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Figure 14.1 Evening mood with Scaevola plumieri (Goodeniaceae) on the coastal dunes 
of Maputaland (northern KwaZulu-Natal).

Ladislav Mucina, Janine B. Adams, Irma C. Knevel, 
Michael C. Rutherford, Leslie W. Powrie, John  
J. Bolton, Johannes H. van der Merwe, Robert  
J. Anderson, Thomas G. Bornman, Annelise le Roux 
and John A.M. Janssen

Coastal Vegetation 
of South Africa

 Table of Contents
 1   Introduction: Distribution and Azonal Character of Coastal 

Vegetation 660
 2   Origins of South African Coastal Features 661
 3  Ecology of Coastal Habitats 662
  3.1  Aquatic and Semi-aquatic Habitats 662
   3.1.1  Algal Beds 662
   3.1.2  Estuaries 662
  3.2  Terrestrial Habitats 666
   3.2.1  Sandy Beaches and Dunes 666
   3.2.2  Rocky Shores: Coastal Cliffs and Headlands 671
 4   Biogeographical Patterns 672
  4.1   Major Biogeographical Divisions 672
  4.2  Algal Beds 673
  4.3  Estuaries 674
  4.4  Dunes  675
 5   Principles of Delimitation of Vegetation Units 675
  5.1  Algal Beds 675
  5.2  Estuarine Vegetation 675
  5.3  Dry Seashore Vegetation 676
  5.4  Eastern Strandveld 676
 6   Conservation Challenges: Status, Threats and Actions 677
  6.1  Algal Beds 677
  6.2  Estuaries 677
  6.3  Beaches, Dunes and Strandveld 678
 7  Future Research 679
 8  Descriptions of Vegetation Units 680
 9  Credits  690
 10  References 690

14

W
.S

. M
at

th
ew

s



660

S 19 (2006)

Coastal Vegetation of South Africa

1.   Introduction: Distribution and Azonal 
Character of Coastal Vegetation

The vegetation of South African coasts owes its origin to two 
major seas—the Atlantic Ocean and Indian Ocean. These huge 
water masses not only shape the varied faces of the coast, but 
function as major factors creating the coastal climate, and 
indeed the climate of the subcontinent in general. Tides and 
salt spray are other controlling factors shaping the ecology of 
coastal habitats. Hence all vegetation units forming part of the 
coastal vegetation in this chapter and depicted by our Map are 
those of which the origin, structure and dynamics are a func-
tion of the sea and its immediate influence in terms of flooding 
by sea water, influence of salt spray, formation and re-forma-
tion of coastal sediments (beaches, dunes, old dune plumes).

The coastal vegetation of South Africa is very diverse and reflects 
the vastly different oceanographic and climatic conditions giv-
ing rise to a great variety of habitats occurring in this dynamic 
environment. These habitats result from the manifold and intri-

cate interactions between sea and air temperature, geology 
and local topography, wind patterns and deposition of sand 
and salt, and of tidal regime. The coastal band forms a patchy 
series of offshore kelp ‘forests’ (in the west), sandy beaches, 
sand dunes and rocky headlands, interrupted by man-made 
beach fronts, harbours or estuaries. The coast extends from 
arid Alexander Bay (on the Northern Cape/Namibian border) on 
the Atlantic coast, along the semi-arid West Coast, around the 
famous Cape of Good Hope and Cape Agulhas (southernmost 
point of the African continent), further along the southern and 
eastern Indian Ocean seaboards as far as tropical Maputaland 
(northern KwaZulu-Natal) shared by South Africa and neigh-
bouring Mozambique.

The macro-patterns of the coastal vegetation of South Africa 
are controlled by large-scale atmospheric systems over southern 
Africa and by the oceanography of the adjacent oceans. The cli-
mate is largely temperate to subtropical and is affected by two 
major sea currents—the cold north-flowing Benguela Current of 
upwelling inshore waters along the West Coast and the warm 
south-flowing Mozambique Current (extending southwards as 
the Agulhas Current) bringing equatorial waters with it and lap-
ping the Indian Ocean coasts of South Africa (Lutjeharms 1998, 
Schumann 1998) (Figure 14.2). Due to its subtropical geograph-
ical position, South Africa’s weather patterns are dominated by 
the interaction of three major pressure systems. As a result, the 
major winds along the coast are bidirectional and quasiparallel 
to the coastline. Southerly winds alternate with northwesterly 
winds on the West Coast, westerly with easterly winds along 
the South Coast, and southwesterly with northwesterly winds 
on the East Coast (Tinley 1985, Stone et al. 1998).

The coastline traverses a number of climatic regions, from the 
hyperarid and cool-temperate climate of the southern Namib 
coast at Alexander Bay, the semi-arid cool-temperate climate 
of the coast west of Cape Agulhas, the warm-temperate cli-
mate (with various precipitation regimes) to the moist subtropi-
cal coast of KwaZulu-Natal. The coastal extremes in tempera-
ture are in general dampened by the influence of marine air, 
increased cloud cover, high atmospheric humidity, the cooling 
effect of sea breezes, and the cold and warm currents flow-

Figure 14.2 A high resolution NOAA-14 AVHRR thermal infrared composite satellite image (16-18-23 December). Colours show the sea tempera-
tures (see the scale). The warm current along the southern and eastern coasts is the Agulhas Current, while the dark blue colour on the West Coast 
indicates the position of the Benguela Upwelling System. The dark line extending into the sea south of Cape Agulhas shows the edge of the continen-
tal shelf. Clouds appear white. (Courtesy of the American Meteorological Society; Rouault et al. 2002. Weather & Forecasting 17: p. 656.)
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AZd3  Cape Seashore Vegetation
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ing offshore. The West Coast is characterised by a low winter 
rainfall which decreases rapidly northwards, from 567 mm in 
Cape Town (Sea Point) to 449 mm at Koeberg (barely 25 km to 
the north) to 45 mm at Alexander Bay. The East Coast experi-
ences rainfall increasing from 800 mm in the south to 1 300 
mm at the border with Mozambique (compare various climate 
diagrams for our vegetation units: Figure 14.3).

The concept of azonality of coastal vegetation follows the same 
principles of zonality of vegetation as discussed in Chapter 13. 
Although the influence of (macro)climate is undeniable in shap-
ing the biogeographical patterns within coastal vegetation, the 
ecological factors delimiting this vegetation from the zonal veg-
etation of the neighbouring biomes prevail. Tidal regime (com-
bined with salt stress and inoxia resulting from submergence 
in water) is the major complex factor controlling the vegeta-
tion of salt marshes. On the rocky headlands the major habitat 
conditions are the lack of, or extremely impeded, soil develop-
ment, combined with air-borne salt deposition, and disturbance 
brought about by frequent and strong desiccating winds. The 
dunes can be seen as an azonal substrate subject to heavy des-
iccation due to fast drainage (with good water storage proper-
ties but at depths beyond many plants on the often mobile 
substrate), relentless desiccating coastal winds, and extreme 
exposure to sun irradiation due to the high albedo associated 
with low biomass cover and light-coloured sand. The soils are 
rich in deposited marine salt, buried decomposing animal bod-

ies and plant debris, and a high content of alkaline substances 
due to concentration of hard body skeletons of marine organ-
isms (macroshells of marine molluscs, microcysts of dinoflagel-
lates, etc.).

Strictly speaking, the concepts of zonality as defined by Walter 
(1964, 1973; see Chapter 13 in this book) should not apply to 
marine vegetation (such as seaweed and seagrass communi-
ties). The global patterns of marine vegetation are directly con-
trolled rather by temperatures of the sea (to a large extent still 
under the influence of the local and regional climate) and salt 
concentration (Den Hartog 1970, 2003, Breeman 1988, Bolton 
& Anderson 1997) than by climatic parameters such as air tem-
perature, precipitation seasonality and the like.

2.   Origins of South African Coastal 
Features

The coasts of South Africa are as old as the African continent 
itself—logically their origin roots in the split of Africa from 
the southern supercontinent Gondwanaland (started 130 
mya and fully accomplished around 60 mya). Changes in sea 
level along the South African coast during the Cenozoic (ca. 
65–2 mya) reflect global levels and geological timescales closely. 
Transgressions, stillstands and regressions can therefore be 
dated internationally. The record of changes in sea level differs 

Figure 14.3 Climate diagrams of the coastal vegetation units (excluding AZd 1 Namib Sea-
shore Vegetation due to lack of data, but see Figure 6.2 for climate diagram of Alexander 
Bay).  Blue bars show the median monthly precipitation. The upper and lower red lines show 
the mean daily maximum and minimum temperatures, respectively.  MAP: Mean Annual Pre-
cipitation; APCV: Annual Precipitation Coefficient of Variation; MAT: Mean Annual Temperature; 
MFD: Mean Frost Days (days when screen temperature was below 0°C); MAPE: Mean Annual  
Potential Evaporation.

regionally because of, for instance, more 
complex geological conditions along the 
South Coast as compared to the West 
Coast, but coincides according to verte-
brate and invertebrate fossil finds. The 
greatest differences between the cur-
rent and palaeo-coastlines (dated back to 
around 5 mya) are found in the broad sur-
rounds of Cape Town, around the present 
Cape Agulhas, and in Maputaland. Along 
most of the more steeply sloping coastal 
zones of the southern and eastern Cape 
with their incised river valleys, these fea-
tures are less prominent (Marker 1988). In 
the Langebaan region four well-defined 
higher Cenozoic shorelines can be distin-
guished from the Late Tertiary, chrono-
logically arranged at approximately 30 m 
(Late Miocene), 90 m, 50 m and 20 m 
(Late Pliocene) above current MSL.

The high sea level (about 25 m higher 
than today) of two important marine 
transgressions 5 mya and 1.5 mya led to 
the isolation of the Cape Peninsula and 
its split into two islands separated from 
the mainland by the broad Cape Flats 
Seaway and a narrow Fish Hoek Channel 
(Compton 2004). During the LGM (about 
20 000 BP) the sea level was more than 
an estimated 125 m lower than today 
(due to much of the planet’s freshwater 
stock locked in polar ice caps). As a result, 
the coastline of the southwestern Cape 
migrated up to 100 km seawards, expos-
ing broad dryland benches around Cape 
Point, draining False Bay and exposing 
the continental shelf southwards beyond 
the present Agulhas Plain. The fossil can-
yon of the Breede River has been traced 
for some 70 km across the present sub-
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merged Agulhas Shelf and similar canyons have been mapped 
for the larger rivers such as the Gamtoos on the East Coast  
(Marker 1988).

The coastal plains of Maputaland have also been witness to 
numerous marine transgressions and regressions which have 
recurrently altered the shape of these coasts. For instance, dur-
ing the Last Interglacial (Eemian, also known as oxygen-isotope 
stage 5e) with sea level being approximately 5 m higher than 
today, an offshore barrier archipelago evolved which isolated a 
back-barrier environment comprising intertidal sand-flats, reefs 
and tidal channels. The last 9 000 years witnessed numerous 
changes in sea level in Maputaland shaping the current lagoon 
systems such as Kosi Bay and St Lucia and turning original salt-
water lakes into freshwater bodies such as Lake Sibaya (Wright 
et al. 2000). As can be expected, estuarine landforms are essen-
tially features that develop along transgressive shorelines fol-
lowing a rise in sea level because of the higher energy wave 
action depositing sediments and building sand bars across river 
mouths. These geomorphic processes were paralleled in similar 
fashion in the shaping of the Wilderness lake system and by 
development of other lagoons along the southern and western 
coasts (Reddering & Rust 1990).

Throughout the Cenozoic, the southeastern coast of southern 
Africa has been characterised by a long series of marine trans-
gressions and regressions, induced both by continental uplift 
(see Partridge et al. 1995 for an exhaustive summary), seaward 
marginal tilting of the subcontinent (De Wit 1993) and glacio-
eustatic sea level movements. These increases and decreases 
occurred in response to accumulation and melting of ice caps 
(Maud & Botha 2000). Of all the marine transgressions revealed 
after the Mid-Miocene, the Early Pliocene transgression reached 
the maximum elevation of 80–90 m (Haq et al. 1987). In the 
Langebaan region a major Middle to Late Miocene transgres-
sion formed a 30 m palaeo-shoreline along which the phos-
phatic layers were deposited in the inundated valleys along the 
coastline that preserved the fossils at the Langebaan Fossil Park. 
The later regression that produced the maximum 90 m shore-
line left present hilltops as isolated islands and the mouth of the 
Berg River entering the sea near present-day Langebaan, only 
to shift northwards with the rising sea level (Erasmus 2005).

The current South African coasts are a mosaic of various 
geologies—a chronicle of geological history of the subconti-
nent. There are hard rocky coasts built of sandstone and hard 
mudstones (Silurian-Devonian Table Mountain Group, Silurian 
Natal Group), granites (mostly Cape), Malmesbury shales and 
Beaufort sandstones and mudstones (see for instance Marker 
1988, Boucher & Le Roux 1993, Taylor & Boucher 1993, Weisser 
& Cooper 1993 for regional accounts of coastal geology). These 
older geological formations are contrasted, however, by much 
younger unconsolidated Cenozoic sediments of Tertiary age 
deposited in the coastal lowlands as sands of littoral marine, 
estuarine, lacustrine and aeolian origin and reaching promi-
nence along the western and southern Cape and Maputaland 
in the extreme east (see Maud 2000, Maud & Botha 2000, 
Compton 2004 for summarising accounts for various stretches 
of the South African coast).

The present-day estuaries at South African river mouths are 
still younger geological phenomena, both due to the dynamic 
character of the sedimentation cycles and the evolutionary 
changes in the subcontinental drainage network (De Wit 1993, 
1999) which often resulted into decay and emergence of new 
river mouths. The major erogenetic uplift and marginal tilt-
ing of the eastern hinterland of the subcontinent in the Late 
Pliocene caused severe marginal erosion along the southeast 
coasts, which destroyed all vestiges of truly estuarine deposits 

older than the Pleistocene (Maud 2000). Global climate change 
during the next 100 years is expected to cause a considerable 
rise in sea level (around 0.5 m is predicted) because of polar 
ice-cap melt. The coupled isostatic settling of the crust due to 
the added weight of water over the wide (especially Agulhas) 
continental shelf (Reddering & Rust 1990) may exacerbate the 
effect of the rising sea levels in estuaries and coastal lakes by a 
further 25%.

3.  Ecology of Coastal Habitats
Since the sea is the major source of habitat variability on the 
coast, the character and location of coastal habitats is very 
much dependent on the distance from the seashore (in terres-
trial habitats such as coastal dunes) or by the intensity of influ-
ence of sea (tidal) waters (in semi-aquatic habitats such as salt 
marshes). In South Africa, coasts and the sea enjoy the interest 
of scientists and the public. A number of scientific compendia 
(Day 1981a: estuaries, McLachlan & Erasmus 1983: beaches), 
review papers (Brown & Jarman 1978: coastal marine habitats, 
Boucher & Le Roux 1993, Taylor & Boucher 1993, Weisser & 
Cooper 1993, Lubke et al. 1997, Lubke 2004: coastal vegeta-
tion, Bolton & Anderson 1997: marine vegetation), reports and 
series (Heydorn & Tinley 1980: estuaries, Tinley 1985: dunes, 
McGwynne & McLachlan 1992: coastal management), but 
also popular and semipopular books on coastal and sea biota 
(Branch & Branch 1981, Lubke et al. 1988, Lubke & De Moor 
1998) contain valuable information and sources on ecology 
and biodiversity of the marine and coastal flora and vegetation. 
Therefore, we shall concentrate only on selected features of the 
coastal vegetation, especially those that underlie the current 
classification and mapping of these ecosystems.

3.1  Aquatic and Semi-aquatic Habitats

3.1.1  Algal Beds

Algal beds are a very special habitat, usually straddling the eco-
tone between the sea and firm land. Coastal tidal pools, found 
on rocky platforms in the intertidal zones (Figure 14.4) are a 
prime habitat for marine algal assemblages. Tidal dynamics cre-
ate a series of habitats from those permanently under water to 
those being intermittently exposed during the ebb. Fascinating 
zonation systems are formed along the tidal gradients (Bolton 
& Anderson 1997). Kelp beds are formed inshore and although 
they are exposed to tidal fluctuations, they stay permanently 
under water. They reach as far as 3 km from the seashore into 
the open sea, but they prefer sheltered coastal coves.

Further details on ecology, patterns and processes, utilisation 
and other relevant aspects related to algal beds and marine 
vegetation in general can be found in in-depth reviews such 
as those by Branch & Branch (1981) and Bolton & Anderson 
(1997).

3.1.2 Estuaries

 Ecology of Estuaries: Tides and Salinity

Estuaries are places where freshwater of a river meets the 
salt water of the sea or coastal lagoon and where gradual 
transitions in physical, chemical and biological characteristics 
between freshwater and seawater ecosystems can be found 
(Day 1980, 1981a, Ketchum 1983, Heydorn 1989a). Dynamics 
of water flows (tides and river input), mixing of fresh and salt 
waters, erosion and sedimentation processes mould an intri-
cate system of microhabitats making up the phenomenon 
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water levels. The floodplain is the area adjacent to the suprati-
dal and is elevated above the rest of the estuary. This area is 
normally covered with water only during large flood events. 
In estuaries where the mouth closes the intertidal habitat is 
reduced or absent. Sometimes freshwater seeps and water 
springs add a new facet to the estuarine habitat mosaic (see 
O’Callaghan 1994a, Mucina et al. 2003 for sources on South 
African salt marshes and related habitats). In places, salt pans 
are also present, usually indicating the position of tidal creeks 
a long time ago and currently severed from the contact with 
the sea.

At the low tidal boundary, some sublittoral tidal flats experience 
exposure to terrestrial conditions at the lowest tidal conditions 
(neap tide). Here seagrass ‘meadows’ are built by rhizomatous 
graminoids (‘rosulate herbs’ sensu Cook 2004) of the families 
Zosteraceae (Zostera capensis) and Cymodoceaceae (Halodule, 
Thalassodendron). Calm brackish pools of deeper creeks within 
the estuaries often house submerged macrophyte vegetation 
tolerant of some levels of salinity. Typical aquatic plants of these 
habitats include salt-tolerant charophytes of the genera Chara, 
Lamprothamnium, Nitella and Tolypella as well as short-lived 

angiosperms of the genera Ruppia, Althenia, Pseudalthenia and 
Zannichellia. The life form of all these organisms is classified as 
‘vittate herb’ by Cook (2004). Submerged macrophytes such as 
pondweed (Potamogeton pectinatus) occur only in small fresh-
water-dominated estuaries.

Intertidal Spartina maritima meadows (Pierce 1979, 1982) are 
a common sight in open estuaries, but they are absent from 
temporarily closed or closed estuaries, which may be attributed 
to the plant’s requirements for tidal flooding and saturated sub-
strates (Adams & Bate 1995).

A study of four Eastern Cape estuaries (Adams et al. 1992) 
showed that in the temporarily open/closed Seekoei and 
Kabeljous Estuaries, diversity and cover of emergent macro-
phytes was lower than that of the permanently open estuaries 
(Gamtoos and Kromme). This was attributed to the availability 
of suitable habitat, fluctuating water levels and periodic hyper-
saline conditions. Grasses were the dominant plants as species 
such as Sporobolus virginicus grow well under waterlogged 
conditions and can withstand long periods of submergence 
(Breen et al. 1977). Closed mouth conditions and an increase 

Figure 14.4 Salt marshes of the Kromme River Estuary at St Francis Bay, dominated by cheno-
pods such as Sarcocornia perennis complex, Salicornia meyeriana and Chenolea diffusa.
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Figure 14.5 Algal beds in tidal potholes on the limestone coast of De Hoop Nature Reserve near 
Arniston, Western Cape.
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in water level result in a rapid die-back of 
succulent plants. When the mouth opens 
again and the water levels drop, the resi-
dent seed banks play an important role 
in the re-establishment of salt marshes, 
e.g. Triglochin species in the Great Brak 
Estuary and Sarcocornia species in the 
Seekoei Estuary. Similarly in the Lake St 
Lucia system, Ward (1976) found that 
decreases in water levels in open saline 
or brackish soils led to colonisation by 
species of genera such as Salicornia, 
Sarcocornia and Atriplex. When lake lev-
els rose again, these species were killed 
off since they are intolerant of prolonged 
inundation.

There are few obvious links between 
elevation and tidal regime on one hand 
and salinity on the other. Adam (1990) 
reported an inverse linear relationship 
between salinity and elevation, while 

called ‘estuary’ (Figure 14.5). There have 
been many types of estuaries described 
based on origin and hydrodynamics (see 
Day 1981a, Ketchum 1983 for accounts 
of systems), but for our purpose we shall 
consider only two major types of estuar-
ies—the open and closed (permanently 
and temporarily). This simple classifica-
tion system is supposed to reflect the 
role and strength of tidal influence in 
controlling the patterning and dynamics 
of estuarine habitats.

Estuaries are usually composed of sublit-
toral marine zones (permanently under 
water), intertidal flats experiencing dif-
ferent periods of flooding (depending 
on the local tidal conditions and topog-
raphy), and supratidal terraces. The 
supratidal zone refers to the area that is 
situated above the intertidal zone, for-
merly part of flooded flats and mostly 
outside the direct tidal influence except 
for spring tide and other associated high 
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maximum salinity peaked just below maximum high-water 
spring tide level. Adams et al. (1992) found that sediment salin-
ity of the intertidal macrophyte communities was determined 
by the salinity of the adjacent water body, since these species 
are daily inundated by tides. Fluctuations in water column salin-
ity would therefore raise and lower sediment salinities, which 
would influence macrophyte germination and growth. Salt-
marsh plants are dominant at salinities between 10 and 35 ppt. 
Only a few species germinate in salinities greater than 20 ppt. 
One of the most critical stages in the life cycle of halophytes is 
the period of germination and establishment. For the success-
ful establishment of plants in saline environments, seeds must 
be able to remain viable at high salinities and germinate when 
the salinity is reduced (Ungar 1978, 1982, 1987). The ambient 
salinity in a salt-marsh system is not influenced only by the tides. 
De Leeuw et al. (1991) detected the position along a salt-marsh 
elevation profile above which substrate salinity was affected 
by climate variables rather than by tidal regime. According to 
Adams et al. (1992) supratidal macrophytes are usually associ-
ated with low moisture content due to limited tidal flushing in 
this area, thus rainfall and evaporation are more important in 
influencing the distribution of these species. Occasional events 
of flooding can result in increased water levels and in flushing 
out salts from this habitat.

Recent studies have indicated groundwater salinity and depth 
to groundwater as important determinants for supratidal and 
floodplain salt marshes (Bornman et al. 2002, 2004a, b). The 
Olifants Estuary has the largest area of supratidal (143 ha) and 
floodplain salt marsh (797 ha) on the dry West Coast (Table 
14.1). A single species, Sarcocornia pillansii, is dominant in this 
dry saline habitat. Bornman (2002) showed that the survival of 
the plants was dependent on the utilisation of saline ground-
water particularly during the dry period (eight months) of the 
year. The cover abundance of S. pillansii was visibly reduced 
where the water table was deeper than 1.5 m and/or where the 
electrical conductivity of the groundwater had a high ion con-
centration (>80 mS.cm-1). Flooding of the estuary is important 
in lowering the salinity of the water column, which influences 
groundwater salinity. Any disturbance to this habitat will result 
in large areas of bare ground as has happened at the mouth of 
Orange River (Bornman et al. 2004a).

An investigation by Walker (2004) in the East London estuaries 
(Tyolomnqa to Kei) showed that reeds, sedges and supratidal 
salt marsh were found in all estuaries. The supratidal salt-marsh 
communities are similar to those of permanently open estuaries. 
Species dominance varied depending on salinity. Compared to 
permanently open estuaries, temporarily open/closed estuar-

Table 14.1 List of available information on South African estuaries with the largest intertidal and supratidal salt marsh areas and 
the change in area over time.  Past cover (ISM & SSM past, in hectares) was estimated from 1937 or 1961 aerial photographs 
(Colloty et al. 2001), while the present cover (ISM & SSM pres, in hectares) reflects the situation in 1998.  All estuaries with 
present area >20 ha were included. Reg: Bioclimatic region (cT: cool-temperate, wT: warm-temperate, Sub: subtropical). Class: 
Classification system (EB: Estuarine Bay, ELS: Estuarine Lake System, PO: Permanently Open, RM: River Mouth, TO/C: Temporar-
ily Open/Closed). ISM: Intertidal Salt Marsh. SSM: Supratidal Salt Marsh. TSM: Total Current Salt Marsh.

Estuary  Locality  Reg  Class
 ISM 
 pres

 ISM 
 past

 SSM 
 pres

 SSM 
 past

 TSM

Berg  32°46’S/18°09’E  cT  PO  141.8  1536.1  1677.9

Olifants  31°42’S/18°11’E  cT  PO  91.9  940.1  1032.0

Knysna  34°03’S/23°04’E  wT  EB  634.0  406.0  60.0  389.2  694.0

Langebaan  33°07’S/18°03’E  CT  EB  123.3  250.6  373.9

Keiskamma  33°17’S/27°29’E  wT  PO  210.0  91.3  311.8  301.3

Gamtoos  34°00’S/24°56’E  wT  TO/C  40.0  112.5  163.2  245.1  203.2

Great Fish  33°30’S/27°08’E  wT  PO  46.7  47.3  152.3  154.2  199.0

Orange  28°38’S/16°27’E  cT  RM  84.0  290.0  107.8  136.8  191.8

Swartkops  33°57’S/25°38’E  wT  PO  165.0  215.0  5.0  40.0  170.0

Kromme  34°09’S/24°51’E  wT  PO  18.1  17.6  67.2  74.0  85.3

Mhlathuze  28°49’S/32°05’E  Sub  EB  60.0  50.0  60.0

Mtati  33°25’S/27°16’E  wT  TO/C  54.3  69.3  54.3

Duiwenhoks  33°22’S/21°24’S  wT  PO  50.8  50.8

Breede  34°24’S/20°51’E  wT  PO  20.5    22.5    29.6    32.2  50.1

Cefane  32°49’S/28°08’E  wT  TO/C  28.1    21.4  49.5

Goukou  34°23’S/21°25’E  wT  PO  44.2  44.2

Keurbooms  34°02’S/23°23’E  wT  PO    42.9  42.9

Mlalazi  28°57’S/31°48’E  Sub  PO  39.3  204.5  39.3

Kowie  33°36’S/26°54’E  wT  PO  35.2  35.2

Heuningnes  34°43’S/20°07’E  wT  PO  28.2  28.2

Gourits  34°21’S/21°53’E  wT  PO  21.1  21.1

Mthatha  31°57’S/29°10’E  Sub  PO  21.0  26.9  21.0

Tyolomnqa  33°14’S/27°35’E  wT  TO/C  3.7  10.5  15.7  30.2  19.4
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regulation of gas transport, metabolic adaptations and changes 
in morphology mediated by hormones (e.g. Crawford 1982, 
1992, Armstrong et al. 1994a).

In simple terms, plants tolerating the high concentrations of salt 
in the environment are usually called ‘halophytes’ (e.g. Flowers 
et al. 1977, 1986)—obligate or facultative, the former depend-
ing on whether the salt in high concentration is indispensable 
for optimal functioning of the organism. A high concentra-
tion of salt in the environment assists in the development of a 
plethora of ecomorphological and ecophysiological adaptations 
(e.g. Flowers et al. 1977, Ungar 1991), which obviously are not 
of monophyletic origin, yet they do show a certain relation to 
taxonomic categories. Several major ‘physiotypes’, based on 
specific patterns of ion uptake, have been recognised (Albert & 
Kinzel 1973, Albert 1982, Choo & Albert 1997).

The ecophysiological typological literature on halophytism 
(Steiner 1934, 1939, see also Albert 1982) recognises several 
types of strategies how plants cope with a surplus of salt: (1) 
The ‘salt regulators’ are able to restrict the dangerous increase 
of internal salt concentration either by desalination of their 
tissues through salt glands (Limonium) or through increase of 
succulence (many chenopods including Sarcocornia, Salicornia, 
Chenolea, Suaeda and vygies such as Disphyma). (2) The ‘salt 
accumulators’ are not able to prevent continuous increase of 
salt, but develop a series of mechanisms to remove the con-
centrated salt, for instance by shedding oversaturated tissues 
(Plantago). (3) The category of ‘root filtrators’ (the ‘root exclud-
ing types’ of Albert 1975) make use of root exclusion capacity 
of root membranes (Poaceae, e.g. Puccinellia). This mechanism, 
however, seems to be common in both halophytic and nonha-
lophytic grasses (see Albert 1975 for references).

Succulence (associated with osmotic compensation in old leaves) 
is a common phenomenon in halophytes and occurs through-
out the taxonomic spectrum of plants in estuaries (Aizoaceae, 
Plantaginaceae, Asteraceae, Caryophyllaceae, Chenopodiaceae). 
In fact, interesting morphological convergences can be observed 
with regard to succulence, including a syndrome involving long, 
slender stems forming a tangle of short half-cylindrical to cylin-
drical (succulent) leaves. These syndromes include Chenolea 
diffusa and Suaeda inflata (both Chenopodiaceae), Spergularia 
media complex (Caryophyllaceae), Poecilolepis and Cotula 

coronopifolia (both Asteraceae). Saline environments are con-
sidered highly stressed (inductive only to limited growth), hence 
clonal growth (in the past often referred to as ‘vegetative repro-
duction’) should be of great importance to survival here. Indeed 
many dominant plants in South African estuaries show several 
modes of clonal growth involving nodal rooting of procumbent 
stems (Sarcocornia), above-ground parts or tillers and stolons 
(Paspalum, Spartina, Stenotaphrum), rhizomatous systems 
(Halodule, Triglochin, Zostera), and tillering typical of tussock 
graminoids such as Puccinellia angusta and Juncus kraussii (L. 
Mucina, unpublished data).

Uncertainty and harshness of the salt-marsh habitats are 
reflected not only in omnipresent clonality, but also by the 
presence of some annuals such as Cotula filiformis, Salicornia 
meyeriana and S. pachystachys, as well as by the occurrence of 
heterocarpy and the accumulation of permanent seed banks. 
Heterocarpy is known, for example, in Spergularia (Salisbury 
1958, Telenius & Torstensson 1989) and in Atriplex (Khan & 
Ungar 1984)—both taxa with close relatives in South African 
salt marshes.

 Community Structure and Dynamics

Regularity of the tidal regime, at least in permanently open 
estuaries, is the underlying factor controlling the formation of 
distinct vegetation zoning (e.g. Chapman 1974, Long & Mason 
1983, Adam 1990) along a tidal elevation gradient including 
the distinct subtidal, intertidal and supratidal habitats (Figures 
14.6 and 14.7). Local changes in microtopography can result in 
mosaics rather than distinct zonal bands. It has been suggested 
that several ecological factors, including abiotic environment 
filters and biotic interactions, control formation of zonation in 
salt marshes. Most important are tidal inundation frequency 
and hypoxia related to elevation of microsites (see for instance 
Olff et al. 1988, De Leeuw et al. 1993, Armstrong et al. 1994a, 
O’Callaghan 1994a–e, Sanchez et al. 1996, Mucina et al. 2003) 
together with the influence of biotic interactions such as com-
petition (Pennings & Callaway 1992), grazing (Bakker & Ruyter 
1981, Olff et al. 1997) and parasitism (Pennings & Callaway 
1996, Callaway & Pennings 1998). In the past, facilitation 
received very little attention as a factor in structuring salt-marsh 
plant communities. Callaway (1994) has shown that shrubby 
Arthrocnemum subterminale (Chenopodiaceae) facilitated the 

Large, permanently 
open, saline

Saline, often open
Small, freshwater-

dominated

Avicennia marina ---
Spartina maritima---
---------------Zostera capensis -------
--------------------Halophila ovalis -------
 -------------------------------Sarcocornia species------------------------------
---------------------------------------Salicornia meyeriana---------------------
---------------------------------------------------------Sporobolus virginicus ---------------------------------------
---------------------------------------------------------Stenotaphrum secundatum ------------------------------------
--------------------------------------------------------------------------------------------------------Phragmites australis -------
--------------------------------------------------------------------------------------------------------Juncus kraussii ------------------
                                                                          ----------Potamogeton species

Figure 14.6 Conceptual scheme for the distribution of dominant macrophyte species across dif-
ferent estuary types. The position of the species in the chart indicates the estuarine type in which 
it is most dominant, while the line indicates the full extent of its range (modified after Walker 
2004).

ies did not have intertidal species such 
as the white mangrove Avicennia marina 
and the grass Spartina maritima. These 
estuaries lack intertidal salt-marsh and 
mangrove communities.

  Plant Adaptations and Life 
Forms

Plants in salt marshes face challenges 
such as high and variable salinity, hypoxia 
and anoxia (albeit only temporary in some 
habitats), and unusually high concentra-
tions of toxic compounds such as hydro-
gen sulphide or methane. Disturbance in 
the form of sudden surges of water rush-
ing down the river beds after particularly 
heavy rains and associated increased sed-
imentation rates or man-made water pol-
lution exacerbate the harsh saline envi-
ronment. The response of the plants to 
these challenges are manifold and fasci-
nating. Plants react to the lack of oxygen 
in subtidal and intertidal habitats usually 
by intricate mechanisms often involving 
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survival of several annuals in a Californian salt marsh, possibly 
through alteration of soil conditions such as mounding of soil 
under shrubs and lowering soil salinity under shrubs, hence cre-
ating favourable germination conditions. Callaway & Pennings 
(2000) reported on how several less competitive species can 
profit from the ability of A. subterminale to buffer the strong 
competitive effect of the perennial grass Monanthochloe litto-
ralis. Leaking oxygen transported from leaves to roots through 
aerenchymous tissues of plants well adapted to hypoxia can 
enhance aeration of the substrate (soil oxygenation) and oxida-
tion of iron, manganese and sulfide, hence ameliorating con-
ditions for germination and survival rates in other associated 
plants in marsh communities (see Callaway 1995 for a review).

Generally low numbers of seeds have been found in salt-marsh 
zones (see for instance Leck 1989 and Ungar & Woodell 1993, 
Wolters & Bakker 2002 for references). Ungar & Woodell (1993) 
summarised the reasons for this paucity in terms of five possible 
factors including rapid germination, wash-out of seeds by tidal 
action, herbivory, inability of seeds to maintain dormancy, and 
parasitism. The major feature of the seed bank ecology in tidal 
salt marshes appears to be the differentiated correspondence 
between components of the above-ground vegetation and 
composition of the salt-marsh seed banks. Ungar & Woodell 
(1993) found a relatively high similarity between standing vege-
tation and seed banks in annual-dominated communities, while 
low similarities were found between vegetation dominated by 
perennials and the seed banks.

Very prohibitive ecological filters such as high salinity and 
hypoxia impose stress on the growth of plants. Decrease in spe-

cies richness was observed with an increase of salinity (Garcia 
et al. 1993 for a salt-marsh profile, and Grillas et al. 1993 for 
a group of submerged macrophytes). The latter authors also 
found that higher species richness is associated with moder-
ate values of above-ground biomass. The generally low species 
richness is exacerbated by the tendency of many salt-marsh 
dominants to use clonal growth as an effective strategy in the 
pre-emption of space.

 Landscape-shaping Functions

Orson & Howes (1992) showed that salt marshes can remain 
stable for hundreds, even thousands of years. Temporal changes 
are most often associated with anthropogenic disturbance.

Salt marshes have a number of important functions that 
include sediment stabilisation, bank protection and filtering of 
sediment and pollutants. They are a source of primary produc-
tion and provide a habitat and food for a variety of marine 
and estuarine species. They are essential inorganic and organic 
sources of nutrients for estuaries, although the degree of tidal 
flushing is important in determining how much of the nutrient 
is released to the water column (Childers & Day 1990). Salt 
marshes may make a disproportionately large contribution to 
the primary production of an estuary. For instance, although 
they cover only 38% of the area of the Kromme River Estuary, 
marsh plants contribute over 78% of the total primary produc-
tivity. However, less than 10% of this production enters the 
grazing food chain, the remainder being broken down to sedi-
ment detritus (Heymans & Baird 1995).

The conservation value of this vegetation lies in the fact that 
halophytes are the only plants adapted to grow in these harsh 
environments and the loss of this vegetation would lead to the 
formation of bare, dry salt pans that are more easily eroded by 
wind and water.

3.2  Terrestrial Habitats

Terrestrial coastal habitats are those which are not flooded (by 
sea or estuarine waters) for most part of the day. (Technically 
the supratidal terrace of a salt-marsh system is a terrestrial habi-
tat too. However, we prefer it to be handled as a salt-marsh 
habitat.) Beaches, sand dunes and rocky headlands (coastal 
cliffs), supporting vegetation which does not show signs of 
tolerance towards prolonged flooding are the typical coastal 
terrestrial habitats. Although outside influence of tidal flooding, 
these habitats remain under direct influence of the sea through 
the deposition of salt spray and of fine air-borne sediments of 
sea origin.

According to the type of shoreline, Lubke et al. (1997) esti-
mated that about 50% of the coastline is made of fine-grained 
sands and about 12% of coarse-grained sands, 19% of exposed 
rocky headlands, 17% of wave-cut rocky platforms, while peb-
bles/shingle beaches form less than 1% of the coastline.

3.2.1  Sandy Beaches and Dunes

About 70% of South Africa’s 3 000 km long coastline is made 
up of sandy shores. They are extensive and contain many dif-
ferent types of habitats. Tinley (1985; see also Figure 14.8) has 
devoted much attention to describing coastal dune habitats 
and suggested a classification system for both coastal dunes 
(Tinley 1985, p. 17) and vegetation zones (Tinley 1985, p. 127–
149) reflecting the age of the substrate, microtopography, and 
eventually also the stage of vegetation succession.

Below we shall use four pragmatic habitat zones on the sandy 
coasts, reflecting the position along landward gradients and age 

Figure 14.7 Tidal salt-marsh zonation on the banks of the estuarine 
Bushmans River at Kenton-on-Sea (Eastern Cape). The lower zone is 
formed by a mixture of Sarcocornia perennis complex and Salicornia 
meyeriana, while the upper zone is dominated by Chenolea diffusa (all 
members of the Chenopodiaceae).
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Figure 14.8 Coastal dune nomenclature and variations of zonation sequences (from Tinley 1985).
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The beach is a hostile environment for plants, hence beaches 
usually appear barren, without plant life. At the upper beach 
boundary, berms (beach ridges—unstable embryonic dunes) 
are formed which may support a few hardy ‘pioneer’ species 
such as Arctotheca populifolia and Ehrharta villosa var. maxima 
that are able to tolerate strong winds, high salt loads and rapid 
sand movement.

At the upper edge of the swash zone (just where the water 
surf would retreat back to the sea), much debris can accumu-
late. In regions where much dead material floats on the sea, 
this material often accumulates in the form of narrow belts of 
decaying debris on the beach, forming a special microhabitat 
called ‘strandline’ (Figure 14.10). High nutrient input amelio-
rates the soil conditions in these narrow zones, enabling some 
nutrient-demanding plant species (e.g. Atriplex patula subsp. 
austroafricana, Tetragonia decumbens) to establish. This coastal 

vegetation type has never been studied in South Africa. Its 
northern hemisphere analogue is known to syntaxonomy as 
the Cakiletea maritimae (see Mucina 1997).

 Moving and young dunes

Coastal dunes form where sand is deposited onshore by the 
sea and at river mouths, or exposed by a dropping sea level 
as during the glacial. Dunes are piles of sand strongly variable 
in volume, shape (see Tinley 1985, p. 17 for a classification 
system), mobility (depending on age and vegetation cover and 
extent of root systems), and sometimes also in physical compo-
sition (depending on ratio of sand to other ingredients such as 
fine loamy particles, shells and other debris). As the accession of 
sand proceeds, the coastal dunes undergo development—they 
grow, accumulate humus particles, and finally become over-
grown and stabilised by vegetation. Where conditions allow, 
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zoned dune systems of progressing age 
are formed (see Figure 14.8 for various 
coastal dune patterns).

Dunes are (or have been) an integral 
part of an active littoral zone forming 
a single geomorphic unit, where sand 
is shifted between four compartments, 
including (1) beaches, (2) frontal dunes, 
(3) inshore or surf zone sand bars and 
banks, and (4) river mouths and estuar-
ies (Tinley 1985). The link between these 
compartments is vital for the existence of 
an active dune system. Sandy sediments 
transported by rivers appear as the most 
important source of coastal sand as 
witnessed by increased accumulation 
of sand on coastal stretches near river 
mouths, especially those draining water 
basins with increased erosion activity. 
Much of the sand pre-destined to form 
coastal dunes is transported by so-called 
longshore (littoral) drift propelling the 
sediments along the southern African 
coasts northwards along the West Coast 

of the substrate. Our system includes: (1) 
sandy beaches (mostly ‘vegetation-free’), 
(2) moving (young) foredunes, (3) stabi-
lised (old) backdunes and (4) dune slacks.

 Beaches

Sandy beaches dominate much of the 
shorelines of the seas of the world 
(McLachlan & Erasmus 1983, McLachlan 
2000). They are unstable sea-borne sedi-
ments and debris at the direct sea/land 
interface—being reworked relentlessly by 
waves (at lower boundary) and wind (at 
upper boundary). Tinley (1985; see also 
Figure 14.8) calls this habitat ‘foreshore’. 
Beaches are a very dynamic environment, 
constantly adjusting to erosion and accu-
mulation forces in the littoral zone due 
to changes in wave regime and sidewash 
currents (Tinley 1985).

Pebble and shingle beaches are a rare 
phenomenon in South Africa, but shelly 
beaches, grading into true shell beds 
are common along the arid West Coast 
(Figure 14.9).

Figure 14.10 Shell beds on the beach are a by-product of nutrient-rich upwelling coastal waters 
along the West Coast known for their high biomass productivity. Shown here is Mc Dougall’s Bay, 
Port Nolloth (Northern Cape).

Figure 14.9 Strandline formed by coastal shell bed and deposits of fragments of dead thalli of 
Cape kelp (Ecklonia maxima) on the coast at Betty’s Bay (Western Cape). The vegetated zones in 
the foreground are formed by southern African coastal endemics such as Tetragonia decumbens 
(Aizoaceae) in the seaward zone and the grass Thinopyrum distichum in the inward zone.
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and eastwards along the South and East Coasts. Past a specific 
point, the longshore transport is of the order 0.5 to 2 million 
m3 per year (Heydorn & Tinley 1980, Tinley 1985). It has been 
estimated that about a third of the sand transported by the 
longshore drift is returned to land to form dunes (Compton 
2004).

Dunes act as a natural sand reservoir for the replenishment of 
beaches during periods of erosion. They also serve as an impor-
tant buffer zone between the sea and land, protecting coastal 
developments from flooding and wave damage. Vegetation is 
vital to this functioning as it helps to trap mobile sand, stabilis-
ing the dunes.

The dunes located closer to the beach or occurring on the 
upper boundary of the beach are called foredunes and they 
are ‘young’ in terms of their phase of development. The classic 
environmental factors and stresses associated with young dune 
environments include, salt spray, intense solar radiation (inci-
dent and reflected), high substrate mobility, abrasive substrate, 
low water-retaining capacity of the substrate, high wind speeds, 
large temperature fluctuations, high air 
and substrate temperatures, low concen-
tration of macronutrients, and episodic 
over-wash and immersion (Barbour et al. 
1985, Hesp 1991).

Due to the dynamic nature of the mov-
ing, hence young dunes, the vegetation 
occurring in these habitats has only a 
transient character and can disappear 
with a single storm event or change in 
response to changing environmental fac-
tors. The plants occurring in such unsta-
ble habitats are often called ‘pioneers’ as 
they are adapted to grow ahead of the 
accumulating sand, stabilising it so that 
other plant species can become estab-
lished as the dune matures (Tinley 1985, 
Lubke & De Moor 1998) by building 
phytogenic hummocks, for which Hesp 
& McLachlan (2000) featuring aspects of 
ecology of South African coastal dunes, 
used the appropriate Arabic term nab-
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kha. Near the sea, only a few pioneer 
plants withstand the salt spray (Figure 
14.11), wind and unstable sand.

The microclimate, which is created by 
proximity to the sea, geomorphology, 
shading from other plants and the inter-
action with animals, also influences the 
vegetation locally. Each species has dif-
ferent adaptations to deal with these 
environmental stresses. While most spe-
cies may tolerate sand burial, others may 
be stimulated by high accretion rates 
(Ammophila arenaria; see Knevel 2001). 
Salt spray contributes to the physiologi-
cal desiccation of plants, and can also 
be responsible for zonation patterns 
(Donnelly & Pammenter 1983). In addi-
tion, dune plants often possess xero-
morphic attributes. For example, leaf 
hairs (Arctotheca populifolia; Ripley et 
al. 1999), leaf succulence, waxy cuti-
cles (Scaevola plumieri; Pammenter 
1983), leaf rolling and sunken stomata 
(Ammophila arenaria; Peter 2000) are 

Figure 14.11 Salt-laden spray hovering over coastal dunes and strandveld thickets (in the back-
ground) of the Dune Park near Plettenberg Bay (Western Cape). The dominant creeping, succu-
lent shrub covering the foredunes is Tetragonia decumbens (Aizoaceae).

all traditionally associated with plants of dry environments. Yet 
there is little consensus as to whether it is a xeric environment, 
as there is still little information on the extent to which dune 
plants experience water stress (Peter 2000). Many species have 
extensive root systems and probably utilise the dune aquifer 
water (Peter & Ripley 2000), while others may utilise water in 
the superficial layers of sand resulting from precipitation, dew 
or fog (Barbour et al. 1985, Köpke 1988).

 Old stabilised dunes

As the stabilisation of dunes progresses, primitive dune soils 
enriched by humus are formed, allowing establishment of 
shrubby vegetation which protects the dune (soil) surface from 
moving, desiccation, and removal of litter by wind, thus further 
enriching the soils.

On the established foredunes a little further inland, the pioneer 
species give way to coastal dune shrubland. Due to their gener-
ally dense cover, these shrublands have been termed ‘thicket’. 
Where exposed to wind (and associated sand blasting during 

Figure 14.12 Alexandria Dune Field: One of the largest coastal seas of sand in the southern 
hemisphere (a view from Diaz Cross near Boknes westwards).
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Figure 14.13 A: Miocene aeolinite coastal cliffs on Swartklip in the Wolvengat Nature Reserve near Khayelitsha (Cape Town). B: Coastal rocks 
built of Table Mountain Group sediments at Cape Point (Cape Peninsula), with typical TM sandstone in the upper layers and dark slates of the 
Graafwater Formation at the base. C: Cape granite coastal rocks with dolerite intrusions (dark rock) that penetrated the granite plutons at the 
time of the break-up of Gondwana. D: Large boulders of Cape shale on the stony beach of Kogelbaai near Rooiels in False Bay (Western Cape). 
Photographer: L. Mucina.



S 19 (2006)

671Coastal Vegetation of South Africa

stormy weather) and frequent salt spray ‘showers’, the wind-
ward stands of the coastal thicket are low and ‘wind-sheared’ 
in places. Species such as Morella cordifolia, Passerina rigida, 
Rhus crenata, Robsonodendron maritimum and Maytenus 
procumbens as well as climbers such as Cynanchum natalitium 
and Rhoicissus digitata are typical of such habitats. On leeward 
slopes of the older dunes, tall thickets can develop; these are 
also found on the oldest and best stabilised dunes, sometimes 
deep inland. This vegetation consists of a dense community of 
dwarf(ed) trees and shrubs with a compact canopy flattened by 
wind pruning. Instead of a dense understorey, there is a thick 
layer of plant litter covering the sandy floor.

In areas of high rainfall and well-developed soils, dune thicket 
communities can develop on the oldest dunes (backdunes) fur-
thest from the sea. In sheltered dune depressions in the south 
(Eastern Cape) and on the leeward slopes in general in a broad 
band in the north (KwaZulu-Natal), dune forests replace the 
dune thickets (see Von Maltitz et al. 2003 for detailed descrip-
tions of these dune forests; see also Chapter 12 in this book).

In the low-rainfall areas—from De Hoop as far as Kenton-on-
Sea—several dunefields are found (i.e. Alexandria Dunefield; 
Figure 14.12). They are built of relatively old dunes, but the 
foredunes remain largely unvegetated. Few plants are adapted 
to withstand these conditions of low rainfall, strong winds 
and mobile sand. However, deep within the dunefield isolated 
patches of (usually shrubby) vegetation called ‘bushpockets’ 
can be found (Talbot & Bate 1991). Bushpockets migrate with 
the dunes—the plants constantly extend their eastern borders 
while sand inundates their western borders. In this way they 
migrate with the dunes at a rate of around 2–3 m per year in 
an easterly direction (McGwynne & McLachlan 1992, Lubke & 
De Moor 1998).

 Dune slacks

The complex dune systems (especially extensive dunefields) usu-
ally contain damp interdune depressions known as dune slacks. 
As the dune migrates, it exposes virgin sand that is colonised 
by salt-tolerant pioneer species. Here the groundwater, which 
is rich in nutrients, lies close to the surface as it flows towards 
the sea. Since root systems can reach down to the water table, 
plants in the slack are not limited by availability of water, as 
they are in other parts of the dune field. In turn they are lim-
ited by salt deposition (salt spray) and burial and abrasion by 
sand. Especially within large mobile dune systems on the south 
and east coast, dune slack communities are frequently found. 
However, on the KwaZulu-Natal coast, slack communities are 
often less frequent since more permanent plant communities 
rapidly establish in the dune hollows. Plants of dune slacks 
often share many characteristics with dune pioneer commu-
nities, for instance occurrence of species such as Sporobolus 
virginicus (south and east coasts) and Cladoraphis cyperoides 
(west coast). The role of dune slacks in vegetation succession 
within dune systems of the Eastern Cape is given in Lubke & 
Avis (1982a, b 1988, 2000) and McLachlan et al. (1987).

3.2.2  Rocky Shores: Coastal Cliffs and Headlands

Rocky substrates range from headlands with vertical cliffs to 
wide, wave-cut platforms or jumbles of boulders polished by 
the motion of the ocean. They differ from dune coasts in hav-
ing stable substrates and shallow soils and variable geology. In 
False Bay alone, the coastal cliffs can be built of Proterozoic 
Malmesbury shales and Cape granite, Devonian Table Mountain 
sandstones, Jurassic dolerites, and finally Plio-Pleistocene cal-
cium-rich aeolinites (Figure 14.13). High salt deposition (expo-
sure to salt spray and seawater splash), extremely high insola-

tion and high levels of UV radiation, nutrient input by birds, 
constant deposition and erosion of fine soil by relentless winds 
are ecologically critical. Along rocky headlands with exposed 
cliff faces salt spray is often a limiting factor to plant growth. 
Stormy weather in winter may reach higher elevated cliffs, form-
ing temporary salty pools which desiccate and leave pockets of 
salt bloom (Figure 14.14). In the pockets of dune rocks the soil 
accumulated is nutrient-poor and often saturated with salt.

Rocky coasts are home to interesting stress-tolerant flora and 
vegetation. Consequently the vegetation is as species-poor 
as in much of the remainder of the coastal vegetation com-
posed of plants able to tolerate extreme environmental stress. 
The combination of broadly distributed (salt-tolerant) gener-
alists such as Chenolea diffusa, Disphyma crassifolium and 
Tetragonia decumbens and local endemics such as several taxa 
of Limonium (Plumbaginaceae), Drosanthemum, Prenia and 
Ruschia (Aizoaceae) and Sarcocornia littorea (Chenopodiaceae) 
adds to the uniqueness of the coastal rocky habitats. Where 
sand accumulates in pockets on the rocks, herbaceous com-
munities similar to those of the young dunes can occur (Lubke 
& Van Wijk 1988, Taylor & Boucher 1993). Low coastal thick-
ets often cover coastal cliffs, with a typically wind-sheared 
appearance (Figure 14.15) in windward positions. They often 
support shrubby succulents such as species of Carpobrotus, 
Drosanthemum, Euphorbia and Tetragonia (Avis 1992, Weisser 
& Cooper 1993, Lubke et al. 1997).

Firm ground of remote coastal cliffs and boulder beaches (usu-
ally on islands and exposed promontories) offer perfect rest-
ing and roosting habitats for colonies of marine birds, includ-
ing southern African endemic Jackass penguins (Sphaeniscus 
demersus; Figure 14.16), cormorants (Phalacrocorax species), 
Cape gannets (Sula capensis), but also marine mammals such 
as fur seals (Arctocephalus pusillus pusillus) and rarely also Cape 
clawless otters (Aonyx capensis). The bird and seal colonies are 
responsible for large deposits of nutrients onto otherwise nutri-
ent-poor rocky shores. They rework the sparse soil and create 

Figure 14.14 The semi-arid West Coast (here near Elands Bay) is a 
stressed environment—salt bloom precipitated by repeated evaporation 
of sea surf in rock pools on coastal sandstone cliffs.
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new microhabitats. Marine animals are a vital part of the coastal 
ecosystem cycles and enjoy protection.

Vegetation of coastal rocky headlands is a neglected topic of 
vegetation ecology in southern Africa. Only a few accounts 
address this unique type of vegetation specifically (Ward 1980, 
pp. 25–28, 45, 46, Lubke 1983, Hoare et al. 2000).

West Coast would fall under the Benguela Province, with Cape 
Point as the southernmost border. The narrow coastal stretch 
between Cape Point and Cape Agulhas is called the Western 
Overlap, linking the (cold) temperate Benguela Province with 
the (warm) temperate Agulhas Province. The latter province 
then spans from Cape Agulhas as far as East London, where it 
gives way to the Eastern Overlap, which according to Bolton & 
Anderson (1997) reaches as far as Durban. However, as shown 
by Bolton et al. (2004), based on re-analysis of seaweed distri-
bution data, this overlap should be extended as far north as the 
St Lucia estuary. The other tropical province, the Indo-Pacific 
Province, includes the marine waters offshore of Maputaland, 
along the South African Indian Ocean seaboard north of St 
Lucia. A different classification of the marine environments was 
suggested by Seagrief (1988), encompassing three zones (East 
Coast, South Coast and West Coast) and two overlaps, concep-
tually roughly corresponding to the scheme described above, 
but spatially different.

The recent classification of marine biozones (Lombard et al. 
2004, Driver et al. 2005) recognises five ‘intertidal biozones’, 
addressing the estuaries in the first place. The system includes: 
(1) Namaqua Intertidal Biozone (mouth of Orange River to 
St Helena Bay), (2) Southwestern Cape Intertidal Biozone (St 
Helena Bay to Cape Point), (3) Agulhas Intertidal Biozone (Cape 
Point to Kei Mouth), (4) Natal Intertidal Biozone (Kei Mouth 
to St Lucia), and (5) Delagoa Intertidal Biozone (St Lucia to 
the Mozambique border). The above-mentioned sources also 
define biozones in purely marine environments, including shal-
low photic, deep photic, subphotic zones, upper and lower 
slope of continental shelf, and abyss.

On terra firma Tinley (1985) adopted a combination of rainfall 
regime, wind directions, coastal geomorphology and habitat 
complexity to coin his system of six coastal regions including the 
West Coast (Kunene River to Olifants River), South West Coast 
(Olifants River to Cape Agulhas), South Coast (Cape Agulhas to 
Cape St Francis), South East Coast (Cape St Francis to Kei River), 
Transkei Coast (Kei River to Mtamvuna River), and KwaZulu-
Natal Coast (from the mouth of Mtamvuna northwards). The 
team of the National Biodiversity Assessment 2004 adopted 
the Tinley’s classification in their marine biozone delimitation 
(Lombard et al. 2004, Driver et al. 2005) while each of the 
coastal regions became a ‘Supratidal Biozone’. In this chapter 

Figure 14.15 Coastal granite cliffs and steep slopes near Herold’s Bay 
near George (southern Cape) covered by wind-sheared coastal thicket.
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Figure 14.16 Mixed colony of jackass penguins (Spheniscus demersus) and Cape cormorants 
(Phalacrocorax capensis) on coastal sandstone cliffs overlooking a cove filled with Cape kelp 
(Ecklonia maxima) at Stony Point, Betty’s Bay (Western Cape).

4.   Biogeographical 
Patterns

4.1   Major Biogeographical 
Divisions

The current biogeographical classifica-
tion of marine inshore environments of 
southern Africa recognises two tropical 
and two temperate marine provinces as 
well as a further two regions of overlap. 
The origins of this classification recog-
nise the influence of sea currents (hence 
sea temperatures) on the distribution 
of marine fauna and flora (Stephenson 
1939, 1944, 1948, Brown & Jarman 
1978, Bolton et al. 2004). The Tropical 
West Africa Marine Province does not 
reach our region since its southernmost 
limit lies around the Kunene River mouth 
at the Namibian/Angolan border. The 
rest of the Namibian and South African 
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we also follow the Tinley’s (1985) classification except that we 
renamed the ‘Transkei Coast’ ‘Wild Coast’ and separated the 
tropical Maputaland Coast from the original ‘KwaZulu-Natal 
Coast’ of Tinley (1985) (Table 14.2).

4.2  Algal Beds

South Africa has 878 species of seaweeds described in the lit-
erature (J.J. Bolton, unpublished data), which is around 10% of 
the global total. The marine habitats are very varied, with three 
of the four major seaweed floras of Sub-Saharan Africa occur-
ring in South Africa. The West Coast shares a flora of cool-tem-
perate species with Namibia (Benguela Marine Province), which 
is rapidly replaced in southern Angola by tropical West African 
species. Between the Cape Peninsula and Cape Agulhas is a 
true overlap flora, with relatively equal numbers of West Coast 
and South Coast species. The South Coast (Agulhas Marine 
Province) has a distinct warm-temperate flora. From around Port 
Elizabeth eastwards, including most of KwaZulu-Natal, there 
is a gradual overlap of warm-temperate South Coast species 
being replaced by tropical species, which generally have wide 
distributions in the tropical Indo-West Pacific. In the extreme 
north of KwaZulu-Natal, in the region of St Lucia/Cape Vidal, 
there is a more rapid turnover of species. More than 70% of 
species in the extreme north (Maputaland) have tropical affini-
ties. The major points of species changeover along the coastline 
are thus around the Cape Peninsula, around Cape Agulhas, and 
to a somewhat lesser extent St Lucia/Cape Vidal.

Almost 40% of South African species are endemic to temperate 
southern Africa. South African endemism is highest on the south 
coast, with most West Coast species also occurring in Namibia 
(Bolton 1999, Bolton & Stegenga 2002). South Coast endemism 
declines gradually from Port Alfred eastwards. The seaweeds of 
the East Coast are best described as an overlap flora, with very 
few species endemic to KwaZulu-Natal. The West Coast flora is 
relatively species-poor, with around 140–150 species recorded 
in each 50 km coastal section. At any one point, the South 
and East Coast floras are around twice as diverse, with around 
270–330 species recorded in each coastal section. Throughout 
the region, around 60–70% of the species present at any one 
point are red algae (Rhodophyta). The West and South Coast 

floras have fairly equal numbers (15%) of each of the brown 
algae (Phaeophyceae) and green algae (Chlorophyta). Moving 
eastwards in KwaZulu-Natal, there is a slight increase in brown 
algae (to 17–18%), and a larger increase (to 25%) in green 
algae, as the flora becomes tropical.

The overwhelming factor determining large-scale, biogeograph-
ical ranges of seaweed species is seawater temperature regime. 
The cool-temperate flora of the West Coast is determined by 
major upwelling from the Benguela Current, with the range 
of monthly mean temperatures around 11–14ºC. The north-
ernmost section of the East Coast (Maputaland) is affected by 
the inshore flow of the tropical Agulhas Current, with monthly 
means of 23–29ºC. In between, the South Coast has a gener-
ally wider range of monthly means at any one point (12–22ºC), 
where eddies from the Agulhas Current and sporadic upwelling 
periodically affect conditions.

The upwelling of cool, nutrient-rich water on the West Coast 
supports large subtidal beds of kelps (Ecklonia maxima and 
Laminaria pallida: large brown algae of the Laminariales). There 
is very little grazing pressure in kelp beds on the West Coast 
proper, resulting in an abundant understorey of predominantly 
foliose red algae. East of Cape Point, sea urchin grazing results 
in extensive cover of coralline red crusts. Grazing by herbivo-
rous fish gains in importance as an ecological factor moving 
eastwards. Biomass of fleshy and foliose intertidal species is 
also highest on the west coast, possibly due to a combination 
of higher nutrients and coastal fog which reduces desiccation 
during low tides. On the West Coast, much seaweed biomass is 
composed of Gigartinaceae (Gigartina, Sarcothalia, Mazzaella), 
while on the South and East coasts species of Hypnea are par-
ticularly abundant. On the South and East Coasts the subti-
dal zone is generally dominated by articulated coralline red 
algae (Amphiroa, Arthrocardia, Cheilosporum etc.), with large 
populations of siphonous green algae particularly in sandy gul-
lies (especially species of Caulerpa, Codium and Halimeda). In 
Maputaland, communities assume a more tropical aspect, with 
many subdominant species, and many hard substrates covered 
with extremely diverse communities of small filamentous and 
foliose species, forming a low ‘turf’ due to grazing, particularly 
by herbivorous fish. The tropical seagrass Thallasodendron cili-

Table 14.2 Coastal regions of South Africa (modified after Tinley 1985 and Lubke et al. 1997).

Coastal region Coastal stretch Main habitat types Rainfall patterns Wind directions

West Coast
Alexander Bay 
to Olifants River

fine-grained sandy 
beaches and shell beds

rarely rocky coast
erratic, but mostly in winter; 
coastal fog

S, SW

South West Coast
Olifants River   
to Cape Agulhas

fine-grained sandy 
beaches 

exposed rocky 
headlands/ 
wavecut platforms

low, winter SW, S/NW

South Coast
Cape Agulhas  
to Cape St Francis

wavecut rocky platforms
fine-grained sandy 
beaches

all seasons (more in winter 
in the western part)

SW, W, E

South East Coast
Cape St Francis  
to Kei River

fine-grained sandy 
beaches

wavecut rocky 
platforms

all seasons (mostly spring 
and autumn in the west and 
summer in the east)

SW, SE, E, NE

Wild Coast
Kei River  
to Mtamvuna River

wavecut rocky platforms
rarely coarse-
grained sandy 
beaches

summer SW, NE

KwaZulu-Natal 
Coast

Mtamvuna River  
to Mtunzini

coarse-grained sandy 
beaches

rarely exposed 
rocky headlands

summer S, SE, NE

Maputaland Coast
Mtunzini  
to Mozambique

coarse-grained sandy 
beaches

rarely exposed 
rocky headlands

high, summer S, SE, NE
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atum is also common in the Maputaland 
intertidal zone.

4.3  Estuaries

According to O’Callaghan (1994a) and 
Adams et al. (1999), all salt marshes 
(including intertidal and supratidal) in 
South Africa cover approximately 17 000 
ha with 75% confined to the top five 
largest estuarine systems namely St Lucia, 
Berg, Olifants, Knysna and Langebaan 
(Table 14.1). Lake St Lucia (68 000 ha) 
is the largest estuary in South Africa, 
making up just over half of the country’s 
estuarine area. The narrows of St Lucia 
estuary are tidal when the mouth is open. 
Salt-marsh plants are found on fringes of 
the mangroves. Stands of Juncus kraus-
sii occur in sites less frequently flooded. 
The dominant plants are the grasses 
Sporobolus virginicus and Paspalum 
vaginatum as well as the succulents 
Sarcocornia natalensis complex and 
Salicornia meyeriana. These plants also 
occur on the western shoreline of the 
estuary and along the False Bay shore-
line where there is no significant inflow 
of groundwater. Salt marshes also occur 
on the floodplains of the rivers enter-
ing False Bay as well as on the islands, 
the peninsulas and along those parts of 
the eastern shoreline where the estuary 
edge topography acts as a barrier pre-
venting inflow of surface water (Taylor et 
al. 2006). Although tidal influence does 
not occur in these areas, the wet/dry 
cycles and wind cause large fluctuations 
in salinity and water level.

The data in Table 14.1 indicate that the 
estuary with the second largest salt-marsh 
area in the country is that of the Berg 
River. The value for the supratidal salt 
marsh is possibly an over-estimation as 
it probably includes the large floodplain 
wetlands that are brackish and mostly 
characterised by reeds and sedges. A 
recent mapping exercise for the Olifants 
estuary indicated the extensive suprati-
dal and floodplain areas where a single 
species, Sarcocornia pillansii, is dominant 
(Adams et al. 2005). According to Maree 
(2000) the intertidal wetlands of Knysna 
cover an area of 1 000 ha. This includes 
355 ha of the submerged aquatic Zostera 
capensis. The intertidal salt marsh around 
George Rex Drive and Thesen Island cov-
ers 170 ha and around Brenton-on-Lake 
314 ha. The supratidal salt marsh is not 
as extensive and covers approximately 
60 ha. The marshes in the upper reaches 
of the estuary cover 150 ha and consist 
mostly of Juncus kraussii.

Due to the high rainfall and brackish 
nature of the temporarily open/closed 
estuaries in KwaZulu-Natal, salt marsh 

Figure 14.17 Geographical distribution of two groups of coastal plant taxa typical of Zone I and 
Zone II (according to Tinley 1985). For the delimitation and characteristics of the Coastal Regions 
see Table 14.4. M: Maputaland Coast, K: KwaZulu-Natal Coast, T: Wild Coast, E: South East Coast, 
S: South Coast, C: South West Coast, W: West Coast. The shaded area indicates the occurrence 
of a taxon in a given Coastal Region. Sources of the distribution of the taxa: Tinley (1985), Pooley 
(1998), Goldblatt & Manning (2000), PRECIS database, L. Mucina (unpublished data). Two sub-
species of Chrysanthemoides monilifera* appear to prefer coastal habitats: C. monilifera subsp. 
rotundata is characteristic for the eastern coasts (M, K), while C. monilifera subsp. pisiformis typi-
cally occurs along the western and southwestern coasts (W, C, S). The meeting zone of these two 
subspecies is possibly Coastal Region E, but due to taxonomic (identification) problems this remains 
open to further investigation. **Of the West Coast species, the ones indicated by double asterisk 
reach as far north as AZd 1 Namib Seashore Vegetation unit.

M K T E S C W Distribution Limit

ZONE I

Cyperus crassipes  Cape St Lucia S

Scaevola sericea Kosi Bay S

Canavalia rosea Kei Mouth W

Launaea sarmentosa Coega (PE) W

Phylohydrax carnosa Plettenberg Bay W

Ipomoea pes-caprae Knysna W

Gazania rigens var. uniflora  Mossel Bay W

Scaevola plumieri Arniston W

Arctotheca populifolia

Dasispermum suffruticosum Durban E

Ehrharta villosa var. maxima Port Edward E

Tetragonia decumbens Port St Johns E

Hebenstretia cordata** Kei Mouth E

Senecio litorosus Great Fish River E

Gazania rigens var. leucolaena Coega (PE) E

Thinopyrum distichum Kei Mouth E

Senecio elegans Tolora Mouth E

Silene crassifolia Port Alfred E

Carpobrotus acinaciformis Port Elizabeth E

Eragrostis sabulosa Still Bay E

Senecio maritimus Still Bay E

Oncosiphon sabulosum De Hoop E

Trachyandra divaricatum Plettenberg Bay E

Didelta carnosa var. tomentosa** De Mond E

Cladoraphis cyperoides** Macassar E

Manulea tomentosa Pearly Beach E

ZONE II

Guettarda speciosa Black Rock S

Sophora inhambanensis Sodwana Bay S

Tephrosia purpurea subsp. canescens Hibberdene S

Stipagrostis zeyheri subsp. barbata Plettenberg Bay W

Carpobrotus dimidiatus Boknes W

Passerina rigida Rooiels W

Chrysanthemoides monilifera* Brandsebaai N

Metalasia muricata Nxaxo Mouth E

Morella cordifolia Kei Mouth E

Psoralea repens Kenton-on-Sea E

Passerina paleacea Still Bay E

Passerina corymbosa East London E

Phylica littoralis East London E
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is mostly absent (despite the largest area of salt marsh in the 
country being in St Lucia estuary). Hygrophilous grasses (e.g. 
Sporobolus virginicus, Paspalum notatum and Cynodon dacty-
lon) are, however, common.

South African estuaries occur within three biogeographical 
zones, the cool-temperate zone on the West Coast, the warm-
temperate zone that extends from about Cape Point to the 
Mbashe estuary in the Eastern Cape and the subtropical zone 
on the East Coast (Table 14.2). In the subtropical zone, man-
groves tend to replace intertidal salt marsh. Colloty et al. (2002) 
found that in permanently open estuaries, mangroves occurred 
north of the Great Kei estuary and swamp forest north of the 
Mngazana estuary. In temporarily open/closed estuaries swamp 
forest, reed and sedge beds occurred north of the Mngazana 
estuary where they replaced the salt marsh. However, in some 
estuaries all three habitat complexes were present and thus the 
East Coast transitional area has a high biodiversity. Species distri-
bution was associated with the increase in rainfall northwards.

Reeds and sedges are the dominant macrophytes in temporarily 
open/closed estuaries throughout the country. In the subtropi-
cal KwaZulu-Natal Province, rooted submerged macrophytes are 
rare in these estuaries. This has been attributed to an increase 
in catchment and bank erosion, sediment deposits and a lack 
of available light. Steeper gradients and greater water velocities 
during rainfall events also disturb sediments and remove these 
macrophytes (Perissinotto et al. 2004). Many of the Eastern 
Cape estuaries (e.g. Seekoei and Kabeljous) have extensive 
submerged macrophyte beds consisting of both Ruppia cir-
rhosa and Zostera capensis. During the closed phase, extensive 
blooms of filamentous green macroalgae can occur.

4.4  Dunes

The South Africa coastline is diverse, with a wide variety of 
habitats stretching over an area which is transitional between 
winter- and summer-rainfall climates (Avis 1992), correspond-
ing to the distribution of one or more biomes in the hinterland 
and to one or more patterns of the sea currents (Table 14.3). 
The distribution of particular species (for a selection see Figure 
14.17) shows clear patterns of diminishing importance of the 
coastal tropical element in a westward direction and increased 
endemism towards the Cape coasts. Several important regional 
discontinuities in species distributions have been identified (e.g. 
East London–Kei Mouth interval) and incorporated into the 
definition of our vegetation units (for more details see below), 
while some of the other discontinuities (such as co-occurrence 
of western limits of distribution in some species around Still Bay 
and Plettenberg Bay) are still awaiting explanation. One of the 
approaches to the question of distribution of plants along the 
coast was to seek ecophysiological explanations, such as dem-
onstrated for Scaevola plumieri by Peter & Ripley (Peter 2000, 
Peter & Ripley 2000, Ripley 2001, Peter et al. 2003).

The West Coast of southern Africa, north of Cape Columbine, 
has a mixture of dry-coast elements and taxa recruited from 
the generic pools of the neighbouring semidesert biomes 
(Aizoaceae) and Cape elements (Tinley 1985, Lubke & Van 
Wijk 1988, Lubke et al. 1997). The vegetation of the southern 
coasts is dominated by elements of the Cape flora and it has 
a considerable coastal endemism. All the floras listed above 
interact in a complex manner along the southeast coasts of 
the Eastern Cape (Lubke & Van Wijk 1988). The East Coast is 
strongly influenced by (sub)tropical elements and some links to 
afrotemperate woody flora (Lubke & Van Wijk 1988) as well 
as to distant Madagascar (Tinley 1985, Venter & Scott 1999, 
Venter 2000). Several coastal species have subcosmopolitan or 

wide (sub)tropical distribution (Canavalia rosea, Ipomoea pes-
caprae, Sporobolus virginicus), pointing to the many common 
features of sand-coast ecology and the ability for long-distance 
dispersal of coastal flora.

5.   Principles of Delimitation of 
Vegetation Units

The classification system of vegetation units as presented in this 
chapter is a synthetic product of habitat and biogeographical 
subdivisions of the coast (and adjacent sea waters) of South 
Africa.

Four groups of the coastal vegetation have been recognised 
(see Figure 14.18 for schematic distribution of the mapped 
patches):

(a)  Coastal macroalgal beds.

(b)  Estuarine salt marshes (Figure 14.14).

(c)   Seashore (or strand) vegetation (including vegetation of 
habitats under immediate and current influence of the 
sea—beaches, coastal cliffs, coastal dunes).

(d)  Azonal/intrazonal strandvelds.

5.1  Algal Beds

Within this category we include only two alga-dominated veg-
etation units of notable spatial extent—the Cape Kelp Beds 
(unit AZm 1) described in this chapter (see below), and AZm 2 
Subantarctic Kelp Beds from the islands of Marion and Prince 
Edward, described in Chapter 15. Both units occur in the form 
of relatively small patches not shown on our Map. However, the 
inventory of extant patches of the Cape Kelp Beds is in progress 
(R.J. Anderson, personal communication) and mapping of the 
Subantarctic Kelp Beds remains a challenge for the future. 
Satellite imagery combined with ‘sea-truthing’ should generate 
the desired data for possible future editions of our Map.

5.2  Estuarine Vegetation

Three units were recognised and mapped within this group. AZe 
1 Arid Estuarine Salt Marshes are ecologically and floristically 
very different from the other two units: in fact, the ‘arid-climate’ 
estuaries are more reminiscent of the concept of sabkha known 
to the Arabic-speaking world. In South Africa, these habitats 
are in many respects more saltwater-soaked flats on head-bays 
in poorly drained coastal lagoons straddling ‘desert’ and the 
sea, than true tidal salt marshes. The freshwater component 
is either negligible (due to the often intermittent nature of the 
rivers) or missing altogether. The salt-marsh/sabkha complex 
in the mouth of the Orange (Gariep) River is the most typical 
example in South Africa, while the salt flats on bays around 
Lüderitz (Namibia) are probably the best example of such an 
arid ‘estuarine’ (or rather sabkha) habitat on the southwestern 
desert coasts of Africa. The estuaries of AZe 1 are embedded 
within the Desert and Succulent Karoo Biomes.

The Cape estuaries (AZe 2) are typical of the warm-temper-
ate climate region of the Cape Floristic Region (cold-temper-
ate and warm-temperate marine temperatures). These estuar-
ies range from brackish to hypersaline environments. Due to 
the small-scale nature of the estuarine habitat mosaic we have 
not mapped (at our working scales) the sublittoral, littoral and 
supralittoral habitats as separate units, although we appreciate 
the considerable ecological differences between these. Naturally, 
these habitats and constituent communities are mappable at 
larger scales as shown by a series of detailed maps of the Cape 
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estuaries in the CSIR inventory reports (see References). The 
separation of the subtropical AZe 3 unit was motivated by the 
general impoverished character of the salt-marsh flora and 
vegetation complexes, recognising that salt marshes are a phe-
nomenon typical of extratropical regions. The zonal hinterland 
of the subtropical estuaries in South Africa is formed by the 
Indian Ocean Coastal Belt. Mangroves are an important ele-
ment of the (sub)tropical estuaries. The mangroves are treated 
as a separate vegetation unit (FOa 3) in Chapter 12. Capturing 
the subtropical estuarine salt marshes has been a problem due 
to a lack of proper coverage. Therefore the largest patch of 
the AZe 3 unit (St Lucia) has not been distinguished from the 
lagoon proper at this stage.

Admittedly not all known estuaries (see Whitfield 1995, 2000 
and Colloty et al. 2001 for exhaustive lists of the South African 
estuaries) are contained in our Map, both due to lack of map-
ping coverage of acceptable quality as well as the small scale 
of many of the salt-marsh patches. Larger estuaries open to the 
sea have not been distinguished from the sea on the Map.

5.3  Dry Seashore Vegetation

The delimitation of the seashore units follows the same prin-
ciple as that of the estuarine (or ‘wet seashore’) units, except 
that the arid seashore is subdivided into AZd 1 Namib Seashore 
Vegetation and AZd 2 Namaqualand Seashore Vegetation. The 
former unit follows the part of the coast of one of the oldest and 
most arid deserts of the world—the Namib Desert. This hyper-
arid coastal vegetation extends to South Africa only marginally, 

and reaches its southernmost distribution limit on the Holgat 
River—the limit of a group of species identified as ‘Namib intru-
sion’ by Boucher & Le Roux (1993). The AZd 3 Cape Seashore 
Vegetation and AZd 4 Subtropical Seashore Vegetation rep-
resent warm-temperate versus subtropical coastal vegetation 
units. The major vegetation turnover appears roughly within 
the coastal interval spanning the mouth of the Buffalo River 
(East London) and Kei Mouth—in the region where Albany 
Thicket gives way to Indian Ocean Coastal Belt in the oceanic 
hinterland.

The dry seashore vegetation fringes the coast of South Africa in 
the form of an almost continuous belt, being interrupted only 
by the estuaries. Still it was technically infeasible to depict this 
belt on our Map in its entirety due to scale problems. In places it 
therefore happens that the strandveld units, both the intrazonal 
strandvelds classified within the Succulent Karoo and Fynbos 
Biomes (the latter summarised as Western Strandveld) as well 
as the azonal Eastern Strandveld (see below), become the coast-
fringing vegetation on our Map.

The principles of the spatial and conceptual distinction between 
the coastal (seashore) vegetation and the hinterland strandveld 
units are discussed in Chapter 4 (Fynbos Biome) in this book.

5.4  Eastern Strandveld
The Eastern Strandveld units cover a large, about 1 000 km long, 
stretch of the East Coast, following the seaboards of the Indian 
Ocean. The vegetation units are well differentiated in climatic 

Figure 14.18 Distribution of coastal vegetation units along the South African seaboards. A: Seashore Vegetation, B: Estuarine Vegetation,  
C: Eastern Strandveld.

A.

C.

B. C. Eastern Strandveld

B. Estuarine Vegetation

A. Seashore Vegetation

AZs 3 Subtropical Dune Thicket
AZs 2 Albany Dune Strandveld
AZs 1 Algoa Dune Strandveld

AZe 1 Arid Estuarine Salt Marshes
AZe 2 Cape Estuarine Salt Marshes
AZe 3 Subtropical Estuarine Salt Marshes

AZd 1 Namib Seashore Vegetation
AZd 2 Namaqualand Seashore Vegetation
AZd 3 Cape Seashore Vegetation
AZd 4 Subtropical Seashore Vegetation
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terms, spanning a gradient of increasing precipitation (from 
680 mm in Algoa Strandveld to over 1 000 mm in Subtropical 
Thicket) and temperature (MAT: 17.2°C, 18.0°C and 20.0°C). 
The delimitation between two units occurring in Albany Thicket 
(Algoa and Albany Strandvelds) follows Vlok et al. (2003). Much 
of the Subtropical Thicket has not been mapped due to scale 
problems—the patches of this vegetation occur as very nar-
row bands (often only several tens of metres) in KwaZulu-Natal, 
while in the Eastern Cape (along the Wild Coast) this type is 
rare due to specific coastal geomorphology (steep coastal cliffs), 
and it is limited to only small pockets on dunes in river mouths.

6.   Conservation Challenges: Status, 
Threats and Actions

6.1  Algal Beds

South Africa has a seaweed industry that is based on the com-
mercial collection of kelps and the red seaweeds Gelidium and 
Gracilaria, as well as the cultivation of Gracilaria and the green 
seaweed Ulva for abalone feed. Although the industry is rela-
tively small compared to major producers such as Chile, it is 
worth about R25 million annually, provides hundreds of jobs 
and is viable and sustainable.

The mainstay of the local industry is the extensive beds of kelp 
(Ecklonia maxima and Laminaria pallida) that grow in the cool-
temperate waters from Cape Agulhas up the West Coast and 
into Namibia. Beach-cast kelp has been collected, dried, milled 
and exported for almost 50 years for the production of alginate, 
a colloid with many industrial uses such as in dyes and paints. 
An extract from E. maxima, marketed as Kelpak®, is used locally 
and exported to over 30 countries where it is highly effective 
as a plant-growth stimulant in agriculture and horticulture. In 
the last decade, the huge increase in the farming of abalone in 
tanks has created a local industry based on harvesting and sup-
plying fresh E. maxima fronds as feed for these valuable mol-
luscs. More than 5 000 tons of fresh kelp fronds are currently 
cut for abalone feed per annum.

The red alga Gracilaria gracilis is collected from periodic wash-
ups at Saldanha Bay on the west coast. The material is dried, 
sorted and exported for the extraction of agar, a colloid with 
wide uses in food and pharmaceutical products. Good-quality 

agars are obtained from the three Gelidium species that are 
harvested from shores in the warm-temperate waters of the 
Eastern Cape. Gelidium pristoides, a strictly intertidal species, 
is the most valuable on account of the high gel strength of its 
agar. G. abbottiorum and G. pteridifolium are found lower on 
the shore and in pools and gulleys, and fetch a slightly lower 
price. Teams of pickers cut the tops off the Gelidium plants, 
leaving the basal fronds to regenerate. Research has shown 
that the plants re-grow rapidly, and that harvesting has minimal 
ecological effects on the environment.

Seaweed harvesting is managed by the national Department 
of Environmental Affairs and Tourism on the basis of scientific 
research that is largely funded by the cost of commercial and 
recreational permits. The coastline is divided into 23 Concession 
Areas, and the rights to harvest a particular species in each area 
can be applied for periodically.

Several abalone farms cultivate quantities of seaweed (Ulva and 
Gracilaria) as abalone feed, particularly in the Eastern Cape, 
where there are no large supplies of feed in the form of kelp 
beds. One farm currently grows 3 tons of Ulva per working day 
in a series of 30 m long shallow ponds, with water movement 
provided by large paddle wheels. Even in the Western Cape, 
some farms are now growing their own Ulva and Gracilaria 
as a supplement to kelp, and ongoing research assists them 
to improve their cultivation methods. Ultimately, the goal is to 
integrate the farming of seaweed and abalone, so that feed is 
produced while the seaweeds remove inorganic nutrients from 
the abalone effluent, thus cleaning it for re-circulation within 
the farm.

6.2  Estuaries

Salt marshes have experienced a long history of destruction 
and alteration by human activities. Filling, dredging, ditching, 
impounding and draining as well as pollution have greatly 
reduced the total area throughout the world.

Reduction in freshwater input due to freshwater withdrawal 
from the estuary catchment results in an increase in salinity 
and loss of the species preferring brackish habitats (e.g. Juncus 
kraussii, Cotula coronopifolia). Freshwater reduction can also 
reduce the frequency and duration of open mouth conditions 
in temporarily open/closed estuaries. This can lead to the loss 
of intertidal species such as Sarcocornia perennis complex and 

Table 14.3 Correspondence between biomes (as defined in this book), marine provinces and overlap (according to Bolton 
& Anderson 1997, modified by Bolton et al. 2004), and vegetation units of coastal affiliation, such as intrazonal and azonal 
strandveld units, seashore vegetation and estuarine salt-marsh units.

Biomes Strandveld units Seashore vegetation
 Estuarine 
salt-marshes

 Marine province 
or overlap

Desert Dn 1 AZd 1 AZe 1 Benguela Province

Succulent Karoo SKs 1, SKs 7, SKs 8 AZd 1, AZd 2 Aze 1 Benguela Province

Fynbos FS 1–9, AZs 1 AZd 3 AZe 2

Benguela Province

Western Overlap

Agulhas Province

Afrotemperate Forest FS 9 AZd 3 Agulhas Province

Albany Thicket AZs 1, AZs 2 AZd 3 AZe 2
Agulhas Province

Eastern Overlap

Indian Ocean Coastal Belt AZs 3 AZd 4 AZe 3
Eastern Overlap

Indo-West Pacific Province
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Spartina maritima. Prolonged closed mouth conditions and an 
increase in water level can lead to the loss of those species 
sensitive to submerged conditions. Too much freshwater may 
eliminate the salt-marsh community. O’Callaghan (1990b) has 
shown how poorly developed the halophytic vegetation in the 
False Bay estuaries is because of human impact and reduced 
saline input. He identified restriction in tidal input as a serious 
threat to Western Cape salt marshes.

Threats to seagrass, Zostera capensis, include bait digging and 
boating activities. Catchment degradation, erosion and an 
increase in sediment load results in smothering and a decrease 
in light available to these plants. Z. capensis has been lost from 
the Mthatha estuary and some KwaZulu-Natal estuaries due to 
an increase in sediment load.

The most common impact in supratidal salt marshes is encroach-
ment by invasive plants followed by trampling and formation 
of footpaths constituting probably the most common impact 
affecting intertidal salt marshes (Coetzee et al. 1997). Water-
saturated low marsh sediments and associated plants are highly 
susceptible to trampling and recover slowly. In the Knysna estu-
ary, Maree (2000) found that the construction of roads, bridges 
and commercial developments often results in an increase in 
elevation, with the resultant establishment of terrestrial or alien 
species. Threats in the more rural areas of the former Ciskei and 
Transkei include agriculture and grazing. In estuaries closer to 
city centres or holiday resorts, encroachment by developments 
is the major threat. In the Swartkops estuary, 35 ha of supratidal 
salt marsh has been lost due to bridges, roads and other devel-
opments and 50 ha of intertidal marsh has been lost due to the 
development of Swartkops and Redhouse villages, salt works 
and roads (Colloty et al. 2000).

Intertidal salt marshes occur in the large permanently open estu-
aries. Only 18% of South African estuaries are permanently open 
and their status is threatened due to reduced freshwater input. 
An assessment of the habitat integrity of South African estuar-
ies (Colloty 2000) showed that ‘pristine’ estuaries were mostly 
found in the former Ciskei and Transkei regions. Decreases in 
plant cover in the Transkei estuaries were mostly due to removal 
for agriculture or utilisation of wood in the case of mangroves. 
In the Ciskei, the estuaries that had the lowest habitat integrity 
scores, were those where plant cover was lost due to road con-
struction at or near the mouth, e.g. Bira, Mpkeweni. In Cape 
and KwaZulu-Natal estuaries, residential and industrial develop-
ments have removed areas of estuarine habitat.

The National Spatial Biodiversity Assessment (Turpie 2004a, b, 
Driver et al. 2005) has identified estuaries that are critically 
endangered, vulnerable and least threatened. Permanently 
open estuaries in the cool-temperate and warm-temperate 
regions, which generally have the largest salt-marsh areas, were 
identified as endangered. The few large estuaries on the West 
Coast (Orange, Olifants, Berg) are under great pressure as they 
are each linked to a major river system and a large catchment 
that is heavily utilised, particularly for abstraction of freshwater.

Whitfield (2000) reported that 62% of South Africa’s estuaries 
were in good or excellent condition, but the healthy estuar-
ies were not evenly distributed among 13 different groups as 
defined by Turpie (2004b, see also Driver et al. 2005), based 
on climate zone and five basic types (including estuarine bays, 
permanently open estuaries, river mouths, estuarine lakes and 
temporary closed estuaries). There are 259 estuaries in South 
Africa (Turpie 2004b, Driver et al. 2005), but only a small frac-
tion enjoys formal protection—14 enjoy high levels of protec-
tion and a further 27 have medium and low levels of protec-
tion. Estuaries that currently enjoy some protection status and 

have salt marsh present and are listed as Ramsar sites include 
the Orange River mouth, Heuningnes, Swartvlei as well as the 
World Heritage Site of the Greater St Lucia Wetland Park which 
includes two further Ramsar sites—St Lucia Estuary and Kosi 
Bay. Knysna is a partially protected estuary under jurisdiction 
of South African National Parks. A large portion of salt marsh 
is protected in the Langebaan Lagoon, part of the West Coast 
National Park.

A recent paper by Turpie et al. (2002) indicates the 32 estuar-
ies in South Africa that should be included in a protected area 
network to ensure biodiversity conservation of all biota. The 
six estuaries with the largest intertidal salt-marsh areas in the 
country are included in this list. Intertidal salt marsh can be con-
sidered rare in South Africa because very few estuaries remain 
permanently open to the sea. The government must recognise 
salt marshes as a valuable national asset. There should be no 
further loss of marsh due to development or human interfer-
ence. This can be easily monitored from aerial photographs.

Three major priorities for action have been identified by the 
National Spatial Biodiversity Assessment, namely (1) determine, 
implement and monitor the freshwater reserve for priority 
estuaries, (2) expand the number of protected estuaries, and 
(3) integrate resource management and land use planning in 
estuarine systems (Turpie 2004b, Driver et al. 2005). Guidelines 
for a strategy for the protection of estuarine biodiversity have 
been proposed by Turpie (2004a).

6.3  Beaches, Dunes and Strandveld

Coastal conservation areas play an important role in protect-
ing the biodiversity of the coastal habitats and maintaining a 
coastal corridor for the movement of coastal fauna.

It is apparent that the coastal dune systems are diverse, vulner-
able and variable environments. They are often multifunctional 
systems of great importance to society, and people are attracted 
to the coast for a number of reasons—aesthetic appreciation, 
recreation, harvesting of marine life, transport, a place to live, 
work or play, or for tourism. Hence, the coast has become a 
centre for economic activity and the increased pressure has 
many kinds of consequences on the (local) beach and dune 
environment.

On the West/Southwest coasts the main pressure comes from 
the human population (i.e. through fisheries, harbours, tour-
ism/recreation) and the mining of heavy metals and diamonds 
(Boucher & Le Roux 1993). Along the South/Southeast coasts, 
mining activities are few, but coastal resorts are plentiful and 
subjected to intensive development (see for instance Taylor 
& Boucher 1993). Nearly 90% of the 6 million people of the 
Western Cape Province live in this area. The (smaller) coastal 
towns and resorts experience a seasonal influx of holiday makers, 
resulting in seasonal exacerbation of the impact of recreational 
development on the natural coastal ecology. Intensive tourism—
an economic boost to most of the coastal regions—also has 
some negative facets such as direct damage to sensitive dune 
vegetation, especially during the holiday season (trampling), the 
spread of alien vegetation, sand starvation of certain beaches 
(i.e. Cape St Francis), pollution associated with urban develop-
ment, building of excessive road networks and the like.

Further east, along the Transkei/KwaZulu-Natal coast (East 
Coast), human settlements can be found that date back centu-
ries (Weisser & Cooper 1993). In this area the dune ecosystems 
have been more affected compared to rock or cliff ecosystems. 
The main forces are agriculture (sugarcane plantations, over-
grazing, forest clearing, veld burning), mining of heavy metals, 
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tourism, and industrialisation. The devel-
opments of cities and coastal resorts 
have, together with modern agricul-
ture, left their mark on the coastal area 
by destroying the original vegetation 
(Weisser & Cooper 1993). Besides direct 
human impact through development, 
many coastal areas suffer from heavy 
infestation by alien plants—species of 
Acacia along the South/Southeast coasts, 
and Chromolaena odorata, Lantana 
camara and species of Pereskia along the 
East Coast.

Some of these threats to the sandy 
beaches and dunes were already rec-
ognised decades ago and stated as a 
potential problem (i.e. Avis 1986, 1992). 
As is obvious from the above-men-
tioned threats, they remain a problem. 
Fortunately some action has been taken. 
For instance, the aliens are currently 
being removed by the local Working for 
Water (DWAF 2005) campaign (Figure 
14.19), and many of the coastal areas are 

rehabilitate damaged or destructed coastal areas, or to pre-
dict what (long-term) effects certain activities will have on the 
coastal system. To be able to make these predictions, long-term 
monitoring programmes will be needed to follow the changes 
in the dune ecosystem (i.e. removal of alien plants, any coastal 
development), but also to alert (local) management authori-
ties of potential problems so that appropriate actions might be 
taken before irreversible damage is done.

Besides the need for monitoring, there is unfortunately still a 
lack of knowledge on the (local) ecological processes that are a 
fundamental part of the sandy shore. This type of research will 
be needed to be able to answer questions such as:

  Which indigenous species are suitable for rehabilitation/res-
toration projects? What are their growth/reproductive 
requirements (water, light, temperature)?

  What is the current status of endangered and alien species? 
Which species might be endangered in the future?

  What will happen when the climate changes? Will alien 
noninvading species become invasive?

  What is the status of protected areas? Which coastal envi-
ronments/areas/features need protection?

  What is the impact of current and future recreational activi-
ties and developments?

Answers to these questions are needed to be able to consider 
the long-term and cumulative impacts on the coastal area and 
its reaction to these impacts.

Past coastal management approaches have been fragmented 
and poorly co-ordinated between the different spheres of gov-
ernment, largely due to a lack of capacity to perform coastal 
management functions. Due to a lack of clarity on the roles 
and responsibilities between various departments, certain areas 
of the coastal zone have been poorly managed. As a result, a 
people-centred approach to coastal management was adopted 
in the recent Policy Document: The White Paper for Sustainable 
Coastal Development (DEAT 2000). This national policy provides 
the guiding principles for coastal management in South Africa 
and led to the development of Provincial Coastal Management 
Programmes (DEAT 2000).
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Figure 14.19 Alien Australian shrubby Acacia cyclops (rooikrans) is a prime target of the Work-
ing for Water alien plant eradication programme. Freshly cut rooikrans is left on the steep dune 
slopes to curb erosion and facilitate the establishment of native dune shrubs (Diaz Cross site near 
Boknes, Eastern Cape coast).

protected and preserved in conservation areas and this should 
be an ongoing process!

Priorities to any further development should be in terms of 
requirements of conservation and responsible tourism, rather 
than in terms of industrial endeavours that could equally well 
be situated inland, as stated by Heydorn & Tinley (1980). A 
more effective system of land use management and planning 
is required, one that would more effectively discourage coastal 
sprawl and encourage more compact, nodal developments.

The current state of biodiversity protection of South African 
sandy coast is reasonable. Not all vegetation units have the 
status of ‘vulnerable’. Most are considered to be ‘least threat-
ened’, even though the sandy beaches and dunes of the South 
African coast are known as sensitive systems that can easily be 
damaged or disrupted (Tinley 1985, Lubke et al. 1997, Turpie 
2004b; see also Conservation sections in the descriptions of the 
vegetation units below).

7.  Future Research
The coast is a place subject to direct and indirect influences—
especially the human impact on the coastal system is enormous 
(i.e. building of roads, houses and resorts, mining of dunes, 
building of harbours and breakwaters, pollution). Therefore this 
distinctive and complex system requires a dedicated manage-
ment effort.

The ad hoc, sectoral management approach that was common 
along the coast the last years ignored the wider consequences 
of local activities, and failed to realise the full spectrum of ben-
efits provided by the coastal system. Management should focus 
on the coastal system as a whole and force decision-makers 
and developers to recognise that individual actions might have 
system-wide consequences.

However, before a proper management plan can be set in 
motion, it is of great importance to understand the interrela-
tionships between the natural and human components of the 
coastal system, to improve sustainable development and to 
resolve conflicting coastal issues, to name a few. Knowledge 
and understanding of the (local) coastal ecosystem is thus sig-
nificant. This information is needed, for instance, to restore or 
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point (1), our Map and this chapter with a new classification 
of coastal vegetation units is a step in the right direction. We 
wish to add that some aspects of biodiversity research are still 
needed. More vegetation-oriented research looking into local 
variability of habitat-level community types is needed. New spe-
cies of plants are awaiting formal description. Coasts are a fas-
cinating biogeographical subject, offering excellent models for 
study of evolutionary processes shaping biodiversity on many 
levels of complexity (from local populations to large-scale veg-
etation complexes).

8.  Descriptions of Vegetation Units

Algal Beds

 AZm 1 Cape Kelp Beds

Distribution Western and Northern Cape Provinces: Along 
the West Coast of South Africa, from a few km west of Cape 
Agulhas as far north as Rocky Point in northern Namibia. Smaller 
kelps (Ecklonia radiata) occur eastwards as far as KwaZulu-Natal, 
but do not form kelp beds.

Vegetation & Seascape Features In the south (coastline of 
the Western Cape Province), inshore beds are dominated by 
the sea bamboo Ecklonia maxima, with plants up to 15 m long. 
In this region, Ecklonia forms a dense canopy from the subti-
dal fringe to ca. 10 m deep. In sheltered coves and in deeper 
water (down to ca. 14 m) solid-stiped plants of Laminaria pal-
lida are dominant (Bolton & Anderson 1994, 1997, Stegenga 
et al. 1997). Laminaria is rare east of Cape Point, but further 
north (coastline of the Northern Cape Province) plants have a 
hollow stipe and tend to be dominant inshore, with Ecklonia 
maxima being rarer. These hollow-stiped Laminaria plants for-
merly known as Laminaria schinzii, were considered a variety 
of L. pallida by Stegenga et al. (1997). West of Cape Point, 
there is a dense understorey of foliose seaweeds, dominated 
by red algae such as Botryocarpa prolifera, Hymenena venosa, 
Neuroglossum binderianum and Epymenia obtusa. Between 
Cape Point and Cape Agulhas, there are large numbers of graz-
ers present (sea urchins, abalone etc.), and much of the bot-

tom is covered with grazer-resistant crustose coralline red algae 
(Anderson et al. 1997, Leliaert et al. 2000). The only other kelp 
present (Macrocystis angustifolia) is rare, occurring only in rela-
tively small populations inshore of Ecklonia maxima beds, at a 
few sites from the Cape Peninsula to Paternoster.

Hydrology & Substrate Kelp beds occur on the West Coast 
wherever there is rocky substrate in shallow water. The marine 
environment is dominated by the Benguela Upwelling System, 
which is driven by the longshore Southeaster (wind), mainly 
occurring in summer. The West Coast marine flora is gener-
ally considered cool-temperate (Bolton & Anderson 1997), with 
absolute minimum temperatures around 8ºC, but monthly 
means not dropping below 11ºC or rising above 15ºC (Bolton 
1986) on most of the west coast. In False Bay, Ecklonia beds 
thrive in warmer temperatures (monthly mean of almost 20ºC 
in summer), whereas Laminaria is uncommon east of the Cape 
Peninsula.

Important Taxa Kelp: Ecklonia maxima (d), Laminaria pallida 
(d), Macrocystis angustifolia (d). Foliose Algae: Botryocarpa pro-
lifera (d), Hymenena venosa (d), Neuroglossum binderianum 
(d), Epymenia obtusa (d). Epiphytic Algae (both on Ecklonia 
maxima): Suhria vittata, Carradoria virgata. Parasitic Algae: 
Carpoblepharis flaccida (on Ecklonia maxima), C. minima (on 
Laminaria pallida).

Conservation West Coast kelps have been utilised commer-
cially for many decades, dried and shipped overseas for alginate 
production (Anderson et al. 2003). In addition, for many years 
small amounts (ca. 50 tons fresh weight per year) have been cut 
near Kommetjie for the production of the fertiliser supplement 
Kelpak®. In the last few years, kelp has been harvested in ever-
increasing amounts (reaching 6 000 tons wet weight per year 
currently) for use as feedstock in the rapidly growing onshore 
abalone aquaculture industry. The available kelp in some areas 
is reaching sustainable limits. The kelp beds are protected, for 
example around the Cape Peninsula in the Marine Protected 
Areas within the Restricted Zones of Karbonkelberg, Kalk Bay, 
Boulders, Castle Rock, Paulsberg and Cape of Good Hope 
(coastal waters of the Table Mountain National Park).

Remark 1 The West Coast Ecklonia beds have been calculated 
to produce between 4.1 and 7.8 kg dry mass m-2 y-1 (Newell et 
al. 1980), and Laminaria stands have been shown to turn over 
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Besides the obvious enormous impor-
tance for the South African economy 
(especially tourism and fisheries) and 
associated applied research, the needs 
for fundamental research into origins of 
the coastal habitats, evolution of its biota, 
biodiversity patterns, and processes gen-
erating those patterns, are far from being 
met. Although South African coasts rank 
undoubtedly among the best researched 
ecosystems in the region (Lubke et al. 
1997, Whitfield 2000, and this chapter), 
it would be wrong to assume we know 
enough to conserve and exploit these 
fragile systems wisely. Turpie (2004b) 
named a few gaps that estuarine research 
should address, namely a review of the 
estuary classification system to (1) devise 
a more robust system useful in applied 
conservation research, (2) develop meth-
ods for quantitative assessment of estu-
ary health, and (3) quantify interactions 
between estuarine and marine systems. 
We believe that at least with regard to 

Figure 14.20 AZm 1 Cape Kelp Beds: Ecklonia maxima kelp bed near Betty’s Bay (Western 
Cape). 
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twice per year, with a production of 27.9 kg wet mass m-2 y-1 
(Dieckmann 1980).

Remark 2 Annual production of Ecklonia maxima has been 
calculated to lose 10% as a result of storms (Simons & Jarman 
1981). The large quantities of drift kelp which consequently 
wash up on West Coast beaches support a characteristic fauna 
of small crustaceans, which in turn provide food for birds and 
larger crustaceans (Griffiths et al. 1983).

Remark 3 The extent of the Cape Kelp Beds has not been cap-
tured in the current version of the Map.

References Dieckmann (1980), Newell et al. (1980), Simons & Jarman 
(1981), Griffiths et al. (1983), Bolton (1986), Bolton & Anderson (1994, 
1997), Stegenga et al. (1997), Leliaert et al. (2000), Anderson et al. (2003). 

Estuarine Vegetation

 AZe 1 Arid Estuarine Salt Marshes

Distribution Northern Cape and Western Cape Provinces: 
At mouths of the Namaqualand rivers such as the Orange 
(Gariep), Buffels, Swartlintjies, Spoeg, Bitter, Groen, Sout and 
Olifants Rivers. Further north this salt-marsh unit is found at 
river mouths along the Namib Desert coast of Namibia as far as 
southern Angola.

Vegetation & Landscape Features Estuarine salt marshes in 
the river mouths with patches of supratidal salt marshes on 
elevated terraces. Vegetation is formed mainly of low succu-
lent dwarf shrubland patches, forming a mosaic with creeping 
grassy mats and patches of reed beds.

Geology, Soils & Hydrology Recent riverine (and partly also 
marine) sediments, with Table Mountain Group quartzitic sand-
stones and Gariep Supergroup metasediments (underlying the 
estuaries) are exposed in places (i.e. Olifants and Orange Rivers). 
The intertidal and supratidal salt marshes experience regular 

tidal action (diurnal and spring tidal, respectively) that is respon-
sible for sediment deposition and erosion. The floodplains were 
formed through ancient alluvial sedimentary processes (palaeo-
floodplains) and do not experience flooding under present river 
flows. The floodplain salt marsh uses the groundwater where 
the groundwater depth is less than 1.5 m and the salinity is less 
than 70 ppm.

Climate Arid, characterised by cool-temperate regime (MAT 
close to 18°C) with a very low, erratic MAP, ranging from 
less than 150 mm at Lutzville (Olifants estuary) to 45 mm at 
Alexander Bay (Orange estuary). Rain generally falls in wind-
driven showers spread over the season from May to August, 
but it can (in some years) fall with a single heavy shower. The air 
passing from the cold Benguela Upwelling System onto the land 
surface gives rise to the frequent occurrence of fog. On average 
fog occurs for 89 and 48 days at the Orange and Olifants estu-
aries, respectively. The greatest occurrence of fog is from March 
to September. The importance of fog for the salt-marsh plants 
in semi-arid environments has not yet been quantified, but it 
is expected to be significant. The region is generally frost-free. 
See also climate diagram for AZe 1 Arid Estuarine Salt Marshes 
(Figure 14.3).

Important Taxa Estuarine water bodies: Aquatic Herb: 
Potamogeton pectinatus. Tidal salt marshes: Succulent 
Shrub: Chenolea diffusa. Herb: Cotula coronopifolia. Geophytic 
Herb: Triglochin striata. Succulent Herb: Salicornia meyeriana 
(d). Graminoids: Juncus kraussii subsp. kraussii (d), Sporobolus 
virginicus (d), Ficinia nodosa, Juncus acutus subsp. leipoldtii, J. 
rigidus. Supratidal terraces: Succulent Shrubs: Salsola zey-
heri, Suaeda fruticosa. Succulent Herb: Psilocaulon dinteri. 
Graminoids: Odyssea paucinervis (d), Phragmites australis (d).

Biogeographically Important Taxa Supratidal terraces: 
Succulent Shrubs: Lycium decumbens (Gariep endemic), 
Sarcocornia natalensis var. affinis (West Coast endemic).

Conservation Least threatened. Target 24%. None conserved 
in statutory conservation areas. Some 15% transformed for cul-
tivation or by mining (diamond prospecting) activities.

L.
 M

uc
in

a

Figure 14.21 AZe 1 Arid Estuarine Salt Marshes: Decaying lagoon of the Jakkals River at 
Lambert’s Bay (Western Cape) after being artificially cut off from the tidal influence of the sea. 
The centre of the lagoon is dry at present and covered with a papery layer of dead algal bloom 
and a species of Ruppia, while the banks support typical supratidal halophilous vegetation with 
chenopods Sarcocornia natalensis var. affinis (pink patches), Salicornia meyeriana (deep red 
patches) and Atriplex prostrata subsp. austroafricana (in the foreground).

Remarks Estuaries in Namaqualand 
(south of Kleinzee) are relatively undis-
turbed, except for salt works in the 
Olifants and Sout Rivers. Increased fresh-
water abstraction in the Olifants estuary 
is a major threat, which would cause 
salinity intrusion into the middle reaches 
of the estuary in summer and loss of 
brackish habitats (Cotula coronopifolia, 
Juncus kraussii). An increase in ground-
water salinity would result in die-back 
of the large supratidal and floodplain 
areas. The Orange estuary has also been 
impacted by freshwater alteration and 
die-back of a large floodplain salt-marsh 
area. Although barren areas are a natu-
ral feature of salt marshes on the West 
Coast of southern Africa, more than 70 
ha have been lost at the mouth of the 
Orange River through bad management 
practices. Large-scale die-back of reed 
beds (mostly Schoenoplectus scirpoideus 
and Phragmites australis) occurs in the 
lower reaches of the Orange estuary as, 
in response to the low flows, saline water 
is pushed higher up the river.

References Day (1981b), Parsons & Le Roux 
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(1981a–f), Morant & O’Callaghan (1990), Boucher & Le Roux (1993, 1994), 
Lubke et al. (1997), Bornman (2002), Boucher (2003), Bornman et al. 
(2004a, b).

 AZe 2 Cape Estuarine Salt Marshes

Distribution Western Cape and Eastern Cape Provinces: 
Estuaries and coastal salt-marsh plains of temperate coasts of 
the Atlantic Ocean from Lambert’s Bay on the West Coast as far 
as the mouth of the Great Kei River (Eastern Cape) on the Indian 
Ocean coast. The most important estuarine systems of this type 
include salt marshes located at the Berg, Uilkraalsmond, Breede, 
Goukou, Groot and Klein Brak, Keurbooms/Bitou, Kromme, 
Seekoei, Kabeljous, Gamtoos, Swartkops, Kowie, Bushmans 
(penetrating inland as deep as Ghio Marsh), Kariega, Great Fish, 
Buffels, Keiskamma and Great Kei Rivers as well as estuarine 
lakes such as Kleinmond, De Mond (near Struisbaai), Swartvlei 
and estuarine bays such as Knysna Lagoon.

Vegetation & Landscape Features Estuarine flats and systems 
of low riverine terraces supporting complexes of low herblands 
and shrublands dominated by succulent chenopods and other 
flood-tolerant halophytes (especially on supratidal terraces and 
in middle and lower tidal zones), salt-marsh meadows domi-
nated by rushes and sedges (often indicating freshwater seeps), 
Spartina swards and (temporary) submerged Zostera sea mead-
ows at the lower boundary of the tidal zone.

Geology, Soils & Hydrology Most Cape estuaries drain Table 
Mountain Sandstone vegetated with Fynbos that gives the riv-
erine water a characteristic black colour (high tannin load and 
low pH), with low amounts of sediment (medium-grained sand). 
The estuarine sediment has an increasingly higher clay fraction 
as one moves east due to the Karoo sediments through which 
these rivers drain, e.g. the Kromme, Gamtoos, Sundays Rivers, 
etc. Recent sandy sediments of layered mixed riverine and 
marine origin are submitted to a diurnal tidal flooding regime. 
The highest terraces are flooded only at the highest tides. 
Floodplains are flooded only during river floods. Floodplain salt 
marshes in estuaries with floodplains, e.g. the Berg, Breede, 
Gourits, Kromme and Gamtoos Rivers, are still dependent on 
groundwater as their major source of water, but the higher 
rainfall creates a higher cover of Sarcocornia pillansii and an 

increase in brackish species. The tidal range varies greatly; for 
instance in False Bay it is 0.5–2 m.

Climate Warm-temperate winter-rainfall (Atlantic coast and 
False Bay) and transitional winter-summer-rainfall (eastwards of 
the Cape Hangklip) regions. MAP between 175 mm (Lambert’s 
Bay) and 850 mm (Garden Route). MAT from 16.0°C (Overberg) 
to 17.8°C (Albany region). The coastal waters and coastal cli-
mate of the region is under the decisive influence of the coastal 
cold-water upwellings of the Benguela Current (along the west 
coast) and of the cold Agulhas Counter-Current. Easterly winds 
in summer create localised coastal upwelling events along the 
South Coast that may decrease the estuarine water tempera-
ture by as much as 10°C (Schumann 2000). See also climate 
diagram for AZe 2 Cape Estuarine Salt Marshes (Figure 14.3).

Important Taxa Estuarine water bodies: Graminoids: Ruppia 
cirrhosa (d), R. maritima (d), Zostera capensis (d). Tidal salt 
marshes: Succulent Shrubs: Chenolea diffusa (d), Sarcocornia 
perennis complex (d). Low Shrubs: Samolus porosus (d). Herbs: 
Cotula filifolia, Seidelia pumila. Geophytic Herbs: Triglochin 
bulbosa complex (d), Romulea tabularis, Triglochin striata. 
Succulent Herbs: Spergularia media complex (d), Plantago crassi-
folia complex (d), Salicornia meyeriana (d), Cotula coronopifo-
lia, Suaeda inflata. Graminoids: Juncus kraussii subsp. kraussii 
(d), Spartina maritima (d), Sporobolus virginicus (d), Puccinellia 
angusta, Schoenoplectus triqueter, Stenotaphrum secundatum. 
Supratidal terraces: Succulent Shrubs: Disphyma crassifo-
lium (d), Sarcocornia capensis (d), S. pillansii (d). Graminoid: 
Stenotaphrum secundatum (d).

Biogeographically Important Taxa (both West Coast endem-
ics) Supratidal terraces: Succulent Shrub: Sarcocornia natalen-
sis var. affinis (d). Herb: Limonium decumbens (d).

Endemic Taxa Tidal salt marshes: Succulent Herbs: 
Poecilolepis ficoidea, P. maritima.

Conservation Least threatened. Target 24%. Already 21% 
statutorily conserved in the West Coast (including much of the 
Langebaan Lagoon) and Garden Route National Parks (includ-
ing Knysna Lagoon), Rietvlei, Kleinmond, Walker Bay, De Mond, 
Swartkops Valley, Seekoei, Kabeljous River, Kap River, Great Fish 
River Wetland as well as in the private Emlanjeni Game Reserve 
(near Kenton-on-Sea). Langebaan Lagoon and the De Mond 
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Figure 14.22 AZe 2 Cape Estuarine Salt Marshes: Tidal salt marsh in the head of the Langebaan 
Lagoon (West Coast National Park), with clones of Sarcocornia perennis complex (Chenopo-
diaceae), Sporobolus virginicus (Poaceae) and Limonium decumbens (Plumbaginaceae) forming 
a mosaic with algal slick patches.

estuary are Ramsar sites. Some 14% 
transformed for cultivation, by urban 
sprawl, mining or road building.

References Dyer (1937), Boucher & Jarman 
(1977), Howard-Williams & Liptrot (1980), Day 
(1981b), Heinecken (1981, 1982a, b, 1985), 
Bickerton (1982, 1984), Cliff & Grindley (1982), 
Grindley (1982, 1985), Heinecken & Grindley 
(1982), Heinecken et al. (1982), Heydorn & 
Bickerton (1982), Koop (1982), Morant & 
Grindley (1982), Boucher (1983, 1987, 1998c–
e), Carter (1983), Heinecken & Damstra (1983), 
Lubke (1983), Morant (1983, 1984), Morant 
& Bickerton (1983), Whitfield et al. (1983), 
Wiseman et al. (1983), Duvenhage & Morant 
(1984), Baird et al. (1986), Sinclair et al. (1986), 
Bickerton & Pierce (1988), Burns et al. (1988), 
Grindley (1988), Grindley & Dudley (1988), 
Boucher & Le Roux (1989), Clarke (1989), De 
Decker (1989), Heydorn (1989b), Bloemhoff 
& Craven (1990), Carter & Brownlie (1990), 
O’Callaghan (1990a, b, 1994a–e), Adams (1991), 
Morant (1991), Lubke et al. (1997), Adams et 
al. (1999), Allanson & Baird (1999), Boucher & 
Rode (1999), Colloty et al. (2000, 2001, 2002), 
Schumann (2000), Withers et al. (2002), Mucina 
et al. (2003).
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tidal flooding regime. A high average salinity of water (18–23 
g of soluble salt per litre) was recorded in the southernmost 
permanently open estuaries of this unit (Group B in Colloty et al. 
2002). The estuaries on the KwaZulu-Natal coast usually have 
a lower salinity, often containing brackish mud flats fringing 
mangroves.

Climate Subtropical, year-round precipitation patterns with 
higher precipitation in summer (especially along the KwaZulu-
Natal coast). MAP 932 mm (Maputaland) to 1 014 mm 
(Transkei). MAT 18.4°C (Transkei) to 21.1°C (Maputaland). The 
coastal waters as well as the climate of the coasts hosting this 
type of estuarine vegetation are under the influence of the 
warm Agulhas Current. No frost has been recorded. See also 
climate diagram for AZe 3 Subtropical Estuarine Salt Marshes 
(Figure 14.3).

Important Taxa Estuarine water bodies: Graminoids: 
Spartina maritima (d), Zostera capensis (d), Halodule uni-
nervis, Halophila ovalis, Thalassodendron ciliatum. Tidal salt 
marshes: Succulent Shrub: Chenolea diffusa (d). Low Shrub: 
Samolus porosus. Geophytic Herbs: Triglochin striata (d), T. bul-
bosa complex. Succulent Herbs: Sarcocornia natalensis complex 
(d), Salicornia pachystachya. Graminoids: Cyperus laevigatus 
(d), Juncus kraussii subsp. kraussii (d), Schoenoplectus litoralis 
(d), Sporobolus virginicus (d). Supratidal terraces: Succulent 
Shrubs: Disphyma crassifolium (d), Sarcocornia pillansii (d). 
Herbs: Atriplex patula subsp. verreauxii, Ethulia conyzoides 
subsp. kraussii, Nidorella linifolia. Graminoids: Paspalum vagi-
natum (d), Pycreus polystachyos, Stenotaphrum secundatum.

Conservation Least threatened. Target 24%. Unknown percent-
age statutorily conserved in the Dwesa-Cwebe Wildlife Reserve 
& Marine Sanctuary, Mpenjati, Beechwood, Umgeni Lagoon, 
Amathikulu, Umlalazi and Richards Bay Nature Reserves as well 
as in the Greater St Lucia Wetland Park. Threats: dune mining, 
development (especially in KwaZulu-Natal), increased freshwa-
ter runoff and nutrient input from sugar cane fields (agriculture) 
and increased sedimentation and turbidity from soil erosion in 
catchment exacerbated by poor agricultural practices.

Remark 1 Low species diversity and limited extent of the 
Subtropical Estuarine Salt Marshes as compared to the AZe 2 
Cape Estuarine Salt Marshes in South Africa support the gen-

eral notion of the estuarine salt marshes being a temperate 
vegetation system.

Remark 2 A further four species (Halodule wrightii, Cymodocea 
rotundata, C. serrulata and Syringodium isoetifolium) of rhi-
zomatous dioecious seagrasses of the family Cymodoceaceae 
found in sublittoral (and partly intertidal) ‘sea meadows’ have 
been reported form Maputo (Delagoa) Bay in Mozambique 
(Cook 2004).

References Day et al. (1953), Broekhuysen & Taylor (1959), Edwards (1967), 
Venter (1972), Campbell (1976), Begg (1978), Ward (1980), Day (1981b), 
Lubke et al. (1997), Adams et al. (1999), Allanson & Baird (1999), Colloty et 
al. (2000, 2001, 2002), Taylor et al. (2006).

Seashore Vegetation

 AZd 1 Namib Seashore Vegetation

Distribution Northern Cape Province: Richtersveld coast, 
between the Holgat River and Orange River mouth. Larger por-
tion of this unit extends further north along the Sperrgebiet 
coast into Namibia.

Vegetation & Landscape Features Slightly sloping beach and 
adjacent moving and fixed sand dunes with vegetation domi-
nated by dwarf shrubs up to 1 m tall and spiny grasses on the 
windblown dunes. Small succulent dwarf shrubs are dominant 
on exposed rocky cliffs on the seafront.

Geology, Soils & Hydrology Recent marine sandy sediments 
forming beaches and coastal dunes (Strandveld Formation) and 
overlying Gariep Supergroup metasediments and metavolcan-
ics. Not subjected to submersion, but under constant maritime 
influence (sea spray).

Climate Hostile, arid coast with the lowest precipitation in 
South Africa (45 mm at Alexander Bay). Fog is almost always 
present in winter at night and in the early morning. Because of 
the exceptionally low rainfall, the vegetation depends largely on 
sea fog as a source of moisture. MAT 17.2°C at Alexander Bay 
(see also climate diagram in Figure 6.2). Temperature does not 
vary greatly between winter and summer.
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Figure 14.23 AZe 3 Subtropical Estuarine Salt Marshes: Grasses Sporobolus virginicus and 
Paspalum distichum are dominant in salt marsh grassland on the edge of a brackish coastal 
lagoon isolated from the sea by a sand bar (in the background)—Thompson’s Lagoon at the Wild 
Coast Sun complex on the Eastern Cape/KwaZulu-Natal border.

  AZe 3 Subtropical 
Estuarine Salt Marshes

Distribution Eastern Cape and KwaZulu-
Natal Provinces: The subtropical coasts of 
Indian Ocean from north of Kei Mouth 
eastwards as far as the border between 
KwaZulu-Natal and Mozambique. The 
occurrence of the Subtropical Estuarine 
Salt Marshes roughly parallels the extent 
of the Mangrove Forest in South Africa.

Vegetation & Landscape Features 
Estuaries and coastal salt-marsh plains 
supporting complexes of low herblands 
dominated by succulent chenopods and 
other flood-tolerant halophytes. Also 
containing salt-marsh meadows domi-
nated by rushes and sedges, Spartina-
flooded swards and submerged Zostera 
sea meadows.

Geology, Soils & Hydrology Recent 
sandy sediments of mixed marine and 
riverine origin submitted to a diurnal 
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Important Taxa Succulent Shrubs: Lycium tetrandrum 
(d), Tetragonia fruticosa (d), Didelta carnosa var. tomentosa, 
Zygophyllum clavatum. Succulent Herb: Psilocaulon dinteri. Low 
Shrubs: Atriplex vestita (d), Asparagus capensis var. littoralis, 
Hebenstretia cordata. Herb: Polygonum maritimum. Graminoid: 
Cladoraphis cyperoides (d).

Biogeographically Important Taxa (WWest Coast endemic, 
GGariep endemic) Succulent Shrubs: Salsola nollothensisW (d), 
Amphibolia rupis-arcuataeW, Arctotis scullyiW, Brownanthus 
marlothiiG, Drosanthemum luederitziiW, Hypertelis angrae-
pequenaeW, Lycium decumbensG. Succulent Herb: Fenestraria 
rhopalophylla subsp. aurantiacaW. Herb: Limonium sp. nov.W 
(Mucina 7238/8 STEU).

Conservation Vulnerable. Target 26%. None conserved in stat-
utory conservation areas, but some off limits to the public due 
to coastal diamond mining, which is responsible for transfor-
mation of 14% of the area of the unit. Heavy minerals are also 
found here, but they have not yet been subject to exploitation.

References Boucher & Le Roux (1981, 1993), Williamson (1997).

 AZd 2 Namaqualand Seashore Vegetation

Distribution Northern Cape Province: Namaqualand, very 
narrow strip above the high tide zone along the sea from the 
Holgat River to just south of the Olifants River.

Vegetation & Landscape Features Slightly sloping beach, 
coastal rocky formations supporting sparse vegetation com-
posed of (partly) succulent hummock-forming and spreading 
dwarf shrubs and herbs on the beach, in shell beds and on 
low dunes. Leaf succulent chenopod shrubs are dominant on 
coastal cliffs and shell beds.

Geology, Soils & Hydrology Recent sandy marine sediments 
forming beaches and coastal dunes and extensive deep shell 
beds. The coastal cliffs consist of either Gariep Supergroup 
quartzitic sandstones or Mokolian granites and gneisses. 
Outside the direct influence of the sea (submersion), but under 
constant maritime influence (salt spray).

Climate Hostile, arid coast characterised by erratic rainfall, 
high solar irradiation and frequent desiccating winds. MAP 

cinerea (d), Asparagus capensis var. litoralis, Hebenstretia 
cordata. Herbs: Dasispermum suffruticosum, Polygonum mari-
timum. Geophytic Herb: Trachyandra divaricata. Graminoids: 
Cladoraphis cyperoides (d), Sporobolus virginicus.

Biogeographically Important Taxa (all West Coast endem-
ics) Shell beds: Succulent Shrubs: Drosanthemum luederitzii 

Figure 14.25 AZd 2 Namaqualand Seashore Vegetation: Upper-
beach habitat with Sarcocornia terminalis (Chenopodiaceae), Psilocau-
lon dinteri and the alien Salsola kali north of Strandfontein near the 
mouth of the Olifants River (Western Cape).
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Figure 14.24 AZd 1 Namib Seashore Vegetation: Coastal dunes of blown sand and shell debris 
at Diaz Point near Lüderitz (Namibia). The tall whitish shrub on the dune is Salsola cf. nollothensis 
(Chenopodiaceae), with the low cushion-forming Zygophyllum clavatum (Zygophyllaceae).

105 mm, increasing from around 60 mm 
(Port Nolloth) in the north to 150 mm 
(Strandfontein) in the south. Fog present 
in winter at night and in the early morn-
ing. MAT 17.6°C and seasonal tempera-
ture has a slightly higher variation than 
that of AZd 1 Namib Seashore Vegetation. 
Incidence of frost negligible. See also cli-
mate diagram for AZd 2 Namaqualand 
Seashore Vegetation (Figure 14.3).

Important Taxa Shell beds: Succulent 
Shrub: Zygophyllum cordifolium (d). 
Succulent Herbs: Psilocaulon dinteri 
(d), Arctotheca populifolia, Mesem-
bryanthemum guerichianum. Low Shrub: 
Frankenia repens. Dunes & beaches: 
Succulent Shrubs: Sarcocornia littorea 
(d), Crassula plegmatoides, C. tomen-
tosa, Didelta carnosa var. tomentosa, 
Lycium tetrandrum, Othonna floribunda, 
Stoeberia utilis, Tetragonia decumbens, T. 
fruticosa, Zygophyllum morgsana. Low 
Shrubs: Atriplex vestita (d), Lebeckia 
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(d), Hypertelis angrae-pequenae. Herb: Limonium sp. nov. 
(Mucina 7238/8 STEU). Dunes & beaches: Succulent Shrubs: 
Amphibolia rupis-arcuatae (d), Salsola nollothensis (d), Arctotis 
scullyi, Vanzijlia annulata. Succulent Herb: Fenestraria rhopalo-
phylla subsp. aurantiaca. Cliffs: Herb: Limonium decumbens.

Endemic Taxa Dunes & beaches: Herbs: Gazania sp. nov. 
(Mucina 050905/02 STEU), Limonium sp. nov. (‘diamanticolum’) 
(Mucina 050905/13 STEU).

Conservation Target 26%. None conserved in statutory conser-
vation areas. Diamond mining in this area is a great threat to the 
strand vegetation whether it is land surface or marine mining 
(about 5% of the area of this unit has already been transformed). 
Heavy minerals are intensively mined near Brand-se-Baai and 
although the present mining is not yet on the strand, it will 
extend to the beaches. The guided Diamond Coast 4x4 trail runs 
through a restricted-access part of this unit between Noup and 
Kleinzee, providing some measure of protection. Establishment 
of a national park (including the coast between the Spoeg and 
Groen River mouth) is currently being negotiated.

Remark Amphibolia rupis-arcuatae and Fenestraria rhopalo-
phylla subsp. aurantiaca are found only from the vicinity of 
Kleinzee northwards to the Orange River mouth, indicating 
a floristic relationship between the Namib and Namaqualand 
Seashore units.

References Boucher & Le Roux (1981, 1989, 1993), L. Mucina (unpublished 
data).

 AZd 3 Cape Seashore Vegetation

Including Didelta–Psoralea Littoral-dune Open Grassland (Boucher & Jarman 
1977). Ehrharta–Ficinia Strand Pioneers (Boucher 1978). Tetragonia decum-
bens–Agropyron distichum Fore-dune Community (O’Callaghan 1990a).

Distribution Western Cape and Eastern Cape Provinces: 
Temperate coasts of the Atlantic Ocean (Olifants River mouth to 
Cape Agulhas) and Indian Ocean (Cape Agulhas to East London). 
According to Tinley (1985; see also Lubke et al. 1997), this 
stretch of coast comprises the South West and South Coasts.

Vegetation & Landscape Features Beaches, coastal dunes, 
dune slacks and coastal cliffs of open grassy, herbaceous and to 

South Coast bordering on the Atlantic Ocean are characterised 
by cold seawater and frequent upwelling events. The local pre-
cipitation is low (as low as 100 mm in places) and typically sea-
sonal (winter-rainfall peak). From Cape Agulhas westwards the 
coast is influenced by occasional eddies of the Agulhas Current, 
but the water stays generally cold. The precipitation becomes 
transitional, with a considerable increase of summer rainfall 
eastwards. MAP in Lambert’s Bay, Cape Town, Plettenberg 
Bay and Port Elizabeth is 128 mm, 517 mm, 661 mm and 604 
mm, respectively. The temperature varies less than precipitation 
(17–18°C for both Lambert’s Bay and Port Elizabeth). See also 
climate diagram for this unit (Figure 14.3).

Important Taxa Dunes & beaches: Succulent Shrubs: 
Drosanthemum candens (d), Pelargonium capitatum (d), 
Tetragonia decumbens (d), Didelta carnosa var. tomentosa, 
Exomis microphylla var. axyrioides, Lycium tetrandrum, Scaevola 
plumieri. Low Shrubs: Hebenstretia cordata (d), Frankenia 
repens, Oncosiphon sabulosum. Semiparasitic Shrub: Thesidium 
fragile. Herbaceous Climbers: Cynanchum ellipticum, C. obtusi-
folium. Herbs: Gazania rigens (d), Senecio littoreus (d), Amellus 
asteroides, Dasispermum suffruticosum, Manulea tomentosa, 
Polygonum maritimum, Senecio elegans. Geophytic Herb: 
Trachyandra divaricata. Succulent Herbs: Arctotheca popu-
lifolia (d), Carpobrotus acinaciformis, C. edulis. Graminoids: 
Cladoraphis cyperoides (d), Ehrharta villosa var. maxima (d), 
Sporobolus virginicus (d), Stipagrostis zeyheri subsp. barbata. 
Cliffs: Succulent Shrubs: Disphyma crassifolium (d), Sarcocornia 
littorea (d). Herb: Gazania rigens (d).

Endemic Taxa Dunes & beaches: Low Shrub: Psoralea repens 
(d). Succulent Shrub: Amphibolia laevis (d). Herbs: Amellus 
capensis, Gazania maritima, G. rigens var. leucolaena, Silene 
crassifolia. Succulent Herbs: Senecio litorosus, S. maritimus. 
Graminoids: Thinopyrum distichum (d), Eragrostis sabu-
losa. Dune slacks: Herb: Vellereophyton vellereum. Cliffs: 
Succulent Shrubs: Drosanthemum marinum (d), D. stokoei, 
Erepsia steytlerae, Prenia vanrensburgii. Low Shrub: Syncarpha 
sordescens. Herbs: Limonium sp. nov. (Mucina 6942/1 STEU), 
Lobelia boivinii.

Conservation Least threatened. Target 20%. Almost half of the 
area statutorily conserved in the West Coast, Cape Peninsula, 
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Figure 14.26 AZd 2 Namaqualand Seashore Vegetation: Shell beds on the beach at Mc Dou-
gall’s Bay (Port Nolloth, Northern Cape), with shrubby chenopods Salsola nollothensis and the 
leaf-succulent Zygophyllum rotundifolium (Zygophyllaceae).

some extent also dwarf-shrubby (some-
times succulent) vegetation, often domi-
nated by a single pioneer species. Various 
plant communities reflect the age of the 
substrate and natural disturbance regime 
(moving dunes), distance from the upper 
tidal mark and the exposure of dune 
slopes (leeward versus seaward).

Geology, Soils & Hydrology Young 
coastal sandy sediments forming beaches 
and dunes (Strandveld Formation), 
exposed to reworking by relentless winds 
and frequent sea storms. Some stretches 
of the West Coast are covered by exten-
sive shell beds.

Climate The climate diagram for this 
unit (Figure 14.3) shows a largely uni-
form, all-year precipitation pattern, but 
this pattern must be interpreted with 
care since the unit encompasses regions 
of very diverse precipitation regimes. 
The West Coast (under influence of the 
Benguela Current) and the portion of the 
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Agulhas, proposed Garden Route and Greater Addo Elephant 
National Parks as well as the Rocher Pan, Cape Columbine, 
Dassen Island, Wolvengat, Kleinmond, Walker Bay, De Mond 
(Ramsar site), De Hoop, Kleinjongensfontein, Geelkrans, 
Robberg, (all Western Cape), and Cape St Francis, Cape Recife, 
Joan Muir, Gxulu, Cape Henderson, Kwelera and Bosbokstrand 
Nature Reserves (all Eastern Cape). A number of private conser-
vation areas such as Donkin Bay, Robben Island, Rein’s Coastal 
Reserve and Tharfield Nature Reserve protect other considera-
ble portions of the Cape Seashore Vegetation. Only about 1.7% 
has been transformed, mainly by urban development.

Remark Extensive dunefields are found at De Hoop, Cape St 
Francis, Gamtoos, Alexandria and Boknes along this coastal 
stretch (Tinley 1985, Young 1987, Talbot & Bate 1991).

mer in the western part of the area (Kei Mouth region), with 
a pronounced summer precipitation peak along most of the 
northern coastal stretch. Overall MAP more than 1 000 mm. 
MAT of 20.3°C is indicative of a subtropical thermal regime. 
No frost occurs in the region. Very intensive solar irradiation 
enhanced by reflected albedo from the white dunes and  
the sea. 

Important Taxa Dunes & beaches: Succulent Shrubs: 
Phylohydrax carnosa (d), Scaevola plumieri (d), S. sericea. 
Herbaceous Climbers: Ipomoea pes-caprae (d), I. wightii. Herbs: 
Canavalia rosea (d), Gazania rigens (d), Chironia decumbens, 
Dasispermum suffruticosum, Gladiolus gueinzii, Helichrysum 
praecinctum, Launaea sarmentosa, Phyllopodium cuneifo-
lium, Silene primuliflora, Tephrosia purpurea subsp. canescens, 
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Figure 14.28 AZd 4 Subtropical Seashore Vegetation: Scaevola plumieri (Goodeniaceae) is a 
typical subtropical dune element forming dense populations from Maputaland (this view) as far 
west as Arniston (Western Cape).
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Figure 14.27 AZd 3 Cape Seashore Vegetation: Dune cordons in De Mond Nature Reserve 
near Arniston (Western Cape), close to Cape Agulhas (the southernmost point of the African 
continent). The dominant grasses are Thinopyrum distichum and Ehrharta villosa var. maxima and 
the yellow-flowered daisy is Didelta carnosa var. tomentosa.

dune slacks and coastal cliffs of the sub-
tropical coasts of the Indian Ocean (from 
northeast of Kei Mouth in the Eastern 
Cape to the Mozambique border), the 
region includes South East, Transkei and 
KwaZulu-Natal coasts (sensu Tinley 1985, 
Lubke et al. 1997).

Vegetation & Landscape Features 
Open, grassy, herbaceous and to some 
extent also dwarf-shrubby, often domi-
nated by a single species of pioneer char-
acter. Various plant communities reflect 
the age of the substrate and the natural 
disturbance regime (moving dunes), dis-
tance from the upper tidal mark and the 
exposure of dune slopes (leeward versus 
seaward).

Geology, Soils & Hydrology Recent 
coastal sandy sediments forming beaches 
and dunes, exposed to reworking by 
relentless wind and sea storms.

Climate Rainfall can occur any time 
during the year but with more in sum-

References Muir (1929), Dyer (1937), Martin 
& Noel (1960), Comins (1962), Boucher (1972, 
1977, 1978, 1986, 1987, 1989, 1992, 1993, 
1994, 1995, 1997, 1998a, b, c, e, 1999a–e), 
Heydorn (1975), Boucher & Jarman (1977), 
Boucher & Le Roux (1981), Taylor & Morris 
(1981), Van Rooyen (1981), Lubke & Avis (1982a, 
b, 1988, 2000), Lubke (1983), Boucher et al. 
(1986), La Cock (1986), McLachlan et al. (1987), 
Young (1987), Avis (1989, 1992, 1995), Lubke 
& De Villiers (1991), Parker-Nance et al. (1991), 
Talbot & Bate (1991), Bate & Dobkins (1992), 
Turner (1992), Boucher & Le Roux (1993), Taylor 
& Boucher (1993), Boucher & Rode (1995a, b, 
1999), Britton & Jackelman (1995), Lubke et 
al. (1995, 1997), Gray (1997), Hertling (1997), 
Hertling & Lubke (1999a, b), Hesp & McLachlan 
(2000), Hoare et al. (2000), Ripley (2001), Barker 
et al. (2002).

  AZd 4 Subtropical 
Seashore Vegetation

Dune Pioneers (Weisser 1978). A34 Strandveld 
p.p. (Acocks 1988). VT 4 Dune Thicket p.p. (Low 
& Rebelo 1996).

Distribution Eastern Cape and KwaZulu-
Natal Provinces: Beaches, coastal dunes, 
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systems of KwaZulu-Natal stand out through the occurrence 
of tropical floristic elements (Canavalia, Phylohydrax, Ipomoea, 
Scaevola).

References Edwards (1967), Moll & Pierce (1975), Campbell (1976), Weisser 
& Marques (1979), Donnelly & Pammenter (1983), Weisser & Müller (1983), 
Lubke et al. (1995, 1997), Hertling & Lubke (1999a, b), Smith (2001), Barker 
et al. (2002), L. Mucina (unpublished data).

Eastern Strandveld

 AZs 1 Algoa Dune Strandveld

VT 34a Dense Strandveld Scrub p.p. (Acocks 1953). Pterocelastrus tricus-
pidatus Bushclumps, Dune Woodland (Taylor & Morris 1981). Subtropical 
Transitional Thicket p.p., Cassine aethiopica-Cussonia thyrsiflora South-East 
Dune Thicket (Cowling 1984). Dune Scrub and Thicket p.p. (Lubke & Van Wijk 
1988). LR 4 Dune Thicket p.p. (Low & Rebelo 1996). STEP Algoa Dune Thicket, 
STEP Colcester Strandveld (Vlok & Euston-Brown 2002, Vlok et al. 2003).

Distribution Eastern Cape Province: Narrow coastal strip along 
the Indian Ocean seaboard from the mouth of the Tsitsikamma 
River to the Sundays River mouth.

Vegetation & Landscape Features Tall (up to 5 m) dense 
thickets on dunes mainly outside the influence of salt spray, 
dominated by stunted trees, shrubs (often armed with spines 
and thorns), abundant lianas and sparse herbaceous and grassy 
undergrowth.

Geology, Soils & Hydrology Aeolian dune sands of the 
Schelm Hoek Formation of the Algoa Group.

Climate Nonseasonal precipitation regime, with MAP approxi-
mately 680 mm, of which about 300 mm falls in summer 
(October–March) and 350 mm in winter (April–September). 
The mean daily maximum and minimum temperatures are 
25.1°Cand 8.3°C for February and July, respectively. See also cli-
mate diagram for AZs 1 Algoa Dune Strandveld (Figure 14.3).

Important Taxa (SStunted shrubby forms of trees) Succulent 
Tree: Aloe africana (d). Succulent Shrubs: Cotyledon velutina, 
Lycium cinereum, Zygophyllum morgsana. Tall Shrubs: Azima 

tetracantha (d), Brachylaena discolorS (d), Chrysanthemoides 
monilifera (d), Cussonia thyrsifloraS (d), Euclea racemosa subsp. 
racemosaS (d), Maytenus procumbens (d), Mystroxylon aethio-
picumS (d), Pterocelastrus tricuspidatusS (d), Rhus crenata (d), 
Schotia afra var. afraS (d), Scutia myrtinaS (d), Sideroxylon inermeS 
(d), Tarchonanthus littoralisS (d), Canthium spinosumS, Cassine 
peraguaS, Dovyalis rotundifoliaS, Euclea natalensisS, E. racemosa 
subsp. macrophylla, Grewia occidentalis, Gymnosporia buxifo-
lia, G. capitata, Nylandtia spinosa, Olea exasperata, Putterlickia 
pyracantha, Rhus glauca, R. pterota, Zanthoxylum capenseS. 
Low Shrubs: Carissa bispinosa (d), Dimorphotheca fruticosa, 
Pelargonium suburbanum subsp. suburbanum, Robsonodendron 
maritimum. Succulent Woody Climber: Sarcostemma viminale. 
Woody Climbers: Rhoicissus digitata (d), Asparagus retrofrac-
tus, Solanum africanum. Herbaceous Climbers: Cynanchum 
natalitium (d), C. ellipticum, C. obtusifolium, Secamone 
alpini. Succulent Herb: Sansevieria hyacinthoides. Graminoids: 
Brachiaria chusqueoides (d), Panicum deustum.

Endemic Taxa Succulent Shrub: Cotyledon adscendens. Tall 
Shrubs: Gymnosporia elliptica, Rapanea gilliana. Herb: Lobelia 
zwartkopensis. Geophytic Herb: Brunsvigia litoralis.

Conservation Least threatened. Target 20%. About 4% statu-
torily conserved in the Greater Addo Elephant National Park, 
Cape Recife, Sardinia Bay, The Island, Kromme River Mouth, 
Gamtoos River Mouth, Huisklip, Cape St Francis and Seal Point 
Nature Reserves as well as in the private Upe and Rebelsrus 
Nature Reserves, Thyspunt Natural Heritage Site and in the 
Seaview Game Park. More than 10% already transformed for 
cultivation, urban development and road building. Some of the 
dune systems suffer heavy infestation by Acacia cyclops and A. 
saligna, which are now being removed by the local Working for 
Water activities. Erosion very low (63%) and moderate (10%).

Remarks The structure and dynamics of this vegetation unit 
are similar to those of the thickets of FS 9 Groot Brak Dune 
Strandveld (see chapter on Fynbos in this book). However, the 
present unit differs from the latter in having a richer assem-
blage of woody species. It is somewhat surprising that forest 
vegetation is not dominant in this seemingly suitable climatic 
regime. This is probably because the substrate consists of aeo-
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Figure 14.29 AZs 1 Algoa Dune Strandveld: Low strandveld thicket dominated by Tetragonia 
decumbens (Aizoaceae) and Dimorphotheca fruticosa (Asteraceae) on Bird Island in Algoa Bay 
near Port Elizabeth (Eastern Cape), supporting a large colony of jackass penguins (Spheniscus 
demersus).

Zaluzianskya maritima. Geophytic Herb: 
Trachyandra divaricata. Succulent Herb: 
Arctotheca populifolia (d). Graminoids: 
Ficinia nodosa (d), Juncus kraussii subsp. 
kraussii (d), Sporobolus virginicus (d), 
Cyperus crassifolius, Imperata cylindrica, 
Stipagrostis zeyheri subsp. barbata. 
Cliffs: Succulent Shrub: Chenolea diffusa 
(d). Herbs: Chironia decumbens, Gazania 
rigens. Succulent Herb: Carpobrotus 
dimidiatus. Graminoid: Ficinia lateralis.

Conservation Least threatened. Target 
20%. Some 30% statutorily conserved 
in the Greater St Lucia Wetland Park 
as well as in the Richards Bay, Umlalazi, 
Amathikulu and Beachwood Mangroves 
Nature Reserves (all KwaZulu-Natal) and 
in the Mkambati Nature Reserve and 
Dwesa-Cwebe Wildlife Reserve & Marine 
Sanctuary (both Eastern Cape). Almost 
10% already transformed by urban 
(largely tourism) development.

Remarks The tropical coastal elements 
increase along the south-north gradient. 
The subtropical beaches and young dune 
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lian quaternary sands, salt-laden winds are prevalent in this 
region and because fires may periodically occur here (Vlok & 
Euston-Brown 2002).

References Taylor & Morris (1981), Olivier (1983), Cowling (1984), Cowling 
& Pierce (1985), Taylor & Boucher (1993), Vlok & Euston-Brown (2002), Vlok 
et al. (2003).

 AZs 2 Albany Dune Strandveld

Psammophilous Macchia and Littoral Scrub (Dyer 1937). VT2 Alexandria 
Forest p.p., VT1 Coastal Forest and Thornveld p.p. (Acocks 1953). Cassine 
aethiopica–Schotia afra Alexandria Dune Thicket (Cowling 1984). Dune 
scrub and thicket p.p. (Lubke & Van Wijk 1988). LR 4 Dune Thicket p.p. (Low 
& Rebelo 1996). STEP Albany Dune Thicket (Vlok et al. 2002). For further 
synonyms see Avis & Lubke (1996, p. 242).

Distribution Eastern Cape Province: A narrow coastal strip of 
the Indian Ocean extending from the Sundays River to south of 
Kei Mouth.

Vegetation & Landscape Features Very dense shrubby 
thicket composed of 2–4 m high, mostly sclerophyllous shrubs 
accompanied by several woody and herbaceous vines, and 
with a sparse grassy understorey. This unit also includes low 
(wind-sheared and salt-sprayed), dense thickets found on sea-
ward slopes of the coastal dune cordons and rocky headlands 
(coastal cliffs). The occurrence of bulbous geophytes and suc-
culent herbs is an important feature of this vegetation unit.

Geology, Soils & Hydrology Dune systems of the Schelm 
Hoek Formation, which also consists of dune sands in which 
shell material and calcrete lenses occasionally occur, as well as 
older Algoa Group calcareous sandstones and shallow marine 
deposits.

Climate Rainfall can occur any time of the year (but with 
most in summer), but the probability of rain is the highest in 
March and October (slight bimodality). MAP slightly higher 
than 700 mm. The temperature regime is ameliorated, with 
the mean daily maximum and minimum temperatures being 
26.4°C and 8.8°C for February and July, respectively. The unit 
lies in a broad transition including warm-temperate and sub-
tropical regions. Local salt-laden sea winds constitute a serious 
stress factor. See also climate diagram for AZs 2 Albany Dune 
Strandveld (Figure 14.3).

(d), Anthospermum littoreumS, Asparagus capensis var. lito-
ralis, Carissa bispinosa subsp. bispinosa, Helichrysum tereti-

Figure 14.30 AZs 1 Algoa Dune Strandveld: Typical coastal dune thickets on the coast of Algoa 
Bay east of Port Elizabeth (Eastern Cape).
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Important Taxa (SStunted shrubby forms 
of trees) Succulent Tree: Aloe africana. 
Succulent Shrubs: Cotyledon orbiculata, 
Crassula nudicaulis, Delosperma ecklo-
nis, D. litorale. Tall Shrubs: Brachylaena 
discolorS (d), Chrysanthemoides monili-
fera (d), Euclea undulata (d), Metalasia 
muricata (d), Pterocelastrus tricuspidatus 
(d), Sideroxylon inermeS (d), Azima tetra-
cantha, Cassine peraguaS, Clausena ani-
sataS, Cordia caffra, Cussonia thyrsifloraS, 
Diospyros dichrophylla, Euclea natalen-
sisS, E. racemosa subsp. macrophylla, 
Eugenia capensisS, Grewia occidentalis, 
Gymnosporia buxifolia, Hippobromus 
pauciflorus, Maytenus procumbens, 
Mystroxylon aethiopicumS, Plumbago 
auriculata, Putterlickia pyracantha, Rhus 
crenata, R. glauca, R. longispina, R. lucida, 
R. pterota, Robsonodendron eucleiforme, 
Schotia afra var. afraS, Scutia myrtinaS, 
Tarchonanthus littoralisS, Zanthoxylum 
capenseS. Low Shrubs: Passerina rigida 

Figure 14.31 AZs 2 Albany Dune Strandveld: Spring display of bul-
bous Veltheimia bracteata (Hyacinthaceae) in a wind-sheared Ptero-
celastrus tricuspidatus and Robsonodendron maritimum (both Celas-
traceae) coastal thicket on an aeolinite headland at the Diaz Cross site 
between Boknes and Kenton-on-Sea (Eastern Cape). 
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folium, Lauridia tetragona, Pavetta revoluta, Psoralea repens, 
Rhoiacarpos capensis, Robsonodendron maritimum, Salvia 
africana-lutea, Senecio burchellii. Semiparasitic Shrub: Osyris 
compressa. Succulent Woody Climber: Sarcostemma vimi-
nale. Woody Climbers: Asparagus asparagoides, A. racemosus, 
Capparis sepiaria, Rhoicissus digitata. Herbaceous Succulent 
Climber: Senecio angulatus. Herbaceous Climbers: Astephanus 
marginatus, Cynanchum ellipticum, C. natalitium, C. obtusifo-
lium, Kedrostis nana, Senecio deltoideus. Herbaceous Parasitic 
Climber: Cassytha filiformis. Herb: Felicia erigeroides. Geophytic 
Herbs: Haemanthus albiflos (d), Veltheimia bracteata (d), 
Androcymbium longipes, Bonatea speciosa, Bulbine frutescens, 
Chasmanthe aethiopica, Dietes iridioides, Gladiolus floribun-
dus, Massonia echinata, Sansevieria hyacinthoides, Trachyandra 
revoluta. Succulent Herbs: Carpobrotus deliciosus, C. edu-
lis, Crassula cotyledonis, Gasteria acinacifolia, G. croucheri. 
Graminoids: Stenotaphrum secundatum (d), Brachiaria chusque-
oides, Panicum deustum.

Conservation Least threatened. Target 20%. Some 25% 
statutorily conserved in the Greater Addo Elephant National 
Park, Gulu, Christmas Vale, Cape Morgan, Cintsa, Cove Rock, 
Bluebend and Sunshine Coast Nature Reserves as well as in 
private conservation areas such as the Glendour and Kasouga 
Farm Natural Heritage Sites and Waterloo Bay Forest Reserve. 
Alien Australian acacias (Acacia cyclops, A. saligna, A. longi-
folia) have invaded large stretches of the coastal thicket and 
are dominant in places. Lagurus ovatus and species of Lolium 
occur in disturbed patches of this coastal thicket. At present 
these plants are targeted for eradication by the Working for 
Water Programme of DWAF. Some 8% transformed for urban 
development and cultivation. Erosion very low (26%), moder-
ate (22%), high (14%) and low (11%).

Remarks Most of the woody species present in the Algoa 
Dune Strandveld vegetation also occur in AZs 2 Albany Dune 
Strandveld, but here the species richness is enhanced by several 
subtropical elements such as Pavetta revoluta and Phoenix recli-
nata—taxa that reach their southernmost distribution here. The 
presence of species such as Euphorbia triangularis, Plumbago 
auriculata and Scutia myrtina in this unit indicates a direct rela-
tionship with the neighbouring Albany Thicket. This relation-
ship may well indicate that the thickets of the Albany Dune 

Strandveld have long been a precursor of climax forest vegeta-
tion, probably not dissimilar to those of the present Alexandria 
Forest.

References Dyer (1937), Martin & Noel (1960), Comins (1962), Lubke 
(1983), Burns (1986), La Cock (1986), Young (1987), Lubke & De Villiers 
(1991), Talbot & Bate (1991), Weisser & Cooper (1993), Avis & Lubke (1996), 
Vlok & Euston-Brown (2002), Vlok et al. (2003).

 AZs 3 Subtropical Dune Thicket

Passerina rigida Low Scrub, Seeward, Coastal Thicket and Low Forest 
(Weisser 1978). Closed Dune Scrub, Open Dune Scrub (Ward 1980). Dune 
Thicket (Weisser et al. 1992a). STEP Transfish Dune Thicket (Vlok & Euston-
Brown 2002, Vlok et al. 2003).

Distribution Eastern Cape and KwaZulu-Natal Provinces (fur-
ther north also in Mozambique): Coastal dune cordons along 
the subtropical coasts of the Indian Ocean between Kei Mouth 
and the KwaZulu-Natal/Mozambique international border.

Vegetation & Landscape Features Very dense shrubby 
thickets of spiny shrubs (up to 4 m), large-leaved mega-
herbs (Strelitzia nicolai), dwarfed trees (species of Allophylus, 
Apodytes, Mimusops), abundant vines, and with poorly devel-
oped undergrowth due to the shading effect of the closed can-
opy. Dwarf coastal dune shrublands on exposed, wind-blasted 
and salt-sprayed dune slopes bordering on tall thickets are also 
included here.

Geology, Soils & Hydrology Recent dunes overlying calcretes 
as well as Maputaland Group calcareous sandstones and shal-
low marine deposits.

Climate Characterised by relatively high MAP (1 028 mm) and 
a high probability of rain any time of the year (with pronounced 
higher rainfall in all seasons, except for the winter months of 
June and July. Subtropical thermal regime with MAT 19.0°C 
and no incidence of frost. See also climate diagram for AZs 3 
Subtropical Dune Thicket (Figure 14.3).

Important Taxa (SStunted shrubby forms of trees) Succulent 
Tree: Euphorbia triangularis. Small Trees: Encephalartos alten-
steinii, Phoenix reclinata. Tall Shrubs: Brachylaena discolorS 

Figure 14.32 AZs 2 Albany Dune Strandveld: Wind-sheared coastal thickets on a dune at 
Kenton-on-Sea (Eastern Cape), with Pterocelastrus tricuspidatus and Robsonodendron maritimum 
(both Celastraceae) dominant.

L.
 M

uc
in

a

(d), Chrysanthemoides monilifera (d), 
Acokanthera oblongifoliaS, Allophylus 
natalensisS, Apodytes dimidiata subsp. 
dimidiataS, Azima tetracantha, Canthium 
inermeS, C. spinosumS, Cordia caf-
fra, Deinbollia oblongifoliaS, Diospyros 
rotundifoliaS, Dodonaea viscosa, Euclea 
natalensis subsp. rotundifoliaS, E. race-
mosa subsp. macrophylla, Eugenia capen-
sisS, Grewia occidentalis, Gymnosporia 
buxifolia, G. nemorosa, Harpephyllum 
caffrumS, Hyperacanthus amoenus, 
Maytenus procumbens, Mimusops caf-
fraS, Monanthotaxis caffraS, Mystroxylon 
aethiopicumS, Psychotria capen-
sis, Psydrax obovata subsp. obovataS, 
Putterlickia pyracantha, P. verrucosa, 
Rhus glauca, R. lucida, R. nebulosa, 
Rothmannia globosaS, Scutia myrtinaS, 
Sideroxylon inermeS, Tarchonanthus litto-
ralisS, Tricalysia sonderanaS, Zanthoxylum 
capenseS. Low Shrubs: Carissa bispinosa 
subsp. bispinosa, C. macrocarpa, 
Helichrysum kraussii, Passerina rigida, 
Pavetta revoluta, Robsonodendron marit-
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Pereskia occur as serious infestations in places. Erosion very low 
(12%), other erosion categories only at low values.

Remarks There is a clear floristic link between this vegeta-
tion unit and the Eastern Cape Dune Forest in the southern 
parts of the distribution area and KwaZulu-Natal Dune Forest 
(for concept and terminology see Von Maltitz et al. 2003 and 
Geldenhuys & Mucina 2005) in the northern parts of the area. 
Besides floristic differences, the most striking difference lies in 
the vegetation structure and age of dunes populated by the 
respective types.

References Edwards (1967), Moll & Pierce (1975), Weisser (1978), Ward 
(1980), Weisser et al. (1982, 1992a), Donnelly & Pammenter (1983), 
MacDevette (1989a, b), Weisser & Cooper (1993), Lubbe (1997), Boucher 
(1998b), Smith (2001), Vlok & Euston-Brown (2002), Vlok et al. (2003).

9.  Credits
The concept of the coastal vegetation units were coined by L. 
Mucina and M.C. Rutherford with the assistance of the authors 
of the particular descriptions (see below). L.W. Powrie contrib-
uted considerably to the precise delimitation of the vegetation 
units by using satellite imagery of the coastal regions. The intro-
ductory text is a team effort by L. Mucina (all sections), I. Knevel 
(sections on sand dunes), J.B. Adams and T.G. Bornman (sec-
tions on estuaries), J.J. Bolton and R.J. Anderson (sections on 
algal beds) and J.H.J. van der Merwe (section on origins of the 
coastal features). The descriptions of all units (except for AZm 
1) were written by L. Mucina. He was assisted by A. le Roux 
(units AZe 2, AZd 1 and 2), J.A.M. Janssen (AZe 2), J.B. Adams 
(AZd 1 and 2) and T.G. Bornman (AZd 2). The data on conser-
vation (status and targets) were provided by the team spear-
heading the National Spatial Biodiversity Assessment at SANBI 
(in particular by M. Rouget, P.G. Desmet and others—see also 
Chapters 16 and 17 in this book). The other relevant sections 
(alien infestation, erosion, conservation areas) were prepared by 
L.W. Powrie using various GIS sources (see Chapter 2 for further 
details). Figure 14.2 was reproduced with courtesy of American 
Meteorological Society, Figure 14.8 from Tinley (1985) with kind 
permission of the CSIR. Figure 14.6 was prepared by J.B. Adams 
and Figure 14.17 by L. Mucina. Table 14.1 was compiled by I. 
Knevel and L. Mucina, Table 14.2 and 14.4 by J.B. Adams and 
Table 14.3 by L. Mucina. The maps of distribution of the vegeta-
tion units (Figure 14.18) were prepared by L. Mucina and L.W. 
Powrie. M.C. Rutherford and L.W. Powrie provided all climate 
data and the climate diagrams (Figure 14.12). M. Rouget and 
others within the SANBI Directorate of Biodiversity Programmes, 
Policy and Planning provided the quantitative information on 
conservation status, targets and areas transformed through 
road construction for each vegetation unit. R.A. Ward kindly 
checked and corrected the sections on geology. All photographs 
were taken by L. Mucina, except for two which were kindly sup-
plied by W.S. Matthews (the opening photograph) and Ş.M. 
Procheş. The list of references was compiled and collated by L. 
Mucina using own as well as co-authors’ sources.
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delaceae), a tall succulent that can tolerate high levels of salt in the soil 
and a typical element of subtropical dune thickets (Amanzimtoti south 
of Durban, KwaZulu-Natal).

imum. Soft Shrub: Isoglossa woodii. Succulent Woody Climber: 
Cyphostemma flaviflorum. Woody Climbers: Adenopodia spi-
cata, Coptosperma littorale, Rhoicissus digitata, R. rhomboidea, 
Tragia glabrata var. glabrata. Herbaceous Climbers: Cynanchum 
natalitium, C. obtusifolium, Gloriosa superba, Ipomoea ficifolia, 
I. wightii. Herbs: Asystasia gangetica, Lobelia pinifolia, Rubia 
cordifolia. Megaherb: Strelitzia nicolai (d). Geophytic Herbs: 
Crocosmia aurea, Microsorum scolopendria, Scadoxus puniceus. 
Parasitic Herb: Hyobanche fulleri. Graminoids: Stenotaphrum 
secundatum (d), Panicum deustum.

Biogeographically Important Taxon (shared with 
Mascarene Islands and Madagascar) Succulent Shrub: Lycium 
mascarenense.

Endemic Taxa Succulent Shrub: Aloe thraskii (d). Low Shrub: 
Sophora inhambanensis.

Conservation Least threatened. Target 20%. About 27% stat-
utorily conserved in the Greater St Lucia Wetland Park as well 
as in the Richards Bay, Umlalazi, Amathikulu (all KwaZulu-Natal), 
Bosbokstrand, Kwelera, Cape Henderson and Cape Morgan 
Nature Reserves. Unknown percentage transformed by urban 
sprawl and especially by coastal heavy-mineral mining. Aliens 
such as Chromolaena odorata, Lantana camara and a species of 



S 19 (2006)

691Coastal Vegetation of South Africa

B.R. & Baird, D. (eds), Estuaries in South Africa, pp. 91–117. Cambridge 
Univ. Press, Cambridge.

Adams, J.B. & Bate, G.C. 1995. Ecological implications of salinity and inun-
dation tolerance in the estuarine halophyte, Spartina maritima (Curtis) 
Fernald. Aquat. Bot. 52: 183–191.

Adams, J.B., Bornman, T.G. & Bezuidenhout, C. 2005. Specialist Report: 
Macrophytes. Olifants/Doring catchment. Ecological Water Requirements 
study, Olifants Estuary. Report, Dept of Botany, Nelson Mandela 
Metropolitan Univ., Port Elizabeth.

Adams, J.B., Knoop, W.T. & Bate, G.C. 1992. The distribution of estuarine 
macrophytes in relation to freshwater. Bot. Mar. 35: 215–226.

Albert, R. 1975. Salt regulation in halophytes. Oecologia 21: 57–71.
Albert, R. 1982. Halophyten. In: Kinzel, H. (ed.), Pflanzenökologie und 

Mineralstoffwechsel, pp. 33–195. E. Ulmer, Stuttgart.
Albert, R. & Kinzel, H. 1973. Unterscheidung von Physiotypen bei Halophyten 

des Neusiedlerseegebietes (Österreich). Z. Pflanzenphysiol. 70: 138–157.
Allanson, B.R. & Baird, D. (eds) 1999. Estuaries in South Africa. Cambridge 

Univ. Press, Cambridge.
Anderson, R.J., Bolton, J.J., Molloy, F.J. & Rotmann, K.W.G. 2003. Commercial 

seaweed production and research in southern Africa. In: Chapman, A.R.O., 
Anderson, R.J., Vreeland, V.J. & Davison, I.R. (eds), Proceedings of the 17th 
International Seaweed Symposium, pp. 1–12. Oxford Univ. Press, Oxford.

Anderson, R.J., Carrick, P., Levitt, G.J. & Share, A. 1997. Holdfasts of adult 
kelp (Ecklonia maxima) provide refuges from grazing for recruitment of 
juvenile kelps. Mar. Ecol. Progr. Ser. 159: 265–273.

Armstrong, W., Brändle, R. & Jackson, M.B. 1994a. Mechanisms of flood 
tolerance in plants. Acta Bot. Neerl. 43: 307–358.

Armstrong, W., Wright, E., Lythe, S. & Gaynard, T.J. 1994b. Plant zonation 
of the spring-neap tidal cycle on soil aeration in a Humber salt-marsh. Ann. 
Bot. 74: 287–299.

Avis, A.M. 1986. Some basic guidelines for managing and preserving our 
coastline. Veld & Flora 72,2: 51–55.

Avis, A.M. 1989. A review of coastal dune stabilization in the Cape Province 
of South Africa. Landsc. Urb. Plan. 18: 55–68.

Avis, A.M. 1992. Coastal dune ecology and management in the Eastern 
Cape. Ph.D. thesis, Dept of Botany, Rhodes Univ., Grahamstown.

Avis, A.M. 1995. An evaluation of the vegetation developed after artificially 
stabilizing South African coastal dunes with indigenous species. J. Coast. 
Conserv. 1: 41–50.

Avis, A.M. & Lubke, R.A. 1996. Dynamics and succession of coastal dune veg-
etation in the Eastern Cape, South Africa. Landsc. Urb. Plan. 34: 237–254.

Baird, D., Hanekom, N.M. & Grindley, J.R. 1986. Estuaries of the Cape. Part 
II: Synopses of available information on individual systems. Report No. 23: 
Swartkops (CSE 3). CSIR Research Report No. 422, CSIR, Stellenbosch.

Bakker, J.P. & Ruyter, J.C. 1981. Effects of five years of grazing on a salt-
marsh vegetation. Vegetatio 44: 81–100.

Barbour, M.G., De Jong, T.M. & Pavlik, B.M. 1985. Marine beach and dune 
plant communities. In: Chabot, B.F. & Mooney, H.A. (eds), Physiological 
ecology of North American plant communities, pp. 296–322. Chapman 
& Hall, London.

Barker, N.P., Harman, K.T., Ripley, B.S. & Bond, J. 2002. The genetic diversity 
of Scaevola plumieri (Goodeniaceae), an indigenous dune coloniser, as 
revealed by Inter Simple Sequence Repeat (ISSR) fingerprinting. S. Afr. J. 
Bot. 68: 532–541.

Bate, G.C. & Dobkins, G.S. 1992. The interactions between sand, aeoli-
nite and vegetation in a large transgressive dune sheet. In: Carter, R.W.G., 
Curtis, T.G.F. & Sheehy-Skeffington, M.J. (eds), Coastal dunes, pp. 139–
152. A.A. Balkema, Rotterdam.

Begg, G. 1978. The estuaries of Natal. Natal Town and Regional Planning 
Commission, Pietermaritzburg.

Bickerton, I.B. 1982. Estuaries of the Cape. Part II: Synopses of available 
information on individual systems. Report No. 11: Hartenbos (CMS 1). CSIR 
Research Report No. 410, CSIR, Stellenbosch.

Bickerton, I.B. 1984. Estuaries of the Cape. Part II: Synopses of available 
information on individual systems. Report No. 25: Heuningnes (CSW 19). 
CSIR Research Report No. 424, CSIR, Stellenbosch.

Bickerton, I.B. & Pierce, S.M. 1988. Estuaries of the Cape. Part II: Synopses 
of available information on individual systems. Report No. 33: Krom (CMS 
45), Seekoei (CMS 46) and Kabeljous (CMS 47). CSIR Research Report No. 
432, CSIR, Stellenbosch.

Bloemhoff, A. & Craven, A. 1990. Gedetailleerde plantkundige opname van 
moontlike padbelyning deur ’n gedeelte van die Weskus Nasionale Park en 
die voorkoms van skaars en bedreigde plante daarin. B.Sc.(Hons) project, 
Dept of Botany, Univ. of Stellenbosch.

Bolton, J.J. 1986. Marine phytogeography of the Benguela upwelling region 
on the west coast of southern Africa—a temperature dependent approach. 
Bot. Mar. 29: 251–256.

Bolton, J.J. 1999. Seaweed systematics and diversity in South Africa: an 
historical account. Trans. Roy. Soc. S. Afr. 54: 166–177.

Bolton, J.J. & Anderson, R.J. 1994. The genus Ecklonia. In: Akatsuka, I. (ed.), 

Biology of economic algae, pp. 385–486. SPB Publ., The Hague.
Bolton, J.J. & Anderson, R.J. 1997. Marine vegetation. In: Cowling, R.M., 

Richardson, D.M. & Pierce, S.M. (eds), Vegetation of southern Africa, pp. 
348–375. Cambridge Univ. Press, Cambridge.

Bolton, J.J., Leliaert, F., De Clerck, O., Anderson, R.J., Stegenga, H., Engledow, 
H.E. & Coppejans, E. 2004. Where is the western limit of the tropical Indian 
Ocean seaweed flora? An analysis of intertidal seaweed biogeography on 
the east coast of South Africa. Mar. Biol. 144: 51–60.

Bolton, J.J. & Stegenga, H. 2002. Seaweed biodiversity in South Africa. S. 
Afr. J. Mar. Sci. 24: 9–18.

Bornman, T.G. 2002. Freshwater requirements of supratidal and floodplain 
salt marsh on the West Coast, South Africa. Ph.D. thesis, Dept of Botany, 
Univ. of Port Elizabeth.

Bornman, T.G., Adams, J.B. & Bate, G.C. 2002. Freshwater requirements of 
a semi-arid supratidal and floodplain salt marsh. Estuaries 25: 1394–1405.

Bornman, T.G., Adams, J.B. & Bate, G.C. 2004a. The influence of floodplain 
geohydrology on the distribution of Sarcocornia pillansii in the Olifants 
Estuary on the West Coast, South Africa. J. Arid Environ. 56: 603–625.

Bornman, T.G., Adams, J.B. & Bezuidenhout, C. 2004b. Adaptations of salt 
marsh to semi-arid environments and management implications for the 
Orange River mouth. Trans. Roy. Soc. S. Afr. 59: 125–131.

Boucher, C. 1972. The vegetation of the Cape Hangklip area. M.Sc. thesis, 
Dept of Botany, Univ. of Cape Town.

Boucher, C. 1977. Cape Hangklip area. I. The application of association-
analysis, homogeneity functions and Braun-Blanquet techniques in the 
description of south-western Cape vegetation. Bothalia 12: 293–300.

Boucher, C. 1978. Cape Hangklip area. II. The vegetation. Bothalia 12: 
455–497.

Boucher, C. 1983. Floristic and structural features of the coastal foreland 
vegetation south of the Berg River, western Cape Province, South Africa. 
Bothalia 14: 669–674.

Boucher, C. 1986. The vegetation of the Greater Silverstroomstrand 
Development Area. Ecological Research Report 1, Dept of Botany, Univ. 
of Stellenbosch.

Boucher, C. 1987. A phytosociological study of transects through the 
Western Cape Coastal Foreland, South Africa. Ph.D. thesis, Dept of Botany, 
Univ. of Stellenbosch.

Boucher, C. 1989. A brief report on some aspects of the flora and veg-
etation observed on the Farm Modderrivier 721, Malmesbury. Ecological 
Research Report 6, Dept of Botany, Univ. of Stellenbosch.

Boucher, C. 1992. A vegetation survey of Ganzekraal Recreational Area. 
Ecological Research Report 9, Dept of Botany, Univ. of Stellenbosch.

Boucher, C. 1993. The vegetation of part of the farms Swartriet & 
Trekossenkraal, Saldanha Bay. Ecological Research Report 10, Dept of 
Botany, Univ. of Stellenbosch.

Boucher, C. 1994. The vegetation of Erf 1092, Gansbaai. Ecological Research 
Report 12, Dept of Botany, Univ. of Stellenbosch.

Boucher, C. 1995. Hoek-van-die-Berg: Brief comments about the vegetation. 
Ecological Research Report 18, Dept of Botany, Univ. of Stellenbosch.

Boucher, C. 1997. Vegetation description and management guidelines for 
the Blombos Private Nature Reserve, Riversdale District. Ecological Research 
Report 26, Dept of Botany, Univ. of Stellenbosch.

Boucher, C. 1998a. Kleinmond Harbour Project: Botanical scoping report. 
Ecological Research Report 34, Dept of Botany, Univ. of Stellenbosch.

Boucher, C. 1998b. The importance of the flora and vegetation on Rein’s 
Nature Reserve. Ecological Research Report 32, Dept of Botany, Univ. of 
Stellenbosch.

Boucher, C. 1998c. The vegetation of portions of the farms Modderfontein 
A & E, Aurora. Ecological Research Report 38, Dept of Botany, Univ. of 
Stellenbosch.

Boucher, C. 1998d. The vegetation of the farm Stofbergsfontein 365, West 
Coast National Park. Ecological Research Report 37, Dept of Botany, Univ. 
of Stellenbosch.

Boucher, C. 1998e. Vegetation and management recommendations 
for ‘Die Duine’. Ecological Research Report 35, Dept of Botany, Univ. of 
Stellenbosch.

Boucher, C. 1999a. Botanical aspects relevant to the lower Silvermine River 
development. Ecological Research Report 41, Dept of Botany, Univ. of 
Stellenbosch.

Boucher, C. 1999b. Kleinmond Harbour Project: Evaluation of impacts of 
proposed development on botanical features. Ecological Research Report 
40, Dept of Botany, Univ. of Stellenbosch.

Boucher, C. 1999c. The vegetation of Gonnemanskraal extension, Saldanha 
Bay. Ecological Research Report 52, Dept of Botany, Univ. of Stellenbosch.

Boucher, C. 1999d. The vegetation of portion 6 of the farm Dyker Eiland 
No. 6, St. Helena Bay. Ecological Research Report 49, Dept of Botany, Univ. 
of Stellenbosch.

Boucher, C. 1999e. The vegetation of the western portion adjacent to the 
lower Silvermine River, Clovelly, Cape Peninsula. Ecological Research Report 
51, Dept of Botany, Univ. of Stellenbosch.



692

S 19 (2006)

Coastal Vegetation of South Africa

Boucher, C. 2003. Western Cape Olifants/Doring River Irrigation Study. 
Botanical Report. PGWC Report 259/2004/2, Dept of Economic Affairs, 
Agriculture and Tourism, Provincial Government of the Western Cape 
Province, Cape Town.

Boucher, C. & Jarman, M.L. 1977. The vegetation of the Langebaan area, 
South Africa. Trans. Roy. Soc. S. Afr. 42: 241–272.

Boucher, C. & Le Roux, A. 1981. Strand plant communities of the western 
Cape Province, South Africa. S. Afr. J. Sci. 77: 327.

Boucher, C. & Le Roux, A. 1989. Heavy metal sand-mining project assess-
ment—vegetation report. Ecological Research Report 4a, Dept of Botany, 
Univ. of Stellenbosch.

Boucher, C. & Le Roux, A. 1993. Dry coastal ecosystems of the South African 
west coast. In: Van der Maarel, E. (ed.), Ecosystems of the world 2B. Dry 
coastal ecosystems. Africa, America and Oceania, pp. 75–88. Elsevier, 
Amsterdam.

Boucher, C. & Le Roux, A. 1994. Vegetation of the proposed national 
park between the Spoeg and Groen Rivers on the Namaqualand coast. 
Ecological Research Report 4b, Dept of Botany, Univ. of Stellenbosch.

Boucher, C., Le Roux, A. & Taylor, H.C. 1986. Strand vegetation of the Cape 
Province between the Orange and Sundays River mouths. In: Proceedings 
of the Workshop on Structure and Function of Sand Dune Ecosystems, pp. 
46, 47. Univ. of Port Elizabeth.

Boucher, C. & Rode, E. 1995a. The flora and vegetation of Rein’s Nature 
Reserve, Riversdale District. Ecological Research Report 16, Dept of Botany, 
Univ. of Stellenbosch.

Boucher, C. & Rode, E. 1995b. The flora and vegetation of Rein’s Nature 
Reserve, Riversdale District. Supplementary report. Ecological Research 
Report 17, Dept of Botany, Univ. of Stellenbosch.

Boucher, C. & Rode, E. 1999. Vegetation conservation importance ratings 
for the Saldanha-Vredenburg regional structure plan. Ecological Research 
Report 50, Dept of Botany, Univ. of Stellenbosch.

Branch, G. & Branch, M. 1981. The living shores of southern Africa. Struik, 
Cape Town.

Breen, C.M., Everson, C. & Rogers, K. 1977. Ecological studies on Sporobolus 
virginicus (L.) Kunth with particular reference to salinity and inundation. 
Hydrobiologia 54: 135–140.

Breeman, A.M. 1988. Relative importance of temperature and other fac-
tors in determining geographic boundaries of seaweeds: experimental and 
phenological evidence. Helgoländer Meeresuntersuchungen 42: 199–241.

Britton, P. & Jackelman, J. 1995. Wolfgat Nature Reserve. A desolate waste-
land destined for housing or a dynamic community conservation project? 
Veld & Flora 81, 2: 46–48.

Broekhuysen, G.J. & Taylor, H. 1959. The ecology of South African estuaries. 
VIII. Kosi Bay estuary system. Ann. S. Afr. Mus. 44: 279–296.

Brown, A.C. & Jarman, N.G. 1978. Coastal marine habitats. In: Werger, 
M.J.A. & Van Bruggen, A.C. (eds), Biogeography and ecology of southern 
Africa. Volume 2, pp. 1239–1277. Dr W. Junk, The Hague.

Burns, M.E.R. 1986. A synecological study of the East London coast dune 
forests. M.Sc. thesis, Dept of Botany, Rhodes Univ., Grahamstown.

Burns, M.E.R., Du Plessis, M.A. & Verwoerd, D.J. 1988. Estuaries of the Cape. 
Part II: Synopses of available information on individual systems. Report No. 
39: Quko (CSE 56). CSIR Research Report No. 438, CSIR, Stellenbosch.

Callaway, R.M. 1994. Facilitative and interfering effects of Arthrocnemum 
subterminale on winter annuals. Ecology 75: 681–686.

Callaway, R.M. 1995. Positive interactions among plants. Bot. Rev. 61:  
306–349.

Callaway, R.M. & Pennings, S.C. 1998. Impact of a parasitic plant on the 
zonation of two salt marsh perennials. Oecologia 114: 100–105.

Callaway, R.M. & Pennings, S.C. 2000. Facilitation may buffer competitive 
effects: indirect and diffuse interactions among salt marsh plants. Am. Nat. 
156: 416–424.

Campbell, B.M. 1976. Terrestrial plant communities. In: Habitat Working 
Group (eds), Report on the Mngazana estuary (Transkei) and recommenda-
tion for a nature reserve. Report, Dept of Botany, Univ. of Cape Town.

Carter, R.A. 1983. Estuaries of the Cape. Part II: Synopses of available infor-
mation on individual systems. Report No. 21: Breë (CSW 22). CSIR Research 
Report No. 420, CSIR, Stellenbosch. 

Carter, R.A. & Brownlie, S. 1990. Estuaries of the Cape. Part II: Synopses 
of available information on individual systems. Report No. 34: Kafferkuils 
(CSW 24) and Duiwenhoks (CSW 23). CSIR Research Report No. 433, CSIR, 
Stellenbosch.

Chapman, V.J. 1974. Salt-marshes and salt-deserts of the world. J. Cramer, 
Lehre.

Childers, D.I. & Day, J.W. 1990. Marsh-water column interactions in two 
Louisiana estuaries. II. Nutrient dynamics. Estuaries 13: 404–417.

Choo, Y.-S. & Albert, R. 1997. The physiotype concept—an approach inte-
grating plant ecophysiology and systematics. Phyton (Horn) 37: 93–106.

Clarke, B.C. 1989. Estuaries of the Cape. Part II: Synopses of available 
information on individual systems. Report No. 37: Palmiet (CSW 12). CSIR 
Research Report No. 436, CSIR, Stellenbosch.

Cliff, S. & Grindley, J.R. 1982. Estuaries of the Cape. Part II: Synopses of avail-
able information on individual systems. Report No. 17: Lourens (CSW 7). 
CSIR Research Report No. 416, CSIR, Stellenbosch.

Coetzee, J.C., Adams, J.B. & Bate, G.C. 1997. A botanical importance rating 
of selected Cape estuaries. Water SA 23: 81–93.

Colloty, B.M. 2000. Botanical importance of estuaries of the former Ciskei/
Transkei region. Ph.D. thesis, Dept of Botany, Univ. of Port Elizabeth.

Colloty, B.M., Adams, J.B. & Bate, G.C. 2000. The use of a botanical impor-
tance rating to assess changes in the flora of the Swartkops estuary over 
time. Water SA 26: 171–180.

Colloty, B.M., Adams, J.B. & Bate, G.C. 2001. The botanical importance 
rating of the estuaries in the former Ciskei/Transkei. WRC Report No. TT 
160/01. Water Research Commission, Pretoria.

Colloty, B.M., Adams, J.B. & Bate, G.C. 2002. Classification of estuaries in 
the Ciskei and Transkei regions based on physical and botanical character-
istics. S. Afr. J. Bot. 68: 312–321.

Cook, C.D.K. 2004. Aquatic and wetland plants of southern Africa. Backhuys 
Publ., Leiden.

Comins, D.M. 1962. The vegetation of the districts of East London and King 
William’s Town, Cape Province. Mem. Bot. Surv. S. Afr. No. 33: 1–32.

Compton, J.S. 2004. The rocks and mountains of Cape Town. Double Storey, 
Cape Town.

Cowling, R.M. 1984. A syntaxonomic and synecological study in the 
Humansdorp region of the Fynbos Biome. Bothalia 15: 175–227.

Cowling, R.M. & Pierce, S.M. 1985. Southern Cape coastal dunes—an eco-
system lost? Veld & Flora 71,4: 99–103.

Crawford, R.M.M. 1982. Physiological responses to flooding. Encycl. Plant 
Physiol. N.S. 12B: 453–477.

Crawford, R.M.M. 1992. Oxygen availability as an ecological limit to plant 
distribution. Adv. Ecol. Res. 23: 93–185.

Day, J.H. 1980. What is an estuary? S. Afr. J. Sci. 76: 198.
Day, J.H. (ed.) 1981a. Estuarine ecology with particular reference to south-

ern Africa. A.A. Balkema, Cape Town.
Day, J.H. 1981b. Summaries of current knowledge of 43 estuaries in south-

ern Africa. In: Day, J.H. (ed.), Estuarine ecology with particular reference to 
southern Africa, pp. 251–329. A.A. Balkema, Cape Town.

Day, J.H., Millard, N.A.H. & Broekhuysen, G.J. 1953. The ecology of South 
African estuaries. IV. St Lucia system. Trans. Roy. Soc. S. Afr. 34: 129–156.

DEAT 2000. White paper for sustainable coastal development in South 
Africa. Dept of Environmental Affairs and Tourism, Pretoria. http://www.
environment.gov.za.

De Decker, H.P. 1989. Estuaries of the Cape. Part II: Synopses of available 
information on individual systems. Report No. 40: Klein (CSW 16), CSIR 
Research Report No. 439, CSIR, Stellenbosch.

Den Hartog, C. 1970. The sea-grasses of the world. Verh. Konink. Neder. 
Akad. Wetensch., Afd. Natuurk., Ser II 59,1: 1–275.

Den Hartog, C. 2003. Phytosociological classification of seagrass communi-
ties. Phytocoenologia 33: 203–229.

De Leeuw, J., De Munck, W., Olff, H. & Bakker, J.P. 1993. Does zonation 
reflect the succession of salt-marsh vegetation? A comparison of an estua-
rine and a coastal bar island marsh in The Netherlands. Acta Bot. Neerl. 
42: 435–445.

De Leeuw, J., Van den Dool, A., De Munck, W., Nieuwenhuize, J. & Beeftink, 
W.G. 1991. Factors influencing the soil salinity regime along an intertidal 
gradient. Estuar. Coast. Shelf Sci. 32: 87–97.

De Wit, M.C. 1993. Cainozoic evolution of drainage systems in the north-
western Cape. Ph.D. thesis, Univ. of Cape Town.

De Wit, M.C. 1999. Post-Gondwana drainage and the development of dia-
mond placers in western South Africa. Econ. Geol. 94: 721–740.

Dieckmann, G.S. 1980. Aspects of the ecology of Laminaria pallida (Grev.) 
J. Agardh off the Cape Peninsula (South Africa). 1. Seasonal growth. Bot. 
Mar. 23: 579–585.

Donnelly, F.A. & Pammenter, N.W. 1983. Vegetation zonation on a Natal 
coastal sand-dune system in relation to salt spray and soil salinity. S. Afr. J. 
Bot. 2: 46–51.

Driver, A., Maze, K., Rouget, M., Lombard, A.T., Nel, J., Turpie, J.K., Cowling, 
R.M., Desmet, P., Goodman, P., Harris, J., Jonas, Z., Reyers, B., Sink, K. & 
Strauss, T. 2005. National Spatial Biodiversity Assessment 2004: priorities 
for biodiversity conservation in South Africa. Strelitzia 17. South African 
National Biodiversity Institute, Pretoria.

Duvenhage, I.R. & Morant, P.D. 1984. Estuaries of the Cape. Part II: Synopses 
of available information on individual systems. Report No. 31: Keurbooms/
Bitou system (CMS 19), Piesang (CMS 18). CSIR Research Report No. 430, 
CSIR, Stellenbosch.

DWAF 2005. Working for Water. National Department of Water Affairs and 
Forestry, Pretoria. http://www.dwaf.gov.za/wfw/

Dyer, R.A. 1937. The vegetation of the divisions of Albany and Bathurst. 
Mem. Bot. Surv. S. Afr. No. 17: 1–138.

Edwards, D. 1967. A plant ecological survey of the Tugela River basin. Town 
and Regional Planning Commission, Pietermaritzburg.



S 19 (2006)

693Coastal Vegetation of South Africa

Erasmus, L. 2005. Virtual reconstruction of stratigraphy and past landscapes 
in the West Coast Fossil Park. M.Sc. thesis, Stellenbosch Univ.

Flowers, T.J., Hajibagheri, M.A. & Clipson, N.J.W. 1986. Halophytes. Quart. 
Rev. Biol. 61: 313–337.

Flowers, T.J., Troke, P.F. & Yeo, A.R. 1977. The mechanisms of salt tolerance 
in halophytes. Annu. Rev. Plant Physiol. 28: 89–121.

Garcia, L.V., Marañon, T., Moreno, A. & Clemente, L. 1993. Above-ground 
biomass and species richness in a Mediterranean salt marsh. J. Veg. Sci. 4: 
417–424.

Geldenhuys, C.J. & Mucina, L. 2005. Towards a new National Forest 
Classification for South Africa. In: Ghazanfar, S. & Cheek, M. (eds), AETFAT 
Conference in Addis Ababa, pp. 111–129. H.M.S.O., Royal Botanic 
Gardens, Kew.

Goldblatt, P. & Manning, J. 2000. Cape plants: a conspectus of the Cape 
flora of South Africa. National Botanical Institute & Missouri Botanical 
Garden Press, Pretoria & St Louis.

Gray, D. 1997. A phytosociological study of Rocherpan Nature Reserve. 3rd-
year project, Faculty of Forestry, Southern Cape Technikon, Saasveld.

Griffiths, C.L., Stenton-Dozey, J.M.E. & Koop, K. 1983. Kelp wrack and the 
flow of energy through a sandy beach ecosystem. In: McLachlan, A. & 
Erasmus, T. (eds), Sandy beaches as ecosystems, pp. 547–566. Dr W. Junk, 
The Hague.

Grillas, P., Van Vijck, C. & Bonis, A. 1993. The effect of salinity on the domi-
nance-diversity relations of experimental coastal macrophyte communities. 
J. Veg. Sci. 4: 453–460.

Grindley, J.R. 1982. Estuaries of the Cape. Part II: Synopses of available 
information on individual systems. Report No. 16: Eerste (CSW 6). CSIR 
Research Report No. 415, CSIR, Stellenbosch.

Grindley, J.R. 1985. Estuaries of the Cape. Part II: Synopses of available 
information on individual systems. Report No. 30: Knysna (CMS 13). CSIR 
Research Report No. 429, CSIR, Stellenbosch.

Grindley, J.R. & Dudley, S. 1988. Estuaries of the Cape. Part II: Synopses of 
available information on individual systems. Report No. 28: Rietvlei (CW 
24) and Diep (CW 25). CSIR Research Report No. 427, CSIR, Stellenbosch.

Grindley, S.A. 1988. Estuaries of the Cape. Part II: Synopses of available 
information on individual systems. Report No. 29: Hout Bay (CW 27). CSIR 
Research Report No. 428, CSIR, Stellenbosch.

Haq, B.U., Hardenbol, J. & Vail, P.R. 1987. Chronology of fluctuating sea 
levels since the Triassic. Science 235: 1156–1167.

Heinecken, T.J.E. 1981. Estuaries of the Cape. Part II: Synopses of available 
information on individual systems. Report No. 7: Gamtoos (CMS 48). CSIR 
Research Report No. 406, CSIR, Stellenbosch.

Heinecken, T.J.E. 1982a. Estuaries of the Cape. Part II: Synopses of available 
information on individual systems. Report No. 8: Rooiels (CSW 10). CSIR 
Research Report No. 407, CSIR, Stellenbosch.

Heinecken, T.J.E. 1982b. Estuaries of the Cape. Part II: Synopses of available 
information on individual systems. Report No. 13: Silvermine (CSW 3). CSIR 
Research Report No. 412, CSIR, Stellenbosch.

Heinecken, T.J.E. 1985. Estuaries of the Cape. Part II: Synopses of available 
information on individual systems. Wildevoëlvlei/Noordhoek (CW 28). CSIR 
Research Report No. 426, CSIR, Stellenbosch.

Heinecken, T.J.E., Bickerton, I.B. & Morant, P.D. 1982. Estuaries of the Cape. 
Part II: Synopses of available information on individual systems. Report 
No. 12: Buffels (WES)(CSW 1), Elsies (CSW 2), Sir Lowrys Pass (CSW 8), 
Steenbras (CSW 9) and Buffels (Oos)(CSW 11). CSIR Research Report No. 
411, CSIR, Stellenbosch.

Heinecken, T.J.E. & Damstra, K.St.J. 1983. Estuaries of the Cape. Part II: 
Synopses of available information on individual systems. Report No. 24: 
Onrus (CSW 14). CSIR Research Report No. 423, CSIR, Stellenbosch.

Heinecken, T.J.E. & Grindley, J.R. 1982. Estuaries of the Cape. Part II: 
Synopses of available information on individual systems. Report No. 10: 
Kowie (CSE 10). CSIR Research Report No. 409, CSIR, Stellenbosch.

Hertling, U.M. 1997. Ammophila arenaria (L.) Link (Marram Grass) in South 
Africa and its potential invasiveness. Ph.D. thesis, Dept of Botany, Rhodes 
Univ., Grahamstown.

Hertling, U.M. & Lubke, R.A. 1999a. Indigenous and Ammophila arenaria-
dominated dune vegetation on the South African Cape coast. Appl. Veg. 
Sci. 2: 157–168.

Hertling, U.M. & Lubke, R.A. 1999b. Use of Ammophila arenaria for dune 
stabilisation in South Africa and its current distribution—perceptions and 
problems. Environ. Manage. 24: 467–482.

Hesp, P. & McLachlan, A. 2000. Morphology, dynamics, ecology and fauna 
of Arctotheca populifolia and Gazania rigens nabkha dunes. J. Arid Environ. 
44: 155–172.

Hesp, P.A. 1991. Ecological processes and plant adaptations on coastal 
dunes. J. Arid Environ. 21: 165–191.

Heydorn, A.F.P.J. 1975. Plant succession on the sea dunes of Betty’s Bay. Veld 
& Flora 61: 26–29.

Heydorn, A.E.F. & Bickerton, I.B. 1982. Estuaries of the Cape. Part II: 
Synopses of available information on individual systems. Report No. 9: 

Uilkraals (CSW 17). CSIR Research Report No. 408, CSIR, Stellenbosch.
Heydorn, A.E.F. & Tinley, K.L. 1980. Estuaries of the Eastern Cape. Part I. 

Synopsis of the Cape coast: natural features, dynamics and utilisation. CSIR 
Report No. 380, CSIR, Stellenbosch.

Heydorn, A.E.F. 1989a. The conservation status of southern African estuar-
ies. In: Huntley, B.J. (ed.), Biotic diversity in southern Africa: concepts and 
conservation, pp. 290–297. Oxford Univ. Press, Cape Town.

Heydorn, H.J. 1989b. Estuaries of the Cape. Part II: Synopses of available 
information on individual systems. Report No. 38: Gourits (CSW 25). CSIR 
Research Report No. 437, CSIR, Stellenbosch.

Heymans, J.J. & Baird, D. 1995. Energy flow in the Kromme estuarine eco-
system, St Francis Bay, South Africa. Estuar. Coast. Shelf Sci. 41: 39–59.

Hoare, D.B., Victor, J.E., Lubke, R.A. & Mucina, L. 2000. Vegetation of 
the coastal fynbos and rocky headlands south of George, South Africa. 
Bothalia 30: 87–96.

Howard-Williams, S. & Liptrot, M.R.M. 1980. Submerged macrophyte com-
munities in a brackish South African estuarine lake system. Aquat. Bot. 9: 
101–106.

Ketchum, B.H. 1983. Estuarine characteristics. In: Ketchum, B.H. (ed.), 
Ecosystems of the world 26. Estuarine and enclosed seas, pp. 1–14. 
Elsevier, Amsterdam.

Khan, M.A. & Ungar, I.A. 1984. The effect of salinity and temperature on 
the germination of polymorphic seeds and growth of Atriplex triangularis 
Willd. Amer. J. Bot. 71: 481–489.

Knevel, I.C. 2001. The life history of selected coastal foredune species of 
South Africa. Ph.D. thesis, Dept of Botany, Rhodes Univ., Grahamstown.

Koop, K. 1982. Estuaries of the Cape. Part II: Synopses of available informa-
tion on individual systems. Report No. 18: Bot/Kleinmond system (CSW 13). 
CSIR Research Report No. 417, CSIR, Stellenbosch.

Köpke, D. 1988. The climate of the Eastern Cape. In: Bruton, M.N. & Gess, 
F.W. (eds), Towards an environmental plan for the Eastern Cape, pp. 44–52. 
Grocott & Sherry, Grahamstown.

La Cock, G. 1986. The Boknes-Boesmansriviermond coast: an ecological 
study and management proposals. B.Sc.(Hons) project, Dept of Botany, 
Rhodes Univ., Grahamstown.

Leck, M.A. 1989. Wetland seed banks. In: Leck, M.A., Parker, V.T. & Simpson, 
R.L. (eds), Ecology of soil seed banks, pp. 283–305. Academic Press, San 
Diego.

Leliaert, F., Anderson, R.J., Bolton, J.J. & Coppejans, E. 2000. Subtidal algal 
community structure in kelp beds around the Cape Peninsula (Western 
Cape, South Africa). Bot. Mar. 43: 359–366.

Lombard, A.T., Strauss, T., Harris, J., Sink, K., Attwood, C. & Hutchings, L. 
2004. South African National Biodiversity Assessment 2004: Technical 
Report. Volume 4: Marine Component. Report, South African National 
Biodiversity Institute, Pretoria.

Long, S.P. & Mason, C.F. 1983. Saltmarsh ecology. Blackie, Glasgow.
Low, A.R. & Rebelo, A.(T.)G. (eds) 1996. Vegetation of South Africa, 

Lesotho and Swaziland. A companion to the vegetation map of South 
Africa, Lesotho and Swaziland. Dept of Environmental Affairs and Tourism, 
Pretoria.

Lubke, R.A. 1983. A survey of the coastal vegetation near Port Alfred, east-
ern Cape. Bothalia 14: 725–738.

Lubbe, R.A. 1997. Vegetation and flora of the Kosi Bay Coastal Forest 
Reserve in Maputaland, northern KwaZulu-Natal, South Africa. M.Sc. the-
sis, Dept of Botany, Univ. of Pretoria.

Lubke, R.A. 2004. Vegetation dynamics and succession on sand dunes of 
the eastern coasts of Africa. In: Martinez, M.L. & Psuty, N.P. (eds), Coastal 
dunes: ecology and conservation, pp. 67–84. Springer, Berlin.

Lubke, R.A. & Avis, A.M. 1982a. Factors affecting the distribution of Scirpus 
nodosus plants in a dune slack community. S. Afr. J. Bot. 1: 97–103.

Lubke, R.A. & Avis, A.M. 1982b. The effect of salt spray on the growth of 
Scirpus nodosus. S. Afr. J. Bot. 4: 163, 164.

Lubke, R.A. & Avis, A.M. 1988. Succession on the coastal dunes and dune 
slacks at Kleinemonde, Eastern Cape, South Africa. Monogr. Syst. Bot. 
Missouri Bot. Gard. 25: 599–622.

Lubke, R.A. & Avis, A.M. 2000. 17 years of change in a dune slack com-
munity in the Eastern Cape. In: White, P.S., Mucina, L., Lepš, J.S. & Van der 
Maarel, E. (eds), Proceedings of 41st IAVS Symposium, pp. 35–38. Opulus 
Press, Uppsala.

Lubke, R.A., Avis, A.M. & Hellström, G.B. 1995. Current status of coastal 
zone management in the Eastern Cape Region, South Africa. In: Salman, 
A.H.P.M., Berends, H. & Bonazountas, M. (eds), Coastal management and 
habitat conservation, pp. 239–260. EUCC, Leiden.

Lubke, R.A., Avis, A.M., Steinke, T.D. & Boucher, C. 1997. Coastal vegeta-
tion. In: Cowling, R.M., Richardson, D.M. & Pierce, S.M. (eds), Vegetation 
of southern Africa, pp. 300–321. Cambridge Univ. Press, Cambridge.

Lubke, R.A. & De Moor, I. (eds) 1998. Field guide to the eastern & southern 
Cape coasts. Univ. of Cape Town Press, Cape Town.

Lubke, R.A. & De Villiers, G. 1991. The vegetation of the Joan Muirhead 
Nature Reserve, Kenton-on-Sea. The Naturalist 35: 21–30.



694

S 19 (2006)

Coastal Vegetation of South Africa

Lubke, R.A., Gess, F.W. & Bruton, M.N. (eds) 1988. A field guide to the east-
ern Cape coast. Grahamstown Centre of the Wildlife Society of Southern 
Africa, Grahamstown.

Lubke R.A. & Van Wijk, Y. 1988. Terrestrial plants and coastal vegetation. 
In: Lubke, R.A., Gess, F. & Bruton, M.N. (eds), A field guide to the eastern 
Cape coast, pp. 167–240. Grahamstown Centre of the Wildlife Society of 
Southern Africa, Grahamstown.

Lutjeharms, J.R.E. 1998. Coastal hydrography. In: Lubke, R.A. & De Moor, I. 
(eds), Field guide to the eastern and southern Cape coasts, pp. 50–62. Univ. 
of Cape Town Press, Cape Town.

MacDevette, D.R. 1989a. A study of a coastal dune gradient in Sodwana 
State Forest, Natal, South Africa. In: Gordon, I.G. (ed.), Natal indigenous 
forests, pp. 33–66. Natal Parks Board, Pietermaritzburg.

MacDevette, D.R. 1989b. The vegetation and conservation of the Zululand 
coastal dunes. In: Gordon, I.G. (ed.), Natal indigenous forests, pp. 21–32. 
Natal Parks Board, Pietermaritzburg.

Maree, B. 2000. Structure and status of the intertidal wetlands of the Knysna 
Estuary. Trans. Roy. Soc. S. Afr. 55: 163–176.

Marker, M.E. 1988. Geology and geomorphology. In: Lubke, R.A., Gess, 
F. & Bruton, M.N. (eds), A field guide to the eastern Cape coast, pp. 
9–18. Grahamstown Centre of the Wildlife Society of Southern Africa, 
Grahamstown.

Martin, A.R.H. & Noel, A.R.A. 1960. The flora of Albany and Bathurst. 
Rhodes Univ., Grahamstown.

Maud, R.R. 2000. Estuarine deposits. In: Partridge, T.C. & Maud, R.R. (eds), 
The Cenozoic in southern Africa, pp. 162–172. Oxford Univ. Press, New 
York.

Maud, R.R. & Botha, G.A. 2000. Deposits of the southeastern and southern 
coasts. In: Partridge, T.C. & Maud, R.R. (eds), The Cenozoic in southern 
Africa, pp. 19–32. Oxford Univ. Press, New York.

McGwynne, L. & McLachlan, A. 1992. Ecology and management of 
sandy coasts. Institute for Coastal Research Report No. 30, Univ. of Port 
Elizabeth.

McLachlan, A. 2000. Coastal beach ecosystems. In: Levin, S.A. (ed.), 
Encyclopaedia of Biodiversity. Volume 2, pp. 741–751. Academic Press, 
San Diego.

McLachlan, A. & Erasmus, T. (eds) 1983. Sandy beaches as ecosystems. Dr 
W. Junk, The Hague.

McLachlan, A., Mather-Pike, C. & Du Toit, P. 1987. Sand movement, vegeta-
tion succession and biomass spectrum in a coastal dune slack in Algoa Bay, 
South Africa. J. Arid Environ. 12: 9–25.

Moll, E.J. & Pierce, S.M. 1975. The use of the profile diagram technique as 
a tool for describing vegetation structure with special reference to Dwesa 
forest, Transkei. Trees in South Africa 27: 2–10.

Morant, P.D. 1983. Estuaries of the Cape. Part II: Synopses of available infor-
mation on individual systems. Report No. 20: Groot Brak (CMS 3). CSIR 
Research Report No. 419, CSIR, Stellenbosch.

Morant, P.D. 1984. Estuaries of the Cape. Part II: Synopses of available 
information on individual systems. Report No. 26: Olifants (CW 10). CSIR 
Research Report No. 425, CSIR, Stellenbosch.

Morant, P.D. 1991. The estuaries of False Bay. Trans. Roy. Soc. S. Afr. 47: 
629–640.

Morant, P.D. & Bickerton, I.B. 1983. Estuaries of the Cape. Part II: Synopses 
of available information on individual systems. Report No. 19: Groot 
(Wes) (CMS 23) and Sout (CMS 22). CSIR Research Report No. 418, CSIR, 
Stellenbosch.

Morant, P.D. & Grindley, J.R. 1982. Estuaries of the Cape. Part II: Synopses of 
available information on individual systems. Report No. 14: Sand (CSW 4). 
CSIR Research Report No. 413, CSIR, Stellenbosch.

Morant, P.D. & O’Callaghan, M. 1990. Some observations on the impact of 
the March 1988 flood on the biota of the Orange River mouth. Trans. Roy. 
Soc. S. Afr. 47: 295–305.

Mucina, L. 1997. Conspectus of classes of the European vegetation. Fol. 
Geobot. Phytotax. 32: 117–172.

Mucina, L., Janssen, J.A.M. & O’Callaghan, M. 2003. Syntaxonomy and 
zonation patterns in coastal salt marshes of the Uilkraals Estuary, Western 
Cape, South Africa. Phytocoenologia 33: 309–334.

Muir, J. 1929. The vegetation of the Riversdale area, Cape Province. Mem. 
Bot. Surv. S. Afr. No. 13: 1–82.

Newell, R.C., Lucas, M.I., Velimirov, B. & Seiderer, L.J. 1980. Quantitative 
significance of dissolved organic losses following fragmentation of kelp 
(Ecklonia maxima and Laminaria pallida). Mar. Ecol. Progr. Ser. 2: 45–49.

O’Callaghan, M. 1990a. The ecology of the False Bay estuarine environments, 
Cape, South Africa. 1. The coastal vegetation. Bothalia 20: 105–111.

O’Callaghan, M. 1990b. The ecology of the False Bay estuarine environ-
ments, Cape, South Africa. 2. Changes during the last fifty years. Bothalia 
20: 113–121.

O’Callaghan, M. 1994a. Salt marshes of the Cape (South Africa): veg-
etation dynamics and interactions. Ph.D. thesis, Dept of Botany, Univ. of 
Stellenbosch.

O’Callaghan, M. 1994b. The marsh vegetation of Kleinmond Lagoon. 
Bothalia 24: 235–240.

O’Callaghan, M. 1994c. The saltmarsh vegetation of Langebaan Lagoon. 
Bothalia 24: 217–222.

O’Callaghan, M. 1994d. The saltmarsh vegetation of the lower Berg River. 
Bothalia 24: 223–228.

O’Callaghan, M. 1994e. The saltmarsh vegetation of the lower Uilkraals 
River. Bothalia 24: 229–233.

Olff, H., Bakker, J.P. & Fresco, L.F.M. 1988. The effect of fluctuations in tidal 
inundation frequency on a salt-marsh vegetation. Vegetatio 78: 13–19.

Olff, H., De Leeuw, J., Bakker, J.P., Platerink, R.J., Van Wijnen, H.J. & De 
Munck, W. 1997. Vegetation succession and herbivory in a salt marsh: 
changes induced by sea level rise and silt deposition along an elevational 
gradient. J. Ecol. 85: 799–814.

Olivier, M.C. 1983. An annotated systematic checklist of the Angiospermae 
of the Cape Receife Nature Reserve, Port Elizabeth. J. S. Afr. Bot. 49: 
161–174.

Orson, R.A. & Howes, B.L. 1992. Salt marsh development studies at Waquoit 
Bay, Massachusetts: Influence of geomorphology on long-term plant com-
munity structure. Estuar. Coast. Shelf Sci. 35: 453–471.

Pammenter, N.W. 1983. Some aspects of the ecophysiology of Scaevola 
thunbergii, a subtropical coastal dune pioneer. In: McLachlan, A. & 
Erasmus, T. (eds), Sandy beaches as ecosystems, pp. 675–685. Dr W. Junk, 
The Hague.

Parker-Nance, P., Talbot, M.M.B. & Bate, G.C. 1991. Vegetation and geo-
morphic age in the Alexandria dunefield, eastern Cape. S. Afr. J. Bot. 87: 
252–259.

Parsons, R. & Le Roux, A. 1981a. Terrestrial vegetation. In: Heydorn, A.E.F. 
& Grindley, J.R. (eds), Estuaries of the Cape. Part II. Synopsis of available 
information on individual systems. Report No. 5 Holgat (CW2), pp. 13–15. 
CSIR Research Report 404, CSIR, Stellenbosch.

Parsons, R. & Le Roux, A. 1981b. Terrestrial vegetation. In: Heydorn, A.E.F. 
& Grindley, J.R. (eds), Estuaries of the Cape. Part II. Synopsis of available 
information on individual systems. Report No. 1 Spoeg (CW5), pp. 13–15. 
CSIR Research Report 400, CSIR, Stellenbosch.

Parsons, R. & Le Roux, A. 1981c. Terrestrial vegetation. In: Heydorn, A.E.F. 
& Grindley, J.R. (eds), Estuaries of the Cape. Part II. Synopsis of available 
information on individual systems. Report No. 3 Groen (CW7), pp. 18, 19. 
CSIR Research Report 402, CSIR, Stellenbosch.

Parsons, R. & Le Roux, A. 1981d. Terrestrial vegetation. In: Heydorn, A.E.F. 
& Grindley, J.R. (eds), Estuaries of the Cape. Part II. Synopsis of available 
information on individual systems. Report No. 6 Bitter (CW6), pp. 15–17. 
CSIR Research Report 405, CSIR, Stellenbosch.

Parsons, R. & Le Roux, A. 1981e. Terrestrial vegetation. In: Heydorn, A.E.F. 
& Grindley, J.R. (eds), Estuaries of the Cape. Part II. Synopsis of available 
information on individual systems. Report No. 3 Swartlintjies (CW4), pp. 
16–18. CSIR Research Report 403, CSIR, Stellenbosch.

Parsons, R. & Le Roux, A. 1981f. Terrestrial vegetation. In: Heydorn, A.E.F. 
& Grindley, J.R. (eds), Estuaries of the Cape. Part II. Synopsis of available 
information on individual systems. Report No. 3 Buffels (CW6), pp. 16–18. 
CSIR Research Report 401, CSIR, Stellenbosch.

Partridge, T.C., Wood, B.A. & DeMenocal, P.B. 1995. The influence of global 
climatic change and regional uplift on large-mammalian evolution in East 
and Southern Africa. In: Vrba, E.S., Denton, G.H., Partridge, T.C. & Burckle, 
L.H. (eds), Paleoclimate and evolution with emphasis on human origins, pp. 
331–355. Yale Univ. Press, New Haven, CT.

Pennings, S.C. & Callaway, R.M. 1992. Salt marsh plant zonation: the relative 
importance of competition and physical factors. Ecology 73: 681–690.

Pennings, S.C. & Callaway, R.M. 1996. Impact of a parasitic plant on the 
structure and dynamics of salt marsh vegetation. Ecology 77: 1410–1419.

Perissinotto, R., Blair, A., Connell, A., Demetriades, N.T., Forbes, A.T., 
Harrison, T.D., Iyer, K., Joubert, M., Kibirige, I., Mundree, S., Simpson, S., 
Stretch, D., Thomas, C., Thwala, X. & Zietsman, I. 2004. Literature Review: 
Ecology of South African temporarily open/closed estuaries: a review of 
current knowledge. In: Adams, J.B. (ed.), Contributions to the information 
requirements for the implementation of resource-directed measures for 
estuaries. Volume 2. Responses of the biological communities to flow vari-
ation and mouth state in two KwaZulu-Natal temporarily open/closed estu-
aries. WRC Report No. 1247/2/04. Water Research Commission, Pretoria.

Peter, C.I. 2000. Water requirements and distribution of Ammophila are-
naria and Scaevola plumieri on South African coastal dunes. M.Sc. thesis, 
Dept of Botany, Rhodes Univ., Grahamstown.

Peter, C.I. & Ripley, B.S. 2000. An empirical formula for estimating the water 
use of Scaevola plumieri. S. Afr. J. Sci. 96: 593–596.

Peter, C.I., Ripley, B.S. & Robertson, M.P. 2003. Environmental limits to the 
distribution of Scaevola plumieri along the South African coast. J. Veg. Sci. 
14: 89–98.

Pierce, S.M. 1979. The contribution of Spartina maritima (Curtis) Fernald 
to the primary production of the Swartkops estuary. M.Sc. thesis, Rhodes 
Univ., Grahamstown.



S 19 (2006)

695Coastal Vegetation of South Africa

Pierce, S.M. 1982. What is Spartina doing in our estuaries? S. Afr. J. Sci. 78: 
229, 230.

Pooley, E. 1998. A field guide to wild flowers. KwaZulu-Natal and the east-
ern region. Natal Flora Publications Trust, Durban.

Reddering, J.S.V. & Rust, I.C. 1990. Historical changes and sedimentary char-
acteristics of southern African estuaries. S. Afr. J. Sci. 86: 425–428.

Ripley, B.S. 2001. The ecophysiology of selected coastal dune pioneer 
plants of the Eastern Cape. Ph.D. thesis, Dept of Botany, Rhodes Univ., 
Grahamstown.

Ripley, B.S., Pammenter, N.W. & Smith, V.R. 1999. Function of leaf hairs 
revisited: the hair layer on leaves of Arctotheca populifolia reduces pho-
toinhibition, but leads to higher leaf temperatures caused by lower transpi-
ration rates. J. Plant Physiol. 155: 78–85.

Rouault, M., White, S.A., Reason, C.J.C., Lutjeharms, J.R.E. & Jobard, I. 2002. 
Ocean-atmosphere interaction in the Agulhas Current region and a South 
African extreme weather event. Weather & Forecasting 17: 655–669.

Salisbury, E.J. 1958. Spergularia salina and Spergularia marginata and their 
heteromorphic seeds. Kew Bull. 1: 41–51.

Sanchez, J.M., Izco, J. & Medrano, M. 1996. Relationships between vegeta-
tion zonation and altitude in a salt marsh system in northwest Spain. J. Veg. 
Sci. 7: 695–702.

Schumann, E.H. 1998. The coastal ocean off southeast Africa, including 
Madagascar coastal segment (15,W). In: Robinson, A.R. & Brink, K.H. 
(eds), The sea: the global coastal ocean II. Regional studies and syntheses. 
Volume 11, pp. 557–581. J. Wiley & Sons, New York.

Schumann, E.H. 2000. Oceanic exchanges and temperature variability in the 
Knysna Estuary. Trans. Roy. Soc. S. Afr. 55: 123–128.

Seagrief, S.C. 1988. Marine algae. In: Lubke, R.A., Gess, F. & Bruton, M.N. 
(eds), A field guide to the eastern Cape coast, pp. 35–72. Grahamstown 
Centre of the Wildlife Society of Southern Africa, Grahamstown.

Simons, R.H. & Jarman, N.G. 1981. Subcommercial harvesting of a kelp 
on a South African shore. In: Levring, T. (ed.), Proceedings of the 10th 
International Seaweed Symposium, pp. 731–736. Walter De Gruyter, 
Berlin.

Sinclair, S.A., Lane, S.B. & Grindley, J.R. 1986. Estuaries of the Cape. Part II: 
Synopses of available information on individual systems. Report No. 32: 
Verlorenvlei (CW 13). CSIR Research Report No. 431, CSIR, Stellenbosch.

Smith, R.J. 2001. Designing an integrated protected area network for 
Maputaland. Ph.D. thesis, Durell Institute of Conservation Ecology, Univ. 
of Kent at Canterbury, UK.

Stegenga, H., Bolton, J.J. & Anderson, R.J. 1997. Seaweeds of the South 
African west coast. Contrib. Bolus Herb. 18: 1–655.

Steiner, M. 1934. Zur Ökologie der Salzmarschen der nordöstlichen 
Vereinigten Staaten von Nordamerika. Jahrb. Wiss. Bot. 81: 94–254.

Steiner, M. 1939. Die Zusammensetzung des Zellsaftes bei höheren Pflanzen 
in ihrer ökologischen Bedeutung. Ergeb. Biol. 17: 151–254.

Stephenson, T.A. 1939. The constitution of the intertidal flora and fauna of 
South Africa. I. J. Linn. Soc. (Zool.) 40: 487–536.

Stephenson, T.A. 1944. The constitution of the intertidal flora and fauna of 
South Africa. II. Ann. Natal Mus. 10: 261–358.

Stephenson, T.A. 1948. The constitution of the intertidal flora and fauna of 
South Africa. III. Ann. Natal Mus. 11: 207–324.

Stone, A.W., Weaver, A.B. & West, W.O. 1998. Climate and weather. In: 
Lubke, R.A. & De Moor, I. (eds), Field guide to the eastern and southern 
Cape coasts, pp. 41–49. Univ. of Cape Town Press, Cape Town.

Talbot, M.M.B. & Bate, G.C. 1991. The structure of vegetation in bushpock-
ets of transgressive coastal dunefields. S. Afr. J. Bot. 57: 156–160.

Taylor, H.C. & Boucher, C. 1993. Dry coastal ecosystems of the South African 
South Coast. In: Van der Maarel, E. (ed.), Ecosystems of the world 2B. Dry 
coastal ecosystems. Africa, America and Oceania, pp. 89–107. Elsevier, 
Amsterdam.

Taylor, H.C. & Morris, J.W. 1981. A brief account of coast vegetation near 
Port Elizabeth. Bothalia 13: 519–525.

Taylor, R.H., Adams, J.B. & Haldorsen, S. 2006. Primary habitats in St Lucia 
Estuarine System, South Africa, and their responses to mouth manage-
ment. Afr. J. Aquat. Sci. 31: 31–41.

Telenius, A. & Torstensson, P. 1989. The seed dimorphism of Spergularia 
marina in relation to dispersal by wind and water. Oecologia 80: 206–210.

Tinley, K.L. 1985. Coastal dunes of South Africa. S. Afr. Natl. Sci. Progr. Rep. 
No. 109: 1–300.

Turner, S.L. 1992. Vegetation dynamics in the Tharfield Private Nature 
Reserve. B.Sc.(Hons) project, Dept of Botany, Rhodes Univ., Grahamstown.

Turpie, J.K. 2004a. Current status of estuaries, their protection and threats 
to their biodiversity, proposed goals for conservation and guidelines for 
a strategy for the protection of estuarine biodiversity. In: Breen, C.M., 
Adams, J.B., Batchelor, A., Cowley, P., Marneweck, G., McGwynne, L., 
McKenzie, M., Ngulube, P., Paterson, A., Sihlophe, N., Taljaard, S., Turpie, 
J., Uys, A.C., Van Niekerk, L., Wood, A., Lamberth, S., Boyd, A. & Morant, 
P., Protocols contributing to the management of estuaries in South Africa, 
with a particular emphasis on the Eastern Cape Province. Volume II, Report 

D, pp. D1–60. WRC Report No. 1246/1/04, Water Research Commission, 
Pretoria.

Turpie, J.K. 2004b. South African National Biodiversity Assessment 2004: 
Technical Report. Volume 3: Estuary Component. Report, South African 
National Biodiversity Institute, Pretoria.

Turpie, J.K., Adams, J.B., Joubert, A., Harrison, T.D., Colloty, B.M., Maree, 
R.C., Whitfield, A.K., Wooldridge, T.H., Lamberth, S.J., Taljaard, S. & Van 
Niekerk, L. 2002. Assessment of the conservation priority status of South 
African estuaries for use in management and water allocation. Water SA 
28: 191–206.

Ungar, I.A. 1978. Halophyte seed germination. Bot. Rev. 44: 233–264.
Ungar, I.A. 1982. Germination ecology of halophytes. In: Sen, D.N. & 

Rajpurohit, K.S. (eds.), Contributions to the ecology of halophytes, pp. 
143–154. Dr W. Junk, The Hague.

Ungar, I.A. 1987. Population ecology of halophyte seeds. Bot. Rev. 53: 
301–334.

Ungar, I.A. 1991. Ecophysiology of vascular halophytes. CRC Press, Boca 
Raton, FL.

Ungar, I.A. & Woodell, S.R.J. 1993. The relationship between the seed bank 
and species composition of plant communities in two British salt marshes. 
J. Veg. Sci. 4: 531–536.

Van Rooyen, L. 1981. ’n Fitososiologiese studie van die Rocherpan-nat-
uurreservaat. B.Sc.(Hons) project, Dept of Nature Conservation, Univ. of 
Stellenbosch.

Venter, A.M. 2000. Taxonomy of the genus Lycium L. (Solanaceae) in Africa. 
Ph.D. thesis, Dept of Botany and Genetics, Univ. of the Orange Free State, 
Bloemfontein.

Venter, A.M. & Scott, A.J. 1999. Lycium mascarenense (Solanaceae), a new 
species from the Mascarene Islands, Madagascar and south-eastern Africa. 
S. Afr. J. Bot. 65: 428–430.

Venter, H.J.T. 1972. Die plantekologie van Richardsbaai, Natal. D.Sc. thesis, 
Dept of Botany, Univ. of Pretoria.

Vlok, J.H.J. & Euston-Brown, D.I.W. 2002. Subtropical Thicket Ecosystem 
Planning Project (STEP). Biological Survey Report (plants and birds). Report, 
Terrestrial Ecology Research Unit, Univ. of Port Elizabeth. www.zoo.upe.
ac.za/step (downloaded 1 July 2004).

Vlok, J.H.J., Euston-Brown, D.I.W. & Cowling, R.M. 2003. Acocks’ Valley 
Bushveld 50 years on: a new perspective on the delimitation, characterisa-
tion and origin of subtropical thicket vegetation. S. Afr. J. Bot. 69: 27–51.

Von Maltitz, G., Mucina, L., Geldenhuys, C.J., Lawes, M., Eeley, H., Adie, 
H., Vink, D., Fleming, G. & Bailey, C. 2003. Classification system for South 
African indigenous forests: an objective classification for the Department 
of Water Affairs and Forestry. Report ENV-P-C 2003-017, Environmentek, 
CSIR, Pretoria.

Walker, D.R. 2004. Plant and algal distribution in response to environmen-
tal variables in selected Eastern Cape estuaries. Ph.D. thesis, Univ. of Port 
Elizabeth.

Walter, H. 1964. Die Vegetation der Erde in öko-physiologischer Betrachtung. 
Band I: Die tropischen und subtropischen Zonen. G. Fischer, Jena.

Walter, H. 1973. Vegetation of the earth in relation to climate and the eco-
physiological conditions. English Univ. Press, London.

Ward, C.J. 1976. Aspects of the ecology and distribution of submerged 
macrophytes and shoreline vegetation of Lake St. Lucia. In: Heydorn, A.E.F. 
(ed.), St. Lucia Scientific Advisory Council Workshop—Charters Creek, 
February 1976, pp. 1–12. Natal Parks Board, Pietermaritzburg.

Ward, C.J. 1980. The plant ecology of the Isipingo beach area, Natal, South 
Africa. Mem. Bot. Surv. S. Afr. No. 45: 1–147.

Weisser, P.J. 1978. Conservation priorities in the dune area between Richards 
Bay and Mflozi Mouth based on vegetation survey. Natal Town Reg. Plan. 
Rep. No. 38: 1–64.

Weisser, P. & Cooper, K.H. 1993. Dry coastal ecosystems of the South African 
east coast. In: Van der Maarel, E. (ed.), Ecosystems of the world 2B. Dry 
coastal ecosystems. Africa, America and Oceania, pp. 109–128. Elsevier, 
Amsterdam.

Weisser, P.J., Garland, I.F. & Drews, B.K. 1982. Dune advancement 1937–
1977 at the Mlalazi Nature Reserve, Mtunzini, Natal, South Africa, and a 
preliminary vegetation-succession chronology. Bothalia 14: 127–130.

Weisser, P.J. & Marques, F. 1979. Gross vegetation changes in the dune area 
between Richards Bay and the Mfolozi River. Bothalia 12: 711–721.

Weisser, P.J. & Müller, R. 1983. Dune vegetation dynamics from 1937 to 
1976 in the Mlalazi-Richards Bay area of Natal, South Africa. Bothalia 14: 
661–667.

Weisser, P.J., Smith, E.C.A., Backer, A.P. & Van Eeden, S. 1992a. Flora and 
vegetation of the Mbonambi Beach Arcuate Scar on the Zululand dune 
barrier, Natal, South Africa. Bothalia 22: 289–294.

Weisser, P.J., Whitfield, A.K. & Hall, C.M. 1992b. The recovery and dynam-
ics of submerged aquatic macrophyte vegetation in the Wilderness lakes, 
southern Cape. Bothalia 22: 283–288.

Whitfield, A.K. 1995. Available scientific information on individual south-
ern African estuarine systems. WRC Report No. 577/1/95, Water Research 



696

S 19 (2006)

Coastal Vegetation of South Africa

Commission, Pretoria.
Whitfield, A.K. 2000. Available scientific information on individual estua-

rine systems. WRC Report No. 577/3/00, Water Research Commission, 
Pretoria.

Whitfield, A.K., Allanson, B.R. & Heinecken, T.J.E. 1983. Estuaries of the Cape. 
Part II: Synopses of available information on individual systems. Report No. 
22: Swartvlei (CMS 11). CSIR Research Report 421, CSIR, Stellenbosch.

Williamson, G. 1997. Preliminary account of the Floristic Zones of the 
Sperrgebiet (Protected Diamond Area) in southwest Namibia. Dinteria 25: 
1–68.

Wiseman, K.A., Burns, M.E.R. & Vernon, C.J. 1993. Estuaries of the Cape. 
Part II: Synopses of available information on individual systems. Report 
No. 42: Nahoon (CSE 44), Qinira (CSE 45) and Gqunube (CSE 46). CSIR 

Research Report No. 441, CSIR, Stellenbosch.

Withers, M.J., Boucher, C. & Harding, W.R. 2002. A management orien-
tated vegetation survey of Rietvlei, Western Cape Province, South Africa. 
Ecological Research Report 68, Dept of Botany, Univ. of Stellenbosch.

Wolters, M. & Bakker, J.P. 2002. Soil seed bank and driftline composition 
along a successional gradient on a temperate salt marsh. Appl. Veg. Sci. 
5: 55–62.

Wright, C.I., Miller, W.R. & Cooper, J.A.G. 2000. The late Cenozoic evolu-
tion of coastal water bodies in Northern KwaZulu-Natal, South Africa. Mar. 
Geol. 167: 207–229.

Young, M.M. 1987. The Alexandria dunefield vegetation. M.Sc. thesis, Dept 
of Botany, Univ. of Port Elizabeth.



S 19 (2006)

697


