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ABSTRACT 

Saldanha Bay, which lies on the west coast of South Africa, has undergone major 
development over the last 30 years, including breakwater and harbour construction, harbour 
extension, dredging, mining, fishing, fish-processing and mussel culture. The aims of this 
study were to determine whether the benthic macrofaunal communities in the Bay have been 
altered over this period and to explore the benthic community patterns within the Bay prior to 
and after harbour development. 

Twelve stations sampled prior to harbour construction were resampled in 2001 (40 years 
later) with a Day Dredge. Organisms having an average length greater than lcm were 
collected from these samples. The species abundances were coded to make the samples 
comparable. The data were then analysed using PRIMER software. An ANOSIM was 
performed, which indicated that the benthic communities before harbour development were 
significantly different from those in 2001 (p<O.OOl). Increases in the abundances of the 
whelk Nassarius speciosus and the crab Hymenosoma orbiculare were mostly responsible for 
these differences. In addition, the benthic communities of the 1960s were divided into two 
groups, which covered the entire Bay, whereas in 2001 the communities were divided into 
distinct "Small Bay" and "Big Bay" groups. 

In a second parallel analysis, thirteen stations were resampled using a van Veen Grab 
(0.2m2

). All organisms having an average length greater than Imm were identified and 
counted. Similar to the dredge data, the grab data were analysed using PRIMER software. 
The ANOSIM again indicated that the benthic communities before harbour construction were 
different from those in 2001 (p<O.OOI). A dramatic decrease in the bivalve Macoma 
abundance (369 to 2 individuals per sample) was primarily responsible for the community 
differences. The analysis of the 1960s data only showed one benthic community, whereas 
three communities were identified in 2001, an indication that communities had become more 
diverse. Although one of the groups of 200 1 was limited to the Big Bay area, the separation 
between Small and Big Bays was less distinct. In addition, sediment samples were collected 
and analysed. These showed that the sediment range in the Bay has narrowed, becoming finer 
and more dominated by fine sand and mud. 

This study revealed an increase in scavenger and predator abundance, but a decrease in that 
of suspension-feeders, which is probably related to the change in sediment and food 
availability. Also, there appears to be an increase in species that prefer sheltered habitats, 
which is presumably due to the sheltering of the Bay by the breakwater. The fauna present 
before harbour construction is thus distinctly different from that after harbour development. 

The methods used in this study were explorative not experimental, so the actual cause of 
faunal changes could not be ascertained. The communities have obviously changed over the 
last 40 years and the two possible causes were natural fluctuations and anthropogenic 
activity. Since no information about natural variation in the benthic communities of Saldanha 
Bay was available, this could not be excluded as a possibility. However, it is more likely that 
the considerable anthropogenic activities within Saldanha Bay, which are known to have 
altered the physical parameters of the Bay, have led to the changes observed in the benthic 
communities. 
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GENERAL INTRODUCTION AND LITERATURE 
REVIEW 

In benthic ecology, the concept of a community has changed quite drastically over the 

last 170 years. In 1871, Karl Mobius proposed the idea of "biocoenosis", which 

considered a community to be a superorganism (Mills 1969), i.e. the same organisms 

would always be found together. This was, however, refuted and, in 1918, Peterson 

described different soft-bottom communities, each of which was named after and 

characterized by one or two dominant species. Working in South African waters, Day 

(1963) pointed out that benthic communities were more complex than initially 

thought. He noted that the bulk of the community consisted of smaller organisms, 

which were easy to miss when using the dredge sampling method, and that samples 

did not seem to be dominated by just a few species. Such communities did not 

conform to those previously described. Mills (1969) provided a working defmition of 

a "community". He stated that a community is "a group of organisms occurring in a 

particular environment, presumably interacting with each other and with the 

environment, and separable by means of ecological survey from other groups." This 

definition allowed scientists to practically distinguish between different communities 

through statistical analyses. 

Since communities consist of species having different environmental tolerances, 

turnover rates and levels of interaction with other species, they are known to be highly 

variable in both space and time. Spatially, often samples collected adjacent to each 

other are often very different. This led to the idea that benthic communities form a 

mosaic of patches, presumably due to the patchiness of the habitat. Temporally, it is 

also known that communities exhibit seasonal variation, interannual variation and 

long-term cycles, which include known cases of 6-7, 20-30 and in some cases 100-

year cycles in total abundance and biomass (Gray 1981). Therefore, benthic 

communities are subject to a large amount of natural variability. 

In addition, benthic communities are subject to pressure from anthropogenic 

activities. Analyses of changes in soft-bottom benthic macrofaunal community 

structure have also been widely used for detecting and monitoring the biological 
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CHAPTER 1: General Introduction and Literature Review 

effects of human activities in the marine environment. The macrobenthos has the 

advantage that the organisms are relatively non-mobile, and therefore particularly 

useful for the study of local anthropogenic effects (Clarke & Warwick 1994). In 

addition a large body of literature exists on the effects of pollution and disturbance on 

macrobenthic communities, against which particular case histories can be evaluated. 

An important disadvantage is that the response time of the benthos to a pollution 

event is slow, the generation times of the species being measured in years (Clarke & 

Warwick 1994). Thus the communities characteristic of polluted areas may only be 

fully established years after the pollution event, i.e. a lag-phase is expected. On the 

other hand, the long generation times results in a more stable community in which the 

effects of pollution can be distinguished from natural variation. 

Agard et al. (1993) considered the effects of pollution from oil mining, relative to the 

effects of natural oil seepage, in the Pointe-a- Pierre to La Brea region on the island of 

Trinidad, West Indies. This large coastal embayment has one of the world's largest 

natural oil seeps at La Brea and an oil refinery at Pointe-a- Pierre. Grab samples were 

collected covering the entire embayment, including the areas of natural oil seepage 

and oil refinery activity. The benthos in the oil refinery area showed signs of 

disturbance. However, there was no indication of disturbed benthos near the natural 

oil seepage, even though levels of polycyclic aromatic hydrocarbons similar to those 

at the oil refinery were found. This suggests that the benthos may be employed to 

distinguish the effects of natural processes from those of anthropogenic activities. 

Benthic community composition is the result of a combination of natural processes 

and anthropogenic activities. Long-term monitoring of these communities assists one 

to determine which of the above processes is responsible for the changes observed in 

benthic communities. Investigation of long-term changes in benthic communities has 

revealed the introduction of alien invasive species (Currie & Parry 1999), the long­

term effects of sewage outfalls (Hillbig & Blake 2000) and even the combined effects 

of anthropogenic activities and climate change (Bourcier 1996). In South Africa long­

term changes in benthic communities were used to assess whether an effective 

ecological reserve could be set in the east coast Mhlathuze estuary (Mackay & Cyrus 

1999). Since the benthos of Saldanha Bay (which lies on the west coast of South 
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CHAPTER 1: General Introduction and Literature Review 

Africa) has been subject to a history of human disturbances, it provides the 

opportunity to investigate long-term changes in the benthic macrofauna. 

A Brief History of Saldanha Bay 

"Elephants and other large animals have made it their home, coming there at low tide 

from the Anse a Flamens (Riet Bay). Each island has its particular species of birds 

which live on the fish abounding in the bay, for all sorts of sea creatures live there -

whales porpoises, dogfish, mullet and a thousand other kinds." 

(Etienne de Flacourt 1648 describing Saldanha Bay in Burman & Levine, 1974) 

Saldanha Bay is situated on the west coast of South Africa about 100km north of 

Cape Town. The kidney-shaped bay includes Langebaan Lagoon, which is a shallow 

tidal body of water. As is evident from the quote above, the rich biological diversity 

of Saldanha Bay has been recognised since the seventeenth century. 

Although French whalers had been whaling in Saldanha Bay since the early 1600s, 

the first written mention of the Bay comes from Jan Olafsson, an Icelander, who 

explored Saldanha Bay in 1623 (Burman & Levine 1974). He found barrels of 

unrendered whale oil and concluded that they had been left there by the French, who 

were known to travel far a-field in search of whales. Whaling was continued on and 

off for the next 300 years, with the first whaling station being built in 1909. Due to a 

drop in the oil price in 1930, the whale factory was closed. In 1947, just after World 

War II, the price of whale oil increased and the whale factory was re-opened and 

remained operational until the end of 1967, when it closed for good. Although fishing 

was excellent in Saldanha, the fish did not fetch a good price. The rock lobster 

industry came to Saldanha Bay in 1903. North Bay Canning Company was reasonably 

established by 1905 and Saldanha Bay Canning Company was built shortly after that 

(Fig. 1.1). The canning companies expanded their business into canning sardines in 

1926. In 1948 the North Bay canning company was absorbed into a new company, 

Southern Sea Fishing Enterprises. Sea Harvest Corporation was formed in 1964 and is 

now the largest fishing operation in Saldanha Bay, operating a fleet of deep-sea 

trawlers and an onshore fish packing and freezing factory. Saldanha Bay therefore has 

a long history of fishing activity. 
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Figure 1.1: Maps of pre- and post-development periods indicating, diagrammatically, 

the major developments within Saldanha Bay. 

4 

Univ
ers

ity
 of

 C
ap

e T
ow

n



CHAPTER 1: General Introduction and Literature Review 

Since Saldanha Bay is the only natural harbour of significant size on the west coast of 

South Africa (Fuggle 1977), it was the natural choice for the development of an 

international harbour. In 1971 the decision was made to develop an international port 

in the Bay to facilitate the export of iron ore as part of the Sishen-Saldanha Bay Ore 

Export Project. The Bay provided a large port area, which had the potential to handle 

the largest ore carriers. Development commenced in 1973 (rSCOR brochure 1973). 

In 1973 a causeway was built linking Marcus Island to the mainland (Fig. 1.1). This 

shelters the northern area of the Bay and provides shelter for the ore-carriers when 

they dock at the harbour. During 1973-1974, the General Maintenance Quay and 

Rock Quay were constructed. The Ore and Oil jetty was completed and the first iron 

ore loaded in 1976. The ore jetty essentially divides Saldanha Bay into two sections: 

Big Bay and Small Bay (Fig. 1.1). A MUltipurpose Terminal was added to the jetty 

between 1979 and 1980 to accommodate the export of ore concentrates. Construction 

of a small-craft harbour was completed in 1984 to cater for the growing marine 

activities. Expansion then stagnated until the early 1990s when the heavy industries 

Namakwa Sands, Saldanha Steel and Duferco settled in the Saldanha-Vredenburg 

area. The increased export as a result of these industries led to the extension of the 

multipurpose terminal, which was completed in 1998 (Personal communication, 

Victor Schultz). Dredging inevitably preceded every step of the harbour construction 

and expansion and submarine blasting was necessary to deepen the approach 

channels. 

The rich faunal and floral diversity of Saldanha Bay as well as its unique geological 

history made it an important study area for natural scientists. The decision to develop 

a port in the Bay led to some concern in the scientifIc community about the fragile 

lagoon-bay system. A symposium on 'Research in the Natural Sciences of Saldanha 

Bay and Langebaan Lagoon' was held in 1976 to document the biological, geological, 

chemical and physical characteristics of the Bay (Fuggle 1977). The proceedings of 

the symposium summarised the research in Saldanha Bay and Langebaan Lagoon 

prior to commencement of construction of the harbour, and provided a baseline study 

of Saldanha Bay against which future studies could be compared to determine the 

effects of harbour construction on the Bay. 
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CHAPTER 1: General Introduction and Literature Review 

The development of the Bay into a harbour inevitably led to increased economic and 

industrial growth. New resorts were established in the 1980s, for example Club 

Mykonos, increasing the recreational use of the Bay. For this purpose, Saldanha had 

to be aesthetically pleasing or tourism would cease. Also in 1984, the first commercial 

aquaculture facility, Seafarm, was established in an enclosed dam cut off from 

Saldanha Bay by a causeway (van Erkom Schurink & Griffiths 1990, Fig. I. 1 ). Atlas 

Sea Farms and Sea Harvest Corporation began aquaculture in open water in the same 

area in 1987. For the mussels to be of export quality, the Bay water had to be of a 

high quality. The development of Saldanha Bay thus became a trade-off between 

economic growth and environmental health. 

Langebaan Lagoon is ecologically significant as it is the only marine lagoon in South 

Africa. Its high biodiversity and high densities of mudflat birds earned it national park 

status with the creation of the West Coast National Park in 1984. The lagoon is also 

listed as a RAMSAR site. Since the water bodies of Saldanha Bay and Langebaan 

Lagoon are linked, any activities that decrease the water quality of Saldanha Bay 

would have an effect on the communities in Langebaan Lagoon. 

Physical and Chemical Studies Conducted in Saldanha Bay 

The developments described above led to a number of environmental impact studies 

being performed in the Bay and careful monitoring of the environmental effect of 

every new developmen~. To this end the information from the scientific conference in 

1976 provided a good basis from which environmental changes could be discerned. 

Since the 1970s, many aspects of the environment have been revisited to determine 

the effect of the harbour development. These include water movement (Weeks et ai. 

1991a, b, Luger et ai. 1999), sediment distribution patterns and organic loading and 

metal loading of sediment (Monteiro et al. 1999). These are discussed in greater detail 

below. 

Water movement consists of both wave exposure and water circulation patterns, 

which include current speeds. Before the harbour development in Saldanha Bay, 

Flemming (1977) distinguished five wave-energy zones in the inner bay. There was a 

centrally exposed zone, two marginal semi-exposed zones, a sheltered zone in the 
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CHAPTER 1: General Introduction and Literature Review 

north and a transitional zone in the south (Fig. 1.2). The division of Saldanha Bay into 

Small and Big Bay by the iron ore jetty altered the wave energy and exposure patterns 

within the Bay. The causeway now shelters Small Bay, which has resulted in an 

increase in the complexity of the wave exposure patterns (Luger et al. 1999, Fig. 1.2). 

Small Bay has western and eastern sheltered areas, separated by a semi-sheltered area. 

In Big Bay, a northern area near the jetty is semi-sheltered, then a semi-exposed area 

surrounds the central exposed area and another semi-sheltered area leads into the 

lagoon. It is therefore evident that the wave exposure patterns in both Big and Small 

Bays have been altered as a result of the physical structures (i.e. the breakwater and 

the ore jetty) in the Bay. 

Referring to pre-harbour development, Flemming (1977) states: "Sediment 

distribution seems to be in equilibrium with the prevailing hydrodynamic regime." He 

described this regime as being controlled by wave action or exposure. The coarsest 

sediment was found in the centre of the Bay on the abrasion platform of the exposed 

zone and along the rocky shoreline of North Channel The South Channel, semi­

exposed, sheltered and transitional zones were dominated by fine to very fine sand. 

The mud fraction was concentrated in the north-western area and in the centre of the 

Bay (Monteiro et ai. 1999, Fig. 1.3). After the harbour development, the sediment 

distribution is still a result of wave energy, but since the wave exposure pattern has 

been altered, so has the sediment distribution pattern. The mud fraction now 

dominates the western margin of Small Bay, the eastern margin of Small Bay against 

the ore jetty, the northern margin of Big Bay against the ore jetty and the Salamander 

Bay area (Monteiro et al. 1999). There is, however, an additional site dominated by 

mud along the Bay side of Marcus Island causeway, which is linked to the Sea 

Harvest mussel farm. Not only do the mussels themselves contribute to biodeposition, 

but the ropes of the mussel rafts also slow down the water movement in the area, 

creating an area of deposition. 
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Figure 1.2: The wave exposure patterns pre- and post-development of Saldanha Bay. 

S=sheltered, SS=semi-sheltered, SE=semi-exposed, E=exposed and T=transitional. 

(Pre-1973: adapted from Flemming 1977, and 2001: adapted from Luger et al. 1999) 
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Figure 1.3: The major mud deposit areas in both the pre- and post-development stages 

of Saldanha Bay. (Both maps adapted from Monteiro et al. 1999) 
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CHAPTER 1: General Introduction and Literature Review 

Organic carbon is concentrated in the same areas as the mud fraction (Monteiro et al. 

1999). The reason for this is that the particle size-range of organic carbon closely 

resembles that of mud, therefore they will settle out together. In both the pre- and 

post-harbour development studies, the organic carbon distribution has the same 

depositional pattern as the mud, since it forms part of the mud fraction. However, the 

percentage of organic carbon has increased from a maximum value of 1 % to 10%, 

indicating that organic loading is taking place. Similarly the deposition patterns of 

trace metals (i.e. iron, nickel, copper, zinc, cadmium and lead) follow that of mud, 

higher values being recorded in areas with large amounts of mud. 

These changes in the physical environment have consequences for the biological 

communities in Saldanha Bay. The habitat of a soft-sediment community is usually 

characterised by the sediment grain size (Gray 1981). Organic content of the sediment 

increases with fineness of deposit. The two most important factors in determining 

grain size distribution are wave action and current velocity. As mentioned above the 

Bay has become more sheltered from wave action, and this in tum has caused a shift 

to finer sediment grain sizes, which caused an increase in the organic content. 

Biological Studies Conducted in Saldanha Bay 

A number of studies conducted in Saldanha Bay have considered the effects of 

particular developments on benthic community structure. The effects of the fish 

factory effluent (Christie & Moldan 1977, Newman & Pollock 1973, Bickerton et al. 

1997a), of dredging during harbour construction (Moldan 1978, Bickerton 1997a, b, 

Bickerton 2000), of the iron-ore loading terminal (Beckley 1981) and resultant heavy 

metal concentrations (Henry & Davis 1983) were studied. Since the establishment of 

mussel culture, its effects on benthos have been monitored (Grant et ai. 1998, 

Stenton-Dozey et al. 1999, Stenton-Dozey et al. 2001). These will be considered in 

more detail below. 

Organic Pollution by Pelagic-Fish Factories 

During the early 1970s, pelagic fishing vessels harboured in the sheltered waters of 

Saldanha Bay (Newman & Pollock 1973) and offloaded their catch using the "wet" 
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CHAPTER 1: General Introduction and Literature Review 

system. Seawater was let into the hold and pumped with the catch into installations on 

the quay. The water then eventually returned to the sea, contaminated with blood and 

other biological waste. The fish factory effluent also contained other waste from the 

processing plant. The amount of organic matter released depended on the degree of 

deterioration of the fish when landed. In May 1972 (Newman & Pollock 1973), large 

numbers of dead marine animals were washed up on shore in St Helena Bay. At the 

time of mortality, divers sampled the temperature, salinity and oxygen content of the 

water on the seabed at various stations. Very low dissolved oxygen values were 

recorded at all the stations sampled. It was concluded that the extremely calm 

conditions during the week preceding mortality had resulted in the accumulation of 

large amounts of organic matter. The degradation of this material resulted in a 

depletion of oxygen. Shortly after this, large numbers of bivalves washed ashore in 

Saldanha Bay near the fish factories (Newman & Pollock 1973). Divers were sent to 

investigate and again measured low oxygen values near the seabed over a large area. 

Large mortalities of the most common species, including sand-prawns (Callianassa 

kraussi), clams (Mactra glabrata) and black mussel (Choromytilus meridionalis) were 

also observed. As in the St Helena Bay investigation (Newman & Pollock 1973), it 

was found that organic material had built up on the sea floor. The decaying organic 

matter used oxygen, which deprived the benthic organisms of oxygen and ultimately 

led to reduction of sulphate into toxic sulphide and free sulphur. Thus, mass mortality 

of the benthos occurred in the fish factory area. However, if one moved outside the 

area, the benthic communities were healthy. It was then decided that better waste 

management practices needed to be applied at the fish processing plants, which 

commenced in 1974 (Christie & MoIdan 1977). 

Christie & Moldan (1977) surveyed the area near the Saldanha Bay fish factories to 

measure the effects of effluent on the benthic macrofauna, and in doing so, assess any 

improvement in the benthic macrofauna of that area since the study by Newman & 

Pollock (1973). They collected samples from five stations at increasing distances from 

the effluent outlet (i.e. 25, 100, 250, 400 and 550 m). Stations were parallel to the 

shore and at a constant depth of 5m, to eliminate any possible faunal changes with 

depth, so that any changes observed would be due to the distance from the factory 

(provided that the sediment texture remained constant). It was found that the sample 

25 m away from the effluent outlet had a much lower biomass then the other samples. 
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CHAPTER 1: General Introduction and Literature Review 

Many specIes absent from the 25 m sample appeared at the other stations. For 

example, the crab Hymenosoma orbiculare was completely absent from the 25 m 

station and was small in size at the other stations, suggesting a recolonisation of these 

four stations. The faunal group Amphipoda was almost totally absent from all 

samples. This group is usually very common in unpolluted sands and often constitute 

30-40% of the species present. The absence of these animals therefore suggested that 

they had a lower tolerance of pollution than other groups and that conditions even 550 

m from the factory outlet were still unsuitable for them. The authors concluded that 

there was a gradation in the effects of pollution. The strongest pollution effects were 

evident at the station closest to the effluent outlet and gradually improved with 

distance from the effluent source, although the pollutants were still present. It was, 

however, noted that the area had improved since the study conducted by Newman & 

Pollock (1973). 

The above studies examined the effects of the effluents of Southern Seas fishmeal and 

Sea Harvest frozen fish factories in combination, but little attempt was made to assess 

the possible ecological impact of the effluents of each factory individually. Bickerton 

et al. (1997) investigated the effect of the effluent of the Sea Harvest fish processing 

plant on the benthic communities of Small Bay. Five stations were clustered in close 

proximity to the outfall with eight additional stations moving progressively further 

away from the effluent outlet into Small Bay. At each station three samples were 

collected by benthic suction sampler and combined for analysis. The stations furthest 

away from the outfall appeared to be the least disturbed. However, these stations may 

be impacted by other organic inputs in the Bay. Stations closest to the outfall were 

more similar to each other than the stations further away. In addition, capitellid 

polychaetes were present in most of the samples. These polychaetes serve as indicator 

organisms, as they are opportunistic animals that thrive on organic loading. Bickerton 

concluded that the restricted water-exchange and flushing, combined with fine 

sediments, made Small Bay sensitive to organic loading. Perturbation from the Sea 

Harvest outfall was evident in the benthic macrofauna in the vicinity of the discharge 

and up to 150 m away from it. Even though disturbance effects were evident beyond 

this point, it was impossible to pinpoint one specific source as the cause. 
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CHAPTER 1: General Introduction and Literature Review 

It is evident from these studies that the organic loading as a result of fish factory 

effluent has had a significant effect on benthic communities of Saldanha Bay, 

particularly in Small Bay. There is no indication that the effluent has had or is having 

an effect in Big Bay. Organic loading is, however, not restricted to the effluents of the 

fish factories, as the activities of the mussel farm have also contributed to the organic 

loading and have been shown to have significant effects on the benthos of Saldanha 

Bay. 

The Effect of Mariculture of Mussels 

The 80-ha mussel farm in Saldanha Bay is protected on the seaward side by the 

causeway (Fig. 1.1). The average water depth in the farm is 11 m and the sediments 

are fairly consistent (Stenton-Dozey et al. 1999). Besides mussels, an abundance of 

fouling organisms, particularly the sea squirt Ciona intestinalis, also inhabit the rafts. 

There is a fast sedimentation rate from faeces, pseudo faeces, fallen mussels and 

foulers in the farm. Eutrophication and increases in dissolved nutrients have also been 

observed. Stenton-Dozey et al. (1999) assessed the impact of raft-culture of mussels 

on benthic ecology. Their study compared the species composition, abundance and 

biomass under rafts with reference sites. The effects of raft age and position, as well 

as the recovery after raft removal were also assessed. Samples were collected under 

nine rafts and along transects to the north, east and south of the mussel farm. The 

transects were taken from a particular raft outwards for 750 m, a sample being 

collected every 250 m. Samples were collected under the rafts annually from 1993 to 

1996. Most of the rafts showed signs of disturbed macrobenthic communities at least 

once during the sampling period. The samples were dominated by opportunistic 

species and scavengers. It was also shown that there was no relationship between the 

raft age or position and the disturbance of the community. In general the communities 

under rafts were more disturbed than reference samples. Deposit feeders dominated 

all samples in terms of biomass and numbers. Under rafts, carnivores were second to 

deposit-feeders, whereas at reference sites suspension feeders took second place. Due 

to the high sedimentation rate of organic matter in the farm, the sediment was 

characterised by high levels of organic carbon and other nutrients, as well as sulphur. 

The enriched organic matter and dislodged mussels attracted deposit feeders and 

carnivores, while outside the farm suspension feeders were more prominent than 

carnIvores. Recovery to the baseline community structure outside the mussel farm 
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CHAPTER 1: General Introduction and Literature Review 

after the removal of a raft was slow, taking four years or more. It was clear from this 

study that the mussel rafts were having an impact on the macrobenthic community 

structure. 

A further study of this farm (Stenton-Dozey et al. 2001) led to the hypothesis that 

biodeposition from mussel rafts has had a significant effect on the benthic 

environment in Saldanha Bay, resulting in organic enrichment and anoxia in 

sediments, altered oxygen uptake and nutrient flux rates, and led to impoverishment 

of the macrofauna. Biological and sediment samples were collected under one of the 

rafts in the farm and compared to reference sites outside of the farm. It was shown 

that the organic carbon, nitrogen and sulphur contents were higher under the rafts than 

at the reference sites. As a result of biodeposition the macrofaunal biomass was 

dramatically reduced to between 5 and 10% of that at reference sites. The samples 

from beneath the raft were also shown to be disturbed and were dominated by deposit­

feeding bivalves and carnivorous/scavenging gastropods that fed upon organic debris. 

It was therefore concluded that biodeposition from mussel rafts led to the 

impoverishment of the macrofauna. 

Construction Effects 

Dredging 

Over a two-year period from August 1974, approximately 25 million cubic metres of 

sediment were dredged from Saldanha Bay. Dredging involved the removal and 

redistribution of sediment. Moldan (1978) investigated the biological effects of the 

dredging operation. The most obvious effects of dredging are the physical removal of 

organisms and resuspension of fine sediments. Organisms sensitive to water flow may 

also be affected by changes in the water currents. Nutrients such as nitrogen and 

phosphorus, heavy metals and ammonia are often released during dredging creating 

an oxygen demand in the water, leading to mortality of the biota. Also, the rate of 

recolonization of the disturbed area depends in part on the extent of areas left 

undredged, which may act as reservoirs for that community. Ten stations out of the 

many sampled between 1963 and 1964 were resampled in 1975 using a 0.2 m2 van 

Veen grab. Moldan produced a dendrogram derived from classification analysis of the 

species abundances, which indicated that the benthic communities before dredging 

could be divided into four distinct groups. However, after dredging, Moldan noted 
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CHAPTER 1: General Introduction and Literature Review 

that all the samples together formed a single group. Moldan (1978) suggested that this 

was a result of the redistribution of sediment throughout the Bay, with fine sediment 

particles settling out over a wide area. By the time dredging was completed, the 

dredged areas were already being recolonized. The larger, more swiftly-moving 

organisms tended to be the first to recolonize the dredged area. The crabs 

Hymenosoma orbiculare and Philyra punctata, the shrimp Ogyrides saldanhae, and 

the errant polychaetes Glycera tridactyla, Nephtys hombergi and N sphaerocirrata 

were the most abundant species present post-dredging. In addition, a few sedentary 

polychaetes increased in abundance, presumably due to the distribution of finer 

sediments providing favourable habitats. The conclusion was that although significant 

changes in the faunal structure had occurred since dredging began, recolonization had 

already begun towards the end of the operation. It was predicted that faunal 

assemblages typical of a fine sandy substrate would dominate. In addition it was 

suggested that the altered circulation patterns resulting from the deepening of the 

channels and the building of the harbour walls would have a direct influence on the 

redistribution of the organisms. 

One of the few prospective studies conducted in Saldanha Bay was intended to 

establish the severity and extent of the ecological impact associated with the general 

cargo quay (GCQ) dredging operation. Bickerton (1997a, 2000) conducted both the 

pre- and post-dredging surveys. During 1996,27 pre-dredging samples were collected 

using a diver-operated suction sampler in Small Bay. Twenty-two of those samples 

were collected in a grid formation in the proposed dredging area and five samples 

were collected at a control site 300m away (Bickerton 1997a). The benthos from the 

area to be dredged, as well as the control sites, was dominated numerically by mud­

prawns Upogebia capensis, tongue worms Ochaetostoma eapense, amphipods 

Ampelisea brevicornis, bivalves Tellina gilehristi, whelks Nassarius vinetus and 

polychaetes Eunoe, Nephtys, Mediomastus and Polydora species. The sand-prawn 

Callianassa kraussi occurred at some stations. In terms of biomass, U capensis, 0. 

eapense and C. kraussi contributed largely at some stations, whereas Nassarius 

species contributed largely throughout. The most important result of the study was 

that prior to dredging the control samples were not different from those in the area to 

be dredged. This study, therefore, provided a suitable baseline against which the 

effects of dredging on the benthic macrofauna could be compared. 
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CHAPTER 1: General Introduction and Literature Review 

The objective of the follow-up study (Bickerton 2000) was to establish the extent of 

recovery of the benthic community 18 months after the completion of dredging. Most 

of the stations sampled in 1996 were resampled in 1999 and a further five samples 

were collected in Big Bay, where the sediment had been deposited during dredging 

operations (i.e. the disposal area). Numerically, the mudprawn Upogebia capensis, the 

tongue worm Ochaetostoma capense, the polychaete Mediomastus capensis and the 

crab Thaumastoplax spiralis dominated. The disposal area in Big Bay was dominated 

by opportunistic polychaete species, suggesting a moderate degree of disturbance. The 

species present in these samples were similar to the dominant species in the 1996 

samples. The total biomass had not recovered after 18, months whereas the total 

number of individuals had recovered. Two general trends emerged from this study. 

Firstly, the dredged area was characterised by finer sediments, slightly reduced 

species diversity, slightly lower abundance and a lower biomass (relating to the 

absence of adult U. capensis and 0. capense). Secondly, the stations in the disposal 

area in Big Bay were dominated by opportunistic species, which can tolerate low 

levels of oxygen and organic enrichment. The author emphasized that although the 

biomass and abundance were recovering, it was likely that the species composition 

would be altered as a result of the dredging operation. It was therefore concluded that 

the benthos would not recover to its original state and that the effect of dredging can 

be considered long-term as a result. 

Underwater Blasting 

Underwater blasting operations were employed to aid in the extensions to the Port of 

Saldanha General Cargo Quay. Bickerton (1997b) investigated the effect of the 

blasting on marine invertebrates. It was hypothesised that marine invertebrates would 

not be greatly affected, because they do not possess gas-filled bodies, in contrast to 

many marine teleosts. Mud-prawns were used as a representative benthic invertebrate. 

Prawns were collected and placed in plastic bags from which all the air had been 

evacuated underwater. These bags were placed at increasing distances from the blast 

site above the sea floor. After the blast, the bags were collected and it was found that 

neither the bags nor the prawns were affected by the blast. Natural populations of the 

mudprawn live in burrows in the sediment and are not directly exposed to the blasting 
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CHAPTER 1: General Introduction and Literature Review 

shock, as the experimental prawns were. It was then concluded that the current level 

of blasting had no adverse short-term effect on the mudprawn populations of Saldanha 

Bay. The author believed that this conclusion could be extended to other invertebrates 

that do not have gas-filled body cavities. The blasting, however, killed large numbers 

of fish and penguins. 

Ore Jetty 

Beckley (1981) investigated the marine benthos near the functioning iron-ore loading 

terminaL She compared four stations near the loading terminal with a station at the 

mouth of the Bay. The stations under the ore jetty were dominated by a small 

polychaete Prionospio sexocu/ata, stomatopods and errant polychaetes. Moving 500 

m into Small Bay, the samples were dominated by shrimps and tongue-worms. About 

1 km away from the ore jetty, in Big Bay, shrimps were absent and tongue worms and 

whelks dominated. At the mouth of the Bay, errant polychaetes, a whelk and sea-pens 

were found. The absence of sea-pen Virgularia schultzei is commonly associated with 

polluted areas in Saldanha Bay (Christie & Moldan 1977). P. sexoculata is known to 

be tolerant of adverse conditions (Christie & Moldan 1977), which again indicates a 

gradient of pollution in the Bay. The strongest pollution was at the ore jetty with 

effects decreasing away from it. 

All the above studies document different gradients of pollutants and disturbance in 

Saldanha Bay and show that beyond certain distances from the foci of the studies, it is 

impossible to pinpoint the source of the pollutant or disturbance. Each study 

concentrated on a particular aspect of anthropogenic activities, but it is known that 

benthic communities are the result of a combination of all the anthropogenic effects as 

well as natural processes. These effects are cumulative through time, so temporal 

comparisons would provide greater insight into the effects humans have had on the 

environment in addition to natural effects. It is therefore important to consider the 

combination of these effects on the benthos. Only two studies in Saldanha Bay, that I 

am aware of, have investigated the cumulative effects of the anthropogenic activities 

and natural processes, both spatially and temporally (Jackson & McGibbon 1991, 

Bickerton 1999). 
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CHAPTER 1: General Introduction and Literature Review 

Jackson & McGibbon (1991) compared suction samples collected between 1989 and 

1990 with two different sets of historical data. The first set of data, from the South 

African Museum catalogues, consisted of dredge and grab samples, which meant that 

the comparison was qualitative because, even though samples from the same stations 

were compared, the methods of collection were different. The second set of data 

consisted of suction samples from a survey conducted in Small Bay in 1975. This set 

of data allowed for a more direct comparison between time periods. However, the 

survey in 1975 was conducted two years after harbour construction commenced, so 

the communities were most likely already affected by the construction activity within 

the bay. 

Aims of this study 

As a supplement to the 1976 symposium on Saldanha Bay and Langebaan Lagoon, 

Christie & Moldan (1970) compiled a report containing data from stations sampled 

prior to the harbour development (1950s-1960s) to provide a baseline for future 

studies. The current study aimed to determine whether benthic communities had 

changed since the 1960s and to suggest possible reasons for any changes observed. 

Stations from the study by Christie & Moldan (1970) were re-sampled and the same 

sampling methods were applied (i.e. grab and dredge sampling), which resulted in the 

first direct temporal comparison of communities prior to and post harbour 

development in Saldanha Bay. In addition the current spatial patterns of benthic 

communities were examined. 

Possible causes for observed changes are put forward. If anthropogenic activities are 

driving change in the benthic communities of Saldanha Bay, I would forecast the 

following changes in the Bay: 

1) A shift towards finer sediments due to the sheltering of the Bay by the 

breakwater. The sediment diameter would have a narrower range. The 

sediment should be finer in Small Bay than Big Bay as Small Bay is more 

affected by anthropogenic activity than Big Bay. 

2) A greater organic load, the result of finer sediments, the mariculture waste 

input and the reduced flushing time within Small Bay. I would expect this to 

be most evident in Small Bay. 

3) Reduced benthic diversity and abundance. 

18 

Univ
ers

ity
 of

 C
ap

e T
ow

n



CHAPTER 1: General Introduction and Literature Review 

4) New (different) benthic communities. 

5) Greater difference between communities as the physical characteristics of Big 

and Small Bays diverge. 

6) Increases in deposit-feeder, scavenger and predator abundances; and reduced 

suspension-feeders. 

If natural fluctuation were driving change in the communities, the changes would be 

random. But, it is important to note that even if all the above forecasts were met, it 

does not prove that anthropogenic activities were driving change, it merely increases 

the likelihood of it. 

The analysis has been divided to separately deal with the samples collected by 

dredges (Chapter 2) and those collected by grabs (Chapter 3). The reasons for this 

were, firstly, that the dredge and grab samples were not always collected at the same 

station and could therefore not be combined and, second, the two methods sample 

different components of the benthos. Furthermore, dredge sampling was employed at 

an earlier stage of benthic sampling, so I could go further back with it than with the 

grab samples. The methods are further discussed in their respective chapters. Lastly, a 

synthesis (Chapter 4) is provided, which compares the findings in Chapters 2 and 3, 

and compares the overall findings of my study with international studies on 

anthropogenic and natural long-term and short-term changes in benthic macrofaunal 

communities. 

Since the data used by Christie and Moldan are not readily available both these and 

the present data are recorded in appendices in order to facilitate future studies of 

temporal trends in the benthos of Saldanha Bay. 
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CHANGES IN THE BENTHOS OF SALDANHA BAY (1960s-

2001): AN ANALYSIS BASED ON DREDGE SAMPLES. 

INTRODUCTION 

Qualitative sampling methods are generally used for the investigation of epibenthic 

communities and large benthic macrofauna, because they are often mobile and can 

escape sampling equipment, or so widely spread that they are easily missed by 

quantitative methods, which cover smaller areas. These qualitative sampling methods 

include video sampling, dredging and trawling. In my study, I used the same dredge 

used to collect the pre-1973 benthic macrofaunal samples in Saldanha Bay, in order to 

keep the sampling gear constant and ensure comparability. 

Dredging is considered a qualitative or at best semi-quantitative sampling method 

because the area sampled varies as the dredge is dragged along the ocean floor (Gray 

1981). The sample obtained varies with the type of substratum, as the steel frame of 

the dredge tends to dig into soft mud and bounce over hard substrata. Dredges mainly 

capture members of the epifauna and to some extent the infauna, depending on the 

depth of penetration of the dredge (Holme & McIntyre 1971). However, because of 

their limited penetration of the sediment, dredges are not considered suitable for 

sampling burrowing infauna. 

It is possible to standardize the speed and duration of the tow, in this way obtaining 

comparative estimates of popUlation density (Holme & McIntyre 1971). However, 

since dredges only sample a fraction of the animals lying on the surface of the seabed, 

these represent the minimum densities present on the grounds sampled. It is not easy 

to control the exact time of the gear on the bottom, as the dredge often continues to be 

dragged along the bottom while being hauled in. However, hauls of standard duration 

have been useful for collecting members of invertebrate epifauna not adequately 

sampled by other methods (Field 1971, Holme & McIntyre 1971). During dredging, 

the ship usually drifts at 1-2 knots for 5-10 minutes, depending on the substratum 

(Holme & McIntyre 1971). If the bottom is mud or loose gravel, the dredge fills up 

quickly and can be hauled up almost immediately. In an effort to make dredging more 
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CHAPTER 2: Dredge Sample Analysis 

quantitative, pedometers are sometimes fitted to the dredges to get an accurate 

measure of the distance covered. 

The efficiency (defined as the ability to capture all animals within its sweep) of the 

dredge is low (Holme & McIntyre 1971). Performance varies with the configuration 

and nature of the bottom, as mentioned above, because several different bottom types 

could be encountered in one tow. Complicating factors in dredging include behaviour 

of the ship, length of the warp, type of warp, and speed of towing. When the speed of 

towing is increased above a low level, the catch is reduced. The fitting of depressors 

or diving plates and proper use of the teeth on diving plates can increase the 

efficiency of the dredge. 

The most commonly used dredge is the naturalist's or rectangular dredge, which is 

usually used for exploratory purposes where the nature of the bottom is not known 

(Holme & McIntyre 1971). John Day of the University of Cape Town used a 

variation of the naturalist's dredge (personal communication, lG. Field) to collect 

subtidal benthic dredge samples in Saldanha Bay. Sampling commenced in 1946 and 

was carried out by the University of Cape Town Ecological Survey Unit. These 

dredge samples were sorted by species, and abundances were recorded or at least 

estimated as rare, common or abundant. The data were then recorded in the catalogues 

of the South African Museum in Cape Town. During the 1970s Christie and Moldan 

(unpublished report, SFRl) reviewed the dredge data series and set up a 

comprehensive list of 31 stations with reliable dredge data (Appendix lA & C) to 

provide a baseline for future studies. 

The aim of this chapter was to repeat some of these samples and use these to analyse 

both temporal and spatial differences in the large benthic macrofauna of Saldanha 

Bay. The temporal changes were determined through a general comparison of the 

benthic communities in the 1960s and 2001, whereas the spatial differences were 

determined by considering the spatial distributions of the benthic communities within 

each period. 
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METHODS 

Sampling 

Twelve of the 31 stations sampled, prior to harbour development (i.e. between 1954 

and 1964; Christie & Moldan unpublished report) were resampled in 2001, post 

harbour development (Fig. 2.1). This allowed for a direct temporal comparison 

between benthic communities. At each station, a dredge (1 cm2 mesh) was dragged 

along the seafloor for 5-10 minutes at 1-2 knots. The conditions were calm during the 

sampling period. At least half of each sample, depending on size of sample retrieved, 

was wet-sieved through a 1 cm2 -mesh sieve. The organisms retained by the sieve were 

collected and fIxed in 10% formalin. Empty mollusc shells and organisms considered 

dead at the time of sampling were excluded from the analysis. The macrofauna was 

sorted, transferred to 1 % propylene phenoxytol, identifIed to the lowest possible 

taxonomic level and counted. Each dredge sample was labelled with the station 

number, preceded by either '0' (old) referring to samples collected between 1954 and 

1964 or 'N' (new) referring to samples collected in 2001. 

Numerical analysis 

In the old samples (pre-1973), it appears as if the entire size range of the faunal 

sample was sorted and identifIed. I elected to exclude all organisms with a known 

average size smaller than 1 em, because of the likelihood that they would be poorly 

sampled by the dredge. This procedure also ensured a direct comparison between old 

and new samples. The species excluded were mostly amphipods, isopods, certain 

cnidarians and certain polychaetes. These species or taxa groups were better 

represented in the grab samples (Chapter 3). For both the old and new data, the 

abundance of species was coded as follows: 

o absent 
1 - present (1-2 individuals) 
2 - fairly common (3-5 individuals) 
3 common (6-10 individuals) 
4 - very common (11-19 individuals) 
5 - abundant (20+ individuals) 

This coding tended to have the effect of normalizing data and subsequent 

transformation was thus unnecessary. 
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Figure 2.1: Positions of Saldanha Bay dredge stations sampled in both 1960s and 2001. 

Non-parametric multivariate statistical analyses and exploratory techniques were 

applied to the coded data. The analytical procedure was based on that introduced in 

Field et al. (1982) and relies on the PRIMER (Plymouth Routines In Multivariate 

Ecological Research) software package (Clarke 1993). The coded data were converted 

into a similarity matrix using the Bray-Curtis similarity measure. This similarity 

measure was used because it is not affected by joint absences (Field et ai. 1982). A 

common feature of marine benthic community survey data is that many of the species 

are absent from the majority of the samples, meaning that more than half of the data 

entries are zeros, and Bray-Curtis is sufficiently robust for such marine benthic data 

(Field et ai. 1982). This similarity measure also gives more weighting to abundant 
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CHAPTER 2: Dredge Sample Analysis 

species and it is completely non-parametric, so it makes no assumptions about 

nonnality or equality of variance. 

The non-parametric 'analysis of similarity' (ANOSIM) tested the null hypothesis that 

there was no difference between new and old large benthic macrofaunal community 

structures. ANOSIM is the non-parametric multivariate analog of the parametric 

ANOVA (Clarke 1993). The test statistic, R, was calculated based on the average 

ranked similarity within groups (defined as the old group and the new group) and 

between groups. R is the measure of average separation between groups and generally 

ranges from 0-1. R was then recomputed many times under random pennutations of 

the similarity matrix, swapping the labels of the samples. A histogram of all the 

possible R-values was produced and the probability of obtaining the R-value based on 

the defined groups was calculated. 

To explore the similarities between specific samples and to graphically display the 

differences between old and new samples, cluster analysis was applied. This analysis 

consisted of classification and multi-dimensional scaling (MDS) ordination 

techniques. The advantages of using these methods are that they are flexible with 

regard to the large number of zeros in the data and no assumptions are made (Field et 

al. 1982). The classification made use of the group average sorting method to link 

samples on the basis of their similarity. This method joins two groups at the average 

level of Bray-Curtis similarity between all the samples in one group and all the 

samples of the other (Field et al. 1982). The resultant dendrogram showed the inter­

group similarities and identified outliers. However, there are four major disadvantages 

associated with dendrograms (Field et al. 1982). Firstly, they tend to overemphasize 

discontinuities and may force a graded series into discrete classes. Secondly, the 

resultant hierarchy is irreversible, as the sample loses its identity once placed in a 

group. Thirdly, dendrograms only show inter-group relationships, not inter-sample 

relationships. Lastly, the sequence of samples in a dendrogram is arbitrary; so two 

adjacent samples are not necessarily the most similar. 

For these reasons, MDS ordination was also used to provide a more detailed graphical 

representation of the similarities between all samples. The distance between the 

stations on the resulting map is inversely proportional to the Bray-Curtis similarity 
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between the stations. The MDS ordination is an iterative technique. Initially an 

arbitrary map of stations is plotted in two or more dimensions (Field et ai. 1982). 

Then the inter-point distances are regressed against the dissimilarities using 

monotonic, rank order fit. The poorness-of-fit is minimized, producing a stress value 

as a measure of poorness-of-fit. The second and third steps are then repeated until the 

stress settles at the lowest value. The stress value could be thought of as a measure of 

the difficulty with which the higher-dimensional data are condensed into a 2-

dimensional graphical representation. Stress values below 0.2 are considered 

acceptable, but when values exceed 0.2, the ordination is considered unreliable 

(Clarke 1993). The advantages of using the MDS technique are that it handles missing 

data, replication and data with non-uniform reliability, for which it may be desirable 

to give unequal weights to the dissimilarities in seeking the best graphical 

representation. 

The 'similarity percentages' or SIMPER analysis was used to determine the species 

responsible for the dissimilarity between the old and new samples as well as the 

dissimilarity between the groups defined in the cluster analysis. The average Bray­

Curtis dissimilarity between all pairs of inter-group samples was calculated, and then 

this average was broken down into the separate contributions by each species to the 

average. 

The groups determined in the cluster analysis were also related back to the 

geographical location, to gain insight into possible reasons for the groupings. 

The non-parametric Wilcoxon matched pairs test CZar 1999) was used to determine 

whether the average number of taxa in each of the old samples was different to that of 

the new samples and whether the suspension-feeders, scavengers and predators have 

changed in species abundance between the two periods. 

RESULTS 

A total of 134 taxa/species was identified from the old and the new samples combined 

(Fig. 2.2, Appendix 2A), 108 species being found in the old samples and 62 in the 

new samples. Seventy-two species were recorded exclusively in the 1960s samples 
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and 26 species were exclusive to the 2001 samples, while 36 species were shared 

between the sampling periods. 

Exclusively 2001 samples 

Exclusively 1960s samples 

Shared 

Figure 2.2: Pie chart describing the 1960s and 2001 samples in tenns ofthe number of species 

shared and not shared between time periods. A total of 134 species was identified. 

The greatest decrease in the number of species between the 1960s and 2001 occurred 

amongst the Polychaeta (Fig. 2.3), which decreased from 38 to 13 species. The 

decrease in species richness was however not coupled with a major change in species 

composition. Crustacea and Mollusca both showed a decrease in species number 

between sampling periods, but this was accompanied by a change in the species 

composition. Approximately half of the crustacean species present in 2001 were not 

present in the 1960s as were roughly a third of the molluscan species. Echinodermata 

showed a decrease in the number of species, but no real change in species 

composition. The other groups remained similar in number of species, but Pisces 

showed an increase in the number of species between the 1960s and 2001. 

The average number of taxa per dredge in the 1960s samples (20.6) was significantly 

different from that of the 2001 samples (13.5; Wilcoxon matched pairs, z=2.31, 

p<0.05). At most stations the number of species decreased since the 1960s (Fig. 2.4), 

the greatest decline being observed at Stations 13 and 36. There was an increase in the 

number of species at Stations 19 and 34, although the increase at Station 19 was 

minimal. Stations 23, 27 and 31 did not show much difference in species number. The 

minimum number of species at any station in the 1960s was 13, whereas in 2001 

Stations 7,8, 10, 15 and 24 all had less than 10 species. In sum, richness decreased at 

nine stations, increased slightly at two, and remained unchanged at one. 
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Figure 2.3: The number of species ofthe major taxa in the 1960s (black bars) and 2001 samples (white bars), and the number of species per taxa 
shared (striped bars) between time periods. 
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Figure 2.4: Breakdown of the number of species per station sampled in the 1960s (black bars) 

and 2001 (white bars). The average number of species per sample in the 1960s was 20.6 and 

in 2001 was 13.5. 

The macrobenthic community structure in the old samples was significantly different 

from that in the new samples (ANOSIM, R=0.36, p<O.OOl). The SIMPER analysis 

revealed that the whelk Nassarius speciosus (4.55%) and the crab Hymenosoma 

orbiculare (4.04%) contributed most to this dissimilarity (= 80.46%) between old and 

new samples (Table 2.1), both being more abundant in the new samples. Most taxa, 

including crustaceans, gastropods, bivalves, polychaetes and echinoderms, were more 

abundant in the old samples than the new samples. There was no difference in the 

abundances of scavengers and predators or suspension-feeders between the periods 

(Wilcoxon matched pairs test, p>O.l). 

The dendrogram (Fig. 2.5) supported the separation of the old and new samples 

indicated by the ANOSIM, and further revealed the subdivisions within those periods. 

Four major groups (A-D) and two outliers (N15 and N34) were identified. Groups A 

and B consisted of old samples and Groups C and D consisted entirely of new 

samples. Group D had the greatest similarity (approximately 50%), while the other 

groups had similarities less than 40%. N15, one of the outliers, was a small sample 

consisting of only three individuals from three different species. The other outlier, 

N34, was a sample from rocky substratum, which contained very different taxa to the 

samples collected on soft substrata. 
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CHAPTER 2: Dredge Sample Analysis 

Table 2.1: The percentage contribution of each species to the grouping of the 1959-1964 (old) 
samples and the 2001 (new) samples. An arbitrary cut-off percentage of 50% was chosen. 
Average dissimilarity between old and new groups was 80.46%. The average abundance 
refers to the coded values. Bold values are the greater of the two values. S=suspension­
feeders, SP=scavengers and predators and H=herbivore. 

Taxonomic group Feeding Ave. Ave. 

29 

I Cum. I 
: 

type Abund. Abund. 
I Percent 
: Contrib. percent 

1959-1964 2001 
Nassarius speciosus Gastropoda SP 12.67 3.83 4.55 
Hymenosoma orbiculare Brachyura SP I 1.33 2.00 4.04 
Bullia iaevissima Gastropoda SP 1.67 0.00 4.01 
Glycera tridactyla Polychaeta SP 1.58 0.58 3.19 
Thyone aurea Holothuroidea S 1.08 0.58 .97 
Ophiothrix fragilis Ophiuroidea S 1.25 0.25 .81 
Aulacomya ater Bivalvia S 1.08 0.50 
Philyra punetata Brachyura SP 1.08 0.58 
Venerupis eorrugatus Bivalvia S 1.00 0.42 
Nieolea maerobranchta Polychaeta S ! 0.92 0.42 
Annametra occidentalis Crinoidea S 0.42 0.83 2.20 
Palaemon peringueyi Macrura SP 0.08 1.17 2.13 

I Macoma ordinaria Bivalvia S 0.92 0.58 2.10 
Bullia annulata Gastropoda SP 0.83 0.33 2.07 

I Parechinus angulosus Echinoidea H 0.83 0.42 

I i Choromytilus meridionalis Bivalvia S 0.58 0.67 
Philine aperta Opisthobranchiata SP +* 0.58 
Sthenelais boa Polychaeta SP 0.75 
Sipunculid spp. Sipunculida S 0.58 0.50 
Nassarius vinetus Gastropoda SP 0.67 0.33 1.56 
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Figure 2.5: Dendrogram of cluster analysis showing the classification of the old (0) samples 
and new (N) samples at 12 Saldanha Bay stations, based on the coded abundances of large 
benthic macrofauna. 
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CHAPTER 2: Dredge Sample Analysis 

The MDS ordination (Fig. 2.6) again indicated that the old and new samples were 

different in that there was no overlap between samples from the different periods. 

The variation within the old samples seemed to be greater than the variation within 

the new samples when the outliers were not considered. The dendrogram groupings 

were supported, as the four groups (A-D) were again distinguishable. The same 

outliers were not dissimilar to any of the other samples. Groups A and C consisted of 

equivalent old and new stations, with the exception of station N8, which in 2001 

clustered with Group D rather than C. Groups Band D also correspond, except that 

group D contains the errant N8 (see above) and both new outliers 15 and 34 were in 

group B of the old samples. Although depth was considered in the analysis, it could 

not account for the clustering of the samples. As the dredges covered large areas, it 

was not reasonable to take sediment samples from each sample for analysis; 

furthermore, the sediment would be partially sieved by the dredge. 

Stress: 0.19 

15 

Figure 2.6: MDS ordination of old (closed triangles) and corresponding new (open triangles) 
dredge samples at 12 Saldanha Bay stations, based on coded abundances of large benthic 
macrofanna. 
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The SIMPER analysis comparing old Groups A and B indicated that these groups 

shared many species (Table 2.2). The dissimilarity (d 78.11%) between the two 

groups was mostly due to differences in abundances of those species. The gastropod 

Bullia laevissima (4.21 %) made the highest contribution to the dissimilarity, and the 

brittle star Ophiotrix fragilis (3.86%) the next highest contribution. It appeared that 

Group A consisted of more suspension-feeders (e.g. 0. fragilis and Venerupis 

corrugatus), whereas Group B consisted of more scavengers (e.g. B. laevissima and 

B. annulata). 

Table 2.2: The percentage contribution of each species to the average dissimilarity (D 
78.11 %) between groups A and B, made up entirely of old samples. An arbitrary cut-off 
cumulative percentage of 40% was chosen. 

31 

Taxonomic Ave. Abund. Percent Cumulative 
group Group A GroupB Contrib. percent 

Bullia iaevissima Gastropoda 1.00 

tjAbundo 

4.21 4.21 
Ophiotrix fragilis Ophiuroidea 1.88 3.86 8.08 
Nicolea macrobranchia Polychaeta 0.75 1.25 3.14 11.22 
Thyone aurea Holothuroidea 1.25 0.75 3.05 14.27 
Diopatra neopolitana capensis Polychaeta 0.00 1.50 3.03 17.31 
Venerupis corrugatus Bivalvia 1.50 0.00 3.01 20.31 
Virguiaria schultzei Pennatulacea 0.13 1.50 2.85 23.16 l' . Gastropoda 2.25 3.50 2.70 25.86 

Brachuyra 1.75 0.50 2.70 28.55 
Bullia annulata Gastropoda 0.63 1.25 2.61 31.17 
Aulacomya ater Bivalvia 1.50 0.25 2.59 33.75 
Glycera tridactyla Polychaeta 1.50 1.75 2.56 36.32 
Nephtys hombergi Polychaeta 0.13 1.25 2.52 38.83 
Philyra punctata i Brachyura 1.25 0.75 2.36 41.19 

The dissimilarity (d = 74.49%) between Groups C and D appeared to be a result of 

Group D having relatively few species compared to Group C (Table 2.3), each sample 

having less than 10 species. The greatest abundances for most species were recorded 

in Group C, although the mantis shrimp Pterygosquilla armata capensis was most 

abundant in Group D. The species in Group D tended to be mainly scavengers and 

predators. 
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Table 2.3: The percentage contribution of each species to the average dissimilarity (d = 
74.49%) between groups C and D, made up entirely of new samples. An arbitrary cut-off 
cumulative percentage of 40% was chosen. 

Percent Cumulative 
Grou Contrib. ereeDt 
3.14 10.79 10.79 
1.29 4.41 15.20 

Pol chaeta 1.14 3.65 18.84 
1.14 3.52 22.36 
1.00 3.28 25.64 
0.71 3.24 28.88 
1.00 3.22 32.10 
0.71 3.20 35.30 
1.00 3.14 38.44 
0.57 3.07 41.52 

The groups (A-D) from the dendrogram and MDS were then superimposed onto 

1960s and 2001 maps of the stations sampled (Fig. 2.7). In the 1960s, Groups A and B 

both extended over the length of Saldanha Bay. The middle section of the Bay made 

up Group A, while the outer edges of the sampling area constituted Group B. In 2001, 

Groups C and D were clearly confined to specific areas, Group C consisting of 

samples from Big Bay and Group D consisting of all samples from Small Bay 

(stations 7, 8 and 10). 
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Figure 2.7: Maps of Saldanha Bay showing the spatial distribution of cluster analysis groups (A-D) during 
the 1960s and 2001, see Figs 2.5-2.6. 
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CHAPTER 2: Dredge Sample Analysis 

DISCUSSION 

Benthic communities in Saldanha Bay have undergone a decline in number of species 

between the 1960s and 2001. This was evident in the total number of species for 

1960s to 2001 (Fig. 2.2), the number of species per taxonomic group (Fig. 2.3) and 

the average number of species per dredge per period (Fig. 2.4). In addition, there was 

a change in the species composition, as some species were lost or replaced by others 

(Table 2.1). The replacement or loss of the species from the stations sampled, 

however, does not necessarily reflect the loss of those species from the entire Bay 

system. It may only indicate a shift in abundance from common to rare. It was noted 

that Polychaeta showed the greatest decline in species number (Fig. 2.3). As a result 

of these changes in species composition and abundance, the benthic communities in 

2001 were significantly different from those of the 1960s (Figs. 2.5 and 2.6). Any 

proposed cause for these changes in the benthic communities should explain all of the 

observations mentioned above. 

The numerical analyses employed in this study were not experimental or predictive, 

but exploratory. As a result it was not possible to determine conclusively the cause of 

the changes observed. Three possible causes can however be proposed, these being 

(1) methodological error, (2) natural environmental and biological variation, or (3) 

anthropogenic activities within Saldanha Bay. 

Methodological error, which results from slight differences in the equipment used or 

from human error in identification of species, could explain the difference between 

the benthic communities recorded in the 1960s and 2001. For example the magnitude 

of the decline in species richness may be exaggerated as a result of under-sampling 

those species sized 1-2 cm in 2001. Since the emphasis was on individuals greater 

than 1 cm in length, the size of the sieve used to process the samples in 2001 was 

greater than that used in the 1960s; so even though species with an average length less 

than 1 cm were removed from the analysis, it is possible that organisms sized 1-2 cm 

would not have been as well sampled in 2001. However, I believe that most of the 

species used in this analysis (Appendix 2) were or would have been easily noticed in 

the sieve and only a few species would have been difficult to spot. Even if sampling 

error could account for the loss of certain species, it cannot account for the loss of 

some of the much larger species (those greater than 2 cm in length), or the gain of 
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CHAPTER 2: Dredge Sample Analysis 

some relatively small species (Table 2.1). Also there is the possibility of differences 

in identification of species, although every effort was made to keep the identification 

constant and the old species names were updated. Therefore although methodological 

error could have some effect, I do not believe that this error could have caused the 

observed differences between the two periods. 

Secondly, benthic communities are known to be naturally variable and subject to 

seasonal, annual and long-term cycles in total biomass and numbers (Gray 1981). 

There are no publications describing such cycles in Saldanha Bay benthic 

communities. Thus I cannot dismiss the possibility that natural temporal changes may 

explain the differences between old and new samples, particularly as there are no 

equivalent control sites with which comparisons can be made. 

The 1960s samples were collected during different seasons (Appendix 1), so seasonal 

variation may have had an effect on the benthic communities. However, Field (1970) 

studied the seasonal changes in benthic communities with depth in False Bay. He 

concluded that although seasonal variation in benthic communities does occur, 

variation with depth was much greater than the seasonal variation. It can therefore be 

inferred that spatial variations in environmental factors probably supersede any 

seasonal variations within the benthic communities. In addition, Gray & Christie 

(1983) indicated that seasonal changes were not as important as annual changes in 

benthic communities when conducting long-term studies. Therefore, seasonal 

variation in benthic communities is unlikely to be the cause of the changes in the 

benthic communities of Saldanha Bay. 

Interannual patterns in benthic communities are the result of the fluctuations or cycles 

in physical parameters as well as random spawning and settlement of species or 

individuals. The physical studies in Saldanha Bay emphasize that although the 

physical parameters or factors in the Bay do fluctuate (Monteiro et ai. 1990), the 

current state is far beyond the range of expected natural fluctuation (Weeks et ai. 

1991a, b, Luger et al. 1999, Monteiro et al. 1999). Since benthic communities are 

closely linked to their habitats (Gray 1981), it is likely that the present benthic 

communities may also be transformed beyond their previous natural fluctuations. 
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CHAPTER 2: Dredge Sample Analysis 

The variation among the samples within each period is interesting. The old samples 

showed greater variation than the new samples (Figs 2.5 & 2.6). As the old samples 

were collected over a period of 10 years, interannual variation within the communities 

may explain the variation observed among these samples. This may also be the reason 

that no apparent pattern was visible among the old samples (noted by Christie and 

Moldan 1970s). But even though the samples were variable, they were still more 

similar to each other than to the new samples (Fig. 2.5 & 2.6), suggesting that the 

interannual differences between samples did not account for the separation of the 

communities in the 1960s from those in 2001. 

Long-term hydrographic data in the North Atlantic Ocean showed evidence of cycles 

with periods of 3-4,6-7, 10-11, 18-20 and 100 years (Gray & Christie 1983). Benthic 

data suggested cycles of 6-7 and 10 -11 year cycles, but not all benthic species show 

cyclic behaviour (Gray & Christie 1983). Oliver et ai. (1980) noted that the benthic 

marine invertebrate communities are organized along a gradient of wave-induced 

substrate motion on the subtidal high-energy beach in Monterey Bay, California. Two 

zones were distinguished: a shallow zone (6-14 m), which was commonly disrupted 

by wave action and was primarily occupied by small, mobile, deposit-feeding 

crustraceans; and a deeper zone (14-30 m), which was dominated by tube worms and 

burrowing polychaetes. Community zonation was shown to be strongly influenced by 

wave-induced bottom disturbance. One of the major natural factors influencing 

Saldanha Bay is water movement, specifically wave action (Flemming 1977, 

Monteiro et al. 1999). If the wave exposure in the Bay has been altered, then the 

sediment patterns and the benthic communities within the Bay can also be expected to 

change. 

Although no work has been done on long-term cycles in the benthic communities of 

Saldanha Bay, physical oceanographers have described changes in environmental 

parameters immediately after major development events (Weeks et al. 1991a; Weeks 

et al. 1991b, Monteiro et ai. 1999), suggesting that the changes were not the result of 

natural causes. Also the physical conditions have remained relatively stable within the 

Bay over the last 30 years since the construction of the harbour. Since benthic 

communities elsewhere are closely linked to their environments (Gray 1981), it is 

likely that the communities have not been greatly influenced by natural fluctuations. 
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The third possible cause of changes in the benthic communities is that conditions 

within the Bay have changed over the past 30 years due to human activities. Several 

studies have shown that the physical environment has indeed changed because of 

human interference (Weeks et al. 1991a, b, Luger et al. 1999, Monteiro et ai. 1999). 

Such changes in habitat have been known to cause major changes in benthic 

communities (Gray 1981). Therefore, it is logical to conclude that the communities 

may have changed as a result of human interference. A decline in the number of 

species is generally associated with disturbance events (Gray 1981), as are increases 

in scavengers and predators, and decreases in suspension-feeders. 

Most suspension-feeding species (80%) declined between the 1960s and 2001, and the 

average (coded) abundance declined from 0.87 to 0.53, the difference was, however, 

not significant (Wilcoxon matched pairs test, p>0.05). There was also no difference 

evident when comparing scavengers and predators (Wilcoxon matched pairs test, 

p>O.1). Nevertheless, the species that contributed the most to the 1960s and the 2001 

samples, Nassarius speciosus and Hymenosoma orbiculare (Table 2.1) are both 

scavengers or predators, and both increased in abundance. 

Nassarius speciosus is a scavenger, mostly found in protected or sheltered areas. 

Since it is known that the organic content of the sediment has increased (Monteiro et 

al. 1999) and that Saldanha Bay has become more sheltered as a result of the 

breakwater and harbour construction, it is likely that the increase in N. :::.peciosus is a 

result of the harbour construction and organic loading in the Bay. Hymenosoma 

orbiculare is a predator that feeds on small crustaceans and is most common in 

relatively sheltered areas such as lagoons and estuaries. A large number of amphipod 

tubes were brought up in the 2001 dredges, indicating considerable food availability 

for H orbiculare. Evidently the conditions that resulted from the harbour 

development and subsequent development in the Bay have had an influence on 

various populations within the communities. Ophiothrix fragilis, Glycera tridactyla 

and Bullia species were more abundant in the 1960s (Table 2.1). 0. fragilis and Bullia 

species share a preference for wave-exposed habitats, and both decreased in 

abundance since the 1960s. Again, this refers to the difference in wave-exposure 

between the 1960s and 200 1. Wave-exposure patterns are unlikely to change as a 
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result of long-term natural fluctuations, whereas the influence of harbour construction 

on wave action is obvious. In turn, this is likely to have been responsible for the 

changes in benthic communities. 

There appeared to be two distinct benthic communities present within both the 1960s 

and 2001(Figs 2.5 and 2.6). Groups A and B in the 1960s were not as distinct as 

Groups C and D in 2001. Interannual changes in communities could not account for 

the differences between Groups A and B. Group A had more suspension-feeders, 

while Group B had a greater abundance of scavengers. When considering the extent 

of these communities within the Bay, it was evident that each covered a large area of 

the Bay (Fig. 2.7). Group A was located in the middle of the Bay, in slightly deeper 

water and in the area of greatest wave exposure (Flemming 1977). Wave exposed 

areas are generally not considered depositional areas, which means that most of the 

organic material would remain suspended in the water column, providing greater food 

availability for suspension-feeders, perhaps explaining their greater abundance in 

Group A. Group B was found in the semi-exposed zones (Flemming 1977), which 

could be considered as more of a deposit area than the exposed zone. Relatively, 

larger amounts of detrital matter would be available for consumption, which may 

have resulted in the observed abundance of scavengers. 

Groups C and D in 2001 were very different. The samples in Group D were made up 

of six species or less having relatively low abundances and consisting of predators 

(mainly the stomatopod Pterygosquilla armata capensis) and scavengers. 

Pterygosquilla armata capensis is a nocturnal predator that lives in burrows in sandy 

mud, mainly in sheltered areas. This group was confined to the Small Bay area (Fig. 

2.7). It is well known that Small Bay is the area of Saldanha Bay most affected by 

human activities (Jackson & McGibbons 1991, Stenton-Dozey et ai. 1999). It is now 

sheltered from wave exposure because of the breakwater (Monteiro et ai. 1999), has 

organic inputs in the form of fish factory effluents and mussel farm waste and has a 

reduced flushing time, which means that the pollutants emptied into this area are 

retained longer than would have been the case before the jetty was built. Group Chad 

greater diversity in terms of feeding-groups and taxa. This group was confined to Big 

Bay, being less affected by the pollutants released into Small Bay. The harbour 

divides Saldanha Bay into Big Bay and Small Bay. The communities sampled in 2001 
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are divided into Small Bay and Big Bay communities. Thus, the harbour is probably 

the major factor dividing the communities within Saldanha Bay. 

Anderson et al. (1981) studied the environmental effects of harbour construction 

activities in an estuary at Steveston, British Columbia. They found that the benthic 

communities were closely related to sediment parameters and that by sampling the 

sediment type the communities could be predicted. The construction of the harbour 

merely changed the sediment distribution and the benthic communities shifted their 

distribution to coincide with that of the sediment. Thus the harbour had the effect of 

shifting the communities, but did not alter them. This disagrees with what was found 

in Saldanha Bay. Generally if the communities had just shifted areas or patterns 

within the Bay, there would be overlap in the communities between the two periods, 

but there was none (Fig. 2.5 & 2.6). Benthic communities were markedly different 

between the 1960s and 2001. The habitat has changed rather than shifted so it is likely 

that the communities should change as well, not simply shift. A possible explanation 

for the above differences between these conclusions and those of Anderson et al. 

(1981) may be that in their studies the constant flow of the river flushed out pollutants 

emptied into the harbour area. Since the pollutants would not have the opportunity to 

settle into sediments, they would have less effect on the benthic communities, which 

might have been able to shift position rather than being altered. 

In conclusion, the results of this analysis show that the species composition of the 

benthic communities in Saldanha Bay has changed radically, and the number of 

species has declined. There has been a shift in the feeding groups in that suspension­

feeders have decreased, while at least some scavengers and predators have increased 

in abundance. In addition, organisms that prefer sheltered habitats have become more 

common at the expense of those that prefer exposed habitats. Although this study 

cannot exclude the possibility that the changes in benthic communities between the 

1960s and 200 1 were the result of natural fluctuations, it is more likely that the altered 

wave exposure and increase in organic matter within Saldanha Bay, which are results 

of the harbour construction and fish factory and musselfarrn outputs, were responsible 

for those changes. 
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CHANGES IN THE BENTHOS OF SALDANHA BAY (1960s-2001): 

AN ANALYSIS BASED ON QUANTITATIVE GRAB SAMPLES. 

INTRODUCTION 

In light of the changes in benthos detected by dredge sampling and outlined in 

Chapter 1, this chapter considers the use of quantitative grab sampling to determine 

whether the benthic macrofauna (greater than Imm in size) of Saldanha Bay has 

changed since the 1960s. Grab samples analysed by Christie and Moldan (1970s, 

unpublished report) provided the baseline against which these changes could be 

measured. 

Quantitative sampling of soft substrata involves the removal of a known area or 

volume of sediment, e.g. by means of a core, box corer, suction sampler or grab (Gray 

1981). The van Veen grab was used for the current study because it was used in the 

pre-1973 sampling surveys. Prior to 1970 a 0.1m2 van Veen grab was used, but since 

then it has been replaced by the heavier 0.2m2 grab, the current standard grab sampler 

(JG Field, UCT, pers. comm.). This causes complications in interpreting the results of 

comparisons between samples prior to and post-1970, since the 0.2 m2 grab samples 

twice the area but probably also penetrates deeper. 

The grab is lowered vertically from a stationary ship, capturing slow-moving and 

sedentary members of the epifauna and infauna down to the depth excavated by the 

grab (Holme & McIntyre 1971). Its long arms provide leverage, preventing the grab 

from being jerked off the bottom. The 'bite' of the van Veen grab is quadrangular 

(Gollardo 1965, Lie & Pamatmat 1965), therefore depth of penetration can be 

calculated with reasonable accuracy from the total sample volume. Also the 

shockwave of the grab is negligible (Lie & Pamatmat 1965). 

The factors influencing grab sample volume include the movement of the ship relative 

to the bottom, small-scale topographical features (e.g. hillocks), sediment water 

content, the presence of objects which prevent initial closing of grab, speed of grab 

descent onto the substratum and the manner in which the grab is removed from the 

substratum (Christie 1975). For example, if the sediment water content is high, the 
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CHAPTER 3: Grab Sampling 

sediment is loosely packed, which means that the grab can penetrate deeply, whereas 

if the sediment is tightly packed, the sediment becomes hard and the grab cannot dig 

deeply. The depth of penetration and hence the sample volume is, however, 

influenced mainly by the sediment texture (Holme & McIntyre 1971, Christie 1975). 

An exponential relationship exists between the sample volume and sediment texture 

(Christie 1975) until the percentage mud that will give maximum grab volume is 

reached. In other words, the grab penetrates deeper in mud than in sand or gravel. 

Two categories of animals are known to escape the grab: 1) fast-moving animals and 

2) deep-burrowing animals. Fast-moving animals can either avoid the samplers 

actively or they can be washed away by the shockwave (which is negligible in the van 

Veen grab). Secondly, the maximum depth of penetration of the 0.1 m2 grab is 15-20 

cm (Holme & McIntyre 1971), whereas burrowing organisms can be found at depths 

of 30 cm or greater. Organisms would therefore be underestimated by the grab if they 

can burrow below its digging depth. Again, both the penetration depth and the vertical 

distribution of the organisms are dependent on the substratum. 

Benthic communities are known to have patchy distributions (Gray 1981). The way in 

which the problem of spatial variation is overcome is generally by collecting replicate 

samples of 0.1-0.2 m2 area and aggregating them to 0.5 m2 or 1m2 (Holme & 

McIntyre 1971). This allows one to capture the spatial variation at the station, as well 

as providing a more accurate idea of the overall abundance and diversity over a larger 

area of the station, without making assumptions of homogeneity of the community. 

In this chapter, 13 of the 23 stations analysed by Christie and Moldan (1970s, 

unpublished report) prior to the harbour development in Saldanha Bay were 

resampled. These were used to analyse both temporal and spatial differences in the 

benthic macrofauna of Saldanha Bay. As in Chapter 2, the temporal changes were 

determined through a general comparison of the benthic communities in the 1960s 

and 2001, whereas the spatial differences were determined by considering the spatial 

distributions of the benthic communities within each period. 
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CHAPTER 3: Grab Sampling 

METHODS 

Sampling 

Thirteen stations sampled between 1960 and 1964, before the development of 

Saldanha Bay harbour (Christie and Moldan unpublished report), were resampled in 

2001. after development, to allow for a direct comparison. All sampling in 2001 was 

conducted in summer under calm oceanic conditions. Two replicate van Veen grab 

samples were collected at each of the 13 stations (Fig. 3.1). The original samples were 

collected with a 0.lm2 van Veen grab, but this study employed a 0.2m2 grab. The 

difference in size of grab is compensated for in the numerical analysis (see below). 

The samples were washed through a 1mm2-mesh sieve aboard ship to ensure that only 

macrofauna was collected and to remove fine sediment. The faunal samples were 

fixed in 10% formalin and kept for analysis. Empty mollusc shells and organisms 

considered dead at the time of sampling were excluded from the analysis. The 

macrofauna was sorted, transferred to 1 % propylene phenoxytol, identified to the 

lowest possible taxonomic level and counted. The samples were labelled with an '0' 

(old) referring to the samples collected in the 1960s or 'N' (new) referring to the 

samples collected in 2001, as well as the station number, and paired replicates are 

indicated by A or B. 

Sediment: 

Flemming (1977) conducted an extensive study of the distribution of the sediment in 

Saldanha Bay prior to the harbour development. For the historical samples, 

proportions of mud, sand and gravel, as well as the mean particle diameter, were 

estimated from the maps he produced. In addition, percentage organic carbon was 

read off a map produced by Flemming (reproduced in Monteiro et ai. 1999). Although 

the sediment samples were collected at a different time to, and not always at the same 

location as, the faunal samples, the sediment distribution was relatively stable in the 

Bay at the time (Pedro Monteiro, CSIR, pers. comm.), so that use of these data is 

justifiable. 
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Figure 3.1: Positions of the Saldanha Bay grab stations sampled in the 1960s and 
again in 2001. Sampling sites are numbered. 

A 100 g sediment sample was collected from each of the new grab samples. The 

sediment was processed as described by Flemming (1977). The interstitial salt was 

removed from a representative sediment sample (approximately 30-50g) by dialysis. 

The sample was then wet-sieved through a 631!m mesh sieve, to separate the sand and 

gravel from the mud fraction. The mud fraction solution was made up to one litre and 

a subsample taken into a pipette of known volume. The mass of the mud in the 

subsample was then determined after drying and multiplied up to total mass of mud 

within the sample. The sand and gravel fraction was also dried, then separated into 

sand «2 mm) and gravel (>2 mm) fractions. These were each weighed and the 
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CHAPTER 3: Grab Sampling 

proportions of mud, sand and gravel were calculated. Using a splirer (an instrument 

that divides the sand in such a way that each half is representative of the entire 

sample), a sample of 2-3 g was split off. This was then run through a settling tube to 

determine mean particle diameter. Percentage of organic carbon was derived from a 

recent study by Monteiro et al. (1999). 

Numerical Analysis: 

Since historical data were collected by a 0.1 m2 van Veen grab and the new data were 

collected by a 0.2 m2 van Veen grab, the old data for numbers of individuals per 

species were multiplied by two to make them comparable to the new data (closest 

approximation). The average depth of penetration of the grab was calculated for the 

new samples (§-:?5 ± 4.33 em) and five of the old samples (4.9 ± 1.24 em), for which 

the volume of the grab was known. Since the depths were not very different, it was 

considered unnecessary to compensate for differences in depth of penetration between 

the old and new samples. The old data for the number of species (species richness) 

could not validly be scaled up in this way and may have been underestimated relative 

to those of the new data, according to the species richness-area hypothesis (Begon et 

al. 1990). 

Non-parametric multivariate analyses were applied to the species abundance data 

using the PRIMER (Plymouth Routines in Multivariate Ecological Research) software 

(Clarke 1993). The raw data were transformed using a "root-root" transformation, 

which reduces the weighting of abundant species, scaling down their scores so that 

they do not swamp the rest of the data (Field et al. 1982). The tt:ansformed data were 

then converted into a similarity matrix using the Bray-Curtis similarity measure. 

An ANOSIM was performed on the similarity matrix, testing the null hypothesis that 

there was no difference in the macrobenthic community structure of Saldanha Bay 

between the 1960s and 2001. Exploratory cluster analyses, viz. classification and 

MDS ordination, were undertaken to produce graphical presentations of the 

similarities between the old and new samples. SIMPER analysis was performed on 

the data to determine which species contributed most to the dissimilarity between 

groups (Clarke 1993). Feeding types of these species were defined from the literature 

and the average abundance of each feeding type was calculated. This was based on 
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CHAPTER 3: Grab Sampling 

the species most important species identified in the SIMPER analysis. Wilcoxon 

matched pairs tests were applied to the 1960s and 2001 species abundances to provide 

a before and after value for each species (Zar 1999). 

Sediment data, including sediment grain size and organic carbon content, as well as 

depth, were superimposed onto the MDS ordination to determine whether groups 

were characterised by particular physical characteristics (viz. sediment parameters and 

depth). Non-parametric Wilcoxon matched pairs tests (Zar 1999) were applied to 

determine whether there was a difference in the sediment characteristics between old 

and new samples. 

Wilcoxon matched pairs tests were also used to compare the species richness and 

number of individuals between the old and new samples. Since diversity indices are 

dependant on the combination of species richness and number of individuals, these 

were not calculated because although the difference in area of grab has been 

compensated in the number of individuals, this has not been done for the species 

richness, which would render the results of any statistical tests conducted on them 

invalid. For the matched pairs tests, the abundance and species numbers for the 

replicate new samples were averaged to allow direct comparison with the single 

samples taken for the old data. 

In addition, the geographical locations of the defined groups in the 1960s and 2001 

were plotted in an attempt to relate groups to location. 

RESULTS 

General Analysis 

In total, 141 taxa were identified, the old samples having a total of 93 taxa, and the 

new samples 89 taxa (Appendix 2B). Fifty-two taxa were found only in the old 

samples and 48 were exclusive to the new samples (Fig. 3.2). Forty-one species were 

shared between the two periods. Thus, approximately half the species in each period 

were exclusive to that period. Polychaeta, Crustacea and Mollusca had the greatest 

number of species in both periods (Fig. 3.3). The total number of species of Mollusca 

and Crustacea had increased marginally while the total number of species of 

Polychaeta had decreased. Up to 50% or 60% of the species present in the 1960s had 
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CHAPTER 3: Grab Sampling 

disappeared from the sampled stations, or at least become rare in 2001, and similar 

numbers of species had appeared or become more common in 2001. 
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Exclusively 2001 samples Exclusively 1960s samples 

Shared 

Figure 3.2: Pie chart indicating the number of species shared between and exclusive to the two periods, 
19608 and 2001. 
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Figure 3.3: The total number of species of the major taxa in the 1960s (black bars) and 2001 (white 

bars) as well as the number of species shared (striped bars) between the two periods. 

There was no significant difference in the number of species in the old and new 

samples (Wilcoxon matched pairs, Z=1.50, p>0.05). The number of individuals per 

sample (Fig. 3.4) in the 1960s samples was significantly greater than that of 2001 
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CHAPTER 3: Grab Sampling 

(Wilcoxon matched paIrS, Z=2.76, p<O.OI). Furthermore, the average number of 

individuals decreased from 719 (± 522 SD) to 257 (± 210 SD). The doubling of the 

abundances in the old samples provides a relatively good approximation to number of 

individuals in the larger area, as the number of individuals probably increases linearly 

with area, which suggests that the difference observed between the old and new 

samples is real. The 1960s samples were dominated by Pelecypod a (54%) and had a 

very small percentage of Prosobranchiata «1%). Crustacea made up 10% (including 

amphipods) and Polychaeta made up 35% of the individuals. In 2001, Polychaeta 

made up the largest proportion of the individuals (45%). Crustacea made up the 

second largest proportion of individuals (38%), the majority of which were 

amphipods (30%). Mollusca only contributed 14% of the individuals; Pelecypoda a 

mere 2%, and Prosobranchiata 12%. It should be noted that the changes in 

percentages did not necessarily indicate an absolute Increase or decrease in the 

abundance of any taxonomic group, because the total number of individuals was 

different. 

1960 

719 (±522 S.D.) 
individuals/0.2m2 

2001 

257 (±210 S.D.) 
individuals/0.2m2 m Cnidaria 

o Polvchaeta 
a Crustacea 
m Amphipoda 
III Pelecvpoda 
o Prosobranchiata 
• Other 

Figure 3.4: Pie charts indicating the percentage contribution of the major taxa to the total 
number of individuals per sample for both the 1960s and 2001. The size of the pie charts 
indicate the relative numbers of individuals per sample (mean with standard deviation 
indicated in brackets). 
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CHAPTER 3: Grab Sampling 

Multivariate Analysis 

General comparison between the benthic communities o/the 1960s and 2001 

The benthic species composition of the old and new samples were significantly 

different (ANOSIM, R =:= 0.599, p<O.OOl), although the validity of this test may be 

questioned, because of the different sampling gear used and the doubling of old 

sample species abundances. The pelecypod genus Macoma contributed most (5.65%) 

to the dissimilarity (D=80.70%) between old and new samples (Table 3.1), its 

abundance in 2001 being less than 1 % of that found in the 1960s. The polychaetes 

Prionospio saldanha, Magelona capensis, Mediomastus capensis and Ampharete 

capensis, as well as amphipods of the genus Bathyporeia were virtually absent from 

the 2001 samples, each contributing less than 4% to the dissimilarity. The whelk 

Nassarius plicatellus and the amphipod Ampelisca diadema were absent from the 

1960s samples. The whelks Nassarius vinctus and N speciosus showed an increase in 

abundance between the 1960s and 2001, together contributing 6.46% to the 

dissimilarity. The amphipods AmpeUsca brevicornis and Paramoera capensis also 

increased in abundance, whereas Bathyporeia spp. and MegaZuropus namaquensis 

decreased in abundance between the 1960s and 2001. Cumaceans were abundant in 

the 1960s, but few were found in the 2001 samples. The polychaete Orbinia 

angrapequensis showed an increase in abundance. The delicate polychaete Nephtys 

sphaerocirrata decreased in abundance, while the more robust congener N hombergi 

increased in abundance. 

The most common feeding types represented in the samples were suspension-feeders, 

deposit-feeders, scavengers and predators (Table 3.1). Although the total abundances 

of the scavenger and predators increased and that of the suspension-feeders and 

deposit-feeders decreased, the differences were not statistically significant (Table 

3.2). In terms of number of species, similar numbers of species within each feeding 

type increased and decreased in abundance. 
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CHAPTER 3: Grab Sampling 

Table 3.1: SIMPER analysis: The percentage contribution of each species to the grouping of the 1960-
1964 (old) samples and the 2001 (new) samples. The arbitrary cut-off percentage of 50% was chosen. 
Average dissimilarity between old and new groups = 80.70%. 
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1 Taxon Taxonomic Feeding type Ave. Abund. , Ave. Abund. Percent I Cum. 

I 
group 

i 
(O.2m2) ! (0.2m2) Contrib. I percent 

1960-1964 2001 

I Macoma spp. Bivalvia S 368.62 2.00 5.65 
. Prionospio saldanha Polychaeta D 76.31 0.00 3.19 

I Orbinia angrapequensis Polychaeta D 10.46 29.81 3.01 
I Nassarius plicatellus Gastropoda SP 0.00 • 19.38 2.92 

I Cumacea Cumacea S 26.31 0.69 2.84 

I AmpeJisca diadema · Amphipoda S 0.00 • 44.96 2.79 
Bivalvia S 7.23 i 0.42 2.35 Phaxas decipJens .. 

tfirgularia schultzei · Pennatulacea S 8.92 6.23 2.20 
Maf(elona capensis Polychaeta D 17.38 0.00 2.17 

I Mediomastus capensis · Polychaeta D 8.00 · 0.00 2.13 
I Ampelisca brevicornis Amphipoda S 8.15 9.27 2.12 
I Nephtys sphaerocirrata I Polychaeta SP 10.62 1.96 2.08 
I Timarete tentaculata I POlychaeta D 0.15 47.23 1.96 
I Paramoera capensis I Amphipoda D 0.77 17.77 1.96 
i Nassarius vinctus I G~stropoda • SP 0.92 4.35 1.80 
. Nassarius speciosus ! Gastropoda SP 1.85 5.15 1.74 
I Nephtys homberf(i Polychaeta SP 2.77 3.85 1.74 
: Glycera tridactyla ! Polychaeta SP 8.15 3.46 1.72 
l Bathyporeiaspp. Amphipoda .D 5.69 .0.00 1.64 
: Hymenosoma oriculare i Brachyura SP 2.31 1.88 1.62 
I Megaluropus namaquensis Amphipoda D 11.69 · 0.04 1.60 
I Ampharete car.ensis i Polychaete D 69.23 0.00 1.60 

Table 3.2: Comparison of the feeding types of the 1960s and 2001 samples. Only species represented in 
the SIMPER table (Table 3.1) were used. The total abundance is the sum of the average abundances of 
all species belonging to a feeding category. The increase or decrease in the number of species refers to 
the change that has been observed since the 1960s. 

Feeding type Number of individuals Number of species 

I 
1960s 2001 Significance Increased i Decreased 
(total (total (Wilcoxon in in 

I 

I 
abundance) abundance) matched abundance abundance 

i pairs test) 
I Scavengers & Predators . 26.62 40.03 P>O.l :4 3 

Suspension-feeders 419.23 63.57 P>O.l 3 4 
Deposit-feeders 199.68 94.85 P>O.l 4 5 

Detailed comparison of benthic communities 

Old and new samples separated at just above the 20% similarity level of the 

dendrogram (Fig. 3.5) and two outliers were identified, i.e. the samples from stations 

8 and 14 in the 1960s. Four main groups could be distinguished at the 30% similarity 

level. Group 1 consisted of all the old samples excluding the outliers and Groups 2-4 

consisted entirely of new samples. Group 4 could be further divided into three 

subgroups with average similarities greater than 50%. At 11 of the 13 stations, the 

5.65 
8.84 
11.85 
14.77 
17.60 
20.39 
22.74 

· 24.95 
27.11 

· 29.24 
31.37 

· 33.44 
35.40 

· 37.36 
39.16 

! 40.90 
42.64 
44.36 
46.00 
47.62 
49.22 
50.83 
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CHAPTER 3: Grab Sampling 

replicate pairs of samples were very similar to each other. Only at stations 20 and 33 

were the replicates dissimilar in composition. 

There was a clear distinction between the old and new samples on the MDS 

ordination plot, apart from two outliers (Fig. 3.6). Out of the three new sample 

groups, the samples from Group 4 were most similar to the samples in Group 1 and 

the samples in Groups 2 and 3 were most similar to each other. The MDS shows that 

Group 4 should not be further divided. 

4 
Figure 3.5: Dendrogram of cluster analysis showing the classification of the old (0) and new 
(N) grab samples at 13 Saldanha Bay stations, based on the abundances of small benthic 
macrofaunal taxa. Groups 1-4 are indicated, with Group 4 being subdivided into a, b and c 
subgroups. 

Group 1 had the greatest abundances of the bivalves Macoma ordinaria and Phaxas 

decipiens, the polychaetes Glycera tridactyla and Prionospio saldanha and 

cumaceans, which made it different from Groups 2-4 (Table 3.3). Upogebia africana 

(Anomura), Paramoera capensis (amphipod), Nassarius speciosus (whelk) and 

Polydora spp. (polychaetes) were most responsible for separating Group 2. The whelk 

Nassarius plicatellus and the amphipod Ampelisca diadema defined Group 3. Group 4 

was defined by the polychaetes Orbinia angrapequensis and Glycera tridactyla, the 

sea-pen Virgularia schultzei and the amphipod Ampelisca brevicornis. Groups 1 and 4 

had similar abundances of Virgularia schultzei and Ampe/isca brevicornis. 
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Stress: 0.17 

3 

1 
4 

Figure 3.6: MDS ordination of old (closed triangles) and corresponding new (open triangles) 
grab samples at 13 Saldanha Bay stations, based on the abundances of small benthic 
macrofaunal taxa. Groups 1-4 from Fig. 3.5 are marked on the diagram and encircled. 

Table 3.3: SIMPER analysis: A comparison of abundances of the species contributing most to the 
similarity (indicated by *) within each of Groups 1-4. Similarities were all greater than 35%. The 
arbitrary cut-off was 45% of the similarities. 

. Taxon i Taxonomic Average Abundance (0.2 mL
) 

I i group Group 1 Group 2 Group 3 Group 4 
I Macoma ordinaria · Bivalvia 429.45* 3.80 2.33 1.27 

· Glycera tridactyla i Polychaeta 6.18* 4.80 0.67 4.13* 
I Phaxas decipiens I Bivalvia 8.55* 0040 0.00 0.60 

i Prionospio saldanha i Polychaeta 90.18* 0.00 0.00 0.00 

i Cumacea i 22.91 * 0.00 0.00 1.20 

I Uf!.0ge~ia africana I Anom~ra 0.00 65.20* 7.17 0.07 
i Nassarius se.eciosus · Gastropoda 1.82 15.40* 4.17 I 2.13 
: Polydora spp. i Polychaeta 6.36 82.20* 0.00 0.00 
lJi;:z~amoera capensis · Amphipoda 0.91 68.60* 15.33 1.80 
i Nassarius f!.licatellus I Gastropoda 10.00 2.80 39.00* 17.07 
! Ampelisca diadem a i Amphipoda 0.00 3.8 186.50* 2.07 
. Orbinia angrapequensis I Polychaeta 12.18 25.40 3.50 41.80* 
I Virgularia schultzei I Pennatulacea 9.82 0.20 0.00 10.73* 
I Ampelisca brevicornis i Amphipoda 9.45 0.00 i 6.83 13.33* 

Comparison of environmental factors 

The sediment parameters that showed a significant difference between the old and 

new samples were percentage gravel, percentage mud and mean particle size 

(Wilcoxon matched pairs, p<O.05), whereas there was no significant difference in 
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percentage sand and percentage organic carbon (p>O.05). There seemed to be a higher 

percentage of gravel in the old samples than in the new, although the Group 1 (old) 

samples did have considerable variation in gravel content. Gravel was virtually absent 

from all Groups 4 stations, and many Group 3 stations (Fig. 3.7a). 

The new samples generally had > 50% sand except for Station 8 (5%), whereas the 

old samples had from 25-99% sand (Fig. 3.7b). Within the new samples (Groups 2-

4), the sand fraction was consistently high in Group 4. The mean sand particle size (in 

phi units, Fig. 3.8a) of the old samples (Group 1) ranged from 1-3 cI> (medium to fme 

sand), whereas in the new samples the values were concentrated between 2.5 and 3 cI> 

(fine sand), the only exception being Station 24 (2 cI». The outliers had mean particle 

sizes greater then 3 cI>. Within the new samples, the sediment tended to be more 

uniformly fine sand, whereas the old samples had great variation in particle size. 

The percentage mud was always consistently low in the old samples (see Group 1 in 

Fig. 3.7c). Values were more variable in the new samples, being low in Group 4 but 

higher in Groups 2 and 3, with much greater values in two of the samples in Group 3, 

namely the replicates at Station 8. Some new samples appeared to have higher 

percentage organic carbon, but high percentages were not characteristic of all the new 

samples (Fig. 3.7d). Values were always moderately low in all old samples (Group 1) 

but variable among new samples, being consistently low in Group 2, often high in 

Group 4 and always high in Group 3. Again Station 8 (in group 3) stood out as having 

very high values, parallel with its high percentage mud. 

In summary, old (Group 1) samples had high percentage gravel, low percentage mud 

and moderately low percentage organic carbon. New samples (Groups 2-4) were more 

variable but always had less gravel. Within Groups 24, Group 2 was distinguished by 

having relatively more gravel and very low levels of organic carbon, Group 3 by a 

combination of high levels of percentage mud and percentage organic carbon, and 

Group 4 by low levels of mud. Particle size of the sand component was generally 

greater in the old samples (mostly 1-2 cI» than in new samples (generally greater than 

2.5 cI». 
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Stress: 0.17 

c 
Stress: 0.17 

Key: % Gravel, 
Sand & Mud 

0 99% 

o 75% 

o 55% 

o 25% 
10% 

7% 

Kev: % Organic C 

2.2% 

1% 

o 0.5% 
0.2% 

Figure 3.7: Sediment characteristics: % gravel, sand, mud and organic carbon, superimposed 
on the MDS ordination plot (Fig. 3.6), based on species-abundance data. Groups were as in 
Figure 3.6. Bubbles for % organic carbon differ in dimension from those of other sediment 
parameters. 
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The average depth at which samples were taken was not significantly different 

between old and new samples (Wilcoxon matched pairs, p>0.05; Fig. 3.8b). The old 

samples (Group 1) ranged from depths of 10 to 26m, very similar to the depths at 

which the new samples were collected (l0-27m). Depth could also not be used to 

distinguish among the new sample groups (Groups 2-4). 

(a) mean particle diameter (Phi) 

Stress: 0.17 

(b) depth (m) 
r 

..... -.---- .---..... ---..... ----..... -.-.... -
. Stress: 0.17 

3 

Key: Mean particle 

3.3 phi 

0 3.0 phi 

2.5 phi 

2.0 phi 

0 1.0 phi 

Key: depth (m) 

27m 

C) 20m 

15m 

10m 

Figure 3.8: Sediment mean particle diameter (Phi) and depth (m) values superimposed on the 
MDS ordination plot based on species-abundance data (Fig. 3.6). Groups indicated by bold 
numbers 1-4. 
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Geographically, the old samples formed one large group, which covered the entire 

area sampled (Fig. 3.9). In 2001, Group 3 consisted of Stations 8, 13 and 36, all of 

which are situated near to the coast where major human activity takes place. Group 4 

consisted of stations situated outside Saldanha Bay (4b), the area leading up to the ore 

jetty (4a) or in Big Bay (4c). Group 2 consisted of stations 7, 33 and 24, which are 

possibly far enough away from the ore jetty not to be too greatly influenced by the 

activities surrounding it. 

DISCUSSION 

The main changes observed in Saldanha Bay during this study were: (1) radically 

different benthic community composition between the 1960s and 200 I; (2) an 

increase in the total abundance (Table 3.2) of scavengers and predators, and a 

decrease in suspension-feeders and deposit-feeders; (3) a decrease in the number of 

individuals (based on corrected values for 0.1 m2 grab); (4) greater differences 

between stations in 2001 than in the 1960s (3 groups vs 1 group); (5) a shift to less 

gravel, more mud, finer sand and (possibly) more organic carbon, at least at some of 

the stations. 

As in Chapter 2, three possible causes provide plausible explanations for the 

differences between the 1960s and 2001. Firstly, the methodology, referring 

specifically to the conversion of old sample abundances by multiplication, could have 

caused differences between samples. Secondly, natural variations in communities, in 

terms of long-term fluctuations or cycles, could have accounted for the observed 

differences. Thirdly, the changes could have been a result of anthropogenic activities 

in Saldanha Bay. 

As mentioned above, the standard grab-size changed from 0.lm2 to 0.2m2 around 

1970. For this reason, different sized grabs were used to sample in the 1960s and 

2001. The larger grab was more likely to sample rare species than the small grab, 

because it covered a larger area, although the depth of penetration was not 

significantly different between the grab sizes. The larger grab was also less likely to 

allow the escape of more mobile species. The number of individuals per species in the 

old samples was multiplied up to compensate for the difference in area, but it was not 

possible to validly compensate for species numbers in this manner. 
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Figure 3.9: Maps of Saldanha Bay showing spatial distribution of the cluster analysis Groups 1-4 during 
the 1 960s and 2001. Shading was used to clearly delimit Groups 1-4. 
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CHAPTER 3: Grab Sampling 

Another issue is that the benthic communities are known to have patchy distributions 

(Gray 1981), so the larger grab may capture more of the community heterogeneity. 

Due to the patchy distribution, at least two replicate samples are generally collected at 

a site or station, to better capture the diversity. In this study the old samples had no 

replicates, which limited the interpretation, since we have no idea of the natural 

variation at each station. It could be that we are forcing differences in communities 

where none exist. However, since replicates of new samples were generally very 

similar to each other, it is likely that the differences between old and new samples are 

real, and not attributable to lack of replication of old samples. Furthermore, using 

identical robust analytical methods, the old samples fell into a single group at 

approximately 30% Bray-Curtis similarity, whereas the new samples were divided 

into three groups at this level (Figs 3.5 & 3.6). This suggests strongly that the old 

samples were no more variable than the new ones, in spite of being multiplied up. 

The methodological differences may account for the fact that the number of species 

(Fig. 3.2) recorded in the 1960s was not significantly different to that in 2001. Since 

species diversity measures are dependant on species number and abundance, the 

conversion may have obscured significant differences in diversity between the two 

periods. However, it must be pointed out that by taking smaller samples in the 1960s, 

any error can only be in the direction of underestimating the number of species in the 

old samples. If any change had taken place (but was not detected due to 

methodological differences), it can only have been in the direction of a decrease in the 

number of species. 

Species composition and relative abundance were, however, clearly different between 

the two periods (Figs 3.2, 3.3 and 3.4; Tables 3.1 and 3.3), to the point that the 

communities of the two periods were significantly different (AN OSIM, p<O. 001; Figs 

3.5 and 3.6). Even though the ANOSIM results are questionable, the fact that some 

species, in the SIMPER analysis, increase in abundance in the new samples suggests 

that the differences observed were not the result of methodological differences. 

Therefore methodological differences cannot, by themselves explain the differences in 

benthic communities between the 1960s and 2001. They could also not explain the 

changes observed in the sediment parameters (Fig. 3.7 and 3.8a). 

57 

Univ
ers

ity
 of

 C
ap

e T
ow

n



CHAPTER 3: Grab Sampling 

Seasonal, interannual, interdecadal or longer cycles in the abundance of benthic 

macrofaunal species may explain the difference between old and new samples. Not all 

species undergo long-term fluctuations. Interestingly, the samples at Stations 16 and 

32, which are situated outside Saldanha Bay, had undergone as much change as the 

stations inside the Bay. It was assumed that these stations would be least affected by 

anthropogenic factors, so the dramatic change in community structure leads to the 

idea that natural fluctuations may be responsible for the changes observed. However, 

the construction of the breakwater between the mainland and Marcus Island would 

have altered wave forces at both these sites, so human effects cannot be discounted. 

The problem is that no studies have been conducted into the temporal cycles in 

benthic communities in Saldanha Bay. But seasonal change in False Bay was minimal 

(Field 1971). Since the nature of the change in benthic communities in South Africa 

is not fully understood, it would be unwise to disregard the possibility of natural 

cycles being responsible for the changes observed. 

Sediment composition in the Bay has clearly changed since the 1960s. Since sediment 

texture is dependant on wave exposure (Personal communication P.M.S. Monteiro), 

this was not unexpected. As far as I am aware, the background wave exposure regime 

has been relatively stable and only intensifies with seasonal storms. Given that 

sampling in the 1960s was spread over all seasons and over more than one year 

(Flemming 1977), natural temporal variations in wave action are unlikely to explain 

the changes in sediment composition. 

Lastly, anthropogenic effects may be responsible for the changes observed. The 

building of the causeway and ore jetty restricted water flow and sheltered the Bay 

from wave exposure (Fig. 1.2). Water movement is responsible for sediment 

deposition. Therefore the changes in sediment distribution patterns may be attributed 

to the sheltering of the Bay by the construction of the ore jetty and causeway. The 

sediment texture would therefore tend towards finer sand and mud, as was observed in 

the 2001 samples (Figs 3.7 and 3.8). The fish factory and the mariculture farms also 

release relatively large amounts of organic matter. Therefore one would expect an 

increase in the organic content of the sediment. This is not supported by the present 

study, with some sites increasing and others decreasing in organic content (Fig. 3.7), 

but has been shown to be true in other studies (Monteiro et ai. 1999). It was not 
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possible to test other organic constituents, as these were not measured before the 

harbour was developed. It is, however, known that the heavy metal content of the 

sediment has increased as a result of ore shipping (Monteiro et al. 1999). The change 

in habitat, as a result of changes in hydrodynamics and sediment texture and 

composition, is believed to be the most likely cause of the changes observed in the 

benthic communities of Saldanha Bay. 

Indicator species and Feeding types 

Indicator species and feeding types may be examined to investigate whether the 

habitat change is responsible for the striking changes in community composition 

observed during this study. The general trend found in earlier studies in Saldanha Bay 

(Jackson & McGibbon 1991, Stenton-Dozey et al. 1999,2001), was a decrease in the 

numbers of suspension-feeders and an increase in deposit-feeders. Deposit-feeders are 

known to prefer fine sand with a high organic content (Gray 1981). Although 

suspension-feeders decreased in this study, the deposit-feeders did not increase as 

predicted by previous studies. This may be due to natural fluctuation in the benthic 

communities, which results from random settlement of larvae. 

Virgularia schultzei, a filter-feeder, was considered an indicator of unpolluted or 

undisturbed areas in Saldanha Bay (Christie & Moldan 1977, Jackson & McGibbon 

1991). Overall, it was most abundant in the old samples (Table 3.2), which suggests 

that the system in 2001 was more disturbed than in the 1960s. However, this species 

was also abundant in Group 4 of the 2001 samples (Table 3.4), which implied that the 

area covered by Group 4 (most of Big Bay; Fig. 3.9) was relatively unpolluted or 

undisturbed when compared to Small Bay. This is supported by a study conducted by 

Jackson & McGibbon (1991), in which Virgularia schultzei was found to be 

concentrated in the Big Bay area. 

Polydora, a deposit-feeding species, was absent from studies conducted in 1975 

(Christie & Moldan 1977, Jackson & McGibbon 1991). Jackson & McGibbon (1991) 

noted that Polydora had rapidly increased in abundance towards the end of the 1980s, 

especially around the fish factory outfall. Although present across Saldanha Bay in 

low abundance since the 1940s, its range had become restricted to Small Bay by 1990 

(Jackson & McGibbon 1991). The major increase in this species was attributed to the 
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changes in patterns of food availability (Jackson & McGibbon 1991). In this study, 

Polydora was abundant in Group 2 samples (Table 3.4), which consisted of stations in 

both Small and Big Bays. 

Even though Upogebia, a sand-prawn, was absent from the 1975 survey (Christie & 

Moldan 1977), it was dominant in both numbers and biomass in Small Bay during 

1989-1990 (Jackson & McGibbon 1991). These prawns are typical of sheltered areas, 

and their increase was attributed to the reduction of water movement resulting from 

the construction of the causeway and ore jetty. Upogebia was abundant in Group 2, 

which was made up of stations in Big and Small Bay. The disruption of water 

circulation (Weeks et al. 1991a,b) may have produced relatively sheltered areas, in 

which the species settled. 

The amphipod Ampelisca builds tubes, which form mats. These mats support specific 

organisms and trap sediment particles of particular size. This process is thought to 

stabilise and decrease the amount of natural variability within the area. These 

amphipods prefer sheltered areas, so Saldanha Bay is the ideal place for them to settle, 

since the wave exposure has now been reduced. Ampelisca was not abundant in the 

1960s although present, and no mention of it was made in the 1989-1990 survey 

(Jackson & McGibbon 1991), but by the late 1990s Bickerton (1999) noted that 

Ampelisca brevicornis was common in both Big and Small Bay. Group 3 of my study 

was dominated by Ampelisca diadema and Nassarius plicatellus (Table 3.1). Gray 

(1981) noted that there was a cyclic negative relationship between Nassarius and 

Ampelisca species. This was, however, not supported by the current study, since they 

co-occur in most of the samples. 

The examination of feeding types and indicator species reveals that the abundant 

species in the 2001 samples prefer sheltered areas dominated by fme sand and high 

organic sediment content, to the detriment of those species abundant in the 1960s 

samples, which preferred wave-exposed, undisturbed or unpolluted areas. Thus 

habitat changes due to anthropogenic activities are likely to have caused the changes 

observed in the benthic communities of Saldanha Bay. However, the species 

commonly associated with polluted areas, namely the polychaetes Prionospio and 
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Mediomastus capensis (Bickerton 1999), were virtually absent from the 2001 

samples, but abundant in the old samples. This could be a result a natural fluctuation. 

Comparison of sediment content between groups of new samples 

The three groups of new samples had slight, but quite definite differences in sediment 

texture. Group 2 had a mixture of gravel, sand and mud, Group 3 had a high 

percentage of mud and sand, but not much gravel, and Group 4 had mostly sand with 

very little mud or graveL Group I (old samples) had relatively high sand and gravel 

content, so the habitat characterising the stations of Group 4 were most similar to 

those of the 1960s. The new samples had greater mud content in Group 2 and 3 

samples. Station 8 in particular had mostly mud and very little sand or gravel. 

Interestingly, the sand fraction of Station 8 consisted mainly of shell and faecal 

pellets. It was most similar to Stations 13 and 36 in species composition, but very 

different from any other station in tenns of sediment composition. This station was 

located closest to the ore jetty, an area that has undergone major physical changes, 

mainly a major increase in mud and organic content as well as trace metal content 

(Monteiro et al. 1999). 

The community patterns in Saldanha Bay showed clearer grouping in 2001, three 

clear groups being defined, whereas in the 1960s the variation between stations was 

less and they made just one group. It seemed that anthropogenic activities served to 

diversify and more clearly define communities. 

In conclusion, the benthic communities have substantially changed since the 1960s, as 

have the wave exposure and sediment distribution. Although natural fluctuations 

cannot be disregarded as a possible explanation for some of these changes, the more 

likely explanation is changes in habitat, caused by anthropogenic activities within 

Saldanha Bay. 
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SYNTHESIS AND GENERAL DISCUSSION 

Over the last 30 years many developments have taken place in Saldanha Bay. The 

harbour and breakwater were built between 1973 and 1976, with extensions 

continuing into the 1990s. The construction and maintenance of the harbour required 

underwater blasting and dredging. The mussel farms were established around 1984. 

Recreational use of the Bay has increased as a result of increased development, for 

example Club Mykonos, with its small craft harbour. Other activities, such as the 

fishing industry and fish processing factories in the area continued throughout the 30 

years. 

It is known that these developments have altered the physical processes operating in 

the Bay. These include water movement (Weeks et al. 1991a, b, Luger et al. 1999), 

sediment distribution patterns, organic loading and metal loading of sediment 

(Monteiro et al. 1999). It was also suggested by other studies that the benthic 

communities had changed since the developments in Saldanha Bay, particularly of the 

harbour, breakwater and mussel farms (Jackson & McGibbon 1991, Bickerton 1999). 

The aims of this thesis were to determine whether benthic communities had changed 

since the 1960s and to suggest possible reasons for changes observed. 

For both sampling strategies (i.e. dredge and grab), a subsample of stations considered 

in the study by Christie & Moldan in the 1970s was resampled in 2001. The dredge 

provides semi-quantitative data because the speed and duration of dredging was 

standardized, whereas the grab is more truly quantitative, sampling a fixed area. 

Possible methodological problems arose due to slight modifications of the sampling 

methods between the 1960s and 2001. The old dredge samples contained organisms 

covering the entire faunal size range, whereas only the species with an average length 

greater than lcm were considered in the 2001 samples. The species with an average 

length less than lcm were therefore removed from the old data during analysis. In 

terms of the grab sampling, the old samples were collected with a smaller van Veen 

grab (0.lm2) than the current standard-sized grab (0.2m2), used to collect the new 

samples. The difference in area was accounted for by the mUltiplication of the old 
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sample species abundances by a factor of two, but no valid compensation could be 

made for the species number. 

COMBINED RESULTS FROM GRAB AND DREDGE SAMPLING 

Three physical characteristics of Saldanha Bay are considered: sediment parameters, 

depth at station and the wave exposure of the Bay. Since the dredge can sample across 

different habitats in one haul, sediment samples were not collected for dredge 

samples. Analysis of the sediment samples from the grab stations showed that the 

percentage gravel had decreased and the percentage mud had increased (Table 4.1, 

Fig. 3.7), particularly at the stations falling in Groups 2 and 3 surrounding the ore 

jetty and Salamander Bay. The percentage sand was relatively unchanged. The range 

of mean sand particle diameter had narrowed towards the finer sediment (2.5-3.0 <1>, 

Fig. 3.8). Percentage organic carbon had also increased, although not significantly 

(Fig. 3.7). The depths of the stations were not significantly different between the 

1960s and 2001 for either the grab or the dredge (Table 4.1, Fig. 3.8). A greater 

amount of sheltered habitat is, however, available within the Bay in 2001 when 

compared to the 1960s (Fig 1.2). 

Several changes were evident in terms of benthic macrofaunal community structure. 

The total species richness decreased in both dredge and grab analyses (Table 4.1), 

although only marginally so in the grab analyses. The greatest decrease in the number 

of species was in Polychaeta. In the dredge samples the number of species per sample 

decreased, but not in the grab samples. This was thought to be the result of using 

grabs of different sizes and being unable to compensate for that difference in terms of 

number of species. A comparison of abundance measures was only possible in the 

grab analysis because only this method was quantitative. Both total abundance and 

number of individuals per sample decreased from the 1960s to 2001. 
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Table 4.1: Comparison of results of Chapters 2 and 3, indicating the main changes in 
the benthic communities between the 1960s and 2001 

Results 
Dred2e Grab 

Phxsical Characteristics 
Sediment 
% Gravel --------.... Decreased 
% Sand -_ ..... _----- Unchanged 
% Mud -_ ........ _-_ ... - Increased 

Mean sand particle -------....... Shift to finer sediment 
diameter range Range narrowed 

% Organic Carbon .. _ ...... _----- Increased (not stat. sign.) 

Depth range sampled Unchanged Unchanged 

Habitat categories 
Sheltered Increased Increased 
Exposed Decreased Decreased 

Biolollical characteristics 
Diversity and abundance 

Total species richness Decreased Decreased 
Total abundance -_ ................... - Decreased 

# species per sample Decreased Unchanged 
# indivs per sample ---------- Decreased 

Feeding categories 
Scavengers and Predators Unchanged Increased (not stat. sign.) 

Suspension-feeders Unchanged Decreased (not stat. sign.) 
Deposit-feeders ----..... ----- Decreased (not stat. sign.) 

Communities Old distinctively different from Old distinctively different from 
new new 

Cluster Grouping 
1960s 2 groups - cover entire sampling 1 group - covers entire sampling 

area area 
2001 2 groups divided into Big Bay 3 groups- cover specific areas of 

and Small Bay the Bay 
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L 
Group 4 covers Big Bay and the 

area outside Saldanha Bay 
Groups 2 & 3 cover both Small 

and Bi Ba ____ ~~_~ ______ ~ ___ '--___ ==-=-.:;;gL: ... :.<ys-"-___ -..J 

The abundance of scavengers and predators remained unchanged over the time span 

in the dredge analysis, but increased in the grab analysis (Table 4, Table 3.2). 

Suspension-feeder abundance remained unchanged in the dredge analysis, but 

decreased in abundance in the grab analyses. Deposit-feeders were poorly represented 

in the dredge analyses, decreased in abundance in the grab analyses. Most 

distinguishing species differ between grab and dredge analyses; only four species 
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were shared between the two techniques (highlighted by the SIMPER analyses). Two 

of these showed the same trend and two showed opposite trends. 

Benthic communities clearly differed between the 1960s and 2001 in both the dredge 

and grab analysis (Table 4.1, Figs 2.5, 2.6, 3.5 and 3.6). There was no overlap in the 

communities from the two time periods and ANOSIM recorded that the difference 

was highly significant (p<O.OOl). The community grouping in the 1960s tended to 

include stations from both Small and Big Bays (Fig. 3.9, Table 4.1). The dredge 

samples in 2001, however, clearly indicated a separation of the communities of Big 

Bay from those of Small Bay (Fig. 2.7). This was, however, not the case for the grab 

samples. Although one group was limited to Big Bay and the area next to the 

causeway facing the open ocean, the other two groups contained samples from both 

Big and Small Bays. 

SALDANHA BAY DISCUSSION 

The overall results will now be discussed in terms of the postulates above (see 

Chapter 1): 

Postulate 1: A shift towards fmer sediments (i.e. a narrowing of the range of sediment 

particle diameter) 

Finer sediment was observed in 2001 than in the 1960s, the mean sand particle 

diameter having a narrower range (2.5-3.0<1» than before (1.0-3.0 <D). The percentage 

gravel decreased considerably, while the percentage mud increased, particularly at 

Station 8 next to the ore jetty in Small Bay. 

Postulate 2: A greater organic load 

In general the percentage organic carbon increased in 2001, although not significantly 

so. The greatest increase appeared to be around the ore jetty. This shift towards finer 

sand and mud, and the increase in organic carbon has been observed in a previous 

study by Monteiro et al. (1999). 
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Postulate 3: Reduced diversity and abundance of the benthos 

In terms of the biology and ecology of the benthic communities, the diversity in 

dredges and abundance in both dredges and grabs were clearly reduced in 2001. 

Postulate 4: New (different) benthic communities 

The benthic communities were dramatically different between the 1960s and 2001 as 

a result of the different species composition. 

Postulate 5: Greater differences between communities as Small and Big Bays 

diverged 

A greater spatial differentiation between communities was observed in 2001 than in 

the 1960s. In the grab analysis, a single community existed in the 1960s, but in 2001, 

the same stations formed three very different communities. Similarly, the dredge 

analysis indicated two communities in the 1960s, each covering the entire span of 

Saldanha Bay, whereas in 2001, two communities were observed, but one was 

restricted to Small Bay and the other to Big Bay. 

Postulate 6: Increased abundances of deposit-feeders, scavengers and predators and 

decreased abundances of suspension-feeders. 

A shift was also observed in the feeding types in the form of increased abundance of 

scavengers and predators, and a decrease in the suspension-feeders and deposit­

feeders. The deposit-feeders did not conform to postulate 6, contradicting the findings 

of previous studies, but the decrease in suspension-feeders is in agreement with 

previous studies (Jackson & McGibbon 1991, Bickerton 1999, Stenton-Dozey et al. 

1999,2000). 

Thus all six postulates were, mostly, supported by the results of this study. 

The methods used in this study are exploratory, not experimental, thus the cause of 

the observed changes cannot be ascertained. Three possible explanations have, 

however, been proposed for the changes observed during this study, namely 

methodological error, natural fluctuations and random settlement, and anthropogenic 

activities. In light of the overall changes observed above, the likelihood of each 

explanation will be discussed in further detail below. 
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Methodological error could not explain the marked changes observed during this 

study, as the error would have affected only a few of the smaller species in the dredge 

samples, and could only have resulted in an underestimate of the species diversity in 

the old grab samples. The results, therefore, are conservative. 

Although all the postulates were met, it is not possible to disregard natural fluctuation 

as a possible explanation, because no studies have been done to investigate the natural 

fluctuations in the subtidal benthic communities of Saldanha Bay. Benthic 

communities are known to fluctuate with environmental changes, in addition to the 

variation that results from recruitment and settlement (Gray 1981). Random 

recruitment and settlement would add to the patchy distribution of communities 

within a particular period, but it is unlikely that it would be the cause of the 

differences in community over the 30-year period. It is known that the temperature 

and salinity in the Bay fluctuate annually and seasonally (Monteiro et al. 1990), but it 

has not been established if the benthic communities in the Bay follow similar cycles. 

Since this is a long-term study, long-term cycles may also be affecting the benthic 

communities, but there is no way to determine if that is the case. 

The main physical process that affects the sediment in Saldanha Bay is the wave 

action (Monteiro et ai. 1999). The wave action regime in Saldanha Bay has clearly 

changed in a manner that can be directly linked to the creation of the harbour, rather 

than being attributable to any natural fluctuation. Changes in the sediment between 

the 1960s and 2001 are most parsimoniously explained as being due to the changed 

wave regime. Before the development of the harbour the wave dispersal and sediment 

composition were in a stable equilibrium (Flemming 1977), which was disturbed by 

the harbour. After the construction of the harbour the sediment is believed to have 

evolved a new equilibrium and to be stable again (PMS Monteiro, pers. comm.). 

Other changes in the sediment, including organic loading have been clearly linked to 

the development of mariculture (Monteiro et al. 1999, Stenton-Dozey et at. 1999, 

2001), fish factories (Newman & Pollock 1973, Christie & Moldan 1977), and metal 

processing and export (Monteiro et al. 1999). Thus, physical changes on the Bay are 

most obviously explained by anthropogenic effects, not natural fluctuations. There are 

no known natural fluctuations in physical conditions that would have altered the wave 
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regime or sediment composition in the Bay to the extent that has occurred over the 

time span considered. As benthic communities are closely linked to the sediment 

(Gray 1981), changes in their composition can logically be associated with changes in 

the wave regime and sediment. 

GENERAL DISCUSSION 

Comparison of sampling resolutions 

It was interesting to note that the dredge- and grab analyses showed the same patterns 

in most aspects of diversity, benthic communities and feeding types. However, a more 

in-depth study was possible with the grab data than the dredge, because of the semi­

quantitative nature of dredge sampling. Consequently, certain biological and 

sedimentary characteristics were only considered for the grab samples. For instance, 

environmental factors were superimposed on grab MDS ordinations (Figs 3.7 and 

3.8), because there was a close link between the grab samples and the sediment 

samples. The communities were different between the 1960s and 2001 as sampled by 

both methods, but the grouping of the stations also differed between the periods. 

Although the dredge sampling method gives a more general overview of the changes 

in the Bay, the grab samples provide a more site-specific perspecitive. 

Field (1971) suggested that dredge sampling would be more useful for 

zoogeographical studies in defining faunistic regions over a wide area, whereas 

quantitative grab sampling would be more useful if detailed study was required. Field 

proposed that grab and dredge samples from a single station should be used together 

to provide a clearer idea of benthic communities. Because the dredge samples mostly 

epifauna and the grab samples mostly infauna (Holme & McIntyre 1971) the two 

methods compliment each other, giving us fuller knowledge of the benthic 

macrofauna. The combination of the two methods was, for instance, used in a study of 

the benthos off North Carolina (Day et al. 1971). 

Recently, Hewitt et al. (1998) investigated the effect of increasing sampling 

resolution on the ability to detect the effects of large-scale processes on marine 

benthos. The sampling resolutions were, in ascending order, video transects, grab 

sampling and core sampling. Three hypotheses were proposed. Firstly, the loss of 

information at the finer scale inhibits our ability to detect relationships between large-
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scale (e.g. environment) processes and communities at coarser resolutions. Secondly, 

the iufonnation collected at the finer scale is noisy and obscures detection of large­

scale relationships. Lastly, the same iufonnation is available from all three 

resolutions. Areas were sampled by all three methods and sediment samples were 

collected and analysed. The first two hypotheses were supported, but no support was 

found for the third hypothesis. It was found that the fine-scale dynamics could be 

irrelevant for detecting large-scale impacts but often they revealed relationships 

between the communities and physical variables. Results of ecological studies were 

found to be scale dependent. The results suggested that low-resolution sampling 

should not be undertaken alone, since infonnation is lost when the resolution 

coarsens. The authors suggested that the best sampling regime would entail a 

combination of the sampling methods. The coarser resolutions would provide an 

overview, from which areas that needed more detailed sampling could be identified. 

Hewitt et al. (1998) therefore echoed the findings of Field (1971) in that the coarser 

resolution (namely dredge sampliug) was thought to provide an overall idea of 

patterns, without focussing on the details. 

Since the grab and dredge samples were not always collected at the same stations, a 

direct comparison of the effects of the resolutions is not possible. But one could 

consider whether the same areas generally clustered together. In the 1960s, two 

general communities arose out of the dredge samples, but only one group could be 

identified from the grab samples. The grab samples were not exceptionally similar to 

but also not particularly different from each other, thus all the samples were grouped 

together in the 1960s (Fig. 3.5, 3.6 & 3.9). The dredge samples of 2001 separated the 

Big Bay samples from the Small Bay samples, giving rise to two clear groups, 

whereas the grab samples of 2001 gave rise to three groups but the groups overlapped 

both Big and Small Bays. One grab sample group (Group 4, Fig. 3.9) consisted mostly 

of Big Bay samples. Siuce this group contained samples outside of Saldanha Bay, it 

may be assumed that those samples were the least affected by the anthropogenic 

activities within the Bay. I suspect that the other two groups, which cross Small and 

Big Bays, were a result of the similarity in sediment parameters and the patchy spatial 

distribution of communities. Thus, in the current study, it was found that the dredge 

samples more clearly showed a separation of Saldanha Bay benthic communities into 

Big and Small Bay communities than did the grab samples. Maybe the best way to 
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consider overall effects is not to focus on the detail provided by the grabs, because the 

patchy distribution will affect the interpretation of those results. This fits in with the 

hypothesis proposed by Hewitt et al. (1998), which states that the information 

collected at the finer scale is noisy and may obscure detection of large-scale 

relationships. 

Comparison of Saldanha Bay study with other long-term studies 

In an attempt to unravel the link between the natural fluctuations of benthic 

communities and the changes caused by anthropogenic activities, it is important to 

compare my results with those of previous long-term studies, which take into 

consideration both natural and anthropogenic changes to communities. 

Some studies have shown that as in the case of Saldanha Bay, the construction of a 

barrier, such as a harbour or a seawall, changes the hydrodynamics of the area 

(Bourcier 1996), and as a result changes the sedimentary environment (Ahn & Choi 

1998). This then leads to changes in abundance and biomass as well as species 

numbers (Bourcier 1996, Ahn & Choi 1998). These barriers are usually permanent 

structures and once completed, the benthic communities surrounding it can establish a 

new stable equilibrium (Bourcier 1996). The expectation would then be that all 

samples collected before and after the harbour development in Saldanha Bay would 

differ in species composition and abundance. Previous studies have alluded to the 

differences between the benthic communities from before and after the Saldanha Bay 

harbour construction (Jackson & McGibbon 1991, Bickerton 1999). These studies 

have also shown that the benthic communities of Small and Big Bays were different. 

Since the period of harbour construction and the ore jetty and breakwater structures 

seem to be important in separating communities, it increases the likelihood that the 

shift in benthic community structure is mostly due to the harbour construction, not 

simply a natural cyclical change. However, most harbours were established long 

before environmental impact assessments became obligatory, so the extent of the 

changes in the benthic communities of those harbours are often unknown. 

Studies of the effects of harbour construction activities in estuaries have failed to 

detect any changes in benthic communities (Anderson et al. 1981, Marques et al. 

1993) because naturally variable physical conditions such as rapid water flow or 
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siltation overshadowed the effects of development. This contradicts the results of the 

Saldahna Bay study. Since Saldanha Bay fauna are adapted to a narrow range of 

environmental conditions (e.g. temperature and salinity; Monteiro et al. 1990), not 

extremely variable physical conditions, as in the case of an estuarine environment, the 

anthropogenic activities are more likely to have a greater influence on the 

environment and benthic communities of the Bay. 

It appears as though anthropogenic activities in themselves do not always have a 

negative effect on the environment, particularly when natural disturbance is great. 

Bourcier (1996) considered the combined effects of anthropogenic and climatic action 

on the benthic macrofauna in the Mediterranean. He found that the effects of 

anthropogenic factors were magnified by climatic changes. It therefore becomes 

imperative to understand the natural cycles in an environment before developing an 

area. 

In other cases, attempts have been made to study the effects of more recent 

developments within the harbour such as pollution (Shim & Singh 1988, Wilson et al. 

1998, Currie & Parry 1999). For instance, a study in Richards Bay Harbour, South 

Africa (Mackay & Cyrus 1998) indicated that the industrialisation of the area was 

responsible for the changes in the benthic communities. This study incorporated all 

anthropogenic effects in the harbour. It was difficult to pinpoint the major factor 

responsible for the changes observed within the harbour. Similarly in Saldanha Bay 

the rapid development of the Bay makes it difficult to pinpoint the major factor 

responsible for the observed changes. 

Long-term studies in Port Phillip Bay, Australia indicated that the communities in two 

different habitats within the harbour became less distinctive over a 20-year period 

(Wilson et al. 1998, Currie & Parry 1999). In Saldanha Bay there seemed to be a 

more distinct separation between areas within the Bay, but the habitats were fairly 

similar in the 1960s. 

At least three infaunal species were introduced in Port Phillip Bay, Australia over a 

20-year period (Wilson et al. 1998, Currie & Parry 1999). One way of definitively 

deciding whether a change in a community is natural or due to anthropogenic activity 
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is when introduced species are mainly responsible for those community changes. 

These are obviously a result of human activity, therefore it can conclusively be stated 

that human activity is responsible for the community changes. In Saldanha Bay the 

alien mussel species Mytilus galloprovincialis has been introduced (van Erkom 

Schurink & Griffiths 1990), which has invaded the rocky intertidal shore of most of 

the west coast, partially displacing the indigenous ribbed mussel Aulacomya ater. As 

yet no alien species have been identified in the soft sediment, although the 

International Maritime Organisation (IMO) is currently completing a study carried out 

in Saldanha Bay aimed at identifying any alien species in the Bay. 

Another way of distinguishing between anthropogenic and natural effects is by 

observing the interannual fluctuations over the longest period available. Wilson et al. 

(1998) observed interannual fluctuations in community parameters (e.g. density and 

species richness) during the longest single data series available for Port Phillip Bay. 

They found that the magnitude of variation in community parameters across the 20-

year time period was no greater than the variation observed in the longest single data 

series. The authors stated that the variability common to marine benthic communities 

raise problems for identifying possible causes, estimating ecological consequences 

and for designing monitoring strategies. As mentioned above, no studies have 

considered the natural variation within the communities of Saldanha Bay. However, 

the longest data series available was the old data, which covered a period of between 

4 and 10 years. The results of this study have shown that the current benthic 

communties fall outside of the interannual fluctuations in the old data. Therefore, 

anthropogenic activities are the more likely cause of the observed changes. However, 

the natural temporal change cannot be excluded as a possible cause of the changes in 

Saldanha Bay benthic communities. Wilson et al. (1998) also provided a comparative 

table to show how their findings compared with other long-term studies. The 

comparison indicated that natural variation could easily account for massive changes 

in the biomass, abundance and species richness. The change could be as great as or 

even greater than that caused by anthropogenic activity. This variation makes the 

detection of long-term changes in benthic communities extremely difficult. 

This theme was picked up by Gray & Christie (1983). They observed that 50% of 

general long-term trends was accounted for by the cyclic character of temperature 
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variations and that many benthic species responded to long-term hydrographic cycles. 

Not all species showed a response though. Prediction of data may be incorrect if long­

term cycles are not taken into account. But if cycles in excess of 100 years exist, then 

it becomes impossible to predict future trends in marine data. The conclusion drawn 

by Gray & Christie was that predicting long-term changes in benthic communities is 

an unattainable goal due to long period cycles. Cycles of different periods may 

interfere with each other, making the prediction virtually impossible. 

From this it seems that historical ecological studies can only provide scenarios of 

changes that have occurred and have very little predictive power. This is however, not 

a negative thing. These historical case studies provide us with a wealth of knowledge 

of what could happen, so that precautions can be taken in designing for example 

harbours or sewage works or even mussel culture farms. This will promote a more 

environmentally friendly perspective in future anthropogenic activities affecting the 

ocean and many problems could be avoided. In addition to the historical case studies, 

a solid understanding of the natural variation in benthic communities within an area 

(i.e. in terms of interannual and seasonal variation) is imperative in distinguishing 

between anthropogenic and natural effects. Ideally a combination of before/after and 

control/impact sampling should allow us to disentangle anthropogenic effects from 

those of natural fluctuations. 

In conclusion, it has been shown that over the last 30-40 years Saldanha Bay benthic 

macrofaunal communities have changed considerably. The cause could not be 

conclusively determined as the methods used were not investigative but explorative 

and there is not enough experimental evidence to distinguish between the two main 

possible causes, namely natural variation and anthropogenic activity. However, it is 

most likely that the changes observed in the benthos were the result of the 

anthropogenic activities, which continue to impact the Bay even today. 
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Appcndix I A: iV{acrofllllJlallllHlJldulIcc data for dredge samples collected prior to harbour developmellt (Christie & Moldan 1970s) 
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"IUIUI! yslides capcnsis 0 0 0 0 (J 0 0r....9~. ()..Jl~ 1r.Jl 0 () 0 0 0 () O~j)O~O 0 0 0 0 0 O· 
Plcrampharcle ludcritt.i () 0 0 0 14 0 0 0 0 0 _ 0 I 0 10 O~()_O 0 0 0 0l--0~I_o. 1 0 0 0 0 0 01 
~:aIISCI()Sll!lJ)cllllCidlis 0 ° (jJI--0..Jl..Jl 0_0 0 0 .Q,-0r.Jl O..Jl. __ O(2f-Q_OQr-0. OJ.2 0,--0 0 0 0 0 
Scolllpolos daL-__ () 0 0 0 17 0 OQ. 0 --.2_().Q,OI§.Jl 0 _0 ..JlQ..Jl . ..J1 0 0 OQ _Jl .i 0 () ~) ~ 
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Species 

. ·?-IPOLYCIIAETA (cont.) 
Spcrmosy1\is capcnsis 
Sthcnclais boa 
Sylliciia armata 
Syllis fcrrugina 
Syllis varicgata 
Tcrcbcllaylcroc hac(a 
Thalencssa oculata 

Trypal10syll is gClIllllul i rera 

Previous species Ilallie 

SIPUNCULms + EClIIlJROmEA 
Golfingia capcnsis 
l'hascolosoma japonicum 
Thcmistc sl,-,[>hellsoni 

~CRUSTACl~A 1- -------

II 21 31 4 5 

--

'0 0 0 o 0 
0 0 0 0 0 
0 U 0 0 0 
0 0 0 0 0 

~ OQ ~ 0 --o 0 () () 0 
0-0 0 0 0 

() 0 () 0 () 
-I--- -

--.-. -- ~. --

--

° 0 () 0 0 
() 0 0 0 0 
() 0 0 () () 

6 7 8 

0 r-o 0 
0 0 I 
0 0 0 
() () 0 
0 0 0 

--0 
1----- -

0 0 
() I 0 

0 0 0 

f--- ---

0 0 () 

0 0 2 
0 () () 

9 -101t 1213'1517 19 

0 f-o ro 0 ,-.!1. 0 ~b 0 
0 0 0 0 0 0 ~ 

r-- I 13 0 () 0 0 0 0 

~. -.~ _0 ~ 0 0 3 J! 
I 0 0 0 0 0 0 0 

0 
1----- - -- ---

0 
----

~ -0 () ~ () _0 
0 0 -0 0 I r--o 0 0 
() () ~ 0 0 () r---9 () 

-
-- I---- .-- - i-I-- - -

0 () 0 0 3 () 0 0 
0 0 0 0 4 0 0 0 
0 0 0 () 0 0 0 0 

- ,---- --

23 24 25 26 27 29 30 31 34 35 36 38 39 40 41 - I------

0 
-- ro --,-

~ 0 0 0 0 0 0 0 0 .~ o 0 0 
0 

--
0 

--- I------ --
-(~ 1-1 IQ 0 _0 () 0 0 o 0 0 0 r- --

~ 0 0 0 0 0 _0 ~ 0 0 0 0 o 0 0 

~ Q f--O ~ 0 ~ -~ () ~ ~ 0 o 0 0 0 
0 0 0 0 () 0 0 0 0 0 0 o 0 0 0 ---I--- -- ----

0 
--

o 0 0 0 OO~ ~ () 1-0 ~ ,--0 0 I 
0 0 0 0 0 0 0 0 o 0 0 () 0 () 0 
0 () 0 0 0 () 0 

1----
0 ~ 2-0 r--() roo 0 

1--- --- -- L _____ 

-- .-~ 

-I---
0 ~ J! o-{) I 0 0 I 0 0 () () 0 0.2. i--

0 I 0 0 0 0 0 0 0 0.2. I-() ~) 0 0 
0 0 0 0 () r~ 0 1 ~O o 0 0 0 0 0 ---

~L-'---~ 
CIRRIPEDIA 

- --1-- --r- -~- f------ ---1----------
l3alanus algicola 2 0 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 0 0 2 0 0 0 0 () 0 
l!3alanusmaxillarisO_OI_..Q..Q_O~O () O'() - O].r--o22'Jl-o-oo 2-iio or6-o 0 0 () 0 0 0 0 0 
~ '-L.. f-- ~ 
AMf'lliPODA .---'-- _ _. -,---r- 1_ 
Ampclisca anol1lala 0 0 12 0 0 () 0 0 35 0 0 7 II 12 3 0 879 0 0 0 12 0 0 12 0 0 0 0 0 0 0 

IAmpclisca brachyccrasOr--o~ -0"'-0 O~ 0 0 0 0 4 20'0-0 0 0 000'01------5· () 0 () 0 O· (tOtl 
Ampelisca brc\,~c()rnis _ _ J ~2 J! 8 ~O ~ ~1_0....i 2.!31~~ i.l5 ,...2.0-0 _I _Q _0 0 0 0 22 () 3 0 I--SQt----()I----0 ..J! 
IAmpclisca spmimanu 0 0 0 0 I 0 0 0 () () () 0 0 () () () () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

.--'-:--'--- ._- .-
Aora kergueicili n___ I~ _0 ~~.J!. -..Qr---2 0 () r---!l-I~Q ~_O,~ ~ () _0 0 0 0 0 0 0 0 0 0 0J\...QO 
I AtyJlIs gullatusQ .. ..2. _..2 ~J_ Q .~ ... Jl.~ .9 0 6 () __ i.! __ J!J.> --.<.!. _OJ! -..2.!.!.r-!.! () () I 0 () 0 0 () 0 
IBathyporcla () I 0 () 0 0 0 0 0 0 () 0 2 () 0 () 0 I 0 0 0 0 0 0 11 0 () 0 0 0 0 
iCaprella c<Juilibra 0 0 I 0 0 0 () 0 0 0 0 0 0 I 0 0 0 0 0 0 () OO'O~OOO~OIOOO 
ICenluucul> fubromuculatus () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 I 0 () () 0 0 

- -- '- --f-I--
Chciriphotus m~gachcles 0 () 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 ° dQ ~ i..2 _.2._0f--O ~ () 0 0 0 0 

IChcvalia aviculuc () () 0 0 0 0 0 0 () 0 0 0 6 0 0 0 I 0 0 0 I 0 () () 0 0 0 0 () 0 0 
I Corophiul11 ashcrusiculll" 0 0 () 0 0 0 0 0 0 0 0 0 I () 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 ---- ~- r--:--+- !-----'- - -~--

CYlllllduSll filosa .9 _2. _.2 0 1--0 ~ _0 _O!..J! __ O~...Q 0 0 O..Q~O .<2_0 _0 r-!.! 0 0 0 0 0 0 0 I O..QJ! 
Euphridosillc capcllsis 0 0 0 0 () 0 0 0 0 0 0 0 2 0 0 0 0 () 0 () 0 0 0 () 0 0 0 0 0 0 0 

li-lIPPO~i.,-UV' ollconolus 0 _O_o8l:I--_~:=FJLo8l: 0 0 01~1------0~ 9 0 () 0 I 0 0 0"0 0 0 OQ_0I----0 
Illoplopleon medusannl1 0 0 0 0 0 0 0 0 () 0 0 () 4 0 0 () 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 
. Lembos hirsu(ipes 0 (}'Oo-Ot--o ~ _OrO -C) OOQ=:.2(t()O-40~I----QJl=:Q"_(!. ° 00 -0 0 () O() 
I Lembosiassopsis 0 0 I () 0 0 0 0 7 0 0 0 0 0 0 0 () () 0 0 () 0 0 0 0 () 0 0 () 0 () 
I' "",'nIh"" richiardi 0 0 0 O~ .--J!,..::QO~Otl 0 OOi,-O 0 0 () 0 00 -00 () 0 0 0 0 00 
IL~rgia cpistomata . ~ .J!. c.il.c..J> 0 0 0 0 0 3 () 0 0 2 0 () 0 () 0 0 (}Q.~.2.Q.2.QL I 0 0 0 
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Species Prcviolls species nlllllC I 2 3 4 5 6 7 8 9 10 11 12 13 15 17 19 23 24 25 26 27 29 30 31 34 35 36 38 39 40 41 
AMPlIIPODA ~conl} 

-} ~j Lysianassa cera(ina 0 0 0 I 0 0 () 3 0 0 2 () 6 5 2 5 0 0 0 0 4 I I () o \2 0 5 0 
Maera halllige!a () 0 () 0 0 () 0 () 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 0 
~lifla~~ipcs 0 0 0 0 0 0 0 0 0 0 0 o 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1---- - i- ----- --- --
00 r--o Mcgalurol..'lIs namaqllcnsis 0 0 3 0 0 0 5 0 I I 0 2 3 2 0 I 0 0 0 0 0 0 24 0 0 0 0 0 

~ 
'"""0 

~ 
~ 

Melita orgasrnos 0 0 0 0 0 0 0 0 0 I 0 0 0 o 10 I 0 0 0 0 0 0 0 o 0 
6 ~ 

0 0 0 ~ 
Melita subchclala 0 0 0 0 

-- rO 0 0 0 0 0 0 0 I 0 0 0 0 () 0 0 0 0 0 0 o 0 0 0 0 0 
>-' 

~icrolysjas 0 0 0 0 0 0 () 0 0 I 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () () 0 () 

() 0 i--t-----::-- - ------
MOl1oculodopsis IOllgimllnll () 0 0 0 0 0 0 0 () I () () 0 0 0 0 0 0 0 0 10 0 () 0 0 0 0 0 0 

1----.-
Orchol11cnc pi ica(a 4 I OQ I 250 0 0 0 33 0 0 0 0 0 0 I 0 0 () 0 0 I 0 2 0 0 0 0 0 0 
f[l~al11ocra capcnsis 13 0 3 I 3 20 0 0 0 46 o II I 15 63 70 I 0 0 0 0 0 80 4 9 10 () 8 () 0 0 
Pcrioculodcs longimanlls 0 0 1 0 I 2 4 0 0 0 0 0 8 0 0 0 I 0 0 0 0 () 160 () 12 0 0 () 0 () 0 
Photis longidaclylus 0 0 0 () () 0 0 () 0 () 0 0 o 59 0 0 I 0 0 0 0 0 65 2 12 0 0 0 0 ()~ 
Photis longimalllls 0 () 0 () () 0 o 12 21 0 0 0 0 0 0 0 17 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
~!~ uncinata 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O.....Q !....Q "- --
Phtiscia marina 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O~ ~ 0 0 0 o 0 

~ Platyichnopos herdmani 0 0 0 0 0 0 I 0 0 0 0 0 2 0 0 0 0 0 0 0 0 I 3~ 0 0 0 0 o 0 
--~ ,--- ----- I-- ,-- ---

Polycheria atolli 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
_~iphollocles dellavallci 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tryphosella afric<lna () 0 0 0 2 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 0 0 o 0 
Uro(hoc grimaldi J 0 () 0 3 0 () 0 0 0 0 3 OJ:! 0 0 0 0 0 0 0 0 5 0 0 0 0 0 () °1J! 

ISOPODA 
!--- I--.-

Apanthllra arric~na 0 0 0 0 0 0 0 0 0 () 0 () 0 0 0 0 () 0 0 () 4 () 01 ~ 0 o 0 ~ 0 0 ---
CilOlana sulcat .. () 0 0 0 0 0 () 0 0 6 0 0 0 0 3 J 6 0 0 () 0 0 () () 0 0 O .. ~ 0 0 0 

--------- ---~-------- .---- - ---- f--- --I--
Cirolana hirlipcs () 0 0 0 () 0 () 0 0 0 0 0 0 0 3 0 0 0 {} 0 0 0 () 0 () 0 o 0 0 () 0 -- c--- 01- () Cymodocc valida 0 0 0 0 0 0 O~ 0 0 0 ~ ~ 0 0 0 () 0 O~ 0 0 0 () 0 I 0 0 0 

---- ----

0 
---

0 
1--

Exosphaermna pallidlllll 0 0 0 () 0 0 o 0 0 0 0 0 0 0 0 0 () o 0 0 0 () 0 I 0 I 0 0 0 
Exospacrolll<l varlcolor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 () 0 0 ~() 0 0 () 0 0 0 o 0 iO 
1101 idol~ un icornis 0 () 0 0 0 0 0 () () 0 0 0 0 0 3 0 0 0 0 0 0 () I () 0 0 0 0 0 0 0 --

0 0 luis pubescens () 0 0 0 () 0 0 0 0 0 o 0 0 0 ~ () 0 0 () o 0 () 0 I 0 0 0 0 0 
0 Ii 

,--,-

0 Lanoei!a gardincri I~ 0 0 0 0 0 () 0 0 Q.c-J2 .J! ~ 0 0 O,~ () 0 0 0 () 0 0 7 0 () 0 ------- 0 
----

Lcptalllhur~ lacvigata () 0 0 0 0 0 0 0 0 0 o 0 0 I 0 0 o () 0 0 0 0 0 0 0 ~ ,-0 0 0 0 
Parido\ca ungulata 1 0 0 0 0 0 1 () 0 0 0 0 0 () 0 0 0 0 0 0 0 0 0 0 I 0 0 (} () 6 4 
Pontogcloides lalipcs 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 O.....Q ~ 0 0 0 0 
§ynidolca hirlipcs 4 5 6 I 26 3 15 0 3 2 II I I 4 3 I 2 0 o 0 fQ. ~ 8 0 8 0 0 0 0 0 O! 

------ -f- - r-- - --
OSTRACODA 

~- - ---
--"'00 

N 
Eliphilomcdcs sp. A 0 0 0 0 0 0 0 0 0 0 0 0 I () 0 0 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 

--- -- f---
EUEh i lomcdcs sp [l 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 () () () 0 0 0 0 0 0 0 () 

Cyclas(crope lobiancoi 0 0 0 () 0 () o 0 I () () 0 () I 0 0 0 0 0 () o 0 2 0 () 0 0 () 0 0 () ,-,--- ---'-- ~~--
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-~------I~-------------Y-'--------'------'-------'--'------- r-----.----,r--.----------r----,~- ,---_ ---:--:-~ --- r::-c- --:-r:--cr----..------:O-:--:-l--::-:.-----,--;-::-,---,--
Species Previous species name 1 2 .3 4 5 6 7 R 9 I 0 II 12 13~ J2. 19 23 24 25 26 27 29.~ 31 li 3~~ 311 d2 40 ~ 

OSTRACODA (conL)___ __---,_ I-- - ~'-- f-:-- f-:--- - -- - -- ~ -----,--f-
~C~~~li~n~dr~o~k~b~~~is~k~l~ic~i----~-------~~I+~O~(~)~O~~O~~O+~O~O+~O~-O~~O~O~I~~ ~~ 00 0 O~~~~~~~~~~ Q 
Cyprindina sp_ 0 0 0 0 J 0 0 0 I 0 0 0 0 () 0 2 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cyprindina vanhocflcni () 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 ~ 0 0 0 f~ 0 0 0 0 0 0 0 ~ 0 ~ 
Paradolaria dorsoscrrala 0 0 0 0 0 0 0 0 0 0 0 0 2 0 00 0 0 C-o 10 0 0 0 () 0 0 0 0 DO () 
~ ---,,--
Parastcropcbcla D 0 0 0 _{)+---'-0+-------'{)+_O_---.2f--0f-~f-0c__2-0 _O~-~O 0 0 O~-~~0f-0~-O-O,.J>~_ 
RUlidcrma compressa __ ()I~ __ 0 ~~O ~ 0 0 0 0 0 0 J 0 0 () 0 0 () 0 () 0 _~~ _~~ __ .Q~ 0 0 0 
Synaslcropc () 0 0 0 0 () 0 0 0 0 0 0 10 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 0 0 

PYCNOGONIUS j---i---I---
-,---- ----- r--- ---- --~:__--~I__ --- ~-- --- ------::--

Discoarachnc brcvipcs 0 0 0 0 0 () 0 0 () 0 0 0 0 I 0 0 0 0 0 0 0 0 0 () 0 0 0 0 () 0 0 
_ . 1----'- --'- r--I--- I- ~- f---- I__ -

Hannolu8 typica 0 0 0 0 0 0 0 0 0 0 0 () () 0 () I 0 0 0 0 0 0 0 0 O,-+~-,-O_I--0+--=-0l--{)_I--=-O~O 
-~ r------~f___--- ,-I__ 1- -,,-- ----::-r-- ---

t!>;ll1ph2t1 phasma(odc.~ (13011111) () () () 0 () () 0 0 0 0 () 0 0 0 .3 .3 0 0 0 0 I 0 () 0 0 0 0 () 0 I~~) 
~P~~w~ID~~~o~ni~u~Il1~I~n~ic~ru~)p~S ___ ~ ________ ~{~)~O~O+-=-O~~O~-O+~O~(~)~O~~O+-=-O~{)~~21---0~O~~OOO{)O OIOOO~OOO 
Tranyslylulll brcvipcs 0 0 I 0 0 0 0 () 0 1 0 0 1 0 I 0 0 0 () 0 I 0 0 0 0 0 0 0 0 0 0 

MACRURA - f--- I-- - ---- -- - f--- I__f--- - ~- 1--1---
1------~---------+__--------_+~-+_4-_+-+_~f___+_f__f___+-4__+~--1__+_~_+-f__f___+~--+__4-_+-+_~ --I__ -------::-1__ 
Palacl110n pacificlIs Palacll1an pcringucyi 0 0 ~~ .. ~ 0 ~L_O ~ _()~.Q ...J..f-O f~ _O.~ 0 ~f-3 ~ 0 r-- 0 0 0 0 0 10 3 0 0 
Ogyrides saldanhae 0 0 I 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Jasus lalandii 0 0 0 0 ° 0 O~O 0 0 OL~ 0 0 0 O.Q~ OO~81~IO JI::O+-O'+--=--0l----"-Q 

------------4_-------~--1 ~I__ - -- f___ c-- I__j------ f--- --1----

A NOM URA I----_-'---_I--- ~,_+__+_~_+-+-
Anapagurlls hcndersani () 0 0 0 0 0 0 0 0 0 () () 0 0 I 1 0 () 0 0 0 1 0 0 0 0 0 0 0 0 0 
Dardanus arrosor () 0 0 0 0 0 0 0 O~:-()I~~ O.Q 0 0 0 () 0 0 0 0 () 0 0Q~QQ () 
Diogencs brcvirash is 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 2.~.QO 0 I 0 ° 
Diogcncs costal us O()~ () ~ .. ~ ~J2I~ ~ 0 0 0 0 0 0 () 2 0 0 0 O.Q 01-0 0 j--O 0 0 0 0 0 
-"()r~!lana slrcplochclcs ___ I ~ 0 ~_Q 0(>, 0 ~Q __ Q 0 0 0 () I 0 0 0l~ 0 0 () ~ () () 0 0 0 0 0 (} 
Upogcbia capcnsis 0 I~I-.!. 0 . __ 0 ~ c--0 0 2 0 () 0 I 0 0 0 0 r- 0r.Q _O~. 0 f- 0 0 () 0 I 0 0 0 0 

r-----.-----------.j--------- ----!I--+--I--I----+--t-- --- ----- --~ -i- ---- c- --1---- -- --I--

13RACHYURA __ -:- f-- -- f----i-:---I__-- f___ -- -f------ -- r---:+··--:-1I-:--t-+-+-:-1--:-i~-t~ 
Alclccyclus rolundatlls 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 O. () 0 

--I--
Cry~~~~o~is~oowo~ _~0f__f__~0+_O+-~O+__~O+_-O~~~O+_0f__f__-O+_-04_-0I__0+_-11__0+_0f__f__-O+_-34_-0+__04_-O+__O+_-0l__~O+_O~~O I 0 0 0 0 0 
.~- ----- -~f-:--

Drolllidia hirslllissilHaQI~ ~ .. ~ ~ 0 0 I 0 0 () 0 I 0 0 0 0 0 0 0 0 0 0 r~l-0 0 0 0 0 ~~ 
Eudromidia hendcrsoni 0 0 ~ _0 -~I()f~Q 0 0 0 0 ;-!.QI,--l ~ 0 0 0 IQ ~ 0 0 0 0 0 0 0 0 
Hymcnosollluorbiculare I 5 2 0 0 I 2 2 I 0 0 415 0 8 1r----2-0~O-O-O'--0i~f-Ic-i-O 0 0 41..2 
~liI()l;orystcs oct?!lala 0 0 0 0 0 0 I 0 0 I 0 0 0 OQ .. () 0 0 0 0 0 0 0 0 0 0 OQ()~~ 
!-'-P..:.h:-=cilLyll:.::-u'-'p:.::lu:'-'nc=-:I"'<lI:.=a-:--_______ I ___________ +-::-1 ~I ,J2r---0 0 2 8 0 0 0 0 I I 0 0 0 4 0 0 3 0 I OLc-l~ I~(l.~ 
Pilulllnoidcs pcrlatus . _____ ~Q....QQ ~ 0 0 0 0 0 0 0 0 0 00 I~j--O ~f--() 0 0 0 0 0 0 II~ 0 0 0 0 
PSl'udodroll1ia lalens 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 0 0 I 3 

- -- 1---j--'-+~-"-l .. --'-f--'-I-----=-
Zoacac larvae 0 0 () 0 0 0 7 0 0 0 () 0 0 12 0 0 0 0 0 0 () 0 0 0 0 0 0 0 0 O.Qj 
Il1~lImastoplax spiral ~~ __ __ () 0 0 0 0 2 0 Jl~f--~().QjJQ ~.QQ:J! u.Q j--.Q]to -of---Q,_O 0 0 0 0 0 () 1-001 
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ISllccics PreviollS species name I 2 3 4 5 (i 7 8 9 10 11 12 13 15 17 19 23 24 25 26 27 29 30 31 34 35 36138P9~!41 
CUMACEA I ,-;--- f--- --~ -- --~ '---- ---1- -- - - --=- r--- --::-I----~~I 
l3~dolria!)e:..__ ~ 0 0 0 1 0 0 0 0 0 0 0 0 I 0 0 () 0 0 0 0 () 0 0 0 0 () 0 *~ 

Iphinoc africana 4 70 IS ~ S: 110 23 0 15 24 0 46 0 12 0 0 0 0 0 0 0 I 52 0 0 0 _~I~ -J!t: 
MYCIDACEA 

---+--,1 0W4-or=orot=ol1Qf~J?t-otJUvlotor-l=-o!Jt()U-()f -(ll ol=m=or=otol=m=opto Mycidopsis schllltzci 

gOLLUSCA- ~ ~ - f---I-- 1--~~I------c~1-----1 

AMPHINEURA-~ i-I-- 1-------1--
---:-~-~ 

Chaelnoplcura papilio 0 0 ° 0 0 0 0 ° ° 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 I 0 0 0 0 () 
L~ -~- - r--~ I----- r-- _ 1-----' 

Chiton llllipa __ _ Q _ 0 () 0 0 0 0 0 0 01-0 0 () 0 I OJ!,--O 0 0 0 0 _.....2 0 () 0 0 0 0 0
1

.2. 

-J------! ___ +_1 ___ 1-- 1 1--1--1-1 -f---I---I--+--I-----+-f---I---I~ 

OI'ISTIlOORANCIiI ATA j i 8~ b t ! ill tit I -=~ Anninia ~_O u<>: _ () 00_ 0 ~_ 0 : .. _~O~O _Orl ~_Q~ 0 0 0 0 () 0 0 0 0 0 ()()~ 
Philll1c I 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 2 0 0 0 0 0 0 0 0 0 0 0 0 0 - -- - ----I-- --'-~-~ ,---'-

PELECYPODA-I---- - -- ~----I-- --1--- ----~ -I--
r-=-= -- ~~ -- - r- ---I-- I----- ---::- - .~~ '---
Alilacoll1ya aler 0 2 0 () 0 0 0 2 0 0 0 0 6 I 7 5 4 5 0 2 () 0 () 0 0 2 0 0 0 0 0 
--~-~ i--=- -~ ---'- ~-- --'--f----'~ 

ICarditella simi lis 0 0 0 0 0 0 0 0 0 () 0 0 0 0 2 0 () 0 0 0 () 0 0 0 0 () 0 0 0 0 0 -- - ,-~ ~- -~- - 1- ---~ -- --~~ i--~ -::-r--:-
t-:ChorOlllylillis mcridiollalis 2 0 0 ~ ~~_ 0 ~() 0 0 () 0 () 0 4 .. Qc-l J _0 ~r 0 3 0 0 J 0 2 2 O.-l _8 ~O~ 
Lasea rubra 0 0 0 0 0 0 0 0 0 () 0 0 2 () 0 0 () 0 () 0 0 0 0 0 0 0 0 0 0 0 0 

--I--~ ~-- -~ '----:- --~ , -~ 1---1-----
Macomajllvs 0 0 0 0 () 12 J () I 2 0 2 0 0 0 6 2 2 0 0 2 0 () 2 2 0 0 0 0 0 0 _ ~ 1_ -~-- -~--I--- I------~ --'- ~- L~ __ 

Macoma ordinaria 0 1 3 0 1 0 0 0 () 0 0 0 6 (, 0 0 0 0 () I 0 () 8 I () 0 19 0 () () 0 
-- -~~~~ - - I--- --~ -~----:---~I-----

Nuelila nucleus () 0 0 () 0 0 0 0 () 0 0 () I 0 0 0 0 0 () 0 0 0 () 0 0 0 0 0 0 () () 

I-----------------~I-------------_j.- --+--I---I---l------~ 

I'haxas deeipicils I'haxas pclIucidus () 0 () 0 2 0 0 0 2 2 0 2 0 2 0 0 () 00 dUO o~o ~ 2 ~O "--OrO 6 0 0 0 () 
,--I-- --'--- - - - ~---c- r~ ~--'- ---'- - r---

Y~n('~pis COr~l!&!!~__ Tapes corrugatus L~r-i!.l ~ ~_J!. -.J!.I_-.!.r-_I 0 0 0 6 () 0 0 I 2 () () (} i~ _I!...J!...Q 0 0 0 0 () 0 
ITellina gilchristi ~ ~O ~((~.J!. _<\...Q _0 0 () O± .9.Q.....2~ _0 0 0 0 ~_Q'-() 0 0 0 0 0 ~ _ 0 
Thracia alfrcdclisis 0 0 0 () 0 0 () 0 0 0 0 0 0 () 0 () 0 0 0 0 1 0 0 0 () () () 0 0 () 0 -- ~-~-- r----- r----~I----- - ~ ,-

IAlrina sqllmllifcra._~) 0 0 0 _ 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 0 0 0 

I I I I I +-+-1 I lu-I u_I--I~u t--+~+ I 
PROSOI3RANCHIATA +--- 1--+ l-+--I---f--

-::-1----- 1-----1-- --
Afrocominella capensis () 0 0 () 0 0 0 0 () 0 0 0 2 () 0 0 0 0 () () 0 0 d.J!._OI~ () () 0 0 _..Q --<> 
Amblychilepas scutella I- _ -..QrJ! 0 0 0 0 0 () 0 0 0 0 0 0 () 0 0 0 0 01..Q-Qr-- 0 0 0 1 0 4 12.2 
Argobiccinlllll PUSlllloSlll1l Argobllccinul1l argus 0 0 0 _ 0 0 S! () 0 0 0 0 0 4 0 4 0 4 0 0 0 I 0 0 I 0 2 0 4 2 0 4 

Il3ullia annulata oO"J:l.Q~I-~I=-±J!.Ji~~TJoo 0-0 0 I 0 0 0 0 0 5 0 0 0 0 0 0 0 
Bullia laevissima 7 0 8 4 6 0 6 I 2 8 J I 0 8 0 0 0 I I I 0 4 S 10 6 0 0 0 I 0 0 -::---+--- r--:-i-- --- -
Calyptraca cnpensis 0 0 0 0 0 0 0 0 0 0 () 0 0 0 4 () 0 0 0 0 0 () 0 0 0 0 0 0 () 0 1 

-~-I----- --~ -~ 
Calyplraea chincnsis _+~I...Q~ 0 0 0 () 0 0 0 0 0 2 Q 0 () o Qr-i!I QI-0I.2._0r--0 () 0 0 0 0 0 0 
Crepidula porccllana____ _ 0 0 1 0 0 0 0 I 0 0 0 0 4 0 ~_O () 0 4 0 () ~-.S!QS! 0 () 3 0 0 I 
Grallula bensoni Diluculul11 inopinallll11 0 I O..QI--0~.J!.~ 0 0 0 0 7 _Q~_Q,.-J!I----0IJ! ___ Qi--0 ~r-- 0 0 () () OQ QI~ ~ 

J2£moulia abbrevil1ta () 0 0 _()~~L-0 ~~O 0 0 O,J._O ° () O()Q~QQ_O~O ° 0 0 0 0LO~j 
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Species , I'reviotls SI}ccies 1I111llC 1 2 3 4 5 6 7 8 9 10 II 12 13 15 17 ~ ~-

PROSOORANCHIATA (conL) 
10 - CO (5 - '---0 Dcndrofissurclla Illutabilis Pissurclla rnutabilis 0 0 0 I~ 0 0 0 0 0 0 0 0 

--

Pusus vcrruculatlls 0 ° 0 0 0 0 0 0 0 0 0 0 I 0 0 0 
Gibbula ;wnata Gibbula rosea 0 0 ° 0 0 0c--2. O~ 0 0 0 0 0 o .4 

-

Marginclla bcnsoni 0 I 0 0 0 () 0 o 0 0 0 0 0 0 0 0 
-~ !--~ 1- -~~ -~ 

0 I-- -~ -~ ~-~ '---

Nassarills vinctus Nassa analogiea () () () 0 () () 0 0 () () 1 6 () 0 I 
Nassarius s~cciosus Nassa spceiosa 8 r-!~ .Jl () :--6 ~ 30 r1 8 _8 i~ .~~~. 4 . ~~ ~ ± ~ ~ ~;;.. 

t:'atica saldontiana 0 0 0 0 0 0 () 0 0 0 0 () () 0 0 0 
Natica tecta Natica gcnuana 0 0 I () 0 () 0 0 () () () () 0 0 0 0 
Thais cinglilatu ~ 0 0 0 :--0 0 0 0 0 0 () 0 0 0 0 () 

--~ 

0 0 
,-

0'0 -2 Tricolia capcnsis 0 0 0 0 0 0 0 0 0 0 0 
Turritclla carinircra 0 0 o 0 0 .~ !--O 0 () o 0 0 I 0 0 0 
Turritclia sanEuinca 0 0 () 0 :--0 0 0 () 0 oCO 0 I 0 () 0 

~- r----1--~ 

~- -~~ f--- -~ 

CEPHALOPODA 
~-- - c-- ~- ~~- f--- ~- r-~~ -- ~-::- - -- -~ 

Sepia Iypica Ilcmiscpius lypicus () 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 
Iniotculhis capensis 0 () () 0 0 0 0 0 0 0 0 0 0 0 I 0 - -- - ~~ 

ECHINODERMATA 
- - - !--~ r---- - -~~ -~ - f-- -~ ~-

ASTEROIDEA 
IIcnricia ornata 0 0 0 o 0 0 0 ~~ 0 O~ I ,.Q () 0 - -~ --- ~- - - I-

- -- ~~~ ---- I-- !----~ - -~~ .- c~ ~- f--- -
OPIIIUROIDEA 

00 0 f---A III ph iura capcnsis () QI~ f--O ~ ~-.2 0 ~ Q 1--1 () ~ 1J2 
Sphiotrix Iriglochis ~ __ ~~_ 0 o 3 0 () 0 0 2 (} 0 () 0 (} 0 (} 14 

'-- ~--, 

Ophiocit;rnm Iconis ~ -() ~ c--2. () 0 0 0 () 0 0 0 o 0 0 0 
i-' 

f--- -~~- -~ - r-~ f--- f---
EClllNOIDEA - ~- ~- !---- - - - - !----~~ --
Parcchinus ilnguioslis 1 (} 0 (}. 0 (} () (} I 0 (} 0 4 0 8 8 

- -- r---~ ~ ~--~- -~ - ~- - - I-- --
CRINOIDEA 
Annametra occidrnlalis L~ 1-0 12 (} 0 0 0 3 0 0 00 0 O() c--2. ~-~ 

~- f--- f--- !--
HOLOTIIUROIDEA 
Pcnctala doliolllill I o 12 0 

c--~ 

0 (} (} 0 0 0 0 0 0 ()~ 0 
Trychylhyonc insolens 2 () 0 

1-0 0 0 0 6 0 0 0 0 0 o 0 () 
~ f--- 00 0 

-~ 

Taenios~rus dayi 0 o 0 0 0 0 0 0 0 0 0 0 0 
Thyonc aurra I 0 I 0 0 0 0 0 8 8 0 0 0 (} 8 11 

~- I--~ f--- I-- - - r---
Epilonium kral1ssi 0 0 o () _0 0 0 0 0 0 () 0 3 0 L-() 0 

~-- ~-

30 B 34 35 36 38 39 '40'41 23 24 25 26 27 29 - r-

o () () 0 
~--,- CO 0 

~-~ a i~-CO 0 0 0 0 0 0 I 
00 

~--~- --~ 1--
0 

----

() 
~-~ !--~ f--- - :----~ ~-

o 0 I 0 I 0 0 0 0 0 0 ,- --
0 0 0 0 0 O~ ~_J2 0 f-O I~ 0 0 0 0 
0 0 0 0 0 o 0 0 0 0 0 0 () () () 

!----O 0 0 () () 0 () () 1 () 0 () 0 0 0 
~- - ,-I-

f-8 6 59 39 8 6 18 2 8 () () 0 0 I I 
0 I 0 () () 0 0 0 () 0 0 0 0 () 0 
2 0 0 () 7 0 () I 0 0 0 I _.Q 0 r-2 
0 () 0 0 0 () 0 0 0 0 0 I 0 0 2 
0 o .~--2 0 0 0 ~ 0 0 0 ~ o 0 0 J2 a '-~- ---~ CO 10 0 o 0 0 () 0 0 0 () () () () 

0 0 0 0 0 0 () 0 0 () 0 0 0 0 0 -- - i~-

f--
0 0 0 2 0 0 (} I (} 1 ° 0 ~ .~ ~ r--- 1-- "~~ - -
0 0 0 0 0 0 0 () 0 () o 0 

-~-

- ~- ~ 

- ~-~ 

!---- ~ ~- - (5 ~ 0 0 0 0 0 0 0 0 ° 0 Q --2 ,--I - -

-~ 

() 
--~ !----

1.1 
-

_0 0 ,-0 0 -() ~ () (} () 0 0 ° (} 
-

4 0 0 0 4 (} 0 8 0 G (} 2 0 () 

() 0 o 0 0 0 0 () () 2 °l~ 0 0 0 
- --~ I-~ 

00 
.- -~ L~~ 

44 4 (} 0 1 0 4 I 3 0 I 6 

-- - ~- - --- ~ 

.~ 0 0 (} 3 c--2. 0 0 0 0 0 0 0 o 14 
-~ .- ~-~-

~~~ I-- f---

-f---1- --- -
_0 (} 0 0 () 0 0 () 0 2 0 0 (} 0 1 

0 0 0 0 0 0 0 0 I 0 0 8 8 ~~ ~ -o () (} ~ Q Q,--O (} 0 0 0 o I ~ 0 
8 0 ~ 1 0 o 0 8 0 3 0 I 5 I Ii 
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Species . Previous SI)ecies name 1 2 3 4 5 6 7 8 9 10 II 12 13 15 17 19 23 24 25 26 27 29 30 31 34 35 36 38 39 40 41 
TUNICATA 
Trididemnum eercbriformc o 0 0 0 0 .. --.2 ~ 0 0 0 0 0 0 0 0 0 0 o 0 0 ro 0 0 0 0 o~ 1-' 010 ro 
Pyura sloionifcra 

.1-- I-- f-- ,.. ... 
}~ _0. ~ ~ ~ 0 ~ f-Q ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

... ;.. 

;;; 
'1:i 

~ 
CEI'IiALOCIfOIWAT A 

I------- -0 ~ 0
10 10-f- , .. .1--

Branehiosloma 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 O~ f-O ~ 
~ 
l-' 

VERTEBRATA 
I-.-

PISCES 
Chorisoehislnus dcntcx 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 0 0 00 00 0 0 1 0 0 0 0 I 
Clinus agilis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 oro 0 0 0 0 0 0 0 1 0 0 0 -
CoryphoplCHlS agulhclIsis 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

._. 

Torpcdo marmorala I 0 0 0 0 0 0 I) 0 0 0 0 0 0 0 0 0 0 0 0 0 () () () I) .Q ,-0 ~ ,-0 ~ 1--1) 
Syngnathus aeus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I) I) 0 0 1 0 o 0 0 0 0 0 0 
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Appendix I B: MacrofllUnal abundance data for grab samples collected prior to harbour development (Christie & Moldan 1970s) 

,"- Statiolls 2; 
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21 ::.7 Species I'nviolls sllccies Ilame I 2 3 5 ~,-7 8 IJ 14 15 16 18 20 24 28 29 30 32 33 36 
CNIDARIA 

UYDROZOA 
~----- -~ ~~- ~- ~- -~ ~ f---

~-~ I--~~ 

11---0 Obelia geniculata 0 0 0 0 O~ c--~O 0 0 0 0 0 0 0 0 0 0 0 0 0 

-~- ,~-- ---- ~-- - i~- r---
OCTOCORALIA 

...... 

0'0 
~--0 --~ - -~ 

--0 '-Virgularia schultzei 0 57 1 I-_IQ ~ _0 0 I~ J! 0 20 4 I 44 9 10 I 

---- '- - r~ ~-~- -~-~ 

'rURBELLARIA 
~- ,-~ 

0 
-~ I--~~ ~ I'lOsthiostOtlllllll (h),galskii 0 o c--- () ~() ,---0 ~ ~~ J! J! _2 _2 0 I 0 _.Q 0 0 0 0 0 0 

ANNRLIOA 
, 

~- -,~ 

POL YCf IAETA 

~ll~larcte capcnsis 0 0 0 0 0 0 2 0 446 0 0 255 0 0 I I 0 0 0 0 0 0 
Anlinoe lactca 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 o _~ ~ 0 
Arabella 0 0 0 0 O~ I~ 0 I 0 0 0 0 0 0 0 0 0 o 0 0 0 
Aricidea longobranchiata 0 2 0 0 o 0 0 0 0 o 0 ,,~ 0 _0 

1--
0 1--0 ~O 1---

0 ~ 0 0 0 
Asychis i:apensis Q_O I--Q I I~ 0 ~~ ,~~ 0 I ~~ ~,Q () ~~~ ~-,---!f -~ .,~ 2 I 0 0 0 

;-~--

Caullcriella acicula o 0 0 ,~ 0 0 0 0 0 I 0 0 12 8 1 19 0 1 4 0 Q-Q 
Ximarete capensis Cirrifonnia capensis o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O.,~~ I 2 0 3 0 
Timarete lentaculala Cirriformia lenlaculata 0 0 0 0 0 0 0 0 I 0 0 52 0 0 0 o 0 0 0 0 0 0 
CilTatulus gilchrisli 0 0 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 
Diopalra Il)ollroi 0 0 0 0 0 0 0 0 () () () 0 () 0 () 0 () () 0 0 J 0 

0 
~~~--I t--~-1--0 I--~ Diop..atra nC(jpolilana 0 0 0 I 0 0 0 0 O_~ 0 I 0 0 1 0 0 o ,-----Q 

Dorvillea nJdolphi 0 0 0 °l~ 0 0 0 o 0 0 0 0 0 I 0 () () () 0 {) 0 

Dorvillca ncgiecla I 0 0 o 0 0 0 0 0 0 0 Q_O _0 0 0 
1--

0 0 () 0 0 0 
Eleone folios a 0 0 0 0 0 0 0 0 0 {) 0 o {) 0 ~ I~ {) 0 0 0 I~ 
Euclymcne sp. 0 0 0 0 1 I 0 0 {) 0 0 () 0 0 1 I 0 0 I-~ 0 0 o 0 
Eulalia sanguinca {) 0 {) 0 {) 0 0 {) 0 0 {) 0 0 {) 0 {) -~ {) 0 0 I 0 

~- ~-::-

~ogone dispar I 0 {) {) {) 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 
Glyccra tridactyla 0 0 1 4 0 I 0 2 3 2 6 0 5 2 19 0 0 Z~ 3 4 4 0 

I Lepidollolus clava 0 0 '~ _0 0 O~ 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 
Lumbrincris (elrama 0 () 0 0 I 0 {) 0 0 0 3 0 0 I 0 o 0 ~ 0 l,~ 
LUlIlbrilleris hCleropoda 0 0 0 0 0 0 0 0 0 0 0 {) I I {) 0 o {) () {) o {) 
Magelona capensis 0 0 0 0 {) 4 0 6 0 9 0 0 16 0 0 66 4 1 8 4 o 01 
Mallelona papillicomis 0 0 0 I 0 0 0 0 0 5 0 0 0 () 0 0 0 o ~--.-2 0 O()j 
Mediom3slus capcnsis 0 0 0 12 0 10 () 5 0 1----1 0 0 0 0 5 3 0 I .~ 13 ~~ ~~ ~~~---

Myxicola infundibulum 0 0 0 0 0 0 2 0 {) 0 0 0 0 0 () 0 0 0 () 0 0 

Naineris lacvigala 0 0 0 0 0 0 0 () 0 0 0 {)~ 0 0 {) 0 o {) 2 2 01 

Ncphtys spaerocirra.~~~~_. {) I 0 1 7 9_~ 21 0 I 0 o 5 {) {) 14 4 O;-~'-i) 19 '12 0, --- -~ --
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Species Previous sllecies name I 2 3 5 6 7 8 13 14 
POL YCIIAETA (conl.) 

1-

0 f------O ~~ 
~-~ 

Nt':J1hlys capensis 0 0 0 0 2 0 
Nereis lalllcilosa 0 0 0 0 0 0 0 0 0 
Ncphlys hOlllbcrgi 0 4 2 5 4 1 0 2 0 

Nicolca 1ll3crobranchia 2 2 0 0 0 0 14 0 0 
Ncreis opcrla ° 0 0 I 0 0 0 0 0 
Ncrinides gikluisli 0 0 0 I 0 0 0 0 0 
Orbinea angrapcqucnsis 7 0 0 Q 13 0 0 19 0 
Owcnia fU5i/"orl1115 0 0 0 0 0 0 0 0 10 
I'araonis lyra 0 0 0 0 0 0 0 0 0 
Peclinaria capcnsis 1 0 0 0 0 0 0 0 0 
I'hcllIsa swakopiana O~ I 0 0 0 0 0 0 
Phyllodocc castanea 0 0 0 0 0 0 0 0 0 
Plalyncreis dumedlii 0 0 0 0 0 0 0 0 0 
Polycirrus haemalodes 

* 
-5 _0 0 0 0 0 0 0 

Polydora hoplura I 0 0 0 0 0 0 
Polynoe scolopcndrinu 0 0 o_0 _0 ~ 0 0 0 
Priollospio saldanha I 0 o 64 0 '~r 0 13 0 
Priollospio sexoculata j 0 o 0 0 0 0 0 
Protoillystides C31lcnSiS 0 0 0 0 0 0 0 J I 
Sabcllidcs Imlcritzi 0 0 0 15 0 0 0 0 0 
Scolaricia dllbia 0 0 0 0 0 0 0 0 0 
SClllisC{()SlIS pclhlcidus 0 o~ 0 0 0 0 0 0 
Scolopolos dayi 0 0 0 46 0 0 0 0 0 
SigaliolJ capcl1sc I 0 0 0 0 0 0 0 0 
Sphaerodorum gracile 0 0 0 0 0 0 0 0 0 
Syllis armillaris 0 0 0 0 0 0 0 0 0 
Syllis prolifera 0 0 0 0 0 0 () 0 0 
Tercbella schmardai 0 0 0 0 0 0 0 0 
Tharyx dorsobranchialis 0 0 0 0 0 0 0 0 0 
TheleplIs pequenialllls ~~ :-2 f------O 0 0 o ~.~ 0 0 
Trypanosyllis gClllmulifera '.- ~ 0 0 0 0 0 o~ ~.~ 0 --
NEMERTEA 
Cerebraluilis [USC liS 0 0 () 0 () 0 0 0 () 

CRUSTACEA 
CUMACEA 
Bodotria vertebrata semicarinata 0 0 0 0 0 0 0 0 0 

~~ l1(le<l.~i.c~ nn.. 14 23 5 . .-!~~ 120 75 0 0 0 ._. .,,-_._- .------
lphinoe cra~cs 0 0 o 0 0 0 0 0 0 

--

15 16 18 20 21 24 28 

0 0 0 2 0 0 0 
0 0 0 0 0 0 J; 

2 8 '0 0 2 0 0 
0 0 0 0 10 Ii 0 

° 1 0 0 0 0 0 
I 0 0 0 0 0 0 
0 0 0 2 4 I 0 
0 ~ _0 0 0 0 0 
0 0 0 0 0 7 0 
0 ()~ 0 2 o 0 

-~- ~ 
L~~ ~_~ 

O~ ~~~ ~~ ~ 0 0 0 
0 0 0 0 0 0 0 
0 1 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 Q,-~O ° 0 0 0 

-

106 o 0 14 3 0 25 
0 0 0 0 0 0 0 
0 0 0 0 0 I 0 

94 0 0 0 0 0 ) 

1 o 0 0 -Q -2 _0 
0 ~I~ ~~ ~~ 0 0 

28 0 0 0 0 
0 0 0 0 0 0 0 
0 I'~ --.-!. ~~~ 0 0 0 

~~ 

0 0 () () ~.~ () 0 
~-

0 0 0 0 0 () 0 
0 0 0 0 0 0 0 
0 0 Of-O f------4 0 0 
0 0 o 0 0 0 0 
0 0 0 0 i- 0 O~.~ 

() () 0 () 0 () _-1 

-0 ---- ---~. 0 3 1 0 () 

<l1~ 0 3 0 45 2 
o 0 0 0 0 0 

29 30 32 

0 0 2 
_0 f---O 2 ---

0 I I 
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_0 ~ -~ 
0 4 0 
0 0 ~ ~-- --~ --
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0 0 1 
I 0 0 
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0 0 0 

20 13 3 
0 0 0 
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0 IJ f--O 

f--O 0 0 
0 0 0 
0 6 0 
0 0 ~~ 
0 0 0 
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0 0 -0 
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--- ,----
Species Previous species name 1 235 6 7 
MYSIDS -- r--

.. "''' Gaslrosaccus sp, Of--O 0 0 () 0 1--- ---1---- --- I----

---
OSTRACODA 
Cychslerope louiancoi 0 0 0 0 0 0 
Cypritiina sp. 0 0 0 0 0 (J 

C~clolebcris galalheac 0 0 0 0 0 0 

-- --- ---
AMPIIIPODA 

------=- -
AlIlpelisca anomala 0 f-Q. 0 0 0 0 

0 f--- f-- f----
Ampelisca brachyceras 0 0 () () 0 ------
~Ipclisca brevicornis () ) 0 21 3 1 
~lpclisca diadema 0 2 0 0 0 0 
Ampelisca pahnala () 0 0 0 0 0 
Arnpclisca spinimana 0 0 0 4 0 0 
Ualhyporeia 1 0 0 0 0 0 
Bathyporeia gracilis 0 0 0 0 0 0 
Caprella eqllilibra 0 0 1 0 0 0 
CcradoclIs mbromaculalus 0 0 0 0 0 0 
Euphariamblls fallax 0 0 0 0 0 0 
lIippomedon Ollconotu5 0 0 0 0 0 0 
Lembos jassopsis --~ 0 0 0 0 0 

--

Uljcuorgia cpiSlonmta 0 0 0 I 0 5 
Lislriclla saldanha 0_0 0 _0 0 0 ---
l-y_sianassa ceralina 0 0 0 0 0 0 
Lysianassa variegala 0 0 J! .Q _0 0 
~ grossimana ,~ ~ 0 --2 0 -~. 

0 Macra vagans 0 0 0 0 0 
Mcgaillropus nalllaqllcnsis 0 0 0 0 () 0 
Melita orgaSllIus 0 () 0 0 0 () 

Mclita suuchelata 0 0 0 0 0 0 
Monocu(odO\lsis longiman3 0 0 0 0 0 0 
Orcholllcnc plicata I 0 0 0 0 0 
Paramocra capcnsis 0 0 0 0 0 0 
Perioclilocics longimalllls 0 0 0 0 I 0 
Photis longidactylus 0 0 0 0 0 0 
Pholis longimalllls 0 0 0 0 0 0 
Phalls uncinata 0 0 0 o ~. 0 

~J:hnOl)o.~.l.I(!rdr!~!Ii_. ____ () 0 0 o 0 0 
---- -.~.-,-----~-.-.-

Po<loccrus inconspicuus 0 0 0 0 0 0 
Siphonoctes dcllavallci 0 0 0 26 0 0 
Tryphosclla africana 0 0, __ 0 

--
() 0 0 

8 lJ 14 15 16 18 20 r-l!- 24 28 29 30 )2 )3 36 37 

0 0 0 0 1 0 0 0 0 0 0 0 0 () 0 0 

-- ----- -- -,-

00 
-- 0 

1---- -- 1----- -- --- ---
() 0 0 0 

c ~ 0 0 0 0 0 0 19 0 
0 0 () 0 0 0 0 0 0 0 0 0 0 I 0 
0 0 0 0 0 0 0 0 I 0 o 0 ~ I 0 0 

-- -
0 0 I-.--!. 0 0 0 0 0 0 0 0 0 0 0 0 -- --- ---
0 () 0 0 0 0 0 () 0 0 0 0 I 0 0 0 
() 24 0 5 0 0 13 1 1 2 0 5 0 1 180 4 
0 0 0 0 0 0 0 0 0 0 0 0 () 0 0 0 
0 0 0 0 0 0 0 0 0r-2 -~ 0 f-O 0 ~~ ---~ 0 10 0 I 0 0 0 2 o 0 0 0 0 0 
0 2 () I 0 0 18 0 2 6 0 0 7 I 0 0 
0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 
2 0 0 0 0 0 0 0 0 0 0 0 0 0 5 ---$ 
0 0 0 I 0 0 0 0 0 0 0 0 0 0 o 0 
0 0 2_~ --~- 0 O~ _-2 0 l~ 0 0 0 0 O. 
3 0 o 0 0 0 o 0 0 0 o 0 0 _0 ~-~ 
0 2~ __ --2 0 0--2 _ 0 0 0 0 o _:.....!:l -~ I 
0 o 0 0 0 o 0 0 I 0 0 o 0 0 0 0 
0 0 0 0 0 2 0 0_0 0 0 0 16 0 0 I 

01--0 0 Of-O ,--() 0 0 0 0 0 0 0 0 I 0 
0 0 0 o 0 17 0 0 0 0 0 0 0 0 O~Q. --- I--- -'-
0 0 0 0 0 0 0 0 0 o 0 - 1--- f-O f-O f-O 2 0 
0 I 0 °l·~ .~ .. ~ .~ 0 16 _-.-2. ---'- 7 0 () 0 -- 0 - ..2. 0 0 0 o 0 0 0 0 0 0 0-'-
o .J!r- 0 0 ..2 _1 '---- Q -..2 _Q () () 0 0 

~---7i _9. 
o 0 0 0 0 I 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 () o C-.-() 0 0 
0 0 0 0 0 I 2 O~ 1-_ 2 0 2 I 0 70 0 
0 I 0 0 I 0 12 9 0 3 0 6 0 I I I 
0 0 8 0 0 0 0 3 I 0 0 0 3 0 0 0 
0 () 0 0 0 0 0 0 0 0 () 0 0 0 I 0 -
0 0 0 6 0 0 () 0 0 0 0 10 0 0 0 0 
0 0 0 0 I 0 I I 0 0 () 0 1 0 0 0 

O.......Q 0 0 0 1 0 0 0 0 0 0 0 0 0 0 --
0 0 () 0 I 0 0 () 0 () () () 2 0 0 0 
0 0 0 0 O~ 0 0 0 0 0 0 0 . 2 , () '0 0 
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Species I'reviolls sllccies name 1 2 3 5 6 1 8 13 14 15 16 18 20 21 
.. ~ .. !!! 29 30 32 33 36 31 

.. "' .. 
AMI'IIIPODA (COllI.) 

Urothoc coxalis 0 or-o 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
IUrolhoc grimaldi 

.~ .-.- .~ .-.. -. 
37 15 0 13 25 2 0 5 0 2 0 0 0 0 0 4 0 J 0 2 0 0 r-. 

Urothoc pulchclla _..Jl _-.Jl ° _11 .-2. -.2. ° 0 0 0 0 0 0 0 0 0 0 () () 0 Q ~ 
.- - .. - .---

~ 
'"0 

~ 
IISOPODA ._-
Apanthura africana 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 () 0 0 0 >< ....... 
Cirolanu sulcata 0 0 0 0 0 0 0 0 0 () 0 14 0 °l~ 1--..2 0 0 0 0 I 0 
llollidotca sp 0 0 0 --2. ° 0 0 0 I 0 0 1 0 o 0 0 () 0 0 O~ 0 

~ 

Lcplanlhura lacvigata 0 0 0 0 0 0 0.-2. ......Q ~ 0 1 0 0 0 0 0 0 () o () 0 
MicroarclullIs simi lis 0 0 0 0 0 ° Of--O f..-l . 0 () i~ 0 0 0 0 {)f-.2. - 0 O.~ 0 
I'amdotca ungulata .~ _0 0 0 0 ° 0r-.2. () () f-Q 0 () 0 () () () () () o 0 0 
S;tnidotca hirli~es ~. - () 0 . .2. 0 I o 0 0 0 0 0 3 0 0 1 0 0 0 0 2 0 

I'YCNOGONIDS - ... - ._. 

o Or. .. 1--- . f---. f---~ ,.--. 
TU.IlYS.Iy!ulll brcvipes () 0 () 0 0 0 0 0 () () 0 0 () () () 0 0 0 I () 

f--- !--. C---. C---. 

MACRURA .. -. - -
Ogyridcs saldanhac 0 I 0 I 0 0 0 0 0 0 0 0 °i~ 0 o 0 ~ 0 0 O~ 

- I-- !--. ..---
BRACIIYURA 

'-.-. .- ._-
-.Jl I~ llYlIIcnosomu orbiculare 3 2 0 0 3 9 0 0 3 0 I II I 0 ~ I 0 r--? ° 3 

.-

NUlItilocorysles occJlatu 0 0 c---- Q _0 ~O 0 (j-.9 ° 0 0 0 0 I 0 0 .. ~ I~ .. ~ .~ ---2. 0 
~!apunctata 0 0 0 0 0 0 () 0 I 0 0 0 I 0 0 I 0 0 0 () 3 0 
l'ilullll1oidcs pcrlatlls 0 () 0 0 0 0 0 0 0 0 0 () 0 0 0 0 0 () Q~ .~ 0 
ThaumaslopJax Sl}iralis I~ 0 0 0 2 0 0 0 0 0 0 0 °i·~ () () () () o () 0 () 

I-.- .-.- --
ANOMURA 

i._ - - .- .. 

Allapagurus hcndcrsoni 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 () 0 0 
Upogebia africarla 2 0 0 0 0 0 I 0 0 0 () 0 0 0 0 0 .. ~ 0 0 Qc---- Q ~ 

.-
MOLLUSCA 

f--.~ f-- - .- ._- ._-
.. _.- .-

OI'ISTIIOBRANClIlATA 
Philinc aperta 0 4 0 0 0 0 () 0 0 0 0 I~ 0 0 0 0 0 0 0 O~ -
Anninia 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 () 0 0 0 0 I 0 

/ 
.. - -- - .- ._- f-- --r---

I'ELECYPODA 
00 

-
Anomia monia squama 0 0 0 0 () 0 I 0 0 0 0 0 0 0 0 0 .2. ,-0 I J 
Aulacomya ater 0 0 0 () 0 0 0 0 0 0 0 () 0 0 () 0 0 () () 0 3 0 
Choromytilus mcridionalis 3 () 0 () 0 0 0 0 0 () 0 2 0 ! 0 0 0 0 0 0 8 0 
Lasaca 0 0 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 6 0 0 0 0 ~.\O 

Lutraria !utraria 0 0 0 0 0 0 0 0 I -.9 ~l--Q~. 0 0 () 0 0 0 0 ·O,.~ 
~. 
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· ~.-

Species Previolls sllecies name 1 2 3 5 6 7 8 I3 14 15 16 18 20 21 24 28 29 30 -.12 --.l~ 36 ~ 
I'ELECYPODA {conl1 

-~ r--
~ ~-~ 

0---0 ~ D Macoma iuvs 0 0 ~~ ~~~ 700 40 0 700 7 460 0 34 255 0 0 132 0 I 
Macoma ordinaria 0 I 6 15 0 0 0 0 9 22 0 0 0 10 0 0 0 87 0 0 5 0 
l'haxas uccipicns l'haxus pcllucidus 0 0 0 0 0 3 0 4 0 4 I 0 18 2 0 2 0 0 4 3 0 0 
V cllcn/pis corrugalus Tapes comlgalus 0 0 0 0 0 0 1 0 2 0 0 2 0 0 I 0 0 0 o 0 0 0 

0 
--~ -~ ~-~ 

Tcllina analogica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 3 

~ 
'"tl 

~ 
~ 

Tcllina gilchrisli I 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 4 I 0 0 >-' 

- ~- -- -~ ~- ~ f--- f--
I'ROS013RANCIIIATA 

o ~O ~--ArgobuccinulI1 puslu!osulIl ArgobuccinulIl argus 0 °l~ 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
Dullia annulala 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 5 0 

o ~O 0 
r-~~ 

13ullia lacvissill13 0 I 0c--0 0 0 Q 0 0 0 I 0 0 o 3 I I 8 0 
Calyplraea chincnsis 0 0 o 0 () 0 0 0 0 0 () 2 0 0 I 0 0 0 0 0 0 0 
Crcpit.iu!a porcellana 0 ° 0 0 ° 0 0 0 0 0 0 0 0 0 I 0 0 o ~-...2 0 0 0 
Granula bel1soui DillicululII inopinalull1 0 0 0 0 0 0 0_0 0 0 0 0 () 0 0 0 0 o () 0 3 0 
Fusinus occllircrus Fusus occcllifcrlls 0 0 0 0 0 0 o ~~~ 0 0 0 0 0 0 0 0 0 0 0 0 2 0 

--~-

l'Iassarius vinctus Nassa analogica 0 0 0 0 0 0 o 5 0 0 0 0 I 0 0 0 0 o f---() 0 5 0 
Nassarius spcciosus Nassa speciosa I 0 I 4 0 2 0 0 I 0 2 ~ ~ ~~~ 2 I 0 6 ~~ 2 10 0 
Nassa muiri 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 o 0 o 0 ,--0. 
Nalica tecla Natica genuana 0 0 0 0 0 0 0 0 O"~ ~~ _J! _0 f--O 0 0 0 0 0 o I 0 
Nalica saldonliana 0 0 0 0 0 0 o --.!! o 0 0 I 0 0 0 0 0 0 0 0 0 0 
Gibbula zonala Gibbllia rosea 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 Or- 0 0 0 0 0 

-
ECIIlNODERMATA 

-~ ~-~-

QPlllUROlDEA 
~--- 'f) All1phipholis squamata 0 0 0 0 0 O_Q_ 0 0 0 0 2 0 0 0 0 0 0 o 0 I 

Anlphiura callcnsis 0 0 0 0 () ()~~ 0 0 0 0 6 0 0 0 0 o 0 r-~ 0 0 0 
OlJhiothrix triglochis 0 0 0 () () o () 0 Of--I ~~O 0 0 0 0 I o 0 0 10 0 

~- ~--i- ---- ---
ECIIINOII)EA 

--~ ·0 '-~- -----0 I'arcchinus allgulostls 0 0 0 0 0 0 0 0 I 0 0 7 o 0 0 0 0 0 0 0 
~-~ 

HOLOTlIUROlDEA 
Pcnctata uoliolulIl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ ~~ 0 0 0 0 8 0 
Thyone amea 0 0 0 0 0 0 0 0 0 0 0 130 0 0 0 0 0 0 0 0 0 0 
I'scutlocnella insolens Th.):'onc insolcns 0 0 0 0 0 0 1 0 0 0 0 0 0 Of---O _0 0 0 0 0 0 0 

r-
IlEMICIIORDATA 

0 
~-

0 -0 r~~O I3ranchiostollla 
~---- ... -- 0 0 _0 0 0 0 0 0 0 I 0 _0 Q 0 0 0 0 0 

-~'\O 
....... 
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Sllccics I'reviolls sf/ccies name 1 2 3 5 6 7 8 13 14 15 16 18 20 21 24 28 29 jo 32 33 36 37 

<, .. .-

VERTEBRATA .-i-
PISCES 2:; 
ChorismochisnlUs dentex 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 
DJQlelogastcr IJ1~O~ 0 0 0 0 0 0 0 0 0 0 0 1 0 0 OJ!, 0 0 0 0 0 0 
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Appendix IC: Station data for Saldanha Bay dredge (D) and grab (G) samples pdor to harbolu development 
(Christie and Moldan 1970s). 

---
Station Cat. No. Sampling Date I)ositioll Depth (m) Substrnte Grab 

No. Method volume 

~------- f------- - f---- {L} 
I 336-337 D 26/4/64 33° 0.3' SIl?o 57.9' E 6 Fine sand and shell 

338 G 9 
2 222 G 2/5/60 33" 0.5' S 117° 57.5' E 6 Mud and stones 

223-224 D 
3 229 G 4/5/60 33° 0.6' S / 17° 59.6' E 8 Sand and Rock 

230-231 D 
4 ]93 D 30/4/59 33° 0.7' S 117° 58.4' E 8 Medium sand 

r----
5 238-239 G 5/5/60 33° 0.7' S 1180 0.4' E 7 Medium sand 

240-241 D 
~------- 1-

6 290-291 D 2914/63 33° 1.0' S 1 17° 57.9' E 9 Fine sand 
292 

1-------
G 8 

7 300-301 D 30/4/63 33° 1.0' S I 17° 58.9' E 11 Shell 
302-303 G --- -f----

8 332-333 0 25/4/64 33° 1.25' S /17° 59.7' E 13 Rock 
334-335 G 

9 185+189 0 30/4/64 33° 1.1' S 1 18° 0.3' E 9 Sand --
10 184+188 D 2914159 33° 1.5' S 1 17° 58.8' E 13 Sand 
11 181 D 2814159 33° 1.6' S 11r 59.3' E 13 Shell and sand 
12 199-200 D lIS/59 330 1.7' S 118G 1.4' E 9 Sand 

--

13 276-279 D 115/63 33° 1.9' S 118° 00' E 17 Fine sand 
280 G 4 

~----I---

14 270-271 G 25/4/62 33° 2.1' S /18° 0.1' E 15 Mud and shell 
-- .... _ .. - - -_ ....... _- -

--

--

?; 
'"d 

~ 
~ 
........ 

-''.0 
w 

Univ
ers

ity
 of

 C
ap

e T
ow

n



.,~--

----

Station Cat. No. Sampling Date 
No. Method 

15 225-226 G 3/5/60 
227-228 D 

16 299 G 30/4/63 
17 182,183+ 187 D 29/4/59 
18 304-305 G 30/4/63 
19 190-192 

1--
D 3014159 

20 293-294 G 29/4/63 
----- ----

21 255-256 G 22/4/62 
----

22 275 D 22/4/62 
23 174,175+ 186 0 2714159 

-----

24 348-349 D 29/4/64 
350-351 G --- ---

25 135 D 6/5/54 
---

26 136 0 6/5/54 
27 176-177 D 27/4/59 

---

28 311·312 G 1/5/63 
29 339 0 27/4/63 

340 G 
--

30 210-211 G 1/5/60 
212-213 0 

---- ----- ---- ----- ------

31 178-179 D 28/4/59 
32 306-307 G 30/4/63 

------- --- -- -------

33 308-309 G 30/4/63 
34 346-347 D 28/4/64 
35 132-133 D 2613/53 

----- ~-

-----

Position Depth (m) 

33° 2.2'S / 18° ).4' E II 

33° 2.5' S 117° 57.6' E 26 
33" 2.5' S 117" 58.7' E 13 
33° 2.5' S / ) r 58.9' E 20 
33° 2.5' S / 17° 59.5' E 18 ----- --

33° 2.5' S 11 r 59.7' E 18 
33° 2.8' S / 170 59.2' E 22 
33° 2.8' S 118° 0.1' E 17 
33° 2.8' S 1180 0.6' E 15 
33° 2.9' S 118° 1.6' E 13 

---
33° 3' S 1 17° 58.6' E 11 
33° 3' S 118° 0.5' E 8 
33° 3' S 118° 0.9' E 15 

33u 3.3' S / 17" 59.3' E 22 
33° 3.4' S 118° 2.0' E 7.5 

33° 3.5' S /18" 1.5' E 9 

33° 3.6' S / 18° 0.4' E 15 
33° 3.7' S / 17° 58.5' E 20 
33u 3.7' S 118° 0.7' E 13 
33° 3.9' S /18° 0.8' E 11 
33" 4.0' SI 17° 59.3' E 8 

Substrate 

Fine sand 

Sand and shell 
Coarse sand and shell 

Coarse shell 
Shell and coarse sand 

Sand 
Fine sand 

Sand 
Shell, sand and rocks 
Shell and coarse sand 

Sand 
Sand 

Shelly sand and rocks 
Fine sand 

Fine sand and shell 

Fine sand 

Shell~ sand and rocks 
Fine sand 

Mud 
Fine sand 

Rock 

Grab 
I 

volllllle 
(L) 

I 

---I 
I 
I 

2 

6 

8 

6 -------

4 

4 

~ 
~ 
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I-' 

-"'0 
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Station Cat. No. Sampling Date 
No. Method 

36 232 D 4/5/60 
233-235,246 G 

37 272 G 21/4/62 
-----

38 130-131 D 9/4/53 
-39 137 D 615155 

40 143 D 28/4/57 
258 G 

41 145 D 2814157 

------,~---

J'osition Depth (m) 

330 4.1' S I 17° 59.7' E 7-13 

33° 4.2' S / 180 1.4' E 9 
33° 4.6' S /18° 0.6' E 4 
33° 4.8'S I 18° 0.3' E 8 

---------- ----------

33° 5.2' S /18 0 1.I'E 3-4 

33° 5.0' S /180 0.4' E 4 

Substrate 

Sand 

Fine sand 
Sand 

Sand and rock 
Sand 

Sand 

Grab 
volume 

(L) 

J 
. 

, 

-------
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Appendix 2 A: Coded macrofaunal abund~lIJcc data of dn~dge samples from the 1960s and 2001 surveys, used in this study. 

r-- ---c---- --c---- --- --- ~r-- ----- -- --- --- - r----- ---- -~--

.~. Species 07 08 010 013 015 019 023 024 027 031 034 036 N7 N8 NIO NI3 NIS NI9 N23 N24 N27 N31 NJ4 
--- 1------ -----

CNIDARIA - r-----1--- ,- ----.. ~ 
AnlhoLiloc slimpsoni 0 () I 2 () () _--.2 0 -() __ 0 0 .~ ~ 0 0 0 0 0 0 0 0 0 5 

c--- --- --,----
AnLhoplcura Illiclwclscni 0 0 () () () 0 0 I () () 0 0 0 () 0 0 0 0 0 0 () () 0 

----- '---- --- -. - -+--- -- ---_. ---~ I--- ----I---. --
BUllod<lcLis rcyn,llIdi 0 0 0 () 0 0 0 () o 0 ---~ () 0 o 0 0 0 I f---.2. 0 0 0 -() -- --- -- -- -.-- -- --- -- I--- -.--- -----
Virguhlria schulLzci 2 0 0 0 J I 0 0 0 0 i 0 0 0 0 0 0 0 0 0 0 0 0 

-- ---.. - ._. --~. --_. f-
POLYCilAETA 

1-- --- ,,--- -- '---- --- -_._- ----- -
An Lilla!; laclea 0 0 0 3 __ ~ _.Q r...2 0 0 0 0 I--() () 0 0 0 r-----0 1---.2. ~ 0 0 0 0 

-- --- ,----- ---- _.- -' -- ----
TimareLc lcnlaculala I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 0 0 () 0 () 

.. _-- 1-----1---. -- -----1-' ----- -_.-- -- ----- ,_ . - -_. 

0 Timarelc capcnsis 0 0 0 _0 -~ 0 2 0 0 2 2 0 0 0 0 () 0 0 0 () 0 0 

ICirrallllus gilchristi 0 0 
~'-- !--- . 0 

0 (l 0 () () 0 () 0 () 2 0 0 0 () () () () 0 () 0 

Diol)ulru l110llmi 0 0 () 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 ° _.-2 0 0 -~ --
Diopatra Ilcopolilana carcils .-~ f--0 () 0 2 0 0 0 0 () .3 0 0 0 0 0 0 0 0 0 0 0 0 r--.- - ----- -------!---- f------ --- ----_. --
SphacrodofUlll gracile 0 0 () .3 ,-~ .-2 0 0 0 0 0 O~ 0 0 0 0 0 0 0 0 0 0 -----
Glycera lridactyla 2 0 I 2 .3 0 I 2 4 I I 2 0 0 0 0 0 2 2 () I 0 0 --- - ~. ----
llanl1otlioc gorccllsis 0 0 2 0 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () 0 

.-~-

LepidollolllS clava -......2 -~ 0 0 0 0 0 0 0 0 0 1 () () () 0 0 0 0 0 () 0 0 
I-'-~ -. --I--- --- .~ -- --- ~. -~-. 

LUlllbrincris hClcropoda 0 0 0 0 0 () 0 _.Q -...2 ~ 0 0 l~ () 0 0 () 0 0 0 0 0 () 
--- _. ---

I mnbri Ileris I11CICOrllllU 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 () 0 0 0 0 

LlIlllbrincris tclraura Jl. 0 0 0 () 0 0 2 0 0 0 1 0 I 0 0 () o 0 0 0 0 0 1-.--- -~. ._--- -.- r--
Marphysa purcell ana 0 () () 1 ()I"~ ...J'l. () 0 0 0 () 0 () () 0 0 o 0 0 0 0 0 ----1-'-i-----. - ---- ---- -- -- ---c--. -- i-----. 
M arphysa capensis 0 0 0 0 0 0 0 1 0 0 0 0 0 () 0 () 0 0 0 0 0 I 0 ----
~<:ris laevigala 0 () () 

.. ~ 0 1----0 () 0 () 0 0 1 0 () 0 0 0 () 0 0 () () 0 -----1-' - ------.. ~--- ----

~fll~s """"v'c,' 0 0 2 0 J 0 0 0 0 0 0 ! 0 0 0 ~ 0 -~ ----.2. 0 I I (I 
f~ - ---- ---- --. 1-' 

Ncplilys spaerocinala 0 0 0 0 3 0 I 0 0 0 0 4 0 () () 0 0 0 0 0 () 0 0 

r---o ~i-----' 1----- -----f-
Nercis oJlerla I 0 I 0 0 I 2 0 I 0 2 () 0 0 0 () () 0 .. ~ () (J 0 

1--' .- ---
Nerds pelagicil () 0 0 0 0 0 0 0 0 0 () 0 (J () 0 I 0 () () () 0 () () 

'-_-0 - ._- - -- --- ---- I--- -- --- .~ 
Nicolea macrobranchia 0 0 

.. ~ 2 0 (J () I 0 () 5 3 O.Q -Q I 0 2 '----.1 0 0 () 0 
-- ._.- --- -- -- --- - --1--.-- -.-- 1----

Nicolea vcnuslula I 0 0 0 () 0 () () 0 0 0 0 0 () 0 0 0 0 0 () 0 0 () 
- - -- ,--- ----- ----- -- -_. --- .-- -- -_._- - -~ 

Orbillca angrapcqucnsis 2 0 0 () O~ 0 0 0 0 0 I 0 0 ----.2. --.--2. .... ~ _S! 0 0 1_.2 0 .. -Q 
!Onuphis hulolll:lnchiala 0 

f--- --

0 0 0 0 O_() I 0 () 0 0 _0 ~ (} () () 0 0 () 0 () I ---- - !----
Scolaricia dubia 0 () () 0 0 0 0 0 I 0 0 0 0 0 () 0 0 0 () () 0 () 0 

-~- - -- -- -- -_.- ------~ ---- -_.---~-'-r---.-1---. 
Pcclinnria capcnsis 0 0 0 0 0 0 ----.!! 0 I 0 o 0 -~ 0 0 0 0 0 () 0 0 0 0 .-1---.--~. 1---. 
PhcIlisa laevis 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 () 0 0 0 o - 0 () ._--- 1------ I--- -- ----

il'hcrusa saldanha () 0 0 3 0 000 I I 0 o 0 () 0 0 () () 0 O~_._O~ () 
----- -- --- ---- '---~--~ 

___ ~___ _. ___ .C _____ 
--- -. ---

I~ 
--

0 r--
() 

. -~ 

I--~ 
0 

-
1---0 , 

0 

0 

0 

0 

-<!. 
0 

() 

2 

0 
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-

0 

() 

.~ 
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·._-- --- -r--- ------- ---- "~--

Species 07 08 010 013 015 019 023 024 027 0.11 0.14 036 N7 Nil NIO NIJ Nl5 NI9 N23 N24 N27 N31 N34 NJ6 

IPOLYCIIAETA (COIlL) 
r- ---~ i----

-- -- r---- --- --- ----- ~---~-- '-- --- .~ - . __ .. r--
Pherusa mOllroi 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

I'herusa swakopiana 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 J 0 0 0 
r" 

PlatYllcreis dUll1crilii 0 0 I 0 0 0 0 0 0 0 0 3 0 () 0 0 () () () 0 0 () 0 0 
-~- I--- ._- ---- ------- .~ --- -------- --

l'oJycirrus haernatodes 0 () 0 () () O!~ .~ () ~ () . .-!. 0 0 01----0 0 0 ~ 0 0 0 0 0 
--~ 1--. -- 1-.--- ----1--

Polalllilia rcniformis 0 0 () 0 0 0 I 0 () 0 0 0 () 0 0 I 0 () () () () () () 0 
1--- -_.- -----. -- --I" -_. 

.:~igalioll capcllsc () () () 0 () () .0 0 0 0 () () 0 0 0 () 0 2 0 0 0 0 0 () 

Slhcnclais boa () I 0 h () 

t~ :=i I 0 0 0 00 ---0 -----0 --2 --0 --0 -----:3 --0 --2 -0 ---I ---I 
SylhdHI armala 0 O--r ----0 u __ ~ ----0 -----0-

---'1 -~ ~ ... -~ _0 0 0 0 0 0 -0 -0 0 () 
---

Tcrcbclla pteroc!1ucta 0 0 0 0 () () 0 0 0 I () 0 0 0 0 0 0 0 0 0 0 0 () () 
--- ---- --I' 

Thalencssa oeulata I 0 ° I o .~ 0 0 0 () o_0 _0 () 0 () () 3 I () () () 0 0 
'rheleplls pequcnianus 0 0 o _ ~ O· 0 0 () 0 () () 2 () 0 0 0 0 0 0 0 0 () 0 l' r- f- -- --- ._-
Tcrebcl1a schmardai 0 0 0 0 0 0 () 0 0 0 0 3 0 0 () o 1----.--9. --~- 0 () 0 () () () -- -- '- ----- - -- --- --

-- .------ - .- _. '-- -. 
SIPUNCUUDA 0 I 0 3 0 0 I I 0 I 0 0 0 0 0 2 0 0 I 0 0 2 f----O ------.!. r--- --_.-f-- -I----

f-- --- - --_. ---- ._- - I--
CRUSTACEA - --- 1--- -- - -- -. 
l3alullllsalgicola 0 0 0 0,--0 ~ 0 0 ----.--9. 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 .- ----- -
Balanus maxillaris 0 0 0 0 0 () 0 I 0 0 0 0 0 0 0 0 0 .... ~ 1 __ 0 0 0 0 0 0 _. ----- 1--- -- .-
Parido(ea IIl1gulata ~ 0 0 0 0 0 0 0 0 0 I 0 () () 0 0 0 0 () 0 () 0 0 0 -- ---I-' ._- --- -~ - .--
Pariuo(ca reliculala 0 () 0 0 0 0 0 ... ~ .. ...!! . c---.--2. - .. ~ 0 () 0 0 0 0 0 () () () ! 2 0 r--- ._-----

Oiscoarachnc brevipes 0 0 0 0 I () () () 0 0 () 0 () () 0 0 _0 0 0 0 0 0 () 0 r- ._-- i-- i--- ---
Il:l!lflol1 ia.t.ypica () () 0 0 0 I 0 0 0 0 0 0 () 0 0 () () 0 0 0 0 0 0 0 --f-- -- ----f----- 1------ ----- f--. --- -~I-- --
Nympholl pilasm<ltodcs (I30hm) 0 0 0 0 0 ~ 0 0 I ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 () --.- r---- ._- ---
PYCIlOgOlliulll lI1icl'Ops 0 0 0 I 0 () 0 0 0 I 0 0 () () 0 () 0 0 0 () 0 () () () - ------- ,-- -- 1----- --.-- --. 

ranystylullI brcvipcs 0 ()I-~ _i. 0 r~ 0 0 I () 0 I -..-!! 0 - . .2.1-.. () () 0 () 0 () 0 0 0 1---- ------ ---'- --
l'alacllIoll pcringllcyi 0 0 0 1 0 () 0 0 () () 0 () () 0 0 2 () 0 ! I I 4 5 0 ---f-------f--- -- - 1---- I--- ---I--' .---- 1-----
JUSliS lalandii 0 0 () 1 .0 ~ 0 () __ 2 () ... --2 - .. .Q f--(!. '- () () 2_() () I 0 0 ! J 3 

~- .-----f-. --
!>:napagllnls hendersoni 0 0 0 () 0 ! () 0 () () 0 0 () () 0 0 0 0 0 0 0 () () f---.!.l. -
Diogcncs coslailis Ji ° () ----.2. 0 () 

f---'t-
0 __ 0 0 0 () rQ 0 0 () 0 0 0 () () () 0 0 --- f--- 1--- r------ -~ f--. ~. ---- --- --

Upogchia capcnsis 0 0 0 1 0 0 0 0 () 0 () 0 0 0 0 0 () 0 () 0 () () () 0 -- - ---- --~ ---- r---- --- --1------- i---
Paguristes gamianlls o I--Ji. ... ~ 0 

.. ~ - .. .£ _--2 f--0 0 0 () ° O!.--2. 0 0 0 0 I 0 () () I I ----- - 1--. 
Callianassa rotllmlicaudala 0 0 0 () 0 0 0 0 0 0 () 0 0 0 () () 0 0 () 0 I 0 0 0 

~ ,------ 1-----------~. r--- r--
Atclccycl\ls rollilldatlis 0 0 0 ! 0 0 I () () 0 0 () () O_Q. 0 0 0 0 0 0 0 0 0 

Cryplv,", "" ''''1'0''' spongiosa 0 0 0 I 0 0 2 0 0 0 0 0 () 0 0 () 0 0 0 0 0 () () 0 -- ------- - 1--
Dromidia hirsulissima 0 I 0 I 0 () 0 () 0 0 0 0 () 0 0 I 0 °l~ -----2 I ~---l 0 I 

Eudrol1lidia hcndcrsolli 0 0 0 I 0 I 0 0 I 0 0 () () () 0 0 0 0 0 0 () 0 0 0 ---- --_. __ .-
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ISpecies 07 011 010 0\3 015 019 023 024 027 1031 
---1---

N27 N31 IN34~36 034 1036 IN7 INS INIO IN!] INt! INI9 INI3 IN24 
rRUSTACEA (COIlI.)_ _ _ __ 

11Iymcilosoma orbiculHre I I 0 4 0_-'- __ 3 __ 0 _~_ J~ 2 0 0 0 4 0 3 4 4 4 02f-- J 

Nautilocorystes ocellata _ c----!-Q ---' __ ~ c_ 0 0 0 0 0 0_ 0 __ 0 __ --2. 0 0 _~ __O~ _ 0 0 0 0 0 0 

I'hilyra plIllctata I 3 0 I I 0 0 2 2 0 I 2 I 0 0 0 0 2 0 3 0 () 1 01 
---1------- -- -- --~- --~'--- --- '------ ------------- --------+----

l'ilutnnoidcs perla Ius 0 0 0 0 0 0 () 0 () 0 0 I () 0 () 0 0 0 0 0 0 0 0 0 
------- 1-------

S:rab sJl. 02.f--_O_O _ -.2.1---0_0 _ _-.2._..QI-~--.-9_ 2.c- () _ ~I---0 ~ _~ 0 0 _~ 0 0 0 0 

Ovalipcs trimaculalus 0 0 0 () 0 () () () 0 () () 0 0 0 () () () I 0 0 () () 0 0 1 
------ ____ oj 

IGoniplax angulata () 0 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 I (J 0 1 
------------ ----- 1---- 1-------- ---- -~ --~ -- -- --- 1---

Mycidopsis schliltzei 3 0 0 0 0 0 0 0 0 0_0 _ 0 I--~c- 0 1--0_J!.c-2.I~_~ __ O~ _2._0 ___ ~ 

~gosquill" armata capensis ___ ~ __ ~)I---0 ---~r-- 0 O~_ 0 0 0 ___ 0_ 0 1 2 0 ____ ~_Ol ___ 1 ___ 0......2 __ 0 ___ i._ (~ __ 3 

I MOl.! IISCA 
-----.+-----.---- \--··-+--··I·-+-···-+-----I--·---+--··\-- -: - +-- t-- --- -----1--- ----I -----

1---- ---1--- - ------ -----1----- -I--- ----- ~--

Chaclpopleura papilio 0 0 0 0 0 0 ) 0 ()1---.2. O()~ 0 0 0 0 0 0 0 0 0 0 0 

Armina 0 0 0 0 0 () 0 0 () () 0 I 0 0 0 0 0 1 0 0 0 0 0 0 
-----1--- --I--- -----1-- -----c--- ----1---- I--- -- ----I 

Phitineaperta()I_~ 0 O~ __ ~ 3 I 0 O_O~ tOO ~I-- () I 0 1 1_ 0 0 1 

Nudibrallch sp. A 0 0 0 0 () 0 () 0 0 () 0 0 0 0 0 I 0 0 0 0 0 0 0 01 
-- - 1---- ------ '--1-- ----- - ----

Anomia monia squama 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 () 0 0 0 0 0 0 () 0 
----- - -- ------ ----- '-----i 

IAulacomyu ater 0 I 0 3 1 2 2 2 0 0 0 2 0 0 0 5 0 0 () 0 I () 0 0 
1--- - ,-- -- -- --------- ----1------- --- -----'- ---

Choromytilusmeridionalis () 0 0 2 0 2 0 0 0 0 I_~_, I 0 0 I 0 3 0 0 0 0 3 0 

Macom3 ordinaria 0 0 0 3 3 0 0 0 0 I 0 4 0 0 0 I 0 0 I 0 0 2 ° ) 
-- ------ -- - I--- ----1- -- --

Mylilus galloprovincialis 0 0 0 () __ ~ _ 0 O_~ 0 0 0 0 () !_~,_ 0 () __ ~ __g_o _ 0 . .....2._ 1 _ .0"------0 

Nucula nucleus ° 0 0 I 0 0 0 0 0 0 ° 0 0 0 0 0 0 0 0 0 0 0 0 () 
---- -,---- .-:'--

Phaxus pcllLlcidus 0 (~ I 0 I 0 0 0 0 0 0 0 0 () .. ~ ___ () 0 0 0 0 c~ ___ 0 __ 0 __ 0 

Vencrupis corrugallis 0 1 0 3 0 (I I I J J 0 0 0 0 0 0 0 2 0 0 0 0 0 3 --- ~ ._-'---, 
Tcllin3 gi1chrisli 0 0 0 2 0 0 0 () 0 0 0 0 0 0 0 0 0 0 ° 0 0 0 () 0 

.-- - :---- -~-- ------ ------- 1- ---- ---
rhracia alfrcdcllsis 0 0 0 0 0 0 0 ° I 0 0 0 0 0 () () () 0 () () 0 () () () 
-- ---- ------ -------- ----
Atrin3 squumifcru O_..Q _____ () __ I ... -.2 ~ .. 0 0 0 0 0 0.12 .. ..<l .. ~~ _() __ 0-.-2.1- . ..Q _ () ___ 0 0 () 0 

Kraussin<I rubra 0 _0 () 0 . 0 () ()()I-----0~I_ () () .. ~ ~ .. 0 0 I 0 0 0 0 0 0 0 

Carditella rugosa () 0 0 0 0 0 0 () 0 0 0 0 0 0 0 0 0 1 0 0 () 0 0 _~ 
Mrocomincllu capensis 0 0 0 1 0 0- 0 0 () 0 0 0 () 0 0- 0 -O~--O-O-O -o-(j' 01 

----------
IArgobuccil1lUll )lllsluloSll!11 0 0 0 2 0 .. (). 2 0 I .. --.!. 0 O_~_O ! __ ~ .._-'-_0 c-2.--.J--.2.~--.3 _ .~ ,-_0 

!BlIlIia annulalu ____ 2_ 0 __ 3 0 0 0 () I 0 2 0 2 0 0 0 .. ~ __ ()~--.!. _ t 0. __ 1 .. .....2. 0 

IDuHia lacvissimu 3 1 3 () 3 0 0 I 0 3 3 3 0 0 0 0 0 0 0 0 0 0 0 0 c---- --- ---1------ - - - -------
BlIrtlupcna papyracca 0 0 0 0 0 0 0 0 () 0 0 0 0 0 0 0 0 0 0 ° 0 () 1 () ---- 1-- -------1---------------------------

,Calypttaea chincnsis __ O __ ~ __() ._I~ 0 0 0 0 0 0 0 0 0 0 0 0 0 () 0 0 0 ° 0 

!Clioncl1a sinllula 0 0 0 0 0 () 0 0 0 0 0 0 () 0 0 0 0 0 2 0 t .~ __ 0 ~I 
!.s,cpidula,,,,, ,v 0 I 0 2 0 0 0 0 0 0 0 ~ .O~Q __ g ---'- _ 0 0 ...--'-_ 0 0 0 4 ~ 
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--,--- r--- -- -~ ---~ ---- ~-- -- ------ --,----~- -

Specie,~ ~ ()~()~QlI_ OIS_,()19_f~(~24 027 0.11 (~J4 036 ~ ~ ~ fIl~ ~ ~I"I~ N24 N27 N31 N34 N36 

MOLU)SCA (coI1L)_. I 
· ~, ..... Grallula bensoni 0 0 0 3 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 

- .. ---- 1- .- f---- .- '--C-" -- 1----4 
Demoulia abbreviala 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 (J 0 0 0 0 0 0 0 0 .-. -. --.. - ---.~ ... ,.. ... - .-.- .-.. - .-. - _. --r------ ._-
Fusus verrucliialus () 0 0 I 0 0 0 0 1 I 0 0 0 0 0 0 0 0 0 0 () 0 0 0 .-.----- 1__ -- --.. __ . ___ c .. _. .---- -.-.. --

Flisinu$ occelliferus 0 0 0 0 0 0 0 0 0 0 () I () 0 0 0 0 0 0 () 0 0 0 () 
---- ---.. --- .-.-.. '--1- -... ~ - -- ._-

Gihbula rosea 0 () 0 () 0 2 0 0 () 0 0 0 0 0 0 0 () 0 0 0 () () () 0 
'- .--------.-- --r----- --. '-1--' 

Nassarius vinclus () () 0 3 () I () 0 () 0 I 3 () () 2 I 0 () () 0 0 0 () I 
-1-'-- --.1----- -~-.- -

Nassarius plicalcllus 0 () () () () () () 0 () () 0 0 0 __ ~ _ __..!:: 0 I_i!. () () __ 0 ~I'~ . __ 0 

~sariusspcciosus 5 1 __ 2_ 2 3 2 _---"~I---2 I 3 3 4 4 5i-----.i-..!,~r-_~ ___ 5 ~~~ __ O __ 3 

Natica suldonliana 0 (l 0 0 () 0 0 I () 0 0 0 0 () 0 0 0 () () 0 0 0 () {) --- --._- ---_._--,,_. -
Nalica tecta {) _ 0 () 0 0 () I {) J I () I 0 0 () 0 0 0 I 0 () , __ 0 0 0 

Nlicelia squalllosa 0 () 0 0 0 0 0 0 0 0 0 0 () () 0 {) 0 0 I __ 0. ~ ___ I __ 0 _21 
Nuccllacingulala 0 0 .. ----.2 _0 {) 0 _0 {) ~ __ o ._o~ _2 __ .. 2 __ Q~ __ ()_ 0 o_0 __ 0 0 I I~ 

TUlTilclla carinifcra 0 0 {) I 0 0 0 () 0 0 0 () 0 0 0 () 0 0 0 0 0 0 0 0 
- --,----.--'-- _._--.-f--- .-----

Turritella sUl1gllinea 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0, .- - --- .-~. r------ -- '- .-- 1----.-1----- -.. -- ..., 
,SCJ)iatypica 00. __ ~Q~L_~ 0 0 0 0 I ~ _ 0 0 0 0 0 _Or I 0 0 2 2 0 2 

1----,-----------1--+-- ·-1 - -l----I--- ---!---+--I---- .-l---l---I----+--.- ---J- I ---·+-1 --J---I 

------ --+ -+--+--I--I-----l--t--t--- /- --I--'"t--+"--~-·-· 
CEPI1ALOCI10RDATA 

() 

PISCES_ --- - - I""'- -'-'" 
Chorisochismus dcnlcx 0 0 0 0 0_2 _.~L. __ 0 ._0 --.2. __ 0_1 ... !1~ ._0 _E. _. ~~ 0 0 0 0 () 0 01 

ICoryphoplerus agulhcl1sis 0 _0 _ .Q __ I r--0 0 0 .---.2. 0 0 0 o. 0 () O. 0 () () 0 0.---2 0 () 

Caffrogobius saldanha 0 0 0 0 0 --.2. 0 0 ..2. 0 0 0 __ 0 . ...2.. _()~. 0 0 () I 0 0 \l--j 
agulhcnsis 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 () 0 0 0 ! 0 I 0 I' 

---'- _. - '----- '---- - '------. 
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--~,...-- ,..--- --
Species 07 08 010 013 015 019 023 024 027 031 034 036 N7 N8 NIO Nt3 NtS Nt9 N23 N24 N27 NJI N34 N36 ----

,,- PISCES,(eon!.) 
-- ------ -- --- -~ 

Syngnathus acus 0 0 ~ 0 0 _0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 2 2 ~ ----I-- --1----- I-- 0 Cancelloxus bun'ell i 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 () I 0 -- -- - 1-------- ---- I----
Parablcnnius comutus () () () 0 () () 0 0 0 0 0 0 0 0 0 0 0 () 0 0 0 () I 0 

i--- -- --- - ---- -----r---- ----f-- 1- 1----- ---
Narke capensis 0 () o 0 0 0 0 0 0 0 0 0 0 0 () 0 I () () () 0 () () () 

---'----- --'---- ---'------
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Appendix 2 B: l\1acl-ofallllal ablludlillce dala of grab samples froll1 the 19605 and 2001 surveys used in this study (old data was llluitiplied hy 

-
Spcdcs 07 Oil 013 014 OIS 016)(000 021 024 028 032Y 033 036 N7A N7n N8A Nail N!3A N1311 NI4A NI4B 
OCTOCORALIA ;f"l~v..\"-c"-o ---- --- ~-

Virgula .. ia schullzei 20 o 0 0 2_~ 0 40 8 0 ~ 20 8 0 I 0 0 0 0 14 J --_. -------

ACTINARIA 
--- f---

Anlhulhoc Sli,npsoni 0 0 0 0 0 0 0 0 0 0 0 0 0 8~ o () 0 () 0 0 

Anlhuplcllr'a michnclwni 
---:- - o------C; 

---

() 0 () () () 0 0 0 () 0 () 0 0 0 0 0 () 0 0 

Anemone sl'. A () 0 _0 () 0 0 () 0 0 () () () 0 () () 0 0 0 0 0 0 

Ilurrowing allemone sJl A () 0 0 0 () () () () () () 0 0 0 0 0 0 0 0 () () 0 

POLYCIIAETA - -. 
Arnpharete ,rn"rm", 0 () () 0 () 0 0 () 0 0 () 0 0 6 I 0 0 0 0 0 77 

Ampharetc capcnsis 0 4 0 892 0 --.Jl ~ 0 2 2 0 0 0 0 0 0 0 0 0 0 () 

Arnpharctc 51'. IJ () 0 0 0 0 0 () 0 () () 0 () () 0 0 0 0 () 0 () () 

Anlinoc lactca () 0 2 () 0 0 0 () 0 0 () 0 0 0 () 0 () 0 () () 0 

Aphro<liticlae sp_ A 0 () ~O () () () () 0 () () 0 0 0 0 0 0 0 0 () 0 () 

Aphroditidae sp. B 0 () () 0 () 0 0 0 0 () 0 0 0 0 () 0 0 0 () () 0 

Arabdla iricolor () 0 0 2 0 (} (} 0 0 0 0 () 0 0 0 () 0 0 _..2 () 0 

Asychis capcnsis () 0 0 0 2 0 () 0 0 0 2 0 () () 0 0 0 0 0 0 () 

Caullcriclla acicu", 0 0 0 0 2 0 24 16 2 38 8 0 0 () 0 () 0 0 () 0 () 

Timarclc capensis 0 0 () () 0 0 () 0 0 0 4 0 0 0 0 0 0 __0 ---2. 0 0 

Tlmarctc tent3{'ulata 0 0 0 2 ° ° (} (} 0 ~ 0 () 0 0 (} 0 1'----0 0 () () 0 

Diopalra capcllsis 0 () 0 0 0 0 () 0 0 0 0 0 0 0 () () 0 0 0 () 0 

Diopatra monfoi 0 0 () () () (J (} 0 0 0 0 0 0 22 0 0 0 0 0 0 0 

Diopal.a ncopolitana -~ 0 0 0 0 0 2 2 --.2. 0 0 0 0 () 0 0 () 0 0 (} 0 .. - c---- i-. ----
l)orvillca Ilcglccla 0 () 0 () () () 0 0 0 () 0 0 0 1 I 0 () 0 0 0 0 
Dorvillca rudolph; 0 0 0 () I) 0 0 0 2 0 0 () 0 () () () 0 0 __ 0 () 0 

Elcol1C ("o\iosa 0 () () () 0 0 (} () 0 () I) () 2 () 0 () 0 0 0 () 0 
-----

EuclY1l1cne sp. 2 () () (} 0 () () () 2 2 () 0 () () 0 0 0 0 () 0 0 

G Iyccm Iridactyla 2 () 4 6 4 12 10 4 38 () 6 8 12 I () 0 0 0 I I II 

Lumbrillcris [ctraura 2 ---$ 0 '--- 0 0 0 (} () 2 0 0 () () () () 0 0 () 0 () 0 
----

LUlIlbrinc .. is hClcropoda 0 () () 0 0 () 2 2 (} 0 () () () 0 0 () 0 () () () () 
---

Magelona capensis 8 () 12 () 18 () 32 () 0 132 16 8 0 0 0 0 () () () (} 

--%1 Magelona papillicornis 0 () () () to () 0 () 0 () 0 0 () 0 0 0 0 0 0 0 

Mediomastus capensis 20 0 10 0 6 0 0 0 10 {j 0 26 26 0 () () 0 () 0 () () 
----

Myxicola infundibulum 4 0 O.~ () () () 0 () () 0 0 0 () 0 0 .--.2. 0 () 0 () _. _ .. 
Naincris laevigata 0 (} 0 () 0 (} 0 () () () () 4 () 0 () () 0 0 0 () 0 ----Nephtys spacrocirrala 18 0 42 () 2 0 10 0 0 28 0 38 0 (} 4 2 0 0 0 2 () 

Ncplrtys capensis 2 0 4 () 0 0 4 (} 0 0 4 0 () 0 (} 0 0 (} 0 () 0 

Ncrcis larncllllsa 0 0 0 0 0 () () 0 0 () 4 0 () 0 () 0 0 () () () () 

Ncphlys hornbcrgi 2 0 4 () 16 0 4 4 0 () 2 0 4 I 3 0 2 4 2 6 4 
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~()28 SllCcies 07 08 013 014 015 01« 020 021 
['OL YC[ IAETA (conL) 

--,--
I 

Nctinidcs gilchrist; -0 --
I 0 0 0 0 2 0 0 0 0 

Orbinca angrapeql1cllsis 0 0 38 0 0 10 4 8 2 0 
Oweni. fusirormis 0 0 0 20 0 \ 0 

f-----:- -
0 0 0 0 

Pamonis lyra ___ 0 0 0 0 0 ,0 0 o 14 0 

Pcctimu in capcl1sis 0 0 0 0 0 () 0 40 -0 
Pherusa swakopiana 0 0 0 0 0 '--ro- O 0 () 0 

I'hyl1odoce castanea 0 0 () 0 -0 : 0 0 () () 0 
Platynereis dumerili; () 0 0 0 0 2 0 () () 0 
Polydora 5p. 0 0 0 0 0 • 0 0 0 0 0 
l'riollospio saldanha 634 () 26 0 212 \ 0 28 6 0 50 
Pdonospio scxoclliala () 0 0 () 0 10 0 0 () () 

() --
2----0 '0 Protomystidcs Clll'CIlSis 0 2 0 0 2 0 

Sabcllidcs luderilzi 0 () () 0 188 () 0 () () 6 
Scolaricia dubio 0 0 () 0 2 0 0 0 0 () 

Scolopolos dayi 0 0 0 () 56 0 0 () () () 

Sigalioll carcnse 0 () 0 0 0 () () () 0 () 

Tharyx dorsol'l1anchialis 0 0 () 0 () 0 0 8 0 () 

Terebellid () () 0 () () 0 0 0 0 0 
Polychaete sp, A 0 0 0 0 () () 0 0 0 () 

Polychaete sp, F () () () 0 () () () () 0 () 

--
NEMERTEA 
Ccrcbrat!llus fusClis () (J () () 0 0 0 0 () 6 - c---

CRUSTACEA 
CUMACEA 150 0 0 0 8 .~ 8 () 9() 6 

-- --- -
MYSIDS 
Gastrosaccus sp. 0 0 0 () () 2 () 0 () () 

OSTRACODA () () () () 0 0 () 0 2 0 
'----

AMI'HlPODA 
Ampclisca an(}mala 0 0 0 2 2 0 () 0 0 0 

Allll'ciisca brachyccms 0 () 0 0 () () 0 () () 0 
Ampelisca brevicornis 2 0 48 () 10 0 26 2 2 4 
Ampclisca diadcma '--0 () () () () () 0 0 () () 

Ampelisca spinirnana 0 0 20 () 2 0 0 4 0 0 

Aora gibhula () 0 0 0 0 0 0 0 0 () 

Atylus gutlatus 0 0 0 () 0 0 0 0 () () 

Balhyporcia () () 4 () 2 0 36 0 4 12 

Ba!hyporcia gracilis -0 0 () 0 0 () () 2 () () 

~y 
I--

Coro!>~ium acherllsicunl_ , ___ 0 () 0 () 0 () () Jl -~ --

)< 
---

on 033 036 N7A N7H N8A 

0 0 0 0 0 0 

: 10 74 0 0 0 0 
0 0 0 3 0 0 

0 f--£ 1---
0 0 0 0 

~O 0 0 '----- 0 1---0 0 
() 0 0 () 0 0 
2 0 0 0 0 0 
0 () 0 0 0 0 

0 () 70 171 176 () 

6 30 () 0 0 0 

0 2 0 0 0 I 
0 0 0 0 0 0 
() 0 0 0 0 () 

() 0 () () 0 0 

0 0 6 0 0 0 
() 0 0 0 () () 

0 () 0 () () 0 
0 0 () 5 0 () 

0 0 0 8 2 () 

() 0 () 0 0 0 

6 () 0 () 0 0 

18 54 2 () () () 

0 () 0 0 () 0 
---

() 2 () 0 () () 

0 () 0 0 () () 

2 0 0 0 () 0 

0 2 10 () 0 0 

0 0 () 16 0 J 
() () () 0 0 () 

0 0 0 0 0 0 
() 0 () 0 0 () 

14 2 () 0 0 0 

0 () 0 0 () () 

--~.Q 0 '-__ 0 0 () 0 

N81l NI3A Nun 

0 0 0 
0 5 9 

0 0 0 

0 0 0 

0 0 0 
0 0 0 

0 0 () 

0 0 0 
0 0 () 

0 0 0 

5 0 0 
() 0 () 

() 0 () 

0 () 0 
() 0 0 
() 0 0 
() () () 

0 0 I) 

() () () 

() 0 () 

() 0-0 

0 () () 

() () () 

0 (J () 

0 () 0 
() 0 0 
() 8 8 

35 512 496 
0 () 0 
() 9 7 
() 0 () 

0 () 0 
() () 0 
() 0 () 

NI4A 

0 

145 

0 

0 
0 

0 

0 

0 
0 

0 
() 

0 

0 
0 
() 

0 
() 

0 
0 

0 

-----
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() 

() 

() 

0 
0 

I] 

3 
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() 
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() 

() 
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() 

0 

0 
() 

0 

0 

0 
() 

0 

---
0 

() 

----
I 

0 

() 

0 

14 
9 
() 

() 

() 

() 

() 

~ 
~ 
~ 
l'-.J 

r-' 

-~'O 

N 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Species 07 08 Oi3 014 015 016' 020 021 .. Q2.L 028 O~ 033 
AMI'IIIPODA (COllI.) , 
Cerndocus I ulJlomaclilalus 0 4 0 0 0 0 0 0 0 0 0 0 

, ..... "" 
Eupharimnblls fallax () 0 0 0 2 () 0 () () () () 0 
lIippomedon l10rmalis () 0 0 0 0 0 0 0 () 0 0 0 

lIippol1ledon onCOIlOlliS 0 0 () 4 () () 0 () () 0 0 () 

Lcmhos jassopsis 0 6 0 () () 0 () 0 0 0 () 0 

LClicolhoc richi,,«li 0 () 0 0 0 () 0 0 () () 0 () 

Liljeborgia epislomala 10 0 4 0 0 0 0 0 0 0 () 4 

Listriella saldanha 0 0 0 0 0 0 0 0 2 0 0 0 

Lysianassa centtina 
---::- . 

0 0 0 0 0 () 0 0 () 0 32 0 
Mael"H grosstmana 0 () 0 0 () 0 0 0 0 0 0 0 

.... --
Mcga)uropus nUlnaqucnsls 0 () _2 0 0 () 56 48 0 :12 14 (J 

---0 
.- c-

MOl1oculodopsis IOllgimana 0 0 0 0 0 () () () 0 o 0 

Panmwcra capcnsis 0 () 0 0 0 0 4 () 0 4 2 () 

I'crioclilodes IOllgimantls 0 0 2 0 0 2 24 18 () (, 0 2 
I'hoti5 IOllgidactylus 0 () 0 16 () 0 0 6 2 0 (, () 

I'holis ullcinala 0 0 0 0 12 () 0 0 () 0 0 0 
I'la(yichl1opos herdmani 0 () 0 () 0 2 2 "2 I-- 0 0 2 0 
Podocelus inconspiclIus 0 0 0 0 2 0 0 0 0 0 0 0 
Siphonoetcs dellavallei 0 0 0 () 0 2 0 0 0 0 4 () 

Tryphosella africana () () 0 0 0 () 0 0 0 0 <1 0 
Urolhoc cox"lis 0 0 () 0 0 8 () 0 0 o 0 r--o 
Urothoc grimaldi 4 0 10 () 4 0 () () () 8 0 4 
Corophiidac 51'. A 0 0 () () 0 0 0 0 () 0 0 () 

.. -
ISOPODA 

Anthelma rcmipcs () 0 0 0 () 0 0 0 0 () 0 0 
CilOlana hinipcs 0 () () 0 0 (J 0 () 0 () 0 0 

Iioilidoica sp, 0 () () 2 0--0 0 0 () 0 0 0 
1\1icfOrli (tUfOS similis 0 0 0 2 0 0 () () 0 () 

~ 
_0 

Synidolca hirtipcs 2 () 0 0 () () (, () 0 2" () 

! .- -- .- --
S rOMATOI'ODA i ._-

0 i I'tcrysqllilla armala capcllsis 0 () 0 0 0 () () 0 () 0 () 

Prawn sp. A 0 () 0 0 0 0 0 0 () 0 , () 0 
"-Prawn sp, Il () 0 0 0 0' () () 0 0 0 I 

0 0 
Prawn sp. C 0 0 0 0 0 0 0 0 0 () () 0 

13RAClIYURA 
I IYl11cnosoma orbiclIlare 18 () 0 6 0' 2 2 0 0 2 0 0 

() \.- 0 
.. _. 

0 Naulilocorysles oeeilala 0 0 0 0 0 2 0 0 0 

I'hilyra pUllcta!a 0 (l 0 2 0 , 0 2 0 (I 2 ! () () 

Thaumastoplax spiralis () () () () 0 I 0 0 0 () () 0 0 

036 N7A N71l N8A N8B Nl3A NUB NI4A 

0 0 0 0 0 0 () -0 
0 

.... .-.-. 

0 0 0 0 0 0 () 

0 2 4 0 I 0 0 () 

(] 0 () 0 () () 0 () 

0 0 0 () (J () -0 i-- 0 

0 0 0 0 0 0 0 0 

2 0 0 0 0 0 4 0 

0 0 0 0 0 0 () 0 

0 () 0 0 0 () () () 

0 () 3 0 () () () ---0 
0'-- 0 0 0 () 0 () 0 

f----;) ---0 0 0 0 0 0 () 

0 () 6 0 Of--0 0 () 

0 0 () 0 o () () ----0 
0 () 0 () () -0 .---::- -

() 0 _. 

0 0 0 () 0 0 () () 

() () () 0 0 0 0 0 

0 0 0 0 0 () 0 0 

0 () 0 0 0 0 0 0 

0 0 0 0 0 () 0 0 

0 0 0 0 0 () 0 () 

0 () () 0 () 0 Q 0 
() I I 0 () 0 () 0 

0 () 0 0 0 () 0 0 

0 0 () 0 0 () () 0 

0 () () () 0 0 () 0 r--o _.'-' 

,----0 0 IJ 0 () 0 (j 

0 () () () 0 () () 0 

0 () 0 0 0 0 I 0 
0 0 0 0 0 () 0 0 

0 0 0 o () () 0 0 
0 0 0 00 0 0 () 

, 
0 J 6 I 0 3 I 6 

0 0 0 () 0 0 0 4 

0 () () 0 () 0 () () 

0 I I () () 0 0 0 

Nl4H 

·0 
0 

0 
0 

0 

0 
0 
0 

0 
'----.-

0 

0 

0 

0 
1-0 

0 

0 
0 
() 

() 

O! 
0' 

o! 
0 --. 

() 

() 
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'---
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Species 07 08 013 014 015 OUi 020 021 024 028 03L't 
BRACI!YURA (conL) I 
Goniplai< anguloslIs 0 0 0 0 0 /0 0 0 0 0 0 

Ovalipcs lrimaculallis 0 0 0 0 0 / 0 0 0 0 0 0 
Crab sp. A 0 0 0 0 0 0 0 0 0 0 0 

Crab sp. B () 0 0 0 0 () 0 0 0 0 0 

i\NOMURA 

I~pogcbia africana 0 2 () 0 0 0 0 0 0 0 0 
Upogebia capcnsis 0 () 0 0 0 () 0 0 0 0 0 

COI'EPOD _--.Jl 0 () () () 0 0 0 0 () () 
---

.-~ ---- r-----
PELECYPODA ( ~',I,) "'\0 ~ '> 

Anomia IBonia squama 0 2 0 () () 0-0 0 -0 0 0 

Chol'Omytilus meridionalis 0 0 0 () 0 0 0 2 0 0 0 

Llilraria lu'raria () 0 () 2 0 0 0 0 () 0 0 

Macoma 'pp. 4 0 1400 98 44 1400 920 20 68 510 264 

Phaxas dcci picns (, () 8 0 8 2 36 4 () 4 8 
V cncrupis con ugalos 0 2 0 4 0 0 0 0 2 0 0 

PELECYPODi\ (conI.) 
Tcllina analogica 0 0 0 0 0 0 0 0 0 0 0 
Tcllina gikh'is!i 0 0 0 12 () 0 0 0 0 0 8 

Tellin;d sp. A 0 0 0 0 0 0 0 0 0 0 () 

Bivalve sp. A 0 0 () 0 0 0 0 0 0 0 0 

PROSOBRANCIIIATA /(A"'}c 16°Dba~ 
-0 

~. 

() 0 0 () () o () () 0 () Bl/llia '"lIHllala 
2··0 --

0 '--2 Bullia lacv;ssima 0 0 () () () 0 () 

Catyptraca chincnsis 0 () () 0 () 0 0 0 2 () 0 

Crcpiliula porccllalla 0 () 0 () 0 () 0 (J 2 0 0 
N~is')arius vinc{Us () 0 10 0 0 (I 2 () 0 0 () 

Nassarius speciosus 4 0 0 2 0 ~-·4 4 0 4~ 0 
Nassarills plicalclilis () 0 0 0 () () (J () () 0 () 

Nassa muiri () 2 0 () () () () () () 0 0 
Gibbula zonuta () 2 () () 0 0 () () () 0 () 

GasllOpod sp. A 0 () () () () () 0 0 0 0 0 

Gastlop"" sp. B 0 0 0 () 0 0 () () () 0 () 
-- -----~ ---

-
~JROJJ)EA IE, ,~ •. q"".(l\'" 
Ophio!/lrixJbgills () () 0 0 2 0 0 0 () 2 i 0 

--- -~-

033 036 N7A N7B N8A N81l 

0 0 0 0 0 0 

0 0 0 0 0 () 

0 0 0 0 I I 

0 0 0 0 I 0 

0 0 105 120 () 0 

0 2 0 0 0 0 

0 0 0 0 0 0 

() () 0 () () () 

0 0 3 9 0 () 

() 0 0 0 0 0 
26 38 14 2 0 () 

(, 12 () () 0 () 

0 0 18 t 0 0 

0 () 6 3 () () 

2 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 () 0 () 0 

2 () () .-----0 ""'0 ""'0 
0 (J 5 0 0 0 

0 0 (J 16 (J 0 
() 0 38 1 1 0 

4 0 18 25 0 2 
() 0 () 0 12 54 
() 0 0 0 () 0 
() () () () 0 () 

() () 7 t 5 0 () 

() {] o --0 () () 

--f---

() 0 0 (I 0 0 

NI3A Nl311 NI4A 

0 I 0 

0 0 0 

9 6 0 

2 0 0 

----
0 0 0 

0 0 0 

0 I () 

--

() 0 () 

() 0 0 

0 0 () 

1 2 () 
() o .------s 
0 0 0 

0 0 1 
() 0 0 

0 0 0 
0 0 () 

() 0 0 
.---0 .. ---0 -0 

(J () 0 
() (J () 

10 10 2 

6 5 6 

51 45 9 
() 0 0 

0 0 0 
---~ 

0 () () 
- f--
0 () 0 

~. 

() 0 0 

NI4ll ! 
I 

O! 

0 
0 

0 

0 
0 

0 

0 
() 

0 

0 

2 
0 

0 
0 

0 
0 

I 

() 

0 
() 

0 

2 
18 
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() 

() 
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Species 07 08 013 014 015 016 ! 020 021 024 028 032/ 033 
ECIIINOIDEA !f ,\ ,~",j"" "',< L" , / / 
Parcchin'us angu!nsus 0 0 0 2 0 / 0 0 0 0 o / 0 0 

.... -
IIOLOTIIUROIDEA rF ,I"""',\Q,,"',J,, 
Ihyone aurea 0 0 0 0 () 0 () 0 0 0 () 0 
Thyone insolcns 0 2 0 0 0 0 () 0 0 0 0 () 

! IEMICIIORDA TA 

Branchiostoma 0 0 0 0 0 2 () 0 0 0 0 0 

ECIIIUROIDEA 

Ocliaetosloma capcllse 0 0 0 0 0 0 () 0 0 () () 0 

036 N7A N7n N8A NSIl 

o 0 3 0 0 ,--
() 0 () 0 () 

0 0 0 0 0 

() 0 0 () () 

() () ! I () 

N13A NUll N14A 

0 0 

0 0 
() 0 

0 0 

2 7 

NI4H 

0 

0 

0 

0 

0 

0 

0 

0 

0 

() 

~ 
'1:i 

~ 
N 
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~ , ~ 

Species NISA N1SU NI6A NI6H N20A N201l N21A N21R 
OCTOCORAUA 
Villlul"r,,, schultze; 25 2,j 3 6 2 2 4 8 .. ". .. 

ACTlNARIA 

Anthothoc stimpson; 0 0 () 0 () 0 0 0 
0'-0 

,-
Anthoplcura l1lichaelsoni 1 o 0 () 0 0 
Anemone sp, 1\ 0 0 0 0 0 I 0 0 
Burrowing anemone sp, 1\ 0 0 0 () 0 0 0 0 

I'OLYCIIAETA 

Ampharclc aClitiCrons I 0 0 0 0 0 0 0 
Ampharc(c cHpensis 0 0 0 0 0 0 0 () 

Ampharetc 51', Il 0 () 0 () () 2 () 0 
Antinoe Inetca 0 0 0 0 0 0 () () 

Aphroditidac sp, A 0 () 0 0 () 0 0 0 
Aphroditidae sr, B () () 0 0 0 I 0 () 

Arabella irieolor 0 0 0 0 () 0 0 0 

Asychis capcllsis 0 0 0 0 () 0 () 0 
Caulleriella lIeieula 0 0 0 0 0 0 () 0 
Timarclc capcnsis () 0 0 0 0 () 0 6 
Timarete tentneulata 0 0 315 696 2 2 3 0 
Diopatra capcnsis () I I 2 0 1 () 0 
Diopatra monro; 0 0 0 0 0 I 0 I 

Diopatra neopolitana 0 0 0 () 0 () 0 () 

DOlvillca neglecta 0 () 0 0 0 {) 0 0 
Dorvillca rudolphi 0 0 0 0 0 () 0 0 
l2teollc Coliosa 0 () 0 0 0 () 0 0 
Euclymcne sp, 0 () () () 0 0 () () 

GlycclH triliactyla 3 2 I 4 6 S 4 4 
Lumbrincris tetram a 0 () 0 () 0 0 0 0 

LlIlllblinclis hctclopoda 0 0 () () 0 () () 0 
Magelol1a capensis 0 () 0 0 0 0 0 () 

Magelona papillicornis () 1 () () 0 () 0 () 

Mediomastlls capensis () 0 () 0 0 () 0 0 

Myxicola inCundibulull1 () 0 0 () 0 () 0 0 

Naineris lacvigata () () () 0 0 0 () 0 
Ncphtys spaclncil'lata () 15 0 () 0 () 9 2 
Ncphtys capellsi, 0 () 0 0 0 0 0 0 
Noreis lamello,a 0 0 0 0 0 0 0 0 
Nephtys hombergi 17 I () 10 6 0 J 0 0 

Nicolea macrobtanchia 0 0 0 0 0 0 0 0 
Nerds urella 0 0 0 0 0 0 0 0 

Nerinidcs gilchristi () 0 (l 0 0 0 0 0 
--' 

, 
N24A N24B N28A N28H NJ1A N3211 

() () 34 4 11 19 

() 0 0 0 0 0 
() 0 0 0 () () 

Ol~- 2 0 0 0 

0 0 0 0 0 0 

0 0 2 0 0 0 
() 0 0 () () () 

0 () 0 () II 6 

0 0 () 0 0 () 

1 0 0 () () 0 

0 () 0 0 0 0 

0 () 0 0 0 0 
0 0 I 4 () 0 
() 0 () () 0 () 

0 0 0 2 0 5 
60 34 2 0 13 101 

0 0 0 0 0 0 

0 I 0 () 0 () 

0 0 0 0 0 0 

0 0 () {) 0 0 

0 0 () 0 0 0 
() 0 0 0 0 0 
I 0 () () 0 0 

8 R () 14 0 2 
() 0 0 0 0 0 

0 0 
i-----::- -o 0 0 0 

() () 0 0 () 0 
() 0 0 () 1 0 
() 0 0 0 0 0 

0 () 0 0 0 () 

() 0 0 () 0 0 
() () 2 4 0 4 

0 0 0 0 0 '0 
0 0 0 0 0 0 

5 ---
() 0 o I II 
0 0 00 () 0 

0-0 0 () 0 0 

0 0 0 0 () 0 --

-

NJJA NJ3U ---
2 () 

0 0 

0 0 

0 0 
() 0 

0 4 
() () 

() () 

0 0 
() 0 

0 0 
0 0 

I 0 
0 0 

0 0 
0 0 
0 0 

0 0 -
() 0 

0 0 

0 0 
0 0 

0 () 

2 7 

0 0 

0 0 

0 0 
() 0 
() 0 
() 0 
0 () 

0 0 ---
0 /) 

0 0 --- '-

2 3 
0 0 

0 () 

0 () 

N36A 

0 

0 

0 

0 
I 

0 
0 
() 

() 

0 

0 

0 

0 

0 

0 
0 
() 

I 

0 

0 

0 

0 
0 
() 
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0 

0 

0 
() 

0 
() 

0 
() 

0 

I 

0 

0 
[) 

N36U 

() 

1-

0 

0 

0 
0 

0 
() 

0 
0 

0 

0 
1 

0 
() 

0 
0 
0 

I ---, 
0 

0 

0 
() 

() 

3 

0 

(l 

0 
() 

0 
() 
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() 
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Sp~dcs NI5A N15B NI6A NI6H N20A N2011 N21A N21B N24A N24ll N28A N28n N32A N32B N33A N33U N36A N3611 -

, .. , ...... 
POLYClllIETA (con!.) 

Orbinea allg, apcquen~is 57 225 2 16 26 9 24 27 25 36 19 16 10 7 44 66 0 7 

Owcnin fusifol'lllis 0 
-----

0 0 0 0 0 O~ 0 0 0 0 o 0 () 0 1 J 

Paraonis IYla 0 () 0 0 0 0 o 0 '----0 0 0 0 0 0 00 0 0 
I-:--:-- , . 
P(',CIIlHHta capcmas () () 0 0 0 0 0 O~ 0 0 0 () 0 0 0 () 0 

Pllcrllsa swakopiana I () 3 2 0 () 0 o (l () 1 o () 0 0 0 0 0 

Ph y!iodocc castanea () (l 0 0 0 0 1 I 0 0 () 1'-0 ° 0 I 0 () 

Pbtyncrcis uU!IIe, ilii 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 

2; 
'"d 

~ 
~ 
N 

Poly,lora sp. () 0 0 0 () 0 0 0 14 0 0 0 0 0 0 50 () () 

Prio!lospio saldanha ~ ,~ () () 0 0 () () 0 () 0 0 () 0 0 0 0 0 

Priollospio scxocltl~ta 
-- --

0 2 0 0 () 0 0 0 0 0 () 0 () () 0 0 0 0 

I'rolomystidcs capcnsis 0 ~,O 0 0 0 0 0 O,~ 0 0 0 0 0 0 () 0 ~ Sahcllidcs luderitzi --0 0 2 10 0 0 0 () 0 0 0 0 0 0 0 () 0 O! 

Scolaricia dubia 0 0 0 0 0 0 () 0 0 0 0 0 0 0 0 0 0 0 

Scolopolos dayi 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 () 0, 

Sigalion capcnse 0 0 0 () 0 0 I 0 0 () 0 () () () 0 () 0 () 

Tharyx uorsobrallchialis 0 0 () 0 0 0 0 0 0 0 0 () 0 () 0 32 8 () 

Tercbcllid 0 0 0 () 0 0 0 0 () () 0 0 0 0 () I 0 () 

Polychaete sp. A 0 0 () 0 0 0 0 0 0 () 0 0 () () 0 0 0 () 

Polychaete sp, F () () 0 0 0 0 0 2 () 0 0 0 14 10 0 0 0 0 

_. 
NEMERTEA 

Ccrebratuills fusclIs 0 () 0 0 0 0 0 0 0 () 0 ,---.-2. 0 0 () () 0 0 

CRlISTACE,\ 

CUMACEA 8 J () 0 0 2 0 () 0 0 () 0 0 () 5 (I 0f--- 0 
'- --

MYSIIJS 

(jaslrosncclis ,sp. 

----- -,~-

OSTRACODA () 0 0 0 () () 0 () I 3 () 0 I I () 2 () I 

IIMPIIIPODA 

Ampclisca anomula 0 0 0 0 0 () () () 0 0 0 () 0 0 () 0 0 () 

Ampe!isca brachycnas 0 () I 2 I () (J 0 () 0 () I 0 I 0 0 0 () 

AlI1pclisca brcvicornis 6 4 I 2 25 J 2 0 0 () 11 10 4 25 SO 0 0 25 

Ampelisca dilldcma () 0 1 () I (, () 0 () 0 I I I ) 5 3 37 36 

AlI1pclisca spinimana 0 () () 0 () 0 0 0 () () () 0 () () () 0 () () 

Ama gillb"I" () () 0 () () 0 0 () () 0 9 I () 0 () () 0 10 

Atylus gllHatus () 0 () J () () () () () () () 0 0 2 () () () () 

Bathyporcia 0 0 0' 0 0 0 () 0 () 0 () () () (l () 0 () 0 

Bathypmcia gracilis 0 () 0 () 0 () () () () () () () () () 0 () () 0 

Corophiull! achcrusicul1l 0 0 3 I_~ 0 0 0 () () 0 () 0 4 () 0 () 0 

Ccradocus rubl omncuiatus 0 () 0 () 0 () 0 () 0 0 ~ () 0 0 () 0 0 () 
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Sr>cd~s NI5A NISII NI6A N1611 N20A NZOn NlJA N2Ill N24A 
AMI'IIIPODA (COllL) 

., .. - 0-Euplmriamlms fallax 0 0 0 0 0 0 0 0 

lliPI'OlllCdon normal is 0 (l 0 0 0 0 0 o 0 
Ilipl'ol1lcdon oncono\lIs () () 0 0 0 0 () -0 ~-O 
LCllIbos jassopsis 0 () 0 () 0 () 0 0 () 

LCllCOlhoc richiar.!i () 0 0 () () 0 0 () () 

Uljchorgia cpislomnla 0 () () 0 () () I () () 

Lislrieila saldanha 0 () 0 0 0 () () () 0 

Lysianassa ccralina 0 () I () () () 2 () () 

Maera grossimana () 0 () 0 0 0 0 () 0 

Mcgaluropus namaquensis 0 () () 0 () I () () 0 
MOlloculodopsis IOllgimana () 0 () 0 () 0 0 0 0 
ll nnlllH)Cra capcllsis I 0 0 2 2 () I 3 181 

P(~riocl.liodcs longimanus () 0 () () () 0 () 0 0 
Photis longidaclyilis () 0 0 0 0 0 () 0 0 
PhOlis uncinata 0 0 0 () 0 0 0 0 () 

I'lalyiclmopos hcrdlllani 0 0 0 () 0 0 0 0 0 
Podocerus inconspiclillS 0 () 0 () 0 0 0 () () 

Siphonocles dellavallci () 0 () 0 0 0 () 0 0 

Tryphosella ali'icana 0 0 0 0 0 0 0 0 0 
Urolhoc coxalis 0 () 0 () () 0 () 0 () 

Urolhoc grimaldi 0 4 0 0 4 0 5 0 0 

C ornph i idac sp, A () () () 0 (l () 0 () 0 

ISOPOllA 

Alllhdura rClllipes 0 () 3 (, 0 01-- -0- () () 

Cirolall:l hift ipcs 0 () () 0 0 0 0 () 0 

I!ollidotca sp, 0 0 () 0 0 0 () () 0 

Mkroan:turus simi lis {) () 0 0 0 () () 
.• ~ () 

SYllidolca hi .. ti!'cs ! 4 0 2 0 0 0 0 -----r) 
-

S'1'()MATOPODA 
1-----

Ptcrysquilla arrnata capcllsis 0 0 0 0 () 0 0 0 0 

Prawn sp, A 0 () () 0 2 2 0 I 0 ----
Prawn sp. I.l 0 0 0 I 0 () 0 () 0 
Prawn sp. C 0 0 0 0 0 I () () 0 

IlRACIIYURA -
IIYllIcllosoma orbiculare 4 0 0 0 2 2 0 0 I 

Nautilocoryslcs oeellal" 7 5 () I 0 3 0 () () 

Phill'!" pUllclal" () 0 0 0 0 0 () () 5 

Thallrnasloplux spiralis 0 0 0 0 0 () () () () 

Gonipb.x angulosus () () 0 0 () 0 0 () () 

N24H N28A N2811 N32A NJ211 N33A 

0 () () () 0 

I 0 () (l () 

(l 0 0 0 0 

0 () 0 () 0 
() 0 () () () 

0 () 4 0 0 
0 () () () () 

0 4 () () 0 

0 0 0 0 () 

0 () 0 () () 

0 I () 0 () 

145 6 7 3 2 
0 :I 2 () 0 
0 0 0 0 () 

0 0 0 0 () 

0 0 0 () 0 

0 0 0 0 0 

0 0 (l 0 0 

0 0 0 0 0 
() () () () 0 
() I 0 J I 

0 () 0 0 () 

0 0 () 0 0 
.1 0 () 0 () 

00 
-

0 0 0 
() () () 0 () 

I () () 0 0 

0 0 0 0 0 

0 6 I 0 0 

0 0 () 0 0 

0 0 0 0 0 

6 0 0 0 () 

0 I I () 0 

10 2 I () () 

0 () () ... () 0 
() 0 0 0 0 

N33J1 N36A 

() () () 

0 3 () 

0 0 () 

() () 0 
0 () 0 

5 () () 

() 0 0 
() I ,0 
() 0 0 
() () () 

0 0 0 
() II 0 
0 () () 

0 () () 

0 0 0 
0 0 0 

0 0 () 

() 0 0 

0 () () 

() 0 () 

0 0 0 
() 0 0 

0 0 () 

() 0 0 
() () 0 

0 () () 

() 0 0 

() () I 

0 D- O 

0 0 0 

0 0 0 

I I 0 
I 0 () 

0 () () 

0 I 0 

I 0 () 

N3611 

() 

10 

0 

0 
I 
() 

() 

() 

() 

() 

() 

92 
() 

(l 

0 

0 

0 

(l 

0 
() 

0 

() 

0 
0 

() 

1 
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() 
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0 

2 
() 

0 

0 
() 

?d 
'"d 

~ 
~ 
N 

>-' 

o 
00 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Species NISA NISI! NI6A NI611 N20A N20n N21A N21H N24A N24H 

BRACIIYURA (COil!.) 

..... - Ovalipes' (rimaculallls I I 0 () 0 () 0 0 0 

Crab sp. A 0 I () () () 0 0 0 I 

Crab sp. B 0 0 0 0 0 0 0 0 0 

ANOMURA 

tJpogebia a!iiean" 0 0 0 0 0 0 0 0 51 

Upogchia capellsis () () 0 () 0 0 0 0 0 

COPEPOD '---0 0 () 0 0 0 () [) [) 

I'EIJ'CYI'ODA .-
Anomia mania squama 0 () 0 0 0 () 0 0 () 

Choromylillls meridional is 0 0 0 0 O~ .. ~ 0 0 
Lull'aria lutraria 0 0 0 0 o () 0 0 0 

Macoma spp. () (, I 0 I () 1 3 I 
Phaxas decipicils () () () () I I () 0 0 
VCllcrupis cOrillgalus () 0 0 () 0 () () () () 

Tellina analogica () () 7 22 0 2'0 0 0 

Tellina gilchristi () () () 0 0 0 () 0 0 

Tcllillid 'I'. A 0 0 () 0 () 0 2 () () 

Bivalve sp. A 0 0 0 0 () () 0 () 0 

I'ROSOIJRANClIlATA 

nullia annulata 0 () () () 5 0 2 () 0 
Bullia lacvissima 0 () 0 0 0 0 () () 0 

Calyptraea chincllsis () 0 0 0 () () () 0 () 

Cn'l'idula porccllana 0 0 0 () 0 () () 0 0 

Na~sarius vinclu$ 0 () 2 2 {) () 0 0 0 

Nassalius spcciosus ) () I 2 0 ) () 0 5 

Nassarius plicatcllus () () 24 91 () () () 0 I 

Nassa muiri () () () 0 () () () 0 () 

Gibbula zonal" 0 () () 0 () 0 0 () 0 

Gastropod sp. A 0 0 0 0 0 0 0 0 0 

Gaslropod sp. B 0 () 0 0 0 () 0 0 0 

Ol'lIIUROIDEA 

Ophiolhrix rmgilis 0 (J () 0 0 0 () () 0 

ECIIINOIDEA 

Parcell;"u, angulosu, () () () 0 0 () 0 0 0 

N28A N281l N32A N32U N33A 

0 0 0 0 0 

0 0 2 0 0 
() 0 () () 0 

19 0 1 0 0 

0 0 0 0 () 

0 0 () () [) 

.. ~ ._. 

0 0 () () () 

0 0 () () () 

0 0 0 0 0 
0 ) 4 () {) 

0 0 0 0 0 
2 0 0 0 0 

0 2 I I () 

0 0 0 0 0 

I 0 () 0 3 
() 0 0 () 0 

I I I I () 

() 0 0 0 () 

0 () 0 () () 

2 0 {) 0 () 

0 I I ) (, 

II I (l I () 

() 2 8 4 94 
{) 0 () () 0 
0 () 0 0 0 

0 0 0 0 0 

() 0 0 0 () 
.-. 

0 () 0 0 () 

0 0 0 () 0 

NUll 

() 0 

0 0 

0 0 
.-

0 31 
() () 

0 0 

0 0 
() 0 

0 () 

() 2 

0 2 

0 0 
0 () 

0 I 

0 0 
I 0 

I 0 

0 0 
0 () 

() 0 

.\ 7 
7 18 
6 13 

0 () 

() 0 
0 0 
() () 

0 0 

0 0 

N36A 

0 

0 
() 

0 
() 

0 

0 

0 
() 

B 
{) 

() 

2 

0 

0 
0 

I 

0 
() 

() 

13 

2 
24 

0 
0 
() 

() 

() 

() 

N36B 

0 

1 
() 

43i 
() 

[) 

[) 

() 

0 

3 
0 
() 

5 
0 

0 
0 

0 

0 

0 
() 

13 
10 

48 
() 

() 

0 
2 --
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() 
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Sp~cics Nl5A NISIl N16A N16n N20A N20n N21A N2tn N24A 

I IOLOTl I UROIDEA 

" .. - Thyolle amen 0 0 0 0 0 0 0 0 0 
Thyollc insolens 0 0 0 0 0 0 0 0 0 

lIEMICllORDATA 

Branchiosloma 0 0 0 0 0 0 0 0 0 

EClIIlJROlDEA 

Ochaclosloma capCllse 0 0 0 0 0 0 () 0 0 

N24r1 N28A N28n N32A N32n N33A 

0 J 0 0 0 0 
0 0 0 0 0 0 

0 0 0 0 0-0 

0 0 0 0 0 0 

N33I1 N36A N3611 

0 0 
0 0 

C"··o 0 

0 0 

0 
() 

0 

1 

?; 
'"'0 

~ 
~ 
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Appendix 2 C: Station data for Saldanha nay dredge (D) and grab (G) samples collected in 2001 
corresponding to those in Appendix 1 C (Christie and Moldan 1970s). 

~~~~ -~~ ---- -
Station No. Sampling Date Position Depth (m) Substrate Grab 

Method volume {Ll 
7 D 14/2/2001 33° 1.0' S / 1 r 58.9' E 10 Fine sand 

G 18 -I- 20 
~-~ 

~-- --- ----------- ~-~ ~~--'- ~ ~ ~-~ 

8 0 14/212001 33° 1.25' S / 17" 59.7' E 14 Fine sand 
G 35 

-~~ 

10 D 141212001 33° 1.5' S 1 17° 58.8' E 15 Fine sand 
----

13 D 141212001 33° 1.9' S 1 18° 00' E 16 Fine sand 22 
G 

!~~~~- --~ --~ -~ -
14 G 141212001 33" 2.1' S 118° 0.1' E 15 Fine sand 9 + 12 
~-~~ ~ ~ 

15 D 141212001 33° 2.2'S 1 18° lA' E 13 Fine sand 
G 7 + 10 

16 G 14/212001 33° 2.5' S 1 17° 57.6' E 27 Fine sand 3 
----

19 0 1412/2001 33° 2.5' S I 17° 59.5' E 20 Limestone lumps, shelly sand_ 
~~~ 

20 G 1412/2001 33° 2.5' S / lr 59.7' E 19 Fine sand 5 -I- 11 
c----~~ 

21 G 1212/2001 33° 2.8' S /1 r 59.2' E 19 Fine sand 6 + 10 
23 D 141212001 33° 2.8' S / 18° 0.6' E 15 Sandy mud 

I~~-~~ ~- .. -- -- ----~- -~--.-.- -<-- ----- ----

24 D 131212001 33" 2.9' S / 18° 1.6' E 13 Medium salld 
G 131 6 

--- --- ----- --_ ... ------_ .. --- --- -
27 D 141212001 33° 3' S /18" 0.9' E 14 Sand 
28 G 13/2/2001 33° 3.3' S I I r 59.3' E 20 Fine salld 4+5 -- -~~ -----------. I--~~--~-~- -- -~- -~- -~-

31 D 1412/2001 33() 3.6' S 1 18° 004' E 16 Limeslone, rock 
--,------- ----- ~~~- ~ 

32 D 12/212001 33° 3.7' S / 17° 58.5' E 18-20 Fine sand 
G 7 ---- -----

33 G 141212001 33° 3.7' S / 18" 0.7' E 16 Fine sand 11 + 12 ---- ---

34 D 141212001 33° 3.9' S I 18° 0.8' E 15 Rock 
-----

36 D 121212001 33" 4.1' S 11 r 59.7' E 13-17 Fine sand 
G 13 )5 17 

~- --- ---------

. 
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/ Appendix 2 D: Sediment data for Saldanha Bay grab samples for both the 1960s and 2001. 

St:~~~ 
~--~--~-~ r- ~------~~--~~~ -,----~~ -----,-- --~--

Percentage Gravel I)ercentage Sand Percentage Mud Mean Particle Percentage Organic 
Diameter Carbon 

---

~QOl :;.oJ!"',,, 2001 <-'d 1Vv~' 2001.·,; :>'" 
~--- ~ 

19608 19608 19608 19608 2001 19608 2001 
'--~' 

7 " 15.00 22.16 80.00 58.11 5.00 19.72 3.00 2.60 0.40 0.20 
-~~ ~~- ~--

8 20.00 0.00 75.00 5.00 5.00 95.00 3.00 2.79 0.40 2.20 
---~ ---------~ 

13 0.00 7.07 99.00 68.58 1.00 24.35 3.00 2.74 0.40 0.80 
~-~ ~-~-

14· 5.00 0.08 85.00 95.55 10.00 4.37 2.00 2.69 0.50 0.40 
--~ --~.-

l5 10.00 0.10 85.00 91.79 5.00 8.12 2.00 2.54 0.30 0.20 
---~--- ~-----:--~~-~ - --~----~-- --~~ 

16 43.50 0.01 56.00 97.79 0.50 2.20 1.00 2.64 0.30 0.20 
20 53.00 0.06 46.00 97.71 1.00 2.22 2.00 2.78 0.40 1.00 

-- -
21 72.00 0.09 27.00 96.42 1.00 3.49 1.00 2.53 0040 1.00 

f------ ~~--~~ ~~ ~-- f----~ 

24 5.00 27.66 90.00 58.56 5.00 13.78 2.00 1.95 0.30 0.20 
~-~ - ,-~---- ---~ 

28 r-~t~~ 1.44 75.00 96.48 5.00 2.08 3.00 2.67 1.00 0.50 
f- ~--~- ~-- ~- ~~.----- ----~ - ----- ----~-

32 0.00 25.00 98.80 1.00 1.20 2.00 2.79 1.00 0.20 
------- -~-- ~-~-

33 40.00 7.31 55.00 85.48 5.00 7.20 2.00 2.97 0.50 0.40 
-~-

36 39.00 0.30 60.00 84.26 1.00 15.44 2.00 2.49 0.30 1.00 
~---~'----~ -- . ~--

~ 
'"d 
tIl 
~ 
t:J 
~ 
N 

...... 
~ .... ·f~ 

N 

Univ
ers

ity
 of

 C
ap

e T
ow

n




