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More recent studies by Schlumberger Water Services (SWS 2015) have provided a more detailed
characterisation of the estuary and its relationship to other surface and groundwater resources in
the area. The studies showed that the spring identified by CSIR (Heydorn & Grindley, 1981a),
which is located at the lower limit of a natural wetland in the river channel, approximately 1 km
upstream (shown as 2.5km upstream by the CSIR study) of the head of the estuarine lagoon (see
Plate 4.2), can reasonably be supposed to be the only source of perennial discharge into the
lagoon. In February 2014 the flow rate from the spring was estimated to be 1 litre per second.

The possibility that groundwater beneath the proposed mine site could contribute to the discharge
from the spring was investigated by the use of hydrochemical ‘fingerprinting’, which is a
comparison of high-resolution hydrochemical data for three boreholes in the mining area and
equivalent data for the spring discharge. Data for all waters was compared statistically, and using
conventional hydrochemical ‘typing’ plots. The results of the comparisons were:

e The TDS level of the estuarine spring water (approximately 8 000 mg/l) is markedly higher
than all the groundwaters of the mining area (a range of between 3 300 and 7 300 mg/l)

¢ While all waters are NaCl dominated, a clear distinction exists with regard to the remaining
major ion balance of the groundwater suite and spring water. This is particularly pronounced
with respect to the contributions of Ca, Mg and SO, to the ion balance. In all instances, levels
of Ca and Mg in the Kamiesberg groundwaters range up to approximately 150 and 200 mg/I
respectively, while in the spring water the concentrations of these cations are 594 and 423
mg/l respectively. In the case of SO,, enrichment by a factor of 2 to 3 is evident in the spring
water relative to the groundwater suite.

o Relative enrichment of Sr is evident in the spring at a magnitude analogous to that described
above for SO,.

e Groundwater samples of the Kamiesberg district are routinely high in Flouride (F). Despite the
conservative nature of F in solution, there is no evidence of fluoride enrichment in the spring
water. This provides strong evidence of a lack of direct hydraulic inter-connection.

Key distinctions in the hydrochemical properties between the groundwater data and that of the
spring strongly support the conclusion that a direct hydrogeological connection between them is
highly unlikely.

In addition to this the possibility of subsurface flow into the estuary was investigated by SWS. A
survey of the Groen River bed was conducted to identify any springs, seeps, sumps or any other
features which may indicate that sub-surface flow occurs along the channel. Seven locations -
referred to as ‘sumps’ — were identified over a distance of about 17km along the channel in which
standing water was identifiable, or where some evidence of the recent presence of water was
inferred. Electrical conductivity levels in these sumps were higher by up to a factor of two than
those recorded in water sampled from boreholes in the immediate vicinity of the river, indicating
significant evapo-concentration in the sumps. It was concluded from these observations that
subsurface flow along the channel bed is negligible, and also that there is negligible discharge from
base flow or interflow of groundwater to into the river bed. If this was the case, electrical
conductivity would have been lower and more similar to groundwater levels.

Based on the above information, it is clear that there is no hydrological connectivity between the
mine site and the estuary downstream. Thus it is highly unlikely that the estuary will be impacted
upon by mining activities.

Bitterrivier estuary

The estuary of the Bitterrivier, when it exists due to surface water inflow or seawater penetration, is
much smaller than that of the Groen, being about 5 ha, and extending only about 400 m upriver
from the beach. There is no published flow-related information for the river, and the periods during
which the estuary is wet are likely to be short and widely separated in time.
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Heydorn & Grindley (1981b) concluded:

“The [estuary of the] Bitter [River] is probably of limited value as an estuary in the true sense, due
to the episodic nature of its flow. However, being as yet relatively undisturbed by man’s activities
(at the time of the CSIR survey the area was part of the De Beers Consolidated Mines prospecting
area, and public access was restricted), this scenic section of the coast has high aesthetic value
and is part of the last remaining stretch of the Namaqualand coastline as yet unaffected by mining
operations.”

Wetlands

The Working for Wetlands Kamiesberg Wetland Project has prepared rehabilitation plans for nine
individual wetland systems - Kleingaas, Groenrivier, Kleikop, Schaaprivier, Langvlei, Natpad,
Windpoort, Xharas and Kraaifonteinin — in the Northern Cape Province in the general area of the
Kamiesberg mining project (Working for Wetlands 2014).

All but one of the wetland systems identified for attention in the project - the Groenrivier wetland -
are situated in four quaternary catchments - F30A, F30C, F50A and F50E - near the towns of
Kamieskroon and Leliefontein, inland from the mine site. Of these four catchments the nearest
catchment boundary - that of F50E - is 27 km inland from the mining area. None of the wetlands in
these four quaternaries will be affected in any way by mining or related activities.

Groenrivier wetland

The Groenrivier wetland, however, is situated in quaternary catchment F50G, at the mouth of the
Groenrivier some 10.5 km south-west of the south-western corner of the Roode Heuvel block (see
Figure 4.5 above). The wetland is situated in the Namaqua National Park, and its extent
approximates to that of the Groenrivier estuary, discussed previously.

The rationale for the rehabilitation work proposed for the wetland system is “The (proposed bird)
hide site is at a very scenic location visited by a diversity of wetland-dependent birds. It is located
within the Namaqualand National Park and there is good public access. In addition, through the
use of appropriate signage, there are good opportunities for raising public awareness of the
importance of wetlands in the overall catchment.” (Working for Wetlands 2014). The rehabilitation
work is rated 4th in order of priority out of a total of nine wetlands in the project as a whole.

The mouth of the Groenrivier is relatively easy to access for camping, bird watching, hiking and
4x4 tracks. As a result the wetland has been subjected to a number of impacts associated with the
formation of a number of informal access routes for watching birds, as well as short hiking trails, all
of which have increased the impact of erosion and sedimentation by providing preferential flow
routes for surface water draining. The primary objective of the rehabilitation is to provide formalised
enhanced public access for watching birds and appreciate the scenic beauty of the Groenrivier
estuary without impacting negatively on the estuary. This can be achieved by means of a bird hide
and boardwalk access to the hide, and the construction of an additional boardwalk at the seaward
end of the wetland to enhance access whilst avoiding trampling of saltmarsh.

Although the wetland / estuary is some distance from the mine site, it will be important to ensure
that the mining project does not result in direct or indirect impacts on the wetland, nor prejudice the
success of the rehabilitation project.

ii. Groundwater

A hydrocensus covering the project area was conducted by SWS during September 2012. The
hydrocensus was subsequently extended in 2013 to include the area between the project site and
the Atlantic Ocean to the west. A total of 23 sites were investigated, 19 boreholes, two pits (sumps)
excavated in the bed of the Groenrivier, and two sites in the ocean. Data from the hydrocensus is
shown in Table 4.2, and the locations of the sites on Figure 4.6.
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Table 4.4: Hydrocensus summary table

. Coordinates
Location & : : " Collar Water level | Water level | Water level
Sample D | Latitude | Longitude | Site type Use | height (m) |  (mbc) (mbgl) | (mamsl)
(south) (east)
Hydrocensus 2012
ZIRO1 -30.7452 | 17.64536 | Borehole Unused 0.35 Unable to measure
ZIR02 -30.742 | 17.62974 | Borehole Livestock 0.16 80.63 80.47 107.7
ZIR03 -30.7053 | 17.62532 | Borehole Unused 0 58.06 58.06 123.12
ZIR04 -30.7357 | 17.66761 Borehole Livestock 0.38 Unable to measure
ZIR05 -30.6133 | 17.59311 Borehole Livestock 0.61 3.37 2.76 88.23
ZIR06 -30.5993 | 17.6607 Borehole Livestock 0.16 16.4 16.24 136.26
ZIRO7 -30.6766 | 17.71211 Borehole Livestock 0.37 34.39 34.39 174.43
ZIRO8 | -30.718 | 17.65561 | Borehole | “IVeSIOck 0.41 Unable to measure
Domestic
ZIR09 -30.78 17.69353 | Borehole Unused 0.43 7.87 7.44 45.92
ZIR010 -30.7582 | 17.63989 | Borehole Livestock 0.48 2.12 1.64 31.11
ZIR0O11 -30.7587 | 17.63707 | Dug Sump N/A N/A N/A N/A 22.46
ZIR012 -30.8478 | 17.57605 | Seawater N/A N/A N/A N/A N/A
Extended Hydrocensus 2013
GAT1 -30.7301 | 17.6849 Borehole Livestock 0.35 Unable to measure
GAT2 -30.7305 | 17.6855 Borehole Unused 0.31 Unable to measure
ZIR13 -30.7838 | 17.6028 Dug sump N/A N/A N/A N/A 16.7
ZIR14 -30.7814 | 17.6003 Borehole Livestock 0.21 9.44 9.23 4.79
ZIR15 30.7463 | 17.5722 Borehole Livestock 0.62 Unable to measure
ZIR16 30.7528 17.5789 Borehole Livestock 0.90 42.89 41.99 41.25
ZIR17 -30.8100 | 17.5986 Borehole Livestock 0.79 211 1.32 10.68
ZIR18 -30.8054 | 17.6024 Borehole Livestock Unable to measure
ZIR19 -30.8133 | 17.5901 Borehole Livestock 0.78 2.71 1.93 7.34
ZIR020 -30.7670 | 17.6626 Borehole Livestock 0.55 2.62 2.07 33.70
ZIR021 -30.8589 | 17.5751 Seawater N/A N/A N/A N/A N/A

Source: Hydrocensus 2012 - SWS 2012, adapted from Table 3.1; Hydrocensus 2013 - SWS 2013, adapted
from Table 4.1

According to local landowners, groundwater use is almost exclusively for livestock watering, with
minor use for domestic purposes such as washing and cleaning. The high salinity of the
groundwater makes it unsuitable for human consumption, and all drinking water is obtained from
rainwater harvesting from the roofs of the farmsteads. All existing boreholes in the area were
equipped with wind pumps, which pump water to storage dams. From the dams, water is generally
distributed to livestock watering points by gravity flow.
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Figure 4.6: Extended hydrocensus points, borehole positions, groundwater contours
Source: SWS 2013, Figure 4.8
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4.2.7 Estuarine Habitat

The estuarine study assessed the present ecological state of the Groen Estuary based on
macrophytes, invertebrates and birds. In February 2015 the estuary could be divided into a lower
hypersaline lagoonal area with abiotic characteristics very different to the narrow and shallow (<50
cm deep) channel in the middle and upper reaches. A salinity of 223 ppt was recorded in the lower
reaches, which dropped to 70 ppt at approximately 0.7 km upstream from the mouth of the estuary.
Reeds were abundant in the upper reaches - indicating brackish conditions - as they grow best at
salinity less than 20 ppt. Freshwater springs at the head of the estuary are an important source of
water to the estuary and at the time of the visit in February 2015, spring water recorded a salinity of
around 10 ppt.

The dominant habitat at the Groen Estuary was supratidal salt marsh with the dominant species
Sarcocornia pillansii that covered 8 ha. Intertidal salt marsh represented by Sarcocornia natalensis
and Salicornia meyeriana occurred along the banks of the estuary mostly along the lower reaches
of the northern bank. Terrestrial species including Lampranthus sp., Lycium strandveldense and
Mesembryanthemum guerichianum were present in the ecotone between the suptratidal zone and
terrestrial habitat. The reed and sedge habitat, represented by common reed (Phragmites
australis), fringed the steeper channel in the upper reaches of the estuary. Filamentous
macroalgae with the dominant species Rhizoclonium riparium (Cladophoraceae, Chlorophyta) are
an important feature of the estuary. The filamentous cyanobacteria Lyngbya sp. was abundant in
the estuary forming dense floating mats. Windblown algal mats were observed on the surrounding
vegetation. This can increase salt load causing die-back but it is also a source of organic material
to the surrounding supratidal salt marsh area. Salt pans were present in the middle and upper
reaches of the estuary. These waterlogged areas were devoid of vegetation. Much of the
vegetation surrounding the estuary was dead at the time of sampling in February 2015.

The only zooplankton found were insect larvae collected in the upper reaches at a salinity of 26
ppt. These larvae were associated with the floating algal mats. Extremely high salinity and anoxic
sediment in the lower estuary excluded macroinvertebrates and mesozooplankton, while anoxic
sediment in the channel area of the estuary (where salinity was lower) became the main limiting
factor impacting the biota. Overall conditions were too stressful for invertebrates to thrive.

Most birds feeding in the estuary were either on the expansive sandflat in the lagoonal area of the
lower reaches or present on or around the algal carpets floating on the water surface in the upper
estuary. There were 15 different bird species and the total number of individuals was 109.
Approximately one-third of the bird numbers were utilizing the estuary as a roosting area and not
for feeding purposes. Long-billed benthic feeders and piscivores were not recorded on the estuary.

The absence of benthic macroinvertebrates, mesozooplankton, fish and low bird counts (mainly
short-billed waders) support the conclusion that the Groen Estuary was a stressed ecosystem in
February 2015. Main stressors were extreme hypersalinity, relatively low water volume, anoxic
sediments and a mouth that had remained closed for a relatively long period of time (years).

4.2.8 Marine Environment

i. Oceanography

Regional Oceanography

The physical oceanography of an area, particularly water temperature, nutrient and oxygen levels,
and wave exposure are the principal driving forces that shape marine communities. The broader
oceanography of the Groenriviersmond region is influenced by the cold Benguela upwelling system
of the west coast (Figure 4.7). The Benguela Current originates from the South Atlantic Circulation,
which circles just north of the Arctic Circumpolar Current.
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Figure 4.7: Southern Africa showing Agulhas and Benguela currents
(Source Anchor Environmental)

The naturally cool temperature of the Benguela current (average temperature 10-14°C) is
enhanced by the upwelling of colder nutrient-rich deep water (Branch 1981). The area experiences
strong southerly and south-easterly winds which are deflected by the Coriolis force (rotational force
of the earth which causes objects in the southern hemisphere to spin anticlockwise). These
prevailing conditions deflect the surface waters offshore and draws cold, nutrient rich water
upwards to replace it (Figure 4.8). Phytoplankton bloom when the nutrients reach the surface
waters where plenty of light is available for photosynthesis. The phytoplankton is then preyed upon
by zooplankton, which is in turn eaten by filter feeding fish such as anchovy or sardine. This makes
the west coast one of the richest fishing grounds in the world and also attracts large colonies of
birds and seals (Branch 1981). The areas that experience the most intense upwelling activity in the
southern Benguela are situated off Cape Columbine, approximately 80 km South of Lamberts Bay,
and the Cape Peninsula. The water temperature and nutrient levels are strongly influenced by wind
with minimum temperatures and maximum nutrient levels occurring in conjunction with upwelling
events (Branch and Griffiths 1988).
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Figure 4.8: Wind-driven upwelling that occurs on the west and south west coasts of South
Africa
(Source Anchor Environmental)

Local Oceanography

The study site is subject to semi-diurnal tides, with each successive high (and low) tide separated
by 12 hours. Each high tide occurs approximately 25 minutes later every day, which is due to the
28-day rotational cycle of the moon around the earth. Spring tides occur once a fortnight during full
and new moons. Tidal activity greatly influences the biological cycles (feeding, breeding and
movement) of intertidal marine organisms, and has an influence on when people visit the coastline
to partake in various activities (e.g. relax, bathe, harvest marine resources). The tidal variation in
the vicinity of Groenriviersmond usually ranges between 0.28 m (relative to the chart datum) at
mean low water springs to 1.91m at mean high water springs with the highest and lowest
astronomical tide being 2.25m and 0.056m respectively.

Another factor which greatly influences marine ecology and human activities along the coastline is
wave energy. Wave size is determined by wind strength and fetch (distance over which it blows)
and determines the degree to which breaking waves at the shore will shift sand and erode rock.
The west coast of South Africa typically experiences high wave energy and is dominated by south-
westerly swells with a long fetch and a period of 10-15+ seconds (Branch and Griffiths 1988).

Regional Biogeography

Numerous attempts have been made to understand and map marine biogeographic patterns
around the coast of South Africa (e.g. Stephenson and Stephenson 1972; Brown and Jarman
1978; Emanuel et al. 1992; Engledow et al. 1992; Stegenga and Bolton 1992; Bustamante and
Branch 1996; Bolton and Anderson 1997; Turpie et al. 2000; Sink 2001; Bolton et al. 2004,
Lombard et al. 2004). Most of these studies recognised three coastal regions — a cool temperate
west coast, a warm temperate south coast and a subtropical east coast region, with the main
points of argument relating to the position of the boundaries. Marine biogeographic patterns around
the South African coast were recently reviewed and several new ecoregions were described (Sink
et al. 2011). According to these divisions, Groenriviersmond and the study sites described in this
report, fall in the Namaqua inshore ecozone, which is nested within the Southern Benguela
Ecoregion.
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ii. Ecology

Sandy Beaches

Intertidal sandy beaches are very dynamic environments. The faunal community composition is
largely dependent on the interaction of wave energy, beach slope and sand particle size (beach
morphodynamics). Three morphodynamic beach types are described: dissipative, reflective and
intermediate beaches (McLachlan et al. 1993). Dissipative beaches are wide and flat with fine
sands and high wave energy. Waves start to break far from the shore in a series of spilling
breakers that ‘dissipate’ their energy along a broad surf zone. This generates slow swashes with
long periods, resulting in less turbulent conditions on the gently sloping beach face. These
beaches usually harbour the richest intertidal faunal communities. Reflective beaches have low
wave energy, and are coarse grained (>500 ym sand) with narrow and steep intertidal beach
faces. The relative absence of a surf-zone causes the waves to break directly on the shore causing
a high turnover of sand. The result is depauperate faunal communities. Intermediate beach
conditions exist between these extremes and have a very variable species composition
(McLachlan et al. 1993). This variability is mainly attributable to the amount and quality of food
available. Beaches with a high input of e.g. kelp wrack have a rich and diverse drift-line fauna,
which is sparse or absent on beaches lacking a drift-line (Branch and Griffiths 1988; Field and
Griffiths 1991).

The sandy beaches of the Southern Benguela Ecoregion are exposed to high energy waves with
the exception of a few small sheltered bays (Bally 1987). The main inputs of food to the sandy
beaches in this system are upwelling-related coastal phytoplankton and kelp detritus (Bally 1987).
The biomass values reported for beaches along the southern Benguela coast are some of the
highest in the world (Bally 1987).

Sandy beaches have no hard substratum onto which animals and plants can attach. Organisms
living here rely on a nutrient source in the form of seaweed detritus which is constantly deposited
on the beach together with organic rich froth, or spume (Branch 1981). Sandy beaches are highly
dynamic; strong waves scour and erode beaches while gentle waves deposit sand. Sand is
typically deposited with offshore winds, and eroded with onshore winds. Relatively few species
occur on sandy beaches due to their unstable and harsh nature, but those that do occur are hardy,
and well adapted to life in these environments (Branch 1981). Animals living here are, however,
offered some degree of protection by being able to burrow into the layers of sand to escape
desiccation, overheating and strong waves (Branch 1981). Five groups of organisms are typically
found on sandy beaches: aquatic scavengers, aquatic particle feeders, air breathing scavengers,
meiofauna (smaller than 1 mm in size), and higher predators (Branch 1981).

Aquatic scavengers feed on dead or dying animals that wash up on the beach and their activity is
largely regulated by tides. This group includes species such as Bullia (the plough snail), that
emerge from the sand as the tide rises and are deposited in the same area in which the waves
drop debris and decaying matter. Later they follow the tide down the shore as it recedes to avoid
being eaten by terrestrial predators. Aquatic particle feeders, such as the sand hopper, occur
mostly on the low-shore and feed on small organic particles. The majority of these species migrate
up and down the beach with each tidal cycle, such that they remain in the surf zone and can
escape avian and terrestrial predators. Sand hoppers are important for the breakdown of washed
up seaweed, and are also a major food source for sanderlings and other birds. Air breathing
scavengers live high on the shore and feed on kelp and other seaweeds that have been washed
up, as well as dead and decaying animal matter. These species complete their life cycles out of
water, emerge from the sand during low tide when there is less risk of being washed away, and are
almost strictly nocturnal to avoid desiccation and predation. Meiofauna (organisms < 1mm in size)
are by far the most abundant of the animals found on sandy beaches, as their small size enables
them to live between sand grains. The two most common groups are nematode worms and
harpacticoid copepods. Meiofauna play an important role in breaking down organic matter which is
then colonised by bacteria. Higher predators which feed on sandy beach organisms include birds,
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such as African black oystercatchers, White fronted plovers and sanderlings, and fish such as
galjoen and white Steenbras (Branch 1981).

Beaches typically comprise three functional zones, namely the surf zone, the beach (intertidal and
backshore zones) and the dunes. The diversity and abundance of species has been shown to
increase with depth in the surf zone of beaches along the Benguela system. A rich outer turbulent
zone (10-33m from the shore) supports delicate cnhidarians (anemones), tube building polychaetes
and amphipods, while the less diverse offshore turbulent zone (3m-5m from the shore) is typified
by deep burrowing polychaetes and crustaceans. The poor species diversity and abundance, as
well as the presence of the cumacean Cumopsis robusta (small crustacean), characterise the inner
turbulent zone (0-1m from the shore) of the surf zone. Fish such as galjoen and white steenbras
frequent turbulent surf zone waters off the west coast where they swim over submerged beaches
at high tide and feed on small crustaceans (Branch 1981). Surf zone habitats, particularly medium
to low energy beaches, are in fact widely recognised as important nursery areas for fish, and is
even thought to rival that of estuaries in some areas (Clark et al. 1996, Lenanton et al. 1982,
Bennett 1989). The intertidal zone of sandy beaches along the coast of the Benguela system can
be divided into three zones; the zone of saturation (or the sublittoral fringe), the midshore and the
upper drift line (or supralittoral zone). The sublittoral fringe is typified by mysids (Gastrosaccus
spp.) and scavenging gastropods (Bullia spp.), while the midshore region is characterised by
isopods (Eurydice longicornis and Pontogeloides latipes) and a polychaete (Scolelepis squamata).
The upper drift line is typified by air-breathing amphipods (Talorchestia) and giant isopods (Tylos
spp.), as well as a rich diversity of insects (mostly Coleoptera and Diptera) where large quantities
of kelp have been deposited on the drift line.

Sandy beaches are important for the filtering and decomposition of organic matter in sea water. As
water percolates down through the sand the organic particles are trapped and decomposed by
bacteria, which in turn release nitrates and phosphates that are returned to the sea. Continual flow
of water through the sand maintains oxygen levels and aids bacterial decomposition, and thus
sandy beaches act as water purifiers (Branch 1981).

Sandy Benthic Habitat

The primary food source in near-shore sediments is plankton and detritus, brought in by currents
from rocky shores and reefs, and other more productive coastal communities. Faeces, dead
individuals and debris from plankton and nekton in the water column as well as detritus, generated
by the bottom dwellers themselves as they die, is also present. Bacteria play a major role in
decomposition and are an important source of protein on soft-bottom habitats.

Fauna and flora that inhabit the surfaces of subtidal sand are called benthic epifauna, while those
that burrow or dig into the soft sediments are called benthic infauna. Soft-bottom subtidal
communities are dominated by benthic infauna, with some epifauna present, however sessile or
attached forms are virtually absent as there is nothing to attach to (Castro and Huber 1997). The
distribution of infauna and the depth atCe which organisms can live in the substrate is largely
dependent on sediment particle size. More porous, larger grained substrates allow greater water
circulation through the sediment thereby replenishing the oxygen which is used up during
decomposition processes.

Much of the benthic infauna are deposit feeders which either ingest sediments and extract organic
matter trapped between the grains or actively collect organic matter and detritus (Castro and Huber
1997). Many species of polychaetes and worms are deposit feeders. Peanut worms (Sipunculida)
gather detritus using tentacles at the mouth of an elongate, tubular anterior process that can be
squeezed out by muscular contraction and then retracted (Branch et. al. 1994).

Suspension feeders eat drifting detritus and plankton from the water column (Castro and Huber
1997). Some suspension feeders are filter feeders which actively pump and filter water to obtain
suspended particles. These include clams as well as species of amphipods and polychaetes. Other
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suspension feeders lift arms, tubes, branches or polyps vertically into the water column to catch
suspended particles.

Predators in soft bottom habitats may burrow through sediments to get to their prey or catch it on
the surface (Castro and Huber 1997). Predators such as crabs, hermit crabs, lobsters and
octopuses, which inhabit rocky areas, may move to sandy benthos to feed (Castro and Huber
1997). Most bottom-dwelling fish in soft bottom habitats are predators. Rays and skates scoop up
clams, crabs and other infauna and epifauna, while flat fishes, such as flounders and soles, lie
camouflaged or covered on the bottom and forage for a wide variety of prey.

Rocky Reefs and Kelp Forests

Temperate rocky reefs are found below the low water mark (i.e. are always completely submerged)
and are known to support diverse assemblages of life. Disturbance from wave action and
sedimentation result in a high turnover of competitors in these habitats. Many large predators such
as fish and sharks are attracted to rocky reefs, and thus form an important component of these
ecosystems (Barros et al. 2001). Rocky reef communities also influence the abundance and
distribution of benthic macrofauna in adjacent soft bottom habitats, and it has been found that more
benthic species occur close to rocky reefs (Barros et al. 2001). Thus many reef-associated fish and
crustaceans not only forage directly on the reef but also on the adjacent sandy bottom areas.

The following generic description of subtidal, west coast rocky reef is largely based on information
provided by Branch et al. (2010) and Meyer and Clark (1999). Rocky reefs provide substratum to
which kelp (Ecklonia) can attach, and these large kelp forests provide food and shelter for many
organisms. Light is the limiting factor for plant growth, and thus kelp beds only extend down to
approximately 10 m depth. Many other algal species live underneath the floating canopy of kelp,
especially inshore where the light is abundant and the water shallow. A sub-canopy of Lamanaria
grows beneath the Ecklonia in deeper waters (Plate 4.2), and dense communities of mussels, sea
urchins, and rock lobster live between the Lamanaria. Growing epiphytically on these kelps are the
algae Carradoria virgata, Suhria vittata and Carpoblepharis flaccida. Representative under-storey
algae include Botyrocarpa prolifera, Neuroglossum binderianum, Botryoglossum platycarpum,
Hymena venosa and Epymenia obtusa, various coralline algae. The dominant grazer is the sea
urchin Parechinus angulosus, with lesser grazing pressure from limpets, the isopod Paridotea
reticulata and the amphipod Ampithoe humeralis. Herbivores occurring in the kelp forests include
the kelp limpet Patella compressa which lives on the stipes of the kelp (Branch 1981). West coast
rock lobster, Jasus lalandii, and Octopus vulgaris are two of the most important carnivores that
occur within kelp forests in the Groenriviersmond area. Other kelp forest predators include the
starfish Henricia ornata, various feather and brittle stars (Crinoidea & Ophiuroidea,
Echinodermata), Nucella spp. and Burnupena spp. gastropods. Fish species likely to be found in
the kelp