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The Robberg peninsula climbing-falling coastal dune system is a possible source of sediment to the
peninsula's associated bay (Plettenberg Bay) and beaches. The climbing-falling dune which lies in a southwesterly-north-easterly direction is formed by sand accumulation on the west of the peninsula with
transport by the prevailing winds. Progressive dune stabilisation on the climbing-falling dune, by Acacia
cyclops, an Australian introduced woody plant, has occurred over the last 54 years curtailing the movement
of aeolian sands and thus reducing the potential to supply the bay with beach sediments. The rate at
which stabilisation has occurred was determined by measuring and calculating the decrease in exposed
surface sands of the dune system from orthophoto maps and aerial photographs. The mobile free sand
surface of the dune has decreased its visible surface area by 55\~ over the last 54 years. Results suggest
~hat sed.iment input into the Plettenberg Bay has steadily decreased from the time of early Acacia cyclops
~nf~statlOns. Although these aliens, which invade the natural vegetation, are now being removed, there
IS little change to the open surface of the dune system due to irreversible changes to the vegetation
dynamics and soil properties following stabilisation.
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INTRODUCTION

The Robberg Nature Reserve of the Cape Provincial Administration is a rocky peninsula lying
in an east-west direction on the south-eastern Cape
coast of Southern Africa. It is a phytochorial refugium of different South Coast Dune vegetation
types, with a rocky coastline bordering mobile
sands, palaeo-dunes and stabilised phytogenic
dunes. In a detailed study of the vegetation of the
reserve HELLSTROM (1990) identified the different
vegetation types of the reserve and put forward
management plans for the region. The greater
Plettenberg Bay area, in which the Robberg peninsula occurs, has shown rapid development in
the last 10 years. Starting in the 1930's coastal
resorts have developed this coastline into one of
the most prestigious holiday regions on the Cape
South Coast of South Africa. Development is continuing in the region and on the northern side of
Robberg, at the point where the peninsula meets
the mainland, a marina/townhouse complex was
proposed. This would include part of Robberg
Beach, one of the excellent sandy beaches adjoining the holiday homes of the town. Regular dredg91088received 24 November 1988; accepted in revision 3 September 1992.
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ing of the marina would be required because of
continual sand input (and budgets) to the area.
One possible sediment source to the marina/
townhouse area is the climbing-falling dune system (TINLEY, 1980) which moves from south to
north approximately half-way across the Robberg
peninsula. This dune system originates on the
southern side of Robberg at a tombolo between
the Island and the peninsula and rises to the summit of the peninsula, a height of 80 m, where it
falls down the steep rocky face into Plettenberg
Bay (Figures 1 and 2). It is commonly known as
Witsand (white sand) by the locals and fishermen
in the area.
It is thought that the dune system was once
larger than at present, and over approximately
the last fifty years it has become reduced in surface area (BRETT, M., personal communication,
1989) There is general infestation and encroachment by the introduced Australian Acacia cyclops
throughout the Cape coastline, and large areas of
the reserve's dunes are invaded, and thus, possibly
responsible for the reduction in the mobile free
sand surface of the Witsand dune area. Invasion
of indigenous shrubs onto the now stabilising dune
appears to account for further reduction of the
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Figure 1.
Africa.

The Robberg Peninsula, including Witsand and the proposed marina complex, in relation to the South Coast of South

free sand of the dune. It is necessary to understand the dune system dynamics in order to elucidate the problem of invader species and formulate possible management guidelines.
Sand Dune Dynamics

The energy regime responsible for the sand
movement up the Witsand dune is dictated by
the Island. Sediment transported by long-shore
drift from west to east is deposited directly behind
the Island resulting in a build-up of potentially
mobile sand (Figure 2a and b). The Island therefore acts as a sediment trap, where high potential
wave energy is reduced by the barrier effect of the
Island. This accumulated sediment is then transported by the strong prevailing south-westerly
winds (Figure 3), forming the climbing-falling dune
(Figure 2). The orientation of Witsand is parallel
with these winds (compare Figures 1 and 3) which
are funnelled by the dune topography.
This dune system, like all coastal sand dunes,
is formed and modified by wind, and the basic
processes of aeolian sand transport (PETHICK,
1984). The requirements for dune growth are
partly climatic, the occurrence of strong onshore
winds, an abundant sand supply and a vegetation
cover, or lack thereof. The prevailing south-westerly winds occur for most of the year (Figure 3)
and have enough potential energy to carry the
sand up the steep gradient to a height of 80 m at
the summit of the climbing-falling dune on the
peninsula.
The general aim of this paper is to assess and
highlight the problems associated with infestation

and stabilization of the dune system by invader
species, document the recent vegetation history
associated with the climbing-falling dune system,
and draw conclusions on the vegetation status of
this dune system.
METHODS

Aerial and orthophotographs of this region are
available for the years 1936, 1942, 1959, 1975, 1980
and 1990. Photographs of the Robberg peninsula
were reproduced at the same scale for each of
these years. The Witsand region was mapped and
surface aerial measurements of drift sand compared for each of the years. The area of drift sand
on the Witsand region and the tombolo was measured for both the tombolo and the dune system
onto tracing film and overlaying on graph paper.
These graphic measurements were converted to
square metres of mobile free sand surface remaining. It was not possible to distinguish the
alien invasive (Acacia cyclops) from the dune fynbos vegetation of the more recent photographs
and hence ground truthing was necessary. A survey of the vegetation of the whole reserve was
undertaken at the same time (HELLSTROM, 1990).
RESULTS
The wind-sand regime at Robberg is a complex
interaction of wind direction and threshold velocity, the effect of the Island and peninsula geomorphology as shown diagrammatically in Figure
4. The direction of prevailing winds (A) results in
the sediment laden ocean currents (B) approaching the Witsand area from the south-west. The

Journal of Coastal Research, Vol. 9, No.3, 1993

Stabi lisat ion of Cape Coast, South Africa

649

Figure 2. Th e Robbe rg Peninsula sho wing the climbing- falling Dune syste m. (a) Th e Island and To mbolo where sand accumulates.
(b) A nort hern aspect up th e peninsu la showing the invasion of indigenous pioneer species into th e du ne. (c) South view of sand
accumu lation at t he su mmi t before falling into the bay . Acacia cyclops is st ill present on t he top of th e d une.
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Figure 3. Windroses for the months January, April, July and October for the Robberg Peninsula (data modified from Weather
Bureau Annual Reports, Department of Transport, South Africa).

low-energy environment (C), caused by the Island, acts as a sediment trap resulting in the accumulation of beach sediments in this area. The
mobile aeolian sands are transported up the
"climbing" aspect of Witsand due to the prevailing winds (D) where the aeolian sands accumulate
at the lip of the dune until transported by the

winds over the crest. Once the angle of repose is
exceeded sand slides into Plettenberg Bay (E), to
be carried away by the east-to-west Bay currents
(F) (Figure 4).
Changes in the Witsand dune system from 1936
to 1990 are clearly evident from the maps (Figure
5). The area of sand on the tombola has deceased
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Figure 4.
text).

Schematic representation of the sand dune dynamics of the Witsand climbing-falling dune system (for explanation see
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Figure 5. Changes in the extent of the mobile sand in the Witsand dune system. 1936, Prior to massive invasion of Acacia cyclops.
1942-1980, During Acacia cyclops invasion. 1990, After removal of Acacia cyclops.

only slightly, while there is a marked decline in
the area of the dune system (Figure 6). From 1936
to 1959 this is only slight (from 420,000 m" to
380,000 m"), but then as the introduced Acacia
cyclops becomes more abundant, there is a rapid
decrease in Witsand area in 1974 and continuing
to 1980. By 1990 alien invasives were, to a large
extent, cleared through reserve management
practices (which began in the early 1980's) and
the outline of the sand extends into the fynbos
vegetation but does not increase (Figure 5). The
slight decrease in the tombolo sand is due to an
increase in indigenous dune pioneer vegetation on
the tombolo on the western side (Figure 2a).

in the higher lying areas. Robberg was one such
high-lying area. It has been calculated (DEACON
and LANCASTER, 1988) that the sea level during
this time was as low as 130 m below present sea
level. The temperatures were low with very low
precipitation during the glacial period, thus dis-

DISCUSSION
Changes in the Pleistocene

Presumably, in pre-recorded time the extent of
the dune system was even greater than today, and
for an understanding of the dynamics of the system, the prehistoric sea level and climatic changes
of Robberg must be understood. During the last
Glacial Maximum, 23,000 to 18,000 years BP, large
inputs of sediment, that were reworked fluvial and
aeolian deposits from the exposed continental
shelf, resulted in huge accumulations of sediment
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Figure 6. Area of sand on Witsand climbing-falling dune system, over the years 1936 to 1990. Dotted line is surface area
from tombolo only, solid line is climbing-falling dune and histogram is the total surface area.
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couraging the growth of vegetation and promoting
large expanses of dune sands. In the late Interglacial the sea rose rapidly, eroding and depositing shorelines as it rose. This rise is speculated
at 1.3 m per 100 years, which meant the environment was unstable and conducive to huge amounts
of sediment erosion, deposition and reworking.
Work carried out by BUTZER and HELGREN
(1972) on dating the sediments on the Island shows
three generations of Holocene palaeosols which
were formed during the periods c. 8,000-7,000,
4,850-1,300 and 500 BP. The first palaeosol, 7,030
BP, was coincident with forest expansion and peat
formation in the Wilderness area, some 90 km to
the west (MARTIN, 1960). Soil development on
aeolian soils implies increased vegetation cover
with either climatic stability or reduced sediment
supply. Again there was renewed stabilization
during the years 4,850-1,300 BP. During this time
there was another increase in peat formation and
rise in sea level. The 500 year BP period had the
greatest rainfall and vegetation cover, which is
indicative of today's environmental conditions.
The time periods between the three palaeosol deposits saw large depositions of reworked beach
sediments, and it was these sediments that eventually resulted in the mobile sands over most of
Robberg.
The Witsand Dune area has decreased over the
last few thousand years through natural evolutionary processes. The supply of mobile sands as
well as the wind velocities have decreased from
at least 7,000 years BP (BUTZER and HELGREN,
1972). Sea levels have risen, the climate has become more amiable for vegetation growth, and the
dune system on Robberg has subsequently decreased.
Recent Changes in the Extent of the Robberg
Dune System

From records (HELLSTROM, 1990) and other
studies along the southern Cape coast (LUBKE, in
preparation) we have found that sand dune systems are being reduced due to the invasion of
Acacia cyclops. Two time-scales are important in
an understanding of the dune system viz., the
prehistoric time scale, where, over the last 7,000
years there has been a reduction in the size of the
dune due to climatic and environmental changes,
and more recently recorded changes where man
has had an influence. During this shorter and more
recent time period alien plants were introduced,
spread and stabilised most mobile dunes along

this coastline. This has led to invasion of indigenous species as well (LUBKE, in preparation).
Our studies on the climbing-falling dune system
have illustrated how the system functions (Figure
4) and that it provides sediment which may supply the Robberg beach-where the marina/townhouse complex was to be situated (Figure 1). Recent changes mainly due to invasion of Acacia
cyclops are evident from mapping of the system
from aerial photographs (Figure 5) and determining the area of sand at the different time periods
(Figure 6). TINLEY (1980) has recorded seven
climbing-falling dunes, all of which occur along
the Cape coast, whereas with the other dune systems he makes reference to examples in other
parts of the world. The problem of invasive aliens
occurs on other such systems as for example on
the climbing-falling dune between Houtbaai and
Sandy Bay, near Cape Town. In this case the system is almost totally immobilised by the invasive
Acacia spp., and growth of the village and other
development around Houtbaai has further restricted sand movement (HELLSTROM, personal
observation).
Stabilising Effects of Acacia cyclops

BRETT (1989, personal communication) states
that fishermen, in trying to reach the Point of the
peninsula, colonised the dune in the 1930's with
A. cyclops for easy access across the dune. If this
were the case the total area of Witsand would have
become stabilized by impenetrable thickets of
Acacia, as found all along the coastline, and thus
been more of a hindrance than help to the fishermen trying to cross the sand. The dispersive
ability of the alien Acacia spp. is phenomenal
(AVIS, 1989), and this invasion could also have
reached Robberg through natural dispersal mechanisms.
Acacia cyclops, once present in a dune system,
is almost permanently established (AVIS, 1989).
Total eradication is hindered by the large seed
production and the long dormancy periods of the
seed. The plant prefers soft mobile sands in which
it germinates and spreads profusely. The surrounding sand becomes stable and enriched with
nutrients and high levels of nitrates through the
association of nitrogen fixing bacteria. Once the
Acacia species are removed the stable enriched
sand induces other natural pioneer species to colonise and become established, thus the dune is
naturally reduced (Figure 5e and f) and a false
sense of good management practices prevails. It
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was, however, reported (MILTON, 1981) that the
invasive Acacia spp. make the environment less
suitable for indigenous fynbos plants by a twofold increase in the soil nutrient concentrations.
Thus, the survival of indigenous fynbos species,
adapted to a nutrient-impoverished environment,
is reduced (MUSIL and MIDGLEY, 1990). The main
species which occur on Robberg dunes after the
felling of Acacia cyclops (rooikrans), are Metalasia muricata (blombos), Myrica cordifolia (waxberry) and Ehrharta villosa (pipe grass). The latter species is a pioneer grass of the mobile sands
which flourishes and out-competes all other pioneer species in such situations (LUBKE, 1991).

bay. Although not proved, this may have an important bearing on the beach dynamics along the
shore of the bay and thus support the first management proposal so as to promote an input of
sand to the Plettenberg Bay beaches. Stabilisation of the dune system would however, be beneficial to a proposed marina development as the
amount of regular dredging needed would be reduced if sand supply to the area was cut off. It is
of our opinion that the correct management of
this unique dune system should be the total eradication of all pioneer species within the dune corridor.

Management Proposals

AVIS~

Two management proposals are possible. First,
working on the basis that the Witsand is to continue to function as a climbing-falling dune system, all stabilizing vegetation must be removed.
The eradication of A. cyclops has already been
undertaken and the natural pioneer dune vegetation, which had colonised the area previously
inhabited by A. cyclops, must now also be subject
to controlled removal from the base of the dune
system up. This will initiate and facilitate the
movement of the mobile sands at the base in the
direction of the prevailing winds. Eradicating the
vegetation from the top down will not be as effective as it allows the already stabilised dune
sands to be colonised by natural invasives, such
as Metalasia muricata, Myrica cordifolia, Ficinia
lateralis and other species.
The second scenario presumes that natural rates
of change shall dominate and that it is acceptable
to allow the closing up of the Witsand climbingfalling dune channel by natural succession. In effect, management would mean eradication of only
alien species which also invade the climax fynbos
vegetation, whereas in the former scenario systematic eradication of all pioneer vegetation within the dune corridor would be necessary.
Although there were more drastic changes to
the dune system on Robberg in the last 20,000
years, in the last 50 years, due to the invasion of
the alien Acacia cyclops, the extent of the drift
sand has diminished considerably. This has completely cut off a supply of this sand to Plettenberg
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