A.J. de Villiers 220 

Le Roux at al. (1997) 

A.J. de Villiers 197, 247 

Van Breda & Barnard (1991) 

A.J. de Villiers 12, 288 
M.W. van Rooyen 2150 
A.J. de Villiers 147, 161, 191 
M.W. van Rooyen 2011 

PLANT TYPE 

Annual (A) 

A 


Perennial (P) 

P 

P 

A 

P 

A 

P 

P 
A 
A 
P 
P 

P 

P 
P 
P 
P 

P 

P 
A 

P 
A 

p 
P 
P 

A 
P 
A 
P 
A 
P 
P 
P 
A 
P 
P 
p 
P 
P 
A 
A 
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Didelta spinosa (L.f.) Ail. 
Dimorphotheca nudicaulis (L.) DC. 
Dimorphotheca pluvialis (L.) Moench 
Dimorphotheca sinuata DC. 
Eriocephalus africanus L. 
Felicia dregei DC. 
Felicia merxmuelleri Grau 
Foveolina tenel/a (DC.) Kallersjo 
Gazania leiopoda (DC.) Roessl. 
Gymnodiscus capil/aris (L.f.) DC. 
Helichrysum hebelepis DC. 
Helichrysum incarnatum DC . 
Helichrysum kraussii Sch.Bip. 
Helichrysum marmarolepis S.Moore 
Helichrysum revolutum (Thunb.) Less. 
Hirpicium alienatum (Thunb.) Druce 
Leysera gnaphalodes (L.) L. 
Nest/era biennis (Jacq.) Spreng. 
Oncosiphon suffruticosum (L.) Kallersjo 
Othonna cuneata DC. 
Othonna floribunda Schltr. 
Othonna sp1. 
Othonna sp2. 
Othonna sp3. 
Othonna sp4. 
Pteronia divaricata (Berg.) Less. 
Pteronia onobromoides DC. 
Pteronia ovalifolia DC. 
Pteronia paniculata Thunb. 
Pteronia spp. 
Senecio arenarius Thunb. 
Senecio bulbinifolius DC. 
Senecio cardaminefolius DC. 
Senecio niveus (Thunb.) Willd. 
Stoebe nervigera (DC.) Sch.Bip. 
Trichogyne ambigua (L.) Druce 
Tripteris clandestina Less. 
Tripteris oppositifolia (Aiton) B.Nord. 
Tripteris sinuata DC. 
Ursinia nan a DC. 
Ursinia speciosa DC. 

Brassicaceae 
Brassica tournefortii Gouan 
Cardamine hirsuta L. 
Heliophi/a coronopifolia L. 

Campanulaceae 
Wahlenbergia androsacea A.DC. 
Wahlenbergia paniculata (Thunb.) A.DC. 
Wahlenbergia schlechteri V.Brehm. 
Wahlenbergia sonderi Lammers 

Caryophyl/aceae 
Silene clandestina Jacq. 

Celastraceae 
Gloveria integrifolia (L.f.) M.Jordaan 
May/enus sp. 

Chenopodiaceae 
Atrip/ex lindleyi Moq. ssp. inflata (F. Mull .) P.G.wilson 
Atriplex semibaccata R.Br. 
Chenopodium opulifolium Schrad. ex Koch & Ziz 
Exomis microphyl/a (Thunb.) Aell. var. microphyl/a 
Manochlamys albicans (Ait.) Aell. 

Colchicaceae 
Ornithoglossum sp. 

Convolvulaceae 
Convolvulus sp. 

Crassulaceae 
Crassula dichotoma L. 

Crassula expansa Dryand. ssp. expansa 

Crassula muscosa L. var. muscosa 

Crassula nudicaulis L. 

Crassula sp.1 

Crassu/a tomentosa Thunb. 

Crassula umbel/ata Thunb. 

Tylecodon sp. 


M.W. van Rooyen 2293 P 
Van Rooyen et a/. (1999) P 
M.w. van Rooyen 2201 A 
H. Rosch 25 A 
M.W. van Rooyen 2161, 2419, 2533 P 
A.J. de Villiers 327 P 
A.J. de Villiers 226, 328 A 
A.J. de Villiers 194 A 
A.J. de Villiers 252 P 
A.J. de Villiers 86 A 
M.W. van Rooyen 2179, 2440 P 
A.J. de Villiers 204 A 
Van Wyk & Malan (1988) P 
A.J. de Villiers 133, 146, B6 A 
M.w. van Rooyen 2252, 2442, 2564 A 
A.J. de Villiers 89 P 
A.J. de Villiers 176 P 
A.J. de Villiers 111, 195, 281 P 
H. Rosch 3 A 
Le Roux et a/. (1997) P 
A.J . de Villiers 196, 271, 9 P 
Le Roux et a/. (1997) P 
Le Roux et a/. (1997) P 
Le Roux et a/. (1997) P 
Le Roux et al. (1997) P 
A.J. de Villiers 216, 279, 324 P 
A.J. de Villiers 55, 91 P 
A.J. de Villiers 248 P 
A.J. de Villiers 319, 56 P 
Le Roux et a/. (1997) P 
A.J. de Villiers 338 A 
M.W. van Rooyen 2114 P 
Le Roux et a/. (1997) A 
A.J. de Villiers 109 P 
A.J. de Villiers 110, 46 P 
A.J. de Villiers 114 P 
A.J . de Villiers 333, 97 A 
M.w. van Rooyen 2137, 2497 P 
Le Roux et a/. (1997) P 
Le Roux at al. (1997) A 
A.J. de Villiers 126, 334, 74 A 

A.J. de Villiers 205 A 
A.J . de Villiers 232 A 
A.J . de Villiers, H. Steyn & M. Nel 2 A 

A.J. de Villiers 75 A 
A.J. de Villiers 174, 184,302,310,335 A 
A.J. de Villiers 227 A 
A.J. de Villiers 274 P 

A.J. de Villiers 221 A 

A.J. de Villiers 293 P 
M.w. van Rooyen 2213 P 

Le Roux et al. (1997) P 
Manning & Goldblatt (1996) P 
A.J. de Villiers 167 A 
Shearing & Van Heerden (1997) P 
A.J. de Villiers 18, 21,51 P 

Le Roux et al. (1997) P 

M.w. van Rooyen 2190 P 

A.J. de Villiers 115 A 
A.J . de Villiers 149, 33 A 
A.J. de Villiers 257, 40 P 
Mustart et a/. (1997) P 
A.J . de Villiers 22 P 
M.w. van Rooyen 2227 P 
A.J . de Villiers 239 A 
A.J. de Villiers 59 P 
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Cyperaceae 
Ficin ia argyropa Nees 

Isolepis marginala (Thunb.) Dietr. 

Scirpus dioecus (Kunth) Boeck. 

Willdenowia incurvala (Thunb.) Linder 


Ebenaceae 
Euclea racemosa Murray 

Euphorbiaceae 
Clulia alalemoides L. var. alalemoides 

Euphorbia burrriannii E.Mey. ex Boiss. 

Euphorbia capul-medusae L. 

Euphorbia decussala E.Mey. ex Boiss. 

Euphorbia filiflora Marloth 

Euphorbia sp. 


Fabaceae 
Aspalalhus divaricala Thunb. ssp. divaricala 

Crolalaria humilis Eckl. & Zeyh. 

Indigofera amoena Ail. 

Indigofera inlermedia Harv. 

Lebeckia 1010noides Schltr. 

Lebeckia mulliflora E.Mey. 

Lessertia benguellensis Bak.f. 

Melolobium exudans Harv. 

Wiborgia monoplera E.Mey. 

Wiborgia obcordata (Berg.) Thunb. 


Frankeniaceae 
Frankenia pulverulenla L. 

Fumariaceae 
Cysticapnos cracca (Cham. & Schlechtd.) Liden 

Geraniaceae 
Pelargonium dipelalum L'Heril. 

Pelargonium fulgidum (L.) L'Heril. 

Pelargonium gibbosum (L.) L'Herit. 

Pelargonium senecioides L'Heril. 

Pelargonium sp.1 

Pelargonium sp.2 

Pelargonium spp. 

Sarcocaulon sp. 


Hyacinthaceae 
Albuca exuviala Bak. 
Albuca spp. 
Lachenalia spp. 

Iridaceae 
Babiana brachyslachys (Bak.) G.J.Lewis 

Babiana spp. 

Babiana Ihunbergii Ker-Gawl., Konig & Sims 

Lapeirousia spp. 

Moraea spp. 


Lamiaceae 
Ballola africana (L.) Benth. 
Ocimum canum Sims 
Salvia africana-Iulea L. 

Liliaceae 
Asparagus aelhiopicus L. 

Asparagus asparagoides (L.) W.wight 

Asparagus capensis L. var. capensis 

Asparagus fasciculatus Thunb. 

Asparagus relrofraclus L. 

Asparagus undulalus (U.) Thunb. 


Melianthaceae 
Melianlhus minor L. 

Menispermaceae 
Cissampelos capen sis U . 

Mesembryanthemaceae 
Aridaria sp. (RDV273) 

Cephalophyllum spongiosum (L.Bol.) L.Bol. 

Cephalophyllum sp. 

Conicosia elongala N.E.Br. 

Conicosia pugioniformis (L.) N.E.Br. ssp. alborosea (L.Bol.) Ihlenfeldt &Gerbaulet 


A.J. de Villiers 312 
A.J. de Villiers 225, 99 
AJ. de Villiers 136 
A.J. de Villiers 152 

A 
A 
P 
P 

A.J. de Villiers 260 P 

A.J. de Villiers 94 
M.W. van Rooyen 2258 
Manning & Goldblatt (1996) 
Le Roux el al. (1997) 
Leach (1986) 
Le Roux el al. (1997) 

P 
P 
p 
p 
p 
p 

A.J. de Villiers 262 
A.J. de Villiers 223 
M.W. van Rooyen 2012 
A.J. de Villiers 317 
A.J. de Villiers 188, 261 
Le Roux el al. (1997) 
A.J. de Villi ers 308 
A.J. de Villiers 309 
A.J. de Villiers 81 
AJ. de Villiers 85 

P 
A 
A 
A 
P 
P 
A 
P 
P 
P 

AJ. de Villiers 138 A 

M.W. van Rooyen 2254 A 

Bohnen (1986) 
AJ. de Villiers 132 
M.W. van Rooyen 2166 
A.J. de Villiers 330 
H.M. Steyn 12 
M.w. van Rooyen 2243 
Le Roux el al. (1997) 
M.W. van Rooyen 2173 

P 
P 
P 
A 
P 
P 
p 
P 

M.W. van Rooyen 2226 
Le Roux et al. (1997) 
A.J. de Villiers 129, Le Roux el al. (1997) 

P 
p 
p 

A.J. de Villiers 122 
Manning & Goldblatt (1996) 
M.W. van Rooyen 2138 
Le Roux el al. (1997) 
Le Roux et al. (1997) 

P 
P 
P 
p 
p 

A.J. de Villiers 69 
AJ. de Villiers 171 
A.J. de Villiers 16, 54 

P 
A 
P 

A.J. de Villiers 295 
AJ. de Villiers 296 
A.J. de Villiers 303 
A.J. de Villiers 315 
AJ. de Villiers 313 
A.J. de Villiers 292 

P 
P 
P 
P 
P 
P 

A.J. de Villiers 66 P 

A.J. de Villiers 325, 77 P 

A.J. de Villiers 273 
A.J. de Villiers 5 
A.J. de Villiers 282 
Le Roux el al. (1997) 
AJ. de Villiers 177, 318 

P 
P 
P 
p 
P 
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Dorotheanthus bellidiformis (Burm.f.) N.E.Br. ssp. hestermalanensis Ihlen!. & Struck 

Drosanthemum calycinum (Haw.) Schwan!. 

Drosanlhemum 

Drosanthemum sp. 

Drosanthemum (RDV336) 

Lampranthus (LBoL) LBol. var. godmaniae 

Lampranthus (Willd.) N.E.Br. 

Leipold/ia jacobeniana Schwan!. 

Mesembryanthemaceae 

Mesembryanthemum L. 

Monilaria chrysoleuca 

Prenia pal/ens (AiL) NEBr. 

Psilocaulon 


Ruschia oreVIC\fma 

Ruschia carol! SchwanL 

Ruschia cymosa (L.Bol.) Schwant 

Ruschia ex/ensa L.BoL 

Ruschia firma L.Bol. 

Ruschia namaquana L.Bol. 

Ruschia sp.1 

Ruschia (GVR2245) 

Ruschia L.Bol. 

Ruschia tecta L.Bol. 

Ruschia tumidula (Haw.) Schwant. 

Ruschia versicolor L.Bol. 


x4(RDV268)(Mesembryanthemaceae) 
x7 (Mesembryanthemaceae) 

<:>Oflaln1am'flU5 sp. (RDV270) 
SI~'Ahl.ri", sp. 
Vanzijlia annulata (Berger) l.Bol. 

Oxalidaceae 
Oxalis pardalis Sond. 
Oxalisspp, 

Limonium perigrinum (Berg.) RADyer 
Limonium sp. 

Poaceae 
Bromus 
Chaelob,'onlUS nr~'m'.~ntlq Nees 

C/8Idorac.hls cyperoides (Thunb.) S.M,Phillips 
Ehrharta brevifolia Schrad. var. brevifofia 
Ehrharta calycina J.E.Sm. 
Karroochloa schismoides ex Conert) Conert & Tuerpe 
Odyssea paucinervis 
Pentaschistis palula 

Polygonaceae 
Emex australis Steinh. 
Rumex spp. 

Portulacaceae 
Portulaca quadrifida L. 

Rosaceae 
Grielum arRndiflofum (L) Druce 
Grielum Thunb. var. humifusum 

Rubiaceae 

Galium tomentosum Thullb. 


Santalaceae 
Thesium spinosum U. 

sp. 
Hemimeris racemosa (Houtt.) Merrill 
Lyperia Iris Us (L.f,) Benth. 
Manulea altissima L.f. ssp. altissima 
Manulea cinerea Hilliard 
Manulea pusilla ex Benth. 
Nemesia bicomis 
Nemesia ligulata E.Mey. ex Benth. 
Polycarena pumila (Benth.) Levyns 
Zaluzianskya vil/osa (Thunb.) F.W.Schmidt 

M.VV. van 2321 
A.J. de ViHiers 
A.J. de Villiers 182, 201, 277, 336 
A,J. de Villiers 277 
A.J. de Villiers 336 
A.J. de Villiers 278 
A.J. de Villiers 103 
A.J. de Villiers 267 
Smith elal. 
A.J. de Villiers Bl1 
A.J. de Villiers 90 
A.J. de Villiers 264 
A.J. de VlIIiers 15, 19, 32, 36 
A.J. de Villiers 290 
A.J. de Villiers 300 
MW. van Rooyen 2117 
M.W. van Rooyen 2116 
M.VV. van 2086 
A.J. de Villiers 
A.J. de Villiers 178 
Smith et al. (1998) 
Smith et al. (1998) 
MW. van Rooyen 2245 
A,J. de Villiers 180 
A.J. de Villiers 246, 291 
A.J. de Vi!liers 105 
H.M. Steyn8 
A.J. de Villiers 268 
A.J. de Villiers 270 
A.J. de Villiers 270 

AJ. de Villiers 179; Smith et al. (1998) 

A.J. de Villiers 3 

A.J. de Villiers 254 
A.J. de Villiers 151, Le Raux el at. (1997) 

A.J. de Villiers 13, 28 
MW. van Raoyen 2230 

A.J. de Villiers 119,210 
A.J. de Villiers 112, 311 
A.J. de Villiers 168 
MW. van Rooyen 2228 
A.J. de Villiers 145 
A.J. de Villiers 251 

AJ, de Villiers 162 

MW. van 2223 

A.J. de Villiers 

Van Oudtshoorn (1991) 

A.J. de Villiers 286 
A.J. de Villiers 106, 209, 307 

A.J. de Villiers 206 
Le Roux et ai, (1997) 

A.J. de Villiers 229 

A,J. de Villiers 326 

M.W. van Rooyen 2122 

A.J. de Villiers 329 
A.J, de Villiers 186 
A.J. de Villiers 337 
M.VV. van 2203 
A.J. de Villiers 
A.J. de Villiers 143 
M.W. van Rooyen 2152 
A.J. de Villiers 183 
AJ. de Villiers 235 
M.W. vall Rooyen 2005 

A 
P 
P 
p 
P 
P 
P 
P 
P 
A 
P 
P 
P 
P 
p 
P 
p 
P 
P 
p 
p 
P 
P 
P 
P 
p 
p 
p 
p 
p 
p 
P 

P 
P 

p 
P 

A 
p 
A 
P 
A 
p 
A 
P 
A 
A 
P 
P 

A 
A 

A 

P 
A 

P 

P 
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A 
A 
A 
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A 
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Selaginaceae 

Hebenstretia dentala L. 

Hebenstretia repens Jarosz 


Solanaceae 

Lyeium feroeissimum Miers 

Lycium sp. 

Lyeiumspp. 

Solanum guineense L. 


Sterculiaceae 

Hermannia amoena Dinter ex M.Holzhammer 

Hermannia cernua Thunb. ssp. eroidioides 

Hermannia euneifo/ia Jacq. var. euneifolia 

Hermannia modesta (Ehrenb.) Mast. 

Hermannia scordifolia Jacq. 

Hermannia sp. 

Hermannia spp. 


Ferraria densepunetulata De Vos 

Ferraria divaricala Sweet ssp. aurea De Vos 

Ferraria spp. 


Viscaceae 

Viscum capense U. ssp. eapense 


Zygophyllaceae 

Zygophyllum meyeri Sond. 

Zygophyl/um morgsana l. 

Zygophyllum pygmaeum Eckl. & Zeyh. 


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

A.J. de Virliers 
A.J. de Villiers 

Le Roux et al. (1997) 

A.J. de Villiers 154,71 

A.J. de Villiers 298 
M.W. van Rooyen 2159 
A.J. de Villiers 297 
A.J. de Villiers 116 
A. J. de Villiers 107, 203 
A.J. de Villiers 299 
Le Roux et a/. (1997) 

A.J. de Villiers 121 
A.J. de Villiers 130 
Le Roux et al. (1997) 

A.J. de Villiers 181 

Le Roux et al. (1997) 
A.J. de Vill1ers 4 
A.J. de Villiers 79 
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